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PREFACE 

The purpose of t h i s  booklet i s  t o  he lp  those i n t e r e s t e d  i n  ' research  supported 
by the  Department of Energy's Division o f .  Chemical Sciences, which i s  one 
of s i x  Divisions of t h e  ,Office of Basic Energy Sciences i n  the  Off ice  of 
Energy Research. 

. . 

Chemists, p h y s i c i s t s ,  chemical engineers and o t h e r s  who a r e  considering the 
p o s s i b i l i t y  of research  f o r  support by t h i s  Division w i l l  f ind  
the  booklet useful  f o r  gauging the  scope' of t h e .  program i n  bas ic  research,  ' 
and the  r e l a t i o n ~ h i ~ p  of t h e i r  i n t e r e s t s  t o  the  o v e r a l l  program. These 
summaries a r e  ' intended t o  provide a rapid  means f o r  becoming acquainted 
with the  Chemical Sciences program f o r  members of the  s c i e n t i f i c  and techno- 
l o g i c a l  public ,  and i n t e r e s t e d  persons i n  the  L e g i s l a t i v e  and Executive 

I Branches of the  Government, i n  order  t o  i n d i c a t e  the  a r e a s  of research  
supported by the  Division and energy technologies which may be advanced by 
use of bas ic  knowledge discovered i n  t h i s  program. 

The research  program summarized here  i s  intended t o  add s i g n i f i c a n t l y  t o  
the  knowledge base on which successful  energy technologies can grow. For 
t h i s  purpose, s c i e n t i f i c  excellence is  a major c r i t e r i o n  applied i n  the  
s e l e c t i o n  of research  supported by Chemical Sciences. Another important 
cons idera t ion  i s  the  iden t i fy ing  of chemical, physical  and chemical engineer- 
ing subdisc ip l ines  which a r e  advancing i n  ways which produce new information 
r e l a t e d  t o  energy, needed energy da ta ,  o r  new ideas .  Another cons idera t ion  
concerns t h e  varylug ueedu for knowledge among the  doveloping energy 
technologies. For example, the  po ten t i a l  b e n e f i t s  of unraveling the  
complexities of coal  o r  sunl ight  induced chemistry seem more app l i cab le  t o  
t h i s  tax-supported program than adding f i n e  points  about the  make-up of 
petroleum. Thus, the  energy relevance of individual  programs comes under a 
spectrum sf in te ry rc ta t ion .  

The program is d i s t r i b u t e d  among severa l  d i f f e r e n t  kinds of performing 
organizat ions.  About ha l f  t h e  p r o j e c t s  take  p lace  a t  DOE l a b o r a t o r i e s ,  and 
ha l f  take  p lace  a t  u n i v e r s i t i e s  and i n d u s t r i a l  l abora to r i e s .  I n  DOE 
l a b o r a t o r i e s ,  most of the  researchers  a r e  f u l l y  engaged i n  t h i s  work, whi le  
most un ive r s i ty  and i n d u s t r i a l  researchers  necessa r i ly  d iv ide  t h e i r  time 
among d u t i e s  involving t h i s  research, .  o the r  research ,  o r  teaching responsi- 
b i l i t i e s .  Therefore, about 70% of t h e  funding goes ' , to Federal l a b o r a t o r i e s ,  
25% goes t o  the  academic s e c t o r ,  and the  remainder is  a t  i n d u s t r i a l  and 
not-f or -prof i t  l a b o r a t o r i e s  .. 



Questions about the deta i l s  of an individual project may be directed to the 
investigators involved or the persons i n  charge a t  DOE Laboratories (see 
below). Other questions about the program may be directed to the undersigned. - .  

Elliot S.  Pierce, Director 
Division of Chemical Sciences 
Office of Basic Energy Sciences 
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Each Branch of t h e  Divis ion  of Chemical Sciences i s  divided i n t o  programs 
' which cover va r ious  d i s c i p l i n e s .  The following i s  a desc r ip t ion  of each of 

those  programs. The s t a f f  niembers responsib le  f o r  ,each program a r e  indicated 
on page iii. 

FUNDAMENTAL INTERACTIONS BRANCH (01- ) 

Photochemical and Radia t ion  Sciences (01-1 ) 

This  program c o n s i s t s  of research  i n t o  the  i n t e r a c t i o n s  of r a d i a t i o n  with 
ma t t e r  i n  a l l  forms, but  p a r t i c u l a r l y  with gases and l i q u i d s .  A l a r g e  p a r t  
d e a l s  with the e f f e c t s  of ioniz ing r a d i a t i o n  and f a s t  e l ec t rons .  The 
photochemical research  i s  l a r g e l y  devoted t o  s tud ies  with v i s i b l e  r a d i a t i o n  
aimed a t  the cap tu re  and conversion of s o l a r  energy. This encompasses such 
f i e l d s  a s  a r t i f i c i a l  photosynthesis ,  photoinduced e lec t ron  t r a n s f e r  r eac t ions  
i n  homo- and heterogeneous media,. photoelectr,ochemistry , p h o t o c a t a l y ~ i o  , 
and the  ,molecular s to rage  of energy. A s m a l l  p a r t  i s  devoted t o  research  
i n  hot  atom chemistry, the  otudy s f  the e I f e c t s  of nuclear  decay and the  
c o n s e q u e ~ - ~ ~  release of energy on chemiral, reast iono.  

Chemical Physics (01-2) 

Disc ip l ines  covered by t h i s  program include chemical dynamics, energy 
t r a n s f e r ,  molecular s t r u c t u r e  and spectroscopy, t h e o r e t i c a l  quantum chemistry, 
and s t a t i s t i c a l  mechanics. 

Spec ia l  emphasis i s  placed on bas ic  research r e l a t e d  t o  combustion; advanced 
d iagnos t i c  methods, spectroscopy, theory .and the  k i n e t i c s  of elementary 
combustion reac t ions  a r e  of  s p e c i a l  i n t e r e s t .  A major user-oriented 
f a c i l i t y  , t he  Combust ion  Research F a c i l i t y  ( CRF) a t  Sandia ~ ,abora tor ies /  
Livermore w i l l  be  supported by t h i s  program when i t  opens i n  1980. This 
l abora to ry  w i l l  be a u s e r . f a c i l i t y  i n  support of researchers  from u n i v e r s i t i e s ,  
i n d u s t r y  and na t iona l  l a b o r a t o r i e s  and w i l l  o f f e r  use of advanced instrumenta- 
t i o n  t o  i n t e r e s t e d  combustion s c i e n t i s t s .  

The National Resourcg Sor Computation i n  chemistry (NRCC) a t  EaWence 
Berkeley Laboratory (LBL), j o i n t l y  funded by DOE and NSF, i s  supported by 
t h i s  program. NRCC suppor ts  a broad program based upon research,  s e r v i c e  
and educational  a c t i v i t i e s ,  including the  support of research  g ran t s ,  
p r imar i ly  f o r  computer time' on machines a t  LBL. 

Atomic Physics (01-3) 

The A t o m i c  Physics Program supports  bas ic  research  on phenomena dominated 
by the  presence of atoms and t h e i r  ions  a s  d i s t i n c t  e n t i t i e s .  Support i s  
provided f o r  experimental and t h e o r e t i c a l  ~ t u d i c s  of atom and ion  s t r u c t u r e s ,  
energy l e v e l s  and energy s t a t e  l i f e t i m e s ,  and of t r anspor t  and exchange 
processes  charac ter ized  by the  r a t e  of magnitude a t  which energy, momentum 
and matter  t r a n s f e r  occur. These s t u d i e s  requi re  having ava i l ab le  the  
b e s t  and most complete knowledge of t h e  p roper t i e s  and i n t e r a c t i o n s  of 
photons, e l e c t r o n s ,  atoms, ions  and simple molecules. 



Recent emphasis of t h i s  research has involved the  understanding of r e l a t i v e l y  
h igh energy atomic physics t h a t  involves (1) ions s t r ipped of a l l  or  most 
of  t h e i r  e l ec t rons ,  and ( 2 )  atoms and ions  whose e l e c t r o n s  a r e  promoted i n  
energy up t o  and including the  energy continuum. . . 

PROCESSES AND TECHNIQUES BRANCH (02- ) 

Chemical Energy (02-1) 

This  program addresses energy r e l a t e d  chemistry which inc ludes  such a r e a s  
a s  heterogeneous and homogeneous c a t a l y s i s ,  coal  and re la t ed  f o s s i l  chemistry, 
chemical d i s s o c i a t i o n  of water f o r  hydrogen production, hydrogen s to rage  
and the  chemistry of convert ing biomass t o  fue l s .  The emphasis i s  on 
understanding the  chemical p r inc ip les  underlying the  new and developing 
technologies and on innovative research  with long-term po ten t i a l  f o r  new 
energy concepts. The d i s c i p l i n e s  of organic,  inorganic,  physical ,  thermo- 
and electrochemistry a r e  c e n t r a l  t o  t h i s  program. 

Separat ions (02-2) 

The research supported i n  t h i s  a rea  can be catalogued i n  severa l  d i f f e r e n t  
ways; however, the  following desc r ip t ion  i s  useful  t o  understand i t s  
composition. Research i s  supported which i s  d i rec ted  a t  improving our 
b a s i c  understanding of separa t ion  methods. These methods inc lude  ion-exchange, 
f i e l d  flow f r a c t i o n a t i o n ,  so lvent  e x t r a c t i o n ,  chromatography, adsorpt ion  
processes and the use of membranes. Another p r i o r i t y  a r e a  i s  iso tope  
separa t ion .  This heavily emphasizes i so tope  theory and i t s  use t o  p red ic t  - 
i so top ic  p roper t i e s  which a r e  r e q u i s i t e s  f o r  inves t iga t ing  new i so top ic  
separa t ion  techniques. The program involves pr imar i ly  the  l i g h t  elements 
where i s o t o p i c  proper t ies  a r e  s u f f i c i e n t l y  d i f f e r e n t  so  t h a t  theory and 
experiment can be compared. Separat ion methods being inves t iga ted  include 
l a s e r  photochemistry, thermal d i f fus ion ,  and chemical exchange. Methods of 
separa t ion  of f lu id-sol id  and sol id-sol id  mixtures a r e  a l s o  being inves t iga ted .  
A s u b s t a n t i a l  p a r t  of the  program c o n s i s t s  of the  i n v e s t i g a t i o n  of new 
solvent  e x t r a c t i o n  reagents .  This p a r t  of the  program i s  t ry ing  t o  discover 
the  r e l a t i o n s h i p  between the  s t r u c t u r e  of organic ext rac  t a n t  molecules and 
the  s e l e c t i v i t y  of these  molecules f o r  ca t ions ,  anions ,  and t h e i r  complexes, 
t o  b e t t e r  enable us t o  f a b r i c a t e  molecules f o r  s p e c i f i c  e x t r a c t i o n  purposes. 



Analysis  (02-3) 
. . 

The a n a l y t i c a l  program is aimed a t  support ing research  on a n a l y t i c a l  
techniques where a b e t t e r  understanding of bas ics  would enable o the r  
i n v e s t i g a t o r s  t o  improve the  s e n s i t i v i t y ,  r e l i a b i l i t y ,  ease of opera t ion  
and/or  lower the  c o s t s  of a n a l y t i c a l  determinations. E n t i r e l y  new a n a l y t i c a l  
techniques a r e  a l s o  inves t iga ted  but t h i s  program i s  - not an instrument 
development program. New techniques a r e  quickly reported i n  the  l i t e r a t u r e  
s o  t h a t  those i n t e r e s t e d  i n  instrument development can b u i l d  on work 
supported by t h i s  program. The program' covers o p t i c a l  spectroscopy, mass 
spectroscopy,. photoacoust ic  spectroscopy, p a r t i c l e  spectroscopy, l a s e r  
spectroscopy, a c t i v a t i o n  a n a l y s i s ,  and many o the r  a reas  of a n a l y t i c a l  
chemistry. I n  o the r  words, t h i s  program i s  not  geared t o  using e x i s t i n g  
techniques t o  unravel  the  composition of ma te r i a l s  nor to 'develop techniques 
t o  analyze p a r t i c u l a r  spec ies ,  but  i s  aimed a t  obta in ing a thorough under- 
s tanding of a l l  of t h e  var ious  a spec t s  of chemic,al a n a l y s i s  so t h a t  o the r s  
may use t h i s  understanding t o  improve the  uses  of ana lys i s .  

Chemical Engineering Sciences (02-4) 

The chemical engineering sc iences  program addresses such top ics  aa turbulence 
modeling needed f o r  combustion codes,  development of thermodynamic models 
f o r  e s t a b l i s h i n g  the  p r o p e r t i e s  of complex chemical substances including 
multicomponent s o l u t i o n s ,  t h e  development of advanced models f o r  c a t a l y t i c  
r e a c t o r s  using such new c a t a l y t i c  concepts as  i n t e r f a c i a l  and f l u i d  phase 
t r a n s f e r  c a t a l y s i s ,  and gas-solid r eac t ion  modeling with the r e l a t e d  mass 
and momentum t ranspor t .  Also included is research  on models f o r  gas  phase 
r e a c t i o n s  i n  f lud ized  beds and ent ra ined suspensions. Emphasis i s  on 
improving and/or developing the  s c i e n t i f i c  b a s i s  f o r  engineering general iza-  
t i o n s  and t h e i r  unifying theor ies .  Such e f f o r t s  a r e  expected t o  include 
work i n  f l u i d  mechanics, p a r t i c l e  dynamics, mass and energy t r anspor t  
( s t eady  and unsteady s t a t e ) ,  engineering thermodynamics, and phys-ical and 
chemical r a t e  processes. 



The fol lowing i s  a l ist  of "persons i n  charge1' of chemical s c i ences  p r o j e c t s  
a t  DOE l a b o r a t o r i e s .  The'se i n d i v i d u a l s  a r e  department/ d i v i s i o n ,  o r  l a b o r a t o r y  
a d m i n i s t r a t o r s  who can provide information about s p e c i f i c  programs o r  r e f e r  
i n q u i r i e s  t o  app ropr i a t e  i nd iv idua l s .  

AMES LABORATORY 
Iowa S t a t e  Un ive r s i t y  
Ames, .Iowa 50011 

Chemical Sciences - Fundamental I n t e r a c t i o n s  . 
H. J. Svec - Phone: (FTS) 865-6486 o r  (515) 294-6486 ' 

V. A. Fas se l  - Phone: (FTS) 865-2112 o r  (515) 294-2112 

Chemical Sciences - Processes  and Techniques 
J. H. Espenson - Phone: (FTS) 865-5730 o r  (515) 294-5730 
V. A.  asse el - Phone: (FTS) 865-2112 o r  (515) 294-2112 

ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 

. Argonne, I l l i n o i s  60439 

Chemistry Div is ion  
P. R. F i e l d s  - Phone: (FTS) 972-3570 o r  (312) 972-3570 
J. Unik - Phone: (FTS) 972-3571 o r  (312) 972-3571 

Chemical Engineering Div i s ion  
F. A. Cafasso - Phone: (FTS) 972-4542 o r  (312)  972-4542 

Physics  Div is ion  
J. P. S c h i f f e r  - Phone: (FTS) 972-4004 o r  (312) 972-4004 

'M.  Peshkin -Phone:  ( F T S ) 9 7 2 - 4 1 0 1 o r ( 3 1 2 ) 9 7 2 - 4 1 0 1  . 

BARTLESVILLE ENERGY TECHNOLOGY CENTER 
P. 0. Box 1398 
B a r t l e s v i l l e ,  Oklahoma 74003 

W. D. Good - Phone: (FTS) 735-4210 o r  (918) 336-2400, Ext. 210 

BROOKHAVEN .NATIONAL LABORATORY 
Upton, Long I s l a n d ,  New York 11973 

Chemistry Department 
J. Hudis - Phone: (FTS) 666-4301 o r  (516) 345-4301 

Department of Energy and Environment 
B. Manowitz - Phone: (FTS) 666-3037 o r  (516) 345-3037 
D. H. Gurinsky - Phone: (FTS) 666-3504 o r  (516) 345-3504 
D. J. Metz . - Phone: (FTS) 666-3054 o r  (516) 345-3054 

Phys ics  Department 
N. P. Samios - Phone: (FTS) 666-3866 o r  (516) 345-3866 
A. Schwarzschild - Phone: (FTS) 666-4015 o r  (516) 345-4015 



LAWRENCE BERKELEY LABORATORY 
Unive r s i t y  of  C a l i f o r n i a  
Berke ley ,  C a l i f o r n i a  94720 

Chemical Biodynamics D iv i s ion  
M. Calvin - Phone: (FTS) 451-4321 o r  (415) 486-4321 

Energy and Environment D iv i s ion  
E. J. Cai rns  - Phone: (FTS) 451-5001 o r  (415) 486-5001 

M a t e r i a l s  and Molecular Research Div i s ion  
A. W. Searcy - Phone: (FTS) 451-5619 o r  (415) 486-5619 

The Na t iona l  Resource f o r  Computation i n  Chemistry 
W. A. L e s t e r ,  Jr. - Phone: (FTS) 451-6722 o r  (415) 486-6722 

LAWRENCE L IVERMORE LABORATORY 
P. 0. Box 808 
Livermore, C a l i f o r n i a  94550 

G. D. Dorough - Phone: - (FTS) 532-4892 o r  (415) 422-4892 

LOS ALAMOS SCIENTIFIC LABORATORY 
Unive r s i t y  of C a l i f o r n i a  
P. 0. BOX 1663 
Los Alamos, New ~ e x i c o  87545 

CMB DIVISION 
M. G. Bowman - Phone: (FTS) 843-6014 o r  (505) 667-6014 

CNC Div is ion  
R. R. Ryan - Phone: (FTS) 843-6045 o r  (505) 667-6045 

P Div i s ion  
G .  A. Keyworth - ,Phone: (FTS) 843-6162 o r  (505) 667-6162 

Q Div i s ion  
W. E. Ke l l e r  - Phone: (FTS) 843-4838 o r  (505) 667-4838 

MORCANTOWN E.NERGY TECllWOLOGi CENTER 
B. 0. Box 880 j 

Morgantown, West V i r g i n i a  26505 

Energy Conversion and U t i l i z a t i o n  D iv i s ion  
D. C. Strimbeck - Phone: (FTS) 923-7232 o r  (304) 599-7232 

Ana ly t i ca l  and Support ing Research Div i s ion  
W. E. Wallace, Jr. - Phone: (FTS) 923-7294 o r  (304) 599-7294 

MOUND 'FACILITY 
P. 0. Box 32 
M i . ~ m i  s h i ~ t g ,  Ohio 45342 

Nuclear Opera t ions  Department 
1 

B. R. Kokenge - Phone: (FTS) 774-3268 o r  (513) 865-3268 
R. E. Va l l ee  - .Phone: (FTS) 774-3318 o r  (513) 865-3318 

' v i i i  



NOTRE DAME RADIATION LABORATORY 
Unive r s i ty  of Notre Dame 
Notre Dame, Indiana 46556 

R. H. ~ c h u l e r  - Phone: (FTS) 332-7308 o r  (219) 283-7502 

OAK RIDGE NATIONAL LABORATORY 
P. 0. Box X 
Oak Ridge, Tennessee 37830 

Analy t ica l  Chemistry Divis ion  
W. D. Shu l t s  - Phone: (FTS) 624-4881 o r  (615) 574-4881 

Chemical Technology Divis ion  
D. E. Ferguson - Phone: (FTS) 624-6148 o r  (615) 574-6148 

Chemistry Divis ion  
0. L. Ke l l e r  - Phone: (FTS) 624-4987' o r  (615) 574-4987 

Physics  Divis ion  
P. H. S t e l son  - Phone: (FTS) 624-4773 o r  (615) 574-4773 

PACIFIC NORTHWEST LABORATORY 
P. 0. Box 999 
Richland, Washington 99352 

Chemical Technology Department 
R. E. Nightingale - Phone: (FTS) 444-7511 ~xt . .946-2597 o r  (509) 946-2597 
P. C. waikup - - Phone: (FTS) 444-7511 Ext. 946-2432 o r  (509) 946-2432 
T. E. Divine - Phone: (FTS) 444-7511 Ext. 946-2567 o r  (509) 946-2567 

Physica1,Sciences Department 
J. M. Nielsen - Phone: (FTS)' 444-3530 o r  (509) 942-3530 
N. E. Ballou - Phone: (FTS) 444-3061 o r  (509) 942-3061 

PITTSBURGH ENERGY TECHNULOGY CENTkK 
4800 Forbes Avenue 
P i t t sbu rgh ,  Pennsylvania 15213 

Chemical and Ins t rumenta l  Analysis  Divis ion  
A, G. Sharkey, Jr. - Phone: (FTS) 726-2310 o r  (412) 892-2400 E x t .  2310 

S-IA LABORATORIE S/ ALBUQUERQUE 
P. 0. BOX 5800 
Albuqerque, New Mexico 87115 

John K. Gal t ,  Vice P res iden t  - Phone: (FTS) 475-4669 o r  (505) 264-4669 

SANUIA LABORATORIE S/ L IVERMORE 
Livermore, Ca l i fo rn ia  94550 

Combustion Sciences Department 
D. L. Hart ley - Phone: (FTS) 532-2747 o r  (415) 422-2747 

SOLAR ENERGY RESEARCH INSTITUTE 
1456 Cole Boulevard 
Golden, Colorado 80401 

A. J .  Nozik - Phone: (FTS) 327-1953 o r  (303) 231-1953 
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Laboratory p ro jec t  Data 

A l l  t he  summaries of p r o j e c t s  funded by a pa r t i c&ar  Chemical Sciences 
program (e.g., chemical physics) i n  a p a r t i c u l a r  Laboratory's d iv i s ion  o r  
department a r e  i n  a contiguous sequence i n  t h i s  book. Tota l  d o l l a r s  are 
given a t  the b e g i h i n g  of each such sequence. 

There a r e  two numbers above each summary, o ther  than i ts  ord ina l  number. 
The number immediately t o  t h e  r i g h t  of t h e  name(s) of t h e  inves t iga to r ( s )  
i n d i c a t e s  the s c i e n t i f i c  person years devoted to  the projec t .  The o the r  
number is the t h r e e  d i g i t  code which i d e n t i f i e s  t h e  DOE program wtiich funds 
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t h e  p ro jec t ,  a s  defined previously. 
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Photochemical and Radia t ion  Sc iences  

Ames Laboratory 
Iowa S t a t e  Un ive r s i t y  
Ames, Iowa 50011 

1 . PHOTOPHYS I C  S, PHOTOCHEMISTRY 
AND SPECTROSCOPY 

G.  J. Small 

To ta l  $188,000 

This  program i s  concerned wi th  understanding t h e  mechanisms by which 
. l i g h t  quanta  (photons)  c r e a t e  e x c i t e d  e l e c t r o n i c - v i b r a t i o n a l  s t a t e s  o f  

o rgan ic  molecules and. s o l i d s ,  and t h e  f a t e  o f  t h e  e x c i t a t i o n  fol lowing t h e  
fundamental l i g h t  abso rp t ion  process .  The l a t t e r  encompasses both photophysical  
and photochemical r e l a x a t i o n  phenomena. S p e c i f i c  p r o j e c t s  inc lude :  e l e c t r o n i c ,  
energy ( e x c i t o n )  t r ' an spo r t  i n  ordered and d isordered  s o l i d s  with emphasis on , 

t h e  s c a t t e r i n g  processes  which determine whether t h e  t r a n s p o r t  i s  coheren t  
( u n i d i r e c t i o n a l )  o r  incoheren t  (hopping) ; two-photon abso rp t ion  spectroscopy 
a s  a  probe of  t h e  e l e c t r o q i c  and v i b r a t i o n a l  p r o p e r t i e s  o f  molecules and 
molecular  s o l i d s ;  u l t r a - f a s t  photochemical rearrangement r e a c t i o n s  a s  
s tud i ed  by h o l e  burning spec t roscopy;  t h e  format i o n  o.f mixed exciton-photon 
s t a t e s  and t h e i r  mod i f i ca t i on  of  t h e  usua l  laws of  l i g h t  abso rp t ion ;  and t h e  
development o f  new l a s e r  based methodologies ( e .  g. nonphotochemical h o l e  
burning spectroscopy)  f o r  probing t h e  s t r u c t u r e  and l i g h t  induced 
i somer i za t i on  processes  i n  amorphous s o l i d s  ( g l a s s e s ) .  . 

2. PICOSECOND SPECTROSCOPY AND 
REACT I O N  DYNAMICS 

W .  S. S t ruve  

This  program e x p l o i t s  picosecond l a s e r  spectroscopy t o  study dynamics 
o f  photochemical r e a c t i o n s .  The emphasis of  t h e  program i s  t o  c o r r e l a t e  
u l t r a f a s t  p h o t o r e a c t i v i t y  wi th  e x c i t e d  s t a t e  s t r u c t u r e  o f  molecules  i n  
which t h e  l a t t e r  i s  a l r eady  comparat ively wel l  understood,  and t o  eva l -  
u a t e  t h e  d e t a i l e d  e f f e c t s  o f  i n e r t  condensed media on photoreac t ion  mechanisms. 
The ch5mical - systems c u r r e n t l y  under s tudy inc lude  9-iodoanthracene, 
Re C l g  , [ w ( c ~ )  ( c o ) ~ ]  2 ,  and transazobenzene. The experimental  
t e&nlques  c u r r e n t l y  used a r e  t ime-resolved f luorescence  resonance Raman 3+ 
emission,  and t r a n s i e n t  abso rp t ion  spectroscopy,  with Nd : g l a s s ,  high- 
r e p e t i t i o n  r a t e  flashlamp-pumped tunab le  dye,  and cw mode1ocke.d dye l a s e r s  
a s  e x c i t a t i o n  sources .  A prime mot iva t ion  of t h i s  r e sea rch  i s  t o  supply 
i n s i g h t s  i n t o  molecular  e x c i t e d  s t a t e  processes  p e r t i n e n t  t o  s o l a r  energy 
pho toca t a ly s t  des ign .  



Photochemical and Rad ia t ion  Sciences 

Chemistry Div is ion  
Argonne National  Labor a t  ory 
9700 South Cass Avenue 
Argonne , I1 l i n o  is 60439 

3. RADIATION CHEMISTRY OF SOLUTIONS 
G .  Closs ,  C .  D.  Jonah, J .  R.  
M i l l e r ,  S. Gordon, M .  C .  Sauer,  
A .  D .  Tr i funac ,  K .  H. Schmidt 

Tota l  $2,895,000 

The r a d i a t i o n  chemis t ry  o f  s o l u t i o n s  i s  concerned with two b a s i c  objec-  
t i v e s  : (1) understanding t h e  fundamental mechanisms of  energy depos i t  ion 
a s s o c i a t e d  with the  passage o f  h igh  energy i o n i z i n g  r a d i a t i o n  through 
s o l u t i o n s ,  and ( 2 )  t h e  use of- the r e a c t i v e  in te rmedia te  spec i e s  produced 
by t h e s e  'processes  a s  probes t,o s tudy e l e c t r o n  t r a n s f e r  processes ,  redox 
r e a c t i o n s ,  d i f f u s i o n  k i n e t i c s ,  and f r e e  r a d i c a l  r e a c t i o n s .  with a  wide 
v a r i e t y  of  s o l u t e s .  . O b j e c ~ i v e  ( 1 ) - g n t a i l s  t h e  s tudy o f  events  which 
span  t h e  time range  o f  10  t o  10  seconds and inc ludes  such bas i c  
s t u d i e s  a s  e l e c t r o n  s o l v a t  i o n  mechanisms i n  po la r  an$ non-polar l i q u i d s ,  
r e a c t i o n s  of  t h e  "dry e l ec t ron"  and "dry hole" (H 0 )  , r e a c t i o n s  o f  
e- and OH i n  both  homogeneous and inhomogeneous &mains o f  energy . 

d@os i t  i on ,  and r e a c t i o n s  of i ons  and exc i t ed  s t a t e s  i n  hydrocarbons. 
Ob jec t ive  ( 2) i nvo lves  ffie primary r e a c t i v e  spec i e s  enumerated above, 
a s  wel l  a s  secondary r e a c t i o n s  o f  these-spec ies  producing o t h e r  r e -  
a c t i v e  e n t i t i e s  such a s  (CNS) , B r  , C 1  , I and CO which vary  
i n  redox p o t e n t i a l .  With such probes,  the  program exp lo re s  t h e  redox 
behavior  o f  t h e  a c t i n i d e s  and lan thanides  with metal  l igand  compounds, 
which a r e  r e l a t e d  t o  conversion and s t o r a g e  of s o l a r  energy and t o  bio- 
chemical s t u d i e s .  'rhese s t u d i e s  a t e  being extended t o  nonaqueous systems 
where t h e  fundamental processes  l i s t e d  under. ( 1 )  a r e  much l e s s  we l l  understood. 
The ANL e l e c t r o n  l i n a c  wi th  i t s  unique capac i ty  t o  d e l i v e r  high-current  
pu l se s  of e l e c t r o n s  vary ing  from 25 picoseconds t o  6 microseconds i s  i d e a l l y  
s u i t e d  f o r  t h e s e  i n v e s t i g a t i o n s .  



Chemistry Div is ion ,  ANL, continued 

4. FUNDAMENTAL CHEMICAL PROCESSES 
STUDIED WITH RADIATION CHEMICAL 
PROBES 

G.  Closs,  J. R. M i l l e r ,  
A. D. Tr ifunac 

Two a r e a s  of r e sea rch  a r e  being pursued: (1)  t h e  development and app l i -  
c a t i o n  of  magnetic resonance probes t o  r a d i a t i o n  and photochemistry,  
and ( 2 )  t h e  s tudy  of e l e c t r o n  t r a n s f e r  i n  r i g i d  media. The use of  mag- 
n e t i c  resonance techniques i n  r a d i a t i o n  and photochemistry i s  motivated 
by t h e  need t o  acqu i r e  a  more complete p i c t u r e  of r a d i c a l  i n t e r a c t i o n  
and r a d i c a l  r e a c t i o n  mechanisms. This  program has  succes s fu l ly  r e a l i z e d  
s e v e r a l  new experimental  t o o l s  t o  t h a t  end. Time-resolved e l e c t r o n  s p i n  
resonance and most r e c e n t l y  k i n e t i c  e l e c t r o n  s p i n  echo a r e  new tech-  
niques f o r  t h e  s tudy  of t r a n s i e n t  r a d i c a l s  with t h e  b e s t  time r e s o l u t i o n  
a v a i l a b l e .  The flow nuc lea r  magnetic resonance experiment i s  a n o t h e r '  
t o o l  t h a t  i s  being used t o  s tudy  r a d i c a l  r e a c t i o n  products.  Thus, f o r  
t h e  f i r s t  t ime, one can probe and s tudy t r a n s i e n t  r a d i c a l  behavior  nanoseconds 
a f t e r  r a d i c a l  c r e a t i o n  and s tudy r e a c t i o n  mechanisms of many r a d i o l y t i c  and 
p h o t o l y t i c  r eac t ions .  Basic ques t ions  regard ing  t h e  s t r u c t u r e  and t h e  
chemistry of t r a n s i e n t  r a d i c a l s ,  and t h e  chemical consequences of non-uniform 
r a d i c a l  d i s t r i b u t i o n  i n  s o l u t i o n  found i n  e a r l y  t ime periods of r a d i o l y s i s  
a r e  be ing  answered. E lec t ron  t r a n s f e r  (ET) p l ays  fundamental r o l e s  i n  
photosynthes is ,  s o l a r  energy s to rage ,  r a d i a t i o n  and photochemistry,  and 
photoconduction i n  s o l i d s .  ET r a t e s  a r e  c o n t r o l l e d  by an  " e l e c t r o n i c  
i n t e r a c t i o n "  and a  "nuclear  i n t e rac t ion . "  Pulse  r a d i o l y s i s  i n  r i g i d  media 
meaeuree both. This  new method i s  becoming the  wor ld ' s  most powerful t o o l  
f o r  understanding ET. Energy-select ive mechanisms have een observed, which 1 a r e  not  found i n  f l u i d  s o l u t i o n s ,  and long-range (10-40 ) e l e c t r o n  tunnel ing  
has  been observed which t r a n s f e r s  e i t h e r  nega t ive  o r  p o s i t i v e  charge. 
S tud ie s  of t h e  temperature dependence of ET down t o  4 K a r e  providing 
c r u c i a l .  t e a t s  f o r  t h e  many quantuw-mechanical t h e o r i e s  of  ET r a t e s .  
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Chemistry Division,  ANL, continued 

5 :  PHOTOCHEMISTRY AND CHEMICAL 
STORAGE OF SOLAR ENERGY 

G.  Closs,  D. Meisel,  ' 

C .  D .  Jonah, W .  Mulac 

m he prospects  f o r  u t i l i z a t i o n  of s o l a r  energy i n  photoelectrochemical 
devices  o r  as  a  useful  a l t e r n a t i v e  energy source i s  severe ly  hindered 
by t h e  ine f f i c i ency  of the  var ious  s t a g e s  following the absorption o f  
a  photon and leading t o  the  charge' t r a n s f e r  products.  The p o s s i b i l i -  
t i e s  of harves t ing  l i g h t  energy by using it t o  d r ive ' e l ec t ron  t r a n s f e r  , 

r e a c t i o n s  a r e  being explored i n  semiorganized molecular assemblies (mice l l e s ,  
polyelec t r o l y t e s  , e t c  . ) o f  inorganic complexes and organic molecules. To 
i n h i b i t -  the  wasting of energy through 'back e l e c t r o n  t r a n s f e r  r e a c t  ions ,  
r e a c t i o n s  i n  systems u t i l i z i n g  var ious  combinations of  coulcrmbic in te rac t ions  
among the  donor, acceptor ,  and t h e  micro-em ironment a r e  being sys temat ica l ly  
inves t  igated . The p o s s i b i l i t y  of  in te rcep t ing  t h e  back reac t ion  of o the r  
processes,  notably proton t r a n s f e r ,  before  geminate recombination and 
ann ih i l a t ion ,  occur i s  the  b a s i s  o f  a  d e t a i l e d  study.  Further  processes 
which w i l l  c a r r y  t h e  s t age  of  s i n g l e  e l ec t ron  t r a n s f e r  products t o  the  more 
use fu l  and s t a b l e  s t a t e  o f  two e lec t ron  t r a n s f e r  products a r e  being inves t i -  
gated using c o l l o i d a l l y  dispersed metal c a t a l y s t s .  



Chemistry Division,  ANL, continued 

6. COMBUSTION AND ATMOSPHERIC 
POLLUTION C HEM1 STRY 

S. Gordon, G. Closs, K. H. 
Schmidt, M. C .  Sauer, J .  R.  
M i l l e r ,  C .  D.  Jonah 

Recent emphasis on the  importance of e f f i c i e n t  u t i l i z a t i o n  of f o s s i l  
f u e l s  makes a de ta i l ed  understanding of combustion mechanisms of organic 
compounds an important a rea  of inves t iga t ion .  combustion i s  complex, 
involving competing, sequent ia l  and branching rac t ions .  The d ive r se  condit ions 
imrolved i n  r ecen t ly  proposed combustion techniques such a s  f lu id ized  bed 
r e a c t o r s  and magnetohydrodynamics, a s  well a s  t h e  use of f u e l  sources of 
varying compostion, make i t  even more important t o  understand the  b a s i c  . 
mechanisms i n  these  processes.  Associated with these  r eac t ions  i s  t h e  
production of  e f f l u e n t s  which a f f e c t  a i r  qua l i ty  and the  environment. The 
ob jec t ive  of t h i s  program i s  t o  study i n  d e t a i l  chemical r eac t ion  mechanisms 
of  importance i n  combustion and i n  atmospheric processes over a wide range 
o f  experimental parameters t o  allow ex t rapo la t ion  of r e s u l t s  from one 
s e t  of condi t ions  t o  another with g r e a t e r  confidence. To accomplish t h i s  
ob jec t ive ,  the  program u t i l i z e s  f r e e  r a d i c a l s  involved i n  t h e  combustion 
process,  generated by an e l e c t r o n  l i n a c  and a Febetron, i n  order  t o  study 
reac t ions  of the  r a d i c a l s  with organic compounds over a wide temperature 
range t o  evaluate t h e i r  non-Arrhenius behavior. P a r a l l e l  with these  s t u d i e s  
a r e  photochemical s t u d i e s  t o  evaluate the  r o l e  of exc i t ed  s t a t e s  of the  
r e a c t i v e  species  i n  the  r eac t ions .  R e e  r a d i c a l  r eac t ions  o f  s u l  fur-containing 
compounds a r e  being exmined t o  explore the  poss ib le  app l i ca t ion  of  r a d i a t i o n  
t o  the  study of  p o t e n t i a l  methods f o r  desul fur iz ing  coal .  



Chemistry Division,  ANL, continued 

. . - 7.  CHLOROPHYLL AND PHOTOSYNTHESIS 
-- RE SEARCH. 

' J .  J .  Katz, J .  C. Hindman 

This research  program c o n s i s t s  of physical  and chemical s t u d i e s  on chlorophyll ,  
designed t o  reveal  e s s e n t i a l  f ea tu res  of chlorophyll  s t r u c t u r e  and function 
re l evan t  t o  i t s  -- i n  vivo behavior. This information w i l l  con t r ibu te  t o  the  
development of biomimetic , a r t i f i c i a l  photosynthesis systems f o r  s o l a r  energy 
conversion.  The o b j e c t i v e s  o f  t h i s  program a re :  the  development of chlorophyll- 
l i p i d  and chlorophyll-protein systems of  defined i so top ic  composition . 
s u i t a b l e  f o r  spectroscopic 'and s t r u c t u r a l  inves t iga t ion  by nmr and small 
angle  neutron s c a t t e r i n g  ; determination of  t h e  r .e la t  ive  s t rengths  ' of t h e  
donor funct ions  i n  chlorophyl l  b y  bacter iochl  orophylls. a  and b and chlorobium 
chlorophyl l  by nmr and i r ;  measurenient of hyperfine couFling cons tan t s  i n  
paramagnetic chlorophyl l  c a t i o n s  by nmr ; explora t ion  of t h e  p roper t i e s  of 
c.hlorophyl1 d i c a t  ions a s  poss ib le  models f o r  photosystems 11; , i nves t iga t ion  
o f  the  s t r u c t u r e  and p roper t i e s  of chemically l inked and of self-assembled 
chlorophyl l  spec ia l  p a i r s  (Chl ) a s  models of green p lant  and b a c t e r i a l .  
photo-reaction c e n t e r s ;  l a s e r  BRotochemical s tud ies  on the  exci ted  s t a t e s  
of  chlorophyl l  and syn the t i c  Chl by absorption and f luorescence spectroscopy; 
and o p t i c a l  s t u d i e s  on energy t r i g s f e r  re levant  t o  the  s t r u c t u r e  aiid function 
of  antenna chlorophyll .  



Chemistry Division; ANL, . continued . 

8.  REACTION CENTER STRUCTURES 
FUNCTIONS AND MECHANISMS 

J.  R. Norris ,  G. Closs, 
M .  C .  Thurnauer, L. L. 
.Shipman, M .  . K .  . Bowman 

The goal of t h i s  program i s  t o  understand f u l l y  t h e  l i g h t  conversion 
processes i n  photosynthesis.  Currently a  ser ious  impediment t o  a  complete 
comprehension of photosynthesis  is  t h e  t o t a l  absence of prec ise  s t r u c t u r a l  
da ta  on reac t ion  cen te r s .  The program i s  s p e c i f i c a l l y  d i rec ted  toward 
acquir ing the  needed s t r u c t u r a l  information and c o n s i s t s  of t h e  following 
experimental .  goals:  (1) i d e n t i f i c a t i o n  of 'unknown ' photoactive in termedia tes ,  
e . g . ,  i s  pheophytin an acceptor i n  green p l a n t s ? ;  ( 2 )  measurement of  the  
temporal p roper t i e s  of na tu ra l  and a r t i f i c a l  e l e c t r o n  t r a n s f e r  systems, 
emphasizing green p l a n t s ;  (3)  determination of d i s t ances  between e lec t ron  
t r a n s f e r  agents  involved i n  the  i n i t i a l  phaLes of  photosynthesis;  and ( 4 )  
establishment of r e l a t i v e  o r i e n t a t i o n s  and conformations of molecules, such 
a s  the  chlorophyll  s p e c i a l  p a i r  and i t s  models. The s p a r s i t y  of  t h e  s t ruc -  
t u r a l  d a t a  on items (3 )  and (4)  s i g n a l s  an urgent need f o r  app l i ca t ion  of 
new techniques,  s p e c i f i c a l l y  designed f o r  the  study of photosynthesis .  
P a r t i c u l a r l y  promising too l s  a r e  e lec  t ron  sp in  echo (ESE) and nuclear  
magnetic resonance (NMR) . Pioneering app l i ca t ions  of ESE t o  photo synthes is  
i n  t h i s  program a r e  providing e s s e n t i a l  da ta  i n  a l l  four of t h e  above 
ca tegor ies .  Recent advances i n  the  NMR o f ,  t he  s o l i d  s t a t e  a r e  a l s o  being . 

applied t o  s t r u c t u r a l  inves t iga t ions  of  photosynthesis.  Data from these 
new techniques provide 'an experimental b a s i s  f o r  an extens ive  t h e o r e t i c a l  
program on the  molecular aspects  of photosynthesis and s o l a r  energy conversion. 
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. . 9. ARTIFICIAL PHOTOSYNTHESIS 
M.,R.  Wasielewski, J. J. Katz 

. .. .:. . 

The goal of t h i s  research  i s  t o  develop s o l a r  energy conversion systems 
based on photosynthesis.  Four interdependent aspects  of t h i s  problem 
a r e  being inves t iga ted :  (1)  t h e  prepara t ion  of syn the t i c  photoreact ion 
c e n t e r s  t h a t  mimic the  n a t u r a l  e l ec t ron  t r a n s f e r  photochemistry, y e t  remain 
f r e e  from the  many i n s t a b i l i t i e s  of the  b io log ica l  systems; ( 2 )  photochemical 
and electrochemical  s t u d i e s  of  the  mechanism of light-induced elecerod 
t r a n s f e r  r e a c t i o n s ,  e s p e c i a l l y  as 'manifes ted  by t h e  syn the t i c  photoreact ion 
c e n t e r s ;  ( 3 )  biomimetic devices f o r  s o l a r  energy conversion using syrieheeic 
photoreact ion  cen te r s  ; ( 4 )  a molecular e l e c t r o n i c  approach t o  the  conduction 
of charge away from a r t i f i c i a l  r eac t ion  cen te r s  using successive e l e c t r o n  
t r a n s f e r s .  Recently a  r e a c t i o n  cen te r  model has been produced, which, f o r  
t h e  f i r s t  time dup l i ca tes  the  asy&etric charge t r a n s f e r  k i n e t i c s  of t h e  
primary event of b a c t e r i a l  photosynthesis.  I n  t h i s  model, a  dimeric chlorophyll  
d e r i v a t i v e  t r a n s f e r s  an e l e c t r o n  t o  an adjacent  pheophytin molecule i n  
l e s s  than 6 psec following i l lumina t ion  with v i s i b l e  l i g h t .  The back 
e l e c t r o n  t r a n s f e r  r a t e  i s  10,000 eimes slower than the  forward r a t e ,  
which permits coupling t h e  i n i t i a l  charge separa t ion  t o  secondary e lec t ron  
t r ans fe r '  s t eps .  

10. PREPARATION OF ORGANISMS AND 
BIOLOGICAL MATERIALS OF UNUSUAL 
ISOTOPIC COMPOSITION 

H. L. Crespi,  J. J. Katz, 
J. R. Norris,  M. R. Wasielewski 

The purpose of t h i s  program i s  the  la rge-sca le  production by biosyn- 
t h e s i s  of i s o t o p i c a l l y  a l t e r e d  organisms and b io log ica l  ma te r i a l s  associa ted  
with photosynthesis.  Algae, photosynthet ic  b a c t e r i a ,  and o ther  microorganisms 
highly  enriched i n ,  o r  completely s u b s t i t u t e d  with deuterium, carbon-13, 
nitrogen-15 and magnesium-25 a r e  being produced i n  mass cul ture .  The 
i s o t o p i c a l l y  a l t e r e d  chlorophyl ls ,  carotenoids ,  chlorophyll-protein complexes,' 
e l e c t r o n  t r a n s f e r  p ro te ins ,  ~ h l o r o p ~ a s ' t s ,  chromatophores, and bacteriorhodopsin 
i s o l a t e d  from these  organisms a r e  of dec i s ive  value i n  ongoing research a s  
an adjunct  t o  nuclear  magnetic resonance, e l e c t r o n  sp in  resonance, small- 
angle  neutron s c a t t e r i n g ,  and resonance Raman ana lys i s  of photosynthet ic  systems. 
Associated with the  biosyri thet ic  e f f o r t  i s  a chemical program di rec ted  
toward the large-scale prepara t ion  of chlorophyll  and some of i t s  de r iva t ives  . '  

f o r  use i n  biomimetic s t u d i e s  of a r t i f i c i a l  photosynthesis.  Chemical 
modif ica t ion  of chlorophyi l  and. high-pressure chromatographic separa t ion  
methods a r e  being used t o  provide multigram amounts of s t a r t i n g  mate r i a l s  
f o r  the  prepara t ion  of these  b iomiie t ic  systems. 
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1 1. RAD%TION CHEMISTRY 
B. H. J. B i e l s k i ,  R. W. Dodson 
R. A. Holroyd, H. A. Schwarz 

T o t a l  $1,985,000 

\ 
\. 

This  program uses  r a d i o l y s i s  and p h o t o l y s i s ,  emphasizing pu l se  methods, t o  . 

s tudy  t h e  behavior  and r e a c t i o n s  of  t r a n s i e n t ,  chemical s p e c i e s  ( i o n s ,  1 
e l e c t r o n s ,  f r e e  rad . ica l s ,  and e x c i t e d  s t a t e s  of  molecules) .  The p r o p e r t i e s  
and r e a c t i o n s  of e l e c t r o n s  i n  d i e l e c t r i c  f l u i d s  a r e  be ing  i n v e s t i g a t e d  
a s  i s  t h e  e f f e c t  of d e n s i t y  on e l e c t r o n  m o b i l i t y  i n  h igh  p re s su re  gases  and 
l i q u i d s .  The e l e c t r o n  photodetachment s p e c t r a  and th re sho ld  ene rg i e s  f o r  ' 

anions of oxygen, a romat ic  compounds, and o t h e r  s o l u t e s  a r e  be ing  s t u d i e d  by 
a  combined pu l se  r a d i o l y s i s  and l a s e r  technique. I n  aqueous s o l u t i o n  work, 
t h e  f a t e  of  l i gands  i s  being followed when t h e  coo rd ina t ion  number of  i ons  
such a s  C r ( I I 1 )  and ~ h ( 1 1 1 )  changes upon ox ida t ion  o r  reduc t ion .  React ions 
o f  superoxide r a d i c a l s  ( 0  -) and s i n g l e t  molecular  oxygen i n  b i o l o g i c a l  

2 systems a s  we l l  a s  t h e  mechanism by which c e r t a i n  enzymes f i x  n i t r o g e n  a r e  
a l s o  under i nves t i ga t ion .  I n f r a r e d  s p e c t r a  a r e  be ing  determined f o r  p ro tona ted  
molecular  c l u s t e r s  and o t h e r  ions i n  t h e  gas  phase. 

1 2. SELECTIVE LASER-INDUCED 
CHEMISTRY 

D. M. Brenner 

This  laser- induced chemistry program has  two d i r e c t i o n s :  (1) t h e  i d e n t i f i c a t i o n  
of new chemical p rocesses  i n i t i a t e d  by t h e  unique p r o p e r t i e s  o f - i a s e r  l i g h t  and 
(2 )  t h e  u se  of l a s e r s  t o  s tudy  phenomena occur r ing  i n  t imes <10 s ,  which, ' 

h e r e t o f o r e ,  were i n a c c e s s i b l e  by convent ional  methods. The p o s s i b i l i t y  of e x e r t i n g  
non-kinet ic  o r  non-thermodynamic c o n t r o l  over  r e a c t i o n s  by f a s t  i n f r a r e d  l a s e r  
e x c i t a t i o n  is  being explored.  Evidence i n d i c a t e s  changes i n  photon f l u x  i n f l u e n c e  
branching r a t i o s  of compet i t ive  unimolecular  r e a c t i o n s  by a f f e c t i n g  t h e  r a t e  of 
o p t i c a l  pumping. The l a t t e r  has  been observed d i r e c t l y  i n  r e a l  t ime by IR-vis ible  
double resonance under molecular  beam condi t ions .  Propynal i s  f i r s t  v i b r a t i o n a l l y  
e x c i t e d  w i th  an i n f r a r e d  l a s e r ,  then  a  v i s i b l e  l a s e r  i s  used t o  probe spec t ro-  
s c o p i c a l l y  ' the d i s t r i b u t i o n  of v i b r a t i o n a l  energy and i t s  time evo lu t ion .  The 
e f f e c t s  of c o l l i s i o n s  on t h e  energy d i s t r i b u t i o n  a r e  being inves t i ga t ed .  S i m i l a r l y ,  
u l t r a v i o l e t  l a s e r s  a r e  being employed t o  s tudy  pho tod i s soc i a t i on  of  i s o l a t e d  
molecules.  Product fragments possess ing  excess  energy a r e  analyzed spec t ro-  
s c o p i c a l l y  t o  determine i n t e r n a l  energy d i s t r i b u t i o n .  The amount of  excess  
energy s t o r e d  a s  i n t e r n a l  energy i s  a l s o  analyzed.mass s p e c t r o m e t r i c a l l y  by 
measuring appearance p o t e n t i a l s .  
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13. PHOTOCHEMICAL ENERGY CONVERSION 
AND SOLUTION KINETICS 

C.  Creutz ,  N. Su t in  

T r a n s i t i o n  metal  complexes show cons iderable  promise a s  mediators  i n  
s o l a r  energy conversion and s torage .  This  program involves photochemical 
i n v e s t i g a t i o n s  of such complexes and, i n  p a r t . i c u l a r ,  t h e  e l e c t r o n - t r a n s f e r  
p r o p e r t i e s  of e x c i t e d  s t a t e s  exemplif ied by t h e i r  r e a c t i o n s  wi th  inorganic  
ox idan t s  and r educ tan t s  i n  so lu t ion .  P a r t i c u l a r  a t t e n t i o n  i s  being paid t o  
homogeneous and heterogeneous. systems capable of e f f e c t i n g  t h e  decomposition 
of water  i n t o  hydrogen o r  o t h e r  u s e f u l  chemicals and oxygen. E f f i c i e n t '  
l i g h t  conversion and s t o r a g e  r e q u i r e s  t h e  d ive r s ion  of  a  s i g n i f i c a n t  f r a c t i o n  
of  t h e  e l e c t r o n i c a l l y  e x c i t e d  molecules i n t o  "useful  r eac t ions"  which must 
be d r i v e n  in compet i t ion  wi th  r ap id  phys ica l  d e a c t i v a t i o n  processes  (luminescence 
and r a d i a t i o n l e s s  decay) and chemical l'back-reactions". A major o b j e c t i v e  of 
t h i s  program i s  t h e  q u a n t i t a t i v e  s tudy of  t h e s e  phys i ca l  and chemical 
d e a c t i v a t i o n  processes  ; t h e  l i f e  times and o t h e r  phys ica l  p r o p e r t i e s  of 
e x c i t e d  s t a t e s  a r e  being measured and t h e  r a t e s  of e l e c t r o n - t r a n s f e r  r e a c t i o n s  
of  t r a n s i t i o n  metal complexes a r e  be ing  determined. An important  a spec t  o f  
t h i s  work i s  the  s tudy  of  t he  chemistry of low ox ida t ion  s t a t e s  of t r a n s i t i o n  
meta l  complexes. 

14. PICOSECOND SPECTROSCOPY 
T. Netzel 

The focus  of t h i s  r e sea rch  program i s  on understanding l ight-dr iven e l e c t r o n  
t r a n s f e r  processes .  The major experimental  technique i s  picosecond ( p s )  
a b s o r p t i o n  spectroscopy.  However, p s  emission and Raman measurements a r e  
be ing  made where necessary  and when poss ib le .  Two types  of molecular  
systems a r e  being inves t iga t ed .  Mixed valence compounds where t h e  goal  i s  
t o  measure d i r e c t l y  t h e  r a t e s  of e l e c t r o n  t r a n s f e r  through br idging  
l i g a n d s  from one meta l  s i t e  t o  another  a r e  being s tudied .  These experiments 
a r e  ' explor ing  the  r o l e s  of inner -  and outer-sphere b a r r i e r s  i n  thermal 
e l e c t r o n  t r a n s f e r  a s  we l l  a s  t h e  e f f e c t s  of d i f f e r e n t  d r i v i n g  forces .  The 
second type of molecular  system under i n v e s t i g a t i o n  involves  cova len t ly  
l i nked  ' dip 'orphyrin molecules. To d a t e  porphyr ins ,  ch lo rophy l l s  , and pheophytins 
have been shown t o  t r a n s f e r  e l e c t r o n s  from t h e i r  t r i p l e t  s t a t e s  r e a d i l y .  
However, y i e l d s  of only a  few percent  of c h a r g e . t r a n s f e r  products  have been 
found from s i n g l e t  s t a t e s .  Current work i s  examining t h e  e f f e c t s  of d i s t a n c e ,  
o r i e n t a t i o n  and so lven t  on s i n g l e t  charge  t r a n s f e r  ' reac t ions .  The goa l  i s  
t o  l i n k  thermodynamic and spec t roscopic  information t o  p r e d i c t  p r o b a b i l i t i e s  
and r a t e s  of  l ight- induced e l e c t r o n  t r a n s f e r .  
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15. PHOTOCHEMICAL AND RADIATION SCIENCES 1.3 01-1 
M. D. Newton 

. . 

The goal  of t h i s  program i s  t h e  e x p l o i t a t i o n  of t he  National  Synchrotron 
Light  Source (NSLS) i n  many a r e a s  of chemical research .  The NSLS now '! 

under c o n s t r u c t i o n  a t  Brookhaven w i l l  provide high i n t e n s i t y ,  monochro- 
mat ic  photon beams ranging i n  energy from t h e  u l t r a v i o l e t  t o  t h e  x-ray 
region.  The use fu lnes s  of t h e s e  photon beams t o  the.chemica1 community 
depends, i n  l a r g e  p a r t ,  on the  f a c i l i t i e s  which w i l l  be made a v a i l a b l e  
f o r  chemical experimentat ion.  An apprec i ab le  e f f o r t  i s  now underway by 
members of t h e  Chemistry Department t o  design,  b u i l d ,  and even tua l ly  
u se  such f a c i l i t i e s .  The pro jec ted '  s c i ' e n t i f i c  programs i n  Chemistry . ' 

a t  the'NSLS a r e ,  i n  many cases ,  outgrowths of  ongoing Departmental work 
and inc lude  gas phase pho to ion iza t ion  and chemical k i n e t i c s  s t u d i e s ,  
f luorescence  l i f e t i m e  and photoconduct ivi ty  measurements, photoe lec t ron  
spectroscopy,  and x-ray d i f f r a c t i o n . '  Experiments a r e  a l s o  being planned 
on t h e  EXAFS and x-ray f luo rescence  f a c i l i t i e s  which w i l l  a l s o . b e  a v a i l -  
a b l e  a t  t h e  NSLS, and a  new Departmental program i n  chemical c a t a l y s i s  
w i l l  b e n e f i t  g r e a t l y  from t h e  va r ious  NSLS resources .  Most of t h e  present  
e f f o r t s  a r e  being c a r r i e d  out  i n  c o l l a b o r a t i o n  wi th  universi ty-based chemists  
who will form t h e  nucleus of  t h e  o u t s i d e  u s e r  community a t  t h e  synchrotron. 

16. ENERGY TRANSFER I N  
CHFMTCAT. KTNETTCS 

R. E. Weston 

Chemical r e a c t i o n  r a t e s  depend s t r o n g l y  on t h e  d i s t r i b u t i o n  of r e a c t a n t  
energy among t r a n s l a t i o n a l ,  r o t a t i o n a l ,  v i b r a t i o n a l ,  and e l e c t r o n i c  degrees 
of freedom. Conversely, t h e  energy d i s t r i b u t i o n  i n  r e a c t i o n  products can be 
used a s  a  s e n s i t i v e  probe of t he  r e a c t i o n  mechanism. I n  t h i s  program t h e  
t r a n s f e r  of both e l e c t r o n i c  and v i b r a t i o n a l  energy a r e  being s tudied .  Although 
t h e  experimental  methods d i f f e r  i n  d e t a i l ,  i n  both cases  atoms o r  molecules 
a r e  produced i n  s p e c i f i c  e x c i t e d  s t a t e s  by a  pulse  of u l t r a v i o l e t ,  v i s i b l e ,  
o r  i n f r a r e d  r a d i a t i o n .  The e x c i t e d  spec i e s  can t r a n s f e r  energy t o  another  
molecule by c o l l i s i o n ,  o r  can  spontaneously l o s e  energy by emission of 
f luorescence  r a d i a t i o n  a t  a  r a t e  determined by t h e  n a t u r a l  l i f e t i m e  of t h e  
e x c i t e d  spec ies .  The competi t ion between energy t r a n s f e r  and emission l eads  
t o  a  decrease i n  observed f luorescence  l i f e t i m e ,  which can  be r e l a t e d  t o  
a  bimolecular  r a t e  cons t an t  (and a  c r o s s  s e c t i o n )  f o r  energy t r a n s f e r .  
S p e c i f i c  i n v e s t i g a t i o n s  p k  underlqay inc lude :  ( i )  t h e  r a t e  of v i b r a t i o n a l  
energy t r a n s f e r  between CO and CO; ( i i )  r a t  s  of v i b r a t i o n a l  r e l a x a t i o n  Ei of CO by a l k a l i  me ta l s ;  ( i i i )  l i f e t i m e s  of S (B C-) exc i t ed  t o  var ious  
v i  r a t i o n a l  l e v  i s ,  and quenching r a t e s ;  ( i v y  t h e  branching r a t i o  f o r  9 5 I( and I (  P 3 , q )  product ion i n  t he  r e a c t i o n  F + DL. 
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17. CHEMISTRY OF ENERGETIC ATOMS: 
BAS I C  RESEARCH AND APPLICATIONS 

A. P .  Wolf, R. M .  Lambrecht 

This  program i s  devoted t o  a  study of  the  chemistry o f  energy-rich atomic 
and molecular species .  These may be  neu t ra l  o r  charged reac tan t s  i n  ground 
o r  e l e c t r o n i c a l l y  exc i t ed  s t a t e s ,  o r  r e a c t a n t s  with h igh k i n e t i c  energies .  
Included a r e  r e a c t i v e  intermediates produced by nuclear  processes,  reac t ions  
of  C ,  N ,  0,  and halogen atoms, and s t u d i e s  of  atom-atom and atomdnolecule 
r e a c t i o n s  i n  an energy range inaccess ib le  by conventional methods. Atomic 
 specie^ arc a l a o  produced i n  known e l e c t r o n i c  s t a t e s  and with a known 
temperature using a microwave discharge. Spectroscopic techniques a r e  uaed 
t o  i d e n t i f y  r e a c t a n t s  and products and t o  determine r a t e s  of gas phase 
r e a c t i o n s  . Applicat ions include: Chemical r e a c t i v i t y  and spin s t a t e s  of 
carbon,  oxygen, and halogen atoms; f a c i l e  r e a c t  ion r a t e  determination 
o f  atomic carbon, oxygen and halogens with organic and inorganic sub- 
s t r a t e s  ; very high temperature oxidat ion  k i n e t i c s  ; techniques f o r  l abe l ing  
compounds of medical , b io log ica l  , and environment a1 i n t e r e s t  ; charged 
p a r t i c l e  a c t i v a t i o n  a n a l y s i s  of coa l  f o r  oxygen and s u l f u r ;  c a t a l y t i c  and 
su r face  s t r u c t u r e  r e a c t i v i t y  with oxygen, u t i l i z i n g  oxygen 15 ; funct ional  
group and s t r u c t u r e  a n a l y s i s  u t i l i z i n g  t r i t i u m  and labeled  halogens; and 
analyses  of t r a n s i e n t  r a d i c a l s  on coal  su r faces ,  using short- l ived nucl ides .  
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18. PORPHYRIN CHEMISTRY 
J. Fa je r  

Tota l  $757,000 

Porphyrins a r e  organometallic compounds which p lay .  indispensable c a t a l y t i c  
r o l e s  i n  biochemical energy conversion. This work represents  a  multi- 
d i s c i p l i n a r y  program which involves syn the t i c ,  s t ruc tu ra l , .  t h e o r e t i c a l  and 
physica l  chemistry, and i t  encompasses (1)  the  e l ec t ron  s t r u c t u r e  and 
chemical proper t ies  of porphyrins and t h e i r  r a d i c a l s ;  ( 2 )  the  b io log ica l  
r o l e  of porphyrins and t h e i r  ions i n  photosynthet ic  metabolic r e a c t i o n s ;  and 
( 3 )  app l i ca t ions  of tbese  c a t a l y t i c  r eac t ions  t o  s o l a r  energy production of . 
e l e c t r i c i t y  by photo-excitat ion of porphyrins deposited on s o l i d  i n t e r f a c e s  
o r  i s o l a t e d  i n  micel les ,  t h e  production of hydrogen and oxygen i n  s o l u t i o n  
using porphyrins t o  mimic the  photosynthet ic  c e l l  and photo-decompose.water, 
and a l s o  t o  f i x  n i t rogen photochemically v i a  porphyrin der iva t ives .  I n  
add i t ion ,  polymeric and heteroporphyrins a r e  under inves t iga t ion  i n  photo- 
a s s i s t e d  and electrochemical c a t a l y s i s  f o r  oxygen reduction ( f o r  f u e l  c e l l  
app l i ca t ions )  and custom chemical synthes is .  The methods used t o  s tudy 
these  r eac t ions ,  which involve oxidation-reduction mechanisms, include 

' techniques such a s  o p t i c a l  and picosecond spectroscopy, e l e c t r o n  sp in  
resonance ( e s r ) ,  nuclear  magnetic resonance (nmr), and e l e c t r o n  nuclear  
double resona'nce (endor.)'. The redox r e a c t  ions a r e  induced chemically, 
photochemically, and electrochemically,  and the  chemistry i s  guided by 
eheardtical calculations used Lu pr e d i c  c t11t chemical p r spe r t i co  of tho 
model systems. These, i n  tu rn ,  a r e  used t o  e s t a b l i s h  the  r o l e  of t h e  
porphyrins' i n  biochemical c a t a l y s i s  and use them i n  biomimetic energy 
t ransduc t ion. 
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19. INVESTIGATION OF THE CHEMISTRY 3.4 0 1- 1 
OF ENERGETIC COMPOUNDS 

M. Hillman 

The aim of t h i s  p r o j e c t  i s  t o  prepare s p e c i a l  organometal l ic  compounds 
whose p r o p e r t i e s  w i l l  g ive  them p o t e n t i a l  use  i n  conduct iv i ty , ,  e.g., a  . 

f r e e  meta l  atom trapped i n  a  hydrocarbon cage, a  metal  atom whose e lec-  
t r o n  d i s t r i b u t i o n  i s  deformed by' p re s su re  from neighboring atoms, in -  
t e n s e l y  colored mixed va lence  compounds, a  t h r e e  dimensional aromatic 
system involv ing  a  metal  ,core,  e t c .  The present  concern i s  wi th  t h e  
p r e p a r a t i o n  of examples of the  f i r s t  two of t hese  compounds, and t h e  
measurement of t h e i r  p r o p e r t i e s .  Bridged fe r rocene  d e r i v a t i v e s  contain-  
i n g  four-  o r  f ive-carbon b r idges  a r e  being prepared. Transformation of 
t h e s e  d e r i v a t i v e s  t o  f r e e  and t o  t r a p  the  i r o n  atoms is  under i n v e s t i g a t i o n  
and looks promising. M6ssbauer s p e c t r a  of va r ious  bridged d e r i v a t i v e s  have 
measured t h e  e x t e n t  of deformation of  e l e c t r o n  d i s t r i b u t i o n ,  t h e  l a r g e s t  
.being ' in , a  t r i s  t r imethylene  bridged ferrocene.  The p repa ra t ion  of  t h e  
t e t r a k i s t r i m e t h y l e n e  bridged f e r rocene  i s  underway. Other p e r t i n e n t  phys ica l  
p r o p e r t i e s  t h a t  have been measured inc lude  e l e c t r o d e  p o t e n t i a l s .  

20. KINETICS AND MECHANISMS OF 
CHEMICAL PROCESSES RELATED TO 
THE DEVELOPMENT AND USE OF 
ENERGY 
J. W. Sutherland 

The o b j e c t i v e  of  t h i s  program i s  t o  develop b a s i c  k i n e t i c  and mechanist ic  
i n fo rma t ion  about s e l e c t e d  chemical systems which a r e  a s soc i a t ed  wi th  t h e  
development and use  of energy sources  and f o r  which present  d a t a  a r e  inadequate 
o r  unavai lab le .  Short- l ived t r a n s i e n t  chemical s p e c i e s  a r e  cha rac t e r i zed  by 
f l a s h  pho to ly t i c  and pu l se  r a d i o l y t i c  techniques,  whi le  s t eady- s t a t e  pho to ly t i c  , 
s t e a d y - s t a t e  r a d i o l y t i c  and s tandard k i n e t i c  -methods a r e  used t o  i d e n t i f y  
and measure y i e l d s  of f i n a l  products  of a  p a r t i c u l a r  o v e r a l l  r eac t ion .  
Pr inc ipa l . .  t o p i c s  being invest ig .ated a r e  t h e  photochemistry of  s e l e c t e d  
molecules  adsorbed on high s u r f a c e  a r e a  s o l i d s  and the  chemistry of t r a n s i e n t  
n i t r o g e n  compounds. Some a s p e c t s  of t h e  r e a c t i v i t y  of s u l f u r  d iox ide  
a r e  a l s o  being s tud ied .  Information developed i n  t h i s  program i s  r e l e v a n t  
t o  i n v e s t i g a t i o n s  i n t o  systems being considered f o r  t h e  photochemical - 

convers ion  and s t o r a g e  of s o l a r . e n e r g y ,  i n t o  methods f o r  n i t rogen  f i x a t i o n ,  
and t o  problems i n  s u l f u r  chemistry a s soc i a t ed  wi th  t h e  development and use  
of  geothermal energy sources  and of f o s s i l  f u e l s .  The r e s u l t s  of t h i s  
i n v e s t i g a t i o n ,  i n  a d d i t i o n  t o  t h e i r  i n t r i n s i c  va lue  t o  t h e  genera l  f i e l d  of 
chemical k i n e t i c s ,  a r e  a v a i l a b l e  a s  q u a n t i t a t i v e  input  d a t a  f o r  models . 

designed t o , a s s e s s  t h e  impacts of us ing  va r ious  energy sources.  
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T o t a l  '$375,000 

2 1. PHOTOSYNTHETIC SOLAR ' ENERGY 
UTILIZATION 

' . M. Calvin,  J. N. Otvos 

Th i s ,  p r o j e c t  is a  b a s i c  s c i ence  e f f o r t ,  d i r e c t e d  towards developing methods 
and systems f o r  t h e  u t i l i z a t i o n  o f  , s o l a r  energy t h a t  a r e  based on knowledge 
of  g r een  p l a n t  photosynthesis .  Pho tosens i t i z ed  e l e c t r o n  t r a n s f e r  r e a c t i o n s  
a c r o s s  phase boundaries  have .been  achieved and a r e  be ing  s t u d i e d  wi th  t h e  
aim of  s t a b i l i z i n g  t h e  ,primary o x i d a t i o n  and r educ t ion  photoproducts and ' , 

prevent ing  t h e i r  back r eac t ion .  ~ u b s e ~ u e n t l ~ ,  t h e  s t o r e d  energy i n  t he se  
products  w i l l  be  channeled i n t o  t h e  product ion  of hydrogen and oxygen from 
water .  The phase boundaries  s t u d i e d  .so f a r  a c r o s s  which e l e c t r o n s  have been 
moved wi th  concomitant energy s t o r a g e  a r e  t h e  l i p i d  b i l a y e r  wa l l s  o f  phos- 
p h o l i p i d ' v e s i c l e s  and t h e  i n t e r f a c i a l  r eg ion  of microemulsions. The reduced 
photoproduct can r e a d i l y  be  converted t p  hydrogen, bu t  t h e  complementary 
r e a c t i o n  on t h e  o t h e r  s i d e  of t h e  i n t e r f a c e ,  t h e  product ion of molecular  
oxygen, h a s  no t  y e t  been succes s fu l .  However, novel  chemical systems f o r  
t r app ing  a c t i v e  oxygen atoms have been .prepared  and a r e - r e c e i v i n g  i n t e n s i v e  
s tudy.  ~ ~ e - s e n s i t i z e d  semiconductor devices  wi th  both l i q u i d  ( e l e c t r o l y t e )  
and meta l  j unc t ions  a r e  another  means f o r  producing the  i n i t i a l  charge 
s e p a r a t i o n  s t ep .  Choice of  s u i t a b l e  dyes pr'oduces s e n s i t i v i t y  over a  l a r g e  
p a r t  of t h e  s o l a r  spectrum, and use of  s i n t e r e d  p e l l e t s  a s  t h e  dye s u b s t r a t e  
g r e a t l y  enhances e f f i c i e n c y  and e a s e  of f a b r i c a t i o n .  Development of  
a  novel d ry ,  dye-sens i t i zed  Schot tky b a r r i e r  s o l a r  c e l l  i s  being pursued. 
E f f i c i e n c y  .of t h e  b a s i c  semiconductor-dye-metal system has  been improved i n  
s e v e r a l  ways, i nc lud ing  doping of  t h e  dye a n d ' i n t r o d u c t i o n  of ho l e  c a r r i e r s  
between t h e  dye and metal.  
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22.  BIOCONVERSION OF SOLAR 
E NE RGY 

L. Packer 

Total  $135,000 

The "photochemical conversion of s o l a r  energy" by bacteriorhodopein, 
a p ro te in  pigment derived from purple membranes of ha lobac te r i a  i s  being 
charac ter ized  . Photoconversion of s o l a r  energy by bacteriorhodopsin opera tes  
e s s e n t i a l l y  v i a  a photocycle of 7 msec dura t ion  t h a t  i s  d i r e c t l y  coupled t o  
a proton pump. Bacteriorhodopsin i s  the  simplest and most s t a b l e  na tu ra l ly  
occur ing l i g h t  energy converter  present ly  known. Chemical modificat ion of 
s p e c i f i c  amino acid r e s idues  has  demonstrated t h a t  the conformation of the  
dark  and l i g h t  adapted forms of  t h e  p ro te in  d i f f e r  and t h a t  t h e  aromatic 
amino ac ids  tryptophan and ty ros ine  a r e  important f o r  a c t i v i t y  . Charge 
modif ica t ion  of c e r t a i n  res idues  having net  negative o r  p o s i t i v e  charge i s  
a l s o  being used t o  c l a r i f y  the  energy conversion process. New ESR methods 
demonstrate t h a t  surface  e l e c t r i c a l  charges a r e  generated by l i g h t  absorption 
and t h a t  these  may be  e s s e n t i a l  fo r  the  proton pumping capacity of bacter ior -  
hodopsia. Future s t u d i e s  emphasize t h e  molecular aspects  of t h e  energy 
conversion and how sur face  charge e f f e c t s  may b e  useful  f o r  enhancing the  
photovol ta ic  e f f e c t s  of  bacteriorhodopsin on s t a b l e  planar membrane systems. 
Attempts a r e  being made t o  develop model systems t h a t  w i l l    efficiently ca r ry  
ou t  the  s a l t  pumping a c t i v i t y  of  halo-bacteria  which i s  coupled t o  t h e  
proton pump of bacteriorhodopsin with the  i n t e n t i o n  of bui ld ing p r a c t i c a l  
desa l ina t ion  devices.  
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23. PHOTOCHEMISTRY OF MATERIALS 
I N  THE STRATOSPHERE 

H. S. Johnston 

This  'project  i s  concerned wi th  the  photochemical, processes  t h a t  c o n t r i b u t e  
t o  t h e  product ion and d e s t r u c t i o n  of  s t r a t o s p h e r i c  ozone. Laboratory 
s t u d i e s  a r e  c a r r i e d  out t o  o b t a i n  o p t i c a l  c r o s s  s e c t i o n s ,  quantum y i e l d s ,  
and r a t e  c o n s t a n t s  f o r  spec i e s  t h a t  occur  i n  t he  s t r a t o s p h e r e .  Recent ly,  
temperature dependent c r o s s  s e c t i o n s  have been determined f o r  n i t r o u s  oxide  
and f o r  n i t r o g e n  pentoxide.  The quantum y i e l d s  a s  a func t ion  of  wavelength 
have been obta ined  f o r  two product channels  of t h e  n i t r a t e  f r e e  r a d i c a l .  
As o t h e r s  measure t h e  concen t r a t ions  of  t r a c e  spec i e s  i n  t h e  atmosphere, 
t h i s  p r o j e c t  i n t e r p r e t s  t h e s e  r e s u l t s  i n  terms of i t s  "method o f  ins tan taneous  
r a t e s " .  I n  favorable  c a s e s ,  t h e s e  i n t e r p r e t a t i o n s  exend t o  t h e  f u l l  
three-dimensional atmosphere, f o r  example, t h e  pho to lys i s  of  n i t r o u s  oxide 
and i t s  r e a c t i o n s  wi th  s i n g l e t  atomic oxygen. Conventional one-dimensional 
models of atmospheric dynamics and photochem'istry a r e  used t o  support  t h e  
i n t e r p r e t a t i o n  of atmospheric observa t ions  and i n  t h e  planning and i n t e r p r e t a -  
t i o n  of  l abo ra to ry  experiments.  

24. PHOTON-ASSISTED SURFACE REACT IONS, 1 .2  
MATERIALS AND MECHANISMS 

G. A. Somorjai 

This  p r o j e c t  exp lo re s  photo-chemical r e a c t i o n s  t h a t  t a k e  p l ace  a t  t h e  
solid-vapor i n t e r f a c e .  These r e a c t i o n s  inc lude  t h e  photo-d issoc ia t ion  
o f  water t o  produce hydrogen and oxygen and t h e  photon-assis ted r e a c t i o n s  
of  carbon d iox ide  and water t o  produce simple hydrocarbons (pho tosyn thes i s ) .  
The purpose of  t h e s e  s t u d i e s  i s  t o  explore  t he  mechanisms of  photon-assis ted 
s u r f a c e  r e a c t  i ons  and then  e s t a b l i s h  t h e  optimum cond i t i ons  ( o f  s u r f a c e  
s t r u c t u r e ,  composition, temperature and r e a c t a n t  mixture)  t o  maximize t h e  
r a t e  of product ion of  t h e  des i r ed  chemicals (hydrogen and/or  hydrocarbons) .  
L ight  of  band gap energy (3 .1  eV) was used t o  i r r a d i a t e  s t ront ium t i t a n a t e  
c r y s t a l  s u r f a c e s .  The c a t a l y t i c  evo lu t ion  of  hydrogen was de t ec t ed  i n  t h e  
presence of  sodium hydroxide a t  t h e  su r f ace .  The r a t e  o f  t h e  pho toca t a ly t i c  
r e a c t i o n  could be increased  ten-fold when platinum was depos i ted  on t h e  
oxide.  A t  l e a s t  two r e a c t i o n  m e c h a n i ~ m s ~ ~ r e  uncovered, both involv ing  
su r f ace  hydroxyl groups and the  lower T i  ox ida t ion  s t a t e  ions of 
t h e  oxide.  
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25. INORGANIC PHOTOCHEMICAL STUDIES 
G. J .  Ferraudi-  

The photochemical p roper t i e s  of the  t r a n s i t i o n  metal ion  complexes with 
macrocyclic l igands  a r e  being inves t iga ted .  The e f f e c t  of l igand s t r u c t u r e ,  
i.ncluding the. .size nf  t h e  m a c r o ~ y c l i c  r i n g ,  the  ~ x t e n o i o n  of t h c  a oyotcm 
and i t s  over lap  with the  e l e c t r o n i c  dens i ty  of the  metal ion ,  a r e  being 
examined using d i f f e r e n t  members of a  given family of macrocyclics. I n  
add i t ion ,  s tud ies  a r e  being ca r r i ed  out on complexes of d i f f e r e n t  metal 
c e n t e r s  with t h e  same e l e c t r o n i c  s t r u c t u r e .  For example the  photo y s i s  of 
macrocyclic complexes of c o b a l t ( I 1 )  and n i c k e l ( I I I ) ,  both having d  

3 
e l e c t r o n i c  conf igura t ion ,  a r e  being examined i n  order  t o  introduce v a r i a t i o n s  
id the  pho to-chemical responses of the  complexes. Reference pulse r ad io ly t  i c  
experiments a r e  a l s o  being ca r r i ed  out  t o  provide spectroscopic and reac t ion  
r a t e  information on intermediates which a r e  generated i n  redox react ions  
between r a d i c a l s  and inorganic systems. Many macrocyclic complexes of 
metal ions undergo photochemically produced e lec t ron  t r a n s f e r  with l i g h t  i n  
t h e  v i s i b l e  r eg ion  of the  spectrum and have po ten t i a l  appl ica t ions  f o r  
i n i t i a t i n g  processes with s o l a r  r a d i a t i o n .  



Notre Dame'Radiation Laboratory,  Notre Dame, cont inued 

26. ESR STUDIES O N  RADIATION-CHEMICALLY 6.0 0  1-1 
AND PHOTOCHEMICALLY PRODUCED INTER- 
MEDIATE S  

R. W. ~ e s s e n d e n  

E lec t ron  s p i n  resonance spectroscopy (ESR) i s  be ing 'u sed  t o  s tudy  t h e  
e l e c t r o n i c  and geometric s t r u c t u r e ,  mechanism of formation,  r e a c t i o n  
k i n e t i c s  and e l e c t r o n  s p i n  popula t ion  dynamics of s h o r t  l i ved  r a d i c a l  
i n t e rmed ia t e s  produced i n  s o l u t i o n  by photochemical processes  and 'by  
e l e c t r o n  beam i r r a d i a t i o n .  I n  both cases  t hese  s t u d i e s  u s e  cont inuous and 
pulsed i r r a d i a t i o n  methods, wi th  t h e  l a t t e r  pe rmi t t i ng  d i r e c t  examination 
of t h e  t-ime response ESR s i g n a l s  on t h e  micro-second t ime sca l e .  These 
t ime resolved s t u d i e s  a r e  being d i r e c t e d  toward ob ta in ing  an  understanding 
of t h e  phenomenon known a s  chemical ly induced dynamic e l e c t r o n  s p i n  po la r i za -  
t i o n  (CIDEP), toward d i r e c t  measurement of  t h e  r a t e s  f o r  r e a c t i o n s  o f  
s p e c i f i c  r a d i c a l s  and toward d i r e c t  observa t ions  on t h e  r e l a x a t i o n  of t h e '  
e lec t ron-nuclear  s p i n  system toward t h e  Boltzmann equi l ibr ium.  The more 
convent ional  s teady  s t a t e  s t u d i e s  a r e  being used t o  i d e n t i f y  r a d i c a l  intermed- 
i a t e s  i n  pho to lys i s  and r a d i o l y s i s ,  t o  s tudy  e l e c t r o n  d i s t r i b u t i o n  w i t h i n  
s p e c i f i c  r a d i c a l s  and t o  examine e l e c t r o n  exchange and p ro tona t ion  e q u i l i b r i a .  
Information from t h e s e  ESR experiments i s  i n t e g r a t e d  wi th  t h a t  ob ta ined  . 

from r e l a t e d  o p t i c a l  s t u d i e s  and chemical approaches t o  g ive  ,a more complete 
p i c t u r e  of t he  mechanisms of r ad i a t io ' n  chemical and photochemical r eac t ions .  

27. THEORETICAL ASPECTS OF 4.0 01-1 
RADIATION CHEMISTRY : 

K. Funabashi 
A. Mozumder 

Theore t i ca l  s t u d i e s  of t h e  e f f e c t s  of t h e  abso rp t ion  o f ' i o n i z i n g  r a d i a t i o n  i n  
condensed systems a r e  be'ing c a r r i e d  out  t o  provide  a  b a s i c  underlying s t r u c t u r e  
f o r  understanding r a d i a t i o n  chemical experiments.  Curren t ly ,  a t t e n t i o n  i s  being 
focused on c r o s s  s e c t i o n s  f o r  cap tu re  of thermal e l e c t r o n s ,  problems a s s o c i a t e d  
wi th  e l e c t r o n  the rma l i za t ion ,  d i e l e c t r i c  r e l a x a t i o n  i n  po la r  l i q u i d s  and on 
in f luence  of f i e l d  dependent t r a n s p o r t  c o e f f i c i e n t s  on escape p r o b a b i l i t i e s .  
The random-walk model f o r  e l e c t r o n  scavenging i s  being examined i n  some d e t a i l  
and i s  appl ied  t o  t h e  na tu re  and p r o p e r t i e s  of r e a c t i o n s  a t  e a r l y  t imes p a r t i c -  
u l a r l y  a s  they apply t o  t r a c k  e f f e c t s .  S tud ie s  a r e  being c a r r i e d  o u t  on t h e  
mechanisms f o r  l o c a l i z a t i o n  o f  energy i n  i r r a d i a t e d  polyatomic systems wi th  
p a r t i c u l a r  a p p l i c a t i o n  t o  t h e  s e l e c t i v i t y  experiments observed i n  t h e  r a d i a t i o n  
induced cap tu re  of t h e  c e n t r a l  bonds i n  a l i p h a t i c  hydrocarbons. Conclusions from 
t h e s e  s t u d i e s  a r e  important  i n  a r e a s  o u t s i d e  r a d i a t i o n  chemistry,  p a r t i c u l a r l y  
t hose  where ions  a r e  important such a s  r e a c t i o n s  of ions  i n  t he  atmosphere 'or  on 
t h e  e l e c t r i c a l  p r o p e r t i e s  of i n s u l a t o r s .  
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28. ELECTRICAL AND CHEMICAL 
PROPERTIES OF DIELECTRICS 
AND THIN FILMS 

W . ' H .  Hamill 
W .  B.   err^ 

The phenomena associa ted  .with the  i n j e c t i o n ,  t r anspor t  and trapping 
of  very  low energy excess e l ec t rons  and ho les  i n .  insu la t ing  l i q u i d s  
and d isordered  s o l i d s  a r e  being inves t iga ted .  Topics being considered 
inc lude  e l e c t r o n .  and hole  i n j e c t  ion,  bond t r anspor t  i n  c r y s t a l s  and c e r t a i n  . 
l i q u i d s ,  hopping t r anspor t  i n  most l i q u i d s ,  impurity and defect  t rapping 
and ion  recombination. Consequences of t h e  experimental observation t h a t  
t h e  r a t e  of e l e c t r o n  t r a n s p o r t  i s  proport ional  t o  the  logarithm of t h e  
a f t e r  i n j e c t i o n  a r e  being explored i n  some d e t a i l .  ' These s t u d i e s ,  while . 

motivated pr imar i ly  by i n t e r e s t s  i n  the  r a d i a t i o n  physics and chemistry of , 

low d i e l e c t r i c  media, a r e  of  concern t o  e l ec t ron  t r anspor t  i n  a reas  such a s  
photosynthesis  and u l t ima te ly  t o  applied a r e a s ,  such a s  xerography and 
t ransmiss ion l i n e  technology. 

29. CHEMICAL PHYSICS OF REACTING 
SYSTEMS 

J .  J .  Kozak, M .  Schwartz 

Theoret ical ,methods a r e  being exploi ted  t o  i n t e r p r e t  phenomena i n  r a d i a t i o n  
chemistry and photochemistry; especi? l ly  those involved i n  chemical' dynamic 
processes r e l a t e d  t o  energy s to rage  and t r a n s f e r .  The dynamical aspects  of 
t h e  i n t e r a c t i o n  of  r a d i a t i o n  with m a t t e r ,  and t h e  temporal decay of  exci ted  
s t a t e s  of  two- and three- level  atomic and molecular systems, a r e  being 
s tudiqd using new a n a l y t i c a l  techniques developed f o r  solving the  time-dependent 
Schrodinger equation.  Newly developed quantum mechanical methods a r e  
being applied t o  e l e c t r o n i c  s t r u c t u r e  ca lcu la t ions .  Together with e x i s t -  
ing  methods, these  c a l c u l a t i o n s  a r e  being used t o  study problems involving 
molecular s t r u c t u r e ,  p o t e n t i a l  energy su r faces ,  r eac t ion  mechanisms, 
electron-solvent  i n t e r a c t  ions,  e l ec t ron  s c a t t e r i n g  , photoionizat ion and t h e  
d i s t r i b u t i o n  of s p i n  d e n s i t i e s  within r a d i c a l s .  Also i n  progress a r e  
t h e o r e t i c a l  s t u d i e s  of t h e  i n t e r a c t i o n  of metal atoms with one 'another and 
with subs t ra ' t e s  i n  chemical r eac t ions ;  these  a r e  expected t o  be of p a r t i c u l a r  
importance t o  the  understanding of mechanisms. of c a t a l y s i s .  An o v e r a l l  
theory of .  photo- and radiation-induced redox reac t ions  i n  organized 
molecular assemblies i s  being developed which t akes  i n t o  account t h e  
d imensional i ty  and f i n i t e  s p a t i a l  extent  of  these- organiza tes .  This l a t t e r  
theory  should be of  considerable.  importance i n  any attempt t o  use these 
o rgan iza tes  f o r  s to rage  of  s o l a r  energy. 
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30 .  PULSE RADIOLYSIS STUDIES OF 
RADIATION CHEMICAL REACT IONS 

P. Neta,' L .  K. P a t t e r s o n  

Pulse  r a d i o l y s i s  techniques  a r e  being used t o  c h a r a c t e r i z e  t h e  k i n e t i c  
p r o p e r t i e s  and absorp t ion  s p e c t r a  o f  s h o r t  l i v e d  t r a n s i e n t  spec i e s  produced 
by ion iz ing  r a d i a t i o n .  Emphasis i n  t h e s e  s t u d i e s  i s  on processes  which 
involve  e l e c t r o n  t r a n s f e r  o r  redox mechanisms. The approaches being 
developed provide methods f o r  examining e l e c t r o n  t r a n s f e r  e q u i l i b r i a  and 
a l low the  de te rmina t ion  o f  one-electron ox ida t ion  o r  r educ t ion  po ten t . i a l s  
f o r  v a r i o u s  types  of organic  r a d i c a l s .  Kine t ic  spectrophotometr ic  s t u d i e s  
a r e  being c a r r i e d  out  t o  examine d e t a i l s  o f  t h e  ox ida t ion  and r educ t ion  o f  
organic  molecules by both organic  arid inorganic  r a d i c a l s .  Add i t i ona l ly ,  
t ime reso lved  s t u d i e s  a r e  used t o  determine the  r e a c t i v i t i e s  of t h e  intermed- 
i a t e s  fol lowing r a d i a t i o n  i n i t i a t e d  cleavage of both o rgan ic  compounds and 
inorganic  i ons .  The u l t i m a t e  aim of  t h e s e  va r ious  s t u d i e s  i s  t o  expand t h e  
understanding of r e a c t i o n  in t e rmed ia t e s  s o ' a s  t o  b e  a b l e  t o  p red ic t  t h e i r  
r o l e  i n  both r a d i a t i o n  and convent ional  chemical environments. 

31.  RADIATION CHEMISTRY DATA 
CENTER 

A .  B .  Ross 

The Radiat ion Chemistry Data Center (RCDC) c a r r i e s  out. a cont inuous 
survey of  t h e  l i t e r a t u r e  of r a d i a t i o n  chemistry and photochemistry,  
assembles app ropr i a t e  bib. l iographic information on computer readab.le 
keyworded f i l e s ,  c r i t i c a l l y  examines and compiles experimental  d a t a  
on I.nt amad i ,a t  e s  produced by b ight  and ion iz ing  r a d i a t  ion  and provides 
t o  Department of ~ n e r ~ ~  ' c o n t r a c t o r s  and t h e  s c i e n t i f i c  community i n  
gene ra l  a v a r i e t y  of in format ion  s e r v i c e s  from i t s  d a t a  bank. These - 
in format ion  s e r v i c e s  i nc lude  keyword and author  searches  o f  i t s  b ib l iog raph ic  
f i l e s ,  searches  of a r t i c l e  t i t l e s  f o r  s p e c i f i c  te rms ,  p repa ra t ion  of  
current-awareness a i d s  and b i b l i o g r a p h i e s ,  and compilat ion of s p e c i f i c  d a t a  
such a s  r a t e  and spec t roscopic  information on r e a c t i o n  in te rmedia tes .  The 
Biweekly -- L i s t  of p i p e r s  on ~ a d i a t i o n  - and Photochemistry i s  i s sued  r e g u l a r l y  
t o  i n t e r e s t e d  subsc r ibe r s .  C r i t i c a l l y  reviewed and eva lua ted  d a t a  on 
r e a c t i o n  in t e rmed ia t e s  a r e  prepared by t h e  Center  which a r e  of  gene ra l  
importance to. proper cons ide ra t ions  o f  both t h e  b a s i c  s c i e n t i f i c  and 
techno1 og ica l  a p p l i c a t i o n  o f  chemical processes ,  p a r t i c u l a r l y  t hose  involved 
i n  r a d i a t i o n  chemical and photochemical ( s o l a r  energy) programs. 
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3 2 .  ORGANIC PHOTOCHEMICAL PROCESSES 
J .  C .  Scaiano 

Photochemical processes  i n  organic  systems a r e  being examined t o  pro- 
v i d e  informat ion  on t h e  r o l e  of i n t e rmed ia t e s  i nc lud ing  r a d i c a l s ,  b i r a d i c a l  s  
and t r i p l e t  s t a t e s ,  on energy t r a n s f e r  mechanisms and on the  r e s u l t a n t  
o v e r a l l  photochemistry.  Cur ren t ly ,  emphasis i s  on t h e  use of l a s e r  f l a s h  
p h o t o l y s i s  techniques  t o  s tudy  both in te rmolecular  and i n t r a m o l o c i ~ l ~ s r  
energy mig ra t ion .  S tud ie s  i nc lude  examinat ion  of  in te rmolecular  energy 
t r a n s f e r  between quas i - i soene rge t i c  t r i p l e t s ,  in t ramolecular  t r a n s f e r  i n  . 
molecules  con ta in ing  two chtomophores , energy hopping along a polymeric 
c h a i n ,  and energy t r app ing  i n  co-polymers con ta in ing  s e v e r a l  types  of  
chromophores. These s t u d i e s  on energy migrat  i,on i n  polymers a r e  p a r t i c u l a r l y  
r e l e v a n t  t o  photosynthes is  and t o  p o s s i b i l i t i e s  f o r  enhancing t h e  p r o p e r t i e s  
o f  polymers toward photodegradat ion o r  p h o t o s t a b i l i z a t i o n .  Other s t u d i e s  
i n  p rog res s  a r e  d i r e c t e d  toward understanding photochemical processes  
involv ing  b i r a d i c a l s  , p a r t i c u l a r l y  those  produced from aromatic ke tones ,  
and toward the  r e a c t i o n s  o f  p h o t o l y t i c a l l y  produced oxygen centered r a d i c a l s .  
F l a s h  pho to lys i s  i s  used t o  examine both t h e  s p e c t r a l  and k i n e t i c  p r o p e r t i e s  
o f  t h e s e  r a d i c a l s .  

33 .  SPECTROSCOPY OF REACTION 
INTERMEDIATES 

S .  .J. Sheng 

Spect roscopic  s t u d i e s  of i n t e rmed ia t e s  produced photochemically and 
by ion iz ing  r ad ia t i0 .n  , a r e  being c a r r i e d  out  t o  i d ' en t i fy  such i n t e r -  
media tes  and t o  provide  d e t a i l e d  information on t h e i r  molecular and 
e l e c t r o n i c  con f igu ra t ion ,  on in te rmolecular  i n t e r a c t  ions and on t h e  
modes by which e l e c t r o n i c  and v i b r a t i o n a l  energy a r e  d i s s i p a t e d .  Raman 
s c a t t e r i n g  and I R  abso rp t ion  a r e  being used t o  s tudy t h e  v i b r a t i o n a l  
s t r u c t u r e , ,  of chemical i n t e rmed ia t e s  i nc lud ing  r a d i c a l s  and r a d i c a l  i ons  and 

' t o  probe t h e  in t e rmolecu la r  i n t e r a c t i o n s  i n  o r i e n t e d  c r y s t a l  f i lms .  
Po la r i zed  . v i b r a t i o n a l  spectroscopy of  t h e i r  polyene f i lms  i s  aimed a t  
r e s o l v i n g  the  Davydov s p l i t t i n g  and a t  providing an  understanding of t h e  
important  v i b r a t i o n a l  modes involved i n  i n t e r a c t i o n s  of e l e c t r o n i c a l l y  
e x c i t e d  s t a t e s .  Gas phase photoacoust ic  experiments a r e  used t o  e s t a b l i s h  
t h e  e x t e n t  t o  which t h e  p o t e n t i a l  energy s u r f a c e  f o r  d i s s o c i a t i o n ' c a n  be  

' 

c h a r a c t e r i z e d  by t h e  v i b r a t i o n a l  energy content  of  t h e  fragments.  Co l l i s ion -  
induced I R  abso rp t ion  experiments designed t o  t e s t  an e l e c t r o n  d e n s i t y  
deformation model of r e p u l s i v e  molecular  c o l l i s i o n s  a r e  being c a r r i e d  
p u t .  
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34. CHEMICAL STUDIES OF RADIATION 
' INDUCED REACTIONS 

R .  H. Schuler 

A wide v a r i e t y  of  chemical r e a c t i o n s  induced by t h e  absorp t ion  of i on iz ing  
r a d i a t i o n  a r e  being examined us ing  a  broad base o f ' h i g h l y  developed chemical 
and ins t rumenta l  methods f o r  examining both in t e rmed ia t e s  i n  t ime resolved 
s t u d i e s  and f o r  ana. lysis  of u l t ima te  products .  It i s  t h e  purpose o f  t h e s e  
s - tud ies  t o  o b t a i n  d e t a i l e d  informat ion  on t h e  n a t u r e  of  r a d i a t i o n  induced 
r e a c t  i a n s  . Studies  a r e  l a r g e l y  d i r e c t e d  toward examining the  format ion  and 
subsequent r a c t i o n  of  f r e e  r a d i c a l s  i n  aqueous s o l u t i o n  over t h e  t ime -s 
s c a l e  of 10  t o  10 seconds. Reactions a t  s h o r t e r  t imes t h a t  occur  
l a r g e l y  wi th in  the  r a d i a t i o n  t r a c k s  a r e  examined us ing  chemical approaches. 
S tud ie s  i n  non-aqueous media inc lude  t h e  a p p l i c a t i o n  of  scavenging methods 
t o  examine r a d i c a l  formation and r e a c t i o n ,  p a r t i c u l a r l y  i n  hydrocarbons. 
S tud ie s  a r e  a l s o  be ing  c a r r i e d  out  a t  t he  Notre Dame Heavy Ion  F a c i l i t y  t o  
examine t r a c k  e f f e c t s  i n  r a d i a t i o n  chemical r e a c t i o n s  induced by low Z i ons  
having an energy of  Q 5 MeV/nucleon. These s t u d i e s  provide important 
in format ion  on t h e  molecular and r a d i c a l  y i e l d s  f o r  high l i n e a r  energy 
t r a n s f e r  r a d i a t i o n s  and a r e  being developed t o  g ive  information on t h e  t ime 
evo lu t ion  o f  heavy p a r t i c l e  t r a c k s .  

35. RADIATION CmMT,CAT8 ANT) PHOTO- 
CHEMICAL STUDIES OF REACTIONS 
AT CHEMICAL INTERFACES 

R.  H .  Schuler ( a c t i n g )  

S tud ie s  o f  r a d i a t i o n  chemical and photochemical e f f e c t s  i n  m i c e l l a r  
systems which emphasize t h e  unique c a t a l y t i c  e f f e c t s  of m i c e l l a r  i so -  
l a t i o n  and t h e  t r a n s p o r t  o f  r e a c t i o n  in te rmedia tes  a c r o s s  i n t e r f a c i a l  
b a r r i e r s  a r e  i n  progress .  These s t u d i e s  a r e  of b a s i c  i n t e r e s t  t o  both 
r a d i a t i o n  chemistry and r a d i a t i o n  biology and o f f e r  promise t o  provide 
methods f o r  c o n t r o l l i n g  the  depos i t i on  of energy i n  photochemical and 
s o l a r  energy a p p l i c a t i o n s .  The e f f e c t  of  m i c e l l a r  s t r u c t u r e s  on r e a c t i o n  
r a t e s  i s  being examined t o  provide information app l i cab le  t o  t h e  c o n t r o l  of  
r eac ' t i on*~  by proper  choice  of m i c e l l a r  m a t e r i a l .  Q u a l i t a t i v e  changes i n  
chemical r e a c t i o n s  which r e s u l t  from profound changes i n  t h e  l i f e t i m e  and 
i o n i z a t i o n  p o t e n t i a l  o f  t h e  r e a c t i o n  in t e rmed ia t e s  i n  m i c e l l a r  media a r e  
being examined. These s t u d i e s  a r e  aimed a t  determining t h e  way i n  which t h e  
r e a c t i o n  i s  c o n t r o l l e d  by t h e  aqueous-lipid i n t e r f a c e  and a t  developing 
m i c e l l a r  methods t o  examine k i n e t i c  d e t a i l s  o f  chemical r e a c t  i ons .  
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3 6. PHOTOISOMERIZATION 
A. M .  Trozzolo 

Photochemical s t u d i e s  a r e  being ca r r i ed  out  on the  valence isomerism 
of hetero.cyclic  compounds, the  chemistry .o'f ground s t .a te  t r i p l e t  mole- 
c u l e s  (produced photochemically) , e lec t ron  t r a n s f e r .  r eac t ions  o f  s i n g l e t  
oxygen, and the  exc i t ed - s t a t e  r eac t ions  of  l a s e r  dyes; I n  add i t ion ,  
a number of a d i a b a t i c  photochemical r eac t ions  a r e  being studied which 
a r e  q u i t e  novel s ince  they produce exci ted-s ta te  products.  S tudies  
on heteroc ,ycl ic  canpounds involve a number o f  photochromic systems i n  
which a r e l a t i v e l y  s t r a i n e d  r i n g  has  opened photochemically t o  produce 
a high energy in termedia te  whose s t a b i l i t y  can be  con t ro l l ed .  The e lec t ron  
t r a n s f e r  r e a c t i o n s . o f  s i n g l e t  oxygen a r e  being s tudied  i n  view of t h e  
important r o l e  t h a t  t h i s  species  plays i n  photooxidation and degradation of 
polymers, photobiology , chemilumiriescence and enzymatic a c t  ions.  

37. ENERGY TRANSFER I N  ATOMIC 
AND MOLECULAR SYSTEMS 

D. H. Winicur 

Molecular beam methods a r e  being used t o  examine the  mechanisms, c r o s s  
s e c t i o n s  and intermediate species  involved i n  energy t r a n s f e r  i n  e l e -  
mentary processes.  I n t e r a c t i o n s  between metastable exci ted  rare-gas . 

atoms and various small molecules such a s  CO H 0, H and F2 2' a r e  determined from measurements o f  d i f f e r e n t i a $  scai!;ering c ross  sec t ions  
us ing crossed molecular beams. The r e s u l t s  from these  experiments provide 
de ' ta i led  information on the  na tu re  of  t h e  i n t e r a c t i o n s  during t h e  molecular 
c o l l i s i o n ,  . indica te  t h e  s t a t e s  present  immediately a f t e r  the  i n i t i a l  .energy 
t r a n s f e r  and allow a determination of t h e  potential-energy curves f o r  the  
i n t e r a c t i n g  species .  Currently emphasis i s  on processes i,nvolving t r ans la t ion-  
to - ro ta t ion  and t rans la t ion- to-vibra t  ion energy conversion, on e l e c t r o n i c  
energy exchange between exc i t ed  argon atoms and water and on determination 

, . 
of t h e  c ross  sec t ions  f o r  formation of r a r e  gaslhalogen exciplexes.  Under- 
s taudiug of  energy t r a n s f e r  mechanisms i s  of  p a r t i c u l a r  importance t o  the  .. ' 

development of chemical l a s e r s  and i t  i s  planned t o  extend these  s t u d i e s  to '  
a wide v a r i e t y  o f  energy transformations o f  i n t e r e s t  t o  r a d i a t i o n ,  photo-, 
l a s e r  and atmospheric chemistry. 
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38. SURFACE EFFECTS-HYDROGEN 
RECYCLE CHEMISTRY 

S. Datz, S. H. Overbury 

Total  $270,000 

An understanding of the  processes a t tending t h e  i n t e r a c t i o n  of ene rge t i c  
(100-3000 eV) hydrogen atoms with some low 2. s o l i d  surfaces  which would be 
encountered i n  t h e  f i r s t  wall  o r  l i m i t e r s  of MFE r e a c t o r s  i s  being sought. 
Low Z elements a r e  des i rab le  because of lawer r a d i a t i v e  l o s s  from impur i t i e s ,  
bu t  with low Z elements, such a s  carbon, the re  is  the  p o s s i b i l i t y  of 
r eac t ion  with the  implanted hydrogen and i s o t o p i c  e f f e c t s  which can 
c r e a t e  d i f f e r e n t i a l  holdup causing a change in.plasma composition. .The 
following processes have been studied:  s i n g l e  surface  atom c o l l i s i o n s ,  
e l e c t r o n i c  and nuclear  shopping, charge changing processes i n  the  s o l i d  
and a t  the  su r face ,  angular and energy d i s t r i b u t i o n s  of re-emitted non- 
thermalized p a r t i c l e s ,  s t r agg l ing  i n  energy and angle,  and range. The 
f i p t  pxperimepts inves t iga ted  the  energy l o s s  (100 < E < 3000 eV) o f  
H2 , H , and D t ransmit ted through t h i n  carbon f o i l s .  The stopping 
powers were,5ound to .  g ive  good agreement with.  the  t h e o r e t i c a l  r e l a t i o n  
S(E) = k,E .+ I n  another  s e r i e s  of experiments, the  energy d i s t r i b u t i o n s  
of r e f l e c t e d  H and H .  were measured from smooth pyro ly t i c  g raph i t e ,  
th i ck  amorphous carbon f o i l s ,  and from rough po lyc rys ta l l ine  graphite .  The . 

t o t a l  r e f l e c t i o n  c o e f f i c i e n t s  (r~30X.I and angular d i s t r i b u t i o n s  obtained a r e  
i n  reasonable agreement with Monte Carlo calculat ions-made f o r  t h i s  system. 
The angular d is t r ibut ' ion  appears t o  be descr ibable  by a simple t h e o r e t i c a l  
model which makes use  of s i n g l e  binary s c a t t e r i n g  and the  stopping powers 
obtained from t h e  t h i n  f o i l  experiments. Neutra l iza t ion  behavior f o r  these  
p a r t i c l e s  was found' t o  be descr ibable  in ' t e rms  of c o l l i s i o n a l  n e u t r a l i z a t i o n  
and capture  i n  the  e l e c t r o n  selvage a t  t h e  surface.  This new r e s u l t  should 
be  q u i t e  general  f o r  any surface.  
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3 9 .  RADIATION CHEMISTRY AND 
PHOTOCHEMISTRY 

C . J .  Hochanadel , T. J . Sworski 

This  i s  a  program of b a s i c  r e sea rch  i n  photocheniistry and chemical k i n e t i c s .  
The immediate goal  i s  t o  o b t a i n  k i n e t i c  information t h a t  w i l l  a l low meaningful 
modeling of t h e  chemistry i n  systems of  i n t e r e s t  f o r  t h e  development and 
use  o f  energy .  These systems inc lude  combust ion,  c o a l  conversion,  atmospheric 
chemis t ry ,  and s o l a r  energy. The r e a c t i o n s  s tudied  gene ra l ly  involve small  
f r e e  r a d i c a l s  such a s  H ,  OH, 0 ,  HO 

2 ' CH3, CH 0 , HCCI, CN, NCO, NH, 
and NH t h a t  a r e  produced i n  model system8 bg h a s h  pho to lys i s .  The 
r e s e a r f h  involves  i d e n t i f y i n g  the  r e a c t i v e  in t e rmed ia t e s ,  e s t a b l i s h i n g  t h e  
r e a c t i o n  mechanisms, and eva lua t ing  abso lu t e  r a t e  cons t an t s  f o r  elementary 
r e a c t i o n s .  The pho to ly r i c  f l a s h  ' i s  e i t h e r  a  3  microsecond Xe f l a s h  
o r  a  . 3 0  nanosecond f l a s h  from an excimer l a s e r .  The ' r e a c t i o n s  a r e  observed 
by t ime reso lved  k i n e t i c  spectrophotometry. Theore t i ca l  .curves f o r  comparison 
wi th  experimental  d a t a  a r e  obtained by numerical modeling; k i n e t i c  parameters 
a r e  a d j u s t e d  by t h e  method of l e a s t  squares  t o  f i t  t h e  d a t a  t o  t hese  
cu rves  with e r r o r  l i m i t s  e s t a b l i s h e d  by s e n s i t i v i t y  a n a l y s i s .  . I n  r ecen t  
s t u d i e s  of t h e  CH and HCO r a d i c a l s  produced by t h e  pho tod i s soc i a t ion  o f  
H i n  t h e  presenca of CH o r  C O Y  t h e  absorp t ion  spectrum of HCO was 

2 4 measured and the fol lowing r a t e  c o n s t a n t s  were eva lua ted :  k(H -I: HCO), 
k(HC0 + HCO), k(H + CH 1, k(OH + CHJ) , k(OH + CH4), k(0H + H ) , 

2 and k(H + CO + M) f o r  d = C O Y  Hz,  and C H  
4' 
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40. PHOTOCATALYS~S RESEARCH L E ~ I N G  
TO N2-FIXATION AND CO -REDUCTION 

J. S. Connolly,  J. 2. Smart, 
A. J. Frank 

T o t a l  $225,000 

This  program involves  a  th ree- fo ld  approach t o  pho toca t a ly s i s  wi th  t he  
long-term goa l  of  reducing N and CO t o  u s e f u l  energy forms wi th  . s o l a r  

2  2  energy.  The key elements  a r e  p h o t o s e n s i t i z a t i o n ,  redox c a t a l y s i s  and 
. . coupled systems. I n i t i a l  e f f o r t s  a r e  focused on the  photophysical  and 

photochemical p r o p e r t i e s  of bac t e r ioch lo rophy l l  5 (BChla) which f i t s  many 
of t h e  c r i t e r i a  f o r  a  "model" p h o t o s e n s i t i z e r  f o r  s o l a r  a p p l i c a t i o n s .  
S p e c i f i c a l l y ,  t h e  quantum y i e l d s  of fluorescen'ce and in t e r sys t em c r o s s i n g  
and e x c i t e d - s t a t e  behavior  of BChla and r e l a t e d  b a c t e r i o c h l o r i n s  a r e  be ing  

. . examined by pulsed and s t e a d y - s t a t e  techniques.  I n  a  s i m i l a r  c o n t e x t ,  . '  

s y n t h e s i s  and r e a c t i o n  s t u d i e s  a r e  being conducted of  b i s ( fu lva1ene )  
d ime ta l  complexes whose abso rp t ion  s p e c t r a ,  redox behavior  and c a t a l y t i c  
p r o p e r t i e s  appear t o  f u l f i l l  many o f  t h e  requirements  f o r  s t a b l e  i n t e rmed ia t e s  
i n  s e q u e n t i a l ,  mult iphoton electron-transfer'processes. F i n a l l y ,  s e n s i t i z e r s  
and redox c a t a l y s t s  a r e  being coupled i n t o  molecular  assemblies  (e.g., 
polymer membranes) s p e c i f i c  matching 'of spec t ro scop ic ,  photochemical,  
e l ec t rochemica l ,  c a t a l y t i c  and s t r u c t u r a l  p r o p e r t i e s .  
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41. STATISTICAL MECHANICS OF GASEOUS 
SYSTEMS 

D. K. Hoffman 

Total  $500,000 

01-2 

Thie work has t h r e e  b a s i c  aspects .  The f i r s t  dea l s  with t h e  non- 
equi l ibr ium f e a t u r e s  of adsorp t ion~desorp t ion  mechanisms and r e l a t e d  
problem i n  su r face  chemi~try and ca ta lyo i s*  Tlle aim i s  t o  understand 
how t h e  ene rge t i c ' and  geometrical f ea tu res  of a s o l i d  su r face  se rve  t o  
inf luence  the  su r face  . d i s t r i b u t i o n  nf  adsorbed opecies which in , cu rn  is  
aa important determinant of c a t a l y t i c  behavior. The general  approach 
i s  t o  de r ive  k i n e t i c  equations,  based.on an aseumed adsorption (desorp- 
t ion)-  mechanism, and t o  ob ta in  so lu t ions  on a time s c a l e  f o r  which equ i l ib ra -  
t i o n  does not occur. A second aspect  of t h i s  work i s  t o  understand t ranspor t  
and re laxa t ion  processes i n  polyatomic gases. An important f e a t u r e  of t h i s  
program i s  t o  develop r e l i a b l e  c o l l i s i o n  models from which t r anspor t  and 
r e l a x a t i o n  cross  s e c t i o n s  which s e n s i t i v e l y  depend on i n e l a s t i c  c o l l i s i o n  
mechanisms can be ca lcu la ted  quan t i t a t ive ly .  The computational schemes 
under inves t iga t ion  at tempt t o  e x p l o i t  recent  advances made i n  developing 
accura te  approximation techniques f o r  i n e l a s t i c  s c a t t e r i n g  problems. 
F i n a l l y ,  an e f f o r t  i s  underway t o  develop a formal k i n e t i c  theory of 
r e a c t i n g  f l u i d s  with p a r t i c u l a r  emphasis on r e a c t i v e  gases. It is  an t i c ipa ted  
t h a t  t h i s  theory w i l l  be useful  f o r  s tudying k i n e t i c  processes i n  flames 
and o the r  r e a c t i v e  syA terns not  a t  equilibrium. 

42. ATOMIC, MOLECULAR AND FREE 
RADICAL CROSSED BEAM KINETICS 

C.-Y. Ng 

U t i l i z i n g  fundamental p r inc ip les  of chemical dynamics together  with 
molecular beam and photoioniea t i  on. ole thurle , the emphaoie i n  t h i s  program 
i s  on obta in ing r e l i a b l e  experimental k i n e t i c  da ta  and p rec i se  thermo- 
chemical d a t a  d i r e c t l y  o r  i n d i r e c t l y  r e l a t e d  t o  combustion systems. 
Cur ren t ly ,  two s p e c i a l l y  designed molecular beam photoionizat ion appar- 
a t u s e s  a r e  i n  operat ion.  Research e f f o r t s  a r e  concentrated on high 
r e s o l u t i o n  photoionizat ion s t u d i e s  of molecules, t r a n s i e n t  r a d i c a l s ,  
dimers and c l u s t e r s ;  very low pressure pyrolys is  of hydrocarbons; r a t e  
cons tant  measurements of f a s t  flow reac to r  techniques. and photoionizat ion 
mass spectrometry; d i r e c t  i d e n t i f i c a t i o n  of product channels and energy 
con ten t s ,  and q u a n t i t a t i v e  i d e n t i f i c a t i o n  of the  intermediate r a d i c a l s  
and s t a b l e  products i n  fiames using photoionizat ion mass spectrometry . 
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43. MOLECULAR BONDING THEORY 
K. Ruedenberg, S. E l b e r t  

This  work. p r e d i c t s  changes i n  molecular p r o p e r t i e s  such a s  geometry, 
e lec t romagnet ic  behavior ,  s p e c t r a l  d i s t r i b u t i o n s  and, i n  p a r t i c u l a r ,  
energy con ten t ,  occur r ing  during chemical r e a c t i o n s  by means of t h e o r e f i c a l  
c a l c u l a t i o n s .  It is. hoped t o  c o n t r i b u t e  information which i s  needed i n  
energy-related r e sea rch ,  b u t  which i s  d i f f i c u l t  o r  . impossible t o  ob ta in .  
experimental ly .  O f  s p e c i a l  i n t e r e s t  a r e  r e a c t i o n  ene rg i e s  of e l u s i v e  
in t e rmed ia t e s  and a c t i v a t i o n  ene rg i e s  of t r a n s i t i o n  s t a t e s  f o r  r e a c t i o n s  
involv ing  oxidat ion-reduct ion and combustion-related hydrogen exchange 
r e a c t i o n s  involving carbon,  n i t rogen ,  oxygen, hydrogen, and s i l i c o n .  ' I n  
o r d e r  t o  improve the  accuracy of  p r a c t i c a l ,  computational methods, funda- 
mental developments a r e  being made i n  beyond-Hartree-Fock many-electron 
quantum mechanics. Also, through r e l i a b l e  ana lyses  of  e l e c t r o n i c  re-  
arrangements along r e a c t i o n  pa ths ,  concepts  a r e  being developed t o  permit  
non-sp.ecial is ts  t o  a n t i c i p a t e  experimental  r e s u l t s .  

44. MASS SPECTROMETRY-ION SOURCE CHEMISTRY 
H. J. Svec, G. D. Flesch 

S tud ie s  of t h e  d i s s o c i a t i o n  of gaseous ions from t h e  hexacarbonyls and 
pentacarbonyl-thiocarbonyls of C r ,  Mu, and W rcvoal  t h a t  t h e  detached 
n e u t r a l  CO and CS a r e  v i b r a t i o n a l l y  exc i t ed  i n  t h e i r  v " s t a t e ,  v i z .  1 0.27 and 0.16 eV r e s p e c t i v e l y .  The same r e s u l t  i s  suspected t o  be  t r u e  
when the  decarbonyls  of the  Group V I I B  elements and ketones d i s s o c i a t e  t o  
form CO a s  a n e u t r a l  product. This  i s  the  f i r s t  d i r e c t  evidence t h a t  
such an exc i t ed  sttilt: ~ a y  be formcd when CO i~ a product i n  t h e  d i s soc i a -  
t i v e  i o n i z a t i o n  of a l a r g e  molecule and may account f o r  t h e  r e a c t i v i t y  of 
c e r t a i n  l a r g e  molecules. When the  te t ramethyl  d e r i v a t i v e s  of s i l a n e ,  
germane and s tannane d i s s o c i a t e  a6  a r g s u l t  of ' n t e r a c t i n g  wi th  e n e r g e t i c  b e l e c t r o n s ,  methyl r a d i c a l s  and S i  , Ge , and Sn may be  produced, 
t h e  l a t t e r  form i n  t h e  ground e l e c t r o n i c  s t a t e  and an  au to ion iz ing  s t a t e .  
Although s i m i l a r  evidence f o r  t h e  formation of an au to ion iz ing  s t a t e  of 
carbon from neopentane is  ambiguous because of mass i n t e r f e r e n c e s  i n  t he  
n e u t r a l  fragment mass spec t rometer ,  such a s t a t e  of  carbon is  expected t o  
e x i s t .  Such atoms a r e  very r e a c t i v e  and a r e  suspected t o  be involved i n  
t h e  formation of soot  when hydrocarbons burn i n  a f u e l  r i c h  flame. The 
des ign  and f a b r i c a t i o n  of  a double-ended n e u t r a l  fragment mass spec t rometer  
i s  underway. The des ign  inc ludes  coincidence counting c i r c u i t r y  whereby 
n e u t r a l  fragments and t h e i r  complementary ions  can be i d e n t i f i e d  d i r e c t l y .  
A s tudy  of t h e  d i s s o c i a t i v e  ion  z a t i o n  of tetramethylplumbane i s  expected a 
t o  prove the  assumption t h a t  Pb i s  formed i n  an au to ion iz ing  s t a t e .  By 
analogy,  the breakdown of t e t r a e t h y l  lead  t o  form Pb* may p l ay  an important 
r o l e  i n  t he  poisoning of c a t a l y s t s  i n  automotive exhaust systems. 
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45. HIGH-RESOLUTION SPECTROSCOPY 
H .  M .  Crosswhite ,  F. S. Tomkins, 

To ta l  $1,030,000 

E l e c t r o n i c  s ta tes  with h jgh pr inc  i p o l  quantum a m b e r s  i n t e r a c t  s t rong ly  
wi th  continuum s t a t e s ,  doubly-excited s e r i e s  (channels )  and with o t h e r  
Rydberg s e r i e s  members of  t h e  same p a r i t y .  Conventional s h e l l  theory  
b reaks  down i n  t h i s  r e g i o n  and o r b i t a l  quantum numbers become submerged. 
Multichannel quantum d e f e c t  theory  shows t h e  c l o s e  phenomenological 
connect ion  between au to ion iz ing  and bound s t a t e s .  Recent magnetic and 
e l e c t r i c  f i e l d  experiments  show new phenomena which suggest  t h e o r e t i c a l  
and experimental  s t u d i e s  o f  s p e c t r a l  phenomena t h a t  r e f l e c t  t h e  c r i t i c a l  
onse t  o f  two o r  more competing e f f e c t s .  The 9.lm spectrograph i s  being 
equipped f o r  automatic  p h o t o e l e c t r i c  scanning i n  p repa ra t ion  f o r  experi-  
ments a t  h ighe r  f i e l d s ,  and wi th  c rossed  e l e c t r i c  and magnetic f i e l d s  f o r  
more d e t a i l e d  magnetic s t u d i e s  of motional  S t a r k  i n t e r a c t i o n s  and of 
quasi-Landau and Fano-resonance p r o f i l e s  , The vacuum-ultraviolet  r eg  ion  
w i l l  be  covered by t h e  new five-meter spec t rograph .  S e l e c t i v e  e x c i t a t i o n  
by  po la r i zed  l a s e r s  w i l l  be  used t o  s imp l i fy  s p e c t r a  o f  t h e  more complex 
atoms. Spectroscopic p r o p e r t i e s  o f  au to ion iz ing  resonances a r e  being 
used t o  gene ra t e  tunable  vacuum-ultraviolet coherent  r a d i a t i o n  by four- 
wave mixing processes .  wo systems a r e  c u r r e n t l y  being s tud ied :  magnesium 
vapor f o r  the  1400-1659 ?i r eg ion  and h ~ t y !  l i .um vapor f o r  shorter wavelengrhii . 
~omprehens ive  s t u d i e s  o f  t h e  fundamental nonl inear  processes  a r e  inc luded .  
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46. THEORETICAL CHEMISTRY 
T. H. Dunning, J r . ,  G.  Das, 
A .  F. Wagner, L.  L .  Shipman 

Theore t i ca l  chemistry a t  ANL i s  a  d i v e r s e ,  b a s i c  r e sea rch  program with 
a p p l i c a t i o n s  t o  t he  chemical ,  b i o l o g i c a l  and physical  s c i ences .  S p e c i f i c  
a c t i v i t i e s  i nc lude  s t u d i e s  of  ( 1 )  gas  phase spec i e s  and r e a c t i o n s  involved 
i n  combust ion ,  atmospheric chemis t ry ,  molecular  beam s t u d i e s ,  e t c .  ; ( 2 )  
t h e  phys ica l  and chemical p r o p e r t i e s  of  metal  atom compounds and . c l u s t e r s  
r e l e v a n t  t o  fundamental r e sea rch  i n  chemistry and i n  c a t a l y s i s ;  and ( 3 )  
t h e  primary photo physic a1 and photochemic a1 even t s  i n  photosynthes is .  I n  
addi t ion , ,  a  s u b s t a n t i a l  e f f o r t  i s  devoted t o  t h e .  development of  t h e  
ACCESS system, a  modern t h e o r e t i c a l  chemistry "machine" f o r  e l e c t r o n i c  
s t r u c t u r e  c a l c u l a t i o n s .  The b a s i c  t h r u s t  o f  t h e  program i s  t h e  ab i n i t i o  
c a l c u l a t i o n  o f  molecular  e l e c t r o n i c  s t r u c t u r e  and s p e c t r a ,  o f  i n G r a t o m i c  
and in te rmolecular  p o t e n t i a l  energy curves  and s u r f a c e s ,  and t h e  s tudy of 
t h e  molecular  dynamics of  t h e  ab i n i t i o  o r  o t h e r  r e a l i s t i c  ' p o t e n t i a l  
surfaces, .  C a p a b i l i t i e s  range  from r i go rous ,  accu ra t e  techniques  a p p l i c a b l e  
t o  small  and medium s i z e  systems t o  approximate,  inexpensive techniques  
app l i cab le  t o  l a r g e  systems o r  t o  l a r g e  c l u s t e r s  o f  small  systems. 

, . 

47. MOLECULAR SPECTROSCOPY 
J.  R. Fe r r a ro ,  L .  J .  B a s i l e  

This  r e sea rch  i s  aimed a t  d i scovery  of  new e l e c t r i c a l  conductors by 
chemical s y n t h e s i s  a s  w i l l  a s  syntheses  u t i l i z i n g  a  combination of  h igh  
e x t e r n a l  p re s su re s  and temperatures .  One-dimensional conductors ,  super- 
and semi-cnnductorg, and f a s t  i o n i c  conductors a r e  be ing  examined. Some 
new f a s t  i o n i c  conductors  have r e c e n t l y  been synt t ies ized.  These are of  
t h e  s i l v e r  i od ide  type ,  which con ta in  s u b s t i t u t e d  pyridinium c a t i o n s ,  and 
which demonstrate promising i o n i c  c o n d u c t i v i t i e s .  P re sen t ly ,  i nves t iga -  
t i o n s  a r e  underway of  t h e s e  compounds f o r  thermal  s t a b i l i t y ,  t h e  e x i s t e n c e  
of  new conduct ive phases a t ' h i g h  temperature and/or  p re s su re ,  and t h e  
e f f e c t  of  v a r i o u s  l i gands .  The program emphasizes t he  chemical p r o p e r t i e s  
o f  t h e s e  new conductors  i n  an e f f o r t  t o  develop a  b e t t e r  understanding of 
how chemical composition can in f luence  s o l i d  s t a t e  performance ( e . g . ,  
e l e c t r i c a l  conduc t iv i ty  , s t a b i l i t y )  and, t o  provide t h e o r e t i c a l  imp l i ca t ions  
on the  n a t u r e  o f  ' t he  mechanism of  t h e  e l e c t r i c a l  conduction. The program 
i s  of  p r a c t i c a l  i n t e r e s t  i n  t he  a r e a  of energy conse rva t ion  and e l e c t r i c a l  
energy s t o r a g e .  
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48. CHEMISTRY OF T,HE MHD PROCESS 
J. C. Hindman 

The goal of t h i s  program i s  t o  cha rac te r i ze  the  equil ibrium and non- 
equi l ibr ium components i n  high-temperature coal - f i red  plasmas i n  order  
t h a t  methods may be devised f o r  the  cont ro l  of plasma conductivity. 
These s t u d i e s  a r e  concerned with those chemical species  d i r e c t l y  and 
i n d i r e c t l y  involved i n  the  production of e l e c t r o n  dens i ty  i n  t h e  plasma, 
i n  the  recovery o f  seed mate r i a l ,  and i n  the  formation of atmoephdric 
po l lu tan t s .  P a r t i c u l a r  a t t e n t i o n  i s  d i rec ted  t o  the  f a c t  t h a t  the  plasma 
i s  a dynamic system, and t h a t  both k i n e t i c  and thermodynamic data are 
needed t o  impthve the  p tedia t iona  of modeling codes. Laser spectroscopic 
methods a r e  under development f o r  t h e  study of time resolved species  
concentra t ion  p r o f i l e s  and plasma temperatures. S tudies  on t h e  coherent 
anti-Stokes spectroscopy (CARS) of  combustion r e l a t e d  molecules such a s  
H and H 0 i n d i c a t e  t h a t  t h i s  technique w i l l  be useful  f o r  concentra- 

2 t a o a  and temperature p r o f i l e  measurements of major plasma species.  
Resonance CARS, where the  e x c i t a t i o n  i e  i n  an absorption band of the  
molecule, i s  expected t o  increase  the  s e n s i t i v i t y  of the  method and 
perhaps make i t  poss ib le  t o  monitor a v a r i e t y  of diatomic and polyatomic 
molecules present  i n  low concentrat ions i n  an MHD plasma. A s tudy of the  
po l lu tan t  molecule, NO2, has shown t h a t  resonance enhancement i s  obtained, 
b u t  t h a t  t h e  Raman process i s  complex, so t h a t  measurements of t h i s  
molecule can only be made a t  low pressures.  Whether t h i s  i s  t h e  case f o r  
o t h e r  molecules of  i n t e r e s t  remains t o  be  determined. 
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49. MOLECULAR BEAM STUDIES OF 
ACCELERATED SPECIES AND OF 
NAKED METAL ATOM CLUSTERS 

S. Wexler, E .  K:Parks, 
C'. E .  Young 

C o l l i s i o n a l  i o n i z a t i o n  and c o l l i s i o n a l  , ion-pair  format ion  ( i'chemi-ioniza- 
t ion"')  r e a c t i o n s  of hyperthermal' atoms and molecules a r e . b e i n g  s tud ied  by 
t h e  c rossed-molecular  beam method. A unique experimental  f a c i l i t y  c o n s i s t i n g  , , 

o f  t h r e e  s o p h i s t i c a t e d  "chemical acce lera tors ' '  i s  used t o  produce hyperthermal .:':..': 

beams of  atoms and molecules of c o n t r o l l e d  t r a n ' s l a t i o n a l  energy by a 
v a r i e t y  o f  methods, which a r e  t hen  c o l l i d e d  with c rossed  t a r g e t  beams of 
' thermal spec i e s .  The c r o s s  s e c t i o n s ,  e n e r g e t i c s  and dynamics o f  a  l a r g e  
number of r e a c t i o n s .  inc luding  co l l i s ion- induced  d 2 s s o c i a t i o n ,  e l e c t r o n  
' t r a n s f e r ,  a s s o c i a t i v e  rearrangement and "simple" i o n i z a t i o n  a r e  being 
determined. These r e a c t i o n s  a r e  important  elementary s t e p s  i n  t he  s e q u e n t i a l  
chemical processes  occurr ing  i n  combustion, plasmas ,. gas  l a s e r s ,  magnetohydro- 
dynamic (MHD) gene ra t ion  of e l e c t r i c  power, advanced, i so tope  gepara t ion  
methods, and t h e  chemistry o f  upper atmosphere. Current r e sea rch  i n  t h i s  
program involves  t h e  completion of  a  long-term i n v e s t i g a t i o n  of  t h e  c o l l i s i o n -  
induced d i s o c i a t i o n  'of t h e  cesium h a l i d e s  by f a s t  r a r e  gas  atoms and SF 6 
molecules and t h e  comprehensive i n v e s t i g a t i o n  of  e l e c t r o n  t r a n s f e r  between 
K atoms and 0 molecules:  Future i n v e s t i g a t i o n s  w i l l  b e  on co l l i s ion- induced  
d i s s o c i a t i o n  Zy chemical ly r e a c t i v e  p r o j e c t i l e s .  The program i s  p re sen t ly  
be ing  expanded t o  i nc lude  s t u d i e s  o f  t h e  c a t a l y s i s  o f  chemical r e a c t i o n s  on 
naked metal  atom c l u s t e r s ,  generated by a  v a r i a t i o n  of t h e  seeded super- 
son ic  j e t  method. A v a r i e t y  o f  d i a g n o s t i c  methods a r e  being planned to. 
c h a r a c t e r i z e  t h e  s ize,  camposicion and c a t a l y t i c  a c t i v - i ~ y  of t h e  in t ta l  
atom c l u s t e r s .  

I' 
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50. NEUTRON SCATTERING AND MOLECULAR 7.9 01 -2 
STRUCTURE AND DYNAMICS BY NEUTRON AND 

, . ' X-RAY DIFFRACTION ' 

H. J. Bernstein,.  L. PI. C o r l i s s ,  
J. M. Hastings, T. F. Koetzle, 
R. K. McMullan, R. Thomas 

Neutron and x-ray s c a t t e r i n g  methods.are being used t o  so lve  s i g n i f i c a n t  
problems i n  molecular s t r u c t u r e ,  magnet i,sm, phase transformations,  and 
dynamic p roper t i e s  of s o l i d s .  The.present  emphasis of t h e  s t r u c t u r a l  
program i s  on t r a n s i t i o n  metal hydrides and hydride.  coordinat ion corn- . . . 

. - 
pounds, ion ic  conductors, and organic c r y s t a l s .  I n  the  case of metal 
hydrides such a s  FeTiHx, which is  of i n t e r e s t  a s  a  hydrogen s to rage  
system, qeutron d i f f r a c t i o n  allows the  p rec i se  desc r ip t ion  of the  d i s t r i -  . . 

bu t ion  of hydrogen. o r  deuterium over i n t e r s t i t i a l  s i t e s  i n  the  hos t  metal 
l a t t i c e ,  which i n  tu rn  may be r e l a t e d  t o  physical  proper t ies .  Studies of 
metal  hydride coordinat ion  compounds, such a s  the  octahedral  c l u s t e r  
system [ H C O ~ ( C O ) ~ ~ ]  wi th  an i n t e r s t i t i a l  hydrogen atom, a r e  impor tant '  
s i n c e  these.  compounds provide molecular~models  f o r  the  i n t e r a c t i o n  of 
hydrogen with metals  and metal surfaces .  Empirical charge dens i ty  s t u d i e s  
employing a combination of x-ray and neutron d i f f r a c t i o n  measurements a r e  
providing d e t a i l e d  desc r ip t ions  of chemical bonding i n  c r y s t a l l i n e  s o l i d s  
with s p e c i a l  emphasis given t o  hydrogen bonds and t r a n s i t i o n  metal atom-organic 
moiety bonds. I n e l a s t i c  neutron s c a t t e r i n g  is  being used t o  study atomic 
motion i n  s o l i d s ,  and, i n  magnetic systems, t o  ob ta in  information ahout the , 

s p a t i a l  d i s t r i b u t i o n  and spontaneous f luc tua t ions  of magnetization. The 
l a t t e r  p roper t i e s  a r e  e s s e n t i a l  t o  the  understanding of c r i t i c a l  phenomena 
i n  the  region of second-order phase transformations. Sol ids  which have 
been examined inc lude  dyspros ium aluminum game t , dyspros ium gall ium 
garne t ,  Fe A s ,  and NdSn3. 

2 
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51. HIGH FLUX BEAM REACTOR OPERATION 
L. M .  Cor l i s s ,  J .  M .  Hastings, 

- T.  F. Koetzle 

The High Flux Beam Reactor provides an in tense ,  s teady-s ta te  source of 
thermal neutrons used i n  a v a r i e t y  of experiments by members of the  
Chemistry, Physics, and Biology Departments a t  Brookhaven and by ou t s ide  
groups a s  well .  The nine beam p o r t s  a r e  cu r ren t ly  o u t f i t t e d  with twelve 
experimental f a c i l i t i e s .  Chemistry and Solid-State Physics have a program : . 
f o r  the  j o i n t  use of these  f a c i l i t i e s .  These include both e l a s t i c  and 
i n e l a s t i c  neutron s c a t t e r i n g  spectrometers.  The Chemistry e f f o r t  i s  
concentrated i n  a reas  of s t r u c t u r a l  s t u d i e s ,  magnetic phase t r a n s i t i o n s ,  
and c r i t  i c a l  

52. THEORETICAL CHEMISTRY 5.4 01-2 
S. Ehrenson, J .  Muckerman, M .  Newton 

-. 
The goals  of  t h i s  program a r e  t o  apply t h e o r e t i c a l  methods t o  the  study 
of energy flow i n  chemical r e a c t  ions and molecular i n t e r a c t  ions involved 
i n  the  s torage  and interconversion of 'energy i n  the  gas phase and i n  
condensed phases, including phenomena associa ted  with charged species  
( i . e . ,  so lva t ion  and charge-transfer  processes) .  The methods p r inc ipa l ly  , 

used a r e  & i n i t i o  and semiempirical ca lcu la t ions  of  t h e  energies  and 
s t r u c t u r e s  of molecules i n  s p e c i f i c  e l e c t r o n i c  s t a t e s ,  and c l a s s i c a l  and 
semiclass ica l  t reatments of  the  nuclear  motion i n  k i n e t i c  processes 
involving.  these systems. Spec i f i c  chemical problems of i n t e r e s t  a r e :  
ab i n i t i o  models f o r .  aqueous e l e c t r o n  exchange processes,  hydrogen bonding - 
i n  hydroxylic systems; t h e  e l e c t r o n i c  s t r u c t u r e  of  t r a n s i t i o n  metal c l u s t e r s  
and t h e i r  chemisorptive i n t e r a c t i o n  with organic molecules; d i e l e c t r i c  
e f f e c t s  of so lvents  surrounding c a v i t i e s  of  var ious  shapes; app l i ca t ion  of 
s t a t i s t i c s  f o r  l i n e a r  and nonlinear  f r e e  energy c o r r e l a t i o n  methods t o  
chemical and physical  p roper t i e s  of l a r g e  molecules ; dynamics and energe t i c s  
of  elementary combustion reac t ions ;  and the  dynamics of  reac t ions  involving 
exci ted  s t a t e s  of  atoms and molecules. 
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53. ION-MOLECULE REACTIONS WITH. 5.8 01-2 
APPLICATIONS TO FUSION ENERGY STUDIES 

L . Fr iedman, R. J . Beuhl e r  

Mass spectrometric  techniques a r e  being used t o  study energy t r a n s f e r  
processes i n  sublimation o r  desorption of complex, f r a g i l e ,  molecules 
frdm sur faces ,  and t o  inves t iga te  production of secondary e lec t rons  by 
i o n  bombardment of su r faces .  Both ob jec t ives  focus on development of  
a n a l y t i c a l  techniques f o r  de tec t ion  of macro-molecul ar  weight species .  
S tudies  of very  rap id  desorpt ion  of complex molecules £ran surface8 a l s o  
con t r ibu te  t o  an understanding of  mechanisms of heterogeneous c a t a l y s i s .  
Rapid heat ing  desorpt ion  experimcnto on Pb(NOj)2 and polystyrene,  
se lec ted  a s  model inorganic and organic molecular systems, r e s p e c t i v e l y ,  
show evidence of heterogeneous ion-molecule r eac t ions  which f a c i l i t a t e  
desorpt  ion o f  complex, f r a g i l e , .  molecular species .  Water c l u s t e r  molecule 
ions ,  containing a s  many a s  3000 water molecules, and accelera ted  with 
energy as much a s  250 keV, a r e  being used t o  ,study secondary e l e c t r o n  
emission phenomena. Lower incident-ion v e l o c i t y  thresholds have been 
observed with these  macro-ion p r o j e c t i l e s .  These lower thresholds  r e f l e c t  
energy t r a n s f e r  between displaced energet ic  l a t t i c e  atoms and e l e c t r o n s  i n  
t h e  loca l i zed ,  high temperature regions produced by ion  bombardment. ' The 
i n c  ident-ion v e l o c i t y  thresholds  a r e  important i n  a n a l y t i c a l  s t u d i e s  
because they determine the  .minimum acce le ra t ing  vol tage  required f o r  
d e t e c t i o n  of  s p e c i f i c  macro-molecular weight ions .  
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54. MOLECULAR BEAM STUDIES OF CHEMICAL 
DYNAMICS US I N G  SHORT-LIVED RADIO- 
ACTIVITY AND SYNCHROTRON LIGHT. 

J. R. Grover 

A windowless experimental  £ac i l . i ty  f o r  gas  phase s t u d i e s  on t h e  700-MeV 
r i n g  a t  t he  National  Synchrotron Light  Source has  been,designed and i s  
be ing  b u i l t .  The appara tus  w i l l  b e  used by both o u t s i d e  u s e r s  and on-s i te  
i n v e s t i g a t o r s .  The planned BNL use of  t h i s  f a c i l i t y  f e a t u r e s  t h e  measurement 
o f  pho to ion iza t ion  e x c i t a t i o n  func t ions  of  beams of  molecules and r a d i c a l s  
i n  predetermined quantum s t a t e s ,  u t i l i z i n g  t h e  unique tunable  vacuum 
u l t r a v i o l e t  r a d i a t i o n  and mass spec t rometr ic  d e t e c t i o n .  The t a r g e t  beams 
w i l l  be  prepared by l a s e r  e x c i t a t i 6 n  of molecules  and r a d i c a l s  t h a t  have 
been s t r o n g l y  cooled i n  a  helium nozzle  expansion. The main t h r u s t  of t h e  
work i s  t o  develop' procedures f o r  t h e  a n a l y s i s  of gas  mixtures  a t  very  low 
p res su res  and under h ighly  nonequil ibr ium cond i t i ons ,  with.  emphasis on t h e  
de te rmina t ion  of  d i s t r i b u t i o n s  of  e x c i t a t i o n  energy.  Appl ica t ions  o f  t h e s e  
procedures t o  t h e  study of  r e a c t i n g  flow systems, flames, and r e a c t i v e  
s c a t t e r i n g  i n  crossed beams a r e  envisioned.  I n v e s t i g a t i o n s  of  t h e  hydrogen- 
halogen-halogen hypersur face  a r e  being c a r r i e d  o u t ,  using a s t a t i n e  a s  one 
o f  t h e  halogens.  The p r i n c i p l e  methods being used a r e  r e a c t i v e  s c a t t e r i n g  
i n  crossed molecular  beams, ' e . g . ,  a  s tudy of  t h e  r e a c t i o n  B r  + H A t  -+ HBr 
+ A t ,  and r e a c t i o n s  i n  d i f f u s i o n  t u b e s ,  e:g., a s tudy of  t h e  r e a c t i o n  HAt + 
O 2  + HO + A t  . Both o f  t h e s e  methods e x p l o i t  t h e  remarkable advan- 
t a g e s  oZ t h e  use of  shor t - l ived  r a d i o a c t i v i t y  a l r eady  discove 5f4 and 
developed a t  BNL. I n  p a r t i c u l a r ,  u se  i s  made o f .  t h e  i so tope  A t ,  t he  
h a l f  l i f e  o f  which i s  0.032 seconds. 
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55. MOLECULAR STRUCTURE OF POW.HYRINS AND 0.9 01-2 
PHOTOENERGY TRAMSDUCING SYSTEMS 

J. F a j e r  

The o b j e c t i v e s  of t h i s  program a r e  t o  provide the  s  t r u c  ture-funct  i on  and 
s t r u c t u r e - r e a c t i v i t y  c o r r e l a t i o n s  f o r  compounds considered a s  p o t e n t i a l  
energy t ransducers  i n  photochemical o r  c a t a l y t i c  redox r eac t ions .  These 
inc lude  porphyrins ,  e s p e c i a l l y  those conta in ing  mul t iva l en t  t r a n s i t i o n  
me ta l s ,  models of photosynthe t ic  systems such a s  oxid ized ,  reduced; and 
n e u t r a l  c h l o r i n s  and bac t e r ioch l ,o r in s ,  and dimeric and polymeric spec ies  
i n  c r y s t a l l i n e  o r  monolayer a r r ays .  They o f f e r  t he  s t a b i l i t y  and resolu-  
t i o n .  necessary  f o r  d e t a i l e d  i n t e r p r e t a t i o n .  t h a t  a r e  unavai lab le  from t h e  
n a t u r a l l y  occurr ing  systems. Much more s t r u c t u r a l  information i s  needed 
on c u r r e n t l y  s tudied  model systems, a s  wel l  a s  on new systems i n  prepara- 
t ion ,  t o  f u l l y  i n t e r p r e t  e l e c t r o n  s p i n  resonance (EsR) , . nuc lea r  magnetic 

. resonance (NMR), resonance Raman spectroscopy,  and t h e o r e t i c a l  ca l cu la -  
t i o n s  of  t h e s e  systems. The techniques used inc lude  x-ray and neutron 
d i f f r a c t i o n ,  EXAFS, photo-acoust ic ,  and s i n g l e  c r y s t a l  micro-spectroscopy. 

56. BIOELECTROCHEMISTRY AND ELECTROCHEMISTRY 3.1 01-2 
S. W. Eeldberg 

The purpose o f  t h i s  research  i s  t o  s tudy t h e  role of s y n t h e t i c  b i l a y e r  
l i p i d  membranes (blm) i n  e l e c t r o n  t r a n s f e r  processes .  These u l t r a t h i n  
membranes ( 1 e s s . t h a n  100 Angstroms t h i c k )  can  o r i e n t  and organize  re- 
a c t a n t s .  Of p a r t i c u l a r  i n t e r e s t  now a r e  s t u d i e s  of blm's conta in ing  
magnesium e t i o c h l o r i n  o r  magnesium didodecyl amide (R). These membranes 
f a c i l i t a t e  e , l ec t ron  t r a n s p o r t  between aqueous pha e s  con ta in ' n  f e r r i c y -  

. an ide  and ferrocyanide.  The system, PtllFe(CN) -'- Fe(CN)6-t/; 
g l y c e r o l  monooleate blm, R , R / / F ~ ( C N ) ~  , ~ e ( ~ f i ) ~ ~ ~ / / ~ t ,  i s  
symmetrical and passes  c u r r e n t  w i th  t h e  a p p l i c a t i o n  0 f . a  small  v o l t a g e  
across t h e  plat inum e l ec t rodes .  Most no tab le  i s  t h a t  t h e  c u r r e n t  f o r  a  
g iven  s e t  of cond i t i ons  i s  p ropor t iona l  t o  t he  square of t h e  concen t r a t ion  
of  R i n  the  blm. This  obse rva t ion  i s  c o n s i s t e n t  with a  theory  proposed 
f o r  t h e  e l e c t r o n  jump mechanism. The c u r r e n t s  observed wi th  t h e  magnesium 
mesochlorin a r e  comparable t o  those  observed wi th  t h e  magnesilim e t i o c h l o r i n .  
' I f  t h e  dodecyl t a i l s  minimize t r a n s l o c a t i o n  of t h e  c h l o r i n  i t s e l f  t h i s  - 
may b e  construed a s  evidence f o r  t h e  e l e c t r o n  jump mechanism. 
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57. COMBUSTION STUDIES ON ALTERNATIVE FUELS 3.9 , 01-2 
R. B. Klemm 

Primary emphasis i n  t h i s  program i s  on the  s tudy of  chemical k i n e t i c  and 
mechanis t ic  f a c t o r s  involved i n  the  combustion and p o l l u t a n t  formation 
processes  t h a t  occur with t h e  use  of a l t e r n a t i v e  fue l s .  The f u e l s  of  
i n t e r e s t  comprise a wide range of  f u e l  types  and inc lude :  a l c o h o l s ,  
s y n t h e t i c  hydrocarbons, and hydrogenF most of  which a r e  der ived  from coa l  
o r  biomass. Two i s o l a t e d  methods a r e  u t i l i z e d  i n  t h i s  p r o j e c t  t o  de t e r -  
mine s p e c i f i c  r a t e s  f o r  combustion r e l a t e d ,  elementary r e a c t i o n s ,  v i z . ,  
t h e  f l a s h  photolysis-resonance f luorescence  technique (FP-RF, 200-520 K ) ,  
and t h e  d ischarge  flow-resonance f luorescence  technique (DF-RF, 295-1200. 
K). Combined, t h e s e  experimental  methods provide an unusual ly wide 
temperature span, 200-1200 K ,  over  which t o  s tudy t h e  k i n e t i c s  of combus- 
t i o n  i n i t i a t i o n  r e a c t i o n s ,  and ox ida t ion  r e a c t i o n s  o f  combustion i n t e r -  
mediates.  These two techniques,  being s u b s t a n t i a l l y  d i f f e r e n t ,  complement 
one another  and r e i n f o r c e  t h e  v a l i d i t y  of t h e  experimental  r e s u l t s .  
Also, t h e  d a t a  from these  experiments a r e  of s i g n i f i c a n t  u t i l i t y  i n  
i n d i r e c t  h igh  temperature s t u d i e s  l i k e  i g n i t i o n  l i f e t i m e s ,  flame-probe, 
and shock-tube experiments.  I n  a d d i t i o n  t o  t he  elementary r e a c t i o n  
k i n e t i c  s t u d i e s ,  a photo ioniza t ion  mass spectrometer  experiment i s  being 
developed j o i n t l y  between the  Department of Energy and Environment and 
the  Chemistry Department t h a t  w i l l  u t i l i z e  t h e  National  Synchrotron Light  
Source. This  appara tus  w i l l  be  employed i n  t h i s  program t o  examine 
molecular  beams sampled from a low p res su re ,  premixed flame. Concentra- 
t i o n  p r o f i l e s  f o r  r a d i c a l  and s t a b l e  flame spec i e s  w i l l  be modeled t o  
provide  mechanis t ic  in format ion  on h igh  temperature systems. 
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58. UNIMOUCULAR KINETICS 
N. Brown 

Tota l  $40,000 

This  research  i s  concerned with formally extending unimolecular r a t e  theory 
and applying t h e  t h e o r y , t o  important combustion react ions .  Three types of 
r e a c t i o n s  succegsful ly  treated with animnlacti lar Tnte theory a r e  d ieoooia t ion ,  
recombination, and isomerizat ion reac t ions .  One o r  more of these r eac t ion  
types  play a ' c r u c i a l  r o l e  i n  combustion i n i t i a t i o n ,  f u e l  pyrolys is ,  r ad ica l  
quenching, and p o l l u t a n t  f0rmation:or  des t ruc t ion  mechanisms. Unimolecular 
r e a c t i o n s  are governed'by a complex competition between c o l l i s i o n a l  energy 
t r a n s f e r  and intramolecular  .energy red i s t r ibu t ion .  .The k i n e t i c s  a r e  of the'  
second order  type a t ;  low pressure  where c o l l i s i o n a l  intermolecular  energy 
t r a n s f e r  i s  r a t e  c o n t r o l l i n g ,  and f i r s t  order  i n  the  high pressure  regime 
which i s  r a t e  l imi ted  by intramolecular  energy t r ans fe r .  Intermolecular  
and intramolecular  are. coupled i n  t h e  intermediate "f al l -of  f" 
regime between the  high and low pressure  l i m i t s .  The research has  th ree  
major ob,jectives. The f i r s t  of these  i s  t o  improve the  t h e o r e t i c a l  desc r ip t ion  
of so-called weak c o l l i s i o n a l  e f f e c t s .  This i s  being achieved using a 

. * 
. master  equation approach and properly evaluat ing  r o t a t i o n a l  f ac to r s .  

Second, an improved d e s c r i p t i o n  of bond f i s s i o n  reac t ions  occurring a t  o r  
" near  the  high pressure  r a t e  c o e f f i c i e n t s  i s  being obtained. Third, the  use 

of double reduced f a l l - o f f  curves i s  being charac ter ized  f o r  spec i f i ed  
reac t ions .  
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59. ENERGY TRANSFER AND STRUCTURAL 
STUDIES OF MOLECULES ON SURFACES 

C. B .' Har r i s  

' T o t a l  $1,648,000 

The purpose of  t h i s  r e sea rch  hrogram i s  twofold. F i r s t ,  i t  i s  t o  develop 
new spec t roscopic  techniques  f o r  i n v e s t i g a t i n g  t h e  e l e c t r o n i c  and molecular  
s t r u c t u r e  of molecules adsorbed on c a t a l y t i c ' m e t a l  su r f aces .  Using t h e s e  
techniques ,  i n  conjunc t ion  wi th  o t h e r  s u r f a c e  s c i ence  techniques  such a s  
LEED, Auger a n a l y s i s  and o t h e r s ,  a v a r i e t y  of problems a r e  be ing  i n v e s t i -  
ga ted .  These inc lude :  ( a )  i n v e s t i g a t i n g  the  changes induced i n  t h e  
molecular  and e l e c t r o n i c  s t r u c t u r e  of a romat ic  hydrocarbons upon physi- 
and chemisorpt ion t o  c a t a l y t i c  meta l  s u r f a c e s ,  ( b )  t h e  s tudy  of r i n g  
c r ack ing  r e a c t i o n s  of a romat ic  hydrocarbons on n i c k e l  s u r f a c e s  and t h e  
r e s u l t i n g  product d i s t r i b u t i o n s  and f i n a l l y ,  ( c )  t h e  s tudy  of t h e  v ib ra -  
t i o n a l  s t r u c t u r e  of molecules adsorbed on meta l  s u r f a c e s  v i a  l a s e r  Raman 
s c a t t e r i n g .  The second purpose of  t h e  r e sea rch  program i s  t o  s tudy  how 
e l e c t r o n i c  and v i b r a t i o n a l  energy,  once i n i t i a l l y  depos i t ed  i n t o  an  
adsorbed molecule,  i s  r e d i s t r i b u t e d  i n t o  t h e  metal  s u r f a c e  and bulk 
s t a t e s  a s  a f u n c t i o n  of  both t h e  c h a r a c t e r  of t h e  molecules  and t h e i r  
i n t e r a c t i o n  wi th  t h e  me ta l  s u r f a c e  a s  w e l l  a s  t h e  d i s t a n c e  away from t h e  
su r f ace .  The r e sea rch  i s  e s s e n t i a l l y  experimental  i n  c h a r a c t e r ,  aimed a t  
i n v e s t i g a t i n g  s e v e r a l   question^ important  i n  s u r f a c e  s c i e n c e  on a funda- 
mental  l e v e l .  
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60. CROSSED MOLECULAR BEAMS 

Y. T. Lee 

Inves t iga t ions  a r e  underway of t h e  dynamics of elementary atomic and 
molecular processes and t h e  ene rge t i c s  and t h e  s t r u c t u r e  of exo t i c  r a d i c a l s ,  
i ons  and ion c l u s t e r s  using the  crossed molecular beam method. Information 
on mechanism and dynamics of chemical r eac t ions  i s  obtained'from the  d i r e c t  
i d e n t i f i c a t i o n  and measurements of v e l o c i t y  and angular d i s t r i b u t i o n s  of 
product molecules from "s ingle  col l i s ions ."  S ign i f i can t  advancement has been 
made recen t ly  i n  combustion r e l a t e d  elementary reac t ions .  1n:t;he r e a c t i o n  of 
oxygen otomo with benaenc, the importance of a aubati~utiou channel was elucl- 
da ed f o r  the f i r s t  time. S ccess fu l  crossed molecular beam s t u d i e s  on f Y O( D) + Hi, Dq a s  wel l  a s  O( B )  + CH ' have a l s o  been carr ied nut .  The 
s i g n i f i c a n t  and e x c i t i n z  resonance phenomenon i n  chemical r eac t ions  which 
was  red i c  ted i n  quantum mechanical ca lcu la t ions  was observed i n  the  angular 
d i s t r i b u t i o n  of HF(v=2) formed i n  the  F + H2 reac t ion .  Using the+autoioniza- 
t i o n  process f o r  tiie prepara t ion  of v i b r a t i o n f l  s t a t e  s e l s c t e d  H the  e f f e c t  

2 of t r a n s l a t i o n a l  and v i b r a t i o n a l  energy i n  H + D2 + H D 2  + H has been 
s tudied  i n  g rea t  d e t a i l .  By using the  v i b r a t i o n a l  p red i s soc ia t ion  process. 
t h e  in f ra red  spectrum of i s o l a t e d  water molecule c l u s t e r s  has been obtained 
i n  a molecular beam. 

61. CHEMICAL DYNAMICS STUDIES 
B. H. Mahan 

Der ivat ion  of fundamental and p r a c t i c a l  information about chemical dynamics 
from the  study of c o l l i s i o n  processes which involve ions ,  molecules, and photons 
i n .  the  gas pha'se. i s  underway. Methods of p red ic t ing  the  r a t e s  of chemical 
r e a c t i o n s ,  energy t r a n s f e r  processes,  c o l l i s i o n a l  d i s s o c i a t i o n s ,  c o l l i s i o n a l  
i o n i z a t i o n s  and charge t r a n s f e r  processes,  using a s  primary inkormation the  
e l e c t r o n i c  energy s t a t e s  of the r e a c t a n t s ,  products and intermediates a r e  
being studied.  The most r ecen t  a c t i v i t i e s  a r e  focused on $he inves t iga t ion  
of the  reagent e l e c t r o n i c  s t a t e  dependence i a  6J + H + NH + H. Some 

2 s t u d i e s  . have .begun on the  inves t iga t ion  of S reac t ions .  To ca lcu la te  
t h e  equil ibrium proper t i e s  of high temperature ionized gases, t h e  e l e c t r o n i c  
s t a t e s ,  vib.rationa1 frequencies,  and geometries of  small molecular ions  
must be known. To acquire  t h i s  information, a unique apparatus designed t o  
o b t a i n  t h e  spec t ra  of mass i d e n t i f i e d  gaseous iods by l a s e r  induced f luores-  
cence has been const ructed  and i s  bging opera$ed successfully. Spectra 
obtained most r e c e n t l y  inc lude  B r C N  and C l C N  ; In tens ive  e f f o r t s  on 
t h e  inves t iga t ion  of e l e c t r o n i c  s p e c t r a  of  H 0 a r e  underway. 

2 
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62. THEORY OF ATOMIC AND MOLECULAR 1.3 
COLLISION PROCESSES 

W. H. Mi l l e r  

This research i s  primari ly involved with the  development of t h e o r e t i c a l  
methods and models f o r  descr ib ing atomic and molecular col l i s ion .processe ' s .  
The overa l l  goal i s  t o  understand the  dynamics of chemical phenomena a t  a  
molecular l eve l  and may thus be descr ibed.as  "molecular l e v e l  chemical 
k inet ics" .  S p e c i f i c ' t o p i c s  of i n t e r e s t  include t h e  theory of i n e l a s t i c  
and r e a c t i v e  s c a t t e r i n g ,  c o l l i s i o n ' p r o c e s s e s  involving e l e c t r o n i c a l l y  
exc i t ed  atoms and molecules, c o l l i s i o n a l  ion iza t ion  phenomena; s t a t i s t i c a l  
theor ie s  of chemical r eac t ions ,  s c a t t e r i n g  of atoms and molecules from 
sur faces ,  and the  in te rac t ions  of molecular systems with high power l a s e r  
radia t ion .  The a b i l i t y  t o  understand--and thus t o  model and t o  predict-- 
chemical k i n e t i c  phenomena i n  t h e  gas phase has widespread p r a c t i c a l  
importance i n  a  number of d i f f e r e n t  areas.  Among these a r e  atmospheric 
chemistry and physics ( the  upper and the  lower atmosphere), the  in te rac -  
t i o n s  of mo'lecules with s t rong l a s e r  f i e l d s ,  energy t r a n s f e r  and chemical 
r eac t ions  i n  flames and combustion, s imi la r  processes i n  gas phase chemical 
l a s e r s ,  and c o l l i s i o n  processes important i n  magnetohydrodynamics. 

63. SELECTIVE PHOTOCHEMISTRY 
C. B. Moore 

The fundamental goals  of t h i s  program a r e  t o  understand t h e  photophysics' 
of s e l e c t i v e  e x c i t a t i o n  of molecules, t h e  dynamics of energy t r a n s f e r  and 
s p e c i f i c i t y  l o s s ,  and the  chemical r eac t ions  of s p e c i f i c a l l y  exci ted  
s t a t e s .  For diatomic molecules, i t  i s  well.known t h a t  s p e c i f i c  v ibra t ion-  
a l  l e v e l s  may be laser-excited and t h a t  t h i s  may enhance the  chemical 
r e a c t i v i t y  of the  molecule. For l a r g e  polyatomic molecules, the re  a r e  
many v i b r a t i o n a l  modes. It has  been found t h a t  energy flows rapidly  
among the  modes before the  molecule undergoes unimolecular r eac t ion  and 
t h e  lowest energy reac t ion  path genera l ly  dominates. Mode s e 1 e c t i v i t y . i ~  
completely l o s t .  , Where is  the  boundary a t  which l o s s  s t a r t s  t o  occur? 
For how long can s e l e c t i v i t y  be preserved? Is t h e r e  a  c r i t i c a l  molecular ' 

s i z e  and e x c i t a t i o n  energy f o r  mode s e l e c t i v i t y  t o  disappear? How i s  
t h i s  energy flow a f fec ted  by the  environment: gas phase, l i q u i d  phase, 
i n e r t  matr ices ,  and on surfaces?  Answers t o  these  ques t ions  may lead t o  
a  whole new c l a s s  of chemical reac t ions .  CW and pulsed l a s e r s  a r e  used 
f o r  exc i t ing  molecules t o  s p e c i f i c  s t a t e s .  The techniques of i n t r a c a v i t y  
dye l a s e r  spectroscopy, Fourier  transform in f ra red  spectroscopy, gas . 

chromatography and mass spectrometry a r e  used f o r  product analys is .  
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6 4 .  PHYSICAL CHEMISTRY W 1 , T H  EMPHASIS , 

ON THERMODYNAMIC PROPERTIES . 

K. S. P i t z e r  

This  program i s  d i r e c t e d  toward the  discovery and development of methods 
f o r  c a l c u l a t i o n  of  thermodynamic and r e l e t e d  p roper t i e s  of important 
chemical systems by use of quantum and s t a t i s t i c a l  mechanics together  
wi th  experimental measurements f o r  key systems. Current e f f o r t s  include 
r e ' l a t i v i s t i c  quantum mechanical methods f o r  the  c a l c u l a t i o n  of energ.ies,  
bond d i s t ances ,  and o ther .  p roper t i e s  of the  ground and exc i t ed  s t a t e s  of 

' 

molecules containing very heavy atoms where the  conventional nonrela- 
t i v i s t  i c  methods a r e  inadequa'te. Such r e s u l t s  a r e  impqrtant i n  evaluat ion  
o f  poss ib le  l a s e r  systems and for.models of  c a t a l y t i c  e n t i t i e s  including 
heavy atoms such a s  platinum. Another general  a rea  i s  t h a t  of t h e  s t a t i s t i c a l  
c a l c u l a t i o n  of p roper t i e s  of  systems including ions. E a r l i e r  t h e o r e t i c a l  . 

.advances on such systems a r e  now being applied i n  p r a c t i c a l  thermodynamic 
' work f o r  a  wide range of aqueous e l e c t r o l y t e s .  Current t h e o r e t i c a l  work i s  

emphasizing exact  t reatment of d i s s o c i a t i o n  e q u i l i b r i a  i n  a  plasma a t  very 
. high temperature. 

6 5. POTENTIAL ENERGY SURFACES FDR 1.4 01-2 
CHEMICAL REACTIONS 

H. F. Schaefer,  111 

This research  program has two goals ,  r e l a t e d  ye t  d i s t i n c t .  The f i r s t  
goal  i s  t h e  development of new t h e o r e t i c a l  and/or computational methods 
f o r  t h e  desc r ip t ion  of e l e c t r o n s '  behavior i n  molecules. Spec i f i ca l ly ,  
t h e  s i n g l e  outstanding.problem i n  t h e  f i e l d  i s  the  c 'orrelat ion problem, 
t h a t  of formulat ing models f o r  going beyond the  s ing le -pa r t i c l e  o r  Hartree-Fock 
approximation., The second goal  of t h i s  research i s  t o  apply these  t h e o r e t i c a l  
methods t o  s i g n i f i c a n t  problems of broad chemical i n t e r e s t .  Current ly ,  two 
a r e a s  a r e  of dominant i n t e r e s t :  ( a )  model t h e o r e t i c a l  s tud ies  of organometallic 
compounds, chemisorption, metal c l u s t e r s  and c a t a l y s i s ,  and (b)  t h e  p o t e n t i a l .  
energy.surfaces which govern gas-phase chemical reac t ions .  Research i n  the  
former a rea  i s  aimed a t  a t r u l y  molecular understanding nf  c ~ t a l y s i s ,  a  
sub jec t  c r i t i c a l  t o  f u t u r e  energy requirements, but  sometimes approached by 
b r u t e  fo rce  t r i a l  and e r r o r  methods. In  the  l a t t e r  a rea ,  t h e  present  

. r e sea rch  sometimes tends toward molecules p o t e n t i a l l y  important i n  t h e  
development of h igh powered l a s e r  systems. . 
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6 6. PHOTOELECTRON SPECTROSCOPY 
D. A. S h i r l e y  

E l e c t r o n  spec t ro scopy ,  is' t h e  s tudy  of  e l e c t r o n i c  s t r u c t u r e  of mat te r .  
The e l e c t r o n i c  s t r u c t u r e  of  gas-phase s p e c i e s ,  inc lud ing  high-temperature  
s p e c i e s ,  i s  determined by the  use of pulsed synchro t ron  ' r a d i a t i o n ,  i nc lud ing  
abso rp t ion ,  f luorescence  , and t ime-of-f l ight  photoe lec t ron  spectroscopy.  
P re sen t  experiments  a r e  of pho toe l ec t ron  angular  d i s t r i b u t i o n s  and c o r r e l a t i o n -  
s t a t e  s t u d i e s ,  and a l s o  measurements of  r a d i c a l  l i f e t imes . ,  quantum b e a t s ,  
and energy t r a n s f e r  i n  excimer systems us ing  pulsed synchro t ron  r a d i a t i o n .  
I n  condensed phases ,  measurements a r e  made of  e l e c t r o n i c  ' s t r u c t u r e  of  
s o l i d s  and atomic and e l e c t r o n i c  s t r u c t u r e  of  sur face-absorba te  systems,  
from angle-resolved photoemission. F i n a l l y ,  photoe lec t ron  spectroscopy of 
van d e r  Waals' molecul'es and o t h e r  e x o t i c  s p e c i e s  i s  planned. Explora t ion  
and development of  new experimental  methods, such a s  photoe1,ectron d i f f r a c t i o n  
and s u r f a c e  EXAFS, a r e  being pursued based on synchro t ron  r a d i a t i o n  i n  t h e  
energy range 10-1,000 eV. 

67. MOLECULAR BEAM SPECTROSCOPY 
J. S. Winn 

This  p r o j e c t  d e r i v e s  fundamental in format ion  on t h e  microscopic phys ica l  
and chemical p r o p e r t i e s  of  metal  atoms and small  metal  c l u s t e r s .  Spectro-  
scopic  and k i n e t i c  probes of energy s t a t e s ,  r e a c t i o n  pathways and fragment 
geometr ies  a r e  made us ing  a  v a r i e t y  of  experimental  techniques.  React ion 
chemiluminescence and e l e c t r o n i c a l l y  e x c i t e d  reagent  chemis t ry  a r e  s tud i ed  
u s ing  o p t i c a l  a n a l y s i s  of  flowing a f t e rg low chemiluminescent flames. T o t a l  
product  i d e n t i f i c a t i o n  i n  t h e s e  flow r e a c t i o n s  i s  e f f e c t e d  by mass spectroscopy.  
These s t u d i e s  a r e  c h a r a c t e r i z e d  by e l e c t r i c  d i s cha rge  e n e r g i z a t i o n  of 
r eagen t s .  Thermal i n i t i a t i o n  a t  a  v a r i e t y  of p r e s su re s  i s  s tud i ed  by 
molecular  beam methods. Adiaba t ic  expansion i s  be ing  explored  a s  a  means 
of producing inc reas ing  concen t r a t i ons  of metal  c l u s t e r s  and of monitor ing 
t h e  e f f e c t  o f  c l u s t e r i n g  on product  d i s t r i b u t i o n s .  Product  i d e n t i f i c a t i o n  
and in t e rmed ia t e  s p e c i e s  c h a r a c t e r i z a t i o n s  a r e  a ided by a  combination of 
e l e c t r i c  d e f l e c t i o n  and e l e c t r i c  resonance spectroscopy.  Emphasis i s  
placed on t h e  chemistry of t r a n s i t i o n  metal  atoms and c l u s t e r s  introduced 
a s  meta l  ca rbonyls  i n t o  t h e  gas  phase. React ions of  t h e s e  spec i e s  a t  
e l e v a t e d  temperatures  and i n  dc e l e c t r i c  d i s cha rges  wi th  s a t u r a t e d  and 
unsa tu ra t ed  hydrocarbons, va r ious  ox idan t s  , gaseous hydrogen, and o t h e r  
organometa l l i c  compounds a r e  being pursued and compared t o  s o l u t i o n  chemistry 
and s u r f a c e  chemistry r e s u l t s .  
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68. NATIONAL RESOURCE FOR COMPUTATION 
I N  CHEMISTRY 

W. A. Les te r  8.0 01-2 

The various funct ions  of the  National Resource f o r  Computation i n  Chemistry 
(NRCC) may be broadly categorized a s  education, se rv ice ,  and research. 
The education function:  The NRCC h a ~  entnhlished a Bul le t in  t o  provide 
c u r r e n t  information on a l l  aspects  of the  NRCC's  program, including 
p lans  and progress on computer code development. ~ e c a u e e  t h e  NRCC 
s c i e n t i f i c  s t a f f  w i l l  be dominantly computational chemists,  they w i l l  
o f t e n  be able t o  a s sess  r e a d i l y  the value of new algori thm developments 
f o r  chemistry and communicate t h e i r  f indings  t o  the  community i n  t h e  
Bu l l e t in .  Workshops w i l l  be organized t o  educate chemists on both the  
NRCC c a p a b i l i t i e s  and on new developments i n  computation which have 
chemical appl ica t ion .  The workshops w i l l  a l s o  se rve  t o  i d e n t i f y  new 
applicati .ons, a reas  and extensions of e x i s t i n g  program e f f o r t s .  The 
s e r v i c e  funct ion:  A s  one f a c e t  of t h i s  funct ion ,  the  NRCC w i l l  make 
documented state-of- the-art  vers ions  of general  purpose computer programs 
opera t iona l  on the  N K C C ' s  computers. The major i ty  of chemists w i l l  be 
a b l e  t o  access these  programs and run them remotely a t  the  NRCC from 
t h e i r  home l o c a t i o n  o r  ob ta in  copies of the codes f o r  use a t  t h e i r  home 
i n s t a l l a t i o n s .  NRCC s t a f f  members responsib le  f o r  maintaining t h i s  
l i b r a r y  of programs w i l l  serve a s  consul tants  i n  t h e i r  use. Providing 
chemists with access t o  s tate-of- the-art  computational f a c i l i t i e s  is  
another  important funct ion  benef i t ing  from the  many use fu l  programs 
opera t iona l  on i t s  computers. The research  fun-ction: Research and 
development of new computational methods f o r  chemical problems w i l l  be 
accomplished by v i s i t i n g  s c i e n t i s t s ,  pos tdoctora l  fel lows,  the  r e s iden t  
NRCC s t a f f ,  and non-resident s c i e n t i s t s  under awards from the  NRCC. The 
goa l  here  i s  t o  develop new, more powerful computational algorithms and t o  
make the  software based on them ava i l ab le  t o  t h e  l a r g e r  chemistry community. 
The s t a f f  of t h e  NRCC, i n  add i t ion  t o  t h e i r  se rv ice  functions indica ted  
above, w i l l  be  a c t i v e  i n  the  fo re f ron t  of research  problems i n  most sub- 
d i s c i p l i n e s  of chemistry including chemical k i n e t i c s ,  cryetsl logrophy,  
macromolecular science,  non-numerical methods, physical  organic chemistry, 
quantum chemistry, and s t a t i s t i c a l  mechanics. The NRCC i s  j o i n t l y  supported 
by DOE and the  NSF. 
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69. THEORETICAL CHEMISTRY 
. 0. H. Crawford , D. W. Noid 

T o t a l  $533,000 

This  research  focuses  and s t i m u l a t e s  those Laboratory experimental  programs 
which a r e  probing f r o n t i e r  a r e a s  of t h e o r e t i c a l  understanding.  Areas 
c u r r e n t l y  under i n v e s t i g a t i o n  inc lude  t h e ' i n t e r a c t i o n s  of  a c c e l e r a t e d  heavy 
i o n s  channeled through s i n g l e  c r y s t a l s ,  complicated v i b r a t i o n s  of molecules 
(termed "ergodic") descr ibed  by s t a t i s t i c a l  concepts ,  v a r i a t i o n a l  procedures  
f o r  so lv ing  t h e  time-dependent Schrodinger equa t ion  t o  handle  chemical ly  
r e a c t i v e  c o l l i s i o n s ,  s emic l a s s i ca l  atomic and molecular  phys ics ,  chemical 
r e a c t i o n  dyanmics, and energy flow w i t h i n  molecules.  Recent r e s u l t s  have 
been obta ined  i n  a new f i e l d  of spectroscopy c a l l e d  "resonant  coheren t  
e x c i t a t i o n  of channeled ions."  For example, oxygen ions  from an a c c e l e r a t o r  
can  be channeled through a t h i n  s i n g l e  c r y s t a l  of s i l v e r ,  causing t r a n s i t i o n s  
t o  be induced i n  t h e  ions by t h e  p e r i o d i c  f i e l d  of t h e  c r y s t a l  r a t h e r  t han  
a r a d i a t i o n  f i e l d .  To understand t h e  measured energy t r a n s i t i o n s ,  a 
time-dependent e f f e c t i v e  Hamiltonian theo ry  of channeled ions  has  been 
formulated t o  d e s c r i b e  how resonant  t r a n s i t i o n s  a r e  induced by coherent  
i n t e r a c t i o n  wi th  t he  c r y s t a l  and how t h i s  coherence decays wi th  time. The 
method formulated may have much more gene ra l  a p p l i c a b i l i t y  t o  problems 
involv ing  r e a c t i o n s  and energy t r a n s f e r  i n  l a r g e  molecules.  I n  molecular 
t heo ry ,  t he  s i g n i f i c a n c e  of e rgodic  motion i n  e x c i t e d  molecules i s  being 
i n v e s t i g a t e d .  These molecules can be i n t e rmed ia t e s  i n  chemical ~ e a c t i a n s  
a s  w e l l  a s  of spec t ro scop ic  i n t e r e s t .  Semic l a s s i ca l  and quantum approaches 
t o  t h i s  f r o n t i e r  problem a r e  under i n v e s t i g a t i o n .  P a r t i c u l a r  i n t e r e s t  
c e n t e r s  on t h e  t r a n s i t i o n  from t h e  quas i -per iod ic  t o  t h e  e rgodic  s t a t e  i n  
t h e  molecular  motion and on t h e  energy t r a n s f e r  p rocesses  involved. 
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70. ATOMIC AND MOLECULAR 
COLLISION DYNAMICS 

S. Datz ,  H. F. Krause, B. K. Annis 

The goal  of t h i s  program i s  a fundamental understanding of atomic and 
molecular  c o l l i s i o n  processes .  These i nc lude  chemical r e a c t i v i t y  and 
in t e rmo lecu la r  energy t r a n s f e r  a t  thermal and ep i thermal  e n e r g i e s ;  e l e c t r o n  
t r a n s f e r  a t  ene rg i e s  of 1-100 eV; and e l e c t r o n  and p e n e t r a t i o n  phenomena a t  
ve ry  high ene rg i e s .  The approach i s  t o  s tudy s i n g l e  c o l l i s i o n  phenomena i n  
a tomic and i o n i c  beams us ing  model systems and t o  apply t h e  in format ion  t o  
more gene ra l  systems and t o  o t h e r  problems. Current  examples of  t h i s  
approach t o  thermal  processes  i nc lude  t h e  s tndy  of r e a c t i o n c . o f  carbon 
atoms and molecules  u s i n g  molecular  beam methods. I n  t h e  "hot atom" energy 
r e g i o n ,  s t u d i e s  of c o l l i s i o n a l  detachment of C 1  t o  nega t ive  molecular 
i o n  resonances a r e  be ing  s t u d i e d ,  and c o l l i s i o n  s t u d i e s  wi th  nega t ive  
molecular  i ons  found i n  MHD w i l l  be  i n i t i a t e d .  Ion channel ing i s  
used t o  s tudy c r y s t a l  f i e l d s ,  and spectroscopy of f a s t  ions  i n  s o l i d s  and 
r a d i a t i o n  from l ep ton  channel ing i s  be ing  s tud i ed  a s  a p o s s i b l e  source  of 
x - r ad i a t i on . .  

7 1.. PHOTOCHEMICAL, PYROLYTIC AND 2.0 - 01-2 
REACTIVE INTERMEDIATES BY 
ELECTRON SPIN RESONANCE 

R. L iv ings ton ,  H. Zeldes 

Chemical f r e e  r a d i c a l s  i n  f l u i d s  a r e  being s t u d i e d  by e l e c t r o n  s p i n  
resonance. Formation by p y r o l y s i s  i s  achieved by h e a t i n g  t h e  p re s su r i zed  
f l u i d  a s  i t  slowly flows through t h e  a c t i v e  r eg ion  of  t h e  spectrometer .  
Temperatures t o  5 6 0 ' ~  and p re s su re s  t o  2000 p s i  a r e  used. The r a d i c a l s  
a r e  h igh ly  r e a c t i v e  wi th  l i f e t i m e s  t y p i c a l l y  of t h e  nrder  of 100 micro- 
seconds and a r e  observed a t  s t eady  s t a t e  concent ra t ion .  Radicals  produced 
p h o t o l y t i c a l l y  i n  l i q u i d s  a r e  a l s o  being s tud ied .  Well reso lved  hype r f ine  
s t r u c t u r e  i s  observed which l e a d s  t o  p o s i t i v e  i d e n t i f i c a t i o n .  Chemical 
and phys ica l  p r o p e r t i e s  of  t h e  r a d i c a l s  a r e  measured including-  concentra-  
t i o n ,  r a t e s  of dynamic p roces se s ,  e q u i l i b r i a  and i ,..be case of p y r o l y s i s ,  
t h e  f i n a l  chemical products .  Benzyl ic .  r a d i c a l s  which a r e  r e l e v a n t  t o  t h e  
chemistry o f  coa l  conversion a n d , t h e  combustion o f  aromatic  f u e l s  a r e  now 
under  most i n t e n s i v e  s tudy .  Rad ica l s  a r e  formed wi th  t h e  a i d  of  i n i t i a t o r s  
and by thermal . decomposition of  s u i t a b l e  aromatic  hydrocarbons. 
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7 2. COMBUSTION ANALYS IS BY ADVANCED 6.35 01-2 
METHODS 

M. A; Gusinow, D. R. ~ a r d e s t y  

The primary goa l  of t he  p re sen t  research  i s  t h e  u t i l i z a t i o n  of l a s e r  
spec t ro scop ic  techniques f o r  s tudying  th'e chemis t ry  of combustion-related 
r e a c t i n g  systems with s p e c i a l  emphasis on soo t  . fo rmat ion  mechanisms, 
n i t r o g e n  chemistry and t u r b u l e n t  combustion. Measurements of minor' 
s p e c i e s  by l a s e r  induced f l uo re scence / abso rp t ion  a r e  being conducted wi th  
an  eye t o  e l u c i d a t i n g  p e r t i n e n t  r a d i c a l  chemistry (e .g . ,  OH and N H ~ ) .  
Raman spectroscopy of CO and H 0 wi th  comparisons t o  theory  i s  

2 2' underway, and t h i s  t echnique  i s  be ing  app l i ed  t o  a d e t a i l e d  s tudy  of a CO ' , 

+ H flame. Deta i led  modeling of t he  NH / O  / N O  system i s  ongoing 
2 3 2 and i s  being compared t o  experiment. A cons ide rab l e  emphasis i s  be ing  

g iven  t o  t u r b u l e n t , d i f f u s i o n  flame s t u d i e s  and t h e  measurement o f  mean 
' 

and f l u c t u a t i n g  va lues  of v e l o c i t y ,  temperature ,  and ,major  s p e c i e s  concent'ra- 
t i o n s .  The technique's be ing  used a r e  Rayleigh and Raman s c a t t e r i n g  along 
wi th  two-component l a s e r  ve loc imet ry  

73. CRF PLANNING, DEVELOPMENT 3.5 01-2 
AND OPERATION 

J, Marion, E. Jones 

This  a c t i v i t y  i nc ludes  t h e  planning,  developing and ope ra t i on  of  t h e  
Combuotion Rcocnrch F a c i l i t y  a t  Sandia i n  Livemore .  The preaent  e f f o r t  
i s  focused on management of  the, c o n s t r u c t i o n  p r o j e c t , - p l a n n i n g  f o r  occupancy, 
development of t h e  necessary  d i a g n o s t i c  and suppor t  equipment and d e s c r i b i n g  
t h e  procedures  f o r  u s e r  access .  The f a c i l i t y  w i l l o p e n  i n  l a t e  FY 80 and 
w i l l  p rov ide  s t a t e -o f - the -a r t  combustion r e sea rch  l a b o r a t o r i e s  t o  o u t s i d e  

. u s e r s .  Combustion d i a g n o s t i c s  w i l l  be emphasized and a wide range of  l a s e r  
c a p a b i l i t i e s  w i l l  be a v a i l a b l e .  In a d d i t i o n ,  CRF w i l l  c o n t a i n  advanced 
burner  f a c i l i t i e s  and o t h e r  combustion devices  p l u s  a powerful computer 
c a p a b i l i t y  t h a t  w i l l  a l low f o r  a s t rong  i n t e r a c t i o n  between experiment and 
modeling. A s  i nd i ca t ed  below, CRF w i l l  a l s o  house in-house combustion . . 
r e s e a r c h  t h a t  w i l l  complement and i n t e r a c t  wi th  u s e r  a c t i v i t i e s .  

. . 3 .  . . , ,  . 4 ' : . . . . & .. -. .. . . A . - . . i .. I , . .  
. .  I * . . .  . 
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74. COMBUSTION DIAGNOSTICS RESEARCH 
M. A. Gusinow, P. Mattern 

Th i s  work emphasizes ' t h e  development of new techniques and t h e  a p p l i c a t i o n  
o f  more c l a s s i c a l  approaches,  such a s  spontaneous Raman,sca t te r ing  and 
a n a l y t i c a l  spec t roscopy ,  f o r  t h e  s tudy of combustion. The p re sen t  s t u d i e s  
a r e  concerned w i t h  e v a l u a t i n g  t h e  u t i l i t y  of o p t i c a l  spectroscopy such a s  
p o l a r i z a t i o n  CARS and s t imu la t ed   a am an spectroscopy t o  t h e  measurement of 
primary and t r a c e  s p e c i e s  i n  r e a c t i n g  systems. Basic  s t u d i e s  (bo th  experimental  
and t h e o r e t i c a l )  a r e  be ing  conducted on the  e f . fec t  of  r o t a t i o n - v i b r a t i o n  
i n t e r a c t i o n  on l i n e  i n t e n s i t i e s  f o r  Raman and f luorescence  spectroscopy.  
Because of t h e  importance ,of r a d i c a l  chemis t ry ,  experimen'ts a r e  .being b u i l t  
up u t i l i z i n g  f i e l d - g r a d i e n t  ESR and time-resolved mass spectrometry coupled 
wi th  l a s e r  pumping of s p e c i f i c  r e a c t a n t s .  
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7 5 .  PHOTOIONIZATION-PHOTOELECTRON 3 . 4  
. RESEARCH 

J. Berkowitz, J. H. D. .Eland 

S tud ie s  of photo ioniza t ion  processes  i n  t h i s  program involve fixed-wavelength 
photoe lec t ron  spectroscopy , pho toion-photoelec t r o n  coincidence spectroscopy 
and variable-wavelength photo ioniza t ion  mass spectrometry.  The measurement 
of photoe lec t ron  s p e c t r a  of i n v o l a t i l e  m a t e r i a l s  inc ludes  a  s tudy of r a t h e r  
complex systems, inc luding  t h e  phthalocyanines,  t r i n u c l e a r  metal complexes 
and s u l f u r  n i t r i d e s .  The r e s u l t s  a l ready  obta ined  on t h e  phthalocyanines,  
molecules r e l a t e d  t o  t h e  b i o l o g i c a l l y  important  ch lorophyl l  and heme 
groups,  r evea l  t h a t  t h e  metal  d - o r b i t a l s  l i e  deeper  t han  t h e  outermost 
l igand  o r b i t a l s ,  con t r a ry  t o  e a r l i e r  views. A new appara tus ,  which i n c r e a s e s  
the  a c c e s s i b l e  temperature range,  i nco rpora t e s  a  double oven and enables  
measurement of t h e  angular  d i s t r i b u t i o n  of '  photoelectrons.  I n i t i a l  r e s u l t s  
on the  photoe lec t ron  s p e c t r a  of  l i th ium-hal ide  monomers and dimers,  s i l v e r  
h a l i d e  monomers and t r i m e r s ,  and atomic iod ine  a r e  h ighly  encouraging. 
Coincidence experiments use a  new technique t o  s u b s t a n t i a l l y  improve energy 
and mass r e s o l u t i o n ,  compared wi th  e a r l i e r  work. They r evea l  angular  
e f f e c t s  i n  molecular i o n  decompositions which can  be r e l a t e d  t o  photoe1ectro.n 
angular  d i s t r i b u t i o n s  from o r i en t ed  molecules. I n  r ecen t  s t u d i e s  wi th  
variable-wavelength photo ioniza t ion  mass spectrometry,  measurements have 
been made of t h e  i o n i z a t i o n  p o t e n t i a l  of UF and t h e  appearance p o t e n t i a l s  

6 of i ts  fragment i o n s  and t h e  i o n i z a t i o n  th re sho lds  f o r  l i t h ium h a l i d e  
monomers, dimers,  and t r imer s .  
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76. BEAM-FOIL RESEARCH AND COLLISION 
DYNAMICS OF HEAVY IONS 

H. G. Berry 

P r e c i s i o n  wavelength measurements a r e  being made on r ad ' i a t i on  emi t ted  by 
h i g h l y  s t r i p p e d  ions of two and t h r e e  e l e c t r o n s  i n  o r d e r  t o  t e s t  b a s i c  
a tomic  c a l c u l a t i o n s  of r e l a t i v i s t i c  and quantum-electrodynamic e f f e c t s .  

' 

Using f a s t  ion  beams e x c i t e d  by t h i n  carbon f o i l s ,  wavelength accu rac i e s  of 
15  ppm a r e  achieved. F u r t h e r  t e s t s  of many-electron r e l a t i v i s t i c  ca l cu l a -  
t i o n s  a r e  made through decay-time measurements of both t h r e e  e l e c t r o n  
sys tems ,  and i n  one-e lec t ron- l ike  systems o f  heavy ions (e.g. , K r  V I I I ) ,  
I n  atomic c o l l i s i o n  s t u d i e s ,  sys temat ic  e sureme t have been made of  t h e  
al ignment  and o r i e n t a t i o n  produced i n  n T'4P and '"D s t a t e s  of He1 
(n=3-8) a s  func t ions  of beam energy and exci ter-foi .1  t i .1. t  angle, with  
i n i t i a l  i n t e r p r e t a t i o n s  i n  te rms  of t h e  secondary e l e c t r o n  f l u x ,  and t h e  
d i p o l e  i n t e r a c t i o n  beiween t h e  s o l i d  and t h e  p r o j e c t i l e .  Charge-changing 
c r o s s  s e c t i o n s  f o r  Xe (25-100 keV) on n e u t r a l  xenon gas  have a l s o  been 
measured. 

7 7. HIGH-RESOLUTION SPECTROSCOPY WITH 
TUNABLE LASERS AND ATOMIC BEAMS 

W. J. Ch i ld s ,  L. S. Goodman, S. A. Lee 

A new atomic-beam appa ra tu s  i s  used f o r  l a s e r  f l uo re scence  sbudies  of 
atoms. In a d d i t i o n  t o  very high-re.soluti.on Doppler-f ree spec t roscopy ,  i t  
i s  designed f o r  u l t r a h i g h  p r e c i s i o n  l a s e r - r f  double resonance s t u d i e s  of 
h y p e r f i n e  s t r u c t u r e  ( h f s )  and r e p r e s e n t s  a s i g n i f i c a n t  advance, p a r t i c u l a r l y  
i n  l i newid th ,  f o r  s t u d i e s  of  exc i t ed  metas tab le  atomic l eve l s ;  The appara tus  
i s  used t o  s tudy h f s  and i s o t o p e  s h i f t s  f o r  a v a r i e t y  of  e lements  inc lud ing  
Sm, La, Tb, V ,  and U and t h e  tremendous p o t e n t i a l  of  t h e  new method f o r  
y i e l d i n g  informat ion  of  importance f o r  atomi f r u c t u r e  theory  has  been 533 conc lus ive ly  demonstrated. The r e s u l t s  f o r  U a r e  10,000 t imes more 
p r e c i s e  t h a n  t h e  b e s t  p rev ious  work, and i n  a d d i t i o n  t o  t h e i r  va lue  f o r  t h e  
unders tanding  of  the  atomic s t r u c t u r e  of  uranium, may w e l l  be  of  g r e a t  
importance f o r  l a s e r  i so tope  s e p a r a t i o n  o f  atomic cranium. New experiments 
on  t h e  abso rp t ion  of very  h igh ly  e x c i t e d  atoms i n  i n t e n s e  (50  kG) c rossed  
magnet ic  and e l e c t r i c  f i e l d s ,  measurement of  t h e  Lamb s h i f t  i n  t h e  n=2 
l e v e l s  of s ing ly- ion ized  l i t h ium,  and' s t u d i e s  of t i fs  and i s o t o p e  s h i f t s  i n  
h i g h l y  e x c i t e d ,  non-Rydberg atomic l e v e l s  a r e  be ing  c a r r i e d  out .  
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78.  DISSOCIATION AND OTHER INTERACTIONS 
OF ENERGETIC MOLECULAR IONS I N  SOLID 
AND GASEOUS TARGETS 

D. S. Gemmell 

Argonne's 4-MV Dynamitron a c c e l e r a t o r  i s  used t o  s tudy  t h e  i n t e r a c t i o n s  of 
f a s t  (MeV) molecular  ions  'with ma t t e r .  A unique f e a t u r e  of t h e  appara tus  

0 
i s  t h e  excep t iona l ly  h igh  r e s o l u t i o n  ( ~ 0 . 0 0 5  and Q300 e V ) ' i n  ang le  and 
energy .obtained i n  measuring d i s s o c i a t i o n  fragme.nts: The appara tus  h a s  
r e c e n t l y  been modified t o  permit  t h e  d e t e c t i o n  of  fragments i n  coincidence.  
The work has  two main o b j e c t i v e s :  ( a )  a  genera l  s t udy  of t h e  i n t e r a c t i o n s  
of f a s t  charged p a r t i c l e s  wi th  m a t t e r ,  but  with t he  emphasis on those  
a s p e c t s  t h a t  t ake  advantage of t h e  unique f e a t u r e s  i nhe ren t  i n  employing 
molecular-ion beams (e .g . ,  t h e  f e a t u r e  t h a t  each molecular  i on  i n c i d e n t .  
upon a  s o l i d  ta rgef  forms a  t i g h t  c l u s t e r  of atomic i ons  t h a t  remain 
c o r r e l a t e d  i n  space and time a s  they  progress  through t h e  t a r g e t )  and ( b )  a  
s tudy  of t he  s t r u c t u r e s  of  t h e  molecular  i ons  t h a t  c o n s t i t u t e  t h e  i n c i d e n t  
beams. P r e c i s e  measurements on t h e  ene rg i e s  and ang le s  of  t he  breakup , 

fragments produced when f a s t  molecular  ions  d i s s o c i a t e  i n  f o i l s  and gases  
o f f e r  e x c i t i n g  p o s s i b i l i t i e s  a s  a  new method f o r  determining molecular-ion 
s t r u c t u r e s .  

79. INTERACTION OF ENERGETIC PARTICLES 1.0 01-3 
WITH SOLIDS 

M. S. Kaminsky 

S tud ie s  a r e  be ing  conducted t o  determine h o w ' c e r t a i n  fundamental a tomic 
processes  occur r ing  a t  s o l i d  i n t e r f a c e s  (e .g . ,  ionlatom s c a t t e r i n g ,  atom/ 
molecule r e l e a s e  by s p u t t e r i n g ,  b l i s t e r i n g ,  secondary i on  emiss ion ,  and t h e  
energy l o s s  and charge s t a t e s  of p a r t i c l e s  p e n e t r a t i n g  through l a t t i c e s )  
a r e  inf. luenced by t h e  degree o f  l a t t i c e  damage, t h e  gas  concent ra t ion+ 
Buildup i n  l a t t i c e s  due t o  t r app ing  of  t h e  i n c i d e n t  i ons  (e .g . ,  H , D , , 

H e  ) , and t o  chemical changes (e .g . ,  formation of meta l  hyd r ides ) .  
With a  t r ansve r se  s e c t i o n i n g  technique of  i r r a d i a t e d  samples which h a s  been 
developed, t h e  development of gas  bubbles  over  t h e  e n t i r e  implant r e g i o n  o f  
n i c k e l  i r r a d i a t e d  wi th  e n e r g e t i c  helium ions  i s  observed wi th  t ransmiss ion  
e l e c t r o n  microscopy wi th  a  h igh  depth r e s o l u t i o n  of 250 8 .  With depth 
p r o f i l e  measurements of implanted helium ( ~ u t h e r f o r d  backsca t t e r ing  technique,  
e l a s t i c  r e c o i l  technique)  i t  has  been e s t a b l i s h e d  t h a t  i n  t h e  r e g i o n . o f  
maximum gas implant ,  gas  bubble d e n s i t y  i s  s o  h igh  t h a t  development and 
propagat ion o f  r e c o i l  l a t t i c e  atom c o l l i s i o n  cascades i s  seve re ly  hindered. 
The i n f l u e n c e  of t h e s e  e f f e c t s  on s e v e r a l  of t h e  atomic processes  mentioned 
above i s  c u r r e n t l y  being s tud ied .  Informat ion  of t h i s  t ype  f o r  l i gh t - i on  
bombardment of g o l i d s  i s  of significant importance f o r  a  b e t t e r  understand- 
i n g  of atomic c o l l i s i o n  processes  and f o r  p r a c t i c a l  a p p l i c a t i o n s  such a s  
f u s i o n  plasma impuri ty  c o n t r o l  and a c c e l e r a t o r  technology. 
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80. M~SSBAUER EFFECT RESEARCH 
G. J. Perlow, J. E. Monahan 

The major e f f o r t  i s  .devoted t o  experiments and theory concerning quantum 
b e a t s  of r eco i l - f r ee  Y rays. They a r e  an in te r fe rence  phenomenon among the  
energy components of th'e r ad ia t ion- f i e ld  amplitude produced.by frequency 
modulation of a ~ C s s b a u e r  source. The in te r fe rence  exact ly  vanishes except 
when r a d i a t i o n  passes through a resonant absorber which a l t e r s  the' phase 
and amplitude of one o r  more of the  components. It i s  manifested i n  a time 
spectrum of the  counting r a t e  of the  transmit ted.  radia t ion .  A harmonic 
ana lys i s  of the time spectrum ohowe t he  harmonic anrplitudes t o  be very 
s e n s i t i v e  t o  small energy s h i f t s  between source and absorber. I n  measure- 
ments of  the r e l a t i v i s t i c  second-order Doppler s h i f t ' i n  a resonant absorber 
whosetemperature i s  varied;shif ts  corresponding t o  changes .of about 2 K  i n  
temperature a r e  observed. A theory of the  process using the  o p t i c a l  theory 
of the  resonant media descr ibes  both t h e  beats  and an i n t e r e s t i n g  d ispers ion  
phenomenon seen when ~b ' s sbauer  ve loc i ty  spect ra  a r e  taken with counts 
received during some r e s t r i c t e d  phase i n t e r v a l .  of t h e  modulation cycle. 

81. MONOCHROMATIC X-RAY BEAM PROJECT 
S. L. Ruby 

The purpose of t h i s  program i s  t o  v e r i f y  experimentally some of the  newly 
p red ic ted  phenomena associa ted  wi th  nuclear-resonant Bragg s c a t t e r i n g '  s f  
x-rays, and then t o  use them t o  produce highly d i r e c t i o n a l  and monochromatic 
x-ray beams by s e l e c t i v e  r e f l e c t i o n  of synchrotron radia t ion .  . The frequency 
spread i s  expected t o  be s i x  orders  of magnitude sharper than any e x i s t i n g  
beam. Such beams would have angular divergence l e s s  than lo-' s t e r a d i a n  
and a coherence l eng th  of some 10 meters,  making i t  poss ib le  t o  extend i n t o  
t h e  x-ray region the  techniques which t h e  l a s e r  has brought t o  v i s i b l e  
light-namely, long-path-length in ter ferometryt  and eventual ly holography. 

' 

S n i t  i a l  experiments with the  bes t  ava i l ab le  Fe-containing c r y s t a l  
r e f  l e c t o r s  ( l b - k e ~  resonance) gave negative r e s u l t s  due t o  unexpectedly 
l a r g e  concentra t ion  g rad ien t s  of the  s i l i c o n  with which the  i r o n  had t o  be 
prepared. New approaches t o  the  achievement of monochromatic x-ray beams 
are being eeudied. 
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82. ATOMIC PHYSICS RESEARCH 
K. W. Jones 

To ta l  $98,000 

A v a r i e t y  of heavy i o n  beams, wi th  e n e r g i e s  i n  t h e  range 20-250 M e V ,  from 
t h e  Brookhaven Tandem Van de Graaff  f a c i l i t y  a r e  used f o r  experiments  i n  
beam-foil spec t roscopy ,  x-ray product ion  i n  heavy ion-atom c o l l i s i o n s ,  and 
electron-heavy ion  e x c i t a t i o n  and i o n i z a t i o n  c r o s s  s e c t i o n s .  Beam-foil 
experiments  concen t r a t e  on measurements of t h e  charge s t a t e  dependence of 
s p e c t r a  i n  t he  r eg ion  from 5 t o  50 nm f o r  T i ,  Fe, and Mo and on l i f e t i m e s -  
of  resonance t r a n s i t i ~ n s  i n  t h e  Be-, Na-, Cu- and Zn-like sequences. 
Mechanisms f o r  producing x-rays i n  heavy ion-atom c o l l i s i o n s  a r e  i n f e r r e d  
from measurements of t o t a l  x-ray product ion  c r o s s  s e c t i o n s  and t h e  impact 
parameter dependence o f  t h e  c r o s s  s e c t i o n s .  Apparatus f o r  measurement of 
e x c i t a t i o n  and i o n i z a t i o n  c r o s s  s e c t i o n s  i n  a c rossed  electron-heavy i o n  
beam experiment i s  under cons t ruc t ion .  Resu l t s  ob ta ined  should be u s e f u l  
f o r  t h e  des ign  of Tokamak f u s i o n  devices  and i n  t h e  i n t e r p r e t a t i o n  of t h e  
r a d i a t i o n  observed from them, a s  w e l l  a s  f o r  t he  development of atomic 
theory .  Experiments t o  extend t h i s  work t o  i nc lude  t h e  e x c i t a t i o n  and 
i o n i z a t i o n  of highly- ionized heavy atoms from an electron-beam i o n  sou rce ,  
by photons from t h e  Nat iona l  Synchrotron Light  Source (NSLS) , a r e  now being.  
designed. High i n t e n s i t y  photon beams from t h e  NSLS w i l l  make poss ib l e  a 
wide a r r a y  of  experiments i n  atomic phys ics .  
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83. ATOMIC PHYSICS 
R. Marrus 

To ta l  $372,000 

This  research  i s  concerned with the  experimental s tudy'  of c o l l i s i o n s  and 
spectroscopy i n  simple atomic systems.. Three major inves t iga t ions  a r e  
being pursued: (1) using highly-stripped heavy-ion beams produced by t h e  
LBL Super-HILAC, charge-changing cross-sect ions of ions  t o  8.5 MeV/amu and 
Z=92, and e l e c t r o n  capture  t o  t h e  continuum a r e  c u r r e n t l y  under study. 
Spectroscopic s t u d i e s  of strong UV,transitions from low-lying s t a t e s  o f '  
heavy ions  i n  t h e  hel iumlike,  l i th iuml ike ,  and be ry l l iuml ik i  sequences a r e  
a l s o  i n  progress. P a r t i c u l a r  emphasis i s  placed upon elements important t o  
t h e  development of fus ion  energy. 



Atomic Physics - 
Mater ia ls  and Molecular Research Division,  LBL, continued 

8 4 .  LOW ENERGY ATOMIC PHYSICS 3.3 01-3 
H. A. Shugart 

The bas ic  purpose of t h i s  research i s  t o  study: (1) atoms, molecules and 
i o n s  using l a s e r s ,  ion  t r a p s  and beam techniques; ( 2 )  u l t r a v i o l e t  l a s e r  

' 

development i n  conjunction with a spectr,oscopic search f o r  an important 
poss ib le  inf luence  of a weak n e u t r a l  electron-nucleus i n t e r a c t i o n , i n  atomic 
physics; ( 3 )  development of simple un ive r sa l  o p t i c a l  methods f o r  de tec t ing  
t race .a toms o r  molecules using coherent forward s c a t t e r i n g ;  and ( 4 )  invention 
of a purely e l e c t r o s t a t i c  ion  t r a p  with poss ib le 'use  f o r  r e s i d u a l  gas 
a n a l y s i s ,  vacuum leak de tec t ion ,  p rec i s ion  spectroscopy, cross-sect ion and 
ion-molecule r eac t ion  , s tudies .  
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85. THE HIGH DENSITY Z PINCH: DIAGNOSTICS 
AND ATOMIC PHYSICS 

L. A. Jones ,  D. B. Thomson 

T o t a l  $72 000 

The High Densi ty Z-Pinch experiment r e p r e s e n t s  an  a t tempt  t o  c r e a t e  a h o t ,  
dense plasma i n  a  geometry s u f f . c t c n t l y  s imple t h a t  it f a c f l i t a t e s  a 
comparison between t h e  observed plasma parameters and those  predic ted  by 
s o p h i s t i c a t e d  MHD mu1 t i -dimensional  codes being developed. With t h i s  
r e s e a r c h  t o o l ,  s t u d i e s  a r e  planned'on the  energy l e v e l s ,  r a d i a t i o n  r a t e s ,  
and S t a r k  broadening e f f e c t s  i n  p a r t i a l l y  ion ized  atoms i n  a  medium 
similar t o  t h a t  encountered i n  MFE r e a c t o r s .  Two new d i a g n o s t i c s  a r e  being 
deployed : a. t ime and s p a t i a l l y  reso lved  i n t e r f e r o m e t r i c  holographic 
appa ra tus  t o  measure e l e c t r o n  d e n s i t y ,  and a  v i s i b l e  l i g h t  l i n e  spectrum 
appa ra tus  t o  o b t a i n  t i m e  reso lved  e l e c t r o n  temperature and d e n s i t y .  These 
d i a g n o s t i c s  a r e  e s s e n t i a l  t o  t h e  s tudy  of  t h e  phys ics  of p a r t i a l l y  i on ized  
atoms. The Z-pinch dev ice  has  been b u i l t  and placed i n t o  opera t ion .  A 
Nd:glass l a s e r  is  being used t o  i n i t i a t e  d i scha rges  i n  1 atm of hydrogen a t  
270 kV which r e s u l t  i n  plasma columns about  114 mrn i n  diameter  and which 
c a r r y  about 350 kA. The d i scha rge  channel  diameter  grows a t  a n  expansion 
v e l o c i t y ' o f  about  4  cm/ s e c ;  t h e  d ischarge  i s  s t a b l e  a g a i n s t  sausage and 
g r o s s  k ink  i n s t a b i l i t i e s  bu t  becomes uns t ab le  v i a  t he  i n t e r n a l  kink mode. 
These results a r e  p r e s e n t l y  being congared with  t h e  predictionn of MID 
c a l c u l a t i o n .  
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86. TElEORETICAL ATOMIC PHYSICS 
R. L. ~ e c k e r ,  C. Bottcher 

Tota l  $866,000 

Theore t ica l  models and de ta i l ed  c a l c u l a t i o n s  a r e  being made f o r  atomic 
c o l l i s i o n ,  and r a d i a t i o n  processes,  pr imar i ly  those under experimental 
i n v e s t i g a t i o n  a t  ORNL i n  the  fus ion energy and heavy-ion a c c e l e r a t o r  
programs. Ion iza t ion  and e lec t ron  capture  i n  atomic hydrogen by ener- 
g e t i c  highly s t r ipped  ions ,  important sources of energy l o s s  i n  plasmas' 
containing impurity ions ,  a r e  ca lcu la ted  by c l a s s i c a l  t r a j e c t o r y  Monte 
Carlo and by quantum mechanical coupled-channel methods. Inner-shel l  
vacancy production i n  atoms such .a$ C, gg,, A r ,  and Cu induced by l i g h t  
f u l l y  s t r ipped  ions (e.g., p, a ,  C 6, 0 ) a r e  ca lcu la ted  i n  a coupled- 
channels formulation which includes mult i-electron processes and provides 
d i f f e r e n t i a l  c ross  sec t ions .  The cha rac te r i za t ion  of autoionizing s t a t e s  
of ions a s  a funct ion  of atomic,number and ion ic  charge i s  underway and i s  
being applied t o  e l ec t ron  impact ion iza t ion ,  d i e l e c t r o n i c  recombination and 
charge t r a n s f e r  t o  the  continuum (forward-ejected-electron spectroscopy). 
The e f f e c t  of magnetic and e l e c t r i c  f i e l d s  on recombination r a t e s  i s  be ing .  
ca lcula ted .  General izat ion of the  c.oupled Bloch equations t o  cover "double- 
resonance" i s  being made t o  provide a r e a l i s t i c  quantum-optical d e s c r i p t i o n ,  
of coherent pumping of continuum and autoionizing s t a t e s  by multi-photon . . . 
processes. Successive t r a n s i t i o n s  wi th in  a v i b r a t i o n a l  ladder and relaxati 'on 
processes a r e  being inves t iga ted .  
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87.  MOLECULAR RESEARCH WITH 
ELECTRON SPECTROSCOPY 

T. A. Carlson, M. 0. Krause 

Use is  being made of angle resolved photoelectron spectroscopy t o  study 
t h e  na tu re  of photoionizat ion processes f o r  atoms and molecules. Data 
a r e  being taken on atoms, f r e e  gas molecules and molecules or iented  on 
surfaces .  Theore t ica l  c a l c u l a t i o n s ,  p a r a l l e l  t o  the  experimental program 
a r e  being performed t o  t e s t  concepts of molecular photoionizat ion.  It i s  
planned t o  extend cxpcrimentation t o  the  uwe of synchrotron radia t ion .  
Out of these s t u d i e s  should emerge a b a s i s  for understanding t h e  dynamics 
of the  photoioniza t ion  process athd Lhe nature  of the  e l e c t r o n i c  s t r u c t u r e  
of  atoms and molecules, including t h e  following: (1 )  t h e  charac ter iza-  
t i o n  of  molecular wave functions by a more c r i t i c a l  method than using 
energies  alone;  (2)  a  test f o r  the  e l e c t r o n  c o r r e l a t i o n  con t r ibu t ion  t o  
t h e  dynamics of the  photoelectron e f f e c t ;  and (3)  an important advance i n  
t h e  determination of the na ture  of su r face  adsorption of molecules r e l a t e d  
t o  heterogeneous c a t a l y s i s .  

88. COLLISION OF LOW-ENERGY 
MULTICHARGED IONS ' 

D. H. Crandall ,  C. F. Barnett  

The ORNL source of low v e l o c i t y ,  multicharged ions i s  being used t o  study 
two types of atomic c o l l i s i o n s  i n  regimes not previously access ib le .  
E lec t ron  capture  by multicharged ions  from atomic hydrogen and e lec t ron  
impact e x c i t a t i o n  and ion iza t ion  of multicharged ions a r e  being studied.  
E lec t ron  capture  is  l e a s t  understood and has the  l a r g e s t  c ross  sec  ions 
f o r  multicharged ions and neu t ra l  atoms a t  v e l o c i t i e s  below 2 x 10 £i 
cm/s, access ib le  with the  ORNL source. A number of c ross  sec t ions  have 
been m asured and some t rends  es tabl i shed.  Studies a t  very low v e l o c i t i e s  7 (v  < 1 0  cm/s) appear most i n t e r e s t i n g ,  and experiments using merged 
beams t o  a t t a i n  the  lower r e l a t i v e  v e l o c i t i e s  a r e  planned. The e l e c t r o n  
impact e x c i t a t i o n  and i o n i z a t i o n  maaautmento have, t o  da te ,  ohown better 
agreement with theory than was an t i c ipa ted .  However, only a few elec-  
t r o n i c  conf igura t ions  have been tes ted .  An important e f f e c t  has  been 
i d e n t i f i e d  i n  t h a t  inner-shel l  e x c i t a t i o n  followed by autoioniza t ion  was 
found t o  con t r ibu te  s i g n i f i c a n t l y  t o  t o t a l  ion iza t ion  cross  sec t ions  i n  
some cases. The r e l a t i v e  i n t e n s i t y  of t h i s  cont r ibut ion  i s  s e n s i t i v e  t o  
e l e c t r o n i c  configurat ion.  Further  t e s t i n g  of t h i s  e f f e c t  and i t s  i m -  
portance i n  h igh temperature plasmas is planned. 
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89.  MERGED ELECTRON HEAVY I O N  BEAMS 
W. B. Dress ,  P. F. D i t t n e r  

Th i s  p r o j e c t  provides a. means f o r  s tudy of recombination and i o n i z a t i o n  
processes  involving e l e c t r o n s  and ions .  The d e t a i l s  of d i e l e c t r o n i c  
recombination a r e  t he  f i r s t  goa l s  of t he  i n v e s t i g a t i o n .  An appara tus  
based on a  focused e l e c t r o n  beam concen t r i c  with an  ion  beam from t h e  
ORNL EN-tandem i s  nearing completion. A l l  components a r e  completed, and 
s e c t i o n s  have been a l igned  and vacuum t e s t e d .  The f i n a l .  assembly i s  t o  
be  completed wi th  a  t e s t  of t h e  e l e c t r o n  gun a t  u l t ra -h igh  vacuum. 
C a l i b r a t i o n  of t he  o v e r a l l  dev ice  i s  t o  take p l ace  wi th  .both helium and 
n i t r o g e n  beams where t h e  r e l e v a n t  charge-exchange c r o s s  s e c t i o n s  a r e  
well-known. Ion ic  s p e c i e s  of immediate i n t e r e s t  i nc lude  both the  l ' i gh t e r  
i o n s  (down t o  l i t h i u m )  where the  quantum-mechanical d e t a i l s  .of recombin- 
a t i o n  should be r e s o l v a b l e ,  a s  we l l  a s  heav ie r  spec i e s  such a s  i r o n  and 
chromium which a r e  of p r a c t i c a l  i n t e r e s t  t o  t he  mechanisms of plasma 
energy l o s s .  

90. ACCELERATOR ATOMIC PHYSICS 
P. D. M i l l e r ,  C. D. Moak, 
P. M. G r i f f i n  

This  r e sea rch  e f f o r t  i s  concerned wi th  achiev ing  a  d e t a i l e d  understanding 
of t h e  i n t e r a c t i o n s  of h igh  energy heavy i o n s  with gas, solid, and e l e c t r o n  
t a r g e t s .  Many a c t i v i t i e s  a r e  c o l l a b o r a t i v e  e f f o r t s  with members of t h e  
Chemistry Sol id S t a t e ,  and Heal th and Sa fe ty  Research Div is ions  of ORNL as 
w e l l  a s  v i s i t i n g  f a c u l t y  from s e v e r a l  u n i v e r s i t i e s .  Examples of a c t i v i t i e s  
which a r e  c u r r e n t l y  being pursued a r e :  1 )  Resonant coherent  e x c i t a t i o n  of 
one- and Lwu-electron i o n c  i n  the renge horon to f l n o r i n e  i n  a x i a l  and 
p l ana r  channels  i n  gold s i n g l e  c r y s t a l s  is being i n v e s t i g a t e d .  The v e l o c i t y  
dependence of t h e  e x c i t a t i o n  i s  being used t o  probe s t a t i c  and dynamic 
f i e l d s  opera t ing  on t h e  i o n s  a s  they  pass  through va r ious  c r y s t a l  channels.  
2 )  E lec t ron  cap tu re  and l o s s  t o  p r o j e c t i l e  continuum s t a t e s  a r e  being 
i n v e s t i g a t e d .  In  p a r t i c u l a r  , t h e  forward e l e c t r o n  peak, inc luding  both 
continuum and d i s c r e t e  resonant  c o n t r i b u t i o n s ,  i s  being observed i n  coincidence 
wi th  each of t he  p r o j e c t i l e s '  f i n a l  charge s t a t e s .  These s p e c t r a  con ta in  a  
g r e a t  d e a l  of information on s t r e n g t h s  of t h e  va r ious  mult i .ple  e l e c t r o n  
e x c i t a t i o n  channels  which ope ra t e  when, f o r  example carbon and oxygen ions  
i n t e r a c t  wi,th.gas atoms. Other a r e a s  of i n v e s t i g a t i o n  inc lude :  3) Mul t ip l e  
e l e c t r o n  l o s s  c r o s s  s e c t i o n s ;  4) Rad ia t ive  e l e c t r o n  cap tu re ,  and s topping  
powers i n  channels ;  5) The e f f e c t  of chemical environment on x-ray s a t e l l i t e  
s p e c t r a ;  6 )  The e f f e c t  of m u l t i p l e  i o n i z a t i o n  on Coster-Kronig t r a n s i t i o n s  
which a f f e c t  L-x-ray r e l a t i v e  i n t e n s i t i e s ;  and 7 )  P r o f i l i n g  depth d i s t r i b u t i o n s  
o f  hydrogen i n  c o a l ,  g l a s s ,  mine ra l s ,  and s t a i n l e s s  s t e e l s .  
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91. EN TANDEM OPERATIONS 
G. F. Wells 

This . f a c i l i t y  i s  operated for atomic physics research investigating 
channeling, sol'id s t a t e  material damage, electron eject ion and capture 
from ion-atom c o l l i s i o n s ,  and c o l l i s i o n a l  phenomena with merged.beams. 
Ion source development t o  increase the variety of heavy ions available . . 
a l s o  continues. 



Atomic Physics 

Department 4210 
Sandia Laboratories--Albuquerque 
P. 0. Box 5800 
Albuquerque, New Mexico 87115 

92. MHD ATOMIC PROCESSES 
A. W. Johnson 

Tota l  $118,000 

Re la t ive  t r a n s i t i o n  p r o b a b i l i t i e s  a r e  being measured f o r  the  ns-4p (n  = 
6-15), nd-4p ( n  = 5,-13) and nf-3d ,(n = 7-14) l i n e s  of neu t ra l  potassium. 
The measurements a r e  made i n  an argon plasmajet containing about 3 mole 
percent  potassium atoms. The p reva i l ing  f~ee - sys tem plasma condi t ions  a r e  
P % 11 Torr ,  T 5 3300K, and n Q 2 x 10 cm . The r e l a t i v e  A-value 
accuracy i s  estimated t o  bee5-10%. These r e l a t i v e  t r a n s i t i o n  s t r eng ths  . 

provide a means f o r  improving the accuracy of o p t i c a l  measurements o f .  
e l e c t r o n  temperatures i n  MHD channels. In  an associa ted  study,  nonlinear  
l a s e r  spectroscopy i s . b e i n g  used t o  measure pressure  and Stark broadening 
and s h i f t  c o e f f i c i e n t s  f o r  seve ra l  of the  same potassium l ines .  A knowledge 
of these  c o e f f i c i e n t s  w i l l  allow accura te  s p a t i a l l y  resolved o p t i c a l  
measurements of the e l e c t r o n  dens i ty  i n  MHD channels. The measured e lec t ron  
temperatures and d e n s i t i e s  w i l l  v a l i d a t e  discharge models of t h e  plasma. 
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93. ORGANOMETALLIC COMPLEXES I N  
HOMOGENE OUS CATALYS IS 

R. J. Angelici 

Total  $445,000 

The purpose of t h i s  research i s  t o  prepare and study organometallic 
complexes which conta in  highly r e a c t i v e  l igands  which are believed LO be 
involved i n  c a t a l y t i c  r eac t ions ,  including the  Fischer-Tropsch react ion.  
The commonly postulated carbene l igand i s  one which can be incorporated 
i n t o  s t a b l e  i r o n  complexes i n  t h e  following forms: Pe=C(OCH3)2, 
Fe-C(SCH1),, and Fe=C(OCH ) ( scH~) .  These carbenes a r e  highly- 
reaccive toward nucleophi?ie groups such a s  amines, OH- and H . Such 
r e a c t i o n s  have l ed  t o  the formation of s t i l l  o the r  types of c$rbene complexes. 
It i s  hoped t h a t  t h e  reac t ions  of these  de r iva t ives  with H and CO 

2 w i l l  reveal  information concerning the mechanism of t h e  Fischer-Tropsch 
r e a c t i o n  and l ead  t o  a more d e s i r a b l e  d i s t r i b u t i o n  of products i n  t h a t  
r eac t ion .  

94. CHEMICAL KINETICS AND REACT1VI;TP 
OF TRANSITION METAL COMPLEXES . 

J. H. Espenson 

Th5s program involves t h e  study of organometallic complexes f t r a n s i t i o n  
2% metals, espec ia l ly  monoalkyl de r iva t ives  such a s  (H 0 )  Cr-R , 5 R-C0(dmgkl)~11, and R-Rh(dmg~) B. The chemical e f f o r z s  c o n s i s t  of 

s t u d i e s  of the  chemical k inegics  and reac t ion  mechani~ms of se lec ted  
reac t ions .  E f f o r t  is focused on reac t ions  i n  which a metal-carbon bond 
i s  formed o r  broken, o r  i n  which transformations o r  rearrangements of the  
organic 'group,  R, occur. Included i n  t h i s  work a r e  studies of nrgann- 
metallice which may represent  classes of compounds thought t o  be important 
i n  Fischer-Trops'ch react ions .  Considerable e f f o r t  has been devoted t o  
t h e  study of a-hydroxymethyl , M-CH20H, and a-hydroxyalkyl , M-C (R ,RO )OH. 
compoundn, The carv of f u r t h e r  r eac t ion  as a funct ion of the  nature  of 
M and of ex te rna l  reagents i s  of p a r t i c u l a r  concern. 
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9 5 .  NUCLEAR MAGNETIC RESONANCE '( NMR) 
STUDIES OF SOLID COALS AND 
HETEROGE NEOUS CATALYSIS 

B. C. Gerstein 
- . .. .- .. . . ... 

, . . .. . . . .  " . .  .. :.:.. 
. . p - . , , .  : . . ... .. .. 

v.>.c.~ ..>? 

Sol id  s t a t e  techniques i n  NMR a r e  being used t o  i n f e r  chemical s t r u c t u r e s  
.: ,..", : ::.: . . ,,. . . . . 

' _ .  . 
i n  coa l s ,  and t o  cha rac te r i ze  surfaces  and su r face  adsorbed molecules 
involved i n  hydrogen t r a n s f e r  reac t ions .  Work on coa l s  includes i n f e r r i n g  
fgerage s i z e s  of polynuclear aromatic i i n g s  v i a  high reso lu t ion  'H and . . 

C NMR of  s o l i d  coals .  Evaluation of the  r e s u l t s  and conclusions i s  
done i n  par t  v i a  F.T.I.R. spec t ra  obtained on coals  shared with o the r  
l abora to r i e s .  Of p a r t i c u l a r  i n t e r e s t  a r e  determinations of d i f f u s i o n  
constants  of molecules such a s  NH t e t r a l i n ,  and deca l in  i n  se lec ted  
coals .  Work on surfaces  includes3' (1)  measurement of d i f f u s i o n  of hydrogen 
i n  the  hydrogenation c a t a l y s t  H MOO .in order  t o  i d e n t i f y  t h e  r a t e  3 . s p i l l o v e r ,  (2)  i n v e s t i g a t i o n  of1€@ environment of protons i n  H Moo . 

and the  Ziegler  c a t a l y s t s  Z r X H  ( X  = C 1 ,  B r ,  and y  = 1, and 0.5IXby digh 
reso lu t ion  s o l i d  s t a t e  NMR, 3 1 ~ c h a r a c t e r i z a t i o n  of ,methanation c a t a l y s t s  
formed by selective.polymer~zafi,on of P t  Rh c l u s t e r  complexes v i a  high ' 

n m r e so lu t ion  so l id  s t a t e  NMR o f  C i n - t h e s e  compounds and ( 4 )  charac te r i za t ion  
of CO chemisorbed i n  z e o l i t e s  i n  which c a t a l y t i c a l l y  a c t i v e  cen te r s  such a s  
Ag have been deposited. . 

96 .  PROPERTIES OF RARE EARTH 
ELECTE.OT,YTES 

F. H. Spedding 

Work i s  being ca r r i ed  out  on aqueous so lu t ions  of r a r e  e a r t h  s a l t s ,  with 
t h e  goal of understanding the  s t r u c t u r e  of t h e  so lu t ions  and t h e  degree of 
hydrat ion of the  metal ion. Toward these  ends, eeveraf auyect6 a r e  bcing 
inves t iga ted:  (1)  i s o p i e s t i c  da ta  t o  determine a c t i v i t y  c o e f f i c i e n t s  f o r  
aqueous r a r e  e a r t h  n i t r a t e s ;  (2)  l i q u i d  X-ray d i f f r a c t i o n  s tud ies  of d i l u t e  
r a r e  e a r t h  ch lo r ide  so lu t ions ;  (3 )  Raman spec t ra  of r a r e  e a r t h  ch lo r ide  
so lu t ions ;  and (4)  Raman spec t ra  of s o l i d s ,  e spec ia l ly  low-frequency 
e x c i t a t i o n s  i n  s o l i d s  such a s  HoF 3 ' 



Ames  Laboratory, continued 

97. THERMOCHEMICAL CYCLES FOR THE 
PRODUCTION OF HYDROGEN FROM 
WATER 

D. L. Ulr ichson 

The reac t ion  c h a r a c t e r i s t i c s  of the reverse  Deacon r e a c t i o n .  (C1 ' + H O+ 
2HC1 + 112 0 ) a r e  being s tudied  t o  determine optimum design pahmetZrs 
f o r  comrnercih operat ion.  This r eac t ion  has been proposed f o r  use i n  
s e v e r a l  thermochemical hydrogen production cyc les  but  t h e  r a t e  of r e a c t i o n ,  
t h e  r eac t ion  mechanism and the  need f o r  c a t a l y s t e  have not been asseesed. 
A plug flow r e a c t o r  i s  being. used t o  measure the  r eac t ion  r a t e .  and determine 
t h e  k i n e t i c  order .  Prel iminary anal-ysis of the  da ta  suggests t h a t  Cl~e 
r e a c t i o n  is f i r s t  order  wi th  respect  t o  ch lo r ine  concentrat ion and independent 
of water concentra t ion  f o r  temperatures between 5 0 0 ' ~  and 7 0 0 ' ~  . . Residence 
t imes  between 3 and 8 seconds g ive  conversions o f  ch lo r ine  between 5 and 50 
percent  depending on t h e  water t o  chlor ine  r a t i o .  Rare e a r t h  ch lo r ides  a r e  
being t e s t e d  a s  c a t a l y s t s .  
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98. ' INORGANIC CHEMISTRY 
E. H. Appelman, J. G. 
L. S te in  

Total  $744,000 

This program concentra tes  on the  chemistry of f luor ine ,  r e a c t i v e  f luor ides ,  
.and. compounds derived from them., T h i s ' e f f o r t  involves searching f o r  and 
charac te r i z ing  new and unusual inorganic oxidants  and f luor ina t ing  agents 
i n ' o r d e r  t o  explore  t h e i r  chemical behavior, and t o  i d e n t i f y  promising 
app l i ca t ions  of these  new substances t o  o the r  a reas  of sc ience  and technology. 
Major c u r r e n t  a r e a s  of inves t iga t ion  a re :  (1)  r e a c t i o n  of f l u o r i n e  and 
r e a c t i v e  f luor ine  compounds with aqueous solu t ions  ; ( 2 )  r e a c t  ion of powerful 
oxidants  and f l u o r i n a t i n g  agents  with organic compounds; (3)  new aspects  of  
noble gas chemistry and app l i ca t ions  t o  the  development of chemical methods . .  

of col . lec t ion  of noble gases; and (4 )  s t u d i e s  of unusual chemistry i n  
anhydrous HF, p a r t i c u l a r l y  involving uranium f luor ides .  Of p a r t i c u l a r  
cu r ren t  i n t e r e s t  a r e  s tud ies  of the  chemistry of two newly discovered 
species ,  the  f luoro~xysul fa te  ion, S04F , and the  dixenon ca t ion ,  
xe+ 

2 ' 
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99. THERMOCHEMICAL GENERATION 
OF HYDROGEN 

E. H. Appelman, F. Schreiner  

.This program i s  d i rec ted  t o  the development of a  s e t  of chemical reac t ions  
t h a t  can use r e a c t o r  h e a t  t o  d i s s o c i a t e  water i n t o  hydrogen and oxygen. 

. .  Such a system o f f e r s  an a l t e r n a t i v e  t o  the  present  technology by which 
hea t  i s  used t o  generate e l e c t r i c i t y ,  which can then produce hydrogen.by 
e l e c t r o l y s i s .  The work i s  aimed a t  e s t ab l i sh ing  the  f e a s i b i l i t y  of a  
p a r t i c u l a r  base l ine  cycle  ("ANL-4"), which c o n s i s t s  of the  sequence of 
r e a c t i o n s :  

2NH + 2CO + 2H20 + 2KI 
3  2  

ambient temp+ 2RHC03 + 2NH41. ; i n  so lu t ion  

The sum of these  four  r eac t ions  i s  r e a d i l y  s e e n ' t o  be the  s p l i t t i n g  of a  
mole of water'. A l l  of these  r eac t ions  proceed as w r i t t e n  under p r a c t i c a l  
condi t ions  and without s i g n i f i c a n t  s i d e  r eac t ions ,  and an o v e r a l l  f low 
scheme has been prepared f o r  the cycle a8 a practicnl proceee. Modifiootions 
of t h e  cycle a r e  being inves t iga ted  t o  improve i t s  e f f i c i ency .  
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100. THE CHEMICAL NATURE OF COALS 
M. H. Studier ,  R. Hayatsu, 
R. E. Winans 

Coals a r e  exceedingly complex systems cons i s t ing  c h i e f l y  of organic 
macromolecular ma te r i a l s  with l e s s e r  amounts of simpler organic compounds 
trapped wi th in  the  coa l  l a t t i c e  admixed with inorganic mineral matter .  
Hundreds of trapped compounds a r e  separated from the  macromolecular 
ma te r i a l  by vacuum d i s t i l l a t i o n  and solvent  e x t r a c t i o n  and i d e n t i f i e d  by 
mass spectrometry (MS) combined with gas chromatography (GC). The macro- . 

molecular ma te r i a l  i s  cleaved by a v a r i e t y  of reagents  and c a t a l y s t s  
i n t o  smaller  u n i t s  more read i ly  i d e n t i f i e d  by GCMS. I n  t h i s  manner a 
l a r g e  number of aromatic and heteroaromatic u n i t s  indigenous t o  coal's a r e  
being i d e n t i f i e d .  Information i s  being obtained about cross- l inks  between 
aromatic u n i t s ,  occurrence of funct ional  groups, and s t r u c t u r a l  changes 
which take p lace  during c o a l i f i c a t i o n .  To c o r r e l a t e  the  abundance of da ta  
obtained,  a chemical sequence i s  being developed f o r  the conversion 
of b io log ica l  ma te r i a l s  t o  peat +humus. + l i g n i t e  + bituminous coal  + 

a n t h r a c i t e  during the  coa l - i f i ca t ion  process. Information i s  being obtained 
on the  r o l e  played by l i g n i n  during the  c o a l i f i c a t i o n  process. 'This 
information bea r s  on the  chemical s t r u c t u r e s  of petroleum, sha le  o i l s  and 
Fischer-Tropsch products. Such a framework w i l l  be  use fu l  f o r  systematizing 
fugdamental information on f o s s i l  energy sources and f o r  designing conversion 
processes f o r  g a s i f i c a t i o n ,  l i q u e f a c t i o n  o r  production of chemical feedstocks. - 
For example, inves t iga t ion  of the  s o l u b i l i z a t i o n  of coa l s  with KOH i n  
g lyco l s  a t  low temperatures shows t h a t  reduction of aromat ic i ty  during the  
process i s  due t o  s a t u r a t i o n  of the  polycyclic  aromatic r i n g s  and not  
eulveui  add l i lon  ~ i ~ l y .  
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101. FLUID CATALYSIS 
H. M. Feder, J. .Rathke 

This research  at tempts t o  i l luminate  t h e  pa ths  whereby dissolved organo- 
t r a n s i t i o n  metal c a t a l y s t s  under high-temperature and high-preesure 
condi t ions  a c t i v a t e  var ious  small  molecules and d i r e c t  t h e i r  subsequent 
r eac t ions  toward s p e c i f i c  products. In t imate  d e t a i l s  connecting the  
moleculat and e l e c t r o n i c  s t r u c t u r e s  of the  c a t a l y s t s ,  t h e  na ture  of 
in termedia te  spec ies ,  and the  thermochemical parameters of each reac t ion  
s t e p  are sought by a combination of chemical k i n e t i c s ,  spectroscopic,  
and i s o t o p i c  s tud ies .  Because t h e  r eac t ions ,  e i t h e r  novel o r  well-known, 
o f t e n  have important a c t u a l  o r  p o t e n t i a l  s ign i f i cance  f o r  i n d u s t r i a l  
processes f o r  syn the t i c  f u e l  conversion, energy s torage ,  o r  chemical 
feedstock manufacture, a second p a r t  of t h i s  research i s  devoted t o  
i n v e s t i g a t i o n  of new modal i t ies  f o r  the  employment of homogeneous c a t a l y s t s .  
These modal i t ies  inc lude  p a r t i t i o n  between immiscible l i q u i d  phases, 
incorpora t ion  i n t o  surface-act ive molecules, and immobilization on so l ids .  
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To ta l  $152,000 

102. THERMODYNAMIC CHARACTERIZATION OF * 2.5 02-1 
CONDENSED-RING COMPOUNDS 

N. K. Smith, B. E. Gammon, 
D. W .  Sco t t  

Research i s  i n  progress on the  thermodynamic p roper t i e s  of the  poly- 
nuclear  aromatic hydrocarbons and t h e i r  hydrogenation and cracking products.  
Present  a t t e n t i o n  i s  focused o n ' t h e  p roper t i e s  of two famil ies  of compounds, 
the  phenanthrenes and anthracenes and t h e i r  d e r i v a t i v e s ,  compounds t h a t  
occur i n  very s i g n i f i c a n t  q u a n t i t i e s  i n  the  products of coal  l iquefac t ion .  
The syn thes i s  and p u r i f i c a t i o n  of four-ring compounds t h a t  must necessa r i ly  
precede thermodynamic study a r e  a l s o  in.p.rogress a t  Oklahoma S t a t e  Universi ty.  
Receiving l e s s e r  a t t e n t i o n  a t  present  a r e  syn thes i s  and p u r i f i c a t i o n  of 
condensed-ring compounds containing t h e  hetero-atoms ni t rogen and s u l f u r ,  
compounds a l s o  important i n  coal  and sha le  processing. 
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i 03. CHEMISTRY OF ORGANOMETALLIC 
COMPLEXES RELATED TO 
HOMOGENEOUS CATALYS IS 

M. Andrews 

Total  $460,000 

.25 02-1 

A number of t r a n s i t i o n  metal  carhclnyl complexes can serve  a s  home 
geneous c a t a l y s t s  f o r  the  water gas  s h i f t  r eac t ion  under bas ic  condi t ions ,  
presumably v i a  an intermediate metal carboxy complex. This new program, 
s t a r t e d  l a t e  i n  FY 1979, include8 t h r  syn thes i s ,  chemistry, and s t r u c t u r e  
of (C H )Re(CO)(NO)(CO H), one of the  few known i s o l a b l e  metal 

5 5 carboxy complexes. ~ h $ s  work i s  providing i n s i g h t s  i n t o  the  probable 
mechanism of the  metal carbonyl-catalyzed water gas  s h i f t  r eac t ion  and 
should therefore  f a c i l i t a t e  the  design of an optimal c a t a l y s t .  h addi t ion ,  
new l i n e s  of research a r e  being s t a r t e d  i n  the a r e a s  of s e l e c t i v e  oxidations 
v i a  trans!ta$n metal n i t r o  complexes, and i n d i r e c t  hydrogenation of  carbon 
monoxide 086 der iva t i zed  species.  

104. STRUCTURE AND .BONDING I N  METAL- 
HYDROGEN SYSTEMS: ESCA, EXAFS, 
DIFFRACTION STUDIES 

J. Hudis, M. L. Perlman, 
T. F. Koetzle 

Thc abject ul: this  work i s  t o  ob ta in  de ta i l ed  information about t h e  elec-  
t r o n i c  i n t e r a c t i o n s  among atoms i n  metals ,  a l l o y s ,  metal hydrides, and i n  

'othek metal-containing groupings. Several experimental techniques a r e  
being employed: photoelectron spectroscopy; neutron and x-ray d i f f r a c t i o n ;  
~ G s s b a u e r  spectroscopy; and, r ecen t ly ,  extended x-ray aheorption f i n c  
o t ruc  turc (EXAFS) spectroscopy, an  app l i ca t ion  of synchrotron r a d i a t i o n  t o  
determination of d i s t ances  between an atom of a spec i f i ab le  element and i ts  
neighbors. Data from these  measurements a r e  analyzed i n  terms of valence 
and conduction-band e l e c t r o n i c  conf igura t luus  of the  mater ia ls .  Further 
development of t h e o r e t i c a l  ana lys i s  methods i s  i t s e l f  an  ob jec t ive  of t h i s  
research.  Metal hydrides c o n s t i t u t e  a n  i n t e r e s t i n g  c l a s s  of a l l o y s  and one 
of the  aim8 of  these  inves t iga t ions  i s  t o  search f o r  r e l a t i o n s  between 
t h e i r  thermodynamic and s t ruc tu ra l -e lec t ron ic  proper t ies .  Studies of metal 
hydrides and t h e i r  parent  metals  and a l l o y s  a r e  of i n t e r e s t  not  only from a 
fundamental view but  f o r  p o t e n t i a l l y  p r a c t i c a l  app l i ca t ion  i n  the  s to rage  
of hydrogen. 
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105. MECHANISMS OF PHOTO-, ENZYME, 
AM) CHEMICALLY CATA,LYZED CIS- 
TRANS. ISOMERIZATION. ENERGY 
STORAGE 

S. S e l t z e r  

The goal  of '  t h i s  r e sea rch  i s  t o  k l u c i d a t e  t he  mechanisms of c i s - t r a n s  
i somer i za t ion  around carbon-carbon double bonds brought about  by l i g h t ,  
enzymes, and o the r  chemical 'species.  A t  present. ,  research  i s  concent ra ted  
on two systems: ( a )  maleylacetone c i s - t r a n s  isomerase, and ( b )  Qbe l i g h t -  
d r iven  prot0.n pump. der ived  from t h e  purp le  membrane of ha lobac te r i a .  
Current  r e sea rch  on maleylacetone c i s - t r a n s  isomerase, a  r equ i r ed  enzyme 
f o r  aromatic  amino a c i d  metabol i s m ,  c e n t e r s  on e l u c i d a t i n g  t h e  importance 
of t h e  very a c t i v e  t h i o l  group of t h e  enzyme and t h e  r o l e  it p lays  i n  t h e  
i somer i za t ion  mechanism. Bi func t iona l  r eagen t s ,  designed t o  r e a c t  wi th  
both t h e  t h i o l  group and t h e  s i t e  of  coenyzme b inding ,  'are  being used . t o  , 

determine t h e  d i s t a n c e  of t h e  t h i o l  from another  p a r t  o f  t h e  a c t i v e  s i t e .  
The chemistry of t h e  i n t e r a c t i o n  of t h e  t h i o l  wi th  s u b s t r a t e  i s  being 
i n v e s t i g a t e d  by nuc lear  magnetic res-onance. . The me'chanism by which t h e  
purp le  membrane conver t s  t h e  energy of absorbed l i g h t  t o  chemical energy 

. 

and then  s t o r e s  it i n  t he  form of a  pro ton  g rad ien t  i s  being s tud ied .  The 
membrane's pigment, bac te r iorhodops in ,  u t i l i z e s  r e t i n a l  a s  t h e  chromophore, 
a s  does t h e  r e t i n a  of t h e  eye,  a l though d i f f e r e n t  c i s - t r a n s  isomers a r e  
p re sen t  i n  each. Besides t he  i n t e r e s t  i n  t h e  photoinduced and dark c i s -  
t r a n s  i somer iza t ion ,  t h e  chemistry of t he  i n t e r a c t i o n  of t h e  chromophore 
wi th  t h e  aniino ac id  s . ide  cha ins  of t h e  p r o t e i n  is  being s tud ied .  
4 
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106. HIGH TEMPERATURE CHEMISTRY 5.0 02-1 
J. J.  Egan 

This  p r o j e c t  s t u d i e s  t h e  thermodynamic and t r anspor t  p roper t i e s  of compound. 
semiconductors p o t e n t i a l l y  useful . .  f o r  photovoltaic c e l l s .  Electrochemical 
techniques are be ing  used t o  inves t iga te  the  e f f e c t  n f  cnmpneitb.on on the  
couceu~ratiu.11, mobi l i ty ,  and dif fus ion of eleccroas alid e lec t ron  holes  i n  
these  substances. Ce l l s  employing s o l i d  e l e c t r o l y t e s  a t  high temperatures, 
a s  well  a s  molten s a l t  e l e c t r o l y t e s ,  a re  proving espec ia l ly  useful  f o r  
cha rac te r i z ing  t h e s e  systems. ~ i g h  temperature c a l o r h e t r y  i s  a l s o  being 
used. Molten s a l t s  a r e  being studied s i n c e  they a r e  important f o r  the  
development of high energy d e n s i t y  b a t t e r i e s  and f u e l  ce1,ls. The e l e c t r o n i c  
conduct iv i ty  of these  melts  i n  p a r t i c u l a r  is  being examined by s p e c i a l  
techniques, s i n c e , . t h i s  property determines the  self-discharge of b a t t e r i e s  
and f u e l  c e l l s .  a s  well  a s  the  e f f i c i e n c y  of e l e c t r o l y s i s  i n  the  prqduction 
of metals.  
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107.. CHEMISTRY AND PHYSICS OF 1 .O 02-1 
COAL UTILIZATION 

T. E. Gangwer 

The o b j e c t i v e  o f  t h i s  prograni i s  t h e  development of b a s i c  k i n e t i c  da ta  and 
fundamental r e a c t i o n  mechanisms f o r  hydrogenation r e a c t i o n s  app l i cab le  t o  a 
broad range of  chemical r educ t ion  systems. The c u r r e n t  e f f o r t  i s  concen- 
t r a t i n g  on t h e  hydrogen donat ion chemistry undergone by molecules which 
have l a b i l e  hydrogens. The program i s  i n v e s t i g a t i n g  the  k i n e t i c s  of 
t e t r a l i n ,  1,2-d ihydronaph tha lene ;  9,lO-d ihydroanth.racene and' r e l a t e d  
hydroaromatic molecules t h a t  have l a b i l e  hydrogens wi th  which t o  c a r r y  o u t  
chemical reduct ions.  This  hydrogenat ion chemistry i s  being p r o b e d . i n  both 
t h e  gas.  and l i q u i d  phases. Since t h e  mechanisms f o r  these  systems have 
been found t o  be heterogeneous, t h e  hydrogenation chemistry a t  gas ,  s o l i d  
and l i q u i d  i n t e r f a c e s  i s  being i n v e s t i g a t e d .  Thus t h e  hydrogen t r a n s f e r  
a c t i v i t i e s  of t h e  hydroaromatic systems a r e  being s tud ied  i n  t h e  presence 
of c a t a l y s t s  such a s  i r o n  oxides ,  i r o n  s u l f i d e s  and aluminum oxides.  The 
hydrogenation, by the  hydroaromatic sys tems, 'o f  s t r u c t u r a l l y  r e l a t e d  
compounds such as anthracene,  nathphalene,  phenanthrene and o t h e r  po lycycl ic '  
aromatics  i s  be ing  pursued t o  determine t h e  r o l e  of  a roma t i c i ty  i n  t h e  
mechanisms. . I n  a d d i t i o n ,  t h e  in f luence  of e l e c t r o n  donat ing and withdrawing 
r i n g  s u b s t i t u e n t  systems of t h e  hydroaromatics a r e  be ing  probed t o  ga in  
mechanist ic  i n s i g h t s .  The k i n e t i c  and mechanist ic  understanding of hydrogen- 
a t i o n  chemistry gained from t h i s  prog.ram w i l l  c o n t r i b u t e  t o  the. under- 
s tanding  of i n d u s t r i a l  p rocesses ,  such a s  c o a l  conversion,  which a r e  based 
on chemical r educ t ion  processes .  

108. CATALYSIS 
R. Sapienzil 

I 

This  research  p r o j e c t  i s  designed t o  i n v e s t i g a t e  and demonstrate t h e  
v a l i d i t y  of a u n i f i e d  mechanism f o r  carbon oxide r educ t ion  r eac t ions .  
This  mechanism assumes t h a t  t h e s e  r e a c t i o n s  proceed v i a  an  oxygen'coordin- 
a t e d  in t e rmed ia t e  and provides a b a s i c  pe rcep t ion  i n t o  t h e  r o l e  of c a t a l y s t s  
i n  t h i s  chemistry.  This  work i s  c u r r e n t l y ' d i r e c t e d  t o  explore- t h e  important  
carbon-carbon coupling s t e p  of t h e  Fischer-Tropsch and r e l a t e d  r eac t ions .  
The experimental approach is two-fold. Support f o r  pos tu l a t ed  in te rmedia tes  
i s  being inves t iga t ed  by decomposing and forming appropr i a t e  organic '  
complexes with m e t a l s ,  a type of organic  syn thes i s .  The in t ramolecular  
r educ t ive  coupling of aldehydes and ke tones  t o  g ive  o l e f i n s  and/or d i o l s ,  
t h e  r educ t ive  e l i m i n a t i o n  of d i o l s  and t h e  products  of t h e  decomposition of  
metal a lkoxide  systems a r e  t h e  major focus of t h i s  area.  An a l t e r n a t e  
approach i s  emphasizing the  ca t a lyzed  r e a c t i o n s  of  coupling precursors  such 
a s  formaldehyde us ing  t y p i c a l  Fischer-Tropsch metal systems. 
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109. METAL HYDRIDES 
R. H. Wiswall, J. J. Re i l ly  

This program explores the  proper t ies .  of a group of metal-hydrogen systems 
t h a t  range from very d i l u t e  solut ions  t o  hydrogen-rich compounds. The 
chief  goals  a r e  t o  r e l a t e  the  hydriding p roper t i e s  of . a l l o y s  t o  t h e i r  
c o n s t i t u t i o n ,  t o  determine and. systemize t h e  c r y s t a l  s t r u c t u r e s  of represent-  
a t i v e  metal hydrides , to  account f o r  i so tope e f f e c t s .  i n  metal-hydrogen 
systems i n  terms of t h e i r  .o the r  p roper t i e s ,  and t o  e luc ida te  the  t o l e  of 
su r face  processes. and s t r u c t u r e s  i n  such systems. Topics of p a r t i c u l a r  
c u r r e n t  i n t e r e s t  a r e  the  H-H i n t e r a c t i o n s  i n  d j . f fcrent  a l l o y  types, as 
determined from pressure-temperatiire-c.ompoeition meaourments; the a n a l y s i s  
of the  p a r t i a l  molar entropy of hydrogen i n  a metal i n t o  i t s  severa l  
components; comparisons of the  behavior toward hydrogen of diffcrene 
c r y s t a l  forms o r  a l l o t r o p e s  of a given a l l o y  such a s  TaV and T iCr '  t h e  
su r face  chemisorption of hydrogen'films by metals; and t8e  study,  h9 8; 
neutron and x-ray d i f f r a c t i o n ,  of s i n g l e  c r y s t a l s  of t h e  hydrides of V,  Nb 
and Ta. From the  last-named, new i n s i g h t s  on the  i n t e r a c t i o n s  between 
hydrogen and metal atoms . i n  metal l a t t i c e s  a r e  being obtained. Besides t h e  
experimental t o o l s  mentioned, use  i s  made of magnetic s u s c e p t i b i l i t y  
measurements' and low temperature (2K - 30K) calorimetry.  The r e s u l t s  a r e  
expected t o  be- r e levan t  t o  (1)  t h e  development 'of hydrogen rese rvo i r s  and 
machines which use hydrogen as a working f l u i d ,  ( 2 )  t h e  separa t ion of 
hydrogen isotopes ,  (3) t h e  embrittlement of metals  by hydrogen, (4)  t h e  
c a t a l y s i s  of hydrogenation reac t ions ,  and (5 )  t h e  recovery of pure hydrogen 
from mixed ' gases. 
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1 10. SELECTIVE HYDROGENATION OF COAL 
E. A .  Grens, T. Vermeulen 

Total  $300,000 

This p r o j e c t  i s  concerned with the  d'ecomposition .of c o a l ' t o  l i q u i d  and 
so lub le  products i n  the  presence of homogeneous c a t a l y s t s  a t  temperatures 
below t h e  pyrolys is  temperature of the  coal  (%325'~) .  Coal conversion a t  
these  low temperatures,  i n  c o n t r a s t  t o  most l ique fac t ion  approaches, 
which f i r s t  pyrol ize  the,  coa l  and then hydrogenate coal  pyrolys is  products , 
provides va luable  i n s i g h t  i n t o  the  decomposition reac t ions  of t h e  coa l  
. i t s e l f ;  i t  a l s o  can serve  a s  a b a s i s  f o r  l i q u e f a c t i o n  processes opera t ing  
'under mild condi t ions  and making l i t t l e  o r  no char o r  l i g h t ,  gas (e.g. 
CH ) products.  Products have been charac ter ized  by elemental a n a l y s i s ,  
molecular weight d i s t r i b u t i o n  by GPC, and a romat ic / a l ipha t i c  cha rac te r  by 
proton NMR. The e f f e c t s  of  these  c a t a l y s t  systems on oxygen i n  t h e  coa l  
i s  being given major a t t e n t i o n .  Analysis i s  f o r  carbonyl and hydroxyl, 
a s  w e l l  a s  t o t a l  oxygen; these  forms a r e  a f f e c t e d  d i f f e r e n t l y  by t h e  
c a t a l y t i c  treatment. More ac. t ive homogeneous c a t a l y s t s  a r e  being sought, 
p a r t i c u l a r l y  those which w i l l  s e l e c t i v e l y  a t t a c k  r i n g  ni trogen.  

1 11. BIOCONVERSION OF CELLULOSE 
C. R. Wilke, H. W. Blanch 

This research  program i s  d i rec ted  toward the  conversion of the  carbohydrate 
content  of c e l l u l o s i c  ma te r i a l s  (such a s  whole t r e e  biomass and,agr icul tura l  . 

waste) t o  e thanol  .and o the r  energy bearing products.  These carbohydrates 
may be viewed a s  a form of s tored  s o l a r  energy, and l a r g e  q u a n t i t i e s  of 
such biomass a r e  ava i l ab le .  Additional supp l i e s  could be grown spec i f i c -  
a l l y  f o r  bioconversion. I n  the  development of an optimum processing 
scheme, c e r t a i n  fundamental'problems need t o  be s tudied  t o  provide the  
t h e o r e t i c a l  background f o r  c e l l u l o s e  and hemicellulose hydrolys is  t o  
sugars ,  and subsequent fermentation. t o  e thanol  and o the r  r e l a t e d  chemical 
feedstocks. These s t u d i e s  r e l a t e  t o  the  enzymatic a t t a c k  of inso lub le  
m a t e r i a l s  ( l i g n o c e l l u l o s i c s )  and t o  the  development of new organisms f o r  
l i g n o c e l l u l o s i c  ma te r i a l  converston. Thus these  s tud ies  have genera l  
a p p l i c a b i l i t y  t o  a wide v a r i e t y  of s u b s t r a t e s  and a r e a s  i n  which polymeric 
inso lub le  m a t e r i a l s ,  a r e  involved. 
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112. HIGH ENERGY OXIDIZERS AND 
DELOCALIZED-ELECTRON SOLIDS 

N. B a r t l e t t  

The oxidat ive  i n t e r c a l a t i o n  of graphi te  o r  boron n i t r i d e  can generate 
durab.Le and conductive ( b e t t e r  than aluminum) ' s a l t s .  The chemical, 
s to ichiornet t ic  and s t r u c t u r a l  requirements f o r  t h e  bes t  conductors need 
t o  be determined. Some have p o t e n t i a l  app l i ca t ion  a s  anodes i n  the  
electrochemical  genera t ion o f .  s trong oxidizers .  ' The- c lose  chemical and 
s t r u c t u r a l  ~ q l a t i o n s h i p  of som? g r a ~ h i t e  s a l t s  t o  t h e i r  protbnated r e l a t i v e s ,  
such a s  C (SO F-) and C SO F ' 2  HSO F,  ra ised  the  p o s s i b i l i t y  
of t h e i r  $$ile iaterfonvers$$n ba redox aad proton t r a n s f e r  and t h e i r  
poss ib le  e x p l o i t a t i o n  i n  c y c l i c  energy storage.  The oxidation of )arge, 
e5qctron-delocalized, molecules (such a s  coronene) t o  make sal ts  A X-, 
A ( x - ) ~  e t c . ,  i n  which the  anion (x-) i s  r e l a t i v e l y  small ,  
provides f o r  the p o s s i b i l i t y  of overlap of t h e  p a r t i a l l y  f i l l e d  o r b i t a l s  of 
one c a t i o n i c  A spec ies  with those of i t s  neighbors. The e l e c t r o n  delocal i -  
z a t i o n  may, thereby,  become extended throughout the  th ree  dimensional 
c r y s t a l  l a t t i c e .  The e f fec t iveness  of t h e  A species-A species  i n t e r a c t i o n  
w i l l  determine the  e l e c t r i c a l  conducting c a p a b i l i t y  of t h e  s a l t s .  

113. CONVERSION OF COAL TO CLEAN 
LIQUID AND GASEOUS FUELS 

A. T. Be l l ,  G. A. Somorjai 

The purpose of t h i s  program i s  t o  develop an understanding of t h e  funda- 
mental processes involved i n  the  conversion of coal  t o  l i q u i d  and gaseous 
f u e l s .  A major p a r t  of the  work i s  devoted t o  the  c a t a l y t i c  syn thes i s  o f '  
hydrocarbons and a lcohols  from carbon monoxide and hydrogen. The primary 
o b j e c t i v e s  of t h i s  e f f o r t  a r e  t o  determine the  f a c t o r s  which l i m i t  c a t a l y s t  
a c t i v i t y ,  s e l e c t i v i t y ,  and r e s i s t a n c e  t o  poisoning, and t h e  r e l a t i o n s h i p  
between c a t a l y s t  composit ion/structure and performance. A v a r i e t y  of 
s u r f a c e  d iagnost ic  probes a r e  u t i l i z e d  on both s i n g l e  c r y s t a l  and supported 
c a t a l y s t s  t o  ob ta in  de ta i l ed  chemical information. In  a second e f f o r t ,  a 
s tudy i s  being performed t o  e s t a b l i s h  t h e  reac t ion  pathways involved i n  the  
l i q u e f a c t i o n  of c o a l  catalyzed by s t rong Lewis Acids. Inves t igat ions  a r e  
conducted both with c o a l  and with model compounds containing represen ta t ive  
organic  s t r u c t u r e s  present  i n  coal .  
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114. TRANSITION METAL CATALYZED CONVERSION 0.8 
OF CO, NO, H AND ORGANIC MOLECULES TO 
FUELS AND PE~ROCHEMICALS 

R. G. Bergman 

Small gaseous molecules (e.g., CO, NO, H ) and v o l a t i l e  organic compounds 
(e.g., ethylene) a r e  important chemical gui ld ing blocks f o r  a wide range 
of f u e l s  and petrochemicals. Industry i s  making increas ing use of these  
raw mate r i a l s  in.homogeneous processes catalyzed by organotrans i t ion  
metal complexes, because homogeneous processes a r e  capable of af fording 
s e l e c t i v i t i e s  which of t e n  cannot be obtained i n  heterogeneous react ions .  
The goal of t h i s  p r o j e c t  is t o  study the  reac t ions  of organotrans i t ion  
metal complexes with s m a l l  molecules such a s  CO, H2, NO and ethylene,  
i n  order t o  develop new homogdeous processes and understand i n  d e t a i l  
how these processes operate.  The work focuses on o v e r a l l  react ions  which 
form new carbon-hydrogen, carbon-nitrogen and carbon-carbon bonds. It 
concentrates on understanding the bas ic  mechanistic s t e p s  which can be 
combined t o  c a r r y  out  these  o v e r a l l  react ions;  t h e  most c r i t i c a l  of these  
involve formation and cleavage of metal-carbon, -hydrogen and -nitrogen 
bonds. In  add i t ion  t o  providing d i r e c t  information about homogeneous 
reac t ions  catalyzed by complexes containing one metal,  the  research may 
provide concepts and results appl icable  t o  r e l a t e d  reac t ions  involving 
c a t a l y s i s  by binuclear  complexes, c l u s t e r  complexes, and metal surfaces.  

115. FORMATION OF OXYACIDS OF 
SULFUR FROM SO 

R. E. ~ o n n i c 2  

The bas ic  chemistry of s u l f u r  dioxide and species  tormed from i t  a r e  
being inves t igated .  The r e s u l t s  a r e  pe r t inen t  t o  the  removal of s u l f u r  
dioxide from s tack  gases of power p l a n t s  and t o  the  behavior of su l fu r  
dioxide i n  atmospheric pollut ion2- Attention is being focused on the  
reac t ions  of SO HSO- and SO3 with various oxidizing and 2 ' reducing agents and t i e  d ispropor t ion reac t ions  of these  s u l f u r  species .  
One p a r t i c u l a r  reaction--the oxidation by oxygen--is being studied i n  
d e t a i l  because of i t s  overriding importance i n  the  p r a c t i c a l  chemistry of 
SO . The reac t ion  i s  known t o  be a chain reac t ion  i n  aqueous so lu t ion ,  
b o h  thermally and photochemically, but  t h e  chain c a r r i e r s  and mechanism 
a r e  unknown. An important aspect  i s  the  pronounced e f f e c t  of a wide 
v a r i e t y  of substances i n  e i t h e r  i n i t i a t i n g  o r  terminating the  chain 
reac t ion  and thus a l t e r i n g  the  r a t e  d r a s t i c a l l y .  Attempts a r e  being made 
t o  d e t e c t  the chain c a r r i e r s  d i r e c t l y ,  using f l a s h  photolysis  t o  i n i t i a t e  
t h e  reac t ion  and rapid scan spect rop~otometry  o r  o ther  rapid de tec t ion  
t.ec!chI~iquea t o  d e t e c t  thew. 
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116. SYNTHETIC AND PHYSICAL CHEMISTRY 
W. L. J o l l y -  

The main aim of t h i s  research i s  t o  e luc ida te  t h e  chemical bonding i n  
compounds r e l a t e d  t o  c a t a l y s t  systems by means of X-ray photoelectron 
spectroscopy. Atomic core  e l e c t r o n  binding energies obtained by t h i s  
technique a r e  i n t e r p r e t e d  i n  terms of atomic charges which i n d i c a t e  t h e  
na tu re  of the  vi.lence e lec t ron  d i s t r i b u t i o n  and bonding i n  the  molecules. 
The ex ten t  of d e l e c t r o n  "back-bonding" and the  modes of ligand-metal 
i n t e r a c t i o n s  i n  var ious  t r a n s i t i o n  metal complexes a r e  evaluated. Core 
e l e c t r o n  binding energies  a l s o  y i e l d  thermodynamic data ;  they a r e  used t o  
c a l c u l a t e  t h e  heats  of formation of gaseous ion ic  species.  The study of 
t h e  synthes is  and charac te r i za t ion  of t h e  new molecule diaminoborane, 
HB(NH2)2, i s  being completed. 

11 7. METAL-CLUSTER - MFllAL SURFACE 
ANALOGY 

E. L. Muet ter t ies  

A d e f i n i t i o n  of the  coord,ination chemistry of t r a n s i t i o n  metal surfaces  
on a comparative b a s i s  with t h a t  of molecular metal complexes and .. molecular 
m e t a l  c l u s t e r s  i s  the  ob jec t ive  of t h i s  research. Displacement r eac t ions  
supplemented with d i f f r a c t i o n  and spectroscopic da ta  a r e  being u t i l i z e d  i n  
the  e luc ida t ion  o f ,  s t r u c t u r a l ,  bonding, and chemical f e a t u r e s  of n icke l  and 
platinum s i n g l e  c r y s t a l  su r faces  with benzene, ethylene and carbon monoxide. 
Benzene chemisorption on the  P t ( l l 1 )  surface  i s  l a r g e l y  thermally revers ib le .  
Thermal desorption of C H and C D from t h i s  platinum sur face  y ie lds  6 6 only C D and C H t h e r e  is  no gvfdence f o r  hydrogen-deuterium exchange 
f o r  th8  ~oleeulPs6;evers ib ly  desorbed from t h i s  surface.  Chemisorption of 
ethylene i s  only p a r t i a l l y  revers ib le .  Nevertheless, a s u b s t a n t i a l  quant i ty  
of molecular ethylene can be thoroughly desorbed from t h i s  surface.  
Similar  r e s u l t s  a r e  being obtained with t h e  ~ i ( l l 1 )  surface  but  t h e  degree 
of r e v e r s i b i l i t y  is  s u b s t a n t i a l l y  lower f o r  t h i s  more r e a c t i v e  metal.  The 
c a t a l y t i c  chemistry f o r  ethylene and f o r  benzene i n  t r e  presence of hydrogen 
and deuterium a r e  being examined f o r  the  low index 1 .,kel and platinum 
sur faces  i n  order  t o  make a p rec i se  comparison of surface  chemistry with 
molecular metal c l u s t e r  chemistry. 
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118. ELECTROCHEMICAL' SYSTEMS 
J. Newman 

This work comprises a t h e o r e t i c a l  and experimental study of t r anspor t  
phenomena - i n  electrochemical  systems. This s tudy includes measurements 
of t r anspor t  p roper t i e s  i n  concentrated e l e c t r o l y t i c  so lu t ions  and analyses 
of mass t r a n s f e r  r a t e s  and current  d i s t r i b u t i o n s  i n  severa l  systems of 
p r a c t i c a l  importance. In  p a r t i c u l a r ,  these  p r i n c i p l e s . a r e  applied t o  
l i q u i d  junction c e l l s  with po lycrys ta l l ine  semiconductor e lec t rodes  i n  

. 

order t o  provide design c r i t e r i a  f o r  advanced s o l a r  energy conversion 
systems. Furthermore, k i n e t i c  and mass-transfer da ta  a r e  being obtained. 
which'are app l i cab le  t o  corros ion i n  laminar and turbulent  flow regimes. 
These da ta  al low one t o  determine average and maximum corrosion r a t e s  of 
i r o n  i n  ac id  so lu t ions  .' 



Chemical Energy 

Chemical Engineering Division 
Lawrence Livermore Laboratory ' 
Universi ty of Ca l i fo rn ia  
P. 0. Box 808 
Livermore, Ca l i fo rn ia  94550 

Total  $95,000 

119. EFFECTS OF METAL SURFACES ON THE 1.2 02-1 
KINETICS OF HYDRIDE FORMATION 

R. Al i re ,  S. Steward 

The ob jec t ive  of t h i s  s tudy i s  t o  e luc ida te  the  surface  chemistry of 
meta l s ,  a l l o y s  and i n t e r m e t a l l i c  compounds t h a t  r e a c t  extens ively  with 
hydrogen.. Previous i n d i r e c t  evidence has shown t h a t  the  condit ion of 
metal  su r faces  s i g n i f i c a n t l y  a f f e c t s  the  reac t ion  r a t e  between the  bulk 
metal and hydrogen. Several metal  systems, e.g., FeTi, LaNi , LaCo , 

. and Z t A l X ,  a l l  very r e a c t i v e  toward hydrogen, a r e  being exam?ned wizh 
Auger e l e c t r o n  spectroscopy (AES') , x-ray photoelectron spectroscopy 
(xPS), secondary ion mass spectrometry (SIMS), and ion s c a t t e r i n g  spectro- 
metry (ISS). Depth p r o f i l e s  using these  techniques ind ica te  t h a t  the  
more r e a c t i v e  metal,  i.e. , La, T i ,  and Z r  , segregates t o  the  surface.  
Compounds of these  meta ls ,  e.g.,  oxides ,  a r e  very s t a b l e  and t h e i r  formation 
a t  the  surface  would lower the  surface  f r e e  energy of these  i n t e r m e t a l l i c  
compounds ; t h e  experimental r e s u l t s ,  therefore ,  agree with, predic t ions  made 
from thermodynamic consider a t  ions.  Surface segregation and subsequent 
compound formation a t  t h e  surface  a r e  s t rongly  r e l a t e d  t o  the  r e a c t i v i t y  of 
these  metal systems t o  hydrogen and o the r  chemical species.  
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120. THERMOCHEMICAL PRODUCTION . OF 
HYDROGEN FROM WATER 
0. Krikorian 

Total  $205,000 

. . 

A bas ic  chemical research program i s  being conducted on the&ochemical 
cycles  f o r  producing hydrogen from water using nonhydrocarbon energy 
sources (High Temperature Gas Reactor, ' Solar and, Magnetic Fusion ~ n e r g y )  . 
Special  emphasis i s  o n ' t h e  search f o r  new and b e t t e r  cycles ,  exploring 
innovations t o  improve e x i s t i n g  cyc les ,  and studying the  thermodynamics, 
k i n e t i c s ,  and mechanisms of key r e a c t i o n s - i n  cycles .  Reactions present ly  
under experimental study a r e :  2ZnO(s) + Se(&) + SO (g) +' ZnSe(s) + 
ZnSO ( s ) ,  and ZnS04(s) -t ZnO(s) + so2(g) + 112 ~ ~ ( ~ f .  The mechanism of - - 
t h e  first reac t ion  i s  under inves t iga t ion  and reac t i o n  condit ions t h a t  
w i l l  a cce le ra te  the reac t ion  a r e  being sought. The r a t e  depends s t rong ly  
on the  degree of surface  contact  between Se(1) and ZnO(s), and on SO 2 pressure,. For the  ''second reac t ion ,  high temperature enthalpy measurements 
a r e  being completed f o r  ZnSO and ZnO 2ZnS04 (a decomposition in te r -  4 
mediate),  and the  t r a n s i t i o n  energy f o r  the  a-B t r a n s i t i o n  i n  ZnSO 
a t  1015K ha$ been measured. Studies of the  k i n e t i c s  of decompositfon of 
ZnSO have begun. Other work i s  planned t o  study a cyc le  based on LiH, 4 and paper s t u d i e s  a r e  underway on. new cyc les  a t  temperatures of 1200-2200K. 
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12 1. SYNTHESIS OF THERMOCHEMICAL CYCLES 
M. G. Bowman, C. Hollabaugh, . 

. C. Mason, E. I. Onstott  

Tota l  $340,000 

This  research p ro jec t  c o n s i s t s  of t h e  i d e n t i f i c a t i o n ,  i n i t i a l  evaluat ion 
and p r e l f n i d a q  development of fhermochemical cycl~n fo r  the production 
of hydrogen from water. An important a c t i v i t y  i s  t h e  d e f i n i t i o n  of 
c r i t e r i a  f o r  the  s e l e c t i o n  of cyc les  adapted t o  the  c h a r a c t e r i s t i c s  of 
d i f f e r e n t  hea t  sources such a s  high temperature nuclear  f i s s i o n  reac to r s ,  
fus ion  reac to r s  and s o l a r  concentrators.  P o t e n t i a l  cycles  a r e  i d e n t i f i e d  
from thermochemical considera t ions  and then t e s t e d  by determinations of 
r e a c t i o n  r a t e s ,  r eac t ion  y i e l d s  and accura te  thennochemical proper t ies .  
Current s t u d i e s  concern: (1) mixed metal iodate-metal iodide  cycles ;  (2)  
hybrid thennochemical-electrochemical cycles based on s o l i d  s u l f a t e  
decomposition reac t ions ;  (3) methods f o r  reducing overvoltages during 
e lec~rochemica l  r eac t ions ;  (4) cyc les  based on cadmium carbonate and 
oxide decompositions; (5 )  i n i t i a l  considera t ions  of C02 decomposition 
i n  s o l a r  furnaces;  (6) p o t e n t i a l  hybrid thennochemical-photochemical 
cycles .  
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122. LABILE SO COMPLEXES 
. . G. J. ~ 8 b a s  

The syn thes i s ,  r e a c t i v i t y ,  s t r u c t u r e ,  and bonding of t r a n s i t i o n  metal- 
SO complexes a r e  being inves t igated  i n  order t o  advance t h e  b a s i c  
ehzmistry of small molecule po l lu tan t s  and t o  develop new scavenging 
methods. Reactions of coordinated SO are being explored i n  the hope 

2 of promoting i ts conversion t o  use fu l  o r  innocuous producss. Discoveries 
i n  t h i s  program of complexes containing side-on bonded (n -) SO2 and 
o t h e r s  with ligand-ligand i n t e r a c t i o n s  a r e  c l o s e l y  al igned with t h i s  
goal.  Binding of both the  s u l f u r  and one oxygen t o  a metal can be expected 
t o  a c t i v a t e  SO towards novel r9act ions ;  t h i s  is demonstrated by t h e  

2 i n t e r a c t i o n  of Ru(CO)~(PP~ )*(TI -SO ) with a second SO2 t o  give a 
s u l f a t e  Ru(C0) (PPh ) (So4? and Ph 3s (oxidat ion and reduction of SO2). 
Other current  $ n v e s 2 i ~ a t i o n s  show $hat the  hydrogen reduction of SO t o  
s u l f u r  and water occurs a t  lower temperature (%150°c) by use of rutgenium 
on alumina c a t a l y s t  compared t o  alumina alone. Also, new molybdenum(0) - 
complexes a r e  being studied i n  which the  SO coordination can r e a d i l y  be 

2 converted between TI 2- and S-bonded . I n  the  absence of SO , cootdinat iee  
unsatura t ion and revers ib le  binding of o the r  small molecu3es (C2H4, 
N ) can occur. *2 

2 
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123. CHEMICAL KINETICS AND 
SURFACE CHEMISTRY 

G. L. Karapinka 

Total  $70,000 

The ob jec t ive  of t h i s  p ro jec t  i s  t h e  e luc ida t ion  of the  mechanism of the  
heteroatom removal from organosulfur and organonitrogen compounds catalyzed 
by supported cobalt-molybdenum type c a t a l y s t s .  This study s o  f a r ,  showed: 
(1)  s a t u r a t i o n  of t h e  heteroatom par t  of t h e  molecule before C-N o r  C-S 
bond s c i s s i o n  t akes  p laces ,  (2) inf luence  of the  a c i d i t y  of t h e  c a t a l y s t  
on c a t a l y t i c  perforniance, (3) exis tence  i n  the c a t a l y s t  of twr,  separa te  
sites f o r  hydrogenation and f o r  cracking, (4)  poisoning e f f e c t  by organo- 
n i t rogen  compounds of the  cracking sites. The oxidation s t a t e  of t h e  
a c t i v e  c a t a l y t i c  species  o r  the  change of oxidation s t a t e s  during the  
c a t a l y t i c  process a r e  being determined. ESCA and other  techniques a r e  
being used f o r  t h a t  purpose. The nature  of the  a c t i v e  c a t a l y t i c  species  
- heteroatom complex i s  a l s o  being inves t igated .  Based on the  under- 
s tanding of t h e  c a t a l y t i c  mechanism, super io r  hydrotreat ing c a t a l y s t s  f o r  
t h e  treatment of l iquef ied  coal  a r e  being prepared. 
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124. FUNDAMENTAL INVeSTIGATIONS OF 
METAL HYDR IDES 

G. C. Abell,  R. C. Bowman, Jr., 
M. P .  Guse 

Total  $220;000 

02-1 

The ob jec t ives  of t h i s  program a r e  t o  i d e n t i f y  and evaluate a tomis t i c  
p roper t i e s  which may lead t o  the  development of improved metal hydrides 
- for  energy s to rage  app l i ca t ions .  NMR techniques a r e  being used t o  determine 
r e l a t i o n s h i p s  among c r y s t a l  s t r u c t u r e ,  e l e c t r o n i c  s t r u c t u r e ,  and hydrogen 
d i f f u s i o n  behavior i n  TiFeH , Ti CuHx, and TiCr H ; i so tope  e f f e c t s  i n  
phase t r a n s i t i o n  and d i f fus fon  mgchanisms i n  VH:H::~V~ , and VTx; and the  
r o l e  of a l loy ing  on the  p roper t i e s  of V Nb H and l f a ~ i  Al H . Complementary 
t h e o r e t i c a l  s t u d i e s  use Hartree-Fock t h k Z y  eoXperform f z ~ t  $ r fnc ip les  
quantum-mechanical ca lcu la t ions  of the  e l e c t r o n i c  p roper t i e s  of metal atom 
c l u s t e r s  with and without hydrogen atoms a s  well  a s  the  development of 
Hartree-Fock band theory techniques f o r  t r a n s i t i o n  metal hydrides. A new 
Anderson-type model f o r  disordered systems , which descr ibes  e l e c t r o n i c  
s t a t e s  associa ted  with d i l u t e  hydrogen i n  t r a n s i t i o n  meta ls ,  is  being 
developed and t e s t ed  aga ins t  observed p roper t i e s  of t h e  bcc metals  V ,  Nb 
and Ta. 
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1 25. RETEROGE NE OUS CATALYS IS 
RELATED TO ENERGY SYSTEMS 

P. A. Agron, S. H. -Overbury, 
W. ,C. Waggener 

Total  $1 ,865,000 

Zb order  t o  improve the  understanding o f  c a t a l y t i c  srzrface s t r u c t u r e s  and 
of. t h e i r  i n t e r a c t i o n s  with r e a c t i v e  molecules, three  techniques a r e  being 
employed and developed. (1) Recently,  a technique t h a t  w i l l  a l low s t u d i e s  
of molecule-surface i n t e r a c t i o n s  i n  c a t a l y t i c  processes a t  t h e i r  c h a r a c t e r i s t i c  
temperatures and pressures  has  been invented. The arrangement c o n s i s t s  of 
a' r ibbon of a c a t a l y t i c a l l y  a c t i v e  metal,  such as nickel, ,  which has  been 
t h i n l y  coated on one s i d e  with an i n e r t  metal,  s u c h . a s  gold. Tangential 
f o r c e s  developed by molecules adsorbed on t h e  n icke l  s i d e  bend t h e  ribbon, 
al lowing t h e i r  measurement and c o r r e l a t i o n  with d i r e c t i o n s  i n  the  surface.  
(2)  Low-energy ion  s c a t t e r i n g  allows charac te r i za t ion  of typ ica l  c a t a l y t i c  
su r faces  by revealing,atom-atom dis tances  and o r ien ta t ions  i n  the  s o l i d  
su r face ,  the  i d e n t i t y  and loca t ion  of adsorbed spec ies ,  t h e  g rosse r  s t r u c t u r a l  
d e t a i l s ,  such a s  s teps .  (3 )  Angle-resolved uv and x-ray photoelec,tron 
spectroscopy i s  being.  used t o  charac te r i ze  t h e  bonding of l a r g e r ,  su l fur-  
containing org 'mic molecules t o  or iented  s i n g l e  c r y s t a l  surfaces  of .copper  
and nickel .  

126 i INORGANIC CHEMISTRY 
OF HYDROGEN CYCLES 

C. E. Bamberger, P. R. Robinson 

Inorganic chemistry involved i n  t h e  production of hydrogen from water by 
means of thermochemical cycles  is being developed. The discovery and 
charac te r i za t ion  of new chemical r eac t ions  and compounds, determination o f .  
r e l a t e d  thermodynamic and kfne t i c  d a t a ,  and the  egpcrimental devcloplua~lt 
and improvement of thermochemical .cycles  i s ' i nc luded .  Emphasis i s  placed 
on cyc les  whose reac t ions  occur a t  temperatures .achievable by s o l a r  furnaces 
o r  nuclear  reactors .  The goa l  of the  p r o j e c t  is t o  develop an  understanding 
of t h e  chemistry which might be involved i n  large-scale,  economical production 
of hydrogen v i a  thermochemical cycles.  Recent work l e d  t o  t h e  discovery of 
a' family of cycles  based on cerium and manganese compounds. These u n i q u e .  . 

c y c l e s  a r e  the  f i r s t  experimentally demonstrated thermochemical processes 
which s p l i t  CO i n t o  ~ 0 ' a n d  112 0 i n  addi t ion  t o  s p l i t t i n g  water i n t o  
H2 and 112 02. 2 2 ' 
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127.. AQUEOUS CHEMISTRY AND 
THERMODYNAMICS TO ELEVATED 
TEMPERATURES AND PRESSURES 
R. H.Busey, H. F. Holmes, 
W. L. Mirshall , .  F. H. Sweeton 

Physical  chemical techniques a r e  applied t o  the  study of t h e  thermodynamics 
of processes i n  aqueous media a t  t h e  high temperatures and pressures  found 
i n  geothermal and reac to r  systems. The s p e c i f i c  . approaches now being 
applied a re :  phase s t u d i e s ,  potentiometric,  i s o p i e s t i c ,  and ca lo r imet r i c  
measurements. For the f i r s t  t i m e , . i s o p i e s t i c  measurements have been made 
on the mixed e l e c t r o l y t e  systems NaC1-KC1 and NaC1-CaCl up t o  200'~. 
These d a t a  have been analyzed i n  terms of P i t z e r ' s  modet. Other pure 
e l e c t r o l y t e  and mixed e l e c t r o l y t e  systems a r e  under inves t iga t ion ,  including 
phase s tud ies  on oxide and hydroxides of p a r t i c u l a r  i n t e r e s t .  Equilibrium 
measurements a r e  being made a s  a function of pH, temperature and s a l t  
medium t o  def ine  aluminum . ion hydrolysis  behavior i n  d i l u t e  so lu t ions .  A 
hea t  flow-solution flow microcalorimeter has been developed and i s  being 
c a l i b r a t e d . f o r  measurements i n  so lu t ion  t o  5 0 0 ~ ~  and 500 bars.  This w i l l  
extend present  c a p a b i l i t i e s  t o  previously unat ta inable  , c'ondit ions  And 
provide new enthalpy da ta  on aqueous systems. C r i t i c a l  reviews, c o r r e l a t i o n s ,  
and development of equations of s t a t e  a r e  a n  important p a r t  of t h i s  program. 

128. ORGANIC C ~ I S T R Y  AND THE 6.0 02.-1 
CHEMISTRY OF FOSSIL' FUELS 

C. J . Collins, B. M. Benjamin, 
E. W. Hagaman, L. L. Brown 

Studies a r e  d i rec ted  toward the fundamental chemistry underlying t h e  
conversion'of  c o a l s  t o  l i q u i d  f u e l s ,  Emphasis i s  placed on t h e  e luc ida t ion  
of the  organic s t r u c t u r e s  of coa l s  and t h e i r  chemical f u n c t i o n a l i t i e s .  The 
r o l e  of i n t e r n a l  hydrogen s h u t t l i n g  within the  coal  i t s e l f  i s  under study. 
Also of g rea t  i n t e r e s t  a r e  the  i d e n t i t y  and nature  of e a s i l y  c leavable  
bonds i n  the  coa l  macromolecular s t ruc tu re .  New methods f o r  low temperature 
cleavage of such bonds i n  the c o a l  macromolecules a r e  being inves t igated  
f o r  the  purpose of determining s t r u c t u r e s  and r e a c t i v i t y .  Several approaches 
a r e  a l s o  being evaluated f o r  the  determination of molecular weights and 
s i z e s  of t h e  organic moiet ies i n  coal-derived l i q u i d s  and i n  c o a l s  themselves. 
Several techniques a r e  under.considerat ion,  including a combination of 
small angle-x-ray and neutron d i f f r a c t i o n .  
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129. COMPARATIVE INORGANIC CHEMISTRY 
J. S. Johnson, R. T r io lo  

Broad, systematic s t u d i e s  a r e  being made of a group of r e l a t i v e  aqueous/organic 
systems i n  order  t o  develop genera l i za t ions  derived from in tens ive ly  
s tud ied  s i n g l e  systems. Areas of i n v e s t i g a t i o n  include experimental and 
t h e o r e t i c a l  a spec t s  of s o l u t i o n  s t r u c t u r e ,  aqueous/organic m i s c i b i l i t i e s  
and i n t e r f a c i a l  t ens ions ,  and mice l l a r  formulat ions t h a t  a r e  important i n  
enhanced o i l  recovery and solvent  ex t rac t ion .  For each system s tudied ,  a t  
l e a s t  two components a r e  included from water/ inorganic salt/hydrocarbon/alcohol/ 
s u r f a c t a n t  ( o r  p ro tosur fac tan t )  systems t h a t  would represent  ia i ts  t o t a l i t y  a 
p r a c t i c a l  system i n  enhanced o i l  recovery. (The term "protosurfactant"  
denotes compounds s i m i l a r  t o  s u r f a c t a n t s ,  except they a r e  not expected t o  
f o m  micelles .) Curren t ly ,  the  s t r u c t u r e  of t-butyl alcohollwater  so lu t ions  
i s  being studied by large-angle and small-angle x-ray s c a t t e r i n g  t o  be 
followed by t h e  equivalent  neutron experiments. Small-angle x-ray s c a t t e r i n g  
r e s u l t s  have recen t ly  been obtained on mice l l a r  and microemulsion systems. 
I n  sys temat ic  survey work, r e s u l t s  a r e  being obtained on the  m i s c i b i l i t i e s  
of  water/hydrocarbon/alcohol/alkyl benzene carboxylate systems and on the  
i n t e r f a c i a l  tens ions  and phase behavior of aqueous/hydrocarbon systems 
conta in ing carboxylate su r fac tan t s .  P a r t i c u l a r  a t t e n t i o n  i s  being given t o  
the  e f f e c t s  of  bulkiness  of s u b s t i t u e n t s  near  the  ionizable  group of the  
su r fac tan t .  

130. STEAM GENERATOR CHEMISTRY 
R. E. Mem'er 

This.  program focuses on t h e  t r anspor t  and deposi t ion  of ma te r i a l s ,  e s p e c i a l l y  
oxides ,  which occur i n  the  corros ion and contamination of steam generators  
i n  nuclear  p lan t s .  The hydrolys is  of t r a n s i t i o n  metal ions  and the  behavior 
of f e r r i t e s  a r e  two p r i n c i p a l  concerns. The i n i t i a l  work i n  t h i s  program 
i s  t o  eva lua te  from known thermodynamic data  on hydro lys i s  r eac t ions  the  
expected hydrolys is  behavior of metal ions.  An experimental program using 
p r e c i s i o n .  potentiometric  techniques w i l l  be appl ied  t o  the  study 'of the  
hydro lys i s  of coba l t (  11) ; l a t e r ,  s t u d i e s  w i l l  be  conducted with continuous 
measurement of pH and s o l u b i l i t y  i n  packed columns. The i n i t i a l  s o l i d  t o  
be  s tudied  i s  wel l -crys ta l l ized  cobaltous hydroxide.with l a t e r ,  emphasis on 
c o b a l t  f e r r i t e s .  D e t a i l s  on the  so lu t ion  chemistry of coba l t  w i l l  be 
s tudied  t o  e s t a b l i s h  equil ibrium and k i n e t i c  models f o r  the  buildup o r  
c o n t r o l  of r a d i a t i o n  f i e l d s  t h a t  a f f e c t  occupational exposure l e v e l s .  
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131. MOLTEN SALT CATALYSTS FOR CLEAN 
FUEL SYNTHESIS 

G. P. Smith, A. S. Dworkin, 
A. C. Buchanan, 111', L. 0. Gi lpat r ick  

This p ro jec t  i s  a fundamental inves t iga t ion  of molten s a l t  c a t a l y s t s  and 
molten # s a l t  catalyzed reac t ions  re levant  t o  the  synthes is  of c lean f u e l s  
from f o s s i l  sources. Its goal i s  t h e  determination of t h e  o r i g i n s  of 
c a t a l y t i c  a c t i v i t y  and s e l e c t i v i t y  i n  order  t o  he lp  improve app l i ca t ions  of 
known c a t a l y s t s  and t o  a i d  i n  the  search f o r  b e t t e r  c a t a l y s t s .  Hydrogenation, 
dehydrogenation, condensation, protonat ion and one-electron oxidat ion of 
polycycl ic  aromatic compounds a r e  catalyzed by molten s a l t s  with a post- 
t r a n s i t i o n  metal ha l ide ,  l i k e  antimony t r i c h l o r i d e  o r  z inc  chlor ide ,  a s  t h e  
dominant const i tuent .  The e f f e c t s  of added t r a n s i t i o n  metal ha l ides ,  
o the r  Lewis a c i d s  o r  bases, o the r  oxidants  o r  reductants ,  a r e  determined. 
Studies a r e  made of chemical species  important i n  c a t a l y t i c  mechanisms 
including the f onnation, s t a b i l i t y  and react ions  of carbenium ions , organic 
c a t i o n  r a d i c a l s ,  uns table  o r  unusual oxidation s t a t e s  of metals and unusual 
metal coordinates i n  c a t a l y t i c a l l y  a c t i v e  hal ides .  These inves t iga t ions  
a r e  made by o p t i c a l  spectroscopy, e l e c t r o n  spin  resonance, nuclear  magnetic 
resonance, voltammetry, and coulometry of t h e  melt ,  and byproduc t separa t ion 
from the  melt. 



Chemical Energy 

Chemical Technology Division 
Oak Ridge National Laboratory 
P. 0. Box X 
oak Ridge, Tennessee 37830 

132. KINETICS OF ENZYME-CATALYZED 
PROCESSES 

B. 2 .  Egan, E. .Greenbarn 

Total $120,000 
0 

The purpose of t h i s  program is  t o  study i n  v i t r o  k ine t ics  and enyzme 
c a t a l y s i s  re la ted  t o  processes f o r  gaseous fue l  production, par t i cu la r ly  
hydrogen production from photooxidation and biophotolysis of water. 
Fundamentdl probleme aimed a t  demonetrating the oc ion t i f i a  and technical 
f e a s i b i l i t  y of photobiological hydrogen product ion a r e  addressed. The 
bas ic  system studied is the chloroplast-ferredoxin-hydrogenase (Cm) 
system. Kinetic and mechanistic aspects of hydrogen and oxygen photo- . 
production a r e  studied using a unique experimental approach. Areas of 
invest igat ion include (1) simultaneous l i g h t  driven photoproduction of 
hydrogen and oxygen; (2)  long-term s t a b i l i t y  of each of the components of 
the  CF'H system; (3) the pos s ib i l i t y  of subs t i tu t ing  synthetic analogs f o r  
components i n  the  CFH system. An addit ional area of study includes the 
appl icat ion of the  technique of s ing le  sa turat ing turnover f l ashes  t o  the 
CFH system. This technique has been applied t o  the whole a lgae but never 
t o  the CFH system. These experiments produce absolute f igures  of merit  of 
photosynthetic water s p l i t t i n g  which a r e  useful  i n  comparing d i f f e r en t  
approaches t o  photobiological hydrogen production. Results from these 
s tud ies  a id  i n  the development, design, and evaluation of a potent ia l ly  
a t t r a c t i v e  process f o r  u t i l i z ing  so l a r  energy t o  produce hydrogen from 
va te r  . 
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133. MECHANISMS OF HYDROGENATION 
OF COAL 

J. A. k a n z  

Total  $322;000 

This research p ro jec t  addresses t h r e e  a reas :  (19 pathways of thermal 
d i s so lu t ion  of coal  which involve rearrangements and,fragmentat ions of 
o r g a n i c . f r e e  r a d i c a l s ,  ( 2 )  cha rac te r i za t ions ,  by spectroscopic and o the r  
means, of the s t r u c  t u r d  evolution of .  coal  during d i s so lu t ion  i n  donor' 
media, and (3) a n  examination, of pathways and mechanisms of hydrogen, 
t r a n s f e r  during coal hydroliquefaction. Under. (1)  above, t h e  rearrangement 
and interconversion of 2 - t e t ra ly l ,  1-indanylmethyl, 2-indanylmethyl and 
1 - t e t r a l y l  and other  hydroaromatic r a d i c a l s  under condit ions . r e la ted  t o  
coal  hydroliquefaction a r e  being examined. The r e v e r s i b i l i t y ,  r e l a t i v e  ' . 

s t a b i l i t i e s  of in terconver t ing r a d i c a l s  and mechanisms of r ad ica l  rearrange- 
ments a r e  a l s o  being studied.  Under (2 )  a n d , ( 3 )  above, the  s t r u c t u r a l  
evolution of cpgl  during f l a s h  l i q w f a c t i o n  i n  hydrogen donor solvents  and 
deute urn nd C-l&abelled donor solvents  i s  being examined u t i l i z i n g  f3 9 
NMR ( C ,  H, 'H, N) and a v a r i e t y o f  a n a l y t i c a l  techniques. Under ( 2 )  
and ( 3 )  a more sophis t ica ted  view of coa l  s t r u c t u r e  and r e a c t i v i t y  i s  being 
sought. 

134. CONVERSION OF CELLULOSIC WASTES 
INTO LIQUID FUELS 

P. M. Molton 

The'purpose of t h i s  research i s  t o  determine the  reac t ion  mechanisms 
involved i n  biomass l iquefac t ion  i n  aqueous media a t  elevated temperatures. 
Because of the  complexity and v a r i a b i l i t y  of composition of "biomass", 
individual  components a r e  being considered i n i t i a l l y ,  and concentrat ion a t  
present  i s  on the  chemistry of c e l l u l o s e  l iquefact ion.  Compounds produced 
by l iquefying ce l lu lose  a t  300°C and up t o  ,2700 ps ig  a r e  being examined 
using combined GC/MS a s  the  primary t o o l .  It appears t h a t  the  cellulose-derived 
o i l  .is formed from small carbonyl compound intermediates v i a  a l d o l  condensations. 
To check this, acetone, ace to in ,  and a c r o l e i n  a r e  being reacted t o  determine i f  
t h e  same compounds a r e  produced from these intermediates a s  from cel lu lose .  To 
da te ,  t h e  r e s u l t s  confirm the theory. This work w i l l  permit p red ic t ion 'o f  
t h e  q u a l i t y  of t h e  l i q u i d  product from c e l l u l o s e  l iquefact ion.  Using the  
knowledge derived,  i t  should be poss ib le  t o  p red ic t  which reac t ion  condit ions 
w i l l  y i e l d  the h ighes t  q u a l i t y  l i q u i d  fue l .  The work w i l l  continue 'with an. 
inves t iga t ion  i n t o  the  o the r  components of biomass, i n i t i a l l y ,  l i g n i n .  
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135. FUNCTIONAL 'GROUPS OF COAL 
AND MODEL COMPOUNDS 

J. R. Morrey, G. L. Tingey, 
E. Skiens 

Total $155,000 

The purpose of t h i s  s tudy i s  t o  d i s c w e r  the  chemically important funct ional  
groups i n  coal6 and, by use of appropr ia te  well defined model compo~incls, 
ro examine the  chemistry r e l a t e d  tn  these groups. The program i s  desigrled 
t o  y i e l d  information on chemical and physical  parameters which a f f e c t  
behavior of c o a l  during conversion prwPnsPe such as smbuot ion,  l iquefac- 
t i o n ,  d i s so lu t ion ,  and gas i f i ca t ion .  Answers t o  many complex chemical 
problems r e l a t i n g  t o  the use of coal  a r e  bes t  obtained through s t u d i e s  on 
well-defined, coal- l ike polymers o r  d i s c r e t e  molecules known t o  e x i s t  i n  
coa l .  For example, an understanding of t h e  reac t ions  of n i t rogen and 
s u l f u r  funct ional  groups i n  c o a l  may be obtained by studying reac t ions  
with well defined sulfur-ni trogen polymers having coal-like s t r u c t u r e s ,  
t h e n  c o r r e l a t i n g  r e s u l t s  with reac t ions  of coal  under comparable condit ions.  
Coal, being heterogeneous and ill defined,  presents  a spec ia l  challenge 
t o  chemists t ry ing  t o  measure k i n e t i c  parameters. Thus, spec ia l  techniques 
are required and need t o  be developed. Two such techniques are being 
developed: (1) t h e  use of secondary emis ion  spectroscopy t o  monitor 1 r e a c t i o n  k i n e t i c s  i n  s m a l l  domains (%1 mm su r face ) ,  and ( 2 )  non- 
isothermal k i n e t i c  measurements. The l a t t e r  method is  being developed by 
computers i n t e r f a c i n g  t o  a molecular beam mass spectrometer which monitors 
r e a c t i o n  products from gas-solid react ions .  The physical  processes 
important i n  super -c r i t i ca l  d i s so lu t ion  of coal  a r e  a l s o  being inves t igated .  



chemical Energy 

Chemical and Instrumental Analysis Division 
P i t t sburgh  Energy Technology Center 
4800 Forbes Avenue 
P i t t sburgh ,  Pennsylvania 15213 

136. VIBRATIONAL SPECTROSCOPIC STUDIES 
OF COAL CONVERSION CATALYSTS 

F. R. Brown, L. E. Makovsky 

Tota l  $70,000 

Supported molybdena c a t a l y s t s  a r e  'important because of t h e i r  use  i n  a 
v a r i e t y  of chemical processes, including the  hydrodesulfurizat ion of 
petroleum feedstocks and coal .  The ob jec t ives  of t h i s  program a r e  t o  
a s c e r t a i n  the  s t r u c t u r a l  c h a r a c t e r i s t i c s  of supported molybdenum oxide 
and o ther  coal  conversion c a t a l y s t s  and t o  determine the  nature  of  adsorbent- 
adsorbate i n t e r a c t i o n s  on the  surface  of such c a t a l y s t s  by Raman spectroscopy. 
P a r a l l e l  s t r u c t u r a l  cha rac te r i za t ion  s t u d i e s  a r e  being performed using 
ESCA; p a r a l l e l  adsorbent-adsorbate i n t e r a c t i o n  s t u d i e s  a r e  being performed 
using in f ra red  spectroscopy. The s t r u c t u r a l  information obtained i s b e i n g  
cor re la t ed  with a c t i v i t y  measurements. 
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Total $138,000 

, .  

137. HYDR(3klETALLURGICAL PROCESSING 
. .'Re G. Bautista 

Research t h a t  can lead t o  the development of e f f i c i e n t  production proc- 
esses  f o r  obtaining s t r a t e g i c  iqdus t r ia l  metals from the i r  na tura l  ores 
and ,secondary sources is  the  main object ive  of t h i s  work. Processes f o r  
dealing with very low grade and difficult- to-process raw mater ia ls  by 
chemical so lu t ion  techniques a t  near-ambient temperature a r e  of par t i cu la r  
i n t e r e s t .  me gtudies being car r ied  but are direeeed towards dweiopment 

. o f  improved methods f o r  leaching the desired metals from the ore,  the  
separation of the metals values ,from t h e i r  impurit ies i n  solut ion,  t he  
concentration of the  metals i n  solut ion,  and t h e i r  reduction t o  high 
pur i ty .  Work i s  currpgt ly  focused o n  a model f o r  the leaching of chalco- 
p y r i t e  CuFeS2 with Fe and O2 a s  oxidants. Hqnogeneow solut ion 
phase react ions  a r e  assumed t o  be always a t  equilibrium throughout the 
dissolut ion of the  mineral. The digqociafton of3HS% and several  
complexation react ions  involving Cu , Fe , Fe a r e  incorporated 
i n  t he  model equations. A predict ive  multicomponent l iquid-l iquid extract ion 
model o r ig ina l ly  developed .for the  r a r e  ea r th  metals system is being 
applied t o  the  separation of nickel  from cobalt.  A l iqu id  f luidized 
e lectrodeposi t ion process t o  reduce low concentration copper su l f a t e  
leach l iquor  i s  cur ren t ly  being investigated.  An experimental program to  
obtain  data under well-defined conditions i s  being undertaken f o r  the 
d i f f e r en t  hydrometallurgical uni t  processes of i n t e r e s t .  
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138. SEPARATION CHEMISTRY 
J. E. 'Powell 

. ... 

This research p ro jec t  addresses bas ic  problems associated with t h e  u t i l i z a t i o n  . ,. 

and lor 'd i sposa l  of f i s s i o n  products and transuranium nuclides generated i n  
nuclear  power reactors .  It e x p l o i t s  t h e  compleximetric, ion  exchange and 
solvent  ex t rac t ion  techniques use fu l  f o r  separafdng groups of elements t h a t  
a r e  very d i f f i c u l t  t o '  resolve  by other. means. The main t h r u s t  of t h e  
research cur ren t ly  i s  toward the p a r t i t i o n i n g  o f ' a c t i n i d e  species ,  p a r t i c u l a r l y  
Am and Cm;fr?+the lanthanide  group of f i s s i o n  products; t h e  ion  exchange 
behavior of Am compared t o  lanthanide ca t ions  i n  the  presence of methyl 
subs t i tu ted  2,3-dihydroxycarboxylate anions i s  being studied.  Dihydroxy- 
carboxylate anions a r e  unique i n  t h a t  t h e i r  complexing a b i l i t y  changes from 
t r i d e n t a t e  t o  b identa te  about midway ac ross  the  lanthanide s e r i e s ,  a t  l e a s t  

. i n  the cases of 2,34ihydroxy-2-methylbutanoate and 2,3-dihydroxy-2,3-dimethyl- 
butanoateanions .  Perhaps t h i s  phenomenon w i l l  prove use fu l  i n  p a r t i t i o n i n g  
Am and heavier  ac t in ides  f rom lanthanides obtained from nuclear waste 
streams. I f  such l igands,  can be made organophilic by s u b s t i t u t i o n  of 
l a r g e r  a lky l  groups, i t ,  would appear t h a t  t h e i r  unique p roper t i e s  can be 
exploited i n  solvent  e x t r a c t i o n  a s  well  a s  i n  c a t i o n  exchange systems. 

. . 
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139. CHEMICAL SEPARATION SCIENCE . 
E. P. Horwitz, G. R. Dyrkacz, 
G. W. Mason, R. A. Uphaus, 
G. F. Vandegrift  

Total  $713,000 

This program has two major objectives.:  f i r s t ,  t o  obta in  a fundamental 
understanding of severa l  important separa t ions  processes,  and second, t o  
apply basic information i n  separa t ion science t o  the  development , o f  new 
separa t ion processes and techniques. This program spans the  separa t ion 
of substances ranging i n  dimensions from molecular t o  c o l l o i d a l  and 
p a r t i c u l a t e ,  wlth emphasis d i rec ted  primari ly t o  separa t ion methods 
p e r t i n e n t  t o  nuclear  and f o s s i l  energy technologies. Four major a reas  of 
separa t ion sc ience  a r e  being inves t igated:  (1) l iquid- l iquid  ex t rac t ion  
and l iquid- l iquid  chromatography -- new systems a r e  studied from both a 
t h e o r e t i c a l  and an applied standpoint;  ( 2 )  l iquid- l iquid  i n t e r a c t i o n  
k i n e t i c s  -- emphasis i s  placed on the  mechanisms of i n t e r f a c i a l  mass 
t r a n s f e r  and developing systems i n  which separa t ions  a r e  based on d i f f e r -  
e n t i a l  r a t e s  of ex t rac t ion ;  (3) f i e l d  flow f rac t iona t ion  -- emphasis i s  
placed on the  separa t ion of a c t i n i d e  c o l l o i d s  and the  inves t iga t ion  of 
inorganic polymers of importance i n  environmental science;  (4 )  development 
of  separa t ion techniques appl icable  t o  enriching t h e  maceral cons t i tuen t s  
of c o a l  and the  organic cons t i tuen t s  of o i l  shale .  
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Total $105,000 

140. LASER-INDUCED REACTIONS FOR 1.4 0 2-2 
ISOTOPE SEPARATION 

R. 'E. Weston 

The photochemical separation of isotopes i s  possible because atomic and 
molecular energy l w e l s  depend on atomic masses. The dif ference i n  
l w e l s  permits t he  se lec t ive  photoexcitation of a s ingle  isotopic  species,  
which e i t h e r  decomposes o r  can be removed by a chemical or physical 
process leading t o  an isotopical ly  enriched product. To provide informa- 
t i o n  bas ic  t o  l a s e r  isotope separation,  unimolecular react ions ,  bimolecular 
react ions ,  and photodissociation processes of vibrat ional ly  excited 
molecules a re  being investigated f o r  the se lec t ive  removal of photoexcited 
molecules. Currently under invest igat ion are:  ( i )  the I R  multiphoton 
dissociat ion of CF C1,  using I R  chemiluminescence from vibrat ional ly  

3 excited HC1 and HF a s  probes; and ( i i )  t he  photochemistry and photophysics 
of highly v ibra t iona l ly  excited SO . This may be one of the f i r s t  
observations of "inverse e lectronig relaxation", i n  which vibrat ional  
energx i s  converted t o  e lectronic  energy. 
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141. CYCLIC SEPARATIONS PROCESS 
RE SEARCH 

F. B. H i l l ,  9. W. Wong 

Total $141,000 

02-2 

This program consis ts  of a study of the  appl icat ion of cyc l ic  separation 
processes t o  separations problems a r i s i n g  i n  energy technology. The 
purposes of the program a r e  two-fold: t o  obtain  an understanding of the 
cha rac t e r i s t i c s  and bas i s  of operation of cyc l ic  eeparatlon ptocesoeo a s  a 
cluuu, and ro explore the  f e a s i b i l i t y  of using these processes t o  perform 
s p e c i f i c  separations of i n t e r e s t  i n  the  energy f i e l d .  The cycl ic  processes 
of i n t e r e s t  include pressure and temperature swing adsorption, parametric 
pumping, cycling zone adsorption, and various forms of preparative chromatography. 
Applications presently under study involve isotope separations of i n t e r e s t  
i n  nuclear technology, spec i f i ca l l y  tritium removal and heavy water production. 
Future work may include appl icat ions  such a s  hydrogen pur i f ica t ion ,  pol lutant  
removal from gases, and addi t ional  separations of i n t e r e s t  i n  energy 
technologies. Elements of the program include development of the  theory of 
cyc l i c  processes, measurements of equilibrium and k ine t ic  proper t ies  of 
se lected fluid-solid separation systems, measurement of the  cha rac t e r i s t i c s  
of cyc l i c  separation processes employing these systems, and process design 
and evaluation s tudies .  The work accomplished i n  t h i s  program w i l l  permit 
r a t i ona l  design and assessment of cyc l ic  separation processes and w i l l  
i den t i fy  promising methods of solut ion f o r  spec i f ic  separation problems i n  
t he  energy f i e ld .  
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142. THE FORMATION AND PROPERTIES OF 
COMPLEXES OF HELIUM AND HYDROGEN 
ISOTOPES 

R. D. Taylor 

Total  $2 5 ,'000 

The experimental p roper t i e s  and s t a b i l i t y  condit ions a r e  being inves t igated  
f o r  a newly discovered metastable bound-state formed between a noble gas  
and hydrogen. Tri t ium, the  heaviest  isotope of hydrogen, i s  rad ioac t ive  
and decays with a hal f  l i f e  of 12.3 years ,  u l t imate ly  producing a pa i r  of 
helium-3 atoms and a concomitant pressure increase  i n  a ffxed volume of 
gas.  However, a t  a temperature of about 21 K (-252O~) t h e  helium-3 
formed i n  l i q u i d  tr i t im i s  re ta ined i n  , the  l i q u i d  i n  an  amount f a r  
exceeding the  ordinary s o l u b i l i t y ,  suggesting t h a t  a metastable helium- 
tritium molecular complex i s  formed. Experiments now underway and a 
p a r a l l e l  t h e o r e t i c a l  e f f o r t  a t  Harvard a r e  aimed a t  providing d e t a i l e d  
charac te r i za t ion  and i d e n t i f i c a t i o n  of t h i s  unusual bound species.  
Experiments so f a r  have shown the  complex i s  v i r t u a l l y  s t a b l e  i n  l i q u i d  
tritium and i s  d e f i n i t e l y  uns table  i n  gaseous tritium. Preliminary 
experiments suggest s t a b i l i t y  of 'the'complex i n  the  s o l i d  phase. We 
camplex e x h i b t t s  l i t t l e ' , .  . i f  any, magnetic behavior and has an e f f e c t i v e  
vgpor pressure l e s s  than t h a t  of t h e  tritium host  l i q u i d .  Future experi- 
ments w i l l  address quest ions  of t h e  charge and traueror t -proper t ico  a o  
w e l l  a s  schemes f o r  producing the analogous molecular complexes of the  
o t h e r  i so tapes  of hydrogen and helium. 
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Total  $54,000 

143. PARTICLE INTERACTIONS: SIZE 
DISTRIBUTIONS I N  COMBUSTION 
STREAMS 

R. P. Treat  

The general. ob jec t ive  o f  t h i e  program i e  t o  Inves t iga te  the procaes of 
adhesion o r  coalescence of p a r t i c l e s  when they come i n  contact  under 
condit ions which a r e  comparable t o  those found i n  the post  combustion zone 
of a aoal  combustion stream. This process i s  s i g n i f i c a n t  i n  the  evolut ion 
of t h e  p a r t l c l e s '  s i z e  spectrum. Studies a r e  underway t o  inves t iga te  the  
coagulat ion of ae roso l s  involving i n t e r n a l  o r  ex te rna l  electromagnetic 
f o r c e s  and the  e f f e c t  of the  electromagnetic fo rces  on the p a r t i c l e  s i z e  
d i s t r i b u t i o n  i n  combustion streams. 

/ 
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144. ISOTOPE SEPARATION RESEARCH 
AND DEVELOPMENT 

W. M. Rutherford, B. E. Jepson, 
E. D. Michaels . 

Total  $664,000 

5.8 02-2 

This program i s  concerned with t h e . i n v e s t i g a t i o n  of chemical exchange and 
l i q u i d  phase thermal d i f f u s i o n  a s  techniques f o r  s t a b l e  isotope separat ion.  
The primary ob jec t ives  of t h e  chemical exchange work a r e  t o  f ind  s i g n i f i c a n t  
isotope.  e f f e c t s  i n  metal i so tope  exchange between aqueous and organic l igand 
phases and t o  develop,,closed cycle  methods of ref luxing chemical exchange 
systems with oxidat ion  s t a t e  changes between the  exchanging species.  The 
l i q u i d  thermal d i f f u s i o n  work i s  d i rec ted , ,  i n  p a r t ,  toward developing a bas ic  
understanding of the  behavior of l i q u i d  phase thermal d i f f u s i o n  columns and,  
i n  p a r t ,  toward gaining experimental information about t h e  i s o t o p i c  thermal 
d i f f u s i o n  f a c t o r  i n  the  l i q u i d  phase. The successful  development of these  
l i n e s  *of research  w i l l  l ead  t o  improved methods f o r  .separating s t a b l e  i so topes  
required f o r  physica l ,  chemical, biomedical, and energy app l i ca t ions .  

145. INVESTIGATION OF THE MECHANISMS 
OF THE REMOVAL OF RADIOACTIVE 
NUCLIDES FROM WASTE STREAMS 

G.  L. S i l v e r  

Waste water contaminated with radioelements such a s  uranium, neptunium, and 
p1utonii.m f R generated i n  commercial nuclear  f u e l  cyc les ,  by nuclear  weapons 
manufacture, radio isotope  research  f a c i l i t i e s ,  hea t  source f a b r i c a t i o n ,  and 
medical research.  Before such waste water can be returned t o  the  environment, 
i t  must be decontaminated . Although c e r t a i n  inorganic compounds can 
diminish t h e  concentra t ion  of plutonium i n  waste water t o  the  point  t h a t  
the  water is  no longer an environmental hazard, t h e  mechanism of t h e  
decontamination process i s  not  understood. The purpose of t h i s  p ro jec t  i s  
t o  s tudy the  decontamination of waste water by radioelement adsorpt ion  onto 
inorganic compounds. Several  c l a s s e s  of inorganic compounds have been 
se lec ted  for  t h i s  s tudy,  the  most promising of which appear t o  be the  
phosphates of the  a l k a l i n e  e a r t h  elements. These compounds may be used i n  
primary o r  secondary waste t reatment procedures, and do not  present  
the d i sposa l  o r  s to rage  problems associa ted  wi th  organic adsorbants  such a s  
ion  exchange res ins .  The goals  of t h i s  p r o j e c t  a r e  t o  study t h e  adsorpt ion  
process a s  a funct ion  of the  na tu re  of t h e  inorganic adsorbent compound, 
t h e  chemistry of t h e  radioelement, t h e  chemical p roper t i e s  of waste water 
which in f luence  t h e  decontamination process,  and app l i ca t ion  of t h i s  
knowledge t o  an  e f f i c i e n t ,  economical procedure f o r  t r e a t i n g  waste water 
p r i o r  t o  discharge t o  the  environment. 
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146. ATOMIC AND MOLECULAR PROPERTIES 
AND THEIR RELATIONSHIP TO 
SEPARATION PROCESSES 

W. I,. Taylor 

The o b j e c t i v e . o f  t h i s  research i s  t o  inves t iga te  the  physical  p roper t i e s  
of  i so topes  and t h e i r  mixtures. Currently,  experiments a r e  being conducted 
t o  measure the t o t a l  s c a t t e r i n g  c ross  sec t ion ,  t h e  thermal d i f fus ion  
f a c t o r ,  t h e ' d i f f u s i o n  c o e f f i c i e n t  and vapor pressure of the  permanent 
gases and t h e i r  isotopes. The r e s u l t l ~ ~ g  data  a r e  analyzed t o  probe and 
a s c e r t a i n  fundamental atomic i n t e r a c t  ions and t o  provide in£ ormat ion 
necessary f o r  thc dcs ign and o ~ r a t l o n  of isot6pe separa t ion systems. 
Total  c ross  secrlarie. have recen t ly  been measured f o r  the  Ne-,Ar system and 
a r e  present ly  underway f o r  He-Ar . A unique v e l o c i t y  s e l e c t o r  is  being 
t e s t e d  which w i l l  reduce the energy spread of the  molecular beams u s e d . i n  
t h i s  work. Thermal d i f f u s i o n  f a c t o r s  have been measured f o r  a l l  noble 
gas  i so topes  and t h e i r  binary mixtures. Ordinary d i f f u s i o n  c o e f f i c i e n t s  
have been measured f o r  the major i ty  of noble gas i so topes  and mixtures, , 
and experiments are continuing on t h e  remaining systems. Vapor pressure 

. work i s  concentrat ing on the hydrogen isotopes  using u l t r apure  deuterium 
i n  the  experiments. A new and improved i n t e r a c t i o n  po ten t i a l  f o r  helium 
atoms was recen t ly  determined and published a s  a r e s u l t  i n  pa r t  of the  
c u r r e n t  work. 
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147. PUNDAMENTAIS OF SEPARATION CHEMISTRY 
C. F. Baes, Jr., W. D. Arnold, 
F. Dowell, F. J. Hurst 

Total  $635,000 

Improved separa t ions  methods and processes f o r  recovering s t r a t e g i c  
m a t e r i a l s  a r e  being developed. I n  cooperat ion with TVA, t h e  chemistry 
r e l a t e d  t o  t h e  recovery by solvent  e x t r a c t i o n  of t h e  approximately 4,000 
tons  of uranium dissolved i n  the  phosphoric acid processed annually'  by 
the  U.S. f e r t i l i z e r  indust ry  i s  being developed. I n  another  s tudy,  
high-resolut ion pressurized ion  exchange i s  used f o r  d i f f i c u l t  separa t ions  
such a s  Co-Ni and Zr-Hf. I n  s t i l l  another s tudy,  the  complexing a b i l i t y  
of var ious  c a g e l i k e  diazopolyoxamacrocyclic molecules (cryptands) f o r  
lanthanide  ions  i s  being explored a s  a b a s i s  f o r  the separa t ion  of lanthanide  
and a c t i n i d e  elements. .Because the  complexes formed contain the  c a t i o n  
i n s i d e  the molecular c a v i t y  o r  cage, a s trong c o r r e l a t i o n  of  s t a b i l i t y  with 
s t r u c t u r e  and ca t ion  s i z e  i s  expected. F i n a l l y ,  s t a t i s t i c a l - m e c h a n i c a l  and 
thermodynamic theor ie s  f o r  l i q u i d s ,  l i q u i d  c r y s t a l s ,  and o the r  ordered 
f l u i d s  and polymers a r e  being developed. to  expla in  and p red ic t  solute-solvent  
i n t e r a c t i o n s ,  aggregation and phase separa t ion  important i n  so lvent  e x t r a c t i o n  
processes. P a r t i c u l a r  a t t e n t i o n  i s  being focused on the  e f f e c t s  of the  . . 
shapes, f  l e x i b i l i t  i e s  , and s p e c i f i c  i n t e r a c t i o n s  of mixture components. 
These t h e o r e t i c a l  and se lec ted  experimental s t u d i e s  a r e  being used t o  
p r e d i c t  behavior i n  both new and e x i s t i n g  separa t ion  processes. 

148. n o w  THROUGH POROUS BODIES 
J. S. Johnson, S.-Y. Shiao 

Fluid  flow through porous m e d i a ' i s  involved i n  such d ive r se  top ics  a s  , 

chromatographic columns, s o l u t i o n  mining, f i l t r a t i o n ,  membrane processes,  
enhanced o i l  recovery, and migrat ion of nucl ides  through geological  forma- 
t i o n s ;  t h i s  program has c a r r i e d  out  research  bearing on a l l  of these.  A t  
present ,  d i spe r s ion  i n  flow through homogeneous and non-homogeneous beds, 
both with and without d e n s i t y  and v i s c o s i t y  g r a d i e n t s ,  i s  a '  sub jec t  rece iv ing 
considerable a t t e n t i o n .  Development of the  a x i a l  f i l t e r  f o r  measurements of 
adsorpt ion  continues. This conf igura t ion  i s  comprised of a f i l t e r  mounted on 
a cyl inder  r o t a t i n g  rap id ly  i n  a chamber containing a suspension of adsorbent. ,  
Liquid i s  pumped through, and from the  change i n  concentra t ion  of adsorbate i n  
passage, d i s t r i b u t i o n  c o e f f i c i e n t s  can be computed. The method, which i s  
p a r t i c u l a r l y  use fu l  f o r  h ighly  d i s p e r s i b l e  adsorbents ,  d i f f i c u l t  t o  study i n  
columns, i s  being successful ly  extended t o  condi t ions  where adsorpt ion  isotherms 
a r e  nonlinear .  Separat ion by f i l t r a t i o n  of two substances, both dispersed i n  
l i q u i d s  a s  aggregates of l a r g e  but d i f f e r e n t  s i z e ,  i s  under inves t iga t ion .  
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149. MOLTEN SALT PROCESSES FOR 
HIGH LEVEL RADIOACTIVE WASTE 

F. J. Smith 

Radiation r e s i s t a n t  so lvent  e x t r a c t i o n  systems a r e  under inves t iga t ion  
because of t h e i r  p o t e n t i a l  app l i ca t ion  t o  shor t  cooled fue l s .  Molten 
sa l t /mol ten  metal systems appear inherent ly  favorable  from t h i s  point  of 
view and a l s o  from the  point  of view of p r o l i f c r a t i o n  res is tance .  I n  
add i t ion ,  separa t ions  a r e  being .sought t h a t  w i l l  make waste management 
e a s i e r  downstream and, where poss ib le ,  scarce  metals ,  such a s  palladium 
and rhodium, w i l l  be recovered i n  a non-rad ioac t i v e  condit ion from shor t  
-cooled f u e l s  and/or process wastes. For example, ruthenium can be 
f i r s t  separated from the  f u e l  and o t h e r . f i s s i o n  products, and, after 
appropr ia te  decay, palladium and rhodium a r e  separated from ruthenium and 
each o the r  using l i q u i d  metal. ex t rac t ion  methods. Disso1,ution of oxidic  
f u e l s  i n  molten LiC1-A1Cl mixtures and t h e  subsequent pa r t  it ioning of 3 f i s s i o n  products by e x t r a c t i o n  i n t o  l i q u i d  bismuth i s  cur ren t ly  under 
inves t igat ion.  

150. SPECTROPHOTOMETRIC STUDIES OF 
SOLUTIONS WITH ALPHA-ACTIVE 
MATERIALS 

L. M. Toth, J. T. Bell  

Actinide photochemistry i s  being inves t igated  with recent  emphasis on 
photosensi t ive  redox reac t ions  i n  aqueous solutions of p1.1itnnil.m. and 
neptunium.. Spectroscopic techniques ( including v i s i b l e ,  u l t r a v i o l e t  , 
i n f r a r e d ,  Raman, conventional and l a s e r  photochem.istry) a r e  applied t o  a 
v a r i e t y  of physical  s t a t e s  ( s o l i d ,  l i q u i d ,  polymer, gas)  and chemical 
mixtures ( so lu t ions ,  aqueous and/or organics)  . The concentrat  ions and 
natures  of species i n  q ~ z s t i n n  a r e  determined in ordei t o  d ~ ~ r t i l r c  IJIU 
b a i c  physical  chemistry of t h e  systems. Systems a r e  se lec ted  f o r  study 
on the  b a s i s  of t h e i r  pert inence t o  separat ion8 problems i n  the nuclear  
f u e l  cycle ,  waste management, and t h e  environment. For example, i f  the 
reducLlon of Pu can be done plio~uchemicaily I d  f u e l  reprocessing,  the  
waste management problem may be  .eas ier  t o  handle than i f  a m e t a l l i c  
reductant  is added which i t s e l f  then adds t o  the  waste. 
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1 5 1. SEPARATIONS SYSTEMS RE SEARCH 
C. F. Coleman, W. J. McDowell 

Total  $1,650,000 

This research  i s  concerned with the  o r ig ina t ion ,  improvement, and inves t i -  
ga t ion  of chemical sepa ra t ions  i n  producing and u t i l i z i n g  energy from both 
nuclear  and non-nuclear sources. Solvent e x t r a c t i o n  and ion  exchange 
procedures a r e  emphasized. New, p o t e n t i a l l y  use fu l  separa t ions  agents  a r e  

'o r ig inated  o r  acquired,  t h e i r  e f fec t iveness  i s  examined, and t h e i r  chemical 
c h a r a c t e r i s t i c s  and behavior a r e  inves t iga ted .  The desc r ip t ive  chemistry 
associa ted  wi th  promising reagents  i s  compiled and i n t e r p r e t e d ,  wi th  
recommendations made f o r  process appl ica t ions .  The problem a r e a s  t o  which 
t h i s  separa t ions  chemistry research  apply a r e  the  nuclear  f u e l  cyc le  ( o r e ,  
spent  f u e l s ,  wastes) ,  c o a l  technology, and resource recovery. Separat ions 
being studied inc lude  metal ions  ( U ,  Th, Po, a c t i n i d e s ,  a l k a l i  meta ls ,  
a l k a l i n e  e a r t h s ,  A l ,  Fe),  weak and unusual a c i d s  ( a c e t i c ,  formic, th iocyanic ,  
phenols) ,  and organic molecules such a s  alcohols .  Reagents being studied 
inc lude  a l k y l  amines; alkyl-phosphates, -phosphine oxides,  and -phosphoric 
ac ids ;  s u l f o n i c  ac ids ;  carbamoylmethyl phosphonates; and crown e the r s .  A 
computer-searchable da ta  base r e l a t i n g  t o  t h i s  work i s  being col lec ted  and 
maintained.. 

152. CHEMICAL, ENGINERING RESEARCH 
S. D. Clinton,  B. R. Rodgers 

This program inves t iga tes  fundamental chemical engineering problems involved 
i n  energy production and u t i l i z a t i o n .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  
inves t iga t ion  of new engineering concepts o r  unique u n i t  opera t ions  which 
r e l a t e  t o  the  u t i l i z a t i o n  of advanced energy sources,  the  recovery of 
important resource ma te r i a l s ,  and the  environmental con t ro l  of waste 
streams. An improved r o t a t i n g  annular chromatograph t o  continuously 
separa te  components of a multicomponent system with a r e l a t i v e l y  high 
throughput i s  used t o  produce more e f f i c i e n t  sepa ra t ions  and improved 
chromatograph performance. Aggregation processes i n  so l id- l iquid  suspensions 
a r e  s tudied  t o  de r ive  a mechanism f o r  s o l i d s  agglomeration i n  coal-derived 
l i q u i d s .  Scouting experiments on high temperature s lagging processes f o r  / 
pur i fy ing metals  a r e  c a r r i e d  out.  Mass t r a n s f e r  r a t e s  i n t o  the  s l a g  a r e  

1 

simulated using a gas-sparged, mercury-water contac tor  system operat ing a t  
room temperature. Novel r e a c t o r s  f o r  rapid  heterogeneous reac t ions  .such a s  
those which can occur i n  coa l  g a s i f i c a t i o n  and llquefacticjil  processes are 

' ,, . . s tudied  . . . 
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1 53. FUNDAMENTAL CONCEPTS FOR RE SOURCE 
RECOVERY 

A. D. Kelmers, R. M. Canon 

This program i n v e s t i g a t e s  chemical concepts f o r  recovering useful  resources 
from energy and i n d u s t r i a l  wastes,  low-grade o r e s ,  and t a i l i n g s  from mining 
operat ions.  Metal va lues  a r e  recovered 'from wastes produced by c o a l  
u t i l i z a t i o n ,  e spec ia l ly  f l y  a s h  and coal  conversion ash. Ashes are 
p o t e n t i a l l y  important sources of aluminum, i ron ,  and' t i tanium and could 
reduce our dependence upon imported aluminum. and t i tanium ores r a t h e r  than 
c r e a t e  s i g n i f i c a n t  d i sposa l  problems which could become espec ia l ly  acute 
wlth implementation of t h e  Resource Cnn~erva t ion  and Reaovcry A e t r  Chemical 
techniques a t e  s tudied f o r  recovering these mate r i a l s  and f o r  removing 
hazardous metals  which may hamper d isposal  of the  a s h  o r  process residue. 
P o t e n t i a l l y  marketable t r a c e  metals  a r e  iden t i f i ed .  Extract ion of mineral  
va lues  from processing res idues  and wastes provides an  important source of 
severa l  meta ls ,  reduces environmental problems associa ted '  with d i sposa l  of 
t h e  waste, reduces requirements f o r  f r e s h  o r e s ,  conserves energy, and 
reduces the U . S. dependence upon fo re ign  minerals.  

154. WASTE STEAM PROCESSING STUDIES 
M. H. Lloyd 

This research provides basic ~11ppntt to nuclear  f uc l  reprocessiug In t h e  
a r e a  of l o s s  mechanisms f o r  plutonium i n t o  waste streams. Plutonium 
complexes a s  well a s  insoluble  molybdates which incorporate plutonium a r e  
i d e n t i f i e d .  The na tu re  of plutonium polymer i s  a l s o  elucidated.  Spectro- 
photometric analyses  of plutonium complexes i n  so lu t ions  of t r i b u t y l  
phosphate i n  n-dodecane are made. Complexation of r a d i o l y t i c  decomposition 
products of t r i b u t y l  phosphate a s  w e l l  a s  i t s  hydrolys is  products with 
plutonium a r e  studied.  The r e l a t i v e  s t r eng ths  of plutonium, uranium , 
zirconium and thorium complexes with monobutyl and dibutyl  phosphates are 
determined. Formation r a t e s  a s  funct ions  of n i t r i c  acid and m e t a l  concentra- 
t i o n s  as well  a s  temperature a r e  studied during prepara t ion of inso lub le  
molybdates carrying pl i~tonium. X-ray powder pa t t e rns  are uecd t o  identify 
and character ize  molybdate compounds t h a t  p r e c i p i t a t e  from solut ion.  
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155. CHEMISTRY OF SELECTED FISSION 
PRODUCT ELEMENTS 

J. C. Mailen 

The major ob jec t ive  of t h i s  program is  t o  ob ta in  bas ic  chemical d a t a  f o r  
p o t e n t i a l  app l i ca t ion  t o  nuclear  f u e l  cycle  processes. A c t i v i t i e s ' i n c l u d e  
k i n e t i c  s t u d i e s  of the  r a t e s  of solvent  ex t rac t ion  of thorium and of 
zirconium a s  well a s  o ther  f i s s i o n  products. These d a t a  a r e  used t o  
e luc ida te  t h e  mechanisms of  ex t rac t ion  from which t h e  separa t ion performances 
using f a s t  contactors  a r e  predicted.  L i t e r a t u r e  reviews of t h e  chemistry ' 

of  ruthenium and zirconium i n  the  Purex process a r e  compiled. Laboratory 
a tudiea  of the  aqueous n i t r a t e  chemistr ies of f i s s i o n  products y ie ld  . 

information t h a t  is  used t o  explain both the  k i n e t i c  behavior f o r  zirconium 
and the  equil ibrium behavior during solvent  e x t r a c t i o n  i n  the  case of both 
zirconium and ruthenium. Spectrographic methods f o r  monitoring ' react ions 
of ruthenium species  a r e  being developed. Other s t u d i e s  inc lude t h e  
i d e n t i f i c a t i o n  and e luc ida t ion  of the  behavior of n i t r o s y l - n i t r a t o ,  chloro, 
and b i s u l f i t e  complexes of ruthenium. 

156. TRITIUM SEPARATION TECHNOIDGY 2.1 02-2 
J. B. Talbot,  P. W. Fisher 

This '  prog;'im obta ins  fundamental information on separa t ion of tritium from ' 
mater ia la  p~opoacd f o r  uee i n  f i s s i o n  or  fus ion r e a c t o r s .  Recovety nf 
t r i t i u m  from l i q u i d  l i t h i m ,  t h e  most promising mate r i a l  f o r  fus ion reac to r  
b lanke t s ,  is being studied using s o l i d  yt tr ium sorbents. The t r i t i u m  
recovery method must be p a r t i c u l a r l y  e f f i c i e n t  t o  maintain a s u f f i c i e n t l y  
low inventory of r es idua l  tritium i n  the  blanket.  Results show t h a t  
yt tr ium eorhante can remove tritium from li thium a t  rates s u f f i c i e n t l y  f a s t  
t o  meet process requirements. A small flowing l i th ium loop i s  used t o  
evaluate  q u a n t i t a t i v e l y  l i q u i d  and s o l i d  mass t r a n s f e r  r e s i s t ance  i n  t h e  
so rp t ion  process. Studies a r e  ca r r i ed  ou t  on thermal regenerat ion of 
yt tr ium sorbents. Equ i l ib r i a  sorpt ion isotherms f o r  hydrogen isotopes  and 
helium on molecular s i eves  ( types  5A, 13X,'and Nay) a t  temperatures down t o  
4.2K are measured. These da ta  a r e  important i.n vacuum pum'ping and f u e l  
p u r i f i c a t i o n  techniques f o r  fusion. energy. 
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1 57 . ANALYTICAL SPECTROSCOPY 6.35 0 2-3 
V.  Fassel ,  R. Kniseley i 

A. D'Silva, W. Haas 

I n  t h i s  project ,  part , icular emphasis i s  plsced 011 the development of 
-basic science, the  ' inves t iga t ive  methods , and the h a r d k r e  so ' that '  t r a c e  
and u l t r a t r ace . i ao rgan ic  and organic cons t i tu ten ts  may be'characterized and . 
quant i ta ted i n  a p rac t ica l  manner. The major e f f o r t  is devoted - t o  the  ' 

systematic observation of spectroscopic phenomena and t o  the development of 
new ana ly t ica l  concepts t h a t  o f f e r  promise of solping the  s ingular ly  
d i f f i c u l t  ana ly t ica l  problems tha t  e i t h e r  ex i s t  now o r  a r e  l i k e l y  t o  a r i s e  
, i n  the  various f i e l d s  of en=rgy generation, the  conversion of coal  t o  
l i qu id  and gaseous fue l s ,  so l i d  s t a t e  materials  research, environmental 
pol lut ion,  and i n  the biomedical-nutritional sciences. Presently,  .emphasis + 

i s  being' placed on: ( a )  the  further.development and refinement of .inductively- 
coupled and other plasmas a s  vaporization-atomization-excitation ionizat ion 
sources f o r  ana ly t ica l  atomic emission and fluorescence spectroscopy; 
(b) the ana ly t ica l  appl icat ions  of highly se lec t ive  energy t ransfe r  
processes from X-ray beams t o  t r ace  ac t iva tors  i n  so l id  s t a t e  mater ia ls  and 
from metastable gaseous species t o  t race  inorganic o r  organic species; (c )  
pho toacoust i c  spectroscopy of condensed matter, especial ly  optical .  materials ,  
and so l a r  conversion and energy conservation materials  ; and (d) ' appl icat  ion 
of new developments emerging from (a) t o  (c )  t o  c r i t i c a l  unsolved problems 
i n  ana ly t ica l  character izat ion and quanti tat ion.  
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1 58. ANALYTICAL SEPARATIONS 
J. S. F r i t z  

The primary ob jec t ive  of t h i s  research  i s  t o  develop innovative meth- 
ods of separa t ion  and chemical analys is .  A unique and e f f e c t i v e  system f o r  
sepa ra t ion  and measurement of anions i n  aqueous samples i s  being developed. 
The most e s s e n t i a l  p a r t s  of the  new system a r e  an  anion exchange column f o r  
separa t ion  and a conductance detec tor .  Success i s  achieved by two p r i n c i p a l  
innovations:  (1) use of new, low-capacity anion-exchange r e s i n  developed by 
t h i s  group, and ( 2 )  use of  an  e luen t  having a very low conductance, Many 
successful  separa t ions  have.been obtained with samples containing anions of 
very low concentra t ions ,  and the  a p p l i c a b i l i t y  t o  a n a l y s i s  of r e a l  samples 
i s  being proven. Other work i n  progress .concerns development of a 'method 
f o r  determination of organic p o l l u t a n t s  i n  water ,  and i n  synthesizing new 
r e s i n s  f o r  removal of poisonous o r  valuable metal  ions  from aqueous s o l u t i o n s .  
The method f o r  analyzing organic p o l l u t a n t s  solves most of t h e  e x i s t i n g  
water sampling problems and permits concentra t ion  and ana lys i s  of p o l l u t a n t s  
presepf i n  water a t  concentrati ,ons a s  low a s  0.01 ppb (one p a r t  p o l l u t a n t  
i n  10, p a r t s  of water).  It uses a small ,  d isposable  r e s i n  tube f o r  sampling 
followed by thermal desorption of the  concentrated organic p o l l u t a n t s  
i n t o  a gas chromatograph. 

159. ANALYTICAL MASS SPECTROSCOPY 3.21 02-3 
H. J. Svec, R. Conzemius, 
G. Junk 

This program concerns the  f u r t h e r  development and refinement of a laser-mass 
spectrometer probe capable of s p a t i a l  r e s o l u t i o n  t o  % 2 5  v m with t r a c e  l e v e l  
a n a l y t i c a l  s e n s i t i v i t j f .  Tests wlch Lwu NBS brasses and onc NBS ofee l  
i n d i c a t e  a n a l y t i c a l  r e s u l t s  f o r  2 1  elements i n  the  two m e t a l l i c  matr ices  i n  
good agreement with va lues  c e r t i f i e d  by t h e  NBS. The r e s u l t s  a l s o  confirm 
suspic ions  t h a t  a r s e n i c  i s  inhomogeneously d i s t r i b u t e d  i n  the  s t e e l  sample. 
The probe g ives  exce l l en t  a n a l y t i c a l  results when t e s t e d  with rocks containing 
small  g r a i n s  of f e l d s p a r s ,  micas, and s i l i c a ,  demonstrating d i s t i n c t  d i f f e r e n c e s  
i n  elemental  composition i n  var ious  g ra ins .  Another i n t e r e s t i n g  a n a l y s i s  i s  
t h a t  of 20 um l a y e r s  of s i l i c o n  deposi ted on sapphire.  F i r s t  the  s i l i c o n  i s  
analyzed l a y e r  by l a y e r  and then t h e  sapphire. When photographic ion  de tec t ion  
i s  used i n  these  t e s t s ,  complete per iodic  t a b l e  coverage a t  sub parts-per- 
mi l l ion  l e v e l s  i s  obtained. Another p ro jec t  concerns a separa t ion  scheme f o r  
complex organic mixtures. Mixtures of s t rong  and weak a c i d s ,  aldehydes,  
ke tones ,  and non-polar and polar  compounds a r e  separated and these  f r a c t i o n s  
a r e  subjected t o  f u r t h e r  sepa ra t ion  v i a  gas chromatography and/or l i q u i d  , 
chromatography. I d e n t i f i c a t i o n s  a r e  made using mass spectrometry and a l l i e d  
instrumental  techniques. The scheme works well  with a mixture of  50 s e l e c t e d  
compounds each a t  t h e  10 ppm l e v e l  and i s  being t e s t e d  f u r t h e r  with r e a l  
samples from f o s s i l  f u e l s .  
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160. ACTIVATION ANALYS IS 
A. F. Voigt 

Several  approaches have been t r i e d  toward t h e  use of prompt gamma rays  
from neutron capture  f o r  on-line monitoring, p a r t i c u l a r l y  of coal  f o r  
i t s  s u l f u r  content .  I n  previous systems f a s t  neutrons from t h e  spon- 
taneous f i s s i o n . o f  californium-252 have been used d i r e c t l y ,  and the  
t a r g e t  ma te r i a l ,  c o a l ,  has  served' as moderator a s  well  a s  analyte.  I n  
the  cur ren t  work an ex te rna l  moderator, zirconium hydride, is  placed 
beeween the neutron source and t h e  t a r g e t .  Several d i f f e r e n t  place- 
ments of a 5mg Cf source, t a r g e t  ma te r i a l ,  sh ie ld ing and de tec to r  have 
been t r i e d  but no s a t i s f a c t o r y  response wan nhtnlncd. Shielding mo- 
t e r i a l  s u f f i c i e n t  t o  reduce t h e  background r a d i a t i o n  from the source, 
Cf f i s s i o n  product gamma rays ,  t o  acceptable l e v e l s  a l s o  reduced the  

. . s i g n a l  from the t a r g e t  ma te r i a l  t o  l e v e l s  too  low t o  be useful .  No 
arrangement of shie ld ing thickness and source and de tec to r  d i s t ances  
was found t o  g ive  favorable r e s u l t s .  The use of a l a r g e  source and 
e x t e r n a l  moderation does not  appear t o  improve on the previous arrangements. 

1 61 . LASERS I N  ANALYTICAL CHEMI S'GRY 
E. S. Yeung 

With t h e  projected increase  i n  the  use of c o a l  and other  f o s s i l  f u e l s  
the emission of var ious  forms of po l lu tan t s  i n t o  t h e  environment can 
become a se r ious  problem. The need f o r  s e n s i t i v e ,  s e l e c t i v e ,  and r e l i a b l e  
monitoring methods f o r  these  p o l l u t a n t s  therefore  a l s o  increases.  
Several  l a s e r  a n a l y t i c a l  techniques are being developed so t h a t  one can 
ga in  some unique i n s i g h t s  i n t o  the  production and the  t r anspor t  of t r a c e  
elements, organics ,  and gaseous po l lu tan t s  r e s u l t i n g  from f o s s i l  f u e l  
u t i l i z a t i o n .  Emphasis i s  on (1)  atomic emission and atomic fluorescence 
s t u d i e s  on the d i s p o s i t i o n  of t r a c e  elements; (2)  l i q u i d  chromatographic 
determination of organic po l lu tan t s  using more s e l e c t i v e  de tec to r s ;  ( 3 )  
inverse  Raman e x c i t a t i o n  and acous t i c  de tec t ion  of t r a c e  gases; (4)  t i m e -  
synchronous Raman spectroscopy a s  a remote monitor in* '-001 f o r  combust ion 
chamhers; (5)  s t u d i e s  of opcct ra l  In ter ference  ILI lu:.&-path i n f r a r e d  
absorption and in f ra red  photoacoustic measurements of gaseous p o l l u t a n t s  
with t h e  hope of e l iminat ing such In te r fe rences ;  (6) evaluat ion of p r a c t i c a l  
po l lu t ion  monitoring instruments based on l a s e r s  a t  r ep resen ta t ive  po l lu t ion  
sources , including smokestacks and automobile exhausts . 
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162. RADIOACTIVE ISOTOPES AND NUCLEAR 
TECHNIQUES AS ANALYTICAL TOOLS 
FOR BIOLOGICAL PROBLEMS 

A. M. Friedman 

These s t u d i e s ,  i n  co l l abora t ion  with f a c u l t y  members a t  Governors 'S ta te  
Universi ty,  have concentrated on the  development of techniques using 
rad ioac t ive  s u l f u r  compounds, which w i l l  help de l inea te  the  pathway and 
mechanisms of t h e  uptake of s u l f u r  i n t o  peat .  A longer term ob jec t ive  i s  
gaining understanding o f . t h e  pathway f o r  incorporat ion of s u l f u r  i n t o  coal .  , 

Methods of preparing the  rad ioac t ive  su l fu r  compounds i n  pure form,. introduc- 
ing  quan t i t a t ive  amounts of these  compounds i n t o  l i v i n g  peat samples, and 
separa t ing and quantifying the  amount of r ad ioac t ive  su l fu r  i n  each peat  
chemical f r a c t i o n  have been developed. These techniques have now been 
shown t o  be useful  and ' reproducible  and have been u t i l i z e d  t o  show t h a t  
elemental s u l f u r ,  amino acid  and inorganic s u l f a t e s  a r e  a l l  used by t h e  
peat and a r e  converted i n t o  compounds which include s u l f a t e  esters, organic 
s u l f u r  f r a c t i o n s ,  and ac id  f rac t ions .  It i s  hoped t h a t  a knowledge of 
the  eventual  chemical f a t e  of these  s u l f u r  containing f r a c t i o n s  may 
l ead  t o  improved methods f o r  the  desu l fu ra t ion  of coal .  



Chemistry Division,  ANL, continued 

163. STUDY OF ATMOSPHERIC TRACE 
GASES ,BY MASS SPECTROMETRY 

C. M.  Stevens 

The major ob jec t ive  of t h i s  program is t o  determine the  sources and 
production r a t e s  of atmospheric CO on a g lobal  s c a l e  by means of i so-  
top ic  d i s t r i b u t i o n  measurements. Anofher very important ob jec t ive  of t h i s  
work i s  t h e  determination of the  atmospheric concentrat ion of the  OH 
r a d i c a l  and any changes i n  t h i s  key species  over the  l a s t  decade. These 
s t u d i e s  of atmospheric CO produce what may be the  only e x i s t i n g  da ta  f o r  
determining whether the  concentra t ion  of OH has  decreased over the  pas t  
decade due t o  t h e  inc reas ing  amounts of p o l l u t a n t  t r a c e  gases. Since OH i s  
t h e  p r inc ipa l  scavenger of almost a l l  po l lu tan t s  such a s  CO, SO and 
NOx, any s i g n i f i c a n t  reduct ion  i n  i ts  concentra t ion  would r e s u l 6  i n  
increased res idence  times and higher concentra t ions  of these  p o l l u t a n t  
gases  with poss ib le  long-range d e l e t e r i o u s  e f f e c t s  on a g r i c u l t u r e ,  hea l th  
and c l imate .  Since the  atmospheric methane cyc le  i s  r e l a t e d  t o  the  atmospheric 
CO and OH c y c l e s ,  another  phase of t h e  experimental program i s  t o  determine 
the  sources and production r a t e s  of t h i s  t r a c e  gas more accura te ly .  The 
determination of carbon-14 i n  atmospheric CO i s  a long-range objec t ive .  
Such determinations w i l l  g ive  an  independent measure of t h e  production 
r a t e  of nfbura l  CO from the  i so top ic  d i l u t i o n  e f f e c t  on cosmogenically- 
produced CO. 

164. ANALYTICAL DEVELOPMENTS I N  MASS 
SPECTROMETRY-CHROMATOGRAPIIY AND 
SUPPORTING SYSTEMS 

M. H. S tud ie r ,  R. Hayatsu, 
R. E. Wlnans 

Instruments,  procedures, and da ta  handling techniques f o r  the  a n a l y s i s  . 

of very complex organic systems a r e  being developed and improved. The 
primary emphasis i s  on the  c h a r a c t e r i z a t i o n  of the  s t r u c t u r a l  f e a t u r e s  
of  f o s s i l  f u e l s  and t h e i i  conversion products ,  e s p e c i a l l y  the  macromolecular 
components; some problems i n  f o s s i l  energy research  a r e  so  complex t h a t  they 
t a x  the  most soghiaticaterl a n a l y t i c a l  systemo. I n s t r m e n t a t i o u  reqolred f o r  
photosynthesis ,  c a t a l y s i s ,  and separa t ion  research  programs i s  a l s o  being 
developed. These programs have a continuing need f o r  new instruments and 
chemical procedures and f o r  improvements i n  t h e . e f f i c i e n c y  of c o l l e c t i o n  and 
i n t e r p r e t a t i o n  of p e r t i n e n t  da ta .  These opera t ions  a r e  unique i n  t h a t  a 
v a r i e t y  of sepa ra t ions  and d iagnost ic  techniques have been coupled t o  extreme- 
l y  s e n s i t i v e  mass spectrometers.  As a complement t o  the  mass spectrometers ,  
t h i s  program u t i l i z e s  a microwave plasma emission spectrometer,  i n t e r faced  t o  
a gas chromatograph, which q u a n t i t a t i v e l y  and simultaneously measures carbon, 
hydrogen, deuterium, oxygen, n i t rogen ,  s u l f u r ,  ch lo r ine  and f l u o r i n e  with h igh , 

s e n s i t i v i t y .  This new instrument i s  proving t o  be useful  i n  i d e n t i f y l w  
compounds .containing heteroatoms and i n  deuterium labe l ing  experiments. 
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1 65. APPLICATIONS OF NUCLEAR METHODS 
TO ANALYSIS 

G. Harbott le ,  E. V. Sayre, 
R. W. Stoenner 

Tota l  $220,000 

The bas ic  t h r u s t  of t h i s  program i s  t o  extend and improve nuclear  methods 
of elemental ana lys i s ,  p a r t i c u l a r l y  those methods which permit t h e  determina- 
t ion of many components ( including t r a c e  impur i t i e s )  quickly  and e f f i c i e n t l y  , 
and t o  develop methods of computer-based mul t iva r i a t e  s t a t i s t i c a l  a n a l y s i s  
which w i l l  permit t h e  e f f i c i e n t  and e f f e c t i v e  a n a l y s i s  of l a r g e  asemblages 
of such a n a l y t i c a l  da ta .  These methods a r e  being applied t o  a wide vaq ie ty  
of ma te r i a l s  f o r  which geographic o r i g i n s  a r e  of s i g n i f i c a n t  i n t e r e s t ,  o r  
f o r  which the  sources of environmental po l lu t ion  t h a t  have a f fec ted  the  
t r a c e  impurity p a t t e r n  of the  ma te r i a l s  analyzed a r e  a matter  of concern. 
Spec i f i c  examples of these  inves t iga t ions  range from the  determination 
of 38 chemical elements i n  pine needles from l i v i n g  t r e e s ,  t h e  concentra- 
t i o n  l e v e l s  of which have been found t o  be  i n d i c a t o r s  of the  ambient l e v e l s  
of a i r  po l lu t ion ,  t o  the  c o r r e l a t i o n  of t r a c e  impuri ty p a t t e r n s  with 
geographic o r i g i n  i n  meta ls ,  c l a y s ,  and o the r  minerals  and i n  man-made 
a r t i f a c t s  f ab r i ca ted  from these  mater ia ls .  Improved da t ing  techniques by 
thermoluminescence, l ead  210, and carbon 14 a r e  being inves t iga ted  and 
appl ied  t o  a v a r i e t y  of problems: thermoluminescence a s  an ind ica to r  of 
geographic o r i g i n s  and a s  a mineral resources prospecting method; lead-210 
methods t o  study lead  uptake from the  atmosphere and t o  d i f f e r e n t i a t e  
between i t s  in t roduct ion  i n t o  the  atmosphere, e i t h e r  n a t u r a l l y  o r  a r t i f i c i a l l y ;  

f and carbon-14 da t ing  f o r  a n a l y s i s  of samples a s  small  a s  10 mg. 
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1 66. TRACE ELEMENT ANALYS IS USING 
SYNCHROTRON RADIATION 

B. Gordon, M. Hillman 

Tota l  $157,000 - 

This p ro jec t  has a s  i t s  goal  the  development of a n  x-ray f luorescence 
system fo r  multielemenral t r a c e  ana lys i s  using synchrotron rad ia t ion  
from the National Synchrotron Light Sourcc (NSLS) . The proper t i e s  of . 
synchru l;rut~ radiation--a continuous tunable spectrum, h i g h  I n t c n s i t y  
and col l imat ion,  highly polar ized,  and low r a d i a t i o n  damage-make 'poss ib le  
a n  x-ray microprobe with one micrometer spg?tial reso11iti.nn a.nd s c n s i t i v i t e a  
i n  t h e  p a r t  per m i l ~ i o n , c o n c e n t r a t . i o n  range i n  s o l i d  samples. Calculat ions 
have been i n i t i a t e d  t o  study beam demagnification techniques t o  ob ta in  t h e  
h ighes t  microprobe beam f luxes  poss ib le  i n  the  energy, range of i n t e r e s t .  
These ray-tracing.calculations t ake  i n t o  account the  s t r u c t u r e  of the  NSLS 
s to red  e lec t ron  beam which emits t h e  synchrotron rad ia t ion .  Calculat ions 
of s e n s i t i v i t i e s  using synchrotron r a d i a t i o n  f o r  bulk sample analyses using 

\ a s o l i d  s t a t e  de tec to r  have been completed. These c a l c u l a t i o n s  i n d i c a t e  
that use of t h e  tuning fea tu res  of synchrotron r a d i a t i o n  and t h e  reduction 
of background counts using polarized r a d i a t i o n  al lows determination of 
most t r a c e  elements a t  t h e  50 t o  100 p a r t s  per b i l l i o n  concentrat ion 
l e v e l  with one minute i r r a d i a t i o n s .  S e n s i t i v i t y  c a l c u l a t i o n s  a r e  being 
extended t o  inc lude the  use of c r y s t a l  spectrometer de tec t ion  systems. 

. Since the  NSLS i s  t o  be a na t iona l  users '  f a c i l i t y ,  considerable e f f o r t  has 
gone i n t o  establishment of a users '  ~ r g a n i z a t i a n  whirh d-3.1 be rasponoiblc 
f o r  opera t ion of the  x-ray f luorescence program. 



Department of Energy and Environment, BNL, continued 

167. DETERMINATION OF FRAGILE MOUCULES 2.6 
I N  THE ENVIRONMENT 

R. Tanner 

This research p ro jec t  has  t h e  long-term goal' qf. devising and developing 
fundamentally new a n a l y t i c a l  methods which a r e  s u f f i c i e n t l y  s e n s i t i v e  and 
s e l e c t i v e  t o  determine t r a c e s  of ' p o t e n t i a l l y  r e a c t i v e  substances i n  the  
environment. The fundamental approach i s  the  use of der ivat iza t ion-  
chromatographic separat ion-select ive de tec t ion  techniques. Development of a 

; method f o r  the  detec t ion of nanogram q u a n t i t i e s  of n i t r a t e  i n  a v a r i e t y  of 
environmental samples by nitro-derivatization-GC has been e s s e n t i a l l y  

i completed. A new technique f o r  t h e  determination of atmospheric l e v e l s  of 
ammonia and primary amines i s  being developed, based on f luorescent  de r iva t i -  
za t ion  with o-phthalaldehyde. Optimization of a continuous ana lys i s  system 
f o r  ammonia i s  well advanced 'and the incorporat ion of a gaseous scrubber of 
known, reproducible e f f i c i ency  i n  the  ana lys i s  system i s  i n  progress. 
Preliminary s tud ies  on the determination of a c i d i c  s u l f u r  compounds by ' . 

methylat ion-GC with flame photometric de tec t ion  and  o f .  t r a c e  carboxylic 
a c i d s  by ion pa i r  e x t r a c t i o n  and d e r i v a t i z a t i o n  with an  electron-capture 
s e n s i t i v e  alcohol have begun. 

\ 



Analysis  

Physics Department 
Brookhaven National Laboratory 
Upton, New York 11973 

168. DEVELOPMENT AND APPLICATIONS OF 
NUCLEAR PARTICLE MICROSCOPY 

K.. W. Jones,  H. Kraner 

Tota l  $125,000 

The methods of nuclear  and atomic phyeics a r e  used t o  develop and apply 
' techniques f o r  t h e  q u a n t i t a t i v e  measurement and p rec i se  s p a t i a l '  l o c a l i -  

z a t i o n  of s t a b l e  i so topes .  P a r t i c l e  beams from a 3.5 MV Van de  Graaf f , 
MP Tandem Van d e  Graaff f a c i l i t y  and high f l u x  reac to r  a r e  used t o  i d e n t i f y  

. . 
i so topes  through production of unique atomic and nuclear  s ignatures  and 
inc lude  t h e  use o f  proton induced x-ray f luorescence,  Rutherford backscat ter ing ,  
and. nuclear  r eac t ions .  S p a t i a l  l o c a l i z a t i o n  i s  achieved by use of p a r t i c l e  
microbeams of pos i t ion- sens i t ive  de tec to r s .  For example, ferntogram q u a n t i t i e s  
o f  deuterium can be determined with a s p a t i a l  r e so lu t ion  of 20 urn by use  of 
t h e  D(t ,a)n r eac t ion  and a p l a s t i c  t r a c k  de tec to r .  Typical co l l abora t ive  
work i n  progress inc ludes  s t u d i e s  of the  gene t i c  e f f e c t s  a r i s i n g  from 
exposure t o  t r i t i u m  a t  low concentra t ions ,  amounts of t r a c e  and minor 
elements contained i n  c o a l  and f l y  a sh ,  d i f f u s i o n  of heavy metals  i n  
g r a p h i t e  a t  high temperatures,  e f f e c t s  of che la t ion  therapy on t r a c e  
elements i n  bone, and the  d i s t r i b u t i o n  of z inc  and copper i n  var ious  
types  of .bone and c a r t i l a g e .  
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1 69. CHEMICAL ANALYS IS 
R. Clem 

Total  $108,000 . 

The o v e r a l l  goal of t h i s  program i s  the  development of a t r a c e  element 
methodology t h a t  can rou t ine ly  be used i n  energy-related research.  
Exploratory s t u d i e s  a r e  undertaken t o  point  t h e  way toward poss ib le  
app l i ca t ions  of t h i s  methodology. Trace multi-element X-ray f luores-  
cence a n a l y t i c a l  techniques a r e  being developed. Present ly  up t o  f o r t y  two 
elements a r e  determined i n  a v a r i e t y  of samples, inc luding raw and spent 
o i l  s h a l e s ,  sha le  o i l s ,  o i l  sha le  r e t o r t  waters ,  i n d u s t r i a l  waste l i q u i d s ,  
c o a l ,  and i n d u s t r i a l  s o l i d  wastes. Improved s e n s i t i v i t e s  f o r  a broader 
range of sample types  w i l l  be obtained. E lec t roana ly t i ca l  techniques a r e  
being developed f o r  use i n  energy-related research.  Ozone, i n  conjunction 
with UV i r r a d i a t i o n ,  i s  being assessed a s  a means t o  des t roy  organic  matter 
i n  o i l - sha le  r e t o r t  waters ,  p r i o r  t o  t r a c e  metals  a n a l y s i s .  Chemically 
modified g lassy  carbon su r faces ,  on which quar ternary  ammonium bases a r e  
synthesized,  a r e  used f o r  t r a c e  determination of metal chloro-anions. 
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1 70 .ION MICROPROBE MASS ANALYZER 
R/D: SURFACE CHARACTWIZATION 

W. H. C h r i s t i e ,  R. J. Warmack 
R. W. S te lzner ,  R. E. Eby 

Total  $1,004,000 
. . 

The o v e r a l l  ob jec t ives  of t h i s  program a r e  t o  develop state-of-the-art 
methods f o r  acquir ing,  processing,  and quantifying secondary ion  mass 
spect rometr ic  data ,  and demonstrate the  app l i cabf l , i ty  of SIMS t o  the  so lu t ion  
of s u r f a c e  a n a l y t i c a l  problems i n  on-going DOE research programs. A v a r i e t y  

. , o f  q u a n t i f i c a t i o n  methods a r e  being inves t igated .  Rela t ive  s e n s i t i v i t y  
f a c t o r s  indexed by a matrix i o n  species  r a t i o  a r e  being explored i n  conjunct- 
i o n  with oxygen f looding techniques t o  quant i fy  ion  y ie lds  from oxid izable  
metal surfaces .  Ion implantat ion standards a r e  being used a s  a means of study- 
ing  the  way chemical e f f e c t s  a l t e r  i o n  yie lds .  A cesium ion source i s  being 
developed. f o r  use with t e microprobe. The source cur ren t ly  develops cur ren t  h 2 d e n s i t i e s  i n  t h e  1 ma/cm range and work i s  underway t o  . increase t h i s  t o  10 ma/cm . 
This  source w i l l  provide a means f o r  s i g n i f i c a n t l y  enhancing negative ion  y ie lds  
of elements with ' appreciable  e l e c  iron a f f i n i t i e s  . Preliminary s t u d i e s  show t h a t  
this source w i l l  a l low q u a n t i t a t i v e  depth p r o f i l i n g  of n-type dopants i n  photo- 
v o l t a i c  devices.  



Analyt ica l  Chemistry Division, ORNL, continued 

1 71 . ADVANCED SPECTROSCOPIC 
METHODS FOR CHEMICAL 
ANALYSIS . 

L. D. Hule t t ,  J. M. Dale, 
H. W. Dunn, E. Ricci  

The purpose of t h i s  work i s  t o  use e l e c t r o n  and X-ray physics i n  t h e .  
development and app l i ca t ion  of analytical.methodology 'and t o  comple- 
m e n t  these  techniques with o t h e r  spect roscopies  se lec ted  according t o  
problem solving requirements. Five techniques a r e  being used i n  development 
and app l i ca t ion  of a n a l y t i c a l  methodology: (1) X l a y  induced X-ray f luores-  
cence ('XRF); (2) X-ray d i f f r a c t i o n  (XRD); (3) e l e c t r o n  spectroscopy (ESCA, . 
Auger) (4 )  scanning e l e c t r o n  microscopy, with i t s  associa ted  energy d i spers ive  
X-ray f luorescence (SEM-EDX); (5) transmission e l e c t r o n  microscopy (TEM). 

' 

A l l  of these  methods a r e  s imi la r ,  i n  t h a t  they involve the f i e l d s  of e i t h e r .  
e l e c t r o n  physics o r  X-ray. physics, o r  both; by understanding and applying 
fundamental p r inc ip les ,  a n a l y t i c a l  u t i l i t i e s  can be enhanced. Recent 
examples of t h i s  approach a r e  improved s e n s i t i v l f i e s  i n  XRF and XRD by 
means of monochromatized 'exci ta t ion  and s c a t t e r i n g  beams and an' absolute  
method of q u a n t i t a t i v e  XRF ana lys i s  t h a t  used fundamental constants  f o r  
matrix correc t ion.  A micro-ESCA technique, using a miniature e l e c t r o n  
spectrometer i n  a n  SEM, i s  being tee ted .  The p r a c t i c a l i t y  of su r face  
a n a l y s i s  by pos i t ron  s c a t t e r i n g  i s  being evaluated. Current research 
programs u t i l i z i n g  the  above methodologies are the  chemical spec ia t ion  
of f l y  ash ,  the  adsorption of t r a c e  elements on metal oxides and s o i l s ,  
corros ion i n h i b i t i o n  of t i tanium,  de fec t  s t r u c t u r e s  a t  the  su r faces  of 
s o l a r  energy conver ters ,  and the  poisoning of cathodes used a s  elec-  
t r o n  sources i n  acc&lera to r s ,  Long-term goals  of t h i s  program are d i rec ted  
toward coal  and s o l a r  energy research.  
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172. MASS SPECTROMETRY R I D  FOR 
ORGANIC ANALYSES 

W. T. Rainey, D. C. Canada, 
D. H. Russe l l ,  C. A. P r i t cha rd ,  
E. H. McBay 

This program has t h e  following primary ob jec t ives :  1 )  t o  study ion iza t ion  
processes  and the  chemistry of gas-phase ,i,ons i n  the  mass spectrometer,  
inc luding both unimolecular f i e ld - f ree  d i s s o c i a t i o n s  and d i s soc ia t ions  
induced by c . o l l i s i o n  o r  photon a c t i v a t i o n ;  2)  t o  develop instrumentation 
and methodology f o r  car ry ing out these  s tud ies ;  and (3 )  t o  develop new 
techniques f o r  organic analyses ,  with p a r t i c u l a r  emphasis on problems. 
involving s t r u c t u r a l  conf i .g i~re t ions .  A oyotem with ulLra high s e n s i t i v i t y  
and mass r e s o l u t i o n  and var ious  scanning modeg i s  being used t o  r igorous ly  
s tudy t h e  chemistry of ions  such a s  the  C H 0 i o n  ne obtained Irom a v a r i e t y  
of  precursor molecules. The capab i l i t i e s70$  t h e  mass spectrometer a r e  
being f u r t h e r  expanded by t h e  add i t ion  of a  mass marker and c i r c u i t r y  f o r  
scanning of t h e  magnet (B) and e l e c t r i c  s e c t o r  (E) vol tage  maintaining 
the  r a t i o  B/E cons tan t ,  y ie ld ing higher s e n s i t i v i t y  without source de- 
focusing.  The ORNL double focusing instrument has been converted t o  a  
three-sector  instrument by adding a second e l e c t r i c  sec to r  and, wi th  the  
a d d i t i o n  of gas  c o l l i s i o n  c e l l s  and a xenon a r c  lamp, i s  being used i n  the  
study of induced d i s s o c i a t i o n  reac t ions .  The three-sector  instrument is  
capable of h igh r e s o l u t i o n  mass a n a l y s i s  p r i o r  t o  the  d i s s o c i a t i o n  process 
with high energy r e s o l u t i o n  performed by the  second e l e c t r i c  sec to r .  
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173. ADVANCED SPECTROMETRIC METHODS 
FOR CHEMICAL ANALYS IS 

H. H. Ross, C. Feldman, 
J. M. Ramsey, R. W. Shaw, 
W. B. Whitten, J. P. Young, 
L. N. K la t t  

The ob jec t ive  of t h i s  e f f o r t  is  t h e  development of state-of-the-art 
spectroscopic methods f o r  general  appl ica t ion.  Time-of-flight o p t i c a l  
spectroscopy using f i b e r  o p t i c  waveguides has been advanced by the  develop- 
ment of a dual beam measurement system. The r e s u l t i n g  time domain d a t a  can 
be developed i n t o  high qua l i ty ,  background corrected spect ra .  A simple 
power meter f o r  pulsed l a s e r s  i s  under development. . This high s e d s i t i v i t y  
meter is  based on t h e  use of an  optoacoustic  Helmholtz resonator c e l l .  A 

. laser-induced nuclear  po la r i za t ion  (LINUP) technique i s  being developed t o  
study short-lived ( e l 0  ms) nuclei .  j fud ies  a r e  underway to  def ine  the  

m nuclear  shape of the  f i s s i o n  isomer Am using the  LINUP method. A 
combination of rapid scan spectrometry and electrochemistry i s  being used . . 
t o  study t h e  chemistry of su l fu r  i n  molten A l C l  -NaCl. This work w i l l  
lead t o  a b e t t e r  understanding of the  sodium-sdfur molten s a l t  b a t t e r y .  

' . 

A glow discharge de tec to r  is being developed a s  a h igh-sensi t iv i ty ,  . - . . 

f luorine-specif i c  de tec to r .  The development o'f a background correc- 
t i o n  device v i r t u a l l y  e l iminates  band emission in ter ference .  A micro- 
spectrophotometry systempis being used t o  study transuranium compounds 
( s o l i d s )  a s  small a s  5pm .. These s t u d i e s  a r e  used t o  i n f e r  the  chem-, 
i s t r y  and radiochemistry of the  transuranium elements. A t h e o r e t i c a l  
model i s  being developed t o  d e f i n e , t h e  important parameters of atom 
c e l l  geometry i n  atomic absorption spectroscopy. The r e s u l t  of t h i s  
work w i l l  be used t o  p red ic t  t h e  optimum burner .des ign f o r  a given 0 y t i c . d  
conf igura t ionland a l s o  point  out the  importance of reducing ana ly te  f l i c k e r  
noise. 
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174.  MASS SPECTROMETRIC R/D FOR 
INORGANIC AND ACTINIDES 
ANALYSES 

R. L. Walker, D. H. Smith, 
D. L. Donohue, T. R. Mueller, 
R. J. Warmack 

This  research involves the  use of thermal emission mass spectrometry 
(TEMS) f o r  i s o t o p i c  composition and isotope d i l u t i o n  measurements, and 
spark source mass spectrometry '(SSMS) f o r  elemental measurements of nuclear- 

.and foss i l - r e la ted  mate r i a l s .  Studies t o  improve TEMS measurement of s m a l l  
sample8 using i o n  exchange r e s i n  beads a r e  beinn emphasized a r c h  are 
app l i cab le  t o  energy, environment, and safeguards programs. Fract ionat ion 
e f f e c t s ,  sources and source geometry, scanning modes, improved e l e c t r ~ n i a a ,  
and data acquislr loa systems a r e  major a reas  where work i s  underway t o  
improve the  precis ion of thermal emission measurements. New mass spectrometer 
des igns  are a l s o  being considered which w i l l  optimize the  d ispers ion and 
mass coverage with a channel e l ec t ron  m u l t i p l i e r  a r r a y  detec tor .  Work i s  
progressing i n  the  development of a channel e l ec t ron  m u l t i p l i e r  ar ray  
d e t e c t o r  f o r  SSMS. Studies  a r e  being i n i t i a t e d  i n t o  the bas ic  processes 
i n  the  r . f .  spark ion source s o - a s  t o  improve the  a n a l y t i c a l  r e s u l t s  
i n  SSMS. Boxcar averaging and f a s t  e l e c t r o n i c  ga t ing  a r e  being used 
t o  study t h e  t i m e  resolved behavior of t h e  r . f ,  spark. 
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175. ULTRASENSITIVE RADIOMETRIC 
ANALYTICAL TECHNIQUES 

F. P. Brauer, J. H.,Kaye 

Total  $605,000 

The ob jec t ive  of t h i s  program is  t o  develop new and improved ul t rasen-  
sit  i v e  and s e l e c t i v e  nuclear  emission energy measuring techniques f o r  
ana lys i s  of radionuclides produced i n  nuclear  processes and i n  a c t i v a t i o n  
ana lys i s  app l i ca t ions .  Currently,  both new low-background de tec to r  systems 
and new low-level da ta  acqu i s i t ion  and reduction methods a r e  being inves t igated .  
Studies a r e  being conducted with phoswich de tec to r s  which c o n s i s t  .of t w c '  . 

separa te  s c i n t i l l a n t s .  One such de tec to r  i s  a 0.25 mm th ick  europium-activated 
calcium ' f luor ide  [ C ~ F ~ ( E U )  J c r y s t a l  f o r  sensing alpha and beta p a r t i c l e s .  
It i s  o p t i c a l l y  coupled by means of a quar tz  l i g h t  pipe t o  the  second 
de tec to r ,  a thallium-activated sodium iodide  [NaI(Tl) ] gamma-ray c r y s t a l .  
With t h i s  de tec to r  system s i g n a l s  a r i s i n g  i n  t h e  CaF (Eu) de tec to r  can be 2 separated from those from t h e  NaI(T1) detec tor  by t h e  d i f fe rence  i n  the  
pulse shapes of t h e  two mater ia ls .  This permits operat ion o f .  t h e  de- 
t e c t o r  system a s  a very l a r g e  area  beta  anticoincidence shielded count- 
ing  system, o r  a s  a low-background beta-gated coincidence counting system . 

f o r  gamma-ray spectrometry. A method i s  being developed f o r  very low-level , 

r a d i o a c t i v i t y  measurements. It . requires  s t o r i n g  on magnetic tape t h e  time 
a t  which decay events  occur which meet s p e c i f i c  c o n s t r a i n t s  with regard t o  
energy, time coincidence a,nd/or pulse shape. After measurements on a sample 
a r e  completed a computer ana lys i s  of t h e  time-of-event da ta  i s  conducted. 
This technique w i l l  be espec ia l ly  valuable  f o r  cases  where only a few 
events  of i n t e r e s t  occur during the  measurement i n t e r v a l  and it  i s  necessary 
t o  ob ta in  a s  much information a s  poss ib le  from these events. 
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1 7 6 .  ULTRASENSITIVE LASER-BASED 
SPECTROMETRIC ANALYTICAL 
TECHNIQUES 

R. W. Goles 

The ob jec t ive  of t h i s  work i s  t o  develop u l t r a s e n s i t i v e  and s e l e c t i v e  
laser-based a n a l y t i c a l  techniques f o r  de tec t ion ,  i d e n t i f i c a t i o n  and 
measurement of t r a c e  substances. Currently a highly s e n s i t i v e  technique 
developed f o r  nuclear  property determination of r a r e ,  short- l ived isotopes  
i s  being a n a l y t i c a l l y  exploi ted .  The b a s i s  f o r  t h i s  a n a l y t i c a l  technique 
l ies  i n  the f a c t  t h a t  a s ing le  atom passing t ransverse ly  through a l a s e r  
beam can resonantly s c a t t e r  many photons over a r e l a t i v e l y  s h o r t  period of 
t i m e .  The number of scatter photons per atom is determined by the  t r a n s i t  
t ime of the  atom, the  l i f e t i m e  of the exci ted  s t a t e  and the  l a s e r  photon 
f lux .  For allowed t r a n s i t i o n s ,  a l a s e r  beam diameter of 1 mm, and atoms 
having ambient thermal ve loc i ty ,  one can expect 30 photons/atom t o  be 
sca t t e red .  Thus, the  passage of a s i n g l e  atom through a l a s e r  beam can, 
under the  r i g h t  condi t ions ,  be character ized by a time-correlated group 
of s c a t t e r e d  photons. By recording such groupings, a s i g n i f i c a n t  d is -  
cr imination aga ins t  the  random p a r t  of background is  achieved, r e s u l t i n g  i n  
a dramatic improvement i n  a n a l y t i c a l  de tec t ion  s e n s i t i v i t y .  Analtyical  
development of t h i s  mult i-photon, s i n g l e  atom detect ion technique i s  
c u r r e n t l y  underway. 
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177. ULTRASENSITIVE MASS SPECTROMETRIC 
ANALYTICAL TECHNIQUES 

R. L. Gordon, C. R. Lagergren 

This  program examines f a c t o r s  important  t o  s u r f a c e  i o n i z a t i o n  and conducts 
i n s t rumen ta t ion  r e sea rch  and development with an  emphasis on new methods 
f o r  rea l - t ime monitor ing of atmospheric p o l l u t a n t s  u s ing  mass spectrometry.  
Research i n  s u r f a c e  i o n i z a t i o n  encompasses development of new m a t e r i a l s  f o r  
a p p l i c a t i o n  a s  sources  f o r  bo th  p o s i t i v e  and nega t ive  thermal i o n i z a t i o n  
mass spectrometry and i n v e s t i g a t i o n  of t he  k i n e t i c s  of i o n  gene ra t ion  us ing  
thermal desorp t ion  spectroscopy.  I n v e s t i g a t i o n s  of t h e  dependence of 
s u r f a c e  work f u n c t i o n  on a l l o y  composition a r e  be ing  conducted i n  a n  
Auger spectrometer .  I n  a d d i t i o n  t o  p o t e n t i a l  f o r  i d e n t i f y i n g  new s u r f a c e  
i o n i z a t i o n  sources ,  t h i s  work i s  expected t o  c o n t r i b u t e  t o  t h e  under- 
s tanding  of f a c t o r s  important  t o  t he  de te rmipa t ion  of t h e  work f u n c t i o n s  of 
a l l o y s .  I n v e s t i g a t i o n  of t he  k i n e t i c s  of Pu product ion  on carbur ized  Re 
f i l a m e n t s  i n d i c a t e s  t h a t  complicated temperature-dependent flow of carbon 
between the  f i l amen t  and t h e  sample is  re spons ib l e  f o r  observed behavior .  
A t h e o r e t i c a l  model which inc ludes  a chemical r e a c t i o n  involv ing  Pu and C 
g i v e s  r e s u l t s  which q u a l i t a t i v e l y  reproduce a l l  observed i o n  product ion  
behavior ,  b u t  does n o t  y e t  i nc lude  a proper d e s c r i p t i o n  of carbon flow. A 
second p a r t  of t h i s  program concerns t h e  development of i n s t rumen ta t ion  
t o  i n v e s t i g a t e  a new a n a l y t i c a l  technique,  d i r e c t - i n l e t  mass spectrometry.  
A f i r s t  concept of d i s t r i b u t e d  d e t e c t o r  which i s  based on e l e c t r o - o p t i c a l  
components i s  being i n s t a l l e d .  This  d e t e c t o r  c o n s i s t s  of a n  20 cm long 
channel e l e c t r o n  m u l t i p l i e r  a r r a y  backed by a phosphor coated f i b e r  o p t i c s '  
f o r e p l a t e  which a l s o  s e r v e s  a s  a vacuum b a r r i e r .  F ibe r  o p t i c  reducers  a r e  
used t o  conduct t h e  ou tpu t  l i g h t  t o  4 charge-coupled photodiode a r r a y s  
which i n  t u rn '  a r e  "read" by a minicomputer. The performance of t h e  e n t i r e  
ins t rument  equipped w i t h  a source designed t o  sample p a r t i c l e s  i n  a i r  
d i r e c t l y  i s  being determined. 
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178. COMBINED ATOMIC ABSORPTION- 0 . 9  02-3 
MASS SPECTROMETRIC' ANALYT ICAL 
TECHNIQUES 

D. L. S t y r i s ,  J. H. Kaye 

Atomic and molecular species  emitted from r e s i s t i v e l y  heated high temperature 
su r faces  a r e  being inves t iga ted  with a novel apparatus which monitors 
simultaneously t h e  atomic absorption of se lec ted  atomic species  and the  
mass spectrum of any o the r  atomic o r  molecular species  emitted. Present  
e f f o r t s  a r e  concerned with understanding how furnace atomic absorption 
s i g n a l s  a r e  influenced by the  sample type and i t s  immediate environment, 
e .g . , gaseous environment, ma te r i a l  composing the  sample container and 
adsorbed impuri t ies .  The ultra-high vacuum apparatus designed f o r  these 
experiments al iows con t ro l  of. the  gaseous environment; t h i s  c a p a b i l i t y  i s  
being used to:detetmine t h e  inf luence  of t h i s  environment. For these  . 

experiments, the.  atomic and molecular emissions from rubidium chlor ide  
samples 'heated i n  high p u r i t y  graphi te ,  rhenium and, tantalum cuvet tes  a r e  
being monitored and analyzed. The t r a n s i e n t  atomic absorption,  mass 
spectrometer and cuvet,te temperature s i g n a l s ' a r e  monitored and corre la ted  
i n  t i m e .  Analyses of these  time cor re la ted  s igna l s  a r e  then used t o  
develop models which expla in  the  observed emissions of neu t ra l  atoms, ions  
and.molecular species .  
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1 79. THE ' ROTATING FLUIDIZED 
BED 'COMBUSTOR 

F. B. H i l l  

Total  $25,000 

This program c o n s i s t s  of  a s tudy of t h e  r o t a t i n g  f lu id ized  bed a s  a chemical 
r eac to r  f o r  the  conduct of f a s t  r eac t ions  such a s  combustion and includes  
experimental and t h e o r e t i c a l  s t u d i e s  of t h e  f l u i d  dynamics and reac t ion  
p roper t i e s  of the  r o t a t i n g  f lu id ized  bed. Measurements a r e  being made of 
t h e  p roper t i e s  of gas  bubbles i n  r o t a t i n g  l i q u i d s  and i n  r o t a t i n g  gas-solid 
f lu id ized  beds. These w i l l  be followed by measurements of the  exchange 
between bubbles and the  emulsion phase and by s t u d i e s  of t h e  chemical 
r eac t ion  proper t ies  of the  r o t a t i n g  system using a well  character ized model 
f a s t  react ion.  A p a r a l l e l  theore t i ca l  e f f o r t  on the inf luence  of r o t a t i o n  
on f l u i d i z a t i o n  i s  underway. 
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180. TURBULENT COMBUSTION I N  A 
HEATED WALL BOUNDARY LAYER 

F. Robben 

Total $100,000 

P r a c t i c a l  combustion, such a s  i n  automobile engines,  coa l  and o i l  f i r e d  
b o i l e r s  , and household heat ing furnaces takes  p lace  under turbulent  flow 
condit ions.  This means t h a t  t h e  temperature time h i s t o r y  of a burning 
element of a i r  and f u e l  is rnmplax and has l a r g e  v a r i a t i o n  i n  time and 
space. Thus, even when t h e  chemistry of combustion and po l lu tan t  gener- 
a t i o n  is known, p red ic t ion  of t h e  combustion performance, e f f i c i e n c y  and 
p o l l u t a n t  genera t ion  i n  p r a c t i c a l  combustors r equ i res  s u i t a b l e  approxi- 
mations f o r  combustion with tu rbu len t  f l u i d  flow. It i s  bel ieved t h a t  
approximate numerical computation, o r  numerical modeling, i s  capable of 
p red ic t ing  tu rbu len t  combustion phenomena, and t h a t  well-chosen labor- 
a t o r y  experiments a r e  the  key t o  the  development and t e s t i n g  of numerical 
modeling approximations. One c l a s s i c a l  turbulent  flow which has  been 
s tud ied  i n  g r e a t  depth i s  the  wall  boundary l a y e r ,  and the  present  experi- 
mental program c o n s i s t s  of the  measurement of the  p roper t i e s  of  l e a n  
premixed combustion i n  a tu rbu len t  heated wall boundary l aye r .  Time and 
space resolved measurements of d e n s i t y  and v e l o c i t y ,  using Rayleigh s c a t t e r -  
ing  of l a s e r  l i g h t  and l a s e r  Doppler velocimetry, a r e  being ca r r i ed  out .  
P r  l iminary r e s u l t s  from a 2.5 cm square channel a t  a Reynolds number of 9 
10  have been obtained. The o v e r a l l  observation i s  t h a t  these  r e s u l t s  
i n d i c a t e  a reduction fn  the  v e l o c i t y  turbulence l e v e l  i n  the  presence of 
combustion hea t  release. Study of the turbulent  boundary l a y e r  with 
combustion i n  a l a r g e r  10 cm square channel a t  higher Reynolds numbers i s  
p resen t ly  underway. 
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Mater ia ls  and Molecular Research Division 
Lawrence Berkeley Laboratory 
Univers i ty  of Ca l i fo rn ia  
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1 81 . HIGH-PRESSURE PHASE EQUILIBRIA 
I N  HYDROCARBON-WATER (BRINE) 
SYSTEMS 

J. M. Prausni tz  

Tota l  $48,000 

The purposeof  t h i s  p r o j e c t  i s  t o  'obtain q u a n t i t a t i v e  information on the  
phase behavior.of aqueous ( o r  b r ine )  so lu t ions  t o  methane ( o r  n a t u r a l  
gas) a t  h igh  pressures .  Such information i s  o f  i n t e r e s t  f o r  increas ing 

, t h e  fundamental.understanding,of s t rong ly  nonideal  s o l u t i o n s  and f o r  
. r a t i o n a l  design of processes f o r  e x t r a c t i n g  na tu ra l  gas  from deep (aqu i fe r )  . ' 

depos i t s  found i n  Louisiana and Texas. Experimental apparatus is  under 
cons t ruct ion  f o r  measuring vapor-liquid e q u i l i b r i a  i n  mixtures of methane 
and water ( o r  b r ine )  i n  the  region 25 - 400°C and a t  pressures  t o  2 k i lobars .  
This  p ro jec t ' s  t p e o r e t i c a l  s t u d i e s  f o r  aqueous s o l u t i o n s  of methane a r e  
based on the  perturbed-hard-sphere theory of f l u i d s ,  extended t o  mixtures.  
Various t h e o r e t i c a l  models of Gmehling-Liu and a two-fluid theory using 
l o c a l  compositions t o  take  non-randomness i n t o  account a r e  being studied.  

, - .  
Extension t o  b r ines  i s  expected t o  be based on P i t z e r ' s  theory of aqueous 

' 

e l e c t r o l y t e s .  
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182. DEVELOPMENT OF PREDICTIVE MODELS 
FOR FLUIDIZED BED AND ENTRAINED 
SUSPENSIONS I N  COAL CONVERSION 

C.  T. Li  

Total  $75,000 I 

The purpose of t h i s  program i s  t o  develop mathematical models which al low 
r e l i a b l e  design and evaluat ion of f ln ld  l Z P ~  hed and entrainad-suspenoion 
systems used i n  coa l  conversion processes. Models developed i n  t h i s  
p r o j e c t  can p r e d i c t  t h e  performance of f lu id ized  beds and entrained- 
suspension reac to r s  a s  a funct ion of system s i z e  and conf igura t ion,  
chemical r eac t ions ,  and physical  changes occurring wi th in  various coa l  
conversion reac to r  systems. The main concern i s  t o  develop a mathematical 
model t o  descr ibe  t h e  phenomenon of bubble coalescence i n  f lu id ized  beds. 
The model i s  based on the  c o l l i s i o n  equation and physical parameters 
measured from laboratory-scale gas  f l u i d i z e d  beds. The model i s  mathema- 
t i c a l l y  solved by the  s i m i l a r i t y  method, and i s  being combined with t h e  
gas- je t  model developed i n  previous work and checked f o r  o v e r a l l  r e l i a b i l i t y .  
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183. RECOIL PARTICLES FOLLOWING 
NUCLEAR. TRANSFORMATIONS 

H. J. Ache - Department 
of Chemistry 

A n  important but s t i l l  l i t t l e  understood f i e l d  of fundamental chemi- 
c a l  k i n e t i c s  i s  t h e  area  t h a t  dea l s  with those chemical react ions  t h a t  
occur above the  threshold o r  a c t i v a t i o n  energy. I n  t h i s  program t rans la t ion-  
a l l y  hot  species  (atoms o r  ions)  are generated following nuclear r eac t ions  
and t h e i r  i n t e r a c t i o n s  with various s u b s t r a t e s  a r e  studied i n  order t o  
a s s e s s  the  reac t ion  e f f i c i e n c i e s  a s  a funct ion of the  k i n e t i c  energies  
associa ted  with t h e  reac tan t s .  Studies of the  nuclear  decay induced reac t ions  
of halogen species  with organic compounds include t h e  evaluation of the  
reac t ion  mechanisms leading t o  halogen-£ or-halogen ( o r  hydrogen) exchange 
and the stereochemistry of these  processes. Studies a r e  being conducted of 
non-syn t h e t i c  methods t o  incorporate radioact ive  nucl ides  i n  to  compounds of 
b io log ica l  i n t e r e s t ,  e.g. by nuclear  decay induced exchange. The energe t i c s ,  
mechanisms and the  exact  na ture  ( i . e .  sp in  s t a t e  e tc . )  of t h e  species  
involved i n  the reac t ions  of energet ic  carbon-11 atoms with organic s u b s t r a t e  
molecules, the  crystal lochemical  r e a c t i v i t y  of trapped r e c o i l  p a r t i c l e s  and 
implanted spec ies ,  and the  proper t ies  of mice l l a r  systems by nuclear  probes 
a r e  a l s o  being inves t igated .  

PURDUE UNIVERSITY 
West Lafayet te ,  Indiana 47907 

184. STUDY OF INJECTED ELECTRONS I N  
NON POLAR CLASSICAL LIQUIDS 

G. Ascare l l i  
Department of Physic s 

Measurement of the  Ha l l  mobil i ty i n  high mobil i ty insu la t ing  l i q u i d s  
using t r a n s i e n t  techniques developed f o r  the study of insu la t ing  s o l i d s  a r e  
being conducted. The comparison of t h e  Hall  mobi l i ty  and the  d r i f t  mobil i ty 
(obtained by a time-of-flight technique) i n d i c a t e s  whether trapping e f f e c t s  
suggested by o the r  measurements a r e  important. An o p t i c a l  study of t h e  
trapped e lec t ron  w i l l  fol low i f  the  ind ica t ion  of trapped s t a t e s  i s  con£ irmed. 
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185. STUDIES I N  CHEMICAL REACTIVITY 
Robert W. Carr 
Department of Chemical 

Engineering and 
Mate r i a l s  Sc ience  

The k i n e t i c s  and mechanism of t h e  r e a c t i o n  of CF C 1  r a d i c a l s  wi th  
oxygen are being i n v e s t i g a t e d .  The pho to lys i s  og 1 , 3 d I c h l o r o t e t r a -  
f l uo roace tone  is used as t h e  source  of CF2C1. The i n v e s t i g a t i o n  is  done 
by two d i f f e r e n t  techniques: f l a s h  spectroscopy,  and convent ional  photo- 
chemical  methods us ing  gas chromatography f o r  end-product ana lys i s .  The 
r e a c t i o n  of CF C l w i t h  O2 p l a y s  a r o l e  i n  t h e  s t r a t o s p h e r i c  r e l e a s e  of 
c h l o r i n e  from $F C 1  as w e l l  a s  i n  d i r e c t i n g  t h e  environmental f a t e  of c h l o r i n e  
and f l u o r i n e  f ol2owGg t h e  t roposphe r i c  H-atom t r a n s f  pr r e a c t i o n  of OH wi th  
CHF C1. Experiments t o  d e t e c t  t h e  product ion of CH2( B1), t h e  second 
excz ted  s t a t e  of methylene, from p h o t o l y s i s  of ke tene  and diazomethape 
a r e  Peing done. CH2( B1) i s  d e t e c t e d  by t h e  observa t ion  of t h e  CH2( B 13 
CH2( A ) emission spectrum. Observation of t he  threshold  energy f o r  ch2(  Bt  
producbion from ke tene  prpvides  i n f o q a t i o n  on t h e  h e a t  o r  formation of CH2 A l l .  
Quenching s t u d i e s  of CH2( B1) - t lCH ( A ) emission provide informat ion  of 
i n t e r e s t  on t h e  k i n e t i c s  of CH ( B ~ ? =  h program of experiments aimed a t  d i r e c t  
d e t e c t i o n  of h ighly  v i b r a t i o n a f l y  e x c i t e d  molecules by photo ioniza t ion  is  
be ing  undertaken. The v i b r a t i o n a l l y  e x c i t e d  s p e c i e s  is  produced by chemical 
a c t i v a t i o n  techniques-  Information on t h e  energy d i s t r i b u t i o n  and average 
energy of t h e  chemical ly a c t i v a t e d  s p e c i e s  is  obtained. This  type  of d a t a  
h a s  no t  prev ious ly  been obta ined  by d i r e c t  methods, b u t  r a t h e r  has  been 
i n f e r r e d  from f i n a l  product  y i e lds .  
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186. STEREOELECTRONIC PROPERTIES OF $80,000 0 1-1 
AGGREGATED CHLOROPHYLL SYSTEMS 

Ralph E. Chr i s to f fe r sen ,  G. M. Maggiora 
Department of Chemistry 

Ab i n i t i o  quantum mechanical and o ther  t h e o r e t i c a l  techniques a r e  being 
employed i n  a  comprehensive i n v e s t i g a t i o n  of t h e  e l e c t r o n i c  s t r u c t u r e  
and p r o p e r t i e s  of e t h y l  bacter iochlorophyl l ide  5, e t h y l  bacter io-  
pheophorbide a ,  and the  T-cat ion  and r -anion r a d i c a l s  of e t h y l  chloro- 
phy l l ide  a and e thy l  bacter iochlorophyl l ide  a .  These. s t u d i e s  e f f e c t i v e l y  
complete s t u d i e s  on monomeric chlorophyll  and re la t ed  sys  tems . Empirical 
p o t e n t i a l  funct ions  c u r r e n t l y  under development a r e  t o  be used t o  inves- 
t i g a t e  the  geometrical s t r u c t u r a l  p r o p e r t i e s  of chlorophyl l  and bacterio-  
chlorophyll  "special-pair" dimers found i n  the  r eac t ion  c e n t e r s  of p l a n t s  
and photosyi the t ic  b a c t e r i a ,  r e spec t ive ly .  P a r t i c u l a r  a t t e n t i o n  i s  
d i rec ted  towards t h e  r o l e  of water o r  o the r  b i func t iona l  l igands  i n  de ter -  
mining the  s t r u c t u r e  of t h e  specia l -pa i rs .  F i n a l l y ,  an assessment of 
the  adequacy of the  c u r r e n t l y  employed t h e o r e t i c a l  methods and, where 
appropr ia te ,  development of ref ined procedures t o  deal  with l a r g e  molecular 
systems a r e  being under taken, including an inves t iga t ion  of mini-computer 
capab i l i t ' i e s .  

BOSTON UNIVERSITY 
Boston, Massachusetts 022 15 

187. INVESTIGATION OF THE TRIPLET 
STATES OF CHLOKUPHYLLS 

Richard H. Clarke 
Department of Chemistry 

This program continues t h e .  inves t iga t ion .  of chlorophyll  dimer s t r u c t u r e  
by u t i l i z a t i o n  of the  photoexcited t r i p l e t  s t a t e .  The research  program 
focuses on the  opt ica l ly-detec ted  zero-f ield magnetic resonance spectroscopy 
of photosystem I and photosystem I1 p a r t i c l e s  and on mixed dimers of 
pheophyt i n  and chlorophyll  i n  hydrocarbon solu t ions .  Measurements of t h e  
t r i p l e t  s t a t e  zero-f ield s p l i t t i n g s ,  o v e r a l l  t r i p l e t  l i f e t i m e s  and individual  
s p i n  sublevel  intersystem cross ing r a t e  cons tants  a r e  u t i l i z e d  t o  a s s e s s  
the  makeup of the  molecular aggregates present  i n  these systems. The 
o v e r a l l  goal  of t h i s  program i s  t o  evaluate  the  p r o p e r t i e s  of photosynthet ic  
pigment dimers i n  v i t r o  a s  models f o r  the  r e a c t i o n  cen te r  i n  i n  vivo 
photosyntheuis. 
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188 SENSITIZATION AND QUENCHING 
I N  PHOTOCHEMISTRY 

Stanley J. C r i s t o l  
Department of Chemistry 

Pho tosens i t i za t ion  and its obverse, photochemical quenching a r e  being 
s t u d i e d  i n  a v a r i e t y  of organic photachemf. ca I. reac t ions .  These s t u d i e s  

. . at tempt  t o  de f ine  t h e  f a c t o r s  af f  e c t  ing quantum y i e l d s  and chemical y i e l d s  
i n  s e n s i t i z e d  (and analogous unsens i t ized)  r eac t ions ,  with p a r t i c u l a r  

. . a t t e n t i o n  being paid  t o  t h e  phenomenon of energy wastage i n  such react ions .  
The e f f e c t s  of d i f f e r e n t  s e n s i t i z e r s  upon t h e  v a r i e t y  of r eac t ion  paths  
a v a i l a b l e  t o  se lec ted  r e a c t a n t s  and a l s o  the  e f f e c t s  of quenchers upon such 
systems, a r e  b e i n g s t u d i e d .  Using recen t ly  developed new k i n e t i c  procedures 
f o r  s tudying t r i p l e t - s e n s i t i z e d  reac t ions ,  fundamental da ta  on react ion-ra te  
cons tan t s  and e x c i t a t i o n  (energy). t r a n s f e r  r a t e  cons tants  f o r  exc i t ed - s t a t e  
r e a c t i o n s  a r e  being s tud ied ,  t o  see i f  s t ruc tu re - reac t iv i ty  c o r r e l a t i o n s  
may be derived. 

THE OHIO STATE UNIVERSITY 
Columbus, Ohio 43210 

189. PULSE RADIOLYSIS .STUDIES OF FAST 
REACTIONS I N  MOLECULAR SYSTEMS 

Leon 'M. Dorfman 
Department of Chemistry 

The f a s t  r eac t ion  k i n e t i c s  of elementary processes i n  i r r a d i a t e d  s o l u t i o n s  
a r e  being s tud ied  by the  pulse  r a d i o l y s i s  technique. Among t h e  p r i n c i p a l  
i n t e r e s t s  of the  current .  work is t h e  inves t iga t ion  of the  o p t i c a l  p r o p e r t i e s  and 
chemical behavior of molecular i o n i c  spec ies  i n  organic l iqu ids .  While these  
i n v e s t i g a t i o n s  r e l a t e  t o  r a d i a t i o n  chemical systems, the  information about 
t h e  r e a c t i v e  t r a n s i e n t s  is a l s o  re l evan t  t o  t h e  chemistry of f o s s i l  fuels 
and t o  t h e  chemistry of organic  r e a c t i o n  systems genera l ly ,  s i n c e  t h e  i o n i c  
spec ies  obselired (carbonium ions  and carbanions) play a r o l e  i n  t h e  chemical 
t ransformations which can be induced i n  hydrocarbons by c a t a l y t i c  and o the r  
means. We a r e  determining, i n  s e l e c t e d  systems, t h e  mechanism of chemical 
change and the  s p e c i f i c  r e a c t i v i t y  of the  r eac t ive  t r a n s i e n t s  which determine 
t h e  chemistry. ,Op t i ca l  absorpt ion  s p e c t r a  of these  intermediates a r e  a l s o  
being determined. Detect ion i s  by f a s t  o p t i c a l  absorption measurement. 
Spec i f i c  a reas  of current  i n t e r e s t  are:  i d e n t i t y  of p o s i t i v e  charge c a r r i e r s  
i n  i r r a d i a t e d  organic  l i q u i d s  ,and r a t e s  and mechanism of p o s i t i v e  charge t rans-  
p o r t  t o  s o l u t e s ;  r e a c t i v i t y  of carbonium ions  and carbanions i n  so lu t ion ,  
inc luding t h e  e f f e c t  of molecular and e l e c t r o n i c  s t r u c t u r e  on r e a c t i v i t y  
and t h e  e f f e c t  of ion-pairing on r e a c t i v i t y ;  o p t i c a l  p roper t i e s  and r e a c t i v i t y  
of c rgano t rans i t ion  q e t a l  carbonyl r ad ica l s .  



Photochemical and Radiat ion Sciences, continued 

THE OHIO STATE UNIVERSITY 
Columbus, Ohio 43210 

190. KINETICS OF FAST REACTIONS OF 
EXCITED SPECIES 

Richard F. F i res tone  
Department of Chemistry 

The goal  of t h i s  research is t o  e l u c i d a t e  mechanisms f o r  decay of exci ted  
r a r e  gas atoms and f o r  growth and decay of exci ted  molecular spec ies  
(excimers) . i n  pure r a r e  gas samples and i n  mixtures of r a r e  gases with 
fo re ign  molecules and atoms. Direc t  e x c i t a t i o n  of highly exc i t ed  r a r e  gas 
atoms and ions  is  e f fec ted  by i r r a d i a t i o n  of r a r e  gas samples with pulsed 
high 'energy e lec t ron  beams. Formation of Paschen(1s) atoms occurs v i a  
r a d i a t i v e  cascade. A t  pressures  from ca. 100 t o  ca. 1000 t o r r ,  excimer 
species  form predominantly v i a  c o l l f s i o n a l  mechanisms and decay v i a  r a d i a t i v e  
t r a n s i t i o n s . ,  Energy t r ans f  e r  from exc i t ed  atoms and exci ted  molecules t o  
quenching agents  a s  w e l l  a s  mechanisms f o r  decay of exci ted  atoms i n  pure 
r a r e  gases a r e  being examined i n  d e t a i l .  A l l  species  a r e  monitored by means 
of f a s t  absorption spectrophotometry. 

I 

COLUMBIA UNIVERSITY 
New York, New York 10027 

191. LASER ENHANCED CHEMICAL REACTION $87,400 01-1 
STUDIES 

George W. Flynn 
Department of Chemistry 

The ob jec t ive  of t h i s  work is  t o  i n v e s t i g a t e  t h e  chemical ;eac t iv i ty  
of l a s e r  pumped polyatomic molecules. P a r t i c u l a r  emphasis is  being 
placed on e f f o r t s  t o  understand t h e  r o l e  of c o l l i s i o n s  i n  c r e a t i n g  and 
destroying non-equilibrium energy d i s t r i b u t i o n s .  Many molecules a r e  
expected t o  e x h i b i t  enhanced r e a c t i o n  r a t e s  when v i b r a t i o n a l  e x c i t a t i o n  
l e v e l s  a r e  high. Co l l i s ion  processes can lead  t o  unusual intermode energy 
d i s t r i b u t i o n s  i n  l a s e r  pumped molecules but  a l s o  provide a channel f o r  
o v e r a l l  relaxation.  The experimental procedure used i s  i n f r a r e d  l a s e r  
e x c i t a t i o n  of molecules such a s  COP2, SF6, and BC13 i n  both molecular 
beam and simple gas bulb experimen'ts. Fluorescence and mass spectrometry 
a r e  employed t o  monitor products and energy d i s t r i b u t i o n s  following 
l a s e r  exc i t a t ion .  
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192. SOLAR ENERGY UTILIZATION BY 
CARBANION PHOTOLY S IS  

Marye Anne Fox 
Department of Chemistry 

A r e s e a r c h  program i s  be ing  conducted i n  which two a s p e c t s  of photo- 
chemical  conversion of s o l a r  energy a r e  s tud ied .  Organic photoelectro-  
chemical  techniques a r e  a p p l i e d  t o  a s e r i e s  of h ighly  abso rp t ive  carbanions,  
r a d i c a l  anions,  and aromat ic  hydrocarbons. The use  of e x c i t e d  s t a t e s  i n  
c o n s t r u c t i n g  s t a b l e  photogalvanic  c e l l s  is  a n t i c i p a t e d .  A s e r i e s  of 
modif ied semiconductor e l e c t r o d e s  a r e  being synthes ized  and t h e i r  photoelectro-  
chemical  p r o p e r t i e s  a r e  being examined. A mechanis t ic  s tudy of t h e  photo- 
induced sequence of events  u l t i m a t e l y  l ead ing  t o  pho toe j ec t ion  is be ing  
conducted. Quantum p rocesses  i n  t h e s e  anions are being examined and new 
r o u t e s  f o r  t h e  formation of s t r a i n e d  compounds by in t ramolecular  photochemical 
r i n g  c losu res  o r  by in t e rmolecu la r  photochemical bond-forming r e a c t i o n s  a r e  
be ing  sought.  The photochemical r e a c t i o n s  of s e v e r a l  c l a s s e s  of highly-colored 
carbanions  and po lycyc l i c  a romat ic  hydrocarbons a r e  being i n v e s t i g a t e d  t o  
de te rmine  t h e  f a c t o r s  which in f luence  t h e  e f f i c i e n c y  wi th  which photoinduced 
e l e c t r o n  exchange occurs  a t  app ropr i a t e  e l e c t r o d e s  as a method of so la r - to-  
e l e c t r i c a l  energy conversion and t o  exp lo re  t h e  p o s s i b l e  formation of 
s t r a i n e d  an ion ic  photoproducts  as a method of s o l a r  energy s t o r a g e  by 
chemical  bond formation.  I n  a s e r i e s  of photoelectrochemical  experiments,  
t h e  e l e c t r i c a l  c u r r e n t s  genera ted  upon pho toe j ec t ion  from carbanions 
a r e  be ing  measured a t  semiconductor and a t  chemically-modified and film-coated 
e l e c t r o d e s .  The e f f e c t s  of molecular  s t r u c t u r e  and environment on t h e  
chemical behavior  of t h e  e x c i t e d  anions a r e  being determined and a search 
i s  be ing  conducted f o r  new photoreac t ions  i n  which h ighly  s t r a i n e d  anions 
a r e  produced. 
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193. REACTION STUDIES OF HOT SILICON 
AND GERMANIUM RAD I C  AL S 

P e t e r  Gaspar - Department 
of Chemistry 

I n v e s t i g a t i o n s  a r e  befpg c o n d ~ t t e d  96 r e a c t i  9f s of 76 e c o i l i n g , ~ i l i c o n  and 
g~rmanium,poms from P(n ,p )  S i ,  ~ i ( n , Y )  S i ,  ~ e ( n , Z n )  Ge, and 

G e ( n , ~ )  Ge wi th  s imple  ino rgan ic  and organic  s u b s t r a t e s .  S i  and Ge 
atoms, i o n s  and r a d i c a l s  produced chemical ly a r e  a l s o  s tud ied  and compared 
wi th  r e c o i l  experiments.  Goals of t h e  r e sea rch  a r e  t o  determine what t h e  
chemistry of r e c o i l i n g  S i  and Ge atoms i s ,  how r e a c t i o n s  t ake  p l ace ,  and what 
t h e  r e l a t i o n s h i p  among s t r u c t u r e ,  energy,  and r e a c t i v i t y  i s .  The r e s e a r c h  
program examines r e a c t i o n  products  and ,dete m i n e s  r e a c t i o n  mechanisms. Focus 
i s  on t h e  primary s t e p s  i n  r e a c t i o n s  of r e c o i l i n g  S i  and Ge atoms, s t r u c t u r e ,  
energy and e l e c t r o n i c  s t a t e s  of r e a c t i o n  in t e rmed ia t e s  and t h e  r o l e  of i o n s  
i n  r e c o i l  r eac t ions .  

UNIVERSITY OF FLORIDA 
Ga inesv i l l e ,  F l o r i d a  32611 

194. RADIATION CHEMISTRY OF HYDROCARBON 
AND ALKYL HALIDE SYSTEMS 

Rober r J .  anf fa han 
Department of Chemistry 

S tud ie s  i n  r a d i a t i o n  chemis t ry  provide  the  background information necessary  n o t  
on ly  to . avo id  d e l e t e r i o u s  e f f e c t s  from nuc lea r  r a d i a t i o n  but  a l s o  t o  develop 
p r a c t i c a l  a p p l i c a t i o n s  of t h i s  unique form of energy. Work a t  t h e  Un ive r s i t y  
of F l o r i d a  i s  d i r e c t e d  toward understanding of t h e  primary and secondary 
chemical processes  which l e a d  t o  formation of n e t  products  i n  t h e  gamma o r  
pulsed e l e c t r o n  r a d i o l y s i s  of s imple chemical systems. The methods used 
inc lude  chemical a n a l y s i s  f o r  n e t  products  i n  the  presence and absence of 
scavengers  f o r  f r e e  r a d i c a l s  o r  o t h e r  i n t e rmed ia t e s ,  e f f e c t  of phys i ca l  
v a r i a b l e s  such a s  p re s su re ,  temperature,  r a d i a t i o n  dose,  o r  phase, and 
comparison with o t h e r  methods of a c t i v a t i o n  such a s  pho t o l y s i s  o r  e l e c t r o n  
bombardment i n  t h e  mass spec t rometer ,  i n  order  t o  shed l i g h t  on primary 
processes .  Systems a r e  chosen f o r  s tudy  on t h e  b a s i s  of both chemical s u i t -  
a b i l i t y  and relevance t o  c u r r e n t  energy o r  environmental problems. An 
i n v e s t i g a t i o n  of t h e  r a d i o l y s i s  of H -CO mixtures  i s  d i r ec t ed ,  a t  cha rac t e r -  
i z a t i o n  of hydrocarbon and oxygenated products  formed i n  both the  gas  phase - 
and on va r ious  types  of r e a c t i v e  su r f aces .  Pulse  r a d i o l y s i s  s t u d i e s  of CF I 
and CH,I systems a r e  expected t o  y i e l d  d e t a i l s  of atomic iod ine  r e a c t i o n  3 

dynamids r e l e v a n t  t o  chemical l a s e r  work. Comparative s t u d i e s  of t h e  mass 
spectrometry and r a i i a t i o n  chemistry of CF I-CH I mixtures  a r e  designed t o  
r e l~ea l .  t h e  r o l e  of ion-molecule r e a c t i o n s  ?n th3s  system. 

."A - -  < " . - ,,+ 
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195. RADIATION INDUCED EFFECTS I N  
ORGANIC SYSTEMS 

Russe l l  H. Johnsen 
Department of Chemistry 

The goa l  of t h i s  r e sea rch  cont inues  t o  be t h e  e l u c i d a t i o n  of k i n e t i c s  
i nvo lv ing  r e a c t i v e  i n t e r n e d 1  aces . Emphasis is  I11  three a r e a s  : (1)  
r e a c t i o n s  of t h e  hydroxyl r a d i c a l  w i t h  a v a r i e t y ' o f  aromatic  hydrocarbons 
found i n  t h e  atmosphere, (2)  t h e  s t r u c t u r e  of molecular i o n s  a s  determined 
by c o l l i s i o n a l l y  a c t i v a t e d  mass spectrometry,  (3)  r e a c t i o n  of r a d i c a l s  and 
r a d i c a l  p a i r s  i n  i r r a d i a t e d  organic  s o l i d s .  Procedures u t i l i z e d  i n  t h e s e  
i n v e s t i g a t i o n s  inc lude  convent ional  and tandem mass spectrometry,  e l e c t r o n  
s p i n  resonance spectrometry and photochemical techniques. Systems i n v e s t i g a t e d  
i n c l u d e  t h e  lower molecular  weight a r o m i t i c  hydrocarbons, i somer ic  a lkanes ,  
azoxy compounds and amino ac ids .  

\ BOSTON UNIVERSITY 
Boston, Massachusetts 02215 

19 6 ORGANIC PHOTOCHEMICAL STORAGE 
OF SOLAR ENERGY 

Gui l ford  Jones,  I1 
Department of Chemistry 

Photoisomerizat ion r e a c t i o n s  capable  of s t o r i n g  r a d i a n t  energy i n  s t a b l e  ' 

molecules a r e  being s tud ied .  P h o t o s e n s i t i z a t i o n  mechanism which a l low use  
of long wavelength ( v i s i b l e )  r a d i a t i o n  a r e  of p r i n c i p a l  i n t e r e s t .  New 
s e n s i t i z i n g  agen t s  f o r  p r e s e n t l y  known exc ip l ex  i somer iza t ions  are be ing  
proposed. Sens i t i zed  i somer i za t ion  y i e l d  and s t o r a g e  capac i ty  a r e  t o  be 
improved through s tudy of d e r i v a t i v e s  of c u r r e n t l y  promising s u b s t r a t e s .  
Mechanist ic  work inc ludes  a survey of f a c t o r s  d i r e c t i n g  t h e  d i a b a t i c  and 
novel  a d i a b a t i c  exc ip l ex  i somer i za t ion  of dewzrbenzenes. Study of ground 
s t a t e  (charge t r a n s f e r )  complexing agen t s  and t h e i r  a b i l i t y  t o  induce 
photo isomer iza t ion  r e a c t i o n s  is underway. The energy t r a n s f e r  mechanism of 
p h o t o s e n s i t i z a t i o n  is  being s t u d i e d  wi th  emphasis on cons t ruc t ion  of a 
norbornadiene d e r i v a t i v e  wi th  an excep t iona l ly  low energy t r i p l e t  e x c i t e d  
s t a t e .  The temperature dependence of energy t r a n s f e r  t o ,  and i somer i za t ion  
from t h i s  s t a t e  is  being assessed .  
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197. ELECTRON TRANSFER I N  SYSTEMS 
OF WELL DEFINED GEOMETRY 

Kenneth J . Kauf mann 
Department of Chemistry 

Studies  of exci ted  s t a t e  e l e c t r o n  t r a n s f e r  i n  systems of well-defined 
geometry a r e  being conducted t o  l e a r n  what parameters a r e  important 
i n  e f f i c i e n t  conversion of exc i t ed  s t a t e s  t o  a sepa ra t ion  of charges. 
To do t h i s  a number of dimers of pheophytin a r e  being synthesized. These 
dimers a r e  joined by two covalent  l inkages.  Metal atoms such a s  Mg, Cu, 
Zn, Mn and Fe a r e  added t o  only one of the  two porphyrin molecules i n  the  
dimer. The dimers a r e  exc i t ed  with a picosecond pu l se  and t h e r e  is  then 
observed the  r a t e  of e l ec t ron  t r a n s f e r  from t h e  metal containing molecule 
t o  t h e  pheophytin molecule. Electron t r a n s f e r  is monitored v i a  t i m e  
resolved absorption and f luorescence.  The d i s t ance  between t h e  acceptor  and 
t h e  donor is changed by modifying t h e  length  of the  two covalent  linkages. 
Changes i n  t h e  f luorescence l i f e t i m e  a s  a funct ion  of sepa ra t ion  between 
t h e  two porphyrin r ings  a r e  being used t o  discover which complexes quench 
t h e  s i n g l e t  exci ted  s t a t e .  Time resolved absorpt ion  spectroscopy is then 
used t o  monitor t h e  r a t e  of anion and ca t ion  formation. Absorption s t u d i e s  
a l s o  i n d i c a t e  the  r a t e  of decay of t h e  charged complex v i a  formation 
of t r i p l e t s  and ground s t a t e  molecules. Information is obtained on 
what d i s t ances  permit rapid  forward reac t ions ,  y e t  s t a b i l i z e  the  charge 
separat ion.  

UNIVERSITY OF CALIFORNIA 
Santa Barbara, Ca l i fo rn ia  93106 

198 PHOTOELECTROCHEMI STRY AT IRON 
OXIDE ELECTRODES 

John H. Kennedy 
Department of Chemistry 

The objec t  of t h i s  research  program is t o  extend t h e  knowledge of semiconductor 
photoelectrochemistry f o r  t h e  decomposition of water i n t o  hydrogen f u e l  and 
oxygen. In  p a r t i c u l a r ,  a study of i r o n  oxide e lec t rodes  i n  var ious  e l e c t r o l y t e s  
is being inves t iga ted .  Previous work has shown t h a t  so lu t ions  containing 
EDTA o r  c i t r a t e  enhance photocurrents;  the re fo re  s o l u t e  e f f e c t s  a r e  being 
s tudied  i n  g r e a t e r  d e t a i l  inc luding o the r  carboxylic  acids.  Chemical 
a n a l y s i s  of the  photoproducts is being c a r r i e d  out. The p ro jec t  is a l s o  
exploring o t h e r  matsl. oxides which might e x h i b i t  d e s i r a b l e  photoelectrochemical 
c h a r a c t e r i s t i c s .  Mater ia ls  which a r e  being explored include f e r r a t e s ,  
mangana t e s  and plumba tes . 
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199. THEORETICAL STUDIES OF EXCESS 
ELECTRONS I N  FLUIDS; STRUCTURE 
AND ELECTRON TRANSFER 

N. R. Kestner 
Department of Chemistry 

This program i s  extending "ab i n i t i o "  and model ca lcu la t ions  of t h e  
solvated  e l e c t r o n  t o  systems o the r  than water as we21 a s  exploring a l te ' rna t ive  
ways t o  introduce properly t h e  long range electron-medium in te rac t ion .  The 
o l d e r  models a r e  d e f i c i e n t  i n  this.  area. Emphasis i s  on l i n e  shape and 
e l e c t r o n s  i n  dense polar  gases,  mixed. polar  solvents  a s  well a s  and 
mixed a l k a l i  h a l i d e  fused salts. A t  l e a s t  ha l f  of t h e  e f f o r t s  involve t h e  
continuing study of e l e c t r o n  t r a n s f e r  (and i ts r e l a t e d  energy t r a n s f e r )  
phenomena i n  l i q u i d s  and frozen media using multiphonon theory. The 
t rapping process, the  e f f e c t s  of e l e c t r i c  f i e l d s  and pressure,  t h e  ca lcu la t ion  
of medium rearrangement energies  fo.r e l ec t ron  t r a n s f e r  between inorganic 
complexes, and t h e  r o l e  of long range "super-exchange" e lec t ron  t r a n s f e r  
a r e  a l l  being inves t igated .  Studies concentrate on ways t o  charac te r i ze  
the  r a t e s  and t h e i r  temperature. dependences with a n  aim toward predic t ing 
experimental behavior. Such r e s u l t s  w i l l  have app l i ca t ions  t o  c a t a l y s i s ,  
modern e l e c t r i c a l  devices and e lec t rode  processes a s  w e l l  a s  t o  e lec t ron  
t r a n s f e r  processes i n . i n o r g a n i c  chemistry and biology. 

WAYNE STATE UNIVERSITY 
D e t r o i t ,  Michigan 48202 

200. RADIOLYSIS STUDIES ON REACTIVE 
INTERMEDIATES 

Larry Kevan 
Department of Chemistry 

This research i s  o r ien ted  toward q u a n t i t a t i v e  charac te r i za t ion  of presolvated 
e l e c t r o n  s t r u c t u r e  and r e a c t i v i t y ,  metal atom and ion solvat ion and rad ica l  
and molecule o r i e n t a t i o n  on surfaces .  The geometrical and e lec t ron ic  
s t r u c t u r e S o f  presolvated e lec t rons  formed a t  1.5 and 4.2 K i n  aqueous and 
organic matrices i s  being studied by e lec t ron  spin  resonance, o p t i c a l  
absorption and photoconductivity methods. Metal atom solvat ion and rad ica l  
o r i e n t a t i o n  on z e o l i t e  su r faces  a r e  being studied by e l e c t r o n  spin  echo 
spectrometry and other  advanced e l e c t r o n  sp in  resonance methods. Electron 
r e a c t i v i t y  i s  being studied a t  temperatures below 4 K. 
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201. ELDOR INVESTIGATIONS OF RADIATION 
PROCESSES 

Lowell D. Kisper t  
Department of Chemistry 

The o b j e c t i v e  of t h e  p re sen t  research  is t o  examine t h e  r o l e  of t h e  h o s t  
ma t r ix  a s  a  func t ion  of temperature i n  determining t h e  type and y i e l d  
of r a d i c a l s  produced by X- i r rad ia t ion  of a  c r y s t a l l i n e  o r  g l a s s  m a t e r i a l  
us ing  e l ec t ron -e l ec t ron  double resonance (ELDOR), e lec t ron-nuclear  double 
resonance (ENDOR), e l e c t r o n  s p i n  resonance (ESR) and heavy atom s u b s t i t u t i o n  
techniques.  After many yea r s  of research  on t h e  e f f e c t s  of r a d i a t i o n  on 
c r y s t a l l i n e  m a t e r i a l s ,  i t  is s t i l l  d i f f i c u l t  t o  p r e d i c t  from t h e  thermal  
h i s t o r y ,  na tu re  of r a d i a t i o n ,  c r y s t a l  s t r u c t u r e  o r  form of t h e  pa ren t  
molecule what r a d i c a l  s p e c i e s  w i l l  be s t a b l e  a t  any g iven  temperature.  
However, an  examination of t h e  ELDOR s p e c t r a  of an  i r r a d i a t e d  subs tance  
r e s u l t s  i n  a p a r t i a l  o r  complete measure of t h e  r e l a x a t i o n  mechanisms 
which, i n  t u r n ,  a r e  r e l a t e d  t o  t h e  h o s t  ma t r ix  i t s e l f .  The h o s t  ma t r ix  can 
be  changed s l i g h t l y  by us ing  t h e  heavy atom s u b s t i t u t i o n  technique,  by 
us ing  d i f f e r e n t  methods of c r y s t a l l i z a t i o n ,  and by inc luding  r a d i c a l  
p recu r so r s  i n  c l a t h r a t e s ,  pe rmi t t i ng  a  s tudy  of t h e  r e l a t i o n  among h o s t  
ma t r ix  v a r i a t i o n ,  r a d i c a l  y i e l d  and r e l a x a t i o n  parameters.  

THE JOHNS HOPKINS UNIVERSITY 
Baltimore, Maryland 21218 

202- STUDIES I N  RADIATION AND HOT 
' ATOM CHEMISTRY 

Walter S. Koski 
Department of Chemistry 

+ + 
Stud ie s  of t h e  r e a c t i o n  B (H2,H)BH us ing  B+ i n  i t s  ground and + 

f i r s t  e x c i t e d  s t a t e s  a r e  being continued. Product s ta tes+of  BH a r e  
being i d e n t i f i e d .  A s tudy of t h e  r e a c t i o n s  of D w i th  B r  i n  its 
ground and f i r s t  exc i t ed  e l e c t r o n i c  s t a t e s  is  be$ng i n i t i a t e d .  The ion- 
chemistry of t h e  h o t  atom system Br-C2H a c t i v a t e d  by t h e  (n,Y ) 
and i somer ic  t r a n s i t i o n  is  being i n v e s t  9 gated  us ing  tandem mass spectrometers .  
Work on t h e ' f a c t o r s  t h a t  i n f l u e n c e  t h e  experimental  de te rmina t ion  of t h e  
t r a n s l a t i o n a l  e x o e r g i c i t y  of ion-molecule r e a c t i o n s  is being continued. 
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203. STUDIES I N  CHEMICAL DYNAMICS 
Aron Kuppe rmann 
Division of Chemistry and 

Chemical Engineering 

This program s t u d i e s  c o l l i s i o n s  of molecules with o the r  molecules, e l ec t rons  
and photons, including the  determinat ion of intermolecular  fo rces  and 
energy t r a n s f e r  cross. s e c t i o n s ,  electron-impact energy-loss spec t ra  a t  
v a r i a b l e  angle ,  and angular  d i s t r i b u t i o n s  of molecular photoelectrons. 
Spectroscopic s t u d i e s  of o p t i c a l l y  forbidden t r a n s i t i o n s  by multiphoton 
photoionizat ion and photoacoustic de tec t ion  l a s e r  spectroscopy, and s tud ies .  
of the  e f f e c t  of photon energy on photochemical pathways a r e  a l s o  being 
conducted. The unifying goal of these  s t u d i e s  i s  the  understanding of t h e  
dynamical consequences of the  c o l l i s i o n s  of molecules with o the r  p a r t i c l e s .  
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204. THE. PHOTOCHEMISTRY AND RADIATION 
CHEMISTRY OF VOLATILE SILANES 
AND GERMANES . 

F. W. Lampe 
, Department of Chemistry 

The mechanisms of photochemical decomposition of s i l a n e s ,  germanes, 
phosphines , a r s i n e s  and mixtures .of these  -components using 147 nano- 
meter r a d i a t i o n  and 9-11 micrometer in f ra red  r a d i a t i o n  a r e  s tudied i n  a 
photolys is  c e l l  tha t :  i s  d i r e c t l y  coupled t o  a time-of-flight mass' spectrometer. 
P a r t i c u l a r  a t t e n t i o n  i s  d i rec ted  t o  the p o s s i b i l i t y  of use fu l  photochemical. 
synthes is  by the  room-temperature reac t ions  of d iva len t  s i l y l e n e  and 
germylene r a d i c a l s  with s u b s t r a t e s  containing halogen and oxygen atoms. 
The s o l i d  hydridic f i lms  of s i l i c o n  and germanium t h a t  a r e  formed i n  a l l  
decompositions of gaseous s i l a n e s  and germanes, t h e  chemical na ture  of t h e  
f i lms  formed by gamma, vacuum u l t r a v i o l e t  and i n f r a r e d  i r r a d i a t i o n s  and 
dependence of t h i s  na tu re  on reac t ion  condit ions,  and t h e  e f f e c t  of t h e  
presence of phosphine and a r s i n e  i n  the  reac tan t  gas  on the nature  and 
p roper t i e s  of the  f i lms  a r e  being examined. Ion-molecule reac t ions  char- 
a c t e r i s t i c  of s i l a n e  and germane systems a r e  being studied i n  a tandem 
velocity-ftlter-mass-filter apparatus i n  which reac tan t  ions  of a given 
mass, with energies  of 0.5-20 e lec t ronvo l t s ,  a r e  focused i n t o  a t a r g e t  gas  
and t h e  re ' su l t ing  product ions a r e  analyzed with respec t  t o  both mass and 
energy. P a r t i c u l a r  a t t e n t i o n  i s  d i rec ted  towards a study of t h e  l i f e t i m e s , .  
r a t e s  of unimolecular d i s soc ia t ion ,  and c a l l i s i o n a l  stabilization of 
energy-rich c o l l i s i o n  complexes. The ion-molecule reac t ions  c h a r a c t e r i s t i c  
of silane-halocarbon and germane-halocarbon mixtures a r e  a l s o  being examined 
i n  the  tandem mass spectrometer. Specia l  a t t e n t i o n  is  d i rec ted  towards 
t h e  r o l e  played by intermediate complexes bound together by h a l i d e  and 
hydride bridges i n  t h e  o v e r a l l  teacs ione UP hcillde and hydridc t r a n s f e r .  
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205 ELECTRON TRANSFER REACTIONS OF 
EXCITED DYES WITH METAL COMPLEXES 

Norman N. L ich t in ,  M. Z. Hoffman 
Department of Chemistry 

The genera l  ob jec t ives  of t h i s  program a r e ,  sys temat ica l ly ,  t o  s tudy,  
c o r r e l a t e  and i n t e r p r e t  f a c t o r s  which determine quantum e f f i c i ency  of 
t r a n s f e r  gf reducing ~ . q i i i v a l s n t v  bacweon olrcitcd dye m o l c c u l e ~  a ~ ~ d  metal 
complexes i n  t h e i r  ground s t a t e  a s  w e l l  aa other  f a c t n r ~  whtch determino 
t h e  composition and dynamics of formation and decay of the  photos ta t ionary  
s t a t e  of such photoredox systems. Aspects of i n t e r e s t  include s t r u c t u r e s  
of dyes and ground s t a t e  reagents ,  photophysical p roper t i e s  of dyes, ground 
s t a t e  redox p o t e n t i a l s  of dyes and metal complexes, and the  inf luence  of 
so lven t  and s o l u t i o n  composition on dynamic and steady s t a t e  proper t ies .  
S p e c i f i c a l l y ,  chemical and physica l  mechanisms a r e  s tudied  of photoredox 
systems incorpora t ing  t h i a z i n e  o r  o the r  dyes a s  absorbing species  and 
complexes of i r o n  o r  coba l t ,  using f lash-photoly t ic ,  spectrofluorometric ,  ' 

s teady-s ta te  spectrophotometric  and pulse- radioly t ic  techniques. 

WAYNE STATE UNIVERSITY 
Det ro i t ,  Michigan 48202 

206. PHOTOCHEMICAL ACTIVATION AND IRE- 
ACTIVITY OF POLYNUCLEAR TRANSITION 

' MP.Tc4L! COWPLEXES 
Richard L. Lintvedt ,  John F. Endicott  
Department of Chemistry 

Pho to in i t i a t ed  reac t ions  of molecules o r  molecular ions  containing.two o r  
more metal atoms, i.e. polynuclear  complexes, a r e  being inves t iga ted .  
Photoexci ta t ion  of such molecules should r e s u l t  i n  intermediates capable of 
mult i-electron t r a n s f e r ,  millti-photonkc procconcR rind unusual vxclted orare , 

reac t ions .  A p r i n c i p l e  ob jec t ive  is t o  genera te  photochemically such 
exc i t ed  s t a t e  spec ies  and study t h e i r  reac t ions  with a v a r i e t y  of s u b s t r a t e s  
t h a t  r e a c t  by way of mult i-electron t r a n s f e r  processes o r  by t r a n s f e r  of 
r e a c t i v e  intermediates.  Several  new polynuclear t r a n s i t i o n  metal complexes 
containing many d i f f e r e n t  metal ions  i n  a series of r e l a t e d  l igands  a r e  
being synthesized and charac ter ized .  The redox p roper t i e s ,  photochemical 
r e a c t i v i t y ,  and photophysical processes associa ted  with these  polynuclear 
complexes a r e  being s tud ied  i n  d e t a i l .  A fundamental goal  is  t o  study 
l ight -dr iven redox-type reac t ions  i n  which d e l e t e r i o u s  r a d i c a l  formation 
i s  avoided by the  simultaneous t r a n s f e r  of two e lec t rons .  
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2070 PHOTOCHEMICAL REACTIONS OF $92,800 01-1 
COMPLEX MOLECULES I N  CONDENSED (18 months) 
PHASE 

Henry Linschi tz  
Department of Chemistry 

I n  photosynthesis,  s o l a r  energy is s to red  v i a  a photoredox process involving 
e l e c t r o n . t r a n s f e r  from an exci ted  molecule (chlorophyll)  t o  s u i t a b l e  
acceptors,  followed by trapping of high energy products. Analogous processes 
i n  v i t r o  encounter t h e  bas ic  d i f f i c u l t y  t h a t  the  same k i n e t i c  in termedia te  -- 
leading t o  rad ica l s  i n  t h e  primary e lec t ron- t ransfer  s t e p  can lead a l s o  t o  
quenching t o  t h e  ground s t a t e  and energy loss.  This work is d i rec ted  
toward understanding t h e  f a c t o r s  con t ro l l ing  t h i s  branching r a t i o  'between 
energy 's torage  and d i s s ipa t ion-  Toward t h i s  end, l a s e r  f l a s h  photolys is  is  
being used t o  measure the  quantum y i e l d s  of r a d i c a l s  (or  radical- ions)  
formed i n  exci ted  s t a t e  redox react ions ,  under d i f f e r e n t  conditions. 
The bas ic  parameter of t h e  s i t u a t i o n  is considered t o  be t h e  l i f e t i m e  
of the  exciplex or  spin-coherent radical- ion p a i r  formed i n  t h e  primary 
s t ep ,  r e l a t i v e  t o  t h e  t i m e  required f o r  "escape" of the  geminate r a d i c a l  
products i n t o  bulk solut ion.  Temperature and solvent  v i s c o s i t y  and p o l a r i t y  
a r e  relevant  va r iab les . .  p a r t i c u l a r l y  important is  t h e  sp in  m u l t i p l i c i t y  of . 

, 
t h e  excited s t a t e ,  s ince  quenching must lead t o  t h e  s i n g l e t  ground s t a t e .  
Studies a r e  a l s o  i n  progress on t h e  charac te r i za t ion  and photochemistry of 
chlorophyll  aggregates, r e l a t e d  t o . t h e  photosynthetic r eac t ion  center .  
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208. THE CONTRIBUTION OF ELECTRONICALLY 
EXCITED STATES TO THE RADIATION 
CHEMISTRY OF ORGANIC SYSTEMS 

Sanford Lipsky 
Department of Chemistry 

The wavelength dependence of t h e  phntnlonizat ion y i e l d  of s o l u t e s  i n  
organic  f l u i d s  i s  being measured using e l e c t r i c  f i e l d  quenching of 
t h e  s o l u t e  f luorescence  i n  order t o  seek evidence f o r  t r m a i t i o n a  i n  
l i q u i d s  t h a t  converge on t h e  second ion iza t ion  l i m i t .  Addit ionally 
t h e  e f f e c t  of e l e c t r i c  f i e l d  s t r eng th  on the  chemical quenching of t h e  
emission i s  s tudied i n  order t o  e luc ida te  t h e  nature  of t h e  precursor of 
escaped e lec t rons  and t o  reduce t h e  number of v i a b l e  models of t h e  photo- 
i o n i z a t i o n  process. Electron impact energy-loss spec t ra  of sa tura ted  and 
mono-olefinic c y c l i c  hydrocarbons a r e  obtained a t  OOand 90' s c a t t e r i n g  
angles  and over a range of impact energies  from 20 e V  t o  200 e V  i n  order t o  
a s s i s t  the  i n t e r p r e t a t i o n  and assignments of Rydberg t r a n s i t i o n s  observed 
i n  o p t i c a l  absorption spectroscopy. Two photon l a s e r  exci ted  f luorescence 
of sa tu ra ted  and mono-olefinic hydrocarbons is s tudied i n  order both t o  
o b t a i n  b e t t e r  spec t ra  than have here tofore  been ava i l ab le  and t o  seek the  
emissions from molecules not previously observed t o  f luoresce  (e.g. ethylene,  
cyclopropane, 2-methylpropane, etc . ) . With f luorescence located  from t h e  
simpler  molecules and b e t t e r  spec t ra  ava i l ab le  f o r  t h e  more complex, 
assignments of the  emi t t ing  s t a t e s  should become more feas ib le .  
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209. PRINCIPAL PROCESSES I N  THE RADIOLYSIS $88,000 01-1 
OF GASES WITH FISSION RECOILS AND 
GAMMA RAYS 

G. G. Meisels 
Department of Chemistry 

This research f a l l s  i n t o  t h r e e  ca tegor ies ;  1. The evaluation of processes, 
temperatures anhit ime s c a l e s  i n  f i s s i o n  r e c o i l  r a d i o l y s i s  which l ead  from 
t h e  energy, deposit ion process t o  chemical reactants .  This involves i r r a d i a t i o n  
of.hydrocarbon gases with reco i l ing  f i s s i o n  fragments from a P t  c lad  
Pd-U-235 f o i l ;  using r a t e s  of hydride t r a n s f e r  processes and f i n a l  product 
ana lys i s  t o  in£ er t h e  des i red  information; 2. t he  determination of r a t e  
constants  .and thermodynamic p roper t i e s  of gaseous ions,  an e lucidat ion.  of 

s assoc ia t ion  and fragmentation mechanisms, and comparison with recen t ly  ' 

I developed theory. This involves p r i n c i p a l l y  t h e  use of a pulsed high 
pressure  mass spectrometer, operated a t  one t o r r ,  capable of measuring ion  
d r i f t  t i m e  d i s t r i b u t i o n s ;  3. an Inves t iga t ion  of the  formation and reac t ions  
of ions prepared i n  s p e c i f i c  energy s t a t e s ,  with p a r t i c u l a r  emphasis on 
assess ing angular momentum and s p e c i f i c  v i b r a t i o n a l  s t a t e  e f f e c t s ,  and 
comparison with recent  theory. .The p r i n c i p a l  instruments are a threshold 
photoelectron-coincident photoion mass spectrometer, and a high reso lu t ion  
double focusing mass spectrometer s p e c i a l l y  modified f o r  t h e  study of 
metastable ion  decompositions. 

UNIVERSITY OF NORTH CAROLINA 
Chapel H i l l ,  North Carolina 27514 

210. ENERGY CONVERSION BASED ON $69,000 01-1 
MOLECULAR EXCITED STATES 
T. J. Meyer 
Department of Chemistry 

ahs photochemical and ~ h o t o ~ h ~ s i c a l  p roper t i e s  of metal complex exci ted  
s t a t e s  a r e  being inves t igated  f o r  systems which show promise i n  s o l a r  
energy appl ica t ions .  A number of i n t e r e s t i n g  app l i ca t ions  have been 
developed based on Metal Ligand Charge Transfer  Excited S t a t e s  of polypyridyl  
complexes of ruthenium- They include t h e  photoelectrochemical production 
of H and O2 from water and t h e  development of prototypes f o r  s o l a r  energy 
syntHesis c e l l s .  Luminescing polymers based on attachment t o  polyvinylpyridine 
have been prepared and t h e i r  p roper t i e s  studied. Detai led photodegradation 
s t u d i e s  on a series of r e l a t e d  complexes have been c a r r i e d  out  which give 
i n s i g h t  i n t o  the  degradation mechanisms and i e t o  t h e  design f e a t u r e s  which ,. 
minimize t h e  importance of such pathways. 
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211. FLASH PHOTOELECTROCHEMICAL STUDIES OF 
TRANSIENT ELECTRODE PROCESSES 
IMPORTANT I N  SOLAR ENERGY CONVERSION 

Sam P. Perone 
Department of Chemistry 

It is the ob jec t ive  of t h i s  research  program t o  apply e l e c t r o a n a l y t i c a l  
and spect roscopic  measurement techniques t o  t h e  study of t r a n s i e n t  pho to ly t i c ,  
photoemiselon, and pho toe lec t ro ly f i c  processes associa ted  with ITV-vintblc 
I r r a d i a t i o n  of an e lec t rode / so lu t ion  in te r face .  Both semiconductor and 
m e t a l l i c  e l ec t rodes  a r e  employed. Because of concern f o r  t h e  cha rac te r i za t ion  
of t r a n s i e n t  phenomena, t h e  genera l  methodology of f l a s h  photolys is  i s  
employed ( including both xenon f l a s h  lamp and tunable pulsed dye l a s e r  
sources) .  The novel perspect ive  afforded by t r a n s i e n t  e l e c t r o a n a l y t i c a l /  
spect roscopic  measurements of pho to in i t i a t ed  e lec t rode  processes allows 
more d e f i n i t i v e  mechanistic s t u d i e s  of s o l a r  conversion phenomena. 

HARVARD UNIVERS ITY 
Cambridge, Massachusetts 02138 

212. PICOSECOND DYNAMICS OF 
PHOTOCHENICAL SYSTEMS 

Kevin S. Pe te r s  
Department of Chemistry 

The photochemical and subsequent s t r u c t u r a l  rearrangements of 4-methylene- 
1-pyrazoline, 2,3-diazabicyclo (2.2.1)-hept-2-ene, 3-methydiazirine, 
d imethyldiaz i r ine ,  and ketene a r e  being inves t iga ted  u t i l i z i n g  t i m e  resolved 
picosecond absorption and Raman spectroscopy. The information t o  6e 
obtained from t h e s e  s t u d i e s  includes the  dynamics of d i s soc ia t ion ,  t h e  
d i s t r i b u t i o n  of energy aaong the  r e s u l t i n g  fragments, the  v i b r a t i o n a l  
c h a r a c t e r i s t i c s  of highly exc i t ed  rnol.ecules, and t h e  rateo of i n t r n m a l o c ~ ~ l a r  
and intermolecular  v i b r a t i o n a l  re laxat ion .  These r e s u l t s  provide c r i t i c a l  
new d a t a  f o r  t h e  mechanisms and dynamics of photochemical r eac t ions ,  a s  
w e l l  a s  f o r  the  bas ic  assumptions of unimolecular r eac t ion  theory. 
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213. HIGH ENERGY HALOGEN ATOM REACTIONS 
ACTIVATED BY NUCLEAR TRANSFORMATIONS 

Edward P. Rack . 
Department of Chemistry 

Studies  of high energy halogen atoms o r  ion  reac t ions ,  ac t iva ted  by var ious  
nuclear  t ransformations i n  gaseous, high pressure  and condensed phase , 

sa tu ra ted  and unsaturated hydrocarbons, halomethanes and o the r  organic 
systems continue i n  order  t o  b e t t e r  understand t h e  mechanisms and dynamics 
of high energy monovalent species.  The.experimenta1 and theore t igg l  

g2e $ y s t ~ y a t i c 8 ~ o f  hf4$ enff6y h a l 0 g f ~ ~ r ~ a c t f 9 1 3 s  o f ,  e-go, B r  , "i:: B r  + B r ,  B r ,  I, 1 , a n d  I + l a c t i v a t e d  
by r a d i a t i v e  neutron capture  o r  .isomeric t r a n s i t i o n  i n  sa tu ra ted  hydrocarbons 
and halo-subs t i t u t e d  alkanes. The reac t  ions of iodine  wi th  alkanes and 
alkynes ac t iva ted  by r a d i a t i v e  neutron capture  and isomeric t r a n s i t i o n .  
The gas t o  condensed s t a t e  t r a n s i t i o n  i n  halogen high energy chemistry, 
involving chlor ine ,  bromine, and iodine  a c t i v a t e d  by t h e  (n,y) and (1.T.) 
processes i n  halomethanes, sa tu ra ted  and unsatura ted  hydrocarbons, k i n e t i c  
theory app l i ca t ions  of high energy reac t ions  and mathematical development 
of %ping m e p q g n i s ~ ~ a g e  be389 invel5bgated i n  more d e t a i l .  The stereochemistry 
of C 1  and I, I + I and I s u b s t i t u t i o n  reac t ions  involv- 
ing  diastereomeric and enantiomeric molecules i n  t h e  gas and condensed 
phase, and t h e  app l i ca t ions  of high energy chemistry techniques and theory 
t o  neutron a c t i v a t i o n  a n a l y s i s  of b i o l o g i c a l  systems a r e  being studied.  

CARNEGIB MELLON UNIVERSITY 
Pi t t sburgh,  Pennsylvania 15213 

214. PHOTODECOMPOSITION OF WATER I N  
HOMOGENEOUS SOLUTION 

Robert M. Richman 
Department of Chemistry 

. 
This research involves spectroscopic,  photophysical,  chemical, photochemical, 
and electrochemical  s t u d i e s  of t r a n s i t i o n  metal complexes l i k e l y  t o  be 
u s e f u l  i n  s o l a r  energy conversion schemes. Workable schemes may be devised 
t h a t  a r e  based on s p l i t t i n g  water  i n t o  hydrogen and oxygen. Because i t  is 
unl ike ly  t h a t  a s i n g l e  photon o f . v i s i b l e  l i g h t  can provide t h i s  energy 
without waste, schemes a r e  considered which u t i l i z e  one photon t o  reduce 
water t o  hydrogen and another photon t o  oxidize  water t o  oxygen. The 
program includes  an extens ive  cons idera t ion  of t h e  f a c t o r s  t h a t  appear 
t o  be important i n  choosing t h e  appropr ia te  photocata lys ts ,  such a s  two 2+ 
s p e c i f i c  compounds (and t h e i r  analogs): M o ( O ) ~ ( S ~ C N R ~ ) ~  and ~ p ~ T i ( H ~ 0 ) ~  
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215. FAR INFRARED CHEMICAL LASERS 
Dean W. b b i n s o n  
Department of Chemistry 

The ob jec t ives  of these  s t u d i e s  on r a t h e r  d ive r se  systems a r e  t o  probe 
t h e  dynamics of r e a c t i n g  and i n e l a s t i c a l l y  c o l l i d i n g  molecules through 
observat ion of l a s e r  o s c i l l a t i o n  r e s u l t i n g  from non-equilibrium d i s t r i -  
but ions  i n  the products. The work involves f a r  in f ra red  technology 
because.many polyatomic molecules exhibi t  v ibra t ion-rota t ion l e v e l  a s c 1 l l a t l o n  
i n  t h i s  region, and pure r o t a t i o n a l  t r a n s i t i o n s  a l s o  r e s i d e  there.  Previous 
t o  t h i s  work no polyatomic l a s e r s  beyond 10 wn wavelength had been pumped 
chemically, and i t  had been widely predic ted  t h a t  pure r o t a t i o n a l  l a s e r s  
would never be pumped t h i s  way because of t h e  rapid  c o l l i s i o n a l  r e laxa t ion  
of r o t a t i o n a l  d i s e q u i l i b r i a .  The overwhelming s c i e n t i f i c  advantage of '  
chemical over d ischarge  pumping i s  t h e  (usual ly)  p rec i se  know1 edge of the  
composition of t h e  system i n  t h e  chemical case. There i s  a l s o  the  p r a c t i c a l  
advantage t h a t  knowledge of t h e  mechanisms might w e l l  point  t h e  way t o  
inc reas ing  the l a s e r  power. The polyatomic examples such a s  HCN, H 0 ,  

2 and H S a r e  of ten . .not  simply pumped by energy d i v e r t e d . i n t o  the  upper 
2 l a s f n g  l eve l .  The i n i t i a l  d i s t r i b u t i o n  i s  "overpumped" and the  'establishment 

of  t h e  required invers ion must await intermolecular  and intramolecular  
energy t r a n s f e r  among the  th ree  v i b r a t i o n a l  modes. ' Kinet ic  work on 

. t h e s e  molecules w i l l  continue. I n  t h e  diatomic, pure r o t a t i o n a l  f i e l d ,  
t h e  next  hydride being probed is  HF, but  t h i s  i s  expected t o  be an t i -  
c l imac t i c  a f t e r  t h e  performance of NH. HF does have the  advantage of being 
preparable from a v a s t  number of r eac t ions  with known v ib ra t iona l  d i s t r i b u t i o n s .  
Thus it would be a good test of t h e  t h e o r i e s  a l ready invoked f o r  OH and NH. 
The work i s  t o  be extended t o  the no -h r ides  SO and C10. The former i s  ' f Yd 
preparable  by t h e  rapid reac t ion  0 ( D) + OCS, and t h e  latter f r a n  photo- 
l y s i s  of FClO 

3 
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2 16. NUCLEAR METHODS I N  CHEMICAL KINETICS . $60,000 . 01-1 
John W. Root 
Department of Chemistry 

Wis research program includes c l a s s i c a l  k i n e t i c  s t u d i e s " o f  thermal 
F elementary hydrogen a b s t r a c t i o n  and o l e f i n i c  addi t ion  r e a c t i o n s ,  

and experimental inves t iga t ions  of the  e f f e c t s  of H and C1 r e a c t i v e  
a d d i t i v e s  upon energe t i c  F - f o r F  s u b s t i t u t i o n  reactzons i n  2 ~ ~ .  Thermal 
F-to-HF absolute  r a t e  constants  a r e  being determined a t  273 K f o r  se- 
l ec ted  alkane hydrogen and deuterium atom donors i n  conjunction with 
the  continued development of new ~ x t e n d e d  c o l l i s i o n  theor ies  f o r  gas- 
and l i q u i d  -phase bimolecular processes. Sens i t ive  mass balance and 
deuterium k i n e t i c  isotope e f f e c t  tests a r e  u t i l i z e d  i n  an  attempt t o  
denonstrate the imppgtance of a complex HF-producing mechanistic path- 
way i n  the thermal F + C H reac t ion  system. Competitive experiments 
i n  the  nonthermal '*F vs. 8 ~ C F ~  and C 1  / CF systems a r e  employed t o  

4 demonstrate center-of-Gss eeac t ive  c o l l i s i o n  energy d i s t r i b u t i o n  s h i f t s  
a s  predicted by the  steady s t a t e  hot  atom k i n e t i c  theory. 
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2 17 . RESEARCH I N  CHEMICAL KINETICS 
F. Sherwood Rowland 
Department of Chemistry 

The techniques of radiochemistry and photochemistry a r e  applied primari ly 
t o  the  study of small molecules i n  t h e  gas  phase i n  order t o  understand t h e  
mechanisms and rates of chemical react ions .  Many of t h e  molecules and 
chemical r eac t ions  have geochemical s ign i f i cance  because of t h e i r  occurrence 
i n  the  atmosphere of t h e  e a r t h  o r  o ther  p lanets .  The program primari ly 
depends upon labora tory  measurements, but  has l e s s e r  components of t h e o r e t i c a l  
c a l c u l a t i o n  and atmospheric f i e l d  measurements. The molecules under study 
include hydrocarbons, halocarbons , and organometallic species.  Some s p e c i f i c  
t o p i c s  inc lude ( a )  absolute  c a l i b r a t i o n s  of e l e c t r o n  capture  de tec to r s  f o r  
CC13F, CC1 F CC14,  CH CC13, CHCl=CCl and CC1 =CC1 a s  the  b a s i s  
f o r  continfie3 'monitorin2 of these  comp8unds i n  ?he t$oposphere; (b)  u l t r a v i o l e t  
absorpt ion measurements of CC1 , CClFO, and CF 0 p l u s  mechanistic s tud ies  of 

2 t h e i r  p h o t o ~ ~ c o m p o s j ~ i o n  with Zef erence t o  s t r a tospher ic  processes ; (c )  add i t  ion 
of thermal F and C 1  t o  asymmetric alkenes and alkynes t o  determine the  
d i r e c t i o n a l  f a c t o r s  con t ro l l ing  such react ions ;  (d)  d i r e c t  s u b s t i t u t i o n  reac t ions  
of F and C 1  a t  C-lf (M=Pb, gn, Ge, S i )  bonds i n  organometallic compounds 
( e )  react ions3sf  CH and CH with simple hydrocarbons and methyl ha l ides ;  

2 ( f )  thermal C 1  r eac t ions  w$th CH4 and C H f o r  s t r a tospher ic  comparisons; 
and (g) observation of t h e  reac t ions  of no$-8RKM r a d i c a l s  formed by thermal l8I? 
a d d i t i o n  t o  t e t r a a l l y l  organometallic compounds. 
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218. THE GAS PHASE RADIOLYSIS AND VACUUM $39,400 
ULTRAVIOLET PHOTOLYSIS OF HETEROCYCLIC 
ORGANIC COMPOUNDS 

Alfred A. Scala 
Department of Chemistry 

Studies  of the  gas phase Y-radiolysis and vacuum u l t r a v i o l e t  photolys is  
of complex organic molecules a r e  continuing. The ob jec t ive  is t o  determine 
with a g rea te r  degree of c e r t a i n t y  the  primary and secondary modes of 
decomposition of complex organic molecules and t o  understand and codify t h e  
f a c t o r s  which a f f e c t  t h e  reac t ions  i n  these  systems. The concern i s  with 
ions a s  well  a s  n e u t r a l  exc i t ed  molecules. It is expected t h a t  by c a r e f u l  
s tudy of secondary reac t ions  one can deduce information concerning energy 
d i s t r i b u t i o n s  i n  t h e  decomposing molecules. Studies i n  these  systems have 
l e d  t o  t h e  proposi t ion  of a quasi-equilibrium s i t u a t i o n  which al lows 
thermodynamic f a c t o r s  such a s  bond energies  t o  be s i g n i f i c a n t  i n  determining 
reac t ion  channels. These observations,  derived from a study of more than 
twenty molecules have produced confidence t h a t  a r e a s  of absorption,  photo- 
e l e c t r o n  and mass spectroscopy, vacuum u l t r a v i o l e t  photochemistry and 
rad ia t ion  chemistry can a l l  be co r re la t ed  t o  improve understanding of high 
energy processes i n  organic molecules. A reasonably c l e a r  p i c t u r e  of 
the  i n t e r a c t i o n  between high energy r a d i a t i o n  and he te rocyc l i c  organic 
compounds has been developed. Studies suggest t h a t  n e i t h e r  decompo- 
s i t i o n  nor ion iza t ion  occurs immediately upon energy absorption. Energy is 
t r ane fe t red  from t h e  e l e c t r o n i c  and v i b r a t i o n a l  modes i n i t t a l l y  exc i t ed  
i n t o  t h e  degrees of freedom involved i n  t h e  observed react ions .  Dissocia t ions  
a r e  mainly predissocia t ion ,  ion iza t ions ,  mainly autoionizat ion.  This 
quasi-equilibrium s i t u a t i o n  permits exc i t ed  molecules t o  sample t h e  a v a i l a b l e  
p o t e n t i a l  energy surfaces  and r e a c t  by p a t t e r n s  which a r e  p red ic tab le  based 
upon thermodynamics and s t r u c t u r a l  f ac to r s .  Def in i t e  s i m i l a r i t i e s  a r e  
evident  between t h e  n e u t r a l  and i o n i c  fragmentation reac t ions  which occur 
i n  these  systems. 
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219. DYNAMICS AND MECHANISMS OF HOT 
CHEMISTRY 

Leonard D. Spicer 
Department of Chemistry 

Reaction k i n e t i c s ,  atomic and molecular c o l l i s i o n  dynamics, and energy 
t r anspor t  a t  energies  s i g n i f i c a n t l y  above thermal thresholds a r e  being 
s tudied.  Intramolecular energy t r a n s f e r  following nuclear  r e c o i l  chemical 
a c t i v a t i o n  is  being explored. Recoil  ch lo r ine  atom replacement react ions  
are being used t o  ac t ivate .molecules  i n  the  s tudies .  Apparent concurrent 
r eac t ions  of ch lo r ine  ions  i n  se lec ted  bath aases  a r e  a l s o  being invest igated.  
Intermolecular  energy t r a n s f e r  from molecules chemically ac t iva ted  by t h e  
k i n e t i c  techniques of hot  atom reac t ion  is being f u r t h e r  character ized i n  
an  e f f o r t  t o  explore t h e  genera l i ty  and p rec i s ion  of t h e  method already 
developed. The sequen t ia l  t r a j e c t o r y  ana lys i s  of average hot  r e c o i l  
r e a c t i o n  energies is being general ized t o  take  i n t o  account r e a c t i v e  
processes with thermal o r  near thermal thresholds i n  order t o  quant i fy  the  
e f f e c t s  of nonreactive moderators on low energy processes. The k i n e t i c s  
and mechanisms of photochemical r eac t ions  between s u l f u r  dioxide and 
s a t u r a t e d  hydrocarbons a r e  being inves t igated .  Ul t rav io le t  r ad ia t ion  i n  
t h e  energy range of n a t u r a l  sun l igh t  a t  t h e  su r face  of t h e  e a r t h  is being 
used t o  e x c i t e  t h e  s u l f u r  dioxide, and l a s e r  induced u l t r a v i o l e t  f luorescence 
a t  higher energies is used t o  fol low t h e  reaction.  Analyt ica l  techniques 
f o r  product de tec t ion  including s t imula ted  f luorescence,  chromatography, 
and mass spectroscopy, both d i r e c t l y  on the  molecules, and on s i l y l  de r iva t ives ,  
are being developed. 
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220. HOT ATOM REACTIONS INVOLVING MULTI- 
VALENT AND UNIVALENT SPECIES 

Yi-Noo Tang 
Department of Chemistry 

For univalent  ho t  atoms, t h e  reac t ions  of r e c o i l  tritium with aromatic 
hydrocarbons such a s  benzene, toluene,  and o the r  polynuclear species  
a r e  being studied.  The i n t e r a c t i o n s  of t r i t i u m  with the  delocal ized 
pi-bonds i n  those molecules a r e  of s p e c i a l  i n t e r e s t .  I n  addi t ion ,  t h e  
i n t e r a c t i o n s  of molecular tritium on s o l i d  su r faces  such a s  C,  SIC, and 
A1  a r e  a l s o  being inves t igated .  Among mul t ivalent  ho t  atoms t h e  re- 
ac t ions  of Si-2-1, C-11 - and P - 2  formed by t h e  nuclear  r e c o i l  method 
a r e  being pursued. The study includes  the  a b s t r a c t i o n ,  addi t ion ,  and 
i n s e r t i o n  reac t ions  of these  hot  atoms and t h e i r  derived r a d i c a l s  i n  
organic a s  wel l  a s  inorganic systems. Moderator s t u d i e s  with i n e r t  
gases a s  a d d i t i v e s  proGide i n s i g h t  about the  energe t i c s  and/or elec-  
t r o n i c  s t a t e s  of i n t e r a c t i n g  r e c o i l  atoms. Experimentally these  ho t  
atoms a r e  produced by i r r a d i a t i o n  e i t h e r  with a nuclear  r eac to r  o r  with 
a cyclotron.  The products a r e  analyzed by radio-gas chromatography. 

UNIVERS ITY OF KENTUCKY 
Lexington, Kentucky 4050b 

22i. ELECTRON PHOTOEJECTION IN CARBANIONS 
Laren M. Tolbert  
Department of Chemistry 

Elect ron t r a n s f e r  processes from photoexcited carbanions a r e  being s tudied 
a s  models f o r  s o l a r  conversion react ions .  Resonance-stabilized carbanions 
t r a n s f e r  e l ec t rons  a t  high p o t e n t i a l s  using v i s i b l e  l i g h t .  The e f f e c t s  of . 

pK , oxidat ion p o t e n t i a l ,  a romat ic i ty ,  and o the r  components of carbanion 
s t h c t u r e  on the  e f f i c iency  and r a t e  of e l e c t r o n  t r a n s f e t  a r e  being inves t igated .  
Additional considera t ions  a r e  the  s t r u c t u r e  of t h e  e l e c t r o n  acceptor,  and 

' t h e  wavelength .and i n t e n s i t y  of the  l i g h t  source used. A computer-controlled 
mtiltipurpose o p t i c a l  bench provides p rec i se  v a r i a t i o n  and measurement of 
experimental da ta  with simultaneous cor rec t ion  f o r  nonlinear responses i n  
t h e  photodetection system. 
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222. MECHANISMS OF PHOTOCHEMICAL ENERGY 
CON~ERSION BY CHLOROPHYLL 

Gordon T o l l i n  
Department of ~ i o c h & m i s t r ~  

The exci ted  s t a t e  dynamics and t h e  y i e l d s  and l i f e t i m e s  of r a d i c a l s  
are baing invcotigatcd i n  s y s t e m  containing chlorophyll  and e lec t rou  
acceptors  dissolved i n  l i p i d  b i l a y e r s  o r  polymer f i l m .  Laser photolys is  
and e l e c t r o a  opPn resonance a r e  being used i n  these  stadiea.  The wurk 
involves the effecea of v a r i a t i o n s  i n  t h e  l i p i d  composition of t h e  b i l ayers ,  
e s p e c i a l l y  as r e l a t e d  t o  v i s c o s i t y  and surface  charge, t h e  use nf qalnone 
polymers a s  media, t h e  e f f e c t  of v a r i a t i o n s  i n  acceptor s t r u c t u r e  and redox 
p o t e n t i a l ,  and var ia t ions* i n  donor p roper t i e s  (e.g. use of pheophytin o r  
bacter iochlorophyl l  i n  p lace  of or  i n  add i t ion  t o  chlorophyll).  P a r t i c u l a r  
emphasis is being placed upon developing s t r a t e g i e s  t o  increase  r a d i c a l  
y i e l d s  and l i f e t i m e s  with'  a view towards t h e  possible, construct  ion  of s o l a r  
energy conversion systems. 
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223. CHEMICAL INTERMEDIATES I N  THE PHOTO- $35,000 . 01-1 
CHEMICAL CLEAVAGE OF WATER: A STUDY OF , . 

TRANSITION METAL COMPLEXES CONTAINING 
MONODENTATE 2,2 -BIPYRIDINE 

. Richard J. Watts - .  
~ e ~ a r t m e n t  of Chemistry 

A continued study of t r a n s i t i o n  metal complexes which conta in  monodentate 2 ,2  
-bipyridine i s  underway. The ob jec t ive  of the  program is t o  i n v e s t i g a t e  
the  p o t e n t i a l  s to rage  of s o l a r  energy a s  a result of i n t e r a c t i o n  of v i s i b l e  
l i g h t  with t h i s  c l a s s  of compounds. The primary s c i e n t i f i c  background f o r  
t h e  study l ies  i n  the  previous i s o l a t i o n  and c h a r a c t e r i z a t i o n  of a complex 
of I r ( I I 1 )  which conta ins  monodentate 2,2 -bipyridine a s  w e l l  a s  coordinated 
water. This  has l ed  t o  the  c h a r a c t e r i z a t i o n  of a n  analogous complex of 
Ru(I1) whic9+is formed i n  the  high temperature aqueous so lu t ion  photolys is  
of ~ u ( b p y )  . Further  s t u d i e s  of these  complexes have been spurred 
on by exteaq)ve inves t iga t ions  of the  photoredox s e n s i t i z a t i o n  p roper t i e s  
of Ru(bpy) and recent  demonstrations of i t s  e f f e c t i v e n e s s  i n  
hydrogen gqneration under i r r a d i a t i o n  i n  mixtures containing e l e c t r o n  
donors and acceptors .  The resea rch  focuses a t t e n t i o n  on photoinduced 
e l e c t r o n  t r a n s f e r  processes i n  complexes of I r ( I I 1 )  and Ru(I1) which 
conta in  monodentate 2 ,2  -bipyridine with a v a r i e t y  of e l e c t r o n  donors 
and acceptors .  These complexes, l i k e  the  t r i s -b ipyr idy l  ruthenium(I1) 
complex ion ,  may have exci ted  s t a t e  p o t e n t i a l s  which a r e  favorable  with 
respect t o  decomposition of water i n t o  hydrogen and oxygen. A s tudy of 
luminescence quenching by e l e c t r o n  donors and acceptors  i s  being made t o  
i d e n t i f y  p o t e n t i a l  e l ec t ron  t r a n s f e r  systems, and f l a s h  photolys is  experiments 
a r e  being performed i n  order  t o  f u r t h e r  cha rac te r i ze  p o t e n t i a l l y  a c t i v e  
systems. 
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224. STUDIES I N  HOT ATOM CHEHISTRY AND 
RADIATION CHEMISTRY 

John E. Willard 
Department of Chemistry 

The ob jec t ives  of t h i s  p ro jec t  a r e  t o  ob ta in  a b e t t e r  understanding 
of :  t h e  production, migrat ion,  t rapping,  r ~ a c t i o n s  and spec t ra  of f r e e  
r a d i c a l s ,  hydrogen atoms, e l ec t rons ,  i o n s ,  and complexes f owed i n  so l id  
organic  matrices by ion iz ing  rad ia t ion ,  by photolys is ,  and by metal photo- 
seno i t i en t ion .  % reac t ions  under study are l u l ~ J . a t h d  by i r r a d i a t i o n  with 
gamma r a y s  from Co; and by u l t r a v i o l e t ,  v i s i b l e  and in f ra red  rad ia t ion  
from continuous sources,  f l a s h  sources and a tunable l a s e r .  Electron sp in  
resonance, i n f r a r e d ,  v i s i b l e ,  u l t r a v i o l e t  and mass spectrometry, gas  
chromatography, e l e c t r i c a l  conduct iv i ty ,  luminescence, d i f f e r e n t i a l  thermal 
and radiochemical a n a l y t i c a l  techniques a r e  used. The systems under 
i n v e s t i g a t i o n  include hydrocarbon and o the r  organic matrices with and 
without scavengers. The reac t ions  i n  matr ices  a r e  studied i n  the range of 
4 K - 200 K. Extensive information has been obtained on f a c t o r s  con t ro l l ing  
t h e  trapping and reac t ions  of e l e c t r o n s ,  hydrogen atoms and f r e e  r a d i c a l s  
produced by r a d i a t i o n  i n  organic matr ices  a t  4 K t o  200 K ,  t h e  chemical 
r eac t ions  of halogen atoms ac t iva ted  by nuclear  processes,  va r i ab les  
c o n t r o l l i n g  t h e  production of f r e e  r a d i c a l s  and s t a b l e  products from 
molecules adsorbed on s i l i c a  g e l  undergoing gamma i r r a d i a t i o n ,  and the 
r e a c t i o n s  of h o t  atoms, r a d i c a l s  and exci ted  molecules formed by photolyses 
i n  gas,  l i q u i d  and s o l i d  phases. 
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225. RESEARCH CONCERNING I O N I C  AND FREE 
RADICAL REACTIONS I N  RADIATION 
CHEMISTRY 

T. Ffrancon Williams 
Department of Chemistry 

. . .  
... . . .: 
. . .  . - "  Recent work of thi.s group has shown t h e  usefulness  of c e r t a i n  s o l i d  ... ... ;. . . . . ,  , .;.: .. . .: ;.':.,',.: . 

matr ices  (SF , neopentane, and e s p e c i a l l y .  te t ramethyls i lane)  f o r  ESR . .  . .  . 

6 
..: . . :.,*:;, , :'. !.'.I .*I... ...., , ... .. 

s t u d i e s  of trapped r a d i c a l  anions. The r a d i c a l s  a r e  generated by i r r a d i a t i o n  4.:. . ' ' . . 

o r  by photoionizat ion of organic molecules, and are observed a t  low temperatures. 
The ESR s p e c t r a  a r e  f requent ly  we l l  resolved and t h i s  genera l ly  al lows a 
s t ra ight forward  ana lys i s  t o  be made of t h e  s p e c t r a l  pa t terns .  W e  a r e  
extending t h e  s t u d i e s  of r a d i c a l s  derived from fluorocarbons and r e l a t e d  
compounds by preparing the  r a d i c a l  anions of f luoro-olef ins  such a s  t h e  
perf luorocycloalkenes 2-C F - 2  (n=3-6), the. halofluoroethylenes,  and o the r  

n 2 fluorocarbons. By means of hese  s t u d i e s  f u r t h e r  . in£ ormation is  sought 
about t h e  na tu re  of t h e  semi-occupied o r b i t a l s  and t h e  geometries of 
these  r a d i c a l  anions. The study of t h e  r eac t ions  between e lec t rons  and 
chlorofluorocarbons is  a l s o  re levant  t o  t h e  p r a c t i c a l  problem of t h e  e f f e c t .  
of f luorocarbons on the  deple t ion  of ozone i n  the  s t ra tosphere .  The r o l e  
of quantum-mechanical tunneling i n  hydrogen-atom t r a n s f e r  r eac t ions  . a t  
low temperatures is  a l s o  being inves t iga ted  a s  p a r t  of a genera l  s tudy of 
H/D i so tope  e f f e c t s  i n  radLation-induced .reactions. 

GENERAL ELECTRIC CORF'ORATE RESEARCH AND DEVELOPMENT 
Schenectady, New York 12301 

226. STUDY OF PHOTOCHEMICAL EFFECTS USING $120,000 01-1 
STABLE SEMICONDUCTOR ELECTRODES (2  years) 

R. H. Wilson 
Energy Sciences Branch 

Studies  a r e  underway i n  which a new technique f o r  inves t iga t ing  l a y e r s  
of organometallic compounds is being evaluated. The mate r i a l  being 
inves t iga ted  is deposited on t h e  su r face  of s t a b l e  semiconductor e l ec t rodes  
of known behavior. The semiconductor is exc i t ed  by l i g h t  of s u f f i c i e n t  
energy t o  produce bandgap t r a n s i t i o n s .  The e x c i t a t i o n  is t r ans fe r red  
minori ty c a r r i e r s  t o  t h e  su r face  coating. Electron t r a n s f e r  t o  and from 
these  l aye r s  is inves t iga ted ' in .  t h e  context  of a previously developed model 
f o r  charge t r a n s f e r  a t  semiconductor-electrolyte in te r faces .  Chemical and 
physica l  p roper t i e s  of t h e  l aye r s  is i n f e r r e d  from these  inves t iga t ions*  
Using these  techniques previously inves t iga ted  mate r i a l s  such a s  rhodamine-B 
and ruthenium t r i s -b ipyr idy l  a r e  under s tudy and t h e  usefulnesa of these 
techniques is being es tabl i shed.  
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227. PHOTOCHEMICAL ENERGY STORAGE: STUDIES 
OF INORGANIC PHOTOASSISTANCE AGENTS 

Mark S. TJrighton 
Department of Chemistry 

S t u d i e s  of chemical ly d e r i v a t i z e d  semiconductor photoelectrodes are 
underway. The o b j e c t i v e  is  t o  de~tgn pho tosens i t i ve  su r foccs  capable 
of s u s t a i n i n g  t h e  conversion of l i g h t  t o  chemical and/or e l e c t r i c a l  
energy by exploiting l ight- induced i n t e r f a c i a l  charge t r a n s f e r  processes .  
S p e c i f i c  aims concern t h e  d e r i v a t i z a t i o n  of p-type S i  and GaAs us ing  
h y d r o l y t i c a l l y  uns t ab le  d i n u c l e a r  f e r rocene  molecules a s  t h e  s u r f a c e  
d e r i v a t i z i n g  reagent .  Study of' the use  of d e r i v a t i z e d  n-type S i  as 
t h e  photoanode i n  aqueous s o l u t i o n  is  be ing  pursued t o  determine what 
redox r e c t i o n s  can be  a f f e c t e d  by l i g h t  a t  contrathermodynamic poten- 
t i a l s .  The use  of e l e c t r o a c t i v e  d e r i v a t i z i n g  r eagen t s  as e l e c t r o n  t r a n s f e r  
mediators  t o  s o l u t i o n  redox r eagen t s  is being s tud ied ,  and t h e  u t i l i t y  of 
d e r i v a t i z a t i o n  i n  p a s s i v a t i n g  e l e c t r o d e  s u r f a c e s  is being evaluated.  Work 
on t h e  use  of h y d r o l y t i c a l l y  u n s t a b l e  f e r rocenes  as d e r i v a t i z i n g  r eagen t s  
t o  n-type S i  is  being cont inued w i t h  an a i m  toward e s t a b l i s h i n g  f a c t o r s  
c o n t r o l l i n g  r e p r o d u c i b i l i t y  and d u r a b i l i t y  of such sur faces .  Exploratory 
s t u d i e s  on the  d e r i v a t i z a t i o n  of o t h e r  v i s i b l e  l i g h t  responsive semiconductors 
such a s  Gap, InP, and CdX (X = S, Se, Te) a r e  being undertaken and new 
d e r i v a t i z i n g  r eagen t s  a r e  being syn thes i zed  f o r  attachment t o  t h e s e  and 
p rev ious ly  s tud ied  su r f aces .  
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WESTERN CONNECTICUT STATE COLLEGE 
Danbury, Connecticut 06810 

228.. PHOTOELECTROCHEMICAL STUDIES ON 
CIILORINS, PORPHYRINS, AND 

' . METALLODERIVATIVES . . 

Alan D. Adler 
Department of chemistry 

. . 

A l a r g e  number of representa t ive  porphyrin, ch lo r in ,  and metalloderiv- 
a t i v e  s t r u c t u r e s  .thereof are being prepared and p u r i f i e d  f o r  e lec t ro -  
chemical s tudies .  Using c y c l i c  voltammetry a s  a means of obtaining 
an observed redox' p o t e n t i a l ,  t h e  e f f e c t  of severa l  system parameters 
i a  being sys temat ica l ly  inves t igated .  These w i l l  include v a r i a t i o n  
of t h e  porphyrinoid s t r u c t u r e ,  solvent ,  e l ec t rode  composition, temperature, 
a n d . i r r a d i a t i o n  (UV, VIS, near IR). This body of d a t a  serves  a s  t h e  bas ic  
information necessarjr t o  t h e  poss ib le  p o t e n t i a l  use  of these  mate r i a l s  i n  
such s o l a r  energy conversion devices as photovoltaic c e l l s ,  photogalvanic 
c e l l s  .and photocata ly t ic  c e l l s  - perhaps mimicking some of the  na tu ra l ly  
occurlng processes ,employing these  same molecular s t ruc tu res .  

. . 
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229. PHOTOSENSITIVE MOLECULAR ARRAYS: 
SYNTHETIC METHODS, PHOTOELECTRIC 
PROPERTIES, AND ENERGY TRANSFER 

John E. Bulkowski 
Department of Chemistry 

, . 

This research  is d i r e c t e d  a t  s y n t h e t i c  approaches t o  t h e  prepara t ion  
6 

of novel photoelectrochemical c e l l s  f o r  t h e  'conversion of sun l igh t  i n t o  
e l e c t r i c i t y  o r  fue la .  The- conaopt involve& speceral s e n s i t i z a t i o n  of 
e l ec t rode  su r faces  t o  v i s i b l e  l i g h t  by u t i l i z a t i o n  of metal-containing dye 
molecules arranged i n  a known and con t ro l l ed  molecular a rch i t ec tu re .  The 
s y n t h e t i c  s t r a t e g y  relies on methods developed t o  generate template surf  aces 
on s o l i d  supports  using s p e c i a l l y  designed s u r f a c t a n t  coordinat ion complexes. 
Subs t i tu t ion  reac t ions  a t  t h e  metal  sites of t h e  template should r e s u l t  i n  
formation of successive dye l aye r s  one l aye r  a t  a t i m e .   significant 
advantage of t h i s  method a r i s e s  from an  a b i l i t y  t o  t a i l o r  t h e  film's 
s t r u c t u r e ,  and consequently i ts  p roper t i e s ,  on' a m o l e c u l a r ~ l e v e l  by incorpor- 
a t i o n  of d i f f e r e n t  chemically modif led  dyes i n t o  the  assembly i n  a pre- , 

c i s e l y  cont ro l led  manner. This f e a t u r e  should provide a powerful means f o r  
tuning t h e  o p t i c a l  and e l e c t r i c a l  proper t ies .  As a r e s u l t  of the  cons t ruct ion  
techlque,  chains of metal atoms in terconnect  t h e  layers .  F a c i l e  charge 
t r a n s f e r  along' these  chains could provide a mechanism f o r  rapid  and e f f i c i e n t  
removal of energy from t h e  exc i t ed  dyes t o  s u i t a b l e  acceptors ,  g iv ing 
enhanced c e l l  e f f i c i e n c i e s .  The purpose of t h i s  work i e  t o  test these  
i d e a s . b y  synthes iz ing  photosens i t ized  assemblies of t h e  type described 
and inves t iga t ing  t h e i r  o p t i c a l  and e l e c t r i c a l  proper t ies .  
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230- PHOTOGALVANIC CELLS DRIVEN BY 
ELECTRON TRANSFER QUENCHING OF 
EXCITED SINGLET STATES 

David Creed & Newton C -  Fawcett 
Department of Chemistry 

The object ive  of t h i s  work is t o  develop more e f f i c i e n t  photogalvanic 
c e l l s  f o r  s o l a r  energy conversion based on e l e c t r o n  t r a n s f e r  quenching 
of monomeric s i n g l e t  exci ted  s t a t e s  and s i n g l e t  excimers of v i s i b l e  
l i g h t  absorbing dyes- Fluorescence spectroscopy is  being used t o  charac te r i ze  
t h e  dye exci ted  s t a t e s  and f luorescence quenching ind ica tes  the  p o s s i b i l i t y  
of e l ec t ron  t r a n s f e r  quenching- Dye reduction and oxidation a r e  being 
inves t iga ted  polarographical ly using d i f f e r e n t  e l ec t rode  mate r i a l s -  
Demonstration of the  r e v e r s i b i l i t y  of dye redox reac t ions  is  e s s e n t i a l  t o  
achieving t h e  photogalvanic e f fec t .  Achieving s e l e c t i v i t y  of e l ec t rode  
response t o  d i f f e r e n t  redox reagents is important t o  t h e  o v e r a l l  e f f i c i ency  
of photogalvanic cells- Spectroscopic and polarographic measurements 
e s t a b l i s h  t h e  formal redox p o t e n t i a l s  of the  exci ted  s i n g l e t  s t a t e s  of t h e  
dyes. This parameter a ids  i n  s e l e c t i o n  of t h e  quenchers. Promising 
combinations of dyes and redox quenchers are t o  be t e s t e d  i n  t o t a l l y  
i l luminated t h i n  l a y e r  photogalvanic c e l l s .  F ina l ly ,  the  wavelength 
dependence and power conversion e f f i c i e n c i e s  of new cells a r e  t o  be measured- 
It is hoped t o  develop photogalvanic c e l l s  with power conversion e f f i c i e n c i e s  
s i g n i f i c a n t l y  h a t t e r  than the  b e s t  (0.03%) s o  f a r  achieved with t h e  w e l l  
known 'iron-Thionine' photogalvanic ce l l :  I n  theory,  power conversion 
e f f i c i e n c i e s  of about 20% can be achieved- 
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231. A FLAVIN MONONUCLEOTIDE-PHOTOSYSTEM 
I SOLAR CELL 

' Elizabeth L. Gross 
Department of Biochemistry 

A s o l a r  b a t t e r y  using Photosystem I (PSI) subchloroplast  p a r t i c l e s  p lus  a 
photoreact ive  dye such a s  f l a v i n  mononucleotide (FMN) i s  t o  be constructed. 
The PSI p a r t i c l e s  a r e  placed on A f i s t o r  berwcca two couparluencg w h ~ ~ h  
conta in  an c l a e t  ron duuur [K,,Fe ( C N ~  o r  dichlorophenol -4 ndophenell and 
aa e l e c t r o n  dccep t o r  (y) , respectPvely. When t h e  FMN s i d e  is i l luminated 
wi th  white l i g h t  (80 W/y 1, a cur ren t  is observed i n  t h e  ex te rna l  c i r c u i t .  
Between 0.1 and 0.5 W/M power wi th  a power conversion e f f i c i ency  of 0.1 
t o  0.7% has been observed. Goals of t h i s  program a r e  t o  (1) inc rease  t h e  
e f f i c i e n c y  of the  c e l l ,  (2)  inc rease  i ts  l i f e s p a n  and (3) decrease its 
cos t .  The e f f i c i ency  is t o  be increased by increas ing t h e  a c t i v i t y  of the  
PSI p a r t i c l e s ,  choosing b e t t e r  e l e c t r o n  donors and acceptors ,  and improving 
t h e  c e l l  design. 

UNIVERSITY OF GEORGIA 
Athens, Georgia 30602 

232. DEVELOPMENT OF A PHOTOCHEMICAL ENERGY . $79,600 01-1 
SfOKAGE SYSTEM 

h e h a r d  R. Hautaia 
Department of Chemistry 

A s o l a r  energy s to rage  system based upon the interconversion of norbornadiene 
and quadricyclene possesses s e v e r a l  a t t r a c t i v e  f e a t u r e s ,  including high 
s p e c i f i c  energy s to rage  capaci ty ,  long-term k i a e t i c  s t a b i l i t y  of the  
energy-rich photoproduct of ambient temperatures, and r e l a t i v e l y  inexpensive 
reac tan t s .  Two s t e p s  a r e  required i n  t h i s  c y c l i c a l  system: (1) Energy 
s to rage  through the  s e n s i t i z e d  photolyais  of norbornadiene t o  quadricycleae 
i n  an rudothermic reac t ion;  (2)  Energy r e l e a s e  through t h e  catalyzed 
reconversion of quadricyclene, t o  norbornadiene i n  an exothermic reac t ion .  
The purpose of t h i s  research  program i s  t h e  explora t ion  of seve ra l  fundamental 
a r e a s  which a r e  r e l a t e d  t o  t h e  development of the  norbornadiene-quadricyclene 
energy s to rage  system. Spec i f i ca l ly ,  p lans  a r c  underway t o  undertake 
d e t a i l e d  s t u d i e s  of t h e  p roper t i e s  of s e v e r a l  s e n s i t i z e r s ,  p a r t i c u l a r l y  
with regard t o  t h e  mechanism of s e n s i t i z a t i o n ,  t o  develop c a t a l y s t s  with 
high a c t i v i t y ,  high product s p e c i f i c i t y ,  long l i f e t i m e s ,  and low cos t ;  and 
t o  examine the  f e a s i b i l i t y  of using var ious  immobilized s e n s i t i z e r s  and 
c a t a l y s t s  i n  the  energy s to rage  and energy r e l e a s e  s t e p s  of the  system. 
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233. MICROEMULSIONS FOR SOLAR ENERGY 
STORAGE 

. S m i t h L . H o l t  
Department of Chemistry 

Microemulsions a r e  being inves t iga ted  f o r  use  i n  s o l a r  energy s to rage  
systems. In  order  t o  a s c e r t a i n  whether such s o l u t i o n s  a r e  of genera l  
u t i l i t y ,  t h e  exothermic conversion of quadricyclane t o  norbornadiene 
catalyzed by the  hydrocarbon insoluble  tetra(p-sulfopheny1)porphine- 
cobal t ( I1)anion i s  being s tudied .  Attempts a r e  being made t o  micro- 
emulsify quadricyclane, and fac tors ,  a f f e c t i n g  microemulsion s t a b i l i t y  
a r e  being inves t iga ted .  The k i n e t i c s  of the  conversion process a r e  
being compared with k i n e t i c s  obtained on homogeneous and supported c a t a l y s t  
systems. Removal of t h e  water so lub le  c a t a l y s t  from contac t  with t h e  
organic s to rage  component is being attempted through thermally induced 
phase separat ion.  The r e s u l t s  may be app l i cab le  t o  any s o l a r  s to rage  cycle 
which involves hydrophobic and hydrophi l ic  components. 

COLORADO STATE UNIVERSITY ' 

F t  . Col l ins ,  Colorado 80523 

234. SOLAR-CHEMICAL ENERGY CONVERSION 
V I A  REVERSIBLE J.,JC)I~LD PHASE , 

DIELS' ALDER REACTIONS 
Terry G. Lenz 
Department of Agr icul ture  

and Chemical Engineering 

An i d e a l  solar-chemical energy conversion system would be one based 
on a high-yield r eac t ion  i n  t h e  l i q u i d  phase, meeting s p e c i f i c  thermo- 
dynamic, r e a c t  ion k i n e t i c s  and physica l  proper ty  c r i t e r i a .  Such chemistry 
is  not  cu r ren t ly  a p a r t  of s o l a r  thermochemical research. Liquid phase 
Diels-Alder chemistry has been i d e n t i f i e d  a s  a p o t e n t i a l l y  important a r e a  
of s o l a r  thermochemical research ,  with r e v e r s i b l e  c a t a l y t i c  r eac t ions  
a v a i l a b l e  over t h e  temperature range of 1 0 0 - 5 0 0 ~ ~ .  For example, t h e  
1 . 3 s y c l n o r  mdiene-diefhvl  maleate-adduct system has  a HT of about 17 
Kcal/g-mole, . a  T* (where Keq = 1) of 700 K, and meets v i r t u a l l y  a l l  otltei 
c r i t e r i a  used i n  screening s o l a r  thermochemical systems (based upon b e s t  
es t imates) . .  However, the re  is a se r ious  lack.  of fundamental thermodynamic, 
k i n e t i c ,  and physica l  property d a t a  f o r  t h i s  and o the r  p o t e n t i a l l y  important 
Diels-Alder systems. The present  research program i s  d i rec ted  toward 
generat ing fundamental knowledge f o r  Diels-Alder chemical systems, and 
l a t e r  t e s t i n g  them i n  small s o l a r  rece ivers .  , - .  
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235. STRATI-BISPORPHYRINS: A GAUGE 
FOR TEE STUDY OF PHOTO-INDUCED 
ELECTRON TRANSFER 

David C. Mauzerall 
Faculty f o r  Chemistry 

I n  order  to  model the a a t i v i t y  of t h e  y r i w r y  e l e c r r o a  donor of t h e  
photosynthet ic  r e a c t i o n  cen te r ,  a method f o r  synthes iz ing  well-defined . . 

co-axial s tacked porphyrin dimers-termed s t r a t i - b i s  porphyrin dimers 
(obP) has Leeu devlsed and experimentally proven. This model system 
i s  i d e a l l y  s u i t e d  f o r  gauging t h e  r a t e  of, e l e c t r o n  t r a n s f e r  a s  a func t ion  
of d i s t ance  between sites of known or i en ta t ion .  This r a t e  is of g r e a t  
importance i n  determining t h e  e f f i c i ency  of conversion of s o l a r  photons 
t o  e l e c t r i c i t y .  . Severa l  homologous series of these  dimers a r e  being 
synthesized wi th  d i f f e r i n g  t ransannular  separa t ions ,  and t h e i r  e l e c t r o n  
t r a n s f e r  r a t e s ,  exc i t ed  s t a t e  p roper t i e s ,  and redox behavior a r e  being 
examined. These dimers a r e  a l s o  of i n t e r e s t  i n  cha rac te r i z ing  t h e  d i s t ance  
dependence of metal-metal i n t e r a c t i o n s  which a r e  of importance i n  c a t a l y s i s .  

ARIZONA STATE UNIVERSITY 
Tempe, Arizona 85281 

236 . ENHANCED SOLAR ENERGY COLLECTION 
I#  P O W ~ ~ Y K I N  BASED PHOTOCONVERSION 
SCHEMES 

Thomas A. Moore & Devens Gust 
Department of Chemistry 

Although porphyrin based pigment systems a r e  being used i n  a v a r i e t y  
of s o l a r  energy conversion schemes, t h e  absorpt ion .  c ross  s e c t i o n  of 
t h e  porphyrin a t  t h e  s o l a r  i r r a d i a n c e  maximum i s  very low. Therefore, 
any system based on monolayers of porphyria a t  a p h n w  boundary only 
aboorba a a m 1 1  f r a c r i o d  of t h e  inc iden t  sunl ight .  I n  n a t u r a l  photo- 
s y n t h e t i c  membranes t h i s  problem i s  overcome by extensive use of accessory 
antenna pigments which t r a n s f e r  e x c i t a t i o n  energy t o  s i t e e  f o r  conversion 
t o  chemical po ten t i a l .  Following t h i s  idea ,  se l ec ted  pigments a r e  t o  be 
c o n s i s t e n t l y  a t tached t o  porphyrins. The r e s u l t i n g  compoundo may y i e l d  a 
l a r g e  inc rease  i n  t h e  absorpt ion  c ross  sec t ions  a t  the  s o l a r  maximum with  
only a small increase  i n  t h e  a r e a  per  molecule i n  a monolayer. Such an 
antenna could be adapted f o r  use  i n  e s s e n t i a l l y  any porphyrin-based photo- 
conversion scheme and would inc rease  t h e  y i e l d  of electrochemical  p o t e n t i a l  
energy based on inc iden t  sun l igh t  by a f a c t o r  of a t  l e a s t  80%. 
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237. SOLAR ENERGY STORAGE V I A  
ENDOTHERMIC PHOTOCHEMICAL 
REACTIONS 

John A. Olmsted 
Department of Chemistry 

The p o t e n t i a l  f o r  s o l a r  energy s torage  of severa l  unimolecular photo- 
isomerizat ion react ions  is  being inves t igated .  The photoisomerization 
of aromatic molecules t o  t h e i r  Dewar analogues and t h e  t rans-c is  photo- 
isomerizat ion about t h e  aromatic azo l inkage,  both of which have pre- 
vlously been shown t o  have the  p o t e n t i a l  f o r  energy s torage ,  a r e  being 
given p a r t i c u l a r  a t t en t ion .  Energy s torage  p o t e n t i a l  is being d i r e c t l y  
determined ud'ing a photomicrocalorimeter, .which assays t h e  f r a c t i o n  of 
inc ident  photon energy converted t o  chemical energy. The p o s s i b i l i t i e s  
f o r  enhancing the  e f f i c iency  of s u i t a b l e  photoisomerization react ions .  
a r e  a l s o  being explored u t i l i z i n g  pho tosens i t i ze r s ,  i n  p a r t i c u l a r  polymer- 
bound photosensi t izers  which permit easy separa t ion of the  energy s torage  
phase from t h e  s e n s i t i z e r .  The p ro jec t  is being c a r r i e d  out  i n  th ree  
phases: synthes is  of the  compounds and systems t o  be s tudied,  characteriza-  
t i o n  of t h e i r  photochemical products and quantum y i e l d s  under s e n s i t i z e d  
and unsensi t ized condit ions,  and determination of t h e  n e t  endothermicit ies  
and s torage  e f f i c ienc ies .  . . . . .  
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238. ENERGY TRANSFER STUDIES USING 
LARGE, HIGHLY VIBRATIONALLY- 
EXCITED MOLECULES 

J.' R. Barker 
Department of Chemical 

Kine t i c s  

Experiments a r e  being performed t o  strirly t h e  energy- t ransfer  p r o p e r t i e s  
of l a r g e  golyatnmir: m l e s u l o o  t h a t  a r e  l~ lg l i l y  v i b r a t i o n a l l y  exc i t ed .  
This  in format ion  is important  f o r  understanding high-temperature p y r o l y s i s  
and combustion, a s  w e l l  a s  phenomena such as l a s e r  i s o t o p e  separa t ion .  
The unique e l e c t r o n i c  and spec t roscop ic  p r o p e r t i e s  of azulene combined 
wi th  v i s i b l e  l a s e r  e x c i t a t i o n  enable  t h e  p repa ra t ion  of electro'nic ground 
s t a t e  azulene  molecules wi th  known v i b r a t i o n a l  energ ies .  The t i m e  dependent 
thermal  l e n s i n g  technique  has  been employed t o  show t h a t  energy t r a n s f e r  i n  
t h e  gas  phase is extremely r a p i d  and probably occurs  mostly through V-V 
processes .  Experiments us ing  i n f r a r e d  f luo rescence  a r e  address ing  ques t ions  
concerning energy- t ransfer  c r o s s  s e c t i o n s  and average amounts of energy 
t r a n s f e r r e d  on each c o l l i s i o n .  Fluorescence s t u d i e s  explor ing  p o s s i b l e  V-E 
energy t r a n s f e r  are a l s o  being undertaken. 

STATE UNIVERSITY CIF NEW YORK AT BUFFALO 
Amhers t ,  New York 14260 

239. STUDY OF DYE LASER INTRACAVITY ABSORPTION $50,000 01-2 
AS A DETECTOR OF LOW DENSITY SPECIES 

G. 0 .  Brink 
Department nf Physics  

and Astronomy 

The o b j e c t i v e  of t h i s  research  is  t o  i n v e s t i g a t e  t h e  technique  of dye .laser 
i n t r a r n v i t y  absorpeinn as u muano of detecLlon of low d e n s i t y  atoms, i o n s  
and molecules a s  might be p re sen t  i n  a combustion system. Attempts a r e  
be ing  made t o  understand t h e  ICA process  i t s e l f  s o  t h a t  t h e . l a s e r  system 
can  be optimized f o r  maximum s e n s i t i v i t y .  An atomic beam of sodium i s  
be ing  used as an  absorber 'whose p r o p e r t i e s  a r e  w e l l  known t o  probe t h e  
behavior  of t h e  tunab le  dye l a s e r .  Data have been obta ined  s o  f a r  on t h e  
i n t e n s i t y  of t h e  ZCA s i g n a l  as a f u n c t i o n  of pump l a s e r  power and sodium 
d e n s i t y .  Previous r e s u l t s  a r e  being extended t o  t h e  v a r i a t i o n  of o t h e r  
l a s e r  parameters.  An a t tempt  is  being made t o  l ock  one of t h e  laser 
l o n g i t u d i n a l  modes t o  a hyper f ine  t r a n s i t i o n  i n  sodium s o  t h a t  t h e  t ime 
behavior  of o t h e r  modes may be s tudied .  
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240. INELASTIC MOLECULAR COLLISIONS - 
APPLICATIONS OF THEORETICAL METHODS 
TO PROBLEMS I N  RELAXATION PHENOMENA, 
LASER OPERATION & COMBlTSTION KINETICS 

R. W. Conn 
Department of Nuclear Engineering 

The development of t h e o r e t i c a l  methods f o r  t h e  treatment of i n e l a s t i c  
(V-R-T) molecular c o l l i s i o n  processes continues. I n , p a r t i c u l a r ,  a new 
general ized d i s t o r t e d  wave (GDW) treatment which uses  numerically generated 
inpu t  funct ions ,  a s  produced f o r  example from a diagonal c l o s e  coupling 
ca lcu la t ion ,  is  being f u l l y  implemented. I n i t i a l  test ca lcu la t ions  have 
demonstrated t h e  promise of t h i s  technique. Larger V-R problems can be 
t r e a t e d  more accura te ly  than was previously possible.  The p o t e n t i a l  of 
handling even l a r g e r  problems is being explored by incorpora t ing  dimens ional- 
i t y  reducing schemes l i k e  e f f e c t i v e  p o t e n t i a l s  and coupled s t a t e s  with t h e  
GDW theory. The molecular systems of i n t e r e s t  a r e  being expanded t o  
include systems important t o  l a s e r  opera t ion ,  e.g. He-HF, He-CO, Ar-Hlj,  
Ar3C0, and t o  o the r  systems important i n  combustion problems, e.g. O( P)+NO, 
O( P)i€O. Ab i n i t i o  p o t e n t i a l  su r faces  f o r  these  l a t t e r  systems have 
already been generated; a d d i t i o n a l  ab i n i t i o  ca lcu la t ions  w i l l  be required 
before  these  surfaces  a r e  s u i t a b l e  f o r  dynamical ca lcu la t ions .  
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24 1 IFRARED ABSORPTION SPECTROSCOPY 
WITH COLOR CENTER LASERS 

R. F. Curl 
Department of Chemistry 

The. recent  development of CW s i n g l e  mode. co lo r  cen te r  l a s e r s  wi th  wave- 
l eng ths  a s  long a s  3.1 vn opens new p o o s i b i l i t i e s  f o r  high s e n s i t i v i t y ,  
high r e s o l u t i o n  i n f r a r e d  spectroscopy of X-H s t r e t c h i n g  fundamentals (X 
0 ,  N ,  C). New spect roscopic  methods a r e  needed t o  e x p l o i t  these  possi- 
b i l i t i e s *  Two absorpt iou  upectroscapy methods u t i l i z i n g  these  l a s e r s  are 
being developed. One is i n t r a c a v i t y  Zeeman modulated absorpt ion  spec- 
t roscopy which is being used t o  observe and i d e n t i f y  t h e  f r e e  r a d i c a l s  
generated i n  combustion. This yethqd should have an 'ul t imate s e n s i t i v i t y  
f o r  concentra t ions  of lo8  - 10  /cm wi th  path lengths of a few 
centimeters ,  and have t h e  r e so lu t ion  and v e r s a t i l i t y  t o  provide a power- 
f u l  t o o l  f o r  observing, iden t i fy ing ,  and monitoring a wide range of 
t r a n s i e n t  f r e e  r ad ica l s .  The second spect roscopic  method being developed 
is aimed a t  s i t u a t i o n s  where t h e  modulation of the  molecular absorpt ion  
(e-g. Zeeman modulation a s  above) i s  not  poss ib le ,  f o r  example, i n  spectro-  
scopic  s t u d i e s  of c losed s h e l l  molecular  : ions  ' $a. pla-s m) , I n  t h e s e  
s i t u a t i o n s  de tec t ion  of small amounts of absorption is  b e s t  done by 
frequency modulation of t h e  source using t h e  molecular absorpt ion  a s  a 
d iscr iminator .  A novel method of doing t h i s  using t h e  phase modulation 
ob ta inab le  wi th  an electro-op.tic c r y s t a l  is under development- 
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242 TIME RESOLVED RESONANCE RAMAN AND 
.ENERGY TRANSFER STUDIES ON BACTERIO- 
RHODOPSIN AND OTHER PHOTOCHEMICAL 
SYSTEMS 

M. A. El-Sayed 
Department of Chemistry 

The photosynthetic cycle  of bacteriorhodopsin i s  believed t o  be based on a 
proton pump system i n  which a n  absorbed photon ion izes  two protons. t h a t  
appear. on t h e  e x t e r i o r  of t h e  membrane. This l eads  t o  a proton gradient  ' 

which d r ives  t h e  syn thes i s  of the high energy ATP molecules. An understanding 
. o f  the  mechanism of photogeneration of the protons not  only w i l l  be use fu l  
i n  understanding the  mechanism of the qrimary process i n  the  cycle  but  i t  
might g i v e  a new way t o  photoproduce H (and, thus H gas) from s o l a r  

2 energy. Time resolved resonance Raman techniques developed during t h e  pas t  
year are being used t o  record the spec t ra  of the  r e t i n a l  i n  the d2fferent  
in termedia tes  appearing during the  cycle. The point  i n  the  cycle  where t h e  
proton of the  Schiff base ion izes  i s  being located.  Furthermore, t h e  
ques t ion of whether o r  not  t h e  r e t i n a l  changes i t s  conformation during the  
cyc le  i s  being examin,ed. 

UNIVERSITY OF OREGON 
Euganc, Orogon 97430 

243. LASER SPECTROSCOPY OF COMBUSTION $78,700 01-2 
INTERMED UTES (two years)  

P. C. Engelking 
Department of Chemistry 

An inves t iga t ion  of t h e  spectroscopy of polyatomic r a d i c a l s  is  underway. This 
spectroscopic information is. of value f o r  the  determination of these  
r e a c t i v e  intermediates with l a s e r  probes i n  processes such a s  combustion. I 

One of these  new methods, l a s e r  induced f luorescence,  i s  being used i n  t h i s  .. . 
i n v e s t i g a t i o n  t o  produce t h e  spectrum of the  r a d i c a l s  prepared i n  an i n e r t  
g a s  flow system. Molecular constants  a r e  being deteirmined f o r . b o t h  t h e  
upper and lower e l e c t r o n i c  states.. A s  a s p e c i f i c  app l i ca t ion  of t h i s  . . . . 

technique, t h e  spectroscopy of the  methoxyl r ad ica l ,  CH30, i s  being 
inves t igated .  Besides der iv ing the r o t a t i o n a l  constants  and hence the  
geometry of t h i s  r a d i c a l ,  both t h e  spin-orbit  and Jahn-Teller couplings i n  
t h e  lower s t a t e  of t h i s  r a d i c a l  a r e  being determined. Further s tud ies  of 
t h e  app l i ca t ion  of l a s e r  induced f luorescence t o  t h e  spectroscopy of 
r a d i c a l s  a r e ' b e i n g  ca r r i ed  out.  One advantage of prepara t ion of t h e  
r a d i c a l s  i n  a n  i n e r t  gas  flow system i s  the, p o s s i b i l i t y  of inves t iga t ing  ' 

t h e i r  quenching and t h e i r  r eac t ions  with o ther  species .  A number of 
r e a c t i o n  rate's app l i cab le  t o  'combustion k i n e t i c s  a r e  being measured. 
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2 44. LOW ENERGY ION-MOLECULE REACTION $46,000 . 01-2 
DYNAMICS AND CHEMIIONIZATION KINETICS . . .  

J.. M. Farrar  
Department of Chemistry 

This work is  studying, v i a  molecular beam techniques and l a se r  detect ion 
t e p i q u e s ,  the dynamics of ion-neutral col l is ions .  The reactions of 
H with (3). N , 0 , and A r  a r e  h d n g  etadied with a view toward 
elucidat ing tlrg r"$e uf i n i r l a l  vlbf&'ational exci ta t ion.  i i t  prdvc t s t a t e  
diskr ibut ions  . Energy and angular d i s t r i bu t ions  of produc t e  a r e  being 
measured in  the  1-30 eV range t o  l ea rn  about preferred co l l i s i on  geometries, 
energy disposi t ion i n  reac t ive  co l l i e ions  and the r o l e  of vibrat ion energy 
of the  reactants.  The wqrk of Herman i s  being exploited t o  quench excited 
v ibra t iona l  s t a t e s  of H ( v > 2 )  t o  determine the  ro l e  of t h i s  i n i t i a l  
energy-on react ivi ty ,  $ $ d i e s  of associat ive  detachment reactions of' the  
form X + Y +XY + e , employing multiphoton ionizat ion (MPI) a s  a 
s t a t e  s e l ec t i ve  detect ion scheme a re '  being conducted. . The f i n a l  rotational-  
v ibra t iona l  s t a t e s  yie ld  information on react ion probabil i ty vs. i n i t i a l  
o r b i t a l  angular momentum. 'The f i n a l  v ibrat ional  s t a t e s  yie ld  information 

. on Franck-Condon f ac to r s  i n  r e l a t i on  t o  autoionization l i f e t ime  a s  a 
determinant i n  f i n a l  s t a t e  dis t r ibut ions .  
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245. EXPERIMENTAL DETERMINATION OF'RATE $78,000 01- 2 
COEFFICIENTS FOR IMPORTANT COMBUST I O N /  
FUEL CONVERSION REACTIONS BY A NOVEL 
HIGH-TEMPERATURE PHOTOLYSIS TECHNIQUE 

A. Font i jn  

The development .of f o s s i l - f u e l  burning devices/engines having more e f f i c i e n t  
f u e l  combustion and/or l e s s .  p o l l u t a n t  formation than i s  cur ren t ly  poss ib le ,  
r equ i res  modeling and s c a l i n g  s t u d i e s  based on r e l i a b l e  information on t h e  
k i n e t i c s  of the  important elementary reac t ions  involved. Such da ta  a r e  
genera l ly  not ava i l ab le ;  t h e  few pieces  of r e l i a b l e  da ta  t h a t  do e x i s t  a r e  
app l i cab le  mainly over very l imi ted  temperature ranges. The goal  of t h i s  
program i s  t o  measure t h e  r a t e  c o e f f i c i e n t s  of combustion reac t ions  over a 
wide temperature range, i.e., from about 1800 t o  300 K (2800 t o  1 0 0 ~ ~ )  o r  
t o  a s  low a temperature a s  is of p r a c t i c a l  i n t e r e s t .  P r io r  t o  t h i s  work no 
technique capable of performing such measurements ex i s t ed ;  indeed, f o r  many . 

p e r t i n e n t  r eac t ions  no techniques a t  a l l  were a v a i l a b l e  f o r  making measurements 
a t  r e a l i s t i c  temperatures. In  order  t o  f i l l  t h i s  gap, a new experimental 
technique has been developed, High-Temperature ~ h o t o l y s i s  (HTP). HTP 
combines two ind iv idua l ly  well- tested techniques: (i) t h e  High-Temperature 
Fast-Flow Reactor developed t o  s tudy the  k i n e t i c s  of metal atom/oxide 
reac t ions  over about, t h e  300 t o  1800 K temperature range and ( i i )  t h e  
pulsed photolys is  resonance f luorescence/abaorption technique used i n  many 
l a b o r a t o r i e s  f o r  k i n e t i c -  measurements .of combustion in termedia tes  ( f r e e  . 
r a d i c a l s ) ,  bu t  only near  room temperature. The f i r s t  HTP study concerns 
t h e  r eac t ion  of oxygen atoms with methane, a r eac t ion  of major i n t e r e s t  and 
one t h a t , i s  a l s o  conducive t o  development of the  HTP technique. Subsequent 
s t u d i e s  focus on react ions  of increas ing complexity, culminating i n  radica l -  
r a d i c a l  r eac t ions  of higher hydrocarbon and ox id ize r  r a d i c a l  combinations. 
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246. REACTIONS OF IONS WITH ATOMIC AND 
MOLECULAR FREE RADICALS 

W. R. Gentry 
Department of Chemistry 

S tud ies  of microscopic r eac t ion  dynamics i n  c o l l i s i o n s  of ions  with atomic 
and molecular f r e e  r a d i c a l s  continue using t h e  merged molecular beam 
technique. Systems i n  which t h e r e  a r e  unusually important angular momentum 
c o n s t r a i n t s  on r e a c t i o n  dynamics are being examfned. The+most favorqble 
examples+are chosen from t h e  s e t  of r eac t ions  X + YH+XY +H and XH 
+ Y +XY + H where X and Y a r e  f i r s t - r ~ w  atoms, B, C ,  N ,  0 or  F. None 
of these  r eac t ions  have previously been observed. Fundamental information 
on t h e  nature  of t h e  chemistry i n  these  open-shell systems, a s  we l l  a s  on 
t h e  microscopic d e t a i l s  of the  r eac t ions  dynamics, is  being obtained. 

UNIVERSITY OF ILLINOIS AT CHICAGO CIRCLE 
Chicago, I l l i n o i s  60680 

247. MEASUREMENTS OF GAS PHASE REACTION 
RATE CONSTANTS:. D + HX.AND NO + O3 
. R. J. Gordon 

l b p a r t m n t  of Chemistry 

Research i s  being c a r r i e d  ou t  i n  two a reas  of gas phase chemical k ine t i c s .  
The f i r s t  dea ls  with atomic reac t ions  of t h e  type D + HX, where X may be a 
halogen atom o r  CN. The ob jec t ive  i s  t o  measure t h e  r a t e  cons tants  of t h e  
exchange and a b s t r a c t i o n  reac t ions  over a wide range of temperatures, using 
t h e  method of f l a s h  photolys is  with resonance f luorescence detect ion.  
Prel iminary d a t a  f o r  H + H C l  have been obtained. HC1 and H B r  measurements 
and examination of some more complex systems such a s  C 1  + CX3Br a r e  
underway. The second problem deals  with t h e  chemical r r  : t ions and v i b r a t i o n a l  
r e l a x a t i o n  of ooone. A l a r g e  capaci ty  flow reactor is  ~ e i n g  used ro 
measure t h e  r a t e  cons tants  of chemiluminescent r eac t ions  such a s  NO + 
03. I n  p a r t i c u l a r ,  t h e  temperature dependence of t h e  v i s i b l e  and i r  
emission of NO2 i n  t h i s  r eac t ion  i s  being s tud ied  . Using t h e  chemil- 
uminescent r eac t ion  a s  an ind ica to r ,  the  r a t e  of v i b r a t i o n a l  r e l axa t ion  of 
ozone by var ious  b u f f e r  gases is being measured using H20 o r  D20 a s  a 
r e l ax ing  gas. 
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248. CHARACTERISTIC PARAMETERS I N  
COMBUSTION PROCESSES AND THEIR 
ACCESSIBILITY TO CURRENT AND 
FUTURE DIAGNOSTICS 

R. Goulard " ' 

Department of C iv i l ,  Mechanical 
and Environmental Engineering 

The plan i n  t h i s  p ro jec t  is t o  evaluate  combustion diagnost ics  with a 
view t o  iden t i fy ing  which diagnost ic  techniques a r e  bes t  s u i t e d  t o  each 
p a r t i c u l a r  set of experiments. It i s  important not  only t o  e s t a b l i s h  the  
parameters t o  be measured i n  each case, but  a l s o  t h e i r  q u a n t i t a t i v e  
range; only thus can an appropr ia te  measurement device be se lec ted ,  o r ,  
i f  none i s  ava i l ab le ,  can t h e  need f o r  f u r t h e r  instrumentat ion develop- 
ment be es tabl ished.  The c r i t e r i a  used f o r  t h i s  evaluation a r e  moat 
a f fec ted  by severa l  a reas  i n  rapid development i n  t h e  instrumental  f i e l d  
(e.8. sensor noise  l i m i t a t i o n  and r e a l  t i m e  da ta  processing) and a l s o  by 
t h e  new technological  demands f o r  s c i e n t i f i c  information (e.8. turbulence 
s t r u c t u r e  and p a r t i c u l a t e  formation o r  des t ruc t ion) .  A complete review 
and set of evaluation c r i t e r i a  w i l l  be a v a i l a b l e  soon. 

BROWN UNIVERSITY 
Providence, Rhode I s l and  02912 

249. INTERACTIONS OF MOLECULES 
WITH SURFACES 

E. F. Greene 
Department of Chemistry 

A beam of Kr atoms is ve loc i ty  se lec ted ,  sca t t e red  from t h e  (0001) s u r f a c e  
of c r y s t a l l i n e  g raph i t e  and v e l o c i t y  analyzed. The v a r i a t i o n  of t h e  
e l a s t i c a l l y  s c a t t e r e d  i n t e n s i t y  with angle and k i n e t i c  ene2gy is i n t e r p r e t e d  
by comparison with t h e  predic t ions  of a  simple, c l a s s i c a l  model t o  give 
information about the  s t r u c t u r e  of &he surface.  The y i e l d  of p o s i t i v e  ions  
formed when n e u t r a l  a l k a l i  metal atoms h i t  hot  su r faces  of S i  and A1203 
is  being s tudied t o  provide increased understanding of t h e  i n t e r a c t i o n  of 
these  atoms with t h e  surface. Of s p e c i a l  i n t e r e s t  a r e  t h e  range of useful-  
ness  of t h e  quasi-equilibrium model f o r  t h e  ion iza t ion  and information t o  

. be found about k i n e t i c  processes when t h e  model is  inadequate. Molecules 
such a s  CC14,  C C 1  and t r ioxane a r e  accelera ted  t o  high k i n e t i c  6 
energies  i n  s e e H d  molecular beams and then suddenly brought t o  rest 
by c o l l i s i o n  with a g l a s s  surface.  The r e l a t i v e  e f fec t iveness  of t h e  
k i n e t i c  energy and the I n t e r n a l  energy i n  causing react ions  t o  occur i a  
measured t o  help show how molecules behave i n  v i o l e n t  c o l l i s i o n s ~ ~  
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250. INFRARED LASER-INDUCED PHOTOCHEMISTRY $50,000 
W. A. Gui l lory  
Department of Chemistry 

The ob jec t ive  of t h i s  program i s  t o  use the  phenomenon of in f ra red  multiphoton 
absorp t ion  (IMA) t o  study elementary photophysical and photochemical processes 

' r e l a t ed  t o  flame and combustion systems. A t  c o l l i s i o n l e s s  pressures ,  IMA has 
r e c e n t l y  been shown t o  be a s t a t i s t  i c a r  process, occurring almost excluef vely 
i n  the  v i b r a t i o n a l  degrees of freedom, r e s u l t i n g  i n  what appears t o  be uni- 
molecular d i s s o c i a t i o n  from severa l  surfaces  of the  ground e l e c t r o n i c  s t a t e .  
The focused r a d i a t i o n  of a pulsed CO TEA l a s e r  (70-250 nsec,  FWHM) i s  used 

2 t o  i n i t i a t e  t h e s e  flame and combustion processes. This method of r eac t ion  
i n i t i a t i o n  provides a s i g n i f i c a n t  and important advancement i n  time-resolution, 
s o  t h a t  mechanisms and energy d i s t r i b u t i o n s  can be more e f f e c t i v e l y  determined. 
S tab le  and uns table  ( f r e e  r a d i c a l s )  spec ies  generated a r e  monitored by wave- 
l e n g t h  and temporally resolved spectroscopy using laser-induced f luorescence,  
resonance lamp induced f luorescence (atom de tec t ion) ,  and i n f r a r e d  emission. 

ILLINOIS INSTITUTE OF TECHNOLOGY 
Chicago, I l l i n o i s  60616 

251. STUDIES I N  COMBUSTION KINETICS I $100,000 01-2 
AND MECHANISMS (24 months) 

D. Gutman 
Department of Chemistry 

The purpose of t h i s  research  i s  t o  develop a new method of genera t ing  
polyatomic f r e e  r a d i c a l s  under con t ro l l ed  condi t ions  and t o  q u a n t i t i v e l y  
s tudy  those r e a c t i o n s  t h a t  they undergo which a r e  important i n  combustion 
processes. The method involves the  use of a pulsed CO TEA l a s e r  t o  
d i s s o c i a t e  r a d i c a l  precursors  i n  a fast-flow reac to r .  2 ~ h e  concentra t ion  
p r o f i l e s  of r e a c t a n t s  and products a r e  monitored using dynamic photoion- 
i z a t i o n  mass apectrometry. The experimental f a c i l i t y  has  heen conetnlcted 
and severa l  des ign parameters have been var ied  to . ach ieve  optimum per- 
formawe including l a s e r  power and beam focusing, r e a c t o r  shape and flow 
v e l o c i t i e s ,  s p e c i a l  d i f f e r e n t i a l  pumping i n  the  mass spectrometer,  and 
g a s  sampling geometries. The laser-induced decomposition of t h e  r a d i c a l  
precursors  is  homogeneous throughout the  r e a c t o r  and conversions t o  up t o  
20 per  cen t  i n  each l a s e r  pulse  a r e  being observed, depending on l a s e r  
power. Expected behavior has  been achieved using precursors which do-not  
produce f r e e  r a d i c a l s ,  i nd ica t ing  the  f a c i l i t y  i s  ready f o r  the  k i n e t i c  
s t u d i e s .  Experiments a r e  i n  progress t o  generate alkoxyl (RO) f r e e  
r a d i c a l s  from n i t r i t e s  and n i t r a t e s  and l to  subsequently study t h e i r  
r e a c t i o n s  with 0 NO and organic molecules. 

2 ' 
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252 l COMBUSTION GAS MEASURJ3MENT.S USING 
TUNABLE LASER ABSORPTION SPECTROSCOPY 

R. K. Hanson 
Department of Mechanical Engineering 

The object ives  of t h i s  research are:  (1)  t o  develop tunable l a s e r  absorption 
techniques f o r  measuring spec ies  concentrat ions and temperature i n  combustion 
flows; and (2) t o  measure spectroscopic pa ramete r s , ( l ine  s t r eng ths  and c o l l i s -  
ion  halfwidths)  of c r i t i c a l  combustion species.  The emphasis of' t he  work has 
been on the  use of tunable in f ra red  diode lasers, although new work t o  u t i l i z e  
tunable dye l a s e r s  f o r  absorption spectroscopy a t  u l t r a v i o l e t  and v i s i b l e  wave- 
lengths  has been i n i t i a t e d .  Experiments involve passing t h e  laser beam through 
gases produced i n  a f l a t  flame burner o r  a shock tube and subsequently tuning 
t h e  l a s e r  wavelength across  individual  absorption l ines .  I f  t h e  species  concen- 
t r a t i o n  and temperature a r e  known, t h e  ful ly-resolved absorption l i n e  da ta  y i e l d  
l i n e  s t r eng ths  and c o l l i s i o n  halfwidths. I f  these  parameters a r e  known, then 
t h e  same measurements can be used t o  i n f e r  t h e  absorbing species  concentrat ion 
and temperature. The narrow.l inewidth of diode l a s e r s  enables orders  of 
magnitude improvement i n  s p e c t r a l  r e so lu t ion  over conventional in f ra red  
spectroscopy, while t h e  small  s i z e  of t h e  l a s e r  elements al lows'extremely 
f a s t  tuning ra tes .  Work includes: (1) continued measurements of CO and 
temperature, and new measurements of C02, i n  steady f l a t  flames; (2) 
completion of a low-pressure f l a t  flame f a c i l i t y ;  and (3) continued development 
of a tunable uv /v i s ib le  dye l a s e r  absorption system f o r  t h e  measurement of 
r a d i c a l  species  and t h e i r  spectroscopic pwrauettre in eombusfion flows. 

STANFORD UNIVERSITY 
Stanford, Ca l i fo rn ia  94305 

253. KINETICS OF SOME REACTIONS OF HCN 
AT HIGH TEMPERATURES 

R. K. Hanson and C o  To Bowman 
Department of Mechanical Engineering 

Research is underway t o  inves t iga te  t h e  gas-phase k i n e t i c s  of severa l  HCN 
decomposition reac t ions  a t  high temperatures. A shock tube is used t o  
shock heat  var ious  gas mixtures containing HCN, and spectroscopic d iagnost ics  
a r e  employed t o  monitor time h i s t o r i e s  of important species  during reaction.  
React ions of p a r t i c u l a r  i n t e r e s t  include t h e  thermal decomposition of HCN 
and the  reac t ions  of HCN with H, 0, and NO. Results  from t h e  study include 
high-temperature r a t e  c o e f f i c i e n t  da ta  cur ren t ly  of i n t e r e s t  i n  s t u d i e s  of 
po l lu tan t  k i n e t i c s  i n  flames. A unique f e a t u r e  of t h e  research is t h e  
app l i ca t ion  of a tunable diode laser t o  measure t h e  t i m e  h i s t o r y  of HCN 
using new techniques being developed i n  t h i s  laboratory.  
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254. LASER STUDIES OF THE DYNAMICS OF 
ATOM-MOLECULE , REACT IONS 

W. M; Jackson 
Department of .Chemistry 

The object.ives of t h i s  work are t o  measure t h e  p a r t i t i o n i n g  of excess 
r e a c t i o n  energy i n t o  t h e  v i b r a t i o n a l  degrees-of freedom of a p a r t i c u l a r  
r a d i c a l  and. t o  determine r a t e  constants  f o r  t h e  react ions  of f r e e  r a d i c a l s  
wi th  O2 and sa tu ra ted  hydrocarbons. Both of these  quest ions a r e  impoftant 
f o r  the underratanding of the k i n e t i c s  "1 kombustiad reactions.  Some of t h e  
techniques t h a t , a r e  being used i n  t h e  laboratory s tud ies  may be use fu l  f o r  
t h e  de tec t ion  and charac te r i za t ion  of atmospheric po l lu tan t s  such a s  NH 
NOx, and SO . ~ a s e r  Induced de tec t ion  is  used t o  charac te r i ze  t h e  3 ' 
unstable  infermediates produced by the  f l a s h  photolysis  with an ArF l a s e r .  
The reac t ions  are then s tudied by monitoring t h e  chemiluminescent s i g n a l  o r  
d e t e c t i n g  the  product with a quadrupole mass sp.ectrometer. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, Ca l i fo rn ia  91125 

255. HIGH RESOLUTION INFRARED SPECTROSCOPY: $50,000 01-2 
DISCRETE STATES I N  THE QUASICONTINUUM 
KO C. Janda 
Department of Chemistry 

I n  order t o  understand e i t h e r  combustion o r  i so tope s e l e c t i v e  multiphoton 
d i s soc ia t ion  from a microscopic point  of view, g r e a t  progress i s  necessary 
i n  t h e  understanding of v i b r a t i o n a l l y  highly exci ted  s t a t e s .  To meet t h i s  
very  b a s i c  need, two types of high-reeolution apectroscnpic experiments arc 
plamed:  1 j ' S i n g l e  photon i n f r a r e d . d i s s o c i a t i o n  of weakly bound molecules 
and c l u s t e r s  ; 2) - High-resolution overtone and combination band laser-induced 
f luorescence  of s t a b l e  molecules a t  v i b r a t i o n a l  energies c h a r a c t e r i s t i c  of 
t he  quaeicontinuum. The experiments are being c a r r i e d  out  using a supersonic 
molecular beam with four  l e v e l s  of d i f f e r e n t i a l  pumping and quadrupole mass 
spectrometer detec t ion.  The laser source is a Kx ion pumped color  center  
l a s e r  capable of 1.0 MHz l i n e  width and tunable between 2.2 and 3.3 pm. I n  
a d d i t i o n  t o  f u r t h e r i n g  t h e  understanding of the  dynamics of v i b r a t i o n a l l y  
h o t  molecules, s e n s l t  ive  probes f o r  i n t e r n a l  e x c i t a t i o n  of l a r g e  molecules 
which may l a t e r  prove t o  be use fu l  i n  t h e  ana lys i s  of complex chemical 
r e a c t i o n s ,  including combustion, a r e  t o  be developed. 



C h e d c a l  Physics, continued 

UNIVWSITY OF NEW ORLEANS 
New Orleans, ~ o u i s i a n a  70122 

256. IDENTIFICATION AND TEMPORAL BEHAVIOR $43,500 ' 01-2, 
0F.RADICAL INTERMEDIATES FORMED DURING 
THE COMBUSTION AND PYROLYSIS OF GASEOUS 
FUELS: KINETIC PATHWAYS TO SOOT FORMATION 
R. D. Kern, Jr. 
Department of Chemistry 

A shock tube coupled t o  a time-of-flight mass spectrometer is  being used t o  
' i d e n t i f y  and .record the  t i m e  h i s t o r y  of those species  which lead t o  soo t  - 
formation i n  pyro ly t i c  and combustion systems i n  which t h e  f u e l  has  a low 
H/C r a t i o .  The problem of soot  formation during t h e  burning o f .  s y n t h e t i c  
f u e l s  has become a subject  of g rea t  i n t e r e s t .  Measurements of t h e  rates at  
which key species  r e a c t ' a r e  being made with t h e  goal  of understanding t h e  
molecular pathways u t i l i z e d  i n  t h e  formation of carbon polymers. The 
var iance  of these  r a t e s  is being s tudied as a funct ion of t h e  fuel/oxygen 
r a t i o  and the  presence of c e r t a i n  i n h i b i t o r s  present  i n  t r a c e  amounts. The 
inves t iga t ion  began wi th  a series of C6 compounds (propane, propene, 
propyne, and cyclopropane) progressing t o  a series of C compounds 6 
(hexane, cyclohexane, cyclohexene, and benzene). This s e l e c t i o n  of compounds 
o f f e r s  a wide range of t h e  H/C r a t i o  and d r a s t i c  d i f fe rences  i n  molecular 
s t r u c t u r e  which promises t o  y i e l d  s i g n i f i c a n t  new information pe r ta in ing  t o  
t h e  molecular formation of soot.  

UNIVERSITY OF ILLINOIS AT CHICAGO CIRCLE 
Chicago, I l l i n o i s  60680 

257. KINETICS OF ma HYDROCARBONS $46,000 01-2 
J. H. Kiefer  
Department of Energy Engineering 

The object ive  of t h i s ~ w o r k  is understanding of t h e  pyrolys is  k i n e t i c s  of 
severa l  f u e l  hydrocarbons (ethane, propane, butanes) a t  combustion temperatures. 
The technique uses t h e  shock tube i n  conjunction wi th  a narrow-beam, l a s e r  
s c h l i e r e n  technique responsive t o  t h e  r a t e  of endo- and exothermic reactions.  
Computer modeling allows ex t rac t ion  of fundamental da ta  re levant  t o  
oxidation and i g n i t i o n  . 
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258. LASER INDUCED' FLUORESCENCE OF 
RADICALS I N  FLAMES 

N. M. Laurendeau, D. W. Sweeney 
School of Mechanical Engineering 

. . 
A tunable  dye l a s e r  and Nd-YAG pump l a s e r  a r e  being used i n  experiments 
t o  determine l b c a l  r a d i c a l  spec ies  concentrat ions i n  flames by measuring 
l a s e r  induced f luorescence  from t h e  p a r t i c u l a r  species  of i n t e r e s t .  The 
Nd-YAG l a s e r  and dye laser supply tunable,  high i n t e n s i t y ,  natrnwhan? 
l a s e r  r a d i a t i o n  i n  t h e  v i s i b l e  and u l t r a v i o l e t  s p e c t r a l  region. The 
s p e c t r a l  i n t e n s i t y  of t h e  focused dye l a s e r  beam is i u f f i c i e n t  t o  .sa'tutate, 

. v a r i o u s  exc i t ed  s t a t e s  of t h e  r a d i c a l  spec ies  i n  flames. Measurement of 
t h e  f luorescence  emission from a sa tu ra ted  s t a t e  provides a s e n s i t i v e  
p o i n t  measurement of t h e  r a d i c a l  spec ies  number densi ty.  Knowledge of 
the :  l o c a l  ' species  concentrario~n is important because r a d i c a l s  con t ro l  
combustion chemistry. The r a d i c a l  spec ies  of g r e a t e s t  i n t e r e s t  include 
CH, I CN, NH, and OH. A two l e v e l  model f o r  sa tu ra ted  f luorescence i n  
diatomic models has been developed.' A dye l a s e r  system has  been used t o  
p a r t i a l l y  s a t u r a t e  f luorescence t r a n s i t i o n s  i n  OH r a d i c a l s  i n  flames. 

, . 

NORTHWE STERN UNIVERSITY 
Evanston, I l l i n o i s  60201 

259. THEORETICAL STUDIES ON HETERO- 
GENEOUS COMBUST I O N  

C. K. Law 
Department of Mechanical 

Engineering 

The.complex processes occurring wi th in  l iquid-fueled chemical combustors 
u t i l i z i n g  spray i n j e c t i o n  techniques a r e  pr imar i ly  heterogeneous i n  na ture ,  
involving the  vapor iza t ion ,  cnmhvst ion,  and m~tioe of an en~ernhl* 'of 
d r o p l e t s  which i n t e r a c t  wi th  the  gaseous medium through hea t ,  mass, and 
momentum t rans fe r s .  ,The present  program ai& t o  gain  fundamental understand- 
i n g  on these  heterogeneous processes and t h e i r  e f f e c t s  on t h e  combustor 
e f f i c i e n c y  and exhaust pur i ty .  P a r t i c u l a r  emphasis is on (1) t h e  vaporiza- 
t i o n ,  i g n i t i o n ,  de f l ag ra t ion ,  and e x t i n c t i o n  of f u e l  d rop le t s  i n  a r e a c t i v e  
f u e l / o x i d i z e r  environment s imulat ing t h e  spray i n t e r i o r ;  and (2)  t h e  
vapor iza t ion  of t h e  spray jet  i n  t h e  hot  combustor environment. S ign i f i can t  
advances have ,already been made on Task (1).  Work continues with Task ( I ) ,  
p a r t i c u l a r l y  on t h e  development of a complete numerical code, and research 
on Task (2) has  been i n i t i a t e d .  
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260. INTERMOLECULAR ELECTRONIC ENERGY 
TRANSFER PROCESSES 

E. K. C. Lee 
Department of Chemistry 

In te rac t ions  of r a d i a t i o n  with matter produce exc i t ed  s t a t e s  a s  do chemical 
reac t ions .  Chemical dynamics of energy t r a n s f e r  and energy s to rage  
involving the  molecular exci ted  s t a t e s  which a r e  important i n  t h e  energy 
conversion processes (combustion, flame, r a d i a t i v e  t r a n s f e r ,  s o l a r  energy, 
e t c . ) ,  atmospheric chemistry, and photochemical i so tope  separa t ion  a r e  
being inves t iga ted .  Molecular e l e c t r o n i c  energy t r a n s f e r  o f t e n  accompanies 
t h e  e x c i t a t i o n  of molecular v ib ra t ions  and r o t a t i o n s ,  and the re fo re  t h e  
r e s u l t i n g  v i b r a t i o n a l  and r o t a t i o n a l  energy d i s t r i b u t i o n s  a r e  being experiment- 

b a l l y  s tudied  i n  order  t o  understahd t h e  physica l  and chemical mechanisms 
involved. Since the  i n i t i a l  condit ions of the  e x c i t a t i o n  must be spec i f i ed  
i n  a s  much d e t a i l  a s  poss ib le  f o r  adequate understanding, tunable dye l a s e r  
r a d i a t i o n  is  employed. The r a t e s  of energy t r a n s f e r  (u l t imate ly  s t a t e - to - s t a t e  
r a t e s )  a r e  being measured by luminescence spectroscopy (s teady-s ta te  a s  
w e l l  a s  time-resolved) and chemical k i n e t i c  s tud ies .  Chemical quenching, 
excimer/exciplex formation and i so tope  e f f e c t s  i n  energy t r a n s f e r  a r e  being 
s tud ied  wi th  systems containing small molecules such a s  formaldehyde, 
SO , HNO, and others .  Reactive in termedia tes  i n  combustion processes a r e  
be$ng s tudied  by low temperature matrix pho to lys i s  and spectroscopy. 
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261. FREE RADICAL.STUDIES BY ULTRAVIOLET $37,000 01-2 
EXCIMER LASER PHOTOLYSIS 

SO R. Leone 
Department of Chemistry 

A new' experimental technique is b_ging u s e d ' t o  produce and d i r e c t l y  study 
f r e e  radica ls .  Short pu l ses  (10 see )  of u l t r a v i o l e t  1ight"from a r a r e  
gas  h a l i d e  excimer laser photodissociate small mo.lecules t o  produce f r e e  
rad ica l s .  The r a d i c a l s  i n  many cases a r e  generated with high i n i t i a l  
v i b r a t l a d a l  exc i t a t ion .  .The r a d i c a l s  a r e  detected d i r e c t l y  by wavelength 
and time-resolved i n f r a r e d  emission spectroscopy using a background-limited 
copper-doped germanium in£  ra red  detec tor .  The d e t a i l e d  k i n e t i c s  of rapid  
v i b r a t i o n a l  deact ivat ion of r ad ica l s  and a l s o  f a s t  r eac t ions  of exci ted  and 
ground s t a t e  r a d i c a l s  a r e  measured by f u l l y  time-resolved techniques. I n  
add i t ion ,  wavelength-resolved measurements of the  r a d i c a l  emission allow 
t h e  assignment of numerous v i b r a t i o n a l  frequencies. These s t u d i e s  provide 
not  only immediate and p r a c t i c a l  information involved i n  r a d i c a l  chemistry, 
bu t  a l s o  a fundamental d a t a  base concerning t h e  v i b r a t i o n a l  l e v e l s  of 
r a d i c a l  species ,  t h e  genera l  phenomena of r a d i c a l  deact ivat ion,  r eac t ions ,  
and detect ion.  

UNIVERSITY OF MISSOURI/ST. LOUIS 
St.  Louis, Missouri 63121 

2bZ. OBSERVATION OF LUMINESCENT SPECTRA I N  $55,000 01-2 
LOW ENERGY ION-NEUTRAL COLLISIONS 

J . J . Levent ha1 
Department of Physics 

The ob jec t ive  of these  experiments is t o  obta in  d e t a i l e d  information on t h e  
i n t e r n a l  e x c i t a t i o n  energy of atoms and molecules a f t e r  undergoing nonviolent 
(low energy) c o l l i s i o n s .  The experiments a r e  performed by s p e c t r a l  ana lys i s  
of t h e  l i g h t  emit ted by the atoms and nmlecules following co l l i a lnn .  Pram 
t h e s e  spec t ra  microscopic d e t a i l s  of the  c o l l i s i o n  mechanism can be determined; 
t h a t  is, t h e  amount of energy s to red  i n  t h e  molecular c o l l i s i o n  products a s  
w e l l  a s  t h e  p a r t i t i o n i n g  of energy among t h e  ava i l ab le  i n t e r n a l  energy levels .  
Work i n  progress is concentrated on c o l l i s i o n s  i n  which t h e  c o l l i d i n g  species  
are laser exci ted  t o  a s p e c l f i c  i n t e r n a l  energy s t a t e .  Col l i s ions  of t h l s  type 
a r e ,  i n  some cases,  expected t o  reac t  i n  a highly s e l e c t i v e  fashion and have 
been mentioned a s  a poss ib le  method of i so tope separat ion.  Data on energy 
t r a n s f e r  i n  atomic i n t e r a c t i o n s  between energe t i ca l ly  exci ted  species  have 
been obtained. Using laser e x c i t a t i o n  it has  been shown t h a t  energy from t h e  
l a s e r  beam can be s to red  i n  sodium atoms and returned t o  t h e  system i n  sub- 
sequent i n t e r a c t i o n s  between energe t i ca l ly  exci ted  species.  These i n t e r a c t i o n s  
r e s u l t  i n  more highly exc i t ed  atoms and i n  some cases  i o n i c  species.  
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2 63. LASER INDUCED CIIEMICAL REACTIONS ' $50,000 01-2 
AND LASER-COLLIS I O N  PROCESSES 

J. C. Light 
Department of,Chemistry 

This research d e a l s  with l a s e r - c o l l i s i o n  processes by quantum s c a t t e r i n g  
methods. ~ e t h o d s '  t o  be developed include an improved R-matrix s c a t t e r i n g  
code f o r  handling mul t ip le  curve cross ing problems e f f i c i e n t l y ,  i n  order t o  
consider l a s e r  c o l l i s i o n  induced e x c i t a t i o n  and charge t r a n s f e r  i n  atomic 
c o l l i s i o n s ,  l a s e r  c o l l i s i o n  induced multiphoton (IR) absorption processes 
f o r  diatom-atom c o l l i s i o n s ,  and methods f o r  t r e a t i n g  s i n g l e  photon molecular 
( t r ia tomic)  photodissociat ion.  

WAYNE STATE' UNIVERSITY 
De t ro i t ,  Michigan 48202 

264. ELECTRONIC RELAXATION PROCESSES I N  $52,000 01-2 
POLYATOMIC MOLECULES 

E. C. Lim 
Department of Chemistry 

The o v e r a l l  ob jec t ive  of t h i s  program is t o  e l u c i d a t e  mechanisms of radia t ion-  
less t r a n s i t i o n s  i n  polyatomic molecules and the f a c t o r s  a f f e c t i n g  t h e i r  
rates. Al~liougk fundamental i n  nature ,  t h e  r e s c ~ r n h  i a  of p r a c t i c a l  
importance t o  the  des ign of l a s e r  dyes and mate r i a l s  f o r  conversion of 
l i g h t  i n t o  heat .  Three programs a r e  underway. The f i r s t  explores t h e  
r a d i a t i o n l e s s  t r a n s i t i o n s  i n  molecular excimers, a s  r e l a t e d  t o  t h e i r  l a s i n g  
a b i l l t y .  A s  molecular species  whose ground s t a t e  i s  unstable ,  excimers a r e  
ideal' l a o c r  uompoundo, provfded the  f luoreacence e f f i c i e n c y  i s  high ( the re fo re ,  
e f f i c i e n c i e s  o f ' r a d i a t i o n l e s s  t r a n s i t i o n s  a r e  low). The r a d i a t i o n l e s s  
t r a n s i t i o n s  from s i n g l e t  excimers of var ious  aromatic and heteroaromatic 
compounds a r e  character ized and the  manner i n  which t h e i r  r a t e s  vary with 
experimental condi t ions  i s  determined. I n  t h e  second program experimental . 
tests of ' t heore t i ca l  p red ic t ions  concerning t h e  proximity e f f e c t  i n  radia t ion-  
l e s s  t r a n s i t i o n s  a r e  performed, which have been t h e  sub jec t  of extens ive  
pas t  s t u d i e s  i n  t h i s  laboratory.  Isotope,  so lvent  and s u b s t i t u e n t  dependence 
of t r i p l e t  sp in  sublevel  dynamics, and temperature e f f e c t s  on the  S + 

S / s ~ + T ~  branching r a t i o ,  a r e  some of the  new approaches t o  gain  a 1 

b?t ter understanding of this important phenomenon. F i n a l l y ,  i n  t h e  t h i r d  
program, high . r e so lu t ion  s p e c t r a l  s t u d i e s  of azulene a r e  c a r r i e d  out  i n  
order  t o  deduce major conf igura t ional  d i f ferences ,  between the exci ted  
s i n g l e t  s t a t e s  and the ground s t a t e ,  t h a t  may be  responsible  f o r  the  
u l t r a f a s t  i n t e r n a l  conversion from t h e  exci ted  s t a t e s  of t h i s  molecule. 
A s  the  only example of an  aromatic hydrocarbon which e x h i b i t s  extremely 
f a s t  r a d i a t i o n l e s s  t r a n s i t i o n s  t o  t h e  g round ' s t a te ,  t h e  o r i g i n  of t h e  
u l t r a f a s t  i n t e r n a l  conversion i n  t h i s  molecule is  important t o  t h e  u n q r -  
s tanding of r a d i a t i o n l e s s  processes. \ 
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2 65. METASTABLE RARE GAS CHEMILUMINESCENT 
REACTION CROSS SECTIONS 

R. M. Martin 
Department of Chemistry 

The o p t i c a l  emission s p e c t r a  of metastable r a r e  gas r eac t ions  i n  crossed 
molecular beams a r e  being s tudied  i n  order  t o  determine the  e l e c t r o n i c  
s t a t e  r e a c t i o n  channels,  v ib ron ic  s t a t e  d i s t r i b u t i o n s ,  and reac t ion  c r o s s  
s e c t i o n s  a s  a func t ion  of c o l l i s i o n  energy, S tudies  a r e  mde of r a r e  gas 
exc i t ed  h a l i d e  and oxide formation and of metastable e x c i t a t i o n  t r a n s f e r  
r eac t ions .  Spec i f i c  systems s tudied  wi th  t h i s  apparatus include Ar*,  Kr*  
and Xe* metastable atoms wi th  var ious  halogen and h a l i d e  t a r g e t  molecules 
t o  g ive  the  corresponding f l u o r i d e ,  c h l o r i d e  and bromide excimers, and 
e x c i t a t i o n  t r a n s f e r  r e a c t i o n s  of these  metastables as well  a s  He* and Ne* 
metas tables  with atomic, diatomic and t r i a tomic  t a rge t s .  Information on 
t h e s e  systems i s  needed t o  understand t h e  mechanisms of energy t r a n s f e r  i n  
gas  phase excimer and e x c i t a t i o n  t r a n s f e r  l a s e r s .  A crossed nozzle beam 
spectrometer  has been b u i l t  f o r  t h i s  work which permits the  study of r a r e  
gas  chemi1um"lnescent r e a c t i o n s  i n  the  v i s i b l e ,  u l t r a v i o l e t  and vacuum 
u l t r a v i o l e t  regions  of t h e  spectrum down t o  120 nm. 

CORNELL UNIVERSITY 
I t h a c a ,  New York 14853 

2 66. HYDROGEN CYANIDE REACTIONS I N  COMBUSTION $41,860 01-2 
SYSTEMS (two yoarc) 

W. J. McLean 
Sibley  School of Mechanical 

C Aerospace Engineering 

The ongoing research  program i s  concerned with chemical processes associa ted  
wi th  HCN i n  combustion environments. The o b j e c t i v e  of t h e  research  i s  t o  de ter -  
mine t h e  r a t e s  and mechanisms of those  reac t ions  responsib le  f o r  the  formation 
of  HCN and i t s  subsequent conversion t o  o the r  undes i rable  compounds. The exper- 
imental  techniques employed i n  these  s t u d i e s  involve t h e  use  of a high tempera- 
t u r e  f a s t  flow r e a c t o r  wi th  product a n a l y s i s  by quadrupole mass spectrometry and 
gas  chromatography. The f a b r i c a t i o n  and c a l i b r a t i o n  of the  flow r e a c t o r  system 
i s  complete. Experiments a t  200 t o r r  i n d i c a t e  . tha t  isothermal opera t ion  a t  
temperatures up t o  1800 K i s  r e a d i l y  achievable. Reaction times down t n  ohout 
2 m s  can be s tudied .  I n i t i a l l y ,  the  NH -NO r e a c t i o n  i s  being s tudied  both .wi th  

3 and without  a c c e l e r a t i n g  a d d i t i v e s  such a s  H2 and 02. Analyt ical  methods have 
been developed f o r  gas  chromatographic determination of NH and NO. The sampling 
system r e l i a b i l i t y  has been conf inned, demonstrating t h a t  4~ does not c a t a l y t i -  

3 c a l l y  decompose-on t h e  r e a c t o r  walls  o r  during t h e  sampling process. Data . . 

on t h e  NH -NO r e a c t i o n  is cur ren t ly  being acquired. 
3 
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2 67. MICROWAVE+PT I C  AL DOUBLE RESONANCE $46,500 01-2 
SPECTROSCOPY 

D. W. P r a t t  
Department of Chemistry 

The p r inc ipa l  ob jec t ive  of t h i s  research p ro jec t  is  t o  develop b a s i c  
knowledge about t h e  s t r u c t u r e  of mat ter  and i t s  i n t e r a c t i o n  with r a d i a t i o n  
through the  explora t ion of new physical  and chemical phenomena. Of p a r t i c u l a r  
i n t e r e s t  a r e  short- l ived chemical species  which a r e  produced by J r r a d i a t i o n  
of s o l i d s  with' x-rays, y-rays, and u l t r a v i o l e t  l i g h t ,  and include e lec t ron ica l ly -  
exci ted  molecules, f r e e  r a d i c a l s  and c o l l e c t i v e  e x c i t a t i o n s  i n  so l ids .  .Because 
of t h e i r  s h o r t  l i f e t i m e s ,  the  development of new experimental techniques such 
a s  o p t i c a l  de tec t ion  of magnetic resonance spectroscopy forms a n  i n t e g r a l  p a r t  
of the  projec t .  The r e s u l t s  of t h i s  research w i l l  f i n d  app l i ca t ion  i n  

' 

environmental chemistry, laser-induced isotope separa t ion,  na tu ra l  prod& t 
syn thes i s ,  and energy generat ion,  s torage ,  and conversion devices, 

PRINCETON UNIVERSITY 
Princeton, New Je r sey  08544 

268. THEORY OF CHEMICAL KINETICS AND 
MOLECULAR DYNAMICS 

H. A. Rabitz 
Department of Chemistry 

This work s t u d i e s  molecular c o l l i s i o n s ,  associa ted  re laxa t ion  phenomena, and 
chemlsal k ine t i c s .  I n  general  the reaearch can be divided i n t q  th ree  ca tegor ies :  
(a)  t h e  t h e o r e t i c a l  treatment of individual  molecular c o l l i s i o n  events,  (b) 
t h e  ana lys i s  of macroscopic k i n e t i c  r e laxa t ion  phenomena, and (c)  s t u d i e s  
of c r i t i c a l  parameter dependencies i n  chemical k ine t i c s .  The work i n  category (a) 
involves the implementation of new p r a c t i c a l  means f o r  r e l i a b l y  c a l c u l a t i n g  
c o l l i s i o n  information, and the  deveiopment of s e n s i t i v i t y  theory t o  a s c e r t a i n  
which key molecular parameters a r e  con t ro l l ing  c o l l i s i o n  behavior. The raw 
c o l l i s i o n  information and ins igh t  generated by ' these  s t u d i e s  can be used t o  
c o r r e l a t e  and analyze experimental data.  I n  t h i s  regard,  p a r t  (b) of t h e  
research on k i n e t i c  r e laxa t ion  phenomena involves (1) the  development of 
sca l ing  r e l a t i o n s  connecting d i f f e r e n t  molecular r a t e  constants ,  (2)  t h e  
deconvolution of experimental r e laxa t ion  dafa t o  y i e l d  s t a te - to - s ta te  r a t e  
constants ,  and (3) t h e  ana lys i s  of highly non-equilibrium behavior i n  
flowing gases. F ina l ly  p a r t  ( c )  of t h e  research involves f u r t h e r  development 
and implementation of t h e  work i n  s e n s i t i v i t y  a n a l y s i s  f o r  chemical k ine t i c s .  
Thc goal he re  i s  the assessment of how p a r t i c u l a r  r a t e  constants  and 
i n i t i a l  species  concentrat ions c r i t i c a l l y  con t ro l  combustion and r e l a t e d  
k i n e t i c  phenomena. A l l  a spec t s  of t h e  research u t i l i z e  a v a r i e t y  of 
techniques, many of which a r e  cur ren t ly  under development. 



Chemlcal Physics, continued 

CALSPAN ADVANCED TECHNOLOGY CENTER 
Buffalo, ~ e w  York 14225 

269 VIBRATIONAL ENERGY TRANSFER KINETICS. $50,000 01-2 
I N  MOLECULAR DISEQUILIBRIUM 

J e  W e  Rich 
Physical Sciences Group 

This program is an experimental study of laser-induced chemistry and 
molecular energy t ransfe r .  The experiments use a flowing-gas absorption 
cell ,  op t ica l ly  pumped by a c w  supersonic flow carbon monoxide l a y s .  In  
t M s  apparatus, carbon dimer (C2) formation and carbon th i r t een  (C ) 
i sotope enrichment resu l t ing  from the vibration-vibration pumping of carbon 
monoxide t o  carbon d i su l f i de  (CS ), and accompanying vibration-vibration 

2 pumping e f f e c t s  and re la ted  t ransfe r  phenomena a re  being investigated. 
Energy t ransfe r  from CO t o  addi t ional  molecular species is a l s o  being 
investigated.  Supporting ana ly t ica l  s tud ies  a r e  being performed. 

.MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Cambridge, Massachusetts 02139 

270. THEORY OF CHEMICAL KINETICS 
J e  ROSS 
Department of Chemistry 

Research i s  conducted i n  the theory of chemical dynamics on the application 
of Franck-Condon approximations t o  rearrangement co l l i s i ons  and hence 
chemical reactions,  and on the  s tochast ic  theory of intramolecular energy 
t ransfe r .  Further research is  being conducted on the s t a b i l i t y  of binary 
reac t ing  f l u i d s  i n  temperature and gravi ta t ional  gradients and the r o l e  of 
f luc tua t ions  i n  the onset of i n s t a b i l i t i e s  i n  the k ine t ics  of f i rs t -order  
phase t rans i t ions .  Substant ia l  progress has  been made i n  the elimple and 
f a s t  prediction of react ion probabi l i t i es  and product energy and angular 
d i s t r i bu t ions  by means of a Franck-Condon approach, I n  the theory of 
asymmetric random walks, i n  i n s t a b i l i t i e s  i n  binary mixtures, and i n  the  
thermodynnmic analyeis of the eff ic ieucy of chetmal and chemical engines. 
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Dayton, Ohio 45435 

271. DETERMINATION OF ATOM AND RADICAL $45,900' 01-2 
CONCENTRATIONS I N  THERMAL REACTIONS OF 
HYDROCARBONS AND OTHER GASES 

G. B. Skinner 
Department of Chemistry 

A s e r i e s  of experiments i s  being carr ied out i n  which concentrations of 
species such a s  H, 0, OH and CH3 a r e  determined i n  shock-heated mixtures 
of smaller hydrocarbons and re la ted substances, d i lu ted  with argon. 
The method of analysis  i s  atomic ( o r  molecular) a b ~ o r p t i o n  spectroscopy, 
which has a good combination of high s e n s i t i v i t y  and high space and time . 

resolution.  Sc ien t i f i ca l ly ,  these experiments help t o  c l a r i f y  the  under- 
standing of the high temperature react ions  of several  hydrocarbons, reducing 
a major area of conjecture t o  experimental f a c t ,  and helping t o  resolve 
conf l ic t ing  views a s  t o  the deta i led k ine t ics  of the reactions. Prac t ica l ly ,  
the r e s u l t s  of this work should lead t o  higher eff ic iency and lower atmospherlc 
pol lut ion i n  the  use of hydrocarbons a s  fue l s  and a s  raw mater ia ls  f o r  , 

chemical processes . 

RICE UNIVERSITY 
Houston, Texee 77001 

2 72. HYPERSONIC BEAM LASER PHOTOLYS IS 
R. E. Smalley 
Department of Chemistry 

c .  

Using l a s e r  photolysis.within a pulsed hypersonic nozzle, the  techniques of 
hypersonic molecular beams a r e  being extended t o  a broad new range of f r e e  
radicals,-complexes, and react ion intermediates. Taking advantage of the  
extreme cooling and nearly i dea l  spectroscopic conditions, afforded i n  
collimated molecular beams obtained from these expansions, t he  s t ruc tu re  
and photophysics of molecular systems-studied a s  t e s t  cases f o r  the  develop- 
ment of t h i s  technique include (1) the  r a r e  gas ha l ides  such a s  KrF; (2) . 
t he  mercury monohalides; (3) the  heavy metal f luor ides  W , W5, M F 4 ,  , 

where M = U, R, Mo, Re, Tc, e t c ;  and ( 4 )  o rga i ic  f r e e  radfcals  such a s  
methylene, trimethylenmethane, .and derivatives.  Information obtained f o r  
these systems includes (1) accurate measurement of giound and excited 
po ten t ia l  energy surfaces (both a t t r a c t i v e  and repulsi,ve portions) which . 
a r e  op t ica l ly  accessible v i a  one o r  two photon t rans i t ions  from the  ground 
s t a t e  and (2)  c ross  sect ions  and spec t ra l  dependence of the  various possible 
pho todissocia t i on  and pho toion1za.i ion channels f o r  tlte moleeulea under 
c o l l i s i o n  f tee, s ing le  quantum s t a t e  conditions. 
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UNIVERSITY OF CALIFORNIA/ SANTA BARBARA 
Santa Barbara, California 9 3106 

273. ' LASER FLUORESCENCE STUDIES OF THE ' $50,000 01-2 , 

DETAILED COMBUSTION OF NITR0C;EN AND 
SULFUR BEARING FUELS 

M e  Steinberg - Quantum I n s t i t u t e  
D. 0. Harris  - Department of Chemistry 

Laser f l uo reoc~nce  men1 toring capabi l i ty ,  w h i ~ h  a t  present enables 
measurement of SB, S SO, SO2 and OH i n  flames, i s  being extended t o  2 ' include species of importance i n  the  fue l  nitrogen-NOx cycle, namely NO, 
NO , MI, NH and CN. This nowperturbing technique i s  being applied t o  
v d i o u s  H 16 /N and C /Q IN f l m e a  doped with traoeo of Nn o r  pyridi i tr  
t o  permic2ddsifed stud ? 2 2  e s  of their sequential  chemistry i n  tb burnt gases 
i n  an endeavor t o  resolve current d i f f i c u l t i e s .  A n  invest igat ion of 
possible  d i r e c t  o r  ind i rec t  coupling between the  su l fur  and nitrogen 
combustion cycles is  being undertaken by monitoring all the species f o r  
which capab i l i t i e s  have been developed i n  flames containing su l fur ,  f ue l  
nitrogen o r  both together. The program not only provides an important new 
diagnostic capabi l i ty  applicable t o  any combustion media but a l s o  begins t o  
answer questions concerning the NO/NO balance i n  flames, considers the  
importance of the NH, NH , CN (and HC%) rad ica l s ,  and invest igates  
possible  ia terre la t ionsh$ps between NO and SO . 

X X 

UNIVERSITY OF MINNESOTA 
~ l n n e a p o l i s ,  Minnesota. 55455 

2 4 . VARIATIONAL TRANS IT I O N  STATE THEORY 
D. G. Truhlar 
Department of Chemistry 

The var ia t iona l  theory of react ion r a t e s  ( l e e . ,  va r ia t iona l  t r ans i t i on  
s t a t e  theory) i s  being developed i n t o  a p rac t ica l  too l  f o r  the  calculat ion 
of thermal r a t e  constants and isotope e f f ec t s  f o r  atnm t ranofor r e a ~ t i o n o  
i n  the gab phase. preliminary work has shown tha t  the  techniques a r e  
successful  f o r  co l l inear  reactions of atoms with diatomic molecules. 
These techniques a r e  being extended t o  t r e a t  f u l l y  three-dimensional 
react ions  and t o  t r e a t  react ions  of polyatomic molecules. The r e s u l t s  a r e  
of fundamental i n t e r e s t  and may be useful  t o  R large number of applications 
where such thermal react ion r a t e  constants a r e  required. 



Chemical Physics  ,. cont inued 

NATIONAL BUREAU OF STANDARDS 
Washington, D.C. 20234 

275. KINETIC DATA BASE FOR 
COMBUSTION MODELING 

W. Tsang, R. F. Hampson 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop and p u b l i s h ' a n  eva lua ted  
chemical k i n e t i c s  d a t a  base f o r  t h e  modeling of combustion based processes .  

. To c a r r y  ou t  t h i s  t a s k ,  e x i s t i n g  d a t a  i n  t he  l i t e r a t u r e  a r e  be ing  c o l l e c t e d ,  
compiled, and eva lua ted  by comparison wi th  analogous systems, through 
chemical k i n e t i c s  modeling and by use of  a v a i l a b l e  theory.  For systems 
where d a t a  a r e  no t  d i r e c t l y  a v a i l a b l e ,  e s t i m a t e s  a r e  made v i a  c o r r e l a -  
t i o n a l  schemes and theory.  The f i n a l  r e s u l t s  w i l l  be publ i shed  i n  t a b u l a r  
form and i n  a r c h i v a l  pub l i ca t i ons .  Cur ren t ly ,  e f f o r t s  a r e  be ing  concent ra ted  
on methane py ro lys i s .  Work i s  beginning on t h e  ox ida t ion  p roces se s  involv ing  
methane, gene ra l  a l i p h a t i c  hydrocarbon p y r o l y s i s  and oxida t ion .  

GEORGIA INSTITUTE OF TECHNOLOGY 
A t l a n t a ,  Georgia 30332 

276. A KINETIC STUDY OF RADICAL-AROMATIC $46,000 01 -2  
HYDROCARBON REACTIONS 

F. P. Tul ly  and A. R. Ravishankara 
Engineering Experiment s t a r  ion 

Chemical k i n e t i c  and mechanis t ic  i n v e s t i g a t i o n s  of  f r e e  rad ica l -a romat ic  
hydrocarbon r e a c t i o n s  of importance t o  op t imiza t ion  of energy product ion  
from a l ~ e r n a l i v e  f u e l  aourcea a r e  being pursued. Improvement i n  t h e  
fundamental understanding of t he  r a t e s  and pathways c h a r a c t e r i s t i c  of t h e s e  
gas-phase r e a c t i o n s  i s  t he  p r i n c i p a l  o b j e c t i v e  o f  t h i s  program. S p e c i f i c a l l y ,  
u s i n g  t h e  technique  of ( l a s e r l s p a r k  d i s cha rge )  f l a s h  photo lys i s - ( resonance /  
l a s e r  induced) f l uo re scence ,  abso lu t e  r a t e  cons t an t  measurements f o r  t h e  
ox ida t ion -and  p y r o l y s i s  cha in  s t e p  r e a c t i o n s  O(OH,H) + aromat ic  hydrocarbons 
a r e  being made a s  func t ions  of  temperature  and, when a p p r o p r i a t e ,  p ressure .  
P a r t i c u l a r  r e a c t i o n  pathways i n  t h e  above processes  a r e  be ing  probed e i t h e r  
v i a  measurements of r e a c t i o n  product concentrat ion-t ime p r o f i l e s  o r  through 
t h e  a p p l i c a t i o n  of k i n e t i c  i s o t o p e  e f f e c t  theory  t o  r a t e  cons t an t  measurements 
on i s o t o p i c a l l y  s u b s t i t u t e d  analogues of  t h e  above r e a c t i o n s .  In format ion  
gained from t h e s e  s t u d i e s  i s  expected t o  f a c i l i t a t e  improved u t i l i z a t i o n  o f  
aromatic  hydrocarbons both a s  combust ibles  and a s  feeds tocks  f o r  p roduct ion  
o f  s u b s t i t u t a b l e  s y n t h e t i c  f u e l s .  
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277. CHARGE EXCHANGE COLLISIONS OF $93,000 01-3 
HIGHLY STRIPPED IONS WITH 
ATOMIC HYDROGEN 

J. E. Bayfield 
Department of Physics and Astronomy 

The new1 y-developed , three-stage, double-tandem idn beam accelerator/  
decelerator  f a c i l i t y  a t  Pit tsburgh i s  being used t o  measure charge exchange 
c r o s s  sec t ions  f o r  co l l i s i ons  of hydrng& atomo and helium atoms wit11  

to ta l ly-s t r ipped,  one-electron, and two-electron ions of boron, carbon, 
nitrogen and oxygen. The co l l i s i on  energy range of 10 t o  250 keV per 
atomic mass uni t  is, f o r  the  totally-str ipped and one-electron ions,  i n  a 
region uniquely accessed by the  accel/dece4+tec~aqu~+ Threg~s tage  operation 
of a double-tandem accel-decel source of 0 , 0 , 0 and 0 ions  has  
been achieved, f o r  ,energies a s  low a s  15 keV/AMU. Charge exchange cross  
sec t ions  have been measured f o r  co l l i s i ons  of these ions with helium-atoms. 

NEW YORK UNIVERSITY 
New Pork, New York 10003 

2 7 8. ENERGY-RELATED ATOMIC AND $70,000 01-3 
MOLECULAR STRUCTURE ANT) 
SCATTERING sTmIes 

.Be Bederson 
Department of Physics 

This is  a program t o  study basic proper t ies  and in te rac t ions  of selected 
atoms and polar molecules using beam techniques. The program includes 1 )  
measurements of the  e l e c t r i c  dipole po l a r i zab i l i t i e s  of a l k a l i  ha l ide  
molecules, of t h e i r  dimers and higher order c lu s t e r s ,  2) measurements of 
absolute t o t a l  and d i f f e r e n t i a l  cross sect ions  f o r  the  sca t te r ing  of low 
energy e lec t rons  by alkali hal ides ,  using the atomic beam reco i l  technique, 
3) a study of methods f o r  d i r ec t l y  measuring hyperpolar izabi l i t ies  and the  
extension of cross  sect ion measimments t o  0 ,  C, N, and U, and t o  other 
po la r  molecules such a s  KOH and H 0. Methods f o r  s ing le  p a r t i c l e  detection 

2 
of systems such a s  0, C, N, and S a r e  under study using l a s e r  excitat ion.  
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UNIVERSITY OF NEW MEXICO 
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2 79. ATOMIC PHYS I C  S W I T H  RELATIVISTIC $86,000 01-3 
BEAMS 

H. C. Bryant 
Department of Physics and Astronomy 

Work, presently-underway, on s i n g l e  photodetachment i n  the  resonance 
region of the H continuum, using a l a s e r  beam Doppler tuned i n t o  the 
vacuum u l t rav io ' l e t  , is being continued. I n  addi t ion ,  a new s e r i e s  of 
measurements i s  being inaugurated t o  inves t iga te  double photodetachment i n  
t h e  H system. This study,  spanning continuously the  barycentr ic  energy . 

range from 14 t o  21.8 e V ,  determines, with 0.005 eV reso lu t ion ,  t h e  energy 
dependence of t h e  c ross  sec t ion  f o r  double photodetachment ' near threshold.  
The s ~ i n g l e  photodetachment measurements a r e  a l s o  being extended i n t o  t h i s  
two-electron continuum region. 

COLLEGE OF WILLIAM AND MARY 
Willlamsburg, Virginia  23185 

280. MEASUREMENT OF ABSOLUTE TOTAL DETACHMENT $50,000 01-3 
CROSS SECTIONS OF NEGATIVE IONS 

R; L. Champion, L. D. Doverspi ,b 
Department of Physics 

~ b s o l u t e  t o t a l  c ross  s e c t i o n s  and r a t e  constants  associa ted  with negative 
i o n - m o l e c ~ l e  co l ' l i s ions  a r e  being measured with an i o n  beam-gas t a r g e t  
apparatus. The c o l l i s i o n a l  ,detachment of negative ions l u  telng emphaeiaed 
and the  energy range f o r  these  experiments i s  from the  e lec t ron  a f f i n i l y  of 
t h e  negative i o n  upwards. Reactants include such negative ions  a s  UF 
and H i d  c o l l i s i o n s  with s : v a r i e t y  of atomic and molecular t a rge t s .  
r e s u l t i n g  c ross  sec t ions  should be of i n t e r e s t ,  f o r '  example, t o  the,  f i e l d s  
of i so tope separa t ion (UF ) and n e u t r a l  beam heating of magnetic . . 

. . conntainme*t i ,usion devices (H ) . 
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TEXAS A&M UNIVERSITY 
College S ta t ion ,  Texas 77843 . 

2 81 . STORED-ION COLLISION MEASUREMENTS 
D. A. Church 
Department of Physics 

The o b j e c t i v e s  of t h i s  p r o j e c t  a r e -  t o  develop and t o  extend measurement 
techniques based on the  i o n  s to rage  method t o  near-thermal reac t tnn  rate 
cons tan t s  Iur multi-charged ions  r eac t ing  with atoms and molecules, and t o  
c r o s s  s e c t i o n s  f o r  e l e c t r o n  i o n i z a t i o n  and e x c i t a t i o n  of ions ,  culminating 
i n  measurements of p a r t i c u l a r  c o l l i s i o n  p r n r ~ e k e s  of r enc tan te .occur r ing  I n  
magnetic fus ion  plasmas. Ions a r e  crea ted  by e l e c t r o n  c o l l i s i o n  ion iza t ion  
and s tored  i n  an i o n  t r a p  a t  near-thermal energies.  The t r a p  c o n s i s t s  of 
shaped e lec t rodes  with applied dc  o r  ac p o t e n t i a l s  and an ex te rna l  uniform 
magnetic f i e l d .  Changes with time of s t o r e d  ion  number, o r  other' parameters, 
r e s u l t i n g  from c o l l i s i o n s  with known d e n s i t i e s  of atoms o r  molecules, 
e l e c t r o n s  or photons, a r e  used t o  determine c h a r a c t e r i s t i c  parameters of 
s p e c i f i c  c o l l i s i o n  processes. 'The developmental research  r e s u l t s  i n  
measurements of r a t e  cons tan t s  and c r o s s  sec t ions  of s e v e r a l  types  of ion  
c o l l i s i o n  processes,  using a s i n g l e  bas ic  apparatus. Emphasis i s  placed on 
i o n s  found i n  Tokamak-type plasmas. 

. . 

HARVARD COLLEGE OBSERVATORY 
Cambridge, Massachusetts 02138 

282. THEORETICAL STUDIES OF HIGHLY 
I O N I Z E D  SPECIES 

A. Dalgarno, G. Vic tor  
Center f o r  Astrophysics 

The r e l a t i v i s t i c  random phase approximation i s  appl ied  t o  c a l c u l a t i o n s  
of photoioniza t ion  c r o s s  sec t ions .  Procedures a r e  being developed f o r ,  
the p red ic t ion  of resonances formed by s i n g l e  e l e c t r o n  e x c i t a t i o n s  of 
t h e  i n n e r  s h e l l s  of the magnesium and 2inc i ~ o e l w .  t t o n i c  uequenccs. An . 
at tempt  i s  being made t o  extend t h e  r e l a t i v i s t i c  random phase approximation 
t o  spin-forbidden t r a n s i t i o n s  i n  molecules. Model p o t e n t i a l  methods a r e  
being used t o  c a l c u l a t e  o s c i l l a t o r  s t r eng ths  of the  copper and z inc  iso- 
e l e c t r o n i c  sequences. The behavior of atoms i n  in tense  e l e c t r i c  and 
magnetic f i e l d s  i s  being s tudied .  Charge t r a n s f e r  processes a t  thermal 
ene rg ies  a r e  being inves t iga ted  and t h e i r  e f f e c t s  on i o n i z a t i o n  s t r u c t u r e  

. of plasmas a r e  being explored. The c o l l i s i o n  processes a f f e c t i n g  the  
populat ions of l i th ium and sodium molecules i n  a  r a d i a t i o n  f i e l d  a r e  being 
inves t iga ted .  F ine  s t r u c t u r e  e x c i t a t i o n  of p o s i t i v e  ions  by photon impact 
as  a method f o r  measuring the  ion  temperature of a  p 1 a s m a . i ~  being assessed. : . . 
A quasi-moXecular method i s  being developed and applied t o  c a l c u l a t e  impact 
e x c i t a t i o n  c ross  sec t ions .  
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283. BASIC STUDIES OF ATOMIC DYNAMICS 
U. Fano 
Department of Physics 

This project  attempts t o  unravel ' the  cor re la t ions  between the  motions of 
d i f f e r en t  pa r t i c l e s  and the  energy exchanges between d i f f e r en t  types of 
motion i n  e lectron co l l i s i on  and photoabsorption processes. A major 
e f f o r t  i e  aimed a t  e lucidat ing the physico-mathematical basis  f o r  unexplained' 
circumstances t h a t  have been very helpful  again and again i n  calculat ions  
and f o r  the  analysis  of experiments. It was found t h a t  approximations 
based on quadi-separabil i t y  of var iab le  and quasi-adiabat i c  behavior have 
proved unexpectedly successful. A new ar ray  of s tud ies  of two-electron 
exc i ta t ions  is being pursued. The study of co l l i s i ons  between electrons  
and polar molecules ' is being brought t o  conclusion having ascertained the  
inference t h a t  energy exchanges occur mainly a t  c r i t i c a l  r ad i a l  distances..  

PmmsnvAwu STATE UNIVERSITY 
University Park, Pennsylvania 16802 

284. OSCILLATOR STRENGTHS FOR HIGHLY $56,000 01-3 
IONIZED ATOMIC SYSTEMS , 

C. F. Fischer 
Uegartment of Computer ,ScPencc 

The ault i-confi  guration Hartree-Pock procedure f o r  including cor re la t ion  among 
outer  e lect rons  a s  well  a s  core' polar izat ion e f f e c t s  i n  the  theoret ical  deter- 
mintlrion of f-valuee is being modiffed t o  include the  Breit  in te rac t ions  a s  an 
intermediate coupling correction. In  t h i s  way the va l i d i t y  of the  non-relativ1stlc 
model may be extended t o  higher Z-values. Both e l e c t r i c  dipole and quadmpole 
o s c i l l a t o r  s t rengths  a r e  being studied f o r  ce r t a in  t rans i t ions  between S, P, D, 

' 

and F s t a t e s  of the helium sequence. Studies of f-value t rends  f o r  D-F t r ans i t i ons  
i n  the Mg sequence a r e  being extended t o  the  A l  sequence f o r  possible cascade 

2 analysis  of beam-foil decay da ta  f o r  the 3d D l ifet ime. The e f f ec t  on o s c i l l a t o r  
s t rengths  of cor re la t ion  i n  the  cf6e 05 both i n i t i a l  and f i n a l  s t a t e s  i s  being 
studied f o r  t r ans i t i ons  such a s  d -t d R . In  photoionization processes, 
cor re la t ion  i n  the  core  f o r  the  f i n a l  s t a t e  i s  of ten  neglected. Approximate 
r e l a t i v i s t i c  f-values which include the e f f e c t  of cofe polar izat ion have been 

. determined f o r  t he  main cascadp contribufion t o  the P l i f e t ime  i n  beam-foil 
spectroscopy, namely t h e  4s4p P - 4s4d D t rans i t ion .  It was found t h a t  the 
f-value f o r . t h i s  t r a n s i t i o n  is  l a rge  even f o r  high s t a t e s  of ionization. 
Re l a t i v i s t i c  e f f e c t s i n  the 3d - 4f t r ans i t i ons  i n  Mg were jnvestjgated and 
found t o  be negligib1,e up t o  Mo XXI, though corrections t o  D - F4 were 
small even f o r  W LXIII. Preliminary s tudies  show t h a t  correlagion i n  the  core 

, . may be important i n  f-value calculat ions  when the i n i t i a l  and f i n a l  s t a t e s  
contain a d i f f e r en t  number' of e lect rons  i n  the core. 
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285. STUDIES OF AUTOIONIZING STATES RELEVANT $58,000 01-3 
TO DIETE CTRONIC RECOMBINATION 

T. F. Gallagher 
Molecular Physics Department 

A dominant l o s s  mechanism which l i m i t s  t he  performance of tokmaks i s  
d ie lec t ron ic  recombination of omnipresent impurity ions  and electrons  i n  
the  plasma. Unfortunately,. the  only experimental s tudies  of the  proceas 
have been conducted i n  plasmas, where the  basic physics of the  process i s  
obscured by t he  plasma with its high ion and electron densities.. The 
ob jec t ive  of t h i s  work i s  t o  study'. the inverse process of d ie lec t ron ic  
recombination, autoionization of i so la ted  atoms, and t o  provide the basic  
atomic data necessary t o  reach an unders.tanding of d ie lec t ron ic  recombination. 

\, There a r e  two bas ic  p a r t s  t o  the  program. F i r s t ,  t he  systematic measurement 

. . 
of autoionizing r a t e s  and branching r a t i o s  of i so la ted  atoms a s  a function 
of quantum number and, second, the  quant i t a t ive  determination of t he  
e f f e c t s  of co l l i s i ons  and f i e l d s ,  such a s  a r e  found i n  a plasma, on the  

I autoionization ra tes .  To car ry  out these experiments a novel multistep 
l a s e r  exc i ta t ion  scheme i s  used t o  exc i te  neu t ra l  atoms t o  t h e i r  autoionizing 

.. . s t a t e s .  These experiments a r e  designed t o  provide autoionizing r a t e s  and 
branching r a t i o s ,  information on the  e f f e c t s  of e l e c t r i c  f i e l d s  on autoioni- 
zat ion,  and the '  e f f e c t s  of co l l i s i ons  on autoionization, a l l  of which a r e  
of fundamental i n t e r e ~ t  and important t o  the character izat ion of die lectronic  
recombination. 
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286. STUDY OF VERY-LOW-ENERGY INELASTIC 
PROCESSES I N  ELECTRON-MOLECULE 
COLLISIONS : THEORY AND EXPERIMENT 
D. E. Golden and M. A. Morrison 
Department of Physics & ~strcinomy 

Construct ion of the  crossed e l e c t r o n  beam-molecular beam apparatus t o  be 
used t o  measure absolute  electron-molecule v ib ra t iona l - ro ta t iona l  e x c i t a t i o n  
d i f f e r e n t i a l  c ross  s e c t  ions i s  being completed. This apparatus w i l l  
achieve the  high energy reso lu t ion  required a t  low sca t t e red  e l e c t r o n  
energy using a time of f l i g h t  technique. A shor t  b u r s t  of '  e l ec t rons  

. produced by the  pulsed e lec t ron  monochromator t r a v e l s  t o  the  molecular beam 
i n t e r a c t i o n  region and from the re  t o  a  s c a t t e r e d  e l e c t r o n  detec tor .  
The a r r i v a l  t h e  spectrum of sca t t e red  e lec t rons  is accumulated using a 
time-to-amplitude converter  and a pulse he ight  analyzer. Ab-initio c ross  
sec t ions  f o r  v i b r a t i o n a l  e x c i t a t i o n  of Hq a r e  a l s o  t o  be ca lcula ted .  
This includes c a l c u l a t i n g  the  s t a t i c  p o t e n t i a l ,  t he  v i b r a t i o n a l  wave 
funct ions ,  and a b - i n i t i o  po la r i za t ion  p o t e n t i a l s  us ing  t h e  va r i a t ion-  
pe r tu rba t ion  method. In  add i t ion  e x i s t i n g  computer programs a r e  t o  be 
modified t o  handle v i b r a t i o n a l  c l o s e  coupling i n  the  laboratory frame. 
Laboratory frame c l o s e  coupling ca lcu la t ions  from threshold t o  severa l  eV 
a r e  a l s o  being carr , ied  out. 
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287. ELECTRON EXCITATION CROSS SECTIONS 
FOR MULTIPLY CHARGED IONS 

R. J. W. Henry, J. Callaway 
Department. of Physics 6 Astronomy 

Theore t i ca l  ca lcu la t ions  of the c ross  sec t ions  f o r  e x c i t a t i o n  of p o s i t i v e  
ions  a r e  being performed. The energy range considered i s  from the  threshold 
f o r  e x c i t a t i o n  t o  approximately 4 times the  ion iza t ion  energy. The ca lcu la t ions  
a r e  based on a c lose  coupling expansion with exchange. A non- i tera t ive  I *' 

i n t e g r a l  equation method i s  used t o  so lve  t h e  coupled in teg ro -d i f fe ren t i a l  . 

equations.  The con t r ibu t ion  of Rydberg s e r i e s  of resonances below some 
e x c i t a t i o n  thresholds i s  determined f o r  C I V ,  Fe X X I I ,  and Fe X X I I I . .  
E f f e c t s  of intermediate coupling a r e  being examined f o r  Fe ions. A study 
of ion iza t ion  is  being i n i t i a t e d  with H I a s  the  f i r s t  atom t o  be studied.  
Determination of i o n i z a t i o n  and e x c i t a t i o n  cross  sec t ions  f o r  highly 
s t r i p p e d  impurity ions i n  high temperature plasmas of i n t e r e s t  i n  thermonuclear 
r e a c t o r s  is  the  main objec t ive .  Co l l i s ion  s t r eng ths  f o r  e l e c t r o n  impact 
e x c i t a t i o n  of helium-like L i ,  C ,  0 ,  and S i  have been ca lcu la ted  and parame- 
t r i z e d  s o  t h a t  r e s u l t s  may be obtained f o r  any helium-like ion i n  a  non- 
r e l a t i v i s t i c  f i v e  s t a t e  c l o s e  coupling approximation. It was found t h a t  
ex t rapo la t ing  f o r  d a t a  beyond S i  due t o  intermediate coupling e f f e c t s  on 
forbidden t r ans  it ions i s  not  dependable. Calculated angular d is t r ibut ions-"  
f o r  e l e c t r o n  impact e x c i t a t i o n  of n=2 l e v e l s  of He were found t o  be i n  very 
good q u a l i t a t i v e  agreement with experiment i n  the  energy range 30-100 eV. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Cambridge, Massachusetts 02139 

288. PHOTOIONIZATION AND FIELD IONIZATION 
OF HIGHLY EXCITED ONE- AND TWO-ELECTRON 
ATOMS 

D. Kleppner 
Department of Physics 

S tud ies  bf f i e l d  i o n i z a t i o n  of simple atoms a r e  underway reveal ing  two 
separa te  ion iza t ion  mechanisms. A high reso lu t ion  study of a level-anti-  
c ross ing  has been c a r r i e d  ou t ,  and theore t ica1 ,and experimental r e s u l t s  
have been obtained on t h e  photoioniza t ion  of sodium Rydberg s t a t e s .  Work 
inc ludes  the  study of f i e l d  ion iza t ion  r a t e s  below the  tunneling region, 
a  s tudy of the  Landau-Zener e f f e c t ,  and the  cont inuat ion  of a  photoioni- 
z a t i o n  study. 



A t o m i c  Physics , continued 

OREGON STATE UNIVERSITY 
Corva l l i s ,  Oregon 97331 

289. THERMAL-ENERGY SCATTERING OF ATOMS 
I N  HIGH RYDBERG STATES 

C. A. Kocher 
Department of Physics 

The ob jec t ive  of this r e s e a r c h ' i s  t o  inves t iga te  c o l l i s i o n  dynamics f o r  
thermal-energy encounters between long-lived highly exci ted  Rydberg s t a t e s  
and ground-state'gaseous t a rge t s .  D i f f e r e n t i a l  c ross  s e c t i o n  measurements 

- a r e  being made t o  determine i n t e r a c t i o n  p o t e n t i a l s  f o r  t h e  Rydberg core 
ion ,  independent of i t s  valence e lec t ron.  Previous measurements have 
demonstrated t h a t  high-Rydberg atoms a r e  de f lec ted  i n  c o l l i s i o n s  with 
atomic and non-polar molecular t a rge t s .  The c r o s s  s e c t i o n s  a r e  v i r t u a l l y  
independent of the  principa1,quantum number and i n  numerical agreement with 
ca lcu la t ions  f o r  s c a t t e r i n g  of t h e  core  ion 'a lone .  These r e s u l t s  suggest a 
new method f o r  very low-energy ion-atom s c a t t e r i n g  experiments. Excited 
s t a t e s  i n  an atomic beam a r e  detected by f i e l d  ionizat ion,  wi th  v e l o c i t i e s  
resolved by a time-of -f l i g h t  technique using an on-line computer. The 
s c a t t e r e d  Rydberg atoms a r e  recorded a s  a funct ion of d e f l e c t i o n  angle 
a f t e r  the  primary beam has passed through a loca l i zed  t a r g e t  region. 
Systems being studied a r e  a t ' m i c  and molecular gases and vapors. Core-ion 
s c a t t e r i n g  experiments with high-Rydberg s t a t e s  were found not  t o  s u f f e r  
from t h e  complications of space charge repuls ion and s t r a y  f i e l d s ,  which 
have precluded t r a d i t i o n a l  i o n  beam s c a t t e r i n g  a t  thermal energies.  

K4NSAS STATE UNIVERSITY 
Manhattan, Kansas 66506 

2 90. ATOMIC PHYSICS OF STRONGLY 
CORRELATED ELECTRONS 

C.-D. Lin 
Department of Physics 

A new t h e o r e t i c a l  approach based upon hyperspherical  harmonics is being 
developed t o  study atoms and electron-atom c o l l i s i o n s  i n  which electron- 
e l e c t r o n  c o r r e l a t i o n  plays a dominant role.  These problems occur i n  the  
doubly exci ted  s t a t e s  of atoms o r  i n  e l e c t r o n  impact exc i t a t ions  and 
e lec t ron  ;impact ion iza t ions  where a r igorous desc r ip t ion  of electron- 
e l e c t r o n  c o r r e l a t i o n  i s  e s s e n t i a l .  An understanding of these  processes i s  
important i n  the modeling of labora tory  thermonuclear plasmas. I n  i ts  
i n i t i a l  phase t h e  present  approach t r e a t s  the  two cor re la ted  e lec t rons  a s  a 
point  p a r t i c l e  i n  a six-dimensional hyperspherical space. By studying the 
var ious  hyperspherical  harmonics a s  t h e  "size" of t h e  atoms increases ,  it 
i s  poss ib le  t o  view t h e  i n e l a s t i c  t r a n s i t i o n s ,  whether incurred by photon 
impact o r  by e l e c t r o n  impact, a s  due t o  the  coupling between these  normal 
modes a s  t h e  system expands. I n  t h i s  p ro jec t ,  t h i s  approach i s  being 
.developed to . s tudy  resonances i n  e lec t ron-a lkal i  atom c o l l i s i o n s .  I n  t h e  
f u t u r e  i t  i s  hoped t o  genera l ize  t h i s  approach a s  a ptzlceical metllod f o r  
ca lcu la t ing  e l e c  tron-atom and e l e c  tron-ion impact e x c i t a t i o n s  i n  s i t u a t i o n s  
where experimental da ta  are d i f f i c u l t  t o  obtain. . . 
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29i .  CHARGE TRANSFER CROSS SECT~ION 
DETERMINATIONS I N  HEAVY I O N  - 
COLLISIONS I N  THE 0-600 .keV RANGE 

J. Macek, G. Gal lup 
Department of Physics  

I n  t h i s  p r g j e c t ,  c r o s s  sect)$ns a r e  computed f o r  t h e  e l e c t r o n  t r a n s f e r  + 
process  Ba + Ba -F Ba + Ba . Knowledge of e l e c t r o n  t r a n s f e r  c ros s  
s e c t i o n s  i s  e s s e n t i a l  t o  t h e  development of t he  heavy ion  method of c o n t r o l l e d  
fus ion .  This method r e q u i r e s  t h a t  i n t e n s e  ion  beams be e lec t romagnet ica l ly  
manipulated over  s i g n i f i c a n t  t imes and d i s t ances .  Any charge-changing 
c o l l i s J o n s  o f c u r r i n g  i n  t h e  beam w i l l  l i m i t  t h e  beam's u se fu l  l i f e t i m e .  
The Ba + Ba . c o l l i s i o n  i s  t readed  because it probably r e p r e s e n t s  a  
"worst p o s s i b l e  case" f o r  £us ion a p p l i c a b i l i t y  . The c a l c u l a t i o n  uses  t he  
s t r a i g h t  l i n e  c l a s s i c a l  t r a j e c t o r y  method. The molecular  e i g e n s t a t e s  used 
a s  b a s i s .  func t ions  a r e  obta ined ,  a s  func t ions  of i n t e rnuc  l e a r  d i s t ance ,  by 
t h e  mul t i con f igu ra t ion  va lence  bond method. The e l e c t r o n  t r a n s f e r  p r o b a b i l i t y  
i s  computed f o r  both s i n g l e t  and t r i p l e t  c o l l i s i o . n s ,  a s  func t ions  of impact 
parameter  and c o l l i s i o n  energy. The impact parameter and energy ranges a r e  
?a t o  20a and 25 keV.'to 500 keV, r e spec t ive ly .  The ' c ros s  s e c t i o n  f o r  
eagh energy is obta ined  by i n t e g r a t i n g  t h e  p r o b a b i l i t i e s  w i t h '  r e spec t  t o  
impact parameter,  and forming a  s t a t i s t i c a l l y  weighted sum of t h e  s i n g l e t  
and t ' p l e  r e s u l t s .  The computer e l e c t r o n  t r a n s f e r  c ros s  s e c t i o n  i s  0.13 - i f  5 x 10 cg15fo r  c o l l i s i o n  energy 25 keV, and inc reases  monotonically t o  
2.35 x 10 cm2 f o r  energy 500 keV. Thus i t  has  been shown t h a t  
charge-changing. c r o s s  s e c t i o n s  i n  heavy i o n  c o l l i s i o n s  can be s e v e r a l  t imes 
l a r g e r  t han  t h e  i o n s '  geometr ic  c r o s s  s ec t ions .  
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292. THEORETICAZ, STUDIES OF ATOMIC AND * $80,000 01-3 
MOLECULAR COUIS I O N  PROCESSES 

D. W. Norcross 
Quantum Physics Division 

This program is d i rec ted  toward increas ing the  ab i l . i ty  t o  c a l c u l a t e  accura te ly  
and e f f i c i e n t l y  c r o s s  sec t ions  f o r  c o l l i s i o n  processes involving e lec t rons  
and atoms, i o n s  and molecules i n  t h e  gas phase. The 'requirements f o r  
accura te  data  on such processes span severa l  a r e a s  of developing energy 
research and technology, e.g. the  con t ro l l ed  thermonuclear research program, 
and magnetohydrodynamic e l e c t r i c a l  power genera t ion using f o s s i l  fue le .  
Recent work has  focused on e l e c t r o n  impact e x c i t a t i o n  of helium and helium- 
l i k e  ions  and e l e c t r o n  c o l l i s i o n s  with polar  molecules. The work involves 
d i r e c t  numerical so lu t ion  of the  quantum mechanical equations describing 
t h e  c o l l i s i o n  process. These equations cannot be solved exac t ly ,  and some 
approximations must be'made. The goal is  not  only t o  provide some d a t a  of 
d i r e c t  technical  relevance, but  a l s o  t o  f u r t h e r  t h e  development of cri t ica1;ly 
evaluated computational algorithms f o r  t h e  c a l c u l a t i o n  o i  such data.  , A 
v a r i e t y  of approximations a r e  being studied f o r  a few se lec ted  important 
test cases. Throughout t h e  course of t h i s  work i t  i s  planned t o , p u b l i s h  
both r e s u l t s  of the  ca lcu la t ions ,  when the  da ta  a r e  of t h e o r e t i c a l  o r  
t echn ica l  i n t e r e s t ,  and computational programs t h a t  can be used by others .  
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293. ATOMIC PHYSICS WITH HIGHLY 
IONIZED IONS 

P. Richard and J. R. Macdonald 
Department of Physics  

'1 

. . 
Thi s  research  program.focusses  on. s ' tud ies  of h igh ly  ion ized  atoms produced 
i n  high v e l o c i t y  atomic c o l l i s i o n s .  Although such c o l l i s i o n s  a r e  complicated 
by the  presence and e x c i t a t i o n  of many atomic e l e c t r o n s ,  t he  work. i s  done 
under t h e  premise t h a t  processes  which e x c i t e  t ightly-bound inne r - she l l  
e l e c t r o n s  of t h e  c o l l i d i n g  atoms should provide t r a c t a b l e  t e s t s  of b a s i c  
c o l l i s i o n  physics .  Through s tudy  of t h e  t h e o r e t i c a l  framework and s e l e c t e d  
experimental  measurements, t h e  goa l  is  t o  achieve  an understanding of t h e  
i n t e r r e l a t e d  atomic c o l l i s i o n  processes  involving inne r - she l l  e l e c t r o n s .  A 
few d i s c r e t e  processes  a r e  being examined such a s  1. 1s t o  1s e l e c t r o n  
t r a n s f e r  f o r  c o l l i s i o n  systems of vary ing  charge asymmetry ( Z 1 / ~ 2 ) ,  2. t h e  
c a p t u r e  of l oose ly  bound e l e c t r o n s  t o  Rydberg s t a t i s  of h ighly  ionized 
s p e c i e s ,  3. t h e  e x c i t a t i o n  of well-defined s , t a t e s  of few-electron i o n s ,  
4. t h e  i o n i z a t i o n  of t a r g e t  i nne r - she l l  e l e c t r o n s  by h ighly  charged 
p r o j e c t i l e s ,  and 5. t h e  s t r u c t u r e  of t h e  h ighly  ionized s t a t e s  t h a t  a r e  
observed through d e e x c i t a t i o n  processes  fol lowing ion-atom c o l l i s i o n s .  I n  , 

s t u d i e s  of an  atomic c o l l i s i o n  system, a t tempts  a r e  being made t o  de f ine  
t h e  e f f e c t s  of a  p a r t i c u l a r  e x c i t a t i o n  process  by us ing  a  v a r i e t y  of 
experimental  techniques t o  focus on d i f f e r e n t  a s p e c t s . o f  t h e  same problem. 
The combined r e s u l t s  can  be compared wi th  t h e o r e t i c a l  c a l c u l a t i o n s .  which 
u s e  w e l l  def ined i n i t i a l  and f i n a l  s t a t e s  f o r : t h e  p a r t i c u l a r  e x c i t a t i o n  
mechanism under s tudy.  This  program inc ludes  ope ra t ion  ~f the Kansas Sta te  
EN-Tandem a c c e l e r a t o r .  
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, ' 294. PHOTOIONIZATION OF ATOMS $70,000 01-3 
. +  . . . J. A. R. Samson and A. F. S tarace  

. . ' . Department of Physics . 

' . . . :  . .The main aim of t h i s  experimental and t h e o r e t i c a l  research  program i s  t o  
, . un.rave1 the  e f f e c t s  of e l ec t ron  c o r r e l a t i o n  and of  sp in -o rb i t  i n t e r a c t i o n  

on atomic photoionizat ion processes. Tota l  and p a r t i a l  photoionizat ion 
c ross  sections.,  photoelectron angular  d i s t r i b u t i o n s  and branching r a t i o s ,  
mul t ip le  e x c i t a t i o n  and ion iza t ion  c ross  sec t ions ,  and photoionizat ion of 
atoms i n  high magnetic f i e l d s  a r e  being studied. The experimental work ,. 

comprises: (1 )  Measurement of absolute  r a r e  gas photoionizat ion cross  
sec t ions  t o  an accuracy of 5% using a double ion  chamber. (2 )  Measurement 
of r e l a t i v e  photoionizat ion c ross  sec t ions  of metal vapors, atomic oxygen, 
and atomic chlor ine  using an atomic beam source and a time-of-flight mass 
spectrometer (TFMS). ( 3 )  Measurement of double and t r i p l e  ion iza t ion  of 
t h e  heavier  r a r e  gases using synchrotron l i g h t  and t h e  TFMS. (4) Measurement 
of the photoelectron angular. d i s t r i b u t i o n  of the  6s' e l e c t r o n  i n  C s  using a 
1000 watt  Xe-Hg l i g h t  source,  a  Czerny-Turner type monochrometer, and a 
c a l c i t e  polar izer .  (5)  Measurement of the  single-photon double-excitation 
c r o s s  s e c t i o n  of He above the  n=2 threshold by observing t h e  f luorescence 
of the exci ted  ion ic  s t a t e .  The t h e o r e t i c a l  work comprises: (1)  Use of a  
graphica l  procedure f o r  ca lcu la t ing  atomic t r a n s i t i o n  matrices t o  ob ta in  an 
open-shell random phase approximation; use is  being made of the  l a t t e r  
theory t o  c a l c u l a t e  t h e  photoionizat ion c ross  s e c t i o n  of atomic chlorine.  
(2)  Calcula t ion  of photoabsorption and pho to ion ize t i  n c r o  s sec t ions  of . 0 3 hydrogen atoms i n  uniform magnetic f i e l d s  of order  10 - 10  Gauss 
using the  o b l a t e  spheroidal  coordinate approach. (3)  More d e t a i l e d  
c a l c u l a t i o n  of the photoelectron angular  d i s t r i b u t i o n  of the  6s  e l e c t r o n  i n  
C s  including both t h e  spin-orbit  and interchannel  c o r r e l a t i o n s  i n  the  f i n a l  
s taee .  ( 4 )  Use oF tlie eigcnchanncl ( R - ~ a t r i x )  method t o  c a l c u l a t e  t he  
c r o s s  sec t ion  of He above the  n=2 threshold. 
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295. EXPERIMENTAL STUDIES OF ATOMIC INNER 
' SHELL IONIZATION PHENOMENA 

S. M. Shafroth 
Department of Physics 

and Astronomy 

Studies  of t a r g e t  th ickness  e f f e c t s  on p r o j e c t i l e  and t a r g e t  K x-ray 
product ion . c ross  s e c t  ions a r e  being emphas ized. The two-component ,model ' 

c r o s s  sec t ion  parameters a r e  being ext rac ted  from ana lys i s  of these  d a t a . .  
Extension t o  a three-component model desc r ip t ion  where double K vacancies 
a r e  s i g n i f i c a n t  i s  being attempted. REC ( r a d i a t i v e  e l ec t ron  capture)  i s  
being studied f o r  s e v e r a l  p r o j e c t i l e  t a r g e t  combinations. Target thickness 
dependence., t he  average number of t a r g e t  ,e lec t rons  which can be captured, 
angular  d i s t r i b u t i o n s  and mul t ip le  ion iza t ion  e f f e c t s  a s  well  a s  t a r g e t  
e l e c t r o n  momentum d i s t r i b u t i o n s  a r e  being emphasized. High reso lu t ion  

'x-ray experiments concentra te  on s a t e l l i t e s ,  h y p e r s a t e l l i t e s ,  and H-like 
systems. The angular  d i s t r i b u t i o n  of Pb L x-rays exc i t ed  by 3 MeV protons 
is being measured t o  inves t iga te  L magnetic subs ta te  1 dependence of  I I i o n i z a t i o n  c r o s s  sec t ions .  ~ e s o n a n l  Raman x-ray s c a t t e r i n g  w i l l  be extended 
t o  the  L s h e l l  of heavy elements such a s  Pb. The search f o r  resonant Raman 
s h i f t e d  Auger e l ec t rons  continues. 

UNIVERSITY OF TENNESSEE 
Knoxvi l l e ,  Tennessee 3 79 16 

296. UUFEKENTIAL CHARGE TRANSFER TO THE 
CONTINUUM BY IONS I N  ATOMIC HYDROGEN 

R. S. Thoe, I. A. S e l l i n  
Department of Physics , 

Studies  a r e  underway of t h e  capture  t o  continuum f o r  highly s t r ipped  ions  
moving ehrough an atomic hydrogen gas. I n  p a r t i c u l a r ,  measurements a r e  
being uadu of the cncrgy d i f f e r e n t i a l  c ross  sec r ion  f o r  t h i s  process. 
Such measurements a r e  necessary t o  evaluate the  present  t h e o r e t i c a l  
ca lcu la t ions  of the  s i z e  and shape of the  d i f f e r e n t i a l  c ross  sec t ion .  
The con t r ibu t ion  of capture  t o  the continuum t o  t h e  t o t a l  capture  c ross  
s e c t i o n  i s  being determined t o  a s sess  the  r o l e  of t h i s  process i n  t h e  
des ign of neu t ra l  beam in jec to r s .  
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RICE UNIVERSITY 
Houston, Texas 77001 

297. ENERGETICS OF ATOMIC AND MOLECULAR 
INTERACT IONS 

G . . K .  Walters and N. F. Lane 
Department of Physics 

This  program emphasizes s tud ies  of s t r u c t u r e  and in te rac t ions  of exci ted  
atoms, molecules, e l e c t r o n s  and ions i n  both gases and l i q u i d s ,  a s  well  a s  
p roper t i e s  of a i d  atomic i n t e r a c t i o n s  with s o l i d  surfaces.  Spec i f i c  a reas  
of current  a c t i v i t y  include s tud ies  of r eac t ions  and r a d i a t i v e  l i f e t i m e s  i n  
atomic and molecular systems of high-ef f  iciency l a s e r  promise, new approaches 
(both experimental and t h e o r e t i c a l )  t o  the  study of s o l i d  su r faces ,  and 
u l t ima te ly  heterogeneous c a t a l y s i s ,  and understanding of spec t ra  and 
c o l l i s i o n a l  e f f e c t s  of general  i n t e r e s t  i n  plasma physics and con t ro l l ed  
thermonuclear r e a c t i o n  technology. The program involves 1 )  t h e  use  of 
e l e c t r o n  and synchrotron e x c i t a t i o n  and time-resolved f luorescence spectroscopy 
i n  the  study of t r a n s i e n t  exci ted  species  i n  dense gases of l a s e r  importance; 
2) new approaches t o  the  study of atomically c lean  c r y s t a l l i n e  su r faces ,  
and t h e i r  i n t e r a c t i o n  with ambient gases;  3) development of tunable u l t r a v i o l e t  
l a s e r s ;  4) t h e o r e t i c a l  s tud ies  of c o l l i s i o n  processes involving e l e c t r o n s ,  
ions ,  atoms and molecules i n  gases,  plasmas and near  surfaces .  

TEXAS A6M UNIVERSITY 
College S t a t i o n ,  Texas 77843 

298. X-RAY EMISSION I N  HEAVY-ION - ' 

COLLISIONS 
R e  L. Watson 
Department of Chemistry 

Experimental inves t iga t ions  a r e  underway concerning: .  a )  chemical e f f e c t s  
on vacancy rearrangement processes i n  mul t ip le  inner-shel l  ion iza t ion  by 
heavy-ion c o l l i s i o n s ;  b)  t h e  e q u i l i b r a t i o n  of inner-shel l  vacancy s t a t e s  i n  
f a s t  heavy ions penet ra t ing  s o l i d  t a r g e t s ;  and c ) ' t h e  po la r i za t ion  of 
p r o j e c t i l e  x-rays by surface  in te rac t ions .  The s t u d i e s  of chemical e f f e c t s  
a r e  aimed a t  determining the  dependence of the  L-vacancy t r a n s f e r  p r o b a b i l i t i e s  
i n  f l u o r i n e  compounds on covalency and bond type,  and a t  e l u c i d a t i n g  t h e  
influence' of chemical environment on the  KC% s a t e l l i t e  mul t ip le t  s t r u c t u r e  
i n  Mg compounds. Studies of the  e q u i l i b r a t i o n  of inner-shal l  vacancy 
s t a t e s  concentrate on high reso lu t ion  measurements of He- and H-like . 

t r a n s i t i o n s  of s u l f u r  ions i n  an e f f o r t  t o  understand t h e  dependence of 
t h e i r  r e l a t i v e  i n t e n s i t i e s  and widths on t a r g e t  th ickness ,  atomic number, 
t h e i r  r e l s t i v e  i n t e n s i t  i e s  and widths on t a r g e t  thickn;ess,,  atomic number, 
and c r y s t a l  s t ruc tu re .  Work on x-ray p o l a r i z a t i o n  involves high r e s o l u t i o n  
angular  d i s t r i b u t i o n  measurements of metastable x-ray t r a n s i t i o n s  produced 
i n  t i l t e d - f o i l  experiments. 
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NATIONAL BUREAU OF STANDARDS 
Washington, D.C. 20234 . . 

299.  DETERMINATION OF SELECTED ATOMIC $1.15,000 . '01-3 
DATA PERTINENT TO THE MAGNETIC . . 

FUSION ENERGY PROGRAM 
W. L. Wiese 
Atomic and Plasma 

. . Radiat ion Division 
. . 

The ob jec t ives  of t h i s  research  p ro jec t  a r e  t o  provide accura te  and r e l i a b l e  
atomic data  pe r t inen t  t o  the  fus ion energy program and t o  evaluate  methods 
f o r  producing these  data.  A t  present ,  t h i s  involves the  c a l c u l a t i o n  of  
l i n e  s t r eng ths  and wavelengths of s e l e c t e d  An = 0 resonance t r a n s i t i o n s  
f o r  ionized atoms by superposition-of-configurations techniques including 
r e l a t i v i s t i c  co r rec t ions ,  t h e o r e t i c a l  s imulat ions of beam-foil l i f e t i m e  
experiments i n  order  t o  b e t t e r  evaluate  the  r e l i a b i l i t y  of t h i s  method, and 
t h e  app l i ca t ion  of t r a n s i t i o n  p robab i l i ty  da ta  t o  f u r t h e r  develop t h e  
branching r a t i o  technique a s  a  radiometric  c a l i b r a t i o n  method i n  the  
extreme UV. Compilations of c r i t i c a l l y  evaluated f -va lue  data ,  u t i l i z i n g  
sys temat ic  t rends  along i s o e l e c t r o n i c  sequences, a r e  a l s o  c a r r i e d  out  f o r  
a l l  ions  of the  iron-group meta ls ,  and s t a r t e d  on elements i n  t h e  f i r s t  rw 
of the  per iodic  table .  
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YALE UNIVERSITY 
New ~ d v e n ,  ~ o n n e c t i c u t  06520 

300. STUDIES OF THE HYDROGENATION OF 
SMALL UNSATURATED MOLECULES USING 
ORGANOMETALLIC CLUSTER COMPOUNDS 
AS CATALYSTS 

R. D. Adams 
Department of Chemistry 

These s t u d i e s  focus on t h e  development of t r a n s i t i o n  metal. c l u s t e r  compounds 
a s  c a t a l y s t s  f o r  t he .hyd rogena t ion  of smal l  unsa tu ra t ed  molecules.  This  
involves  : 1 ) a )  determining t h e  cond i t i ons  under which metal. c 1 . u ~  t e r s  can 
a c t i v a t e  e lementa l  hydrogen (H2); b )  e s t a b l i s h i n g  t h e  n a t u r e  of t h e  
cluster-hydrogen.association i nc lud ing  bonding and s te reochemis t ry .  
2 )  s tudying  t h e  n a t u r e  of t h e  i n t e r a c t i o n  of t he se  c lu s t e r -hyd r ide  complexes 
wi th  smal l  unsa tu ra t ed  molecules ( a l s o  known a s  s u b s t r a t e s )  such a s  carbon 
monoxide, carbon d iox ide ,  carbon d i s u l f i d e ,  a1kyl.- and ary1.-isocyanates,  
and - i so th iocyana t e s ,  and a l k y l -  and a ry l - i socyanides .  The goal  of t h i s  
program i s  t o  i d e n t i f y  c l u s t e r  complexes which can r e a d i l y  a c t i v a t e  both 
t h e  hydrogen and t h e  s u b s t r a t e s  and a l s o  smoothly t r a n s f e r  t h e  hydrogen 
atoms from t h e  meta l  atoms t o  t h e  s u b s t r a t e s .  The cond i t i ons  and s t e r e o -  
chemistry of t he se  hydrogen t r a n s f e r  p rocesses  a r e  a  p r i n c i p a l  concern. 
F i n a l l y ,  t he  hydrogenated product  should be r e l ea sed  by t h e  c l u s t e r  s o  
a d d i t i o n a l  hydrogenat ion c y c l e s  can  occur. 

WEBER STATE COLLEGE 
Ogden, Utah 84408 

301. THE ROLE OF THE HYDROGEN-DONOR 
SOLVENT I N  COAL HYDROLIQUEFACTION 

R. R. Be i sh l ine  
Department of Chemistry 

The o b j e c t i v e  of t h i s  r e sea rch  i s  t o  s tudy t h e  d i s p r o p o r t i o n a t i o n  of 
l ,2-dihydronaphthalene (1,2-DHN), 1,2-dihydrophenanthrene (1,2-DHP) and 
3,4-dihydrophenanthrene (3,4-DHP) inc luding:  a )  i d e n t i f i c a t i o n  of t h e  
p r i n c i p a l ,  p roducts ,  and de te rmina t ion  of t h e  i d e n t i t y  and e x t e n t  of formation 
of s i d e  r e a c t i o n  products ;  b )  i n v e s t i g a t i o n  of t h e  gas  and l i q u i d  phase 
k i n e t i c s  of decomposition of 1,2-DHN, and t h e  l i q u i d  phase k i n e t i c s  of 
decomposition of  1,2-DHP and 3,4-DHP. The r e a c t i o n  mixtures  a r e  s epa ra t ed  
by p r e p a r a t i v e  gas chromatography (GC) o r  l i q u i d  chromatography (LC), and 
t h e  i s o l a t e d  products  i d e n t i f i e d  spec t roscopica l l .y  (MS, NMR, IR). The 
k i n e t i c  experiments incl.ude s ea l ed  tube  r e a c t i o n s  conducted through t h e  
tempera ture  range 300-420'~. Q u a n t i t a t i v e  a n a l y s i s  i s  done wi th  a  gas 
chromatograph coupled r o  a n  e l e c t r o n i c  i n t e g r a t o r .  These s t u d i e s  a r e  
expected t o  y i e l d  r a t e  c o n s t a n t s  f o r  t h e  r e a c t i o n s ,  and t o  he lp  e l u c i d a t e  
t h e  mechanisms, i . e . ,  a r e  t h e s e  f r e e  radical .  r e a c t i o n s ,  o r  concer ted  
p e r i e y e l i e  rcoc t iono  , o r  both.  
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TEXAS A&M UNIVERSITY 
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3 0 2 .  THE APPLICATION OF FUNCTIONALIZED 
POLYMERS I N .  CATALYSIS 

D. E. Bergbrei ter  
Department of Chemistry 

This  program us ing polymers i n  c a t a l y s i s  has severa l  ob jec t ives ;  t h e  
s y n t h e s i s  and u t i l i z a t i o n  of.functionalized'polymers t o  d e t e c t  so lub le  
i n t e r m e d i a t e s , i n  heterogeneous c a t a l y t i c  r eac t ions ;  a study of r eac t ions  
of  a lkenes  ca ta lyzed by polystyrene bound bis(cyclopentadieny1) t i tanium 
d i c h l o r i d e  reduced by Grignard reagents ;  and the  prepara t ion  and use of 
polymers which a c t i v a t e  conventional h&ogeneous c a t a l y s t s  by absorpt ion  
of non-volat i le .  l igands  from c a t a l y t i c  reac t ions .  Soluble in termedia tes  
t o  be t e s t e d  using funct ional ized  polymers inc lude  monoenes,. d ienes ,  and 
f r e e  r a d i c a l s  i n  hydrogenation-dehydrogenation reac t ions  catalyzed by 
Group V I I I  metals.  Polymers containing r e a c t i v e  d ienes ,  t r iazol ine-3 ,  
S-dione, and n i t r o x y l  s p i n  l a b e l s  a r e  being used i n  at tempts t o  d e t e c t  
t h e s e  . types of so lub le  intermediates.  Polymers t o  be used . t o  a c t i v a t e  
homogeneous c a t a l y s t s  conta in  s o f t  a c i d s  t o  absorb excess phosphine l igands  
and a r e  designed such t h a t  absorpt ion  of a c t i v e  t r a n s i t i o n  metal c a t a l y s t s  
from so lu t ion  does not  occur. 

STANFORD UNIVERSITY 
Stanford,  Cal i fornia  94305  

3  0 3 .  CATALYTIC STEAM GASIFICATION 
OF CARBON 

PI. Daudart 
Department of .Chemical Engineering 

A s  a r e s u l t  of work done elsewhere and i n  t h i s  labors-dry, i t  i s  believed 
t h a t  a c e n t r a l  problem i n  coal  g a s i f i c a t i o n  i s  t h e  following. IS' the  
c a t a l y t i c  e f f e c t  of meta ls  on the  steam g a s i f i c a t i o n  of carbon due t o  
s p i l l o v e r  o r  t o  r eve r se  s p i l l o v e r ?  And i f  e i t h e r  mode of s p i l l o v e r  i s  
important,-how does i t  take  place? The approach being taken i s  a k i n e t i c  
one, supplemented by physical  methods of system charac te r i za t ion .  The 

. k i n e t i c  work i s  based on an  extension of t h e  work described above i n  the  
r e a c t o r  already s e t  up t o  measure both r a t e s  and s e l e c t i v i t y .  Complementary 
k i n e t i c  information i s  being obtained by means of a vacuum elec t robalance  
f o r  measurements of .  the  r e a c t i v i t y  of s o l i d s .  Direc t  k i n e t i c  observations 
a r e  a l s o  being made a t  NASA-Ames under the  con t ro l l ed  atmosphere transmission 

. e l e c t r o n  microscope (CATEM). 
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WAYNE STATE UNIVERS ITY 
Det ro i t ,  Michigan 48202 

304. THE SYNTHESIS, CHARACTERIZATION, 
AND CATALYTIC ACTIVITY OF SUPPORTED 
CARBONYL COMPLEXES 

A. Brenner 
Department of Chemistry 

: T h i s  program dea l s  with the  systematic synthes is ,  cha rac te r i za t ion ,  and 
determillation of c a t a l y t i c  a c t i v i t y  of novel. heterogeneous c a t a l y s t s  
composed of mononuclear, polynuclear,  and mixed-metal. carbonyl complexes 

: d i r e c t l y  bonded t o  high surface  area ,  r e f rac to ry  supports.  These c a t a l y s t s  
l i e  between the much more s tudied  domains of t r ad i t iona l .  homogeneous and - 

heterogeneous c a t a l y s t s ,  and can have chemical. and c a t a l y t i c  proper. t ies  
q u i t e  d i s t i n c t  from them. Catal.ysts a r e  being synthesized i n  which the  
metal i s  i n  unusual oxidat ion  s t a t e s ,  has high d ispers ion ,  and t h e  c a t a l y s t  
precursor i s  present  a s  d i s c r e t e  c l .us ters  ( inc luding mixed-metal. species) .  
The c a t a l y s t s  ar i  charac ter ized  by the  highly e f f i c i e n t  and new technique 
of temperature programmed decomposition (TPDE). Information obtained from 
TPDE i s  t o  be used t o  p r e d i c t  pa t t e rns  of c a t a l y t i c  a c t i v i t y  and t o  el .ucihate 
the  na ture  of metal-support in terac t ions .  Catal.yt ic  a c t i v i t i e s  a r e  beiilg 
s tudied  by another new technique, the  " a c t i v i t y  spectrum", a s  we l l  a s  by 
standard methods using a s t a t e  of the a r t  experimental system. This . 

i n t eg ra ted  approach t o  c a t a l y s i s  provides a novel, e f f i c i e n t ,  and powerful 
technique f o r  developing, new c a t a l y s t s  a s  we l l  a s  adding t o  our  fundamental. . 

knwledge of c a t a l y s i s .  
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NORTHWESTERN UNIVERSITY 
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305. THE PROPERTIES OF SUPPORTED METAL $85,000 02-1. 
CATALYSTS 

J. B. Bu t t ,  R. L. Burwell ,  Jr., 
J. B. Cohen 
Departments of Chemical Engineer ing,  
Chemistry,  & M a t e r i a l s  Science and Engineer ing 

Th i s  program i a e tudy ing  t h e  d e t a i l e d  ~Ii i i iac~erizaLiopl  of plat inum, 
pal ladium, and rhodium c a t a l . y s t  p a r t i c l e s  and t h e i r  al.l.oys which a r e  
suppor ted  on alumina a n d . s i l i c a  and t h e  subsequent e v a l u a t i o n  of t h e i r  
c a t a l y t i c  p r o p e r t i e s  by s tudy of i so tope  exchange hydrogenolysis  and 
hydrogenat ion r eac t ions .  A s e r i e s  of t e n  Pt/SiO c a t a l . y s t s  a r e  being 

2 c h a r a c t e r i z e d  by hydrogen chemisorpt ion and l i n e - p r o f i l e  a n a l y s i s  i n  
X-ray d i f f r a c t i o n .  The percentage  exposed of P t  v a r i e s  from 6 t o  81.%. 
The hydrogenolyses of cyclopropane and methylcyclopropane, t he  hydrogen- 
a t i o n  of  propylene, and i s o t o p i c  exchange between cyclopentane and deuterium 
a r e  be ing  s tud i ed  on t h e s e  c a t a l y s t s .  Extension t o  P t /Al  0  i s  nea r ly  

3  complete with t h e  excep t ion  of X-ray c h a r a c t e r i z a t i o n .  ~ a e  Pt/A1203 s e r i e s  
v a r i e d  i n  percentage  exposed from about 4% t o  100%. S t u d i e s  of hydrogen 
chemisorp t i o n ,  cycl.opentane-deuterium exchange and methy lcycl.opropane 
hydrogenolys i s  on t h e s e  c a t a l y s t s  have been c a r r i e d  o u t ,  s i m i l a r  t o  t h e  
work on P t lS i02 .  

UNIVERSITY OF WISCONSIN 
Madison, Wisconsin 53706 

306. MECHANISTIC STUDIES RELATED TO 
THE METAL CATALYZED HYDROGENATION 
QF CARBON MnNnXTnE TO HYDROCARBON6 

C. P. Casey 
Department of Chemistry 

The s t o i c h i o m e t r i c  r e a c t i o n s  of metal  complexes which p a r a l l e l  probable  
s t e p s  i n  t h e  r educ t ion  of carbon monoxide t o  hydrocarbons a r e  be ing  i n v e s t i -  
ga t ed  t o  determine s t r u c t u r a l .  f a c t o r s  which in f luence  the  r eac t ion .  This  
in format ion  i s  u s e f u l  i n  t h e  even tua l  des ign  of homogeneous c a t a l y s t s  f o r  
t h e  r educ t ion  of CO. The s tudy of t h e  s y n t h e s i s  and s t a b i . l i t y  of metal. 
fol'myl compounds is  be ing  cont inued t o  determine t h e  k i n e t i c  and t h e  ', 
thermodynamic s t a b i l i t y  o f  t he se  compounds which have been proposed a s  
important  i n t e rmed ia t e s  i n  t h e  metal. c a t a lyzed  hydrogenat ion of CO. The 
s tudy  of hydroxymethyl meta l  compounds, which have been proposed t o  be 
i n t e rmed ia t e s  i n  t h e  heterogeneously catal .yzed r educ t ion  of carbon monoxide, 
i s  being i n i t i a t e d .  The r e a c t i o n s  of hydrox.ymethyl metal. compounds w i th  
hydrogen, wi th  carbon monoxide, wi th  a c i d s ,  and wi th  bases  a r e  be ing  
s t u d i e d .  
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UNIVERSITY OF CHICAGO 
Chicago, I l l i n o i s  60637 

307. SYNTHESIS, CHEMISTRY AND CATALYTIC 
ACTIVITY OF COMPLEXES OF LANTHANIDE 
AND ACTINIDE METALS I N  UNUSUAL 
OXIDATION STATES <AND COORDINATION 
ENVIRONMENTS 

W. J. Evans 
Department of Chemistry 

The ob jec t ive  of t h i s  i n v e s t i g a t i o n  i s  the  syn thes i s  and chemical and 
physical  cha rac te r i za t ion  of seve ra l  new c l a s s e s  of lanthanide  and a c t i n i d e  
complexes which should be ins t rumenta l  i n  developing a more comprehensive 
understanding of t h e  f  o r b i t a l  metals  and which should p a r t i c i p a t e  i n  
unusual c a t a l y t i c  t ransformations s p e c i f i c  t o  these  metals .  Using metal 
vapor iza t ion  techniques, Er ( C  H ) has  been synthesized from Er and 3-hexyne. ' 

This complex funct ions  a s  a2ha8o/gn3ous c a t a l y s t  f o r  t h e  hydrogenation of 
alkynes and alkenes and f u r t h e r  i n v e s t i g a t i o n  i s  planned of Its c a t a l y t i c  
a c t i v i t y  with respect  t o  hydrogen and o the r  multiply-bonded systems. 
Inves t iga t ion  of the  b a s i c  chemistry of t h i s  system i s  underway i n  search : 
of more novel types of c a t a l y t i c  a c t i v i t y .  Studies of the  chemistry of the  
r ecen t ly  synthesized Ln(t-C H ) complexes a r e  a l s o  underway s ince  they may 

9 4- provide a new syn thes i s  of low valent  lanthanide  complexes and s ince  they , . 
t oo  exh ib i t  r e a c t i v i t y  with hydrogen. 

UNIVERSITY OF CALIFORNIA/ SANTA BARBARA 
Santa Barbara, Cal i fornia  93106 

308. DESIGN AND CHARACTERIZATION OF NEW 
CATALYSTS FOR THE WATER GAS SHIFT 
REACTION 

P. C. Ford 
Department of Chemistry 

$99,500 02-1 
( 2  years)  

Homogeneous c a t a l y s t s  f o r  the  water gas s h i f t  r e a c t i o n  a r e  being inves t i -  
gated. The goals  i n  these  s t u d i e s  have been the  development of new, more 
a c t i v e  c a t a l y s t s  and t h e  c h a r a c t e r i z a t i o n  of t h e  fundamental r eac t ion  
mechanisms governing the  behavior of such c a t a l y s t s .  Quant i ta t ive  r e a c t i o n  
mechanism s t u d i e s  have focused l a r g e l y  on the  ruthenium carbonyl and mixed 
metal  ruthenium/iron carbonyl c l u s t e r s  f i r s t  demonstrated t o  be. a c t i v e  
c a t a l y s t s  i n ' t h i s  labora tory .  Longer term goa l s  inc lude  t h e  t e s t i n g  of 
these  sys tems.as  supported l i q u i d  phase c a t a l y s t s  i n  f ixed bed reac to r s .  
I n  t h i s  regard, t h e  r e a c t i o n  k i n e t i c s  of one ' ca ta lys t  (ruthenium carbonyl ' 

i n  a c i d i c  so lu t ion)  i n  .a  flow reac to r  con£ i g u r a t i o n  has been examined. 
Characterizing the  r eac t ion  dynamics and the  key in termedia tes  of such 
c a t a l y s t s  provides the  fundamental information necessary f o r  the  l o g i c a l  
design of new and more a c t i v e  c a t a l y s t s .  
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CORNELL UNIVERSITY 
I t h a c a ,  New York 14853 

309. ESR STUDIES OF SURFACE ADSORPTION $90,000 02-1 
AND CATALYSIS UNDER ULTRA-H IGH (18 months) 
VACUUM CONDITIONS 

J. H. Freed 
Department of Chemistry 

A new approach f o r  the  study of su r face  adsorption and c a t a l y s i s  on c lean  
m e t a l l i c  and oxide su r faces  by ESR spectroscopy i s  being planned and 
exploi ted .  While ESR has  previously been extens ively  used i n  o tudies  on 
i n s u l a t o r  ( i n  p a r t i c u l a r ,  oxide)  surfncce ,  such s tudlev  usual ly  s u t t e r  
from t h e  f a i l i n g s  of e i t h e r  (1 )  not  having a well-characterized su r face  
and/or  (2)  not  having 111 tra-htgh vacuum (UHV) candit iuuu I n  order t o  
guarantee  t h a t  i t  i s  clean.  There have recen t ly  been many advances i n  
t h e  f i e l d  of su r face  sc ience  due t o  the  development of a wide v a r i e t y  of 
phys ica l  techniques f o r  the  study of clean,  well-characterized surfaces  
prepared under UHV condi t ions .  ESR i s  being developed s o  t h a t  i t  can 
rank with the  o the r  techniques (e.g. LEED, Auger, Photoelectron spectro-  
scopy) now employed by s u r f a c e  s c i e n t i s t s .  In  the  experimental design, 
t h e  microwave cav i ty  i s  i t s e l f  pa r t  of the  UHV system s o  t h a t  c l ean  
m e t a l l i c  surfaces  may be prepared by vacuum evaporation onto the  i n t e r i o r  
of t h e  cav i ty  walls. Various c l ean  gases  may then be d i r e c t l y  adsorbed 
onto  the  surface  and i n  s i t u  ESR spec t ra  may be obtained t o  s tudy paramag- -- 
n e t i c  adsorbates and su r face  r e a c t i o n  k i n e t i c s .  Then, by studying these 
c l e a n  s u r f a c e s  with the  e s t ab l i shed  techniques, i t  becomes poss ib le  t o  
d i r e c t l y  i n t e r r e l a t e  the  f indings  of the  ESR experiments with those from 
t h e s e  o t h e r  methods. 

PENNSYLVANIA STATE UNIVERS ITY 
Univers i ty  Park, Pemsylvania  16802 

310. MECHANISTIC STUDIES OF THE METAL 
CATALYZED REDUCTION OF CARBON 
MONOXIDE BY HYDROGEN. TRANSITION 
METAL CLUSTER COMPLEXES AS MODELS: 

G. L. Geoffroy 
Department of Chemistry 

Trans i t ion  metal c l u s t e r  compounds a r e  being used a s  models t o  probe the  
mechanism by which metal  su r faces  ca ta lyze  the  reduct ion  of carbon monoxide by 
hydrogen t o  methanol and t o  hydrocarbons. Reasonable mechanistic schemes f o r  
surface-catalyzed reac t ions  a r e  being ' inves t iga ted  and the  f e a s i b i l i t y  o r  l i k e l i -  
hood of the  var ious  in termedia tes  i n  individual  r eac t ion  s t e p s  a r e  being t e s t e d  by 
examining the  r e a c t i v i t y  of appropr ia te ly  se lec ted  o r  designed metal c l u s t e r s .  
I n  a d d i t i o n  t o  y ie ld ing a b e t t e r  understanding of the  mechanism of carbon monoxide 
reduct ion ,  e f f o r t s  t o  prepare p o t e n t i a l  in termedia tes  should y i e l d  new examples of 
a c y l ,  a l k y l  and carbene c l u s t e r s .  
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UNIVERSITY OF CALIFORNIA 
Los Angeles, Ca l i fo rn ia  90024 

311. STUDY OF CATALYST-BOUND 
INTERMEDIATES I N  THE CONVERSION 
OF COAL TO ORGANIC MOLECULES 

J. A. Gladysz 
Department of Chemistry 

$7 8,000 02-1 
(18 months) 

This research  program has a s  i t s  goal  t h e  homogeneous prepara t ion  and 
chemical cha rac te r i za t ion  of l igand types bel ieved t o  be intermediate i n  
t h e  conversion of CO-H gas mixtures ( syn thes i s  gas)  t o  methane, methanol, 2 and higher alkanes and alcohols .  Targets  inc lude  metal-formyl complexes 
(1) , hydrido-hyd roxycarbene complexes (2)  , a-hydroxyalkyl complexes (3)  , 
and methylidene (4)  complexes. Metal-formyl complexes a r e  being synthesized 
by t r ia lkylborohydr ide  a t t a c k  upon a v a r i e t y  of metal carbonyl compounds. 
It i s  expected t h a t  l igand types 2 and 3 can be prepared by deblocking 
t-butyl  e t h e r  precursors.  High-pressure carbonylat ion,  protonation,  and 
decarbonylation, a r e  poss ib le  rou tes  t o  l igand - types 1, 2, and 3, respect ive ly .  
Fundamental chemical r eac t ions  (thermal, H , H , organic s u b s t r a t e s )  of 
1-4 a r e  being inves t iga ted .  Reaction of each l igand type with CO i s  being 
s tudied  t o  determine the  f e a s i b i l i t y  of chain  extens ion a t  each reduct ion  
s t a t e .  Ligand types 1-4 may show enhanced r e a c t i v i t y  toward H2 r e l a t i v e  
t o  previously prepared a l k y l  homologs, and methane o r  methanol production 
may be observed under extremely mild condit ions.  Ult imately,  t h i s  s tudy 
may a i d  the  development of milder ,  homogeneous, and more s e l e c t i v e  Fischer- 
Trogsch type c a t a l y s t s .  
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UNIVERSITY OF UTAH 
S a l t  ~ a k e  City,  Utah 84112 

312. CARBON-13 NUCLEAR MAGNETIC 
RESONANCE AS A TOOL FOR 'QE 
ANALYSIS OF HYDROCARBON MIXTURES 

D. M. Grant & RQ J. Pugmire. 
' Department of Chemistry 

$107,000 0 2-1 
(18 months) 

The o v e r a l l  ob jec t ive  of t h i s  research  i s  the  app l i ca t ion  of carbon-13 
NMR techniques t o  the  study of hydrocarbon chemical s h i f t  parameters, 
molecular c u l ~ f o m a t i o n ,  and s p i n  l a t t i c e  processes. -To t h i s  end s t u d i e s  
a r e  being c a r r i e d  out  t o  i d e n t i f y  a d d i t i v i t y  r e l a t ionsh ips  e x i s t i n g  i n  a  
wide v a r i e t y  of Hydrocarbons. Relaxation processes f o r  a  wide range of 
aromatic and hydroaromatic spec ies ,  i n  order  t o  e luc ida te  bas ic  r e l axa t ion  
mechan'Psms, a r e  a l s o  being inves t iga ted .  The research  program is divided 
i n t o  two genera l  pa r t s .  The f i r s t  is  aimed a t  broadening the  scope of 
one's a b i l i t y  t o  p red ic t  chemic.1 s h i f t s  i n  hydrocarbons. The a d d i t i v i t y  
r e l a t i o n s h i p s  of simple hydrocarbons a r e  being extended t o  more complex 
spec ies  including importpnt hydroaromatic compounds. The e x i s t i n g  data  
base of chemical s h i f t  s u b s t i t u t e n t  parameters is  being expanded i n  order  
t o  at tempt t o  de r ive  re f ined  a d d i t i v i t y  e f f e c t s  t h a t  w i l l  a l low pred ic t ions  
of  the  chemical s h i f t s  of t h i s  important c l a s s  of compounds. Using model 
compounds synthesized i n  t h i s  l abora to ry  and data  from the  l i t e r a t u r e ,  an  
a r c h i v a l  f i l e  of compounds and compound types believed t o  be present  i n  
f o s s i l  derived l i q u i d s  is being es tabl i shed.  The i n t e n t  is  t o  be a b l e  t o  
p r e d i c t  chemical s h i f t s  of compounds f o r  which spec t ra  have not  been 
recorded. In  t h e  long term, t h e  p o t e n t i a l  f o r  p a t t e r n  recogni t ion  techniques 
i n  the  i d e n t i f i c a t i o n  of unknown chemical species  w i l l  be assessed. The 
second' major p a r t  of the  e f f o r t  i s  associa ted  with re la i ta t ion  parameters 
and t h e i r  associa ted  mechanisms. This f a c t o r  i s  c r i t i c a l  i n  the  use of 
carbon-13 NMR i n  t h e  a r s e n a l  of a n a l y t i c a l  t o o l s  employed t o  study hydrocarbons 
o r  hydrocarbon mixtures. The uke of 25 and 75 MHz f i e l d  s t r eng ths  i n  t h e  
s tudy of model compounds w i l l  permit the  dehineation of d ipo la r  and chemical 
s h i f t  an isot ropy con t r igu t ions  t o  r e l axa t ion  processes. 
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, Ca l i fo rn i a  91125 

313. ORGANOMETALLIC CATALYSTS AND ANALOGS $65,000 02-1 
FOR CARBON-CARBON BOND CLEAVAGE 
REACTIONS I N  HYDROCARBONS AND FOR 
CO REDUCTION 

R. H. Grubbs 
Div is ion  of Chemistry 

and Chemical Engineering 

The o b j e c t i v e s  of t h i s  r e s e a r c h  a r e  t o  develop homogeneous c a t a l y s t s  and 
organometa l l ic  analogs which d e f i n e  t h e  b a s i c  s t e p s  i n  t h e s e  processes .  
Two major processes  which r e q u i r e  t h e  use  of c a t a l y s t s  a r e  hydrocarbon 
cracking  o r  i somer i za t ion ,  and carbon monoxide r e d u c t i o n .  New homogeneous 
and b i f u n c t i o n a l  c a t a l y s t s  should r e s u l t  from t h e s e , s t u d i e s .  I n  a d d i t i o n  
t o  t h e i r  p r a c t i c a l  va lue  t h e s e  c a t a l y s t s  may provide  fundamental knowledge 
about  r e a c t i o n s  occu r r ing  on " c l a s s i c a l "  heterogeneous c a t a l y s t s .  P a r t i c u l a r  

. o b j e c t i v e s  a r e  t o  ( a )  opt imize f o r  p r a c t i c a l  use and d e f i n e  t h e  s t r u c t u r e  
of  a new s o l u b l e ,  low temperature,  hydrocarbon cracking  system developed i n  
t h i s  l abo ra to ry ;  ( b )  examine t h e  e n e r g e t i c s  of model r e a c t i o n s  for .hydrocarbon 
cracking  processes ,  and ( c )  develop CO r educ t ion  c a t a l y s t s  of a new b i f u n c t i o n a l  
type  

RUTGERS UNIVERSITY 
Newark, New J e r s e y  ,07102 

314. STUDIES OF ELECTROLYTES 
I N  LOW DIELECTRIC M E D I A  
P. Hemmes 
Department of Chemistry 

$42,000 02-1 
(16 months) 

S tud ie s  of t h e  formation of i o n  p a i r  dimers i n  s o l v e n t s  of low d i e l e c t r i c  
cons t an t  a r e  underway. A h igh  f i e l d  modulation ins t rument  i s  being 
cons t ruc ted  which w i l l  permit  de te rmina t ion  of t h e  quadrupole formation 
c o n s t a n t s  of va r ious  s a l t s .  Extension of t hese  measurements i s  planned 
t o  determine AH' and A SO f o r  quadrupole formation..  With t h e  r e c e n t  
sugges t ion  t h a t  c e r t a i n  types  of quadrupole formation may enhance. conduct- 
ance,  ways a r e  being sought t o  produce o r  des t roy  quadrupoles.  Thereby 
i t  is  hoped t o  i nc rease  c'onductance of e l e c t r o l y t e s  used i n ,  f o r  example, 
l i t h i u m  anode b a t t e r i e s .  It has  been found r e c e n t l y  t h a t  t h e  conductance 
of c e r t a i n  s o l u t i o n s  i n  low d i e l e c t r i c  media can be enhanced by t h e  
a d d i t i o n  of c e r t a i n  carbohydrate  d e r i v a t i v e s  which s e l e c t i v e l y  f i n d  
anions.  This  i s  very s i g n i f i c a n t  s i n c e  t h e  c a t i o n  e l ec t rochemis t ry  i s  
no t  in f luenced  adve r se ly ,  as .may happen wi th  c a t i o n  complexing agents .  
It i s  be l ieved  t h a t  t h e  l a r g e  complexes cannot form quadrupoles.  The 
spe,ctroscopic p r o p e r t i e s  of t h e s e  systems a r e  being examined f o r  evidence 
of t h i s .  
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UNIVERSITY OF PITTSBURGH 
Pi t t sburgh ,  Pennsylvania 15260 
I 

3 15. STUDIES OF METAL-SUPPORT INTER- 
ACTIONS I N  HYDRO-DESULFURIZATION 
AND HYDROGENATION CATALYSTS 

D. M. Hercules 
Department of Chemistry 

The ob jec t  of t h i s  research  i s  t o  e luc ida te  the  binding of metals t o  
s u p p o r t s ,  with emphasis on hydrodasinl fnrieation and hydrogenation catal.yets.  
Primary focus is  on binding of Co, N i ,  Mo, and W t o  alumina and s i l i c a .  
Spectroscopic techniques'  used a r e  X-ray Pghotoelectron Spectroscopy (ESCA), 
Secondary Ion Mass spec t r&et ry  (SIMS) , and Ion S c a t t e r i n g  Spectrometry 
(ISS). The binding of Mo and W t o  alumina and s i l i c a  i s  being s tudied  a s  a 
func t ion  of metal  concentrat ion.  Variables are :  c a t a l y s t  composition, 
method of p.reparation, and ca lc inat ion .  ISS and ESCA a r e  being compared t o  
determine the  nature  of binding s i t e s .  SIMS i s  being used t o  study the  
n a t u r e  of the  Plo su r face  species.  The binding of N i  and Co t o  supports is  
be ing . s tud ied  with and without Mo o r  W. Variables include composition of 
c a t a l y s t ,  method of prepara t ion ,  ca lc in ing ,  and reduction with hydrogen. 
P a r t i c u l a r  emphasis i s  placed on t h e  d i s t r i b u t i o n  of metal species  on the  
c a t a l y s t  surface.  ESCA and ISS s t u d i e s  a r e  being used and c o r r e l a t e d  with 

. metal  d i spe r s ion  measured by chemisorption. Reduction of ca ta l .ys ts  i n  
hydrogen i s  being s tudied  and d i s t r i b u t i o n  of oxidat ion  s t a t e s  i s  being 
measured. Changes i n  su r face  composition on reduction a r e  being studied.  . 

S R I  INTERNATIONAL 
Menlo Park, C a l i f o r n i a  94025 

316. HIGH TEMPERATURE CHEXISTRY OF 
BY DROGEN PRODUCTION CYCLES 

B. k. Wildcabrand 
Physical Sciences Department 

The ob jec t ive  of t h i s  program is  t o  ob ta in  fundamental. thermodydamic and 
k i n e t i c  da ta  f o r  a var ie ty '  of decomposition/vaporization processes pe r t inen t  
t o  energy reehnologies such as  thermochemical hydrogen generat ion,  s tack  
gas cleanup, and MHD. These decomposition processes a r e  being s tudied  by 
t h e  tors ion-ef fus ion method and by high temperature mass spectrometry, s o  
t h a t  both absolute  pressure  and vapor composition a r e  determined; s ince  t h e  
e f f u s i o n  method i s  dynamic i n  na ture ,  information about k i n e t i c  b a r r i e r s  i s  
obtained from t h e  v a r i a t i o n  of pressure  with e f fus ion  o r i f  i c e  area. Thus 
f a r ,  the  e f f o r t  has focused on . s tud ies  of metal s u l f a t e  decomposition 
processes ,  many of which e x h i b i t  s i g n i f i c a n t  k i n e t i c  b a r r i e r s ,  p a r t i c u l a r l y  
wi th  regard t o  at tainment of SO -SO gas phase equi1.ibrium. E f f e c t i v e  3 2 c a t a l y s t s  have been found i n .  some ins tances ,  and ca ta lyzed decomposition 
processes a r e  a l s o  being studied.  Results  y i e l d  the  type of accura te  
thermochemical. and k i n e t i c  da ta  required ' f o r  optimum process design a s  wel.1. 
a s  f o r  e luc ida t ion  of b a s i c  mechanistic fea tures .  
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UNIVERSITY OF DELAWARE 
Newark, Delaware 1971 1 

317. AUGER AND REACTION STUDIES OP POISONING $99,400 
BY SULFUR AND REGENERATION OF METAL 
SYNTHESIS GAS CATALYSTS 
J. R. Katzer 
Department of Chemical Engineering 

The objec t ive  of t h i s  work i s  t o  determine t h e  r a t e  and mechanism of 
s u l f u r  poisoning ,and of regenera t ion  of metal ca ta l .ys t s  f o r  syn thes i s  gas 
(CO + H ) conversion t o  hydrocarbons. The high s e n s i t i v i t y  (low to le rance )  

o f  metaf c a t a l y s t s  t o  s u l f u r  i n  t h e  feed gas n e c e s s i t a t e s  t h e  devel.opment . 
of c a t a l y s t s  t h a t  a r e  e i t h e r  s u l f u r  t o l e r a n t  o r  a r e  e a s i l y  regenerated, 
preferably  i n  s i t u .  Advances along these  d i r e c t i o n s  would represent  major 
developments. Such s t u d i e s  requi re  c a t a l y s t  cha rac te r i za t ion  emp1.oying 
mul t ip le  complementary techniques. Auger e l e c t r o n '  spectroscopy and i n  s i t u  
r e a c t i o n  s t u d i e s  of s u l f u r  deac t iva t ion  and regenera t ion  a r e  being used t o  
def ine  the  mechanism of s u l f u r  poisoning and regenerat ion,  and t h e  r e s u l t s  
a r e  being used t o  develop s u l f u r  t o l e r a n t  c a t a l y s t s  and regenera t ion  
procedures. 
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UNIVERSITY OF GEORGIA 
Athens,  Georgia 30602 

318. TRANSITION METAL CHEMISTRY $70,000 02 -1 
UNDER HIGH CARBON MONOXIDE 
PRESSURE 

R. B. King, ' A .  D. King . .  
Department of Chemistry 

Th i s  work involves  ' i n v e s t  igak ing  t h e  ca;klyt i c  p r o p e r t i e o  of  va r ious  
transit ion metal. ca rbonyl  cowpuuudu i n  cRemiCaS. r e a c t i o n s  t b a t  a r e  impnrt an t  
s t e p s  i u  L11e producr i6n  of c l e a n  f u e l s  £ram coa l .  Three types  of homogeneous 
chemical r e a c t i o n s  a r e  be ing  s tud i ed :  (1) hydroformylat ion of  e thy l ene ,  
and r e l a t e d  compounds; ( 2 )  t h e  hydrogenat ion of carbon monoxide t o  form 
a l c o h o l s ,  and (3 )  t h e  product ion  of hydrogen and carbon d ioxide  from l i q u i d  
w a t e r  and carbon  monoxide. High p r e s s u r e  i n f r a r e d  spec t roscopy  i s  be ing  
used t o  monitor t h e  meta l  carbonyl  s p e c i e s  p re sen t  du r ing  hydroformy1.ation 
r e a c t i o n s  involv ing  t h e  most simp1.e o l e £  i n ,  e thy lene .  Here I .R. s p e c t r a  of 
t h e  c a t a l y s t  s o l u t i o n s  have shown new bands which appear  dur ing  t h e  course  
of  t h e  r eac t ion .  These have been assigned t o  an  h i t h e r t o  unknown uns t ab l e  
a l k y l  rhodium in t e rmed ia t e  which p l ays  an e s s e n t i a l  r o l e  i n  t h e  s e r i e s  of 
d i s c r e t e  s t e p s  i n  t h e  c y c l e  of r e a c t i o n s  c o n s t i t u t i n g  t h e  hydrofomy1.at ion 
r e a c t i o n .  High p r e s s u r e  I . R .  spectroscopy is  a l s o  be ing  used t o  e l u c i d a t e  
v a r i o u s  o t h e r  a s p e c t s  of p o t e n t i a l  hydroformylat ion ca ta l .ys t s .  This  
technique  is  be ing  used t o  s tudy t h e  ca rbony la t i on  of  meta l -meta l  t r i p l e  
bonds under e l e v a t e d  carbon monoxide pressures .  Gas chromatography coupled 
w i t h  h igh  p re s su re  sampl ing t ~ c h n i q u e s  hao bccn used L u  uLl.;il n kinceit :  d a t a  
f o r  the water gas s h i f t  r e a c t i o n  ope ra t i ng  a t  low temperature  (1.20 C - 2 0 0 ~ ~ )  
through t h e  u s e  of 'homogeneous c a t a l y s t s .  Various promising c a t a l y s t  
systems have been i d e n t i f i e d  i n  t h i s  wbrk. This  technique has  a ls ,o  been 
used t o  examine t h e  k i n e t i c s  of hydrogenat ion r e a c t i o n s  t h a t  conve r t ' c a rbon  
monoxide t o  methanol and h i g h e r  alcoho1.s. 
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NORTHWESTERN UNIVERSITY 
Evanston, I l l i n o i s  60201 

319. SOLID STATE, SURFACE AND CATALYTIC $89,300 02-1 
STUDIES OF OXIDES (18 months) 

H. H. Kung, P. C. S t a i r  
Chemistry Department 

The s e l e c t i v e  oxidat ive  dehydrogenation of butene t o  butadiene on c a t a l y s t s  
containing i r o n  oxide i s  being studied i n  order  t o  understand t h e  r o l e  of 
c r y s t a l  s t r u c t u r e  and su r face  composition i n  the  a c t i v i t y  and s e l e c t i v i t y  
of the  oxide. The oxides s tudied  inc lude  mixed metal oxides of i r o n  of 
d i f f e r e n t  c y r s t a l  s t r u c t u r e s ,  and those  i n  which i r o n  i s  s u b s t i t u t e d  by 
o t h e r  metal  ions ,  such a s  chromium. Experiments on these  oxides include: 
(1 )  t h e  determination of su r face  composition by Auger e l e c t r o n  spectroscopy, 
(2)  u l t r a v i o l e t  photoemission spectroscopic study of butene adsorption,  
(3 )  adsorption and thermal desorpt ion  of ammonia, carbon dioxide,  butene 
and butadiene, and (4 )  i so tope  l a b e l l i n g  and measurement of a c t i v i t y  and 
s e l e c t i v i t y  i n  a pulse r eac to r .  Corre la t ions  among t h e  r e s u l t s  from 
these  measurements a r e , b e i n g  made t o  understand the  interdependence of 
t h e  i n t e r a c t i o n  of ' the  su r face  with r eac t ion  molecules and the  su r face  
composition and s t ruc tu re .  
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TEXAS A&M UNIVERSITY 
College S ta t ion ,  Texas ,77843 

320. A STUDY OF SURFACE COMPLEXES AND 
INTERMEDIATES RESPONSIBLE FOR 
METHANATION OF EITHER CO OR C02 
AND MECHANISMS OF SUBSEQUENT 
REACT IONS 

J. H. ,. Lunsford 
Department of Chemistry 

$104,200 02-1 
(2 years)  

This research program is devoted t o  two aspects  of synthesis invulvlug 
carbon monoxide and e i t h e r  hydrogen o r  water. One ob jec t ive  is t o  determine 
the  c a t a l y t i c  p roper t i e s  of small metal c l u s t e r s  within z e o l i t e s  ,a.url the 
o t h e r  i s  t o  ,expiore t h e  importance of gas phase r a d i c a l s  which are formed 
on c a t a l y t i c  surfaces .  The study of small metal c l u s t e r s  within z e o l i t e s  
inc ludes  not only k i n e t i c  measurements, but  a l s o  extens ive  charac te r i za t ion  
of the  c a t a l y s t s  i n  order t o  determine metal p a r t i c l e  size, loca t ion  of the  
p a r t i c l e  with respect  t o  t h e  z e o l i t e  s t r u c t u r e ,  and metal-support in te rac t ions .  
The o the r  major theme of t h i s  research has  been the .  formation and i d e n t i f i c a t i o n  
of r a d i c a l s  which enter ,  t h e  gas phase a f t e r  being formed on c a t a l y t i c  
surfaces .  I n  these  exper iments . reactants  a r e  passed over a heated c a t a l y s t  
bed and t h e  r e s u l t i n g  gases a r e  trapped i n  an argon matrix a t  ' ~ o K .  These 
s t u d i e s  have confirmed t h a t n - a l l y 1  r a d i c a l s  are.  indeed formed when propylene 
r e a c t s  with a bismuth-molybdate c a t a l y s t .  Results have shown t h a t  although 
Ru c l u s t e r s  remain i n  the  l a r g e  c a v i t i e s  of a z e o l i t e ,  the  turnover frequencies . 
i n  t h e  reac t ion  of CO wi th  H f o r  severa l  samples were i n  agreement with . 

' 

2 those  observed f o r  ruthenium supported on wlmina. Thus, the z e o l l t e  had 
no s i g n i f i c a n t  e f f e c t  on t h e  r a t e  of r eac t ion  per surface  ruthenium atom. 

DREXEL UNIVERS ITY 
Phi ladelphia ,  Pennsylvania 19104 

32 1. PHYSICAL AND CHEMICAL STUDIES OF 
CHLOROPHYLL I N  MICROEMULS IONS 
R. Mackay 
Department of Chemistry 

The o v e r a l l  ob jec t ive  of t h i s  work i s  t o  i n v e s t i g a t e  t h e  u t i l i t y  of micro- 
emulsions a s  solvent  media f o r  s o l a r  energy absorbers which can a c t  a s  
pho tosens i t i ze r s  of redox react ions .  To t h i s  end, t h e  chlorophyll  mediated 
photoreduction of dyes, p r inc ipa l ly  methyl red ,  by ascorbate i n  o i l  mice l l a r  
emulsions i n  water has been employed a s  the  model system. The reac t ion  
q'uantum y i e l d  .is being measured a s  a funct ion of chlorophyll  concqntration 
and microqnulsion type. Based on the  model system r e s u l t s ,  t h e  work w i l l  
be  extended t o  inc lude me.chanistic s tud ies .  and the  use of o ther  pigments. 
These inves t iga t ions  provide fundamental information on the  na tu re  of 
i n t e r a c t i o n s  and (photo)reactions a t  microscopic oil-water i n t e r f a c e s ,  a s  
w e l l  a s  a bas i s  f o r  photochemical energy conversion methods. 
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STANFORD UNIVERSITY 
Stanford, Cal i fornia  94305 

322. MOLECULAR BEAM REACTIVE SCATTERING $80,000 02-1 
R. J. Madix (16 months) 
Department of Chemical Engineering 

Molecular' beam s t u d i e s  of ac t iva ted  adsorption and reac t ive  s c a t t e r i n g  of 
small  molecules from s ingle-crys ta l  metal surfaces  a r e  being conducted. 
The d i s s o c i a t i v e . r e a c t i o n  p r o b a b i l i t i e s  of molecules such a s  H 0 ,  
CO , N 0, e t c .  and sa tu ra ted  hydrocirbons a r e  being studied us$ng seeded 

2 nozzle beams. The t r a n s l a t i o n a l  dependence of t h e  s t i c k i n g  p r o b a b i l i t i e s  
of these ' spec ies  i s  being determined i n  order t o  e luc ida te  the  dynamical 
character  of the. r e a c t i v e  c o l l i s i o n  a t  the surface.  The experiments a r e  
being performed i n  an  ul tra-high vacuum apparatus which i s  constructed t o  
al low maximum surface  d e f i n i t i o n  and high s e n s i t i v i t y  f o r  detec t ing reac t ion  
events. Both angular  dependencies of adsorption and desorption and surface  
residence t i m e s  a r e  being observed t o  charac te r i ze  the  adsorpt ive  i n t e r a c t i o n  
w i t h . t h e  surface.  Additional s t u d i e s  of the  r e a c t i v e  s c a t t e r i n g  of CO, NO, 
N2 ,  H and O2 a r e  being made t o  b e t t e r  understand the  fuidamental 

2 na tu re  of t h e  chemical k i n e t i c s  of heterogeneous r e a c t i v i t y .  For t h i s  
purpose, modulated molecular beams a r e  being.employed which af ford  t h e  
d i r e c t  measurement of surface  reac t ion  times subsequent t o  adsorption. A 
c l e a r e r  understanding of the  molecular dynamics of su r face  r e a c t i v i t y  i s  
expected t o  r e s u l t  from t h i s  work. 
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STANFORD UNIVE RS ITY 
Stanford,  Ca l i fo rn ia  94305 

3 23. ELECTROCATALYT I C  OXIDATION OF - $50,200 
GASEOUS HYDROCARBONS ON SOLID- 
OXIDE I O N I C  ELECTROLYTES 

D. M. Mason 
Department of Chemical Engineering 

The main ob jec t ive  of t h i s  research program i s  t o  perform laboratory-scale 
experiments t o  obta in  e l e c t r o c a t a l y t i c  r a t e  da ta  f o r  gaseous organic 
compounds reac t ing  on oxygen-ion type e l e c t r o l y t e s  being considered f o r  
p r a c t i c a l  f u e l  c e l l s .  Such an inves t iga t ion  ~ h o u l d  lead t o  a b e t t e r  
understanding of the  e l e c t r o c a t a l y t i c  and d i f f u s i o n  mechanisms occurring. 
Emphasis is being placed on the  mechanism of anodic oxidat ion of such 
gaseous f u e l  spec ies  as:  H2,  CO, CH , and CH30H der ivable  from 
coa l ,  wood and o the r  sources. ~ h o u g k  focus i s  on the  e l e e t r o c a t a l y t i c  
ox ida t ion  of f u e l s ,  t h e  k i n e t i c s  a t  t h e  a i r  cathode a r e  a l s o  being analyzed. 
Because of the  necessary t r end  t o  operate a t  more moderate temperatures 
than l0000C, f o r  t h e  sake of increas ing t h e  l i f e t i m e  of ma te r i a l s ,  t h e  r a t e  
processes of chemical k i n e t i c s  and d i f f u s i o n  become of importance. Thus 
t h e  present  study should provide t h e  necessary physical  i n s i g h t  t o  enable 
one t o  operate a t  lower temperatures, more hospi table  t o  materials .  
S p e c i f i c a l l y  being s tudied  a r e  t h e  s teady-s ta te  D .C. c u r r e n t v o l t a g e  
c h a r a c t e r i s t i c s  of electrochemical  systems comprising fuel  - a i r  with ( i )  
r e a c t a n t  composition being varied;  ( k i )  disc-shaped e l e c t r o l y t e s  about 2.5 
c m  i n  diameter and 1-2mm t h i c k  c o m p o ~ ~ d  of ocandio and y t t r i a - s t a b i l i z e d  
z i r c o n i a ,  and gadolinia-s t a b i l i z e d  c e r i a  being employed; (iii) various 
metal e l ec t rodes  being used such a s  P t  and Au as  wel l  a s  conducting compounds 
l i k e  lanthanum chromite; ( i v )  su r face  morphology being careful  ly s tudied by 
scanning e lec t ron-  and photomicroscopy and Auger spectroscopy; (v )  t h e  
r a t i o  of e l e c t r o l y t e  t o  e l ec t rode  surface a rea  being varied by photodeposition 
techniques employing var ious  s i z e  g r i d s  of e l ec t rode  mater ia l ;  ( v i )  temperature 
being var ied  between 1000 t o  700% a t  1 atm.; ( v i i )  gas-phase d i f fus ion  
being con t ro l l ed  by varying flow-rates of gas i n  s tagnat ion  flaws normal t o  

t h e  d i s c  e l ec t rodes ;  ( v i i i )  t h e  poss ib le  r o l e  of co lo r  cen te r s  forming 
c a t a l y t i c  s i t e s  being inves t iga ted  by exposing t h e  e l ec t rode  under reac t ing  
condi t ions  t o  l a s e r  r ad ia t ion .  
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SRI INTERNATIONAL 
Menlo Park,  C a l i f o r n i a  94025 

324. MEASUREMENT OF THE RATES OF CRITICAL $60,000 02-1 
BOND CLEAVAGE PROCESSES AND RADICAL 
STABILITIES I N  COAL STRUCTURES 

D. F. McMillen 
Chemical. K i n e t i c s  Department 

The o b j e c t i v e  of t h i s  work i s  t o  measure t h e  r a t e s  of thermal  bond s c i s s i o n  
(and thus  t h e  s t a b i l i t y  of t h e  radica1.s formed) f o r  c e r t a i n  key s t r u c t u r e s  
r e p r e s e n t a t i v e  of t h e  alkyl-aromatic  systems p re sen t  i n  c o a l ,  and t o  
i n c o r p o r a t e  t h e  r e s u l t s  i n t o  an empi r i ca l - t heo re t i ca l '  framework. Th i s  wil l .  
e l i m i n a t e  t h e  need t o  a c t u a l l y  measure t h e  r a t e s  f o r  each individual .  
s t r u c t u r e  important  i n  coa l ,  and w i l l  t hus  form a conc i se  b a s i s  f o r  under- 
s t and ing  t h e  r a t e s  a t  which c o a l  s t r u c t u r e s  undergo thermal  degradat ion.  
  he p r i n c i p a l  t echnique  used ' i s  Very Low-Pressure Pyro l .ys i s ,  which a l lows  
measurement of i n i t i a l .  bond c leavage  r e a c t i o n s  wi thout  comp1.ications from 
rap id , s econda ry  r e a c t i o n s  involv ing  t h e  rad ica l .  i n t e rmed ia t e s .  The o t h e r  
technique  used ' i s  ~ase r -powered  Homogeneous P y r o l y s i s ,  which t o t a l l y  
e l i m i n a t e s  t h e  s u r f a c e  catal .yzed r e a c t i o n s ,  which can be a  compl ica t ing  
f a c t o r  wi th  s u r f a c e - s e n s i t i v e  s u b s t r a t e s .  The r e s u l t s  c o n s i s t  of  thermo- 
dynamic d a t a  ( h e a t s  of formation)  f o r  t h e  r a d i c a l s  s e l e c t e d ,  t h e  r a t e s  of 
format ion  of t h e s e  r a d i c a l s  by bond s c i s s i o n ,  and a  t e s t  of t h e  v a l i d i t y  
and accuracy of t h e  prev ious ly  publ ished theore t ica l . -empir ica l  e s t i m a t i o n  
technique.  

UNIVERSITY OF CAL IFORNIA/BERKELES 
Berkeley, C a l i f o r n i a  94720 

325. ,SURFACE CHEMISTRY AND CATALYTIC $81,000 02-1 
CHEMISTRY OF METALLIC SURFACES ' 

E. L. M u e t t e r t i e s  
Department o f .  Chemistry 

A complete u l t r a h i g h  vacuum system equipped w i t h . p e r i p h e r a 1  a c c e s s o r i e s  . 
i nc lud ing  t h e  necessary  ins t ruments  f o r  Auger spectroscopy,  low energy 
e l e c t r o n  d i f f r a c t i o n  and mass spec t rome t r i c  s t u d i e s  was purchased f o r  
t h i s  program and has  been fu1J.y assembled, t e s t e d  and modified a s  r equ i r ed  
f o r  t h e  planned research .  ,This  system i s  being used t o  i n i t i a t e  pre l iminary  
s t u d i e s  of t he  chemisorpt ion of  smal l  molecules l i k e  benzene, e thy l ene ,  
a c e t o n i t r i l e ,  and methyl. i socyanide  on low index plat inum su r f aces .  It has  
been demonstrated t h a t  t h e  chemisorpt ion of a l l .  of t h e s e  molecules on t h e  

'. . . Pt ( l1 . l )  s u r f a c e  i s  l a r g e l y  thermal ly  r eve rg ib l e .  The l i gand  f i e l d  s t r e n g t h  
'. s e r i e s  i o r  t h i s '  s e t  of  molecules i s  a c e t o n i t r i l e  > carbon  monoxide > 

benzene > methyl isocyanide.  



Chemical Energy, continued 

UNIVERSITY OF CALIFORNIA/SAN DIEGO 
La J o l l a ,  C a l i f o r n i a  92093 

326. HYDRIDE FORMATION . , 

H. Oes te r re iche r  
Chemistry Department 

A s tudy of hydride formation of i n t e m e t a l . l i c  compounds is underway. 
Parameterr, of i n t e r e s t  iacl.ude equil ibrium pressures ,  h e a t s  of formation, 
amount' of hydrogen uptake, and k i n e t i c  an wel!. a s  c ~ e ' t o l l o g r a g h i c  and 
phase .dingporn data. Materials are chosen such t h a t  hydrogen uptrPk.~ w i l l .  
Lake plaee under condi t ions  c lose  t o  ambient. For t h i s  purpose model 
c a l c u l a t i o n s  on the  s t a b i l i t y  of hydrides a r e  employed. Materials  a r e  
f u r t h e r  chosen s o  t h a t  a systematic understanding of f a c t o r s  involved i n  
hydr ide  formation such a s  t h e  inf luence  of the na ture  of t h e  metal hydrogen 
bond ( ionic-covalent)  w i l l  r e su l t .  A t y p i c a l  model sys tem is  LaNi2-MgNi2. 
I n  t h e  . l a t e r  p a r t 8  of t h i s  s tudy,  emphasis is placed on r e l a t i v e l y  l i g h t  
weight and economically appealing mater ia ls .  I t  is  expected t h a t  a 
fundamental understanding w i l l  evolve which 'wi l l  help i n  t h e  design of 
m a t e r i a l s  f o r  p r a c t i c a l  app l i ca t ions  connected wi th  hydrogen'storage. 

UNIVERSITY OF SOUTHERN CALIFORNIA 
Los Angeles , Cal i fo rn ia  90007 

32 7. SUPEKACID CATALYZED DEPOLYMERIZATION 
AND CONVERSION OF COALS 

G. A. Olah 
Department of Chemistry 

Superacida possess a c i d i t i e s  up t o  a b i l l i o n  times s t ronger  than conveational 
s trong mineral. ac ids ,  such a s  s u l f u r i c  acid. Novel, superacid ca ta lyzed 
conversions of bdt~minoug c o a l s  and l i g n i t e s  a r e  being s tudied  i n  order  t o  
inc rease  the  H / C  r a t i o  of coa1.s. React ions being s tudicd  i n ~ l ~ l d t  dcpol.yloer- 
i z a t i o n  reac t ions ,  a l k y l a t i o n  and transal .kylat ion reac t ions ,  acy la t ion ,  
n i t r a t i o n  and reduct ive  coupl ing . react ions .  Reactions with both l i q u i d  and 
s o l i d  superac.idic cata1.yst syst&ms a r e  being i n v e s t i g  fSed. Liquid superacid ic  
systems a re  being u s e d ' f o r  s t r u c t u r a l  s t u d i e s  (using C NMR spectroscopy) 
of the  so lub i l i zed  carbocationi-c. components of coals.  I n  order  t o  obta in  
b e t t e r  understanding of the  bas ic  chemistry o f  t he  superacid catal-yeed 
conversion reac t ions ,  model systems, such a s  diphenylmethane, dinaphthyl- 
methane and dianthracy lmethane a r e  a l s o  being s tud ied  under comparab1.e 
r e a c t i o n  conditions. . 
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UNIVERSITY OF CALIFORNIA/SANTA BARBARA 
Santa  Barbara,  C a l i f o r n i a  93106 

328. REACTIONS OF METAL ATOMS AND CLUSTERS 
I N  LOW TEMPERATURE MATRICES 

R. G. Pearson, P. H. B a r r e t t  . '  

Department of  Chemistry 

MBssbauer and i n f r a r e d  spectroscopy a r e  be ing  used t o  s tudy a v a r i e t y  of 
i s o l a t e d  metal  a t h s  and smal l  c l u s t e r s  i n  low temperature  ma t r i ce s  con ta in ing  
p o s s i b l e  r e a c t a n t  molecu2es. The o b j e c t  of t h i s  program i s  t o  r a t e  both 
t h e  me ta l s  and t h e  s u b s t i a t e s  i n  terms of r e l a t i v e  r e a c t i v i t y .  Also, t h e  
e f f e c t  of degree of aggrega t ion  of t h e  meta l  upon r e a c t i v i t y  w i l l  be 
s tud i ed .  It h a s  a l r eady  been found t h a t  Fe b u t  no t  Fe, r e a c t s  w i t h  
N and CH4. Both Fe and Fez r e a c t  w i th  N H ~ ~  'C H and i-C4H10. 

2 
These 

r e a c t i o n s  of a l i p h a t i c  hydrocarbons w i th  i s o l a t e 9  , t a l  atoms and dimers 
a r e  unprecedented. The r e a c t i o n  is  be l i eved  t o  be  cleavage of t h e  C-H 
bond, a r e a c t i o n  of g r e a t  importance i n  c a t a l y s i s .  These s t u d i e s  should b e  
of va lue  i n  understanding both heterogeneous and homogeneous c a t a l y s i s  by 
t r a n s i t i o n  metals .  

UNIVERSITY OF TEXAS 
Aust in ,  Texas 78712 

329. DEVELOPMENT OF HOMOGENEOUS CATALYSTS 
FOR THE UTILIZATION OF CARBON MONOXIDE 

R. p e t t i t  
Department of Chernia t r y  

The o b j e c t i v e  of t h i s  r e sea rch  i s  t h e  development of  homogeneous c a t a l y s t s  
f o r  two a s p e c t s  of t h e  u t i l i z a t i o n  of carbon monoxide; s p e c i f i c a l l y ,  t h e  
conversion of carbon monoxide and wa te r .  i n t o  hydrogen ( t h e  water  g a s  s h i f t  
r e a c t i o n )  and t h e  conversion of carbon monoxide i n t o  e l e c t r i c a l  energy ( a  
CO f u e l  c e l l ) .  The two problems a r e  r e l a t e d  i n  t h a t '  t h e  chemistry involved 
i n  t h e  c a t a l y t i c  c y c l e  of each p roces s  is ,  up t o  a c e r t a i n  po in t  i n  t h e  
c y c l e ,  s i m i l a r .  I n  each process  a homogeneous meta l  complex r e a c t s  wi th  
carbon monoxide t o  form a metal carbonyl  d e r i v a t i v e  which i s  then  converted 
by t h e  a c t i o n  of  wa te r  and base t o  a metal  hyd r ide  anion. I n  t h e  product iop  
of hydrogen t h e  meta l  hydr ide  an ion  i s  pro tona ted  t o  form a n e u t r a l  metal 
d ihyd r ide  which y i e l d s  molecular  hydrogen and r egene ra t e s  t he  o r i g i n a l  
c a t a l y t i c  spec ies .  I n  t h e  g e n e r a t i o n  of e l e c t r i c i t y  t h e  metal  hyd r ide  
an ion  donates  e l e c t r o n s  t o  an  electro.de w i th  r egene ra t i on  of t h e  o r i g i n a l  
c a t a l y s t .  
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330 .' THE METAL-AMMONIA REDUCTION AND 

REDUCTIVE A$KnATf9N OF COAL TAR 
HYDROCARBONS AND c NMR 
CHARACTERIZATION AND CONFORMATIONAL 
ANALYSIS OF THE REDUCED PRODUCTS 

P. W. Rabideau 
Department of Chemistry 

Uoai t a r  hydrocarbons (e.g., an thracene)  r e a d i l y  accept  e l e c t r o n s  from 
a l k a l i  meta ls  i n  anhydrous ammonia. The an ion ic  i n t e rmed ia t e s  may be . 
protonated  wi th  varying degrees  of a l k y l  s u b s t i t u t i o n .  There has  been 
cons ide rab le  i n t e r e s t  i n  t h e  mechanist ic  d e t a i l s  of t hese  r e a c t i o n s ,  t h e  
s t r u c t u r a l  n a t u r e  of t h e  an ion ic  i n t e rmed ia t e s  a s  w e l l  a s  t h e  regio- 
s e l e c t i v i t y  of r educ t ion  and t h e  s t e r e o s e l e c t i v i t y  of r educ t ive  a lky la t ion .  
Considerable  a t t e n t i o n  has  been g iven  t o  t he  na tu re  of the  1,4-cyc lohexadiene 
11 ' l n n e r  r i n g , "  and t h e  e f f e c t  of the  s u b s t i t u e n t s  on conformational  processes.  
T h i s  research  encompasses two major a r e a s ,  (1 )  t h e  na tu re  of t h e  n ion ic  1 i g t e rmed ia t e s  i n  r educ t ion  and r educ t ive  a l k y l a t i o n ,  apg (2)  t h e  H and. 

C NMR conformational a n a l y s i s  and c h a r a c t e r i z a t i o n  ( C) of reduced 
aromat ic  hydrocarbons. This  is being accomplished through t h e  i n v e s t i g a t i o n .  
of s e v e r a l  common coa l - ta r  hydrocarbons toge the r  wi th  model compounds. 

MARQUETTE UNIVERSITY . 
Milwaukee, Wisconsin 53233 

331. SOLID PHASE CATALYSTS AND 
REAGENTS 

S. L. Kegen 
Department of Chemistry 

Th i s  research  i s  aimed a t  ob ta in ing  an  understanding of how polymer 
s t r u c t u r e  a f f e c t s  c a t a l y s t  a c t i v i t y .  Systematic  . va r i a t i on  i n  c ros s - l i nk '  
d e n s i t y  and t h e  percent  r i n g  s u b s t i t u t i o n  i n  mac ro re t i cu l a r  and microporous 
polys tyrene  copolymers a r e  being examined. I n  add i t i on ,  t h e  importance of 
t h e  o r i e n t a t i o n  of c a t a l y t i c  s i t e s  r e l a t i v e  t o  t h e  polymer backbone and how 
s u r f a c e ,  i n t e r n a l ,  and homogeneously func t iona l i zed  polymers compare i n ,  
a c t i v i t y  a r e  being assessed.  S t u d i e s  aimed a t  e l u c i d a t i n g .  t h e  mechanism 
and r o l e  of i on  exchange i n  phosphonium-based'polymers a r e  a l s o  planned. 
F i n a l l y ;  the  s y n t h e s i s  of a  s e r i e s  of crown ether-based t r i p h a s e  c a t a l y s t s  
i s  being c a r r i e d  ou t ,  and the  s y n t h e t i c  scope a s  w e l l  a s  mechanist ic  
d e t a i l s  a r e  being examined. 
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TEXAS A6M UNIVERSITY 
College S ta t ion ,  Texas 77843 

332. THE INFLUENCE OF f-ELECTRON 
CONFIGURATION ON CATALYTIC 
PROPERTIES OF LANTHANIDE OXIDES 

M. P. Rosynek 
Department of chemistry 

Per iodic  t rends  i n  the  c a t a l y t i c  behaviors of se lec ted  r a r e  e a r t h  oxides 
f o r  t h e  dehydrat ion/dehydrogenat ion of alcohols  a r e  being inves t iga ted .  
Following i n i t i a l  determinations of the  o v e r a l l  a c t i v i t y / s e l e c t i v i t y  
c h a r a c t e r i s t i c s  of the  dual-path process over each oxide, t h e  k i n e t i c s  
and energe t i c s  of the  two p r i n c i p a l  r eac t ion  pathways a r e  t o  be es tabl i shed,  
and a combination of experimental techniques i s  being appl ied  t o  e luc ida te  
t h e  na ture  of the  a c t i v e  s i t e s  involved. Primary emphasis throughout the  
p r o j e c t  is  being placed on iden t i fy ing  and charac te r i z ing  cor re la t ions  
t h a t  e x i s t  between c a t a l y t i c  parameters of the  var ious  oxides, such a s  
apparent a c t i v a t i o n  energies  and t h e  na tu re  and surface  d e n s i t i e s  of 
a c t i v e  s i t e s ,  and periodical ly-varying e lec t ron ic ,  magnetic, and s t r u c t u r a l  
p roper t i e s  t h a t  a r e  a  d i r e c t  r e s u l t  of c a t i o n i c  f -e lec t ron conf igura t ions  
o r  so l id - s t a t e  phase transformations. The dual-path nature  of the  t e s t  
r e a c t i o n  al lows t h e  e f f e c t s  of such f e a t u r e s  on c a t a l y t i c  p roper t i e s  t o  
be d is t inguished from those caused by t rends  i n  surface  b a s i c i t y  and 
l a t t i c e  oxygen mobil i ty across the  sesquioxide s e r i e s .  I n  a  broader 
sense, t h e  r e s u l t s  of t h i s  research provide a b e t t e r  understanding of the  
inf luence  of partially-f i l l e d  I - u i b i t a l s  on the ool id-c ta te  and surface 
proper t i e s  of metal oxides. 
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WASHINGTON STATE UNIVERSITY 
Pullman, Washington 99164 

333. USE OF TRANSITION METAL CARBONYLS 
AS CATALYSTS FOR OXIDATION 
REACTIONS WITH MOLECULAR OXYGEN 

D. M. Roundhill 

$83,000 02-1 
(18 months) 

This  proiec t involves the  llse of t r a n s i t i o n  metal corbonyl complexes as 
homogeneous c a t a l y s t s  f o r  t h e  oxidat ion  of carbon monoxide and o ther  
organic compounds such a s  alcohols  and ketoneo with molccu.lar oxygen. The . 
r e a c t i o n  i s  ca r r i ed  out  i n  the  85-120 cOtemperature range under high 
p ressure  condit ions.  The product y i e l d  using Fth6(C0)16 a s  a c a t a l y s t  
i n c r e a s e s  i n  proport ion t o  the carbon monoxide pressure ,  and it  i s  l i k e l y  
t h a t  a lower homologue t r a n s i t i o n  metal carbonyl i s  responsib le  f o r  the 
c a t a l y t i c  a c t i v i t y .  The reac t ions  a r e  being approached f r a n  a mechanistic 
viewpoint and poss ib le  pathways a r e  being t e s t ed .  A r e a c t i o n  of t h e  
complex IrCl(CO)(o-Me NC H PPh ) with molecular oxygen i s  being inves t i -  
gated.  The product i b o h t s  c i rbonyl  l o s s  under mild condit ions,  and the  
compound i s  being i s o l a t e d  and charac ter ized .  This i s  a n  unusual r eac t ion  
i n  i r id ium(1)  chemistry,  and i t  is  an t i c ipa ted  t h a t  oxidat ion  of the  coordinated 
CO h a s  occurred. The goal  of the p ro jec t  is  t o  develop use fu l  low temperature 
ox ida t ion  reac t ions ,  and t o  form a b a s i s  of r a t i o n a l  understanding of 
oxygen atom t r a n s f e r  chemistry with homogeneously catalyzed react ions.  

UNIVERS ITY OF KENTUCKY 
Lexington, Kentucky 40506 

3 34. A FUNDAMENTAL STUDY OF CATALYSTS USING $60,000 02-1 
LASER RAMAN, INFRARED, AUGER ELECTRON 
SPECTROSCOPY AND LOW ENERGY ELECTRON 
DIFFRACTION 

G. A. Sargent - Department of Meta l lurgica l  
Engineering and Mate r i a l s  Science 

E. B. Bradley - Department of E l e c t r i c a l  Engineering 

A research  program i s  underway t o  study t h e  surface  s t r u c t u r e s  and bonding 
of  gas  molecules, such a s  CO, CH H2, D and 0 and H S on s i n g l e  4 ' 
c r y s t a l  surfaces  of the  c a t a l y t i c a l l y  ace ive  mazerial  , 2~ i .  The techniques 
employed f o r  t h i s  s tudy a r e  laser-Raman spectroscopy, which has only 
r e c e n t l y  been developed f o r  the  study of adsorbed gases on s o l i d  sukfaces,  
in f ra red '  r e f l e c t i o n  spectroscopy, low energy e l e c t r o n  d i f f r a c t i o n  (LEED) , 
and Auger e l e c t r o n  spectroscopy (AES). The above techniques a r e  used t o  
o b t a i n  da ta  about surface  s t r u c t u r e s ,  sur face  d ipo le  moments, chemical 
s p e c i e s ,  intermediate molecular s t r u c t u r e s  and segregation.  of e l anen t s  a t  
t h e  su r face  of c a t a l y s t s .  The da ta  a r e  obtained a s  func t ions  of temperature 
and gas  pressure. The u l t ima te  ob jec t ive  of the  research  i s  t o  develop a 
b e t t e r  understanding of the  mechanisms of c a t a l y s i s .  
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
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335. REDUCTION OF CARBON MONOXIDE W I T H  
HYDROGEN GAS 

R. R. Schrock 
Department of Chemistry 

The immediate goal  of t h i s  research  p r o j e c t  i s  t o  discover how t o  reduc- 
t i v e l y  couple two molecules of carbon monoxide i n  niobium o r  tantalum 
complexes s to ichiometr ica l ly .  The longer range goal  is  t o  discover how 
t o  do t h i s  c a t a l y t i c a l l y  with molecular hydrogen a s  t h e  reductant .  The 
approach i s  t o  make new carbon monoxide o r  hydride complexes of niobium, 
tantalum, molybdenum o r  tungsten which a r e  l i k e l y  t o  r e a c t  e a s i l y  with 
molecular hydrogen o r  carbon monoxide, r e spec t ive ly ,  t o  g ive  reduced 
and/or coupled CO conta in ing l igands.  Synthet ic  s t u d i e s  a r e  being backed 
up by mechanistic s t u d i e s ,  and i f  any c a t a l y t i c  process i s  discovered, by 
d e t a i l e d  c a t a l y t i c  s tudies .  Mixed metal complexes involving ea r ly  and 
l a t e  t r a n s i t i o n  elements and polymer supported e a r l y  t r a n s i t i o n  metal 
hydrides w i l l  a l s o  be studied.  

COUIRADO STATE UNIVERSITY 
For t  Co l l ins ,  Colorado 80523 

336. PALLADIUM CATALYZED COUPLING REACTIONS: $60, OUU 02 -1 
MECHANISM OF REDUCTIVE ELIMINATION 

J. K. S t i l ' l e  
Department of  Chemistry 

The coupling reac t ion  of hydrocarbons q r  o ther  organic reagents  catalyzed 
by t r a n s i t i o n  meta ls  i s  one of the  most important methods of generat ing 
carbon-carbon bonds, y e t  it i s  a r e a c t i o n  about which l i t t l e  mechanistic 
information i s  ava i l ab le .  .The v iny la t ion  of aromatics and the  coupling of 
aromatics ca ta lyzed by palladium a r e  two such reac t ions  of i n d u s t r i a l  
importance. The f i n a l  s t e p  i n  these  coupling reac t ions  i s  the  e l iminat ion  
of the  organic por t ion  from the  t r a n s i t i o n  metal by reduct ive  el imination.  
The e luc ida t ion  of the  mechanism of reduct ive  e l iminat ion ,  which i s  a '  key. 

. 
s t e p  i n  palladium cata lyzed coupling reac t ions ,  i s  t o  be accomplished by a 
v a r i e t y  of approaches. 'Ihe syn thes i s  of isomeric d ia lkyl , '  d i a ry1  and mixyd 
a l k y l a r y l  palla(lium complexes containing d i f f e r e n t  geometries, and l igands  :; 
i s  outlined.' . The e f f e c t  of l igands ,  complex geometry, e l e c t r o n i c  .s tructur 'e  
of the  organic moiety, and added e l e c t r o n  acceptors  ,on the  r a t e s  of decomposi- 
t i o n  i s  being studied i n  o r d e r  t o  a f fo rd  mechanistic information and 
de f ine  the optimum condit ions f o r  t h i s  s t e p  i n  the  c a t a l y t i c  cycle.  The 
stereochemistry a t tending the  e l imina t io~ i ,  aid the  d e t e c t i o n  of react'l.ve 
in termedia tes  provides add i t iona l  mechanistic information. In add i t ion ,  
t h e s e  mechanistic probes a r e  brought t o  bear  on the  reduct ive  e l iminat ion  

' 

r e a c t i o n  taking place from palladium (TV) cbmplexes and b inuclear  palladium 
complexes. 
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PURDUE UNIVERSITY 
West L a f a y e t t e ,  Indiana $7907 

337, MECHANISM AND KINETICS OF CELLULOSE 
HYDROLYSIS BY ACIDS AND ENZYMES 

G. T. Tsao 
Laboratory of Renewable 

Resources Engineering 

$90,000 
(18 months) 

Thc major mpllasis of  c h i s  p r o j e c t  h a s  been on t h e  b iosyn thes i s ,  p u r i f i c a t i o n ,  
and k i n e t i c s  of  c e l 1 u l . n ~ ~  pnzyme cornp1~11~0, C O ~ W C L I ~ ~ L I L  procedulfes t n r  
i o o l a k i n g  p u r e  endoglucanase, c e l l o b i o h y d r o l a n ~  and ce l iob iaoc  i n m h i g h  
y i e l d s  a r e  s tud ied .  This  p r o j e c t  i s  concerned with the  pre t rea tment  of  
c e l l u l o s i c  m a t e r i a l s  wi th  c e l l u l o s e  s o l v e n t s  which l e a v e  c e l l u l o s e  i n  a 
s t r u c t u r a l  form which can  be  e a s i l y  hydrolyzed by e i t h e r  ac id  o r  enzyme t o  
g i v e  100% y i e l d  of glucose.  This  resea'rch d e a l s  wi th  t h e  s t r u c t u r a l  
changes caused by t h e  so lven t s .  Under c e r t a i n  cond i t i ons  t h e  c r y s t a l l i n e  
s t r u c t u r e  of c e l l u l o s e  can  be changed t o  r e a d i l y  d i s s o l v a b l e  forms. 

PENNSYLVANIA STATE UNIVERS ITY 
Unive r s i t y  Park,  Pennsylvania  16802 

338. METAL CRYSTALLITE SIZE AND SUPPORT 
EFFECTS ON CO HYDROGENATION 

M. A. Vannice 
Department of Chemical Engineering 

$88,100 
(18 months) 

T h i s  program is concerned wi th  t h e  i n f l u e n c e  of metal-support i n t e r a c t i o n s  
and meta l  c r y s t a l l i t e  s i z e  e f f e c t s  on c a t a l y t i c  behavior.  I n  p a r t i c u l a r ,  
t h e  e x t e n t  t o  which t h e s e  e f f e c t s  e x i s t  i n  supported P t ,  Pd, and N i  
c a t a l y s t s  i s  be ing  determined, and t h e  in f luence  of t h e s e  e f f e c t s  on t h e  
CO hydrogenat ion r e a c t i o n  i s  be ing  s t u d i e d ,  s f n c e  improvements i n  a c t i v i t y  
and s e l e c t i v i t y  a r e  h ighly  d e s i r a b l e  i n  t h i s  r e a c t i o n .  A unique, combined 
IR r e a c t o r  c e l l  has  been designed which ope ra t e s  a s  a s ing le-pass ,  plug-flow 
d i f f e r e n t i a l  r e a c t o r  and a l s o  al lows i n  a i t u  TR s p e c t r a  t o  be obta ined  
under well-defined r e a c t i o n  condi t ions .  Changes i n  t h e  adsorbed s t a t e  of  
CO which can be c o r r e l a t e d  wi th  measured d i f f e r e n c e s  i n  c a t a l y t i c  p r o p e r t i e s  
a r e  being sought. Simultaneous I R / k i n e t i c  r e s u l t s  have been obta ined  f o r  
P t  and Pd c a t a l y s t s  which a g r e e  w e l l  wi th  k i n e t i c  parameters determined i n  
s e p a r a t e  d i f f e r e n t i a l  r e a c t o r  systemo, and variations i n  turnover  f requencies  
between Pd c a t a l y s t s  have been observed. Adsorbed CO i s  de tec ted  a s  t h e  
predominant s u r f a c e  spec i e s  under r e a c t i o n  cond i t i ons  on Pt and Pd, a s  
o t h e r s  have r epor t ed  f o r  Ru c a t a l y s t s ,  wi th  one except ion.  Perhaps the  
most i n t r i g u i n g  r e s u l t s  t o  d a t e  show t h a t  no IR-active CO i s  v i s i b l e  on 
Pd/TiO*, a system r e c e n t l y  shown t o  e x h i b i t  a s t rong  metal-support 
i n t e r a c t i o n  (SMSI), y e t  t h e  s p e c i f i c  a c t i v i t y  i s  comparable t o  t h a t  over  
pd/A1203. P re sen t ly ,  T i0  -supported systems a r e  being examined i n  2 g r e a t e r  d e t a i l ,  inc luding  N i / T i O  2 c a t a l y s t s .  
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339. GASIFICATION OF DISORDERED 
CARBONS ( CHARS ) 

P. L. Walker,' Jr. 
Department of Mater ia ls '  Sciellce 

& Engineering 

$80,200 02-1 
(15 months) 

Rates  of g a s i f i c a t i o n  of cha r s  der ived  from c o a l s  vary widely w i th  t h e  
rank of c o a l  and t h e  g a s i f i c a t i o n  medium used. However, most of t h e  
carbon burn-off ve r sus  t ime p l o t s  have a s i m i l a r  shape, g iven  by a cubic  
equa t ion ,  having only one ad jus tab l ' e  cons t an t ,  t h a t  i s ,  t he  t ime t o  
reach  50% burn-off. It thus  appears  t h a t  t h e  d i f f e r e n t i a l  r a t e  of char  
g a s i f i c a t i o n  a t  any cha r  burn-off i s  r e l a t e d  i n  a fundamental way t o  t h e  
a c t i v e  s i t e  a r e a . o f  t h e  char  a t  t h a t  p a r t i c u l a r  cha r  burn-off. The main 
o b j e c t i v e  of t h i s . p rog ram i s  t o  confirm t h i s  p o s s i b l e  r e l a t i o n s h i p .  
G a s i f i c a t i o n  of a h igh  p u r i t y  char  i n  0 i s  being measured a s  a f u n c t i o n  2 
of  t ime, temperature ,  and O2 p ressure .  Changes i n  phys i ca l  s t r u c t u r e  
of t h e  char ,  such a s  a c t i v e  s u r f a c e  a r e a ,  t o t a l  s u r f a c e  a r e a ,  p a r t i c l e  
d e n s i t y ,  t o t a l  open pore volume, and pore volume d i s t r i b u t i o n  a r e  be ing  
fol lowed , a s  a func t ion  of carbon burn-off. Rate  cons t an t s  f o r  char  
g a s i f i c a t i o n  r a t e s  and a c t i v e  s u r f a c e  burn-off l e v e l s  from a knowledge of 
d i f f e r e n t i a l  g a s i f i c a t i o n  a r e  being c a l c u l a t e d  a t  s e l e c t e d  burn-off l e v e l s  
from a knowledge of d i f f e r e n t i a l  g a s i f i c a t i o n  r a t e s  and a c t i v e  s u r f a c e  
a r e a s  a t  t h e s e  burn-off l eve l s .  The s tudy  is  t o  be repea ted  f o r  t h e  char  
t o  which has  been added a s  a g a s i f i c a t i o n  c a t a l y s t .  I n  t h i s  ca se ,  
r a t e  cons t an t s  f o r  g a s i f i c a t i o n  a r e  c a l c u l a t e d  based on t h e  a c t i v e  a r e a s  of 
both t h e  cha r  and platinum. 

YALE UNIVERS ITY - 
New Haven, Connect icut  06520 

340. A STUDY OF ENERGIES OF ORGANIC 
COMPOUNDS 

K. B. Wiberg 
Department of  Chemistry 

The ene rg i e s  of o rganic  compounds a r e  being determined by c a l o r i m e t r i c  
methods. The r e a c t i o n s  being s t u d i e d  include:  1, t h e  e n t h a l p i e s  of 
hyd ro lys i s  of k e t a l s ,  a c e t a l s  and o r t h o e s t e r s ;  2,' t he  e n t h a l p i e s  of 
hyd ra t i on  a lkenes ;  3 ,  t he  en th 'a lp ies  of c leavage of smal l  r i n g s ;  and 
4 ,  t he  e n t h a l p i e s  of rearrangement of s t r a i n e d  hydrocarbons. The da t a  
which a r e  der ived  from t h i s  i n v e s t i g a t i o n  w i l l  be u s e f u l  i n  d e f i n i n g  
s t e r i c  e f f e c t s  and bond angle  deformation e f f e c t s  on t h e  ene rg i e s  of 
o rgan ic  compounds. They a l s o  w i l l  be of he lp  i n  d e f i n i n g  t h e  parameters 
f o r  molecular  mechanics-type e s t i m a t e s  of t h e  e n e r g i e s  of t he se  compounds. 
I n  a d d i t i o n ,  automated c a l o r i m e t e r s  a r e  being developed which w i l l  f a c i l i t a t e  
t h e  measurement of h e a t s  of r eac t ion .  . 

I 
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341. THERMODYNAMICS OF SULFUR AND 
CHLORINE ADSORBATES ON METAL ' 

CATALYST SURFACES 
H. Wise 
Solid s t a t e  c a t a l y s i s  Laboratory 

coal-derived aynthes is  gas (CO and H ) . i s  the  feedstock f o r  s u b s t i t u t e  
2 n a t u r a l  gas (methane) production using group V I I I  t r a n s i t i o n  metal ca ta lys t s .  

HCwevet, these CatalysfL a t e  suscep t ib le  t o  deac t iva t ion  by t r a c e  contaminants 
of s u l f u r  compounds i n  t h e  feedstocks. Reduction of the  concentrat ions of 
such c a t a l y s t  poisons t o , l e v e l s  necessary t o  ensure reasonably long c a t a l y s t  
l i f e t i m e s  requ i res  considerable c a p i t a l  investment 'and operat ing expense. 
The thermodynamic aspec t s  of s u l f u r  poisoning on n icke l ,  ruthenium and 
o t h e r  metals have not been determined with s u f f i c i e n t  accuracy t o  e s t a b l i s h  
t h e  threshold l e v e l s  of contaminants above which the  c a t a l y s t  su r face  
deact iva tes .  The purpose of t h i s  research i s  t o  provide such bas ic  thermo- 
dynamic information. I n  the  research  program, the  thermodynamics of s u l f u r  
.and halogen chemisorption a r e  being examined using two complementary 
techniques: ( a )  a r e c i r c u l a t i n g  gas system t o  study reve r s ib le  s u l f u r  and 
halogen chemisorption on supported n icke l ,  copper, i ron ,  coba l t ,  platinum 
and nithenium c a t a l y s t  surfaces ,  and (b)  'an u ' l t rahigh vacuum system t o  
study s u l f u r  chemisorption on well-defined surfaces  of these  same metals ,  
such as  s i n g l e  c r y s t a l s .  

NATIONAL 'BUREAU OF STANDARDS 
Washington, D.C. 20234 

342. STUDY OF HETEROGENEOUS CATALYTIC 
CHEMISTRY ON TRANSITION METALS 

J. T. Yates,  Jr. 
Surface Science Division 

The de ta i l ed  r e a c t i o n  mechanism f o r  seve ra l  heterogeneous processes is  
being s tudied  using various modern su r face  sc ience  methods. Among the  
processes under inves t iga t ion  a re :  (1 )  the  c a t a l y t i c  methanat,ion reac t ion  
over n ickel  and ruthenium s i n g l e  c r y s t a l s ;  (2)  the  water syn thes i s  from 
H and O2 over rhodium s i n g l e  c r y s t a l s ;  ( 3 )  the  v i b r a t i o n a l  spectrum 
o$ molecules and molecular fragments s t a b i l i z e d  on s i n g l e  c r y s t a l  su r faces ;  
(4)  t h e  confirmation of species  i n  (3)  using e l e c t r o n  impact methods. 
These experiments provide a deeper i n s i g h t  i n t o  the  molecular processes 
governing su r face  chemistry. . . .  
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ROCKWELL DIVISION 
Atomics In te rna t iona l  
Canoga Park,  Ca l i fo rn ia  91 304 

343. MOLTEN SALT INTERACTIONS I N  $140,000 02-1 
COAL PROCESSING 

S. J. Yosim 

This research p ro jec t  is  d i rec ted  toward the  d e f i n i t i o n  of the  fundamental 
processes which occur i n  sparged sodium-carbonate sodium-sulfate me l t s  
during the  oxidat ion  of spectroscopic grade graphi te .  The dependence of 
t h e  r a t e  of g raph i t e  ox ida t ion  on r e a c t i o n  parameters such a s  melt  temper- 
a t u r e ,  oxygen concentra t ion  of the  sparge gas,  na ture  of t h e  g raph i t e  
su r face ,  and concentra t ion  of sodium s u l f a t e  i n  the  molten sodium. carbonate 
i s  being inves t iga ted .  The present  concern i s  with the  i n  s i t u  determin- 
a t i o n  of the i d e n t i t y  and concentra t ion  of t h e  spec ies  present  i n  the  melt 
during t h e  oxidat ion  of g raph i t e  and, hence, t h e  mechanism of the  process. 
An'understanding of the  mechanism of the  oxidat ion  of pure g raph i t e  i n  
molten sodium carbonate w i l l  provide a t h e o r e t i c a l  b a s i s  f o r  the  a p p l i c a t i o n  
of the  molten sodium carbonate system t o  the ,p roduc t ion  of f u e l  gas from 
more complex carbonaceous mate r i a l s .  



Sepa ra t ions  

UNIVERSITY OF MINNESOTA 
Minneapolis ,  Minnesota 55455 

344. CONTINUOUS CHEMICAL REACTION 
CHROMATOGRAPHY 

R. A r i s  & R. W. Car r  
Department of Chcmical 
Engineering & Mate r i a l s  Science 

Reac t ion  chromatography is being done on a  continuous b a s i s  i n  a  r o t a t i n g ,  
packed c y l i n d r i c a l  annulus.  I n  a d d i t i o n  t o  advantages i n  throughput over 
convent iona l  pulsed mode r e a c t i o n  chromatography, r e a c t i o n s  of t he  type A* 
B + C can  be forced  t o  g r e a t e r  t han  equi l ibr ium conversions by chromatographic 
s e p a r a t i o n  of t h e  products ,  suppress ing  t h e  r eve r se  r eac t ion .  A f i xed ,  
c y l i n d r i c a l  annular  charcoa l  packed bed wi th  r o t a t i n g  i n l e t  i s  being used 
f o r  i n v e s t i g a t i o n s  of continuous r e a c t i o n  chromatography of t h e  ac id  
h y d r o l y s i s  of aqueous methyl formate. A second appara tus  i s  being used f o r  
i n v e s t i g a t i o n s  of cont inuous r e a c t i o n  chromatography of gas-sol id  c a t a l y t i c  
r e a c t i o n s .  I t  f e a t u r e s  a  r o t a t i n g  c y l i n d r i c a l  annulus and a  f i xed  i n l e t .  

BEND RESEARCH, I N C .  
Bend, Oregon 97701 

345. COUPLED TRANSPORT LIQUID MEMBRANES 
FOR URANIUM SEPARATIONS 

W. C. Babcock 

The o b j e c t i v e  of t h i s  program i s  t o  perform fundamental s t u d i e s  wi th  a  new 
c l a s s  of l i q u i d  membranes c a l l e d  "coupled t r a n s p o r t  membranes. " These 
membranes c o n s i s t  of a  water  immiscible complexing agent ,  he ld  by c a p i l l a r y  
f o r c e s  i n  t he  pores  of a  microporous polymeric shee t .  The complexing agent . 
a c t s  a s  a  c a r r i e r  of i ons ,  p ick ing  them up from an  aqueous s o l u t i o n  on one 
s i d e  of t h e  membrane, ca r ry ing  them ac ros s  t h e  membrane a s  a  complex, and 
d e p o s i t i n g  them i n  a n  aqueous s o l u t i o n  on t h e  oppos i te  s i d e  of t h e  membrane. 
To preserve  e l e c t r i c a l  n e u t r a l i t y ,  t h e  c a r r i e r  must t r a n s p o r t  another  ion  
of l i k e  charge i n  t h e  oppos i t e  d i r e c t i o n  o r  an  i o n  of oppos i te  charge i n  
t h e  same d i r e c t i o n .  This  coupling of ions permi ts  the  t r a n s p o r t  of a  
d e s i r e d  ion  up i t s  aqueous concen t r a t ion  g rad ien t  a s  long a s  t h e  coupled . 

i o n  flows down i t s  concen t r a t ion  g r a d i e n t ,  i .e.  t h e  c a r r i e r  i s  a  "chemical 
I 1  

' pump. I n  t hese  s t u d i e s ,  uranium ions  a r e  t r anspor t ed  i n  one. d i r e c t i o n ,  
wh i l e  t y p i c a l  coupled ions a r e  hydrogen ion ,  b i s u l f a t e ,  and carbonate.  The 
p r i n c i p a l  goal  i s  t o  determine how aqueous compositions (pH, i o n i c  s t r e n g t h ,  
e t c .  and membrane composition ( concen t r a t ion  and type of agent ,  type of 
o r g a n i c ' d i l u e n t ,  e t c . )  a f f e c t  transmembrane uranium f lux.  
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AMHERST COLLEGE 
Amherst, Massachusetts 01002 

3 4 6 .  SOLVENT AND SOLUTE ISOTOPE EFFECTS $35,000 02-2 
IN'THE AQUEOUS SOLUTION OF GASES 

B. B. Benson 
Department of Phys ics  

R e l a t i v e l y  l i t t l e  has  been known about  i so tope  e f f e c t s  i n  t h e  phys ica l  
s o l u t i o n  of chemical ly  non-react ive gases.  . Nei the r  t h e  e f f e c t  of  changing ' . - 

t h e  i s o t o p i c  c o n s t i t u t i o n  of t h e  s o l v e n t ,  nor t h e  i s o t o p i c  f r a c t i o n a t i o n  
of t h e  s o l u t e  gas ,  has  rece ived  much a t t e n t i o n .  Because t he se  i s o t o p i c  
e f f e c t s  a r e  smal l ,  very  p r e c i s e  measurements a r e  required.  A new method 
f o r  measuring t h e  Henry s o l u b i l i t y  c o e f f i c i e n t  wi th  an  accuracy of approximately 
0.02% has  been developed. Th i s  accuracy i s  a n  o rde r  of magnitude b e t t e r  
t han  previous.work.  For t h e  de te rmina t ion  of d i f f e r e n c e s  i n  t h e  s o l u b i l i t i e s  
o f  t h e  i so topes  of a  g iven  gas mass, spec t rome t r i c  n u l l  t echniques  a r e  
employed t o  compare an i so tope  r a t i o  i n  t h e  d i s so lved  gas  w i th  t h e  r a t i o  i n  
t h e  gas  above so lu t ion .  Measurements on oxygen and fou r  noble  gases  w i th  a  
p r e c i s i o n  of 10 t o  20 ppm have revea'led how t h e  i s o t o p i c  f r a c t i o n a t i o n  of 
t h e  s o l u t e  v a r i e s  wi th  temperature  and gas. These techniques  a r e  being 
app l i ed  t o  t h e  s o l u b i l i t y  and i s o t o p i c  f r a c t i o n a t i o n  of  'hydrogen, n i t rogen ,  
oxygen, and f i v e  noble gases  i n  heavy water ,  D20. Beyond t h e i r  p r a c t i c a l  

, a p p l i c a t i o n s ,  t h e  r e s u l t s  of t h e s e  very a c c u r a t e  measurements provide  a  
unique oppor tun i ty  f o r  explor ing  molecular  i n t e r a c t i o n s  i n  water  through 
t h e  e f f e c t s  of i s o t o p i c  s u b s t i t u t i o n  i n  t h e  so lvent .  

'STATE UNIVERSITY OF NEW YORK/STONY BROOK 
Stony Brook, New York 11794 

3 4 7 .  FUNDAMENTAL STUDIES I N  ISOTOPE 
. . CHEMISTRY 

J. B ige l e i s en  
. . . .  . Department of Chemistry 

A program of experimental  and t h e o r e t i c a l  i n v e s t i g a t i o n s  .of i so tope  e f f e c t s  
i n  phys ica l  and chemical p rocesses  i s  underway. Fundamental understanding 
o f  i so tope  e f f e c t s  ha s  broadened t h e  knowledge of t h e  behavior  of m a t t e r  
and provides  t h e  b a s i c  s c i e n c e  from which new i so tope  s e p a r a t i o n  processes  
a r e  developed. The experimental  i n v e s t i g a t i o n s  a r e  being p r i n c i p a l l y  
d i r e c t e d  a t  t h e  behavior  of condensed media, a  r e l a t i v e l y  unexplored and 
f r u i t f u l  a r e a  of i n v e s t i g a t i o n  f o r  wh ich -a  unique experimental  f a c i l i t y  has  
been e s t ab l i shed .  The t h e o r e t i c a l  program is concerned wi th  ehe c o r r e l a t i o n  
of i so tope  e f f e c t s  wi th  molecular  and i n t e rmo lecu la r  fo rces .  



BRIGHAM YOUNG UNIVERSITY 
Provo,  Utah 84602 

348. SEPARATION OF SELECTED CATIONS 
BY LIQUID MEMBRANES 

J. .J. Chris tensen  
The T h e o r e t i c a l  I n s t i t u t e  

The o v e r a l l  o b j e c t i v e  of t h i s  r e sea rch  i s  t o  determine t h e  f ac to r s .wh ich  
i n f l u e n c e  c a t i o n  t r a n s p o r t  ac ros s  l i q u i d  membranes by macrocycl ic  c a r r i e r s  
so t h a t '  systems f o r  s e p a r a t i n g  c a t i o n s  can be devised. The s p e c i e s  being 
s t u d i e d  inc lude  t h e  a l k a l i ,  al.ka1 i ne earth and lan thanide  (111) ootiono. 
It  i s  planned t o  meet t h i s  broad o b j e c t i v e  by i d e n t i f y i n g  t h e  l igand and 
s o l v e n t .  parameters which determine t h e  e x t e n t  of binding of t r i v a l e n t  
l an than ide  c a t i o n s  t o  macrocyclic l igands  i n  water-methanol s o l v e n t s ,  
determining t h e  a l k a l i ,  a l k a l i n e  e a r t h  and lan thanide  c a t i o n  t r a n s f e r  r a t e s  
and s e l e c t i v i t y  p a t t e r n s  i n  l i q u i d  membranes of  s e v e r a l  macrocyclic l i gands ,  
and r e l a t i n g  t h e s e  two s e t s  of da t a  t o  de t e rmine . the  r e l a t i o n s h i p  of c a t i o n  
s e l e c t i v i t y  demonstrated by macrocycles i n  a  s i n g l e  phase t o  t h a t  demon- . 
s t r a t e d  i n  t h e  l i q u i d  membrane multi-phase system. This  knowledge should 
make i t  p o s s i b l e  t o  choose macrocycles from t h e  many f o r  which s i n g l e  phase 
' da t a  a r e  a v a i l a b l e  f o r  u s e  a s  c a r r i e r s  i n  l i q u i d  membranes t o  accomplish 
s p e c i f i c  c a t i o n  sepa ra t ions .  
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UNIVERS ITY OF CALIF ORNI A/LOS ANGELE s 
Los Angeles, Ca l i fo rn ia  .go024 

349. MULTIHETEROMACROCYCLES THAT COMPLEX 
METAL IONS 

D. J. Cram 
Department of Chemistry 

The ob jec t ive  of t h i s  program is t o  design,  synthes ize ,  and evaluate  c y c l i c  
hos t  organic compounds f o r  t h e i r  a b i l i t i e s  t o  complex and l i p o p h i l i z e  guest  
metal  ions  s e l e c t i v e l y  and impart s p e c i a l  p roper t i e s  t o  them. Crowns and 
.cryptands a r e  c y c l i c  and b i c y c l i c  c o l l e c t i o n s  of oxygen and ni t rogen 
binding sites whose c a v i t i e s ,  when not f i l l e d  with guest  c a t i o n s  o r  so lvent ,  
a r e  f i l l e d  in t ramolecular ly  by conformational reorganiza t ion  of p a r t s  of 
t h e  host .  Thus complexation involves the  guest  r eo r i en t ing  binding s i t e s  
of  the  host .  Hosts, termed spherands, possess r i g i d  support s t r u c t u r e s ,  
which, when noncomplexed, conta in  enforced c a v i t i e s  l ined  with e l e c t r o n  
pa i r s .  Much of the  dr iv ing f o r c e  f o r .  complexation of spherands i s  derived 
from the r e l e a s e  of e lec t ron-e lec t ron repuls ion  and the  f i l l i n g  of an  empty 
cav i ty .  Guided by s c a l e  molecular models and past  experience,  spherands . 

a r e  being designed, synthesized,  and t e s t e d  f o r  t h e i r  a b i l i t i e s  t o  bind 
s e l e c t i v e l y  inorganic ions  and t o  s o l u b i l i z e  them i n  organic so lvents .  The 
spherands and hemispherands (combinations of r i g i d  and nonrigid support 
s t r u c t u r e s )  a r e  being t e s t e d  f o r  t h e i r  a b i l i t i e s  t o  s e l e c t i v e l y  complex and 
l i p o p h i l i z e  the  var ious  c a t i o n s  of the  per iodic  table .  S e l e c t i v i t y  based 
on k i n e t i c s  and e q u i l i b r i a  i s  being examined. Mass, NMR, UV, and IR 

. s p e c t r a ,  elemental analyses and X-ray s t r u c t u r e  a r e  used t o  i d e n t i f y  l igand 
systems and, sometimes, t h e  complexes. Associat ion and r a t e  cons tants  i n  
bo th '  e x t r a c t i o n '  and mixing experiments - a re  being determined. 
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UNIVERSITY OF SOUTH CAROLINA 
Columbia ,, South Carolina 29208 

350. THE USE OF POLYETHERS I N  THE 
TREATMENT OF A C I D I C  HIGH 
ACTIVITY NUCLEAR WASTES 

M. W. Davis, Jr. 
. . 

Department of Chemical Engineering 

The purpose of t h i s  work i s  t o  develop a solvent  e x t r a c t i o n  process capable 
of removing 99.9% of t h e  strontium and cesium from a c i d i c  high a c t i v i t y  
nuclear  waste. Compatibility with the Purex processes i s  des i rable .  
Macrocyclic polyethers o r  "crown" compounds were chosen a s  the  organic 
complexing agents t o  be inves t igated  because of t h e i r  a b i l i t y  t o  complex 
a l k a l i  metals  and a l k a l i n e  ea r ths .  The work has  involved-measurement of 
d i s t r i b u t i o n  c o e f f i c i e n t s  us.ing a v a r i e t y  of crown compounds i n  conjunction 
w i t 9  both o anic and inorganic anions. The removal of 99.9% of both 
Sr and CsU w i l l  reduce the r e l a t i v e  t o x i c i t y  ( t h e  r a t i o  of t h e  
concentra t ion i n  the  waste t o  t h  maximum permiss ib le) .of  10 year  o ld  high 5 a c t i v i t y  waste by a f a c t o r  of 10 , thus a l l e v i a t i n g  the  u l t imate  d isposal  
problem of t h e  bulk of the. waste. It i s  bqiieved t h a t  i n d u s t r i a l  uses w i l l  
be developed f o r  the  recovered ~ r + ~  and C s  . 

UNIVERSITY OF ARIZONA 
Tucson, Arizona 05721 

351. CMLA'I'INC EmwCTANTS OF 
IMPROVED SELECTIVITY 

H. F re i se r  
Department of Chemistry 

New che la t  ing ex t rac tan t s  of improved s e l e c t i v i t y  f o r  lanthanides and 
a c t i n i d e s  a r e  being synthesized using p r i n c i p l e s  of reagent design dohived 
from pa t t e rn  recognirion s t u d i e s  of the  e x i s t i n g  che la te  e x t r a c t a n t  da ta  
base. Laboratory evaluat ion of kine t i c  and equilibrium c h a r a c t e r i s t i c s  of 
se lec ted  ex t rac tan t  s with La(I I1)  , Th(1V) , and U(V1) ' i s  being conducted by 
both e x t r a c t i o n  and. l i q u i d  chromatographic techniques. The high suscept- 
i b i l i t y  of lanthanide  c h e l a t e  s t a b i l i t y  t o  s t e r i c  hindrance has been 
confirmed. The increase  i n  coordination number of lanthanides £ran lanthanum 
t o  ytterbium a s  evidenced from ex t rac t ion  e q u i l i b r i a  serves  ' t o  increase  
t h e i r  separab i l i ty .  8-Quinolinol immobilized on s i l i c a  can separa te  
lanthanide  ions. 
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HARVARD UNIVERS ITY 
Cambridge, Massachusetts 02138 

352. ELECTRONIC STRUCTURE OF HELIUM AND 
HYDR IDE COMPLEXES I N  LIQUID TRITIUM 

D. R. Herschbach 
Department of Chemistry' 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  achieve  a  t h e o r e t i c a l  understanding of 
i n t r i g u i n g  evidence ' f o r  some kind of bound complex of helium i n  l i q u i d  
t r i t i u m .  The evidence i n d i c a t e s  t h a t  most o f .  t h e  helium formed by radio-  
a c t i v e  decay does  no t  escape as gas ;  more than a  hundred t imes  a s  much 
helium i s  he ld  i n  s o l u t i o n  than can be accounted f o r  by t h e  known s o l u b i l i t y .  
Our t h e o r e t i c a l  approach makes use of  approximate e l e c t r o n i c  s t r u c t u r e  
c a l c u l a t i o n s  t o  examine the  s t a b i l i t y  and i n t e r a c t i o n s  of helium complexes 
which might account  f o r  t h e  observa t ions .  The f i n a l  r e s u l t s  expected from 
t h e  p r o j e c t  i nc lude  e l e c t q o n i c  ene rg i e s  and molecular  geometr ies  f o r  
c l u s t e r s  of t he  form (HeH )(H2)n, n  = 0 t o  6  and (H-)(H ) ,m = 0 t o  6 ;  
i n s i g h t  i n t o  t h e  gene ra l  phenomena of s o l v a t i o n  enhance8 By i o n i c  i n t e r -  
a c t i o n s ;  and i d e a s  f o r  new experimental  approaches t o  t e s t  and e l u c i d a t e  
the,mechanism f o r  t h i s  phenomenon of " supe r so lub i l i t y "  of he1i .m i n  l i q u i d  
t r i t i u m .  

BROOKLYN COLLEGE OF THE CITY 
UNIVERSITY OF N E W  YORK 
Brooklyn, New York 11210 

353. - STABLE ISOTOPE STUDIES 
T. Tshida 
Department of Chemistry 

The o b j e c t i v e  of t h i s  progr  79 i s  to12bta in  b a s i c  d a t a  on the  f r a c t i o n a t i o n  
of  s t a b l e  i s o t o p e s  such a s  C and N and t o  ga in  understanding of 
e f f e c t s  of i s o t o p i c  s u b s t i t u t i o n s  on t h e  p r o p e r t i e s  of t h e  l i q u i d ,  t h e  
c ryogenic  vapor p re s su re  of i s o t o p i c  fluoromethanes and countercur ren t  
column ope ra t ions  f o r  t he  NO/N 0  system. E l e c t r o d i c s  of e lec t rochemica l  
r e f l u x  processes  f o r  t he  NO/N 6 'and NO/HNO systems a r e  being s tud ied  by 
p o t e n t i o s t a t i c  and chronopote$t?ometric metaods. To improve fundamental 
t h e o r i e s  of i so tope  e f f e c t s ,  t h e o r e t i c a l  s t u d i e s  a r e  being c a r r i e d  out  on 
t h e  d i f f e r e n t i a l  e f f e c t s  of molecular  f o r c e s  on i so tope  e f f e c t s ,  t h e  
c o r r e l a t i o n  of s ,ulfur '  i so tope  e f f e c t s  with v i b r a t i o n a l  f o r c e s  i n  s u l f u r  
compounds, t h e  eva lua t ion  of a  -new concept of  atomic f o r c e  parameter f o r  
p o s s i b l e  use i n  i s o t o p e  e f f e c t  stnd i-es, and the  quantum mcchenical c a l c u l a t  iorls 
o£ ind iv idua l  v i b r a t i o n a l  frequency s h i f t s  upon condensati,c_rn. 
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UNIVERSITY OF GEORGIA 
Athens, Georgia 30602 

354 .  A STUDY OF MECHANISMS .OF HYDROGEN. 
DIFNSION I N  SEPARATION DEVICES 

M. H. Lee 
Department of Phys ics  

The d i f f u s i o n  of l i g h t  gases  (e.g. H i so topes )  i n  Pd and o t h e r  meta ls  i s '  
s e l e c t i v e .  Hence, t hese  me ta l s ,  i f  used i n  t h e  form of a membrane, can be 
u s e f u l  a s  a s e p a r a t i o n  device  app l i cab le  i n  nuc lea r  f u s i o n  r e a c t o r s  and 
o t h e r  t echn ica l  uses. To exp lo re  t hese  poss ib l e  a p p l i c a t i o n s ,  t h e  mechanisids 
of hydrogen d i f f u s i o n  i n  Pd a r e  being s tud ied  by developing a s t a t i s t i c a l  
mechanical model f o r  t h e  PdH system. This  model i s  f i r s t  g iven  a mean-field 
a n a l y s i s  t o  provide  a q u a l i t a t i v e  p i c t u r e  of t h e  dynamics of hydrogen 
d i f f u s i o n .  The d i f f u s i o n  does no t  fol low t h e  known c ' l a s s i c a l  p a t t e r n ,  bu t  
seems t o . b e  more c o n s i s t e n t  wi th  a c e r t a i n  quantum idea  which i s  being 
developed. The p re sen t  work c e n t e r s  on ob ta in ing  a complete dynamical 
s o l u t i o n  by t h e  method of Mori and t h a t  f u r t h e r  developed by-Lee and 
Dekeyser r e c e n t l y  . 

I 

TEXAS SOUTHERN UNIVERSITY 
Houston, Texas 77004 

355 .  SOLVENT EXTRACTION STUDIES OF 
METALS USING H I G H  MOLECULAR 
WEIGHT AMlNES 

C. W. McDonald 
Department of Chemistry 

The primary o b j e c t i v e  of t h i s  r e sea rch  proj.ect i s  t o  provide t h e  .batric 
d a t a  needed t o  develop h igh ly  e f f i c i e n t  e x t r a c t i o n  m e t l . , , d s  f o r  removing 
a number of t o x i c  meta l  i ons  from aqueous s o l u t i o n s  usliig h igh-molecular  
weight amines and-quaternary ammonium s a l t s .  There i s  a l s o  concern f o r  
de te rmining  r e a c t i o n  s to ich iometry ,  mechanisms and e f f i c i e n c i e s  of t h e  
new e x t r a c t i o n  systems. I n  o rde r  t o  accomplish these  ob jec t ives ,  a 
number of high-molecular-weight amines and quaternary  ammonium s a l t s  
a r e  being purchased f o r  u se  i n  t h e  e x t r a c t i o n  s tud ie s .  Xylene and o t h e r  
non-polar s o l v e n t s  a r e  being used a s  s o l v e n t s  fo r '  t h e  amines. The e x t r a c t i o n  
e f f i c i e n c i e s  a r e  being determined by u s e  of an a tomic . abso rp t ion  spec t ro-  
photometey.. The goal  of t h e  p r o j e c t  i s  t o  demonstrate on 'the bench s c a l e  
t h e  f e a s i b i l i t y  of developing commercial s c a l e  processes  f o r  t h e  simple, 
i'nexpensive removal of t o x i c  metal  ions from po l lu t ed  i n d u s t r i a l  wastewater.. 



Separa t ions ,  continued 

UNIVERSITY OF MINNESOTA 
Minneapolis , Minnesota 5 5455 

356. PHOTCkINDUCED CATAPHORETIC $7 3,300 02-2 
I SOTOPE SEPARATION (18 112 months) 

H. J. O s k a m ,  J. A. Carruthers ,  
L. M. Chanin 
Department of E l e c t r i c a l  Engineering 

The ob jec t ive  of these  s t u d i e s  i s  t o  t e s t  the  f e a s i b i l i t y  of radia t ion-  
induced ca taphore t ic  i s o t o ~ e ~ f j e p a r a t i q q  i n  a gaseous discharge. A He-Ne 
discharge  containing both ~e and Ne i s  subjected t o  r a d i a t i o n  e i t h e r  
from a 0.63 pm l a s e r  o r  from monoisotope neon r a d i a t i o n  lamps. Observatfons 
on the i so tope  r a t i o  a r e  undertaken by means of spec ia l i zed  Fabry-Perot 
scanning spectrometers.  Isotope separa t ion  has not  been observed with 
e i t h e r  the  0.63 Pm l a s e r  r a d i a t i o n  o r  the' neon radia t , ion  lamps. Experiments 
a r e  now planned t o  combine t h e  two sources. 

UNIVERS ITY OF GEORGIA 
Athens, Georgia 30602 

357. FUNDAMENTAL STUDIES OF ' 

. . , SEPARATION PROCES SES 
1 L. B. Rogers 

Department of Chemistry 

This  research  i s  concerned with b a s i c  a spec t s  of opt imizat ion  i n  chromato- 
graphy and with ways of expressing the  o v e r a l l  r e s u l t  i n  terms of information 
theory. Optimization, per s e ,  i s  being examined i n  two d i f f e r e n t  types of ' 

chroinatography: recycle  ga~chromatography  and s u p e r c r i t  i c a l  f l u i d  chranato- 
graphy. I n d i r e c t l y  ; optimizat ion i s  a i s o  being examined with respect  t o  
the  chromatographic packing and the  composition of t h e  e l u t i n g  l i q u i d  using 
both the  oligomers of polystyrene and the  vanadium porphyrins found i n  
Venezuelan crude o i l  .. F i n a l l y ,  chromatographic f r a c t i o n a t i o n s  of t h e  
carbon and oxygen iso topes  i n  carbon monoxide a r e  being s tudied  with the 
goal  of comparing them with r e s u l t s  obtained using carbon dioxide. 



Sep4ra t  i ons ,  cont inued 

SYRACUSE UNIVERSITY 
Syracuse,  New York 13210 

358. - MECHANISM OF FLUID PERMEATION 
THROUGH POLYMER MEMBRANES. 
TESTS OF A "FREE VOLUME" MODEL 
OF PERMEATION 

S. A. S t e r n  
Department of Chemical Engineer ing 

and M a t e r i a l s  Sc ience  

A ieceut. model of f l u i d  permeation through nonporous polymeric membranes, 
based on "f ree-volume" concepts  o f f e r s  a  comprehensive t h e o r e t i c a l  descr ip-  
t i o n  of the  permeation behavior  of pure gases  and gas  mixtures .  The 
purpose of t h i s  s tudy  is t o  s u b j e c t  t h e  model t o  r i go rous  t e s t s  i n  o rde r  
t o  a s s e s s  i t s  regimes of v a l i d i t y .  The t e s t s  c o n s i s t  of t h e  p r e d i c t i o n  of 
pe rmeab i l i t y  c o e f f i c i e n t s  f o r  s e l e c t e d  pene t r an t  - polymer systems, inc lud ing  
both  pure gases  and t h e i r  mix tures ,  by means of s p e c i f i e d  free-volume 
parameters  and s o l u b i l i t y  da ta .  The requi red  parameters a r e  determined 
from h igh-pressure  d i f f u s i v i t y  measurements. The p r e d i c t e d  permeabi l i ty  
c o e f f i c i e n t s  a r e  t hen  compared wi th  experimental  va lues  over  a  wide range 
of  p r e s su re s  and temperatures .  D i f f u s i v i t y  and s o l u b i l i t y  measurements 
a r e  being performed s imul taneous ly  i n  a  new high-pressure appara tus  under 
i s o b a r i c  and i so the rma l  condi t ions .  Permeabi l i ty  c o e f f i c i e n t s  a r e  a l s o  
be ing  determined f o r  s e v e r a l  b inary  gas  mixtures  i n  s e l e c t e d  polymeric 
membranes a t  h igh  p r e s s u r e s ,  s i n c e  very few d a t a  r epo r t ed  i n  t h e ' l i t e r a t u r e  
a r e  s u i t a b l e  f o r  t e s t s  of t h e  free-volume model. The free-volume model of 
permeat ion,  i f  con£ irmed, w i l l  prwe  extremely n s s f u l  f o r  the development 
o f  membrane s e p a r a t i o n  processes .  Extensions of the model wil l also offer 
a f r e s h  i n s i g h t  i n t o  t h e  n a t u r e  of i n t e r a c t i o n s  between polymers and smal l  
p e n e t r a n t  molecules. 



Separa t ions ,  continued 

ILLINOIS INSTITUTE OF TECHNOLOGY 
Chicago, I l l i n o i s  60616 

359. SELECTIVE METAL I O N  EXTRACTION $41,700 02-2 
FOR MULTIPLE I O N  L IQUID--L I Q U I D  
EXCHANGE REACTIONS 

L. L. Tavlarides 
Department of Chemical Engineering 

The f e a s i b i l i t y  of many energy e f f i c i e n t  hydrometal lurgical  so lvent  e x t r a c t i o n  
processes depends upon the  s e l e c t i v e  separa t ion  of metal ions  from mul t ip le  
metal  aqueous solu t ions .  The .problem of p red ic t ing  the  s e l e c t i v i t y  of a 
given metal i o n  when the  r a t e  processes and chemical e q u i l i b r i a  do not both 
favor  the desired spec ies  has not  been addressed. This  r e sea rch '  i s  intended 
t o  develop a fundamental understanding of the'  i n t e r p l a y  between mass . 
t r a n s f e r  with i n t e r f a c i a l  chemical r eac t ion  and chemical e q u i l i b r i a  f o r  
m u l t i p l e  metal systems t o  p red ic t  s e l e c t i v e  , ex t rac t ion .  The research  
program i n c l u d e s t h e  following four tasks :  (1)  Se lec t ion  of a binary metal : 
model system from th ree  prospective systems i s  being made. (2 )  Equflibrium , 

s t u d i e s  a r e  being conducted t o  obta in  d i s t r i b u t i o n  d a t a  f o r  thermodynamic 
models. ( 3 )  Experimental chemical r eac t ion  s t u d i e s  fo l low i n  order  . t o  
ob ta in  k i n e t i c  models' f o r  each reac tan t  and the  exchange r e a c t i o n  between 
metal  complexes. ( 4 )  A comparison of p red ic t ions  of  s e l e c t i v i t y  ~ 5 t h  
experimental results f o r  a s i n g l e  s t a g e  contac tor  i s  being made. The 
a n a l y s i s  is  being extended t o  p red ic t  s e l e c t i v i t y  f o r  mul t ip le  s taged 
mixer-se t t le rs .  The r e s u l t s  of t h i s  r e s e a r c h , i n d i c a t e  methodology t o  
develop data  and models which may permit r a t i o n a l  design 0.f mul t ip le  metal 
so lvent  e x t r a c t i o n  processes from b a s i c  p r inc ip les .  



Sepa ra t i ons ,  cont inued 

SYRACUSE UNIVERSITY 
Syracuse,  New York 13210 

360. PARTICLE DEPOSITION I N  GRANULAR $66,500 
MEDIA 

C. T i en  
Department o f  chemical ' 

Engineering & M a t e r i a l s  Sc ience  

T h i s  s tudy  i s  concerned w i t h  a  fundamental'inve~ti~ation of  p a r t i c l e  
d e p o s i t i o n  a r i s i n ~  f r o m . t h e  flow of a gas-so l id  suspension thraugh a 
g r a n u l a r  medium. The s p e c i f i c  problems t o . b e  considered inc lude  the. 
p r e d i c t i o n  of t h e  r a t e  of depos i t i on ,  t h e  morphology of  d e p o s i t s  and i t s  
e v o l u t i o n ,  t h e  e f f e c t  of  p a r t i c l e  depos i t i on ,  t h e  c l ean ing  of f i l t e r s  by 
backwashing and t h e  de te rmina t ion  of  t h e  cond i t i ons  lead ing  t o  t h e  i onna t ion  
o f  f i l t e r  cakes. Both experimental  and t h e o r e t i c a l  work i s  underway. I n  
t h e  experiment both experimental  f i l t e r s  composed of  sand a s  f i l t e r  g r a i n s  
and specially-made two dimensional model f i l t e r s  a r e  be ing .used .  I n  t h e  
t h e o r e t i c a l  a n a l y s i s  f i l t e r  media a r e  c h a r a c t e r i z e d  by v a r i o u s  porous media 
models bu t  t h e  p r i n c i p a l  model i s  t h e  c o n s t r i c t e d  tube  model proposed 
r e c e n t l y .  The s tudy provides  t h e  necessary b a s i c  informati'on e s s e n t i a l  t o  
t h e  even tua l  development of a  comprehensive g r a n u l a r  f i l t r a t i o n  theory.  

COLUMBIA UNIVERS Im 
New York, New York . 10027 

361. UTILIZATION OF MAGNETIC ISOTOPE 
EFFECTS AS A MEANS OF ISOTOPIC 
ENRICHMENT 

N. J. Tur ro  
Department of Chemistry 

The magnetic i s o t o p e  e f f e c t  i s  be ing  employed a s  a  means of s epa ra t i ng  
magnet ic  isotope 's  from non-magnetic i so topes .  The method is, pri r i p l f ,  
f ~ p p l i ~ a b l ~ ~ ~ o  958a ra t i on  of any magnetic/non-magnet i c e  nuc l ea r  p a i r  ('JC/ C,  

01.  0 ,  U/  u).  I n  one approach, t h e  p h o t o l y s i s  o f  k  ones i n  i c e l l e s  7 5 h a s  been employed a s  t h e  chemica l  b a s i s  f o r  s e p a r a t i o n  of  C from "C. I n  a  
second system, t h e  thermolys i s  of epqoperoxifgs  has  e n  u t i l i z e d  a s  t h e  Ps chemical b a s i s  f o r  a  s e p a r a t i o n  of 0  from 0  and 0. 



Separat ions,  continued 

UNIVERSITY OF CALIFORNIA/IRVINE 
I r v i n e ,  Ca l i fo rn ia  92717 

362. STUDIES OF ISOTOPIC -MASS ' $61,100 02-2 
EFFECTS I N  CHEMISTRY 

M. Wolf sberg 
Department of Chemistry 

An understanding of the e f f e c t  of i s o t o p i c  mass on the  physical  and chemical 
p r o p e r t i e s  of molecules i s  being sought. It i s  f u r t h e r  des i red  t o  p r e d i c t  
t h e  numerical value% of such i so tope  e f f e c t s .  These t h e o r e t i c a l  s t u d i e s  
a r e  .car r ied  out  using t h e  methods of quantum mechanics and s t a t i s t i c a l  
mechanics. . Included among the  e f f e c t s  t o  be s tudied  a r e  isotope e f f e c t s  on 
chemical e q u i l i b r i a  and on reac t ion  ra t e s .  The understanding of i so tope  
e f f e c t s  and t h e  a b i l i t y  t o  c a l c u l a t e  them i s  important because most processes 

. of separa t ing  one i so top ic  spec ies  from another  'depend on i so tope  e f f e c t s .  
S t a t i s t i c a l  mechanical per turbat ion  theory i s  being employed i n  the  e luc ida t ion  
of isotope e f f e c t s  on chemical equ i l ib r i a .  Pe r tu rba t ion  theor  ha been 
c a r r i e d  t o  four th  order  and shown t o  be convergent. Re la t ive  Y80/f60 
i so tope  e f f e c t s  a r e  being inves t iga ted ;  these  e f f e c t s  a r e  of i n t e r e s t  from 
the  point  of view of cosmochemical' prob l e m e  E,xact v i b r a t  ional - ro ta t  iona l  
energies  of small molecules a r e  being ca lcu la ted  by v a r i a t i o n a l  methods. 
These energies  a r e  needed t o  c a l c u l a t e  i so tope  e f f e c t s  on chemical equ i l ib r i a .  

, The Born-Oppenheimer co r rec t ion  has been formulated f o r  polyatomic molecules; 
such a  formulation i s  needed f o r  very p rec i se  c a l c u l a t i o n s  of i so tope  
e f f e c t s .  



Separa t ions ,  continued . 

THE AEROSPACE CORPORATION 
Los Angeles , Cal i fo rn ia  90009 

363. TWO-STEP LASER PHOTODIS SOCIATION 
OF MOLECULES WITH APPLICATIONS TO 
ISOTOPE ENRICHMENT 

P. F. Z i t t e l  
Chemical Physics Department 

The objec t  of t h i s  r e sea rch  is  t o  inves t iga te  the important parameters i n  
th0  proccao of iaotope  separa t ion  by Iwu-sley, isotopically s e l e c t i v e  
photodissociatia11 s f  molecules. The two-step process involves the  i n i t i a l  
v i b r a t i o n a l  e x c i t a t i o n  of a p a r t i c u l a r  i s o t o p i c  species  of a molecule by a 
pulsed in f ra red  l a s e r ,  which i s  followed by photodissociat ion with a pulsed 
u l t r a v i o l e t  l a s e r .  An experimental apparatus whichnuti l izes an on-line, 
sampling mass spectrometer t o  analyze the  products generated by photodissoc- 
i a t i o n  and subsequent chemical scavenging has been developed t o  measure the  
i s o t o p i c  enriclpnent and product y i e l d  of the  two-step process a s  a funct ion  
of various experimental parameters. In  conjunction with the  experimental 
work, an  extens ive  computer modeling c a p a b i l i t y  i s  used t o  s imulate the  
i so tope  separa t ion  process. The r e s u l t s  of experimental and computer 
modeling s t u d i e s  a r e  compared t i d e n t i f y  enrichment l i m i t i n g  processes. Q 1 I n i t i a l  s t u d i e s  a r e  focused on B r  i so tope  enrichment by two-step 
photodissocia t ion  of HBr  , leading t o  subsequent s t u d i e s  involving the  
enrichment of C ,  \ O  and S i so topes  by two-step photodissociat ion of more 
complicated polyatomic molecules. P a r t i c u l a r  emphasis i s  placed on i so topes  
n o t  e a s i l y  enriched by cur ren t  techniques. 



Analysis  

UNIVERSITY OF MASSACHUSETTS 
Amherst, Massachusetts 01003 

364. DYNAMICS OF HEAT, MASS AND MOMENTUM 
TRANSFER I N  AN INDUCTION PLASMA 

Ramon M . Barnes 
Department of Chemistry 

The computer modeling of t h e  f low,  temperature,  concen t r a t ion  and r a d i a t i o n  
d i s t r i b u t i o n s  i n  an  induc t ion  d ischarge  opera ted  a t  a tmospheric  p re s su re  
under cond i t i ons  popular i n  commercial con f igu ra t ions  employed as s p e c t r a l  
e x c i t a t i o n  sources  i s ' t h e  o b j e c t i v e  of t h i s  p r o j e c t .  The computation i s  
based upon the  s o l u t i o n  of s t eady- s t a t e  two-dimensional momentum and energy 
equa t ions  i n  terms of stream func t ion ,  v o r t i c i t y  and en tha lpy  s imul taneous ly  
wi th  one-dimensional e l e c t r i c  and magnetic f i e l d  equat ions  and t h e  phase 
d i f f e r e n c e  between them. Resu l t s  t o  d a t e  have been obta ined  f o r  argon 
induc t ion  d i scha rges  i n  t he  frequency range of  3 t o  27 MHz, and t h e  i n f l u e n c e  
of g r a v i t y  and n a t u r a l  convect ion a s  well a s  shea th  gas  swirl v e l o c i t y  have 
been eva lua ted .  Proper t i e s  of mixed gases  ( n i t  rogen-argon) have been 
eva lua t ed ,  and computation i n  mixed argon-nitrogen d i scha rges  i s  underway. 
P a r t i c l e  t r a j e c t o r y  and evapora t ion  c a l c u l a t i o n s  a r e  i n  p rog res s ,  and 
s p e c t r a l  r a d i a t i o n  r e s u l t s  w i l l  fol low.  Experimental v e r i f i c a t i o n  of 
temperature and flow d i s t r i b u t i o n s  a r e  proceeding i n  p a r a l l e l .  

UNIVERSITY 0F.UTAI-I : 
S a l t  Lake C i t y ,  Utah 84112 

3 65. FOURIER TRANSFORM PHOTOACOUSTIC $52,000 02-3 
KINETIC SPECTBOSCOP~ OF SOLID SURFACES 

Edward M. Eyring 
Department of Chemistry 

A r e c e n t l y  developed r ap id  scan,  Four i e r  t ransform photoacoust ic  spectrometer  
(FTPAS) can measure changes i n  t he  v i s i b l e  abso rp t ion  s p e c t r a  of opaque 
s o l i d  s u r f a c e s  t h a t  a r e  undergoing chemical r e a c t i o n s .  FTPAS i s ' b e i n g  used 
t o  i d e n t i f y  v i s i b l y  co lo red ,  nons to ich iometr ic  copper s u l f i d e  mine ra l s  
appearing i n  t he  e a r l y  s t a g e s  of minera l  l each ing  and t h e  t imes a t  which . 

t h e s e  copper minera ls  succes s ive ly  appear  and d isappear .  This  in format ion  
adds s i g n i f i c a n t l y  t o  t h e  p re sen t  understanding of co r ros ion  processes  i n  
hydrometallurgy . An i n f r a r e d  Four i e r  t r a n s f  orm photoacoust ic  spectrometer  
(IRFTPAS) i s  being cons t ruc ted  and i t s  s i g n a l  t o  no i se  p r o p e r t i e s  a r e  being 
compared wi th  o t h e r  photoacoust ic  spec t rometers  and wi th  o t h e r  i n f r a r e d  
spec t roscopic  instruments .  The IRFTPAS i s  used t o  i n v e s t i g a t e  chemical 
r e a c t i o n s  occurr ing  on opriilw s o l i d  s u r f a c e s  t h a t  do no t  involve  v i s i b l e  
c o l o r  changes. The f i r s t  such s tudy  i s  of  t h e  i n d u s t r i a l l y  important  
s i l v e r  oxide-catalyzed conversion of e thylene  t o  e thy lene  oxide. 
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366. APPLICATIONS OF NUCLEAR AND $50,300 02-3, 
RADIOCHEMICAL TECHNIQUES TO I 

CHEMICAL ANALYS IS 
Harmon L. Finston,  Evan T. W i l l i a m s  
Department of Chemistry 

The program of a p p l i c a t i o n  .of proton-induced X-ray emission t o  var ious  
problems o f ,  % n t e r e s t  is' being contiriued and expanded. Various types  of 
sample pretreatments,  e.g., Schoniger combustion of organic ma te r i a l s ,  and 
both d i f f e r e n t  fus ion  f l u x e s  and fuming with HF a r e  being inves t iga ted  t o  
develop optimum techniques. Inves t iga t ions  of a c t i v a t i o n  a n a l y s i s  by 
i n e l a s t i c  neutron s c a t t e r i n g  a r e  continuing with s p e c i a l  emphasis on those 
elements no t  amenab1.e t o  thermal neutron ac t iva t ion .  Further  s t u d i e s  of 
t h e  homogeneous l iqu id - l iqu id  solvent  e x t r a c t i o n  systems a r e  being performed. 
The e x t r a c t i o n  i n t o  propylene-carbonate of both monodentate l igand and 
b i d e n t a t e  l igand complexes' (o the r  than TTA) a r e  being studied.  .The p roper t i e s  
and ex t rac t ion ,behav io r  of propylene carbonate analogues a r e  a l s o  being 
s tud ied .  Poss ib le  a p p l i c a t i o n s  of  the  homogeneous l iquid- l iquid  solvent  , 

e x t r a c t i o n  t o  i s o t o p i c  enrichment a r e  t o  be inves t iga ted .  

THE AEROSPACE CORPORATION 
Los Angeles , Cal i fo rn ia  90009 

367 . LASER-EXC ITED NONRESONANT 
FLUORESCENT SPECTROSCOPY 

J e r r y  A. Gelbwachs 
Analyt ica l  Sciences Department 

This  program is i n v e s t i g a t i n g  the  advantages of the  newly developed l a se r -  
exc i t ed  nonresonant f luorescence method o f '  t r a c e  elemental ana lys i s  f o r  the  
r e j e c t i o n  of s p e c t r a l  i n t e r f e r e n c e  e f f e c t s  from sample matrix components 
and a n a l y t i c a l  r e se rvo i r s .  The ana ly te  and matrix i n t e r f e r e n t  a r e  placed 
i n  flame and/or  nonflame atomizers i n  which they a r e  i l luminated by a l a s e r  
t o  e x c i t e  the  vaporized analyte.  Optical  emission a t  nonresonant f luorescent  
wavelengths of the  ana ly te  i s  monitored a s  a  funct ion  of o p t i c a l  bandpass 
a t  the  nonresonant wavelength and a s  a  funct ion  of t h e  r a t i o  of i n t e r f e r e n t  
concentra t ions  ' t o  ana ly te  concentraton t o  a s sess  the  s p e c t r a l  in t e r fe rence  
problem. The r e j e c t i o n  of .  i n t e r f e r e n t s  i s  being studied a s  a  funct ion  of 
e x c i t a t i o n  wavelength, l a s e r  i n t e n s i t y ,  b u f f e r  gas,  nonresonant de tec t ion  
wavelength and bandwidth, and de tec t ion  geometry i n  order  t o  optimize 
d e t e c t i o n  s e n s i t i v i t y  and s p e c i f i c i t y .  
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UNIVERSITY OF MARYLAND 
College Park, Maryland 20742 

368. NON-DESTRUCTIVE DETERMINATION OF 
TRACE ELEMENT CONCENTRATIONS ' 

Glen E. Gordon, William B. Walters,  ' 

William H. Zol ler  
Department of Chemistry 

A new method of non-destructive analys is  f o r  a number of elements i n  coals ,  
minerals ,  f l y  ash, waste streams and atmospheric p a r t i c l e s  i s  under development: 
neutron-capture prompt gamma-ray a c t i v a t i o n  ana lys i s ,  PGAA. Samples a r e  
i r r a d i a t e d  i n  a beam of thermal neutrons from a nuclear  reac tor .  Prompt 
gamma-rays emitted £rom the  various elements during i r r a d i a t i o n s  a r e  
observed with high r e s o l u t i o n  germanium detec tors .  The i n t e n t  of t h i s  
p ro jec t  i s  t h a t  of determining the  o r i g i n s  of a l l  gamma rays observed by 
i r r a d i a t i o n  of a wide range of sample types i n  order  t o  f ind  l i n e s  t h a t  can 
be used f o r  ana lys i s  f o r  a s  many elements a s  possible.  The f i n a l  r e s u l t  
w i l l  be the  desc r ip t ion  of the  PGAA method as  applied t o  many mate r i a l s ,  
e spec ia l ly  those of importance i n  t h e  production of energy. The desc r ip t ion  
w i l l  i nd ica te  the  bes t  design of a f a c i l i t y ,  t h e  elements observable, the  
bes t  l i n e s  t o  use f o r  each element and any correc t ions  t h a t  must be made 
f o r  in te r fe rences ,  and a l i s t  of concentrat ions measured i n  many standard 
reference  mater ia ls .  
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3 6 9 .  DEVELOPMEWr OF NEW METHODS FOR 
QUANTIFICATION OF FOSSIL FUELS 
BY MASS ' SPECTROMETRY - 

W. Sieck 
Chemical Thermodynamics Div is ion  

New methods a r e  being developed f o r  the  r ap id  chemical ionization-mass 
spec t rome t r i c  sc reening  and quant i . t a t  i on  of ee l ec t ed  components i n  pe trw 
p r n d i 1 ~ t . s ~  Th'o c a t i s n i c  ana lyses  invdive  photoionizatdnn. nf variouo oolvents  
f o r  f u e l  samples i n  o r d e r  t o  produce s p e c i f i c  reagent  f u e l .  Negative i o n  
s p e c t r a  of a r o m a t i c  d e r i v a t i v e s  a r e  obta ined  b y . 0 ~ -  r e a c t i o n s ,  where 
O H  i s  .generated by t h e  r e a c t i o n s  of 0-, from N 0 ,  wi th  a l i p h a t i c  

2 s o l v e n t s  f o r  l i q u i d  f u e l s .  Both methods provide  two minute turn-around 
t imes between succes s ive  samples and ba tch  i n t r o d u c t i o n ,  and e l imina te  t h e  
n e c e s s i t y  f o r  p r i o r  s e p a r a t i o n  of f r a c t i o n a t i o n .  Quan t i t a t i on  of aromatic  
components by molecular  weight is  c a r r i e d  out us ing  deuter ium-label led 
marker compounds ( i s o t o p e  d i l u t i o n ) ,  and i t ' a p p e a r s  t h a t  t h e  type of  
in format ion  provided by t h e  mass s p e c t r a  a r e  i d e a l l y  s u i t e d  t o  q u a l i t y  
c o n t r o l  dur ing  petroleum re f in ing .  A f e a s i b i l i t y  s tudy  concerning the  use 
of  pho to ion iza t ion ,  a s  opposed t o  e l e c t r o n  impact,  i n  mass spectrometers  
which a r e  d i r e c t l y  i n t e r f a c e d  wi th  l i q u i d  chromatographs, i s  a l s o  i n  
progress .  
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370. CHEMICAL REACTIONS AND TURBULENCE $49,000 02-4 
R. Chevray 
Department of Mechanical Engineering 

High q u a l i t y  da ta  a r e  being obtained f o r  .a  well-defined turbulent  s i t u a t i o n  
- a two-dimensional mixing l aye r  - i n  which chemical r eac t ions  wi th  .a known 
simple kinet ic .scheme take place. Additional complexities of f i n i t e  hea t  
r e l e a s e  a r e  a ~ o i d e d  by use of small concentrat ions f o r  the  reac t ion .  chosen 
(NO + O3 + NO + 0 + NO + hV + 0 ) . Large, Reynolds numbers, small  d i l u t i o n  
numbers, l a r g e  reacgion s h e d  numbels and severa l  concentra t ion  r a t i o s  a r e  
being inves t iga ted .  On t h e  t h e o r e t i c a l  s ide ,  e f f o r t s  a r e  d i rec ted  a t  
pred i c  t ions  using the  promising formulat ions i n  terms of p r o b a b i l i t y  
d e n s i t i e s  and conditioned moment and p robab i l i ty  equations. While intermediate . 
r e s u l t s  a r e  of much i n t e r e s t  by themselves, t h i s  program i s  aimed, i n  the  

. '  . longer t e r m ,  a t  gaining p r a c t i c a l  i n s i g h t  i n t o  the  problem of tu rbu len t  
combustion. The process o£ mixing from macroscopic t o  molecular. s c a l e s ,  
and the  subsequent chemical r eac t ion  of two chemical spec ies  a r e  being' 
inves t iga ted  sys temat ica l ly  and exhaust ively.  

STANFORD UNIVERSITY 
Stanford,  Ca l i fo rn ia  94305 

3 71. FUNDAMENTAL. STUDf ES OF FLUlU 
MECHANICS AND HEAT TRANSPORT 

. I N  POROUS MEDIA 
G. M. Homsy 
Department of Chemical Engineering 

Work i s  underway on two fundamental problems i n  f l u i d  flow and hea t  
t r anspor t  i n  porous media. The f i r s t  i s  a computational study of t h e  
p robab i l i ty  of occurrence of two- o r  three-dimensional convection p a t t e r n s  
i n  porous media heated from below. E a r l i e r  work has indica ted  t h a t ,  f o r  
parameters above a c e r t a i n  value,  both 'two and th ree  dimension convection 
p a t t e r n s  can e x i s t .  It i s  important t o  a s s ign  a p robab i l i ty  of occurrence 
t o  each of these  convection modes, s o  t h a t  t h e i r  engineering s ign i f i cance  
can be  assessed.  Modern computational techniques a r e  being used t o  
c a l c u l a t e  t h i s  p robab i l i ty .  The second problem i s  a combined t h e o r e t i c a l  
and experimental study of slow flow of complex f l u i d s  through porous 
media. F lu ids  a r e  being charac ter ized  i n  the  context  of a r e s t r i c t e d  
c l a s s  of c o n s t i t u t i v e  equations and flow behavior; then  t h e i r  response 
during flow i n  packed beds i s  measured. F i n a l l y ,  t h e o r e t i c a l  p red ic t ions  
f o r  the  case of d i l u t e  p a r t i c l e  concentra t ions  a r e  being made t o  genera l ize  
Darcy's law and aid i n  c o r r e l a t i o n  of r e s u l t s  i n  terms of ma te r i a l  constants .  
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372. TRANSPORT AND PHASE EQUILIBRIA 
I N  I$ULTICOMPONENT FLUIDS 

J. M. Kincaid 
Thermophysics Division 

$73,600 02 -4 
(18 months) 

The purpose of t h i s  p r o j e c t  is t o  develop and Implement simple, but  accura te ,  
techniques t o  t r e a t  t h e  t r anspor t  and phase t r a n s i t i o n  p roper t i e s  t o  
multicomponent, mult iphase systems. There a r e  th ree  b a s i c  aspects  nf the 
p r o j t x  t: (1)  rhe development of new techniques t o  study multicomponent 
systems; (2) the  " t r ans la t ion"  and adapta t ion  of rcccnt  t h e o r e t i c a l  advaneee 
i n  t r anspor t  and phase t r a n s i t i o n  phenomena t o  forms usable t o  the  energy 
technologies ,  e s p e c i a l l y  r eac to r  s a f e t y  programs; (3) approximation assessment 
and implementation. A l l  t h ree  of these  a r e a s  can be expected t o  advance 
the  understanding of m u 1  ticomponent f l u i d s  a t  h igh temperatures on a shor t  
term b a s i s ,  a s  wel l  a s  ensuring progress on long term aspects  of the  
problem. 

UNIVERSITY OF CALIFORNIA/DAVIS 
Davis, Ca l i fo rn ia  95616 

373. CUMYU'I'EK MODELING OF TURBULENT $53,600 02-4 
JETS W I T H  CHEMICAL REACTION (17 months) 

B. E. Launder, H. A. Wyer 
Department of Mechanical Engineering 

This work in tends  t o  improve the  r e l i a b i l i t y  with which the  flow and 
combust i o n  c h a r a c t e r i s t i c s  of t u r b u l e n t  flames may be predicted.  The 
work focuses one by one on d i f f e r e n t  c h a r a c t e r i s t i c s  of tu rbu len t  j e t s  
( t h e  bas ic  flow conf igura t ion  of a l a r g e  number of tu rbu len t  flames) 
inc luding l a r g e  dens i ty  v a r i a t i o n s  and swirl.. The way t h a t  these d i f  f erelrl; 
f a c t o r s  modify the t u rbu len t  mixing processes i n  the  jet i s  being analysed; 
t h e r e a f t e r  mathematical models of the  e f f e c t s  a r e  t o  be devised. The 
adequacy of t h e  modeling i s  assessed using numerical s o l u t i o n  of t h e  
d i f f e r e n t i a l  conservation equations incorpora t ing  the  proposed models f o r  
t e m s  represent ing  t h e  various turb111,ent i n t o t a c  t i o n s  . 
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3 74. THERMOCHEMICAL PROCESSES FOR HYDROGEN 
PRODUCTION BY WATER DECOMPOSITION 

D. D. Perlmutter  
Department of Chemical Engineering 

$110,000 02-4 
(2 y e a r s )  

The objec t ives  of t h i s  research  a r e  t o  de r ive  and t e s t  models f o r  s imulat ing 
the hea t  and mass t r a n s f e r  processes i n s i d e  r o t a r y  sol id-gas r e a c t o r s ;  t o  
e s t a b l i s h  t h e  e f f e c t s  of su r face  renewal of s o l i d s  on the  mass t r a n s f e r  
phenomena; and t o  compare t h e  r e s u l t s  with ' s t a t i c  packed bed reac to r s .  
This work r e l a t e s  t o  gas-solid r eac to r  des ign which i s  important t o  a  
number of thermochemical cyc les  f o r  producing hydrogen a s  we l l  a s  o the r  
technologies concerned with r eac t ions  of ' so l ids  where hea t  and mass t r anspor t  
occur. 

UNIVERSITY OF CALIFORNIA~SANTA BARBARA 
Santa Barbara, Ca l i fo rn ia  93106 

375. TRANSPORT AND REACTION I N  POROUS 
MEDIA SUPPORTING CATALYT I C  AND 
NON-CATALYT I C  LIQUIDS 

R. G. Rinker 
Chemical and Nuclear Engineering 

Department 

The main ob jec t ive  of t h i s  program i s  t o  ob ta in  a ' b a s i c  understanding of 
t h e  behavior of supported l i q u i d  phase c a t a l y s t s  (SLPC), which have s ign i f -  
i c a n t  po ten t i a l  f o r  use i n  chemical energy development. To meet t h i s  
ob jec t ive ,  e f f o r t s  have been d i rec ted  along th ree  coupled l i n e s  of a t t a c k ,  
namely, (1 )  developing and experimentally t e s t i n g  a genera l  model f o r  
predic t ing  t ranspor t  of gaseous spec ies  i n  genera l  porous media having 
varying amounts of l i q u i d s  i n  the  pores; (2 )  developing and experimental ly 
t e s t i n g  a d i spe r s ion  model f o r  wett ing l i q u i d s  i n  genera l  porous media 
having unimodal and mu1 timodal pore ' s t r u c t u r e s  ; and (3)  inves t iga t ing  the  

.fundamental mechanistic and k i n e t i c  behavior of c e r t a i n  homogeneous c a t a l y s t s  
cons i s t ing  of mononuclear and/or c l u s t e r  organometallic complexes dissolved 
i n  nonvola t i le ,  s t a b l e  l i q u i d s  f o r  p o t e n t i a l  use i n  SLPC. With s u f f i c i e n t  
understanding i n  these  a r e a s ,  i t  w i l l  then be poss ib le  t o  p red ic t  with 
reasonable confidence the  e f fec t iveness  of SLPC systems, and t h i s  c a p a b i l i t y  
i n  t.urn w i l l  permit design of r e a c t o r s  fur  cl!el.tical procesaeo uoing SLPC o r  
modif ica t ion  thereof .  
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3 7 6. FUNDAMENTAL HEAT TRANSFER PROCESSES $50,000 02 -4 
RELATED TO PHASE CHANGE THERMAL 
STORAGE MEDIA 

. . E. M. Sparrow, J. W. ~ a m s e ~  
Department of Mechanical Engineering 

A program is being performed t h a t  is d i rec ted  a t  ident i fy ing the  dominant 
hea t  t r a n s f e r  coefficients f o r  phase cllange thermal storage.  The focus of 
t h e  research includes  s t u d i e s  of meltfng i n  bulk s torage  conf igura t ions ,  
mel t ing  i n  encapsulated s to rage  media, and  s o l i d i f i c a t i o n  problems associated 
with heat  ext rac t ion.  Special  considerat ion is being given t o  the  r o l e  of 
n a t u r a l  convection i n  t h e  f reezing and melting process and t o  i t s  e f f e c t  
e i t h e r  i n  augmenting or  de te r io ra t ing  s torage  and ext rac t ion.  In  the main, 
t h e  research i s  experimental.  Numerical so lu t ions  a r e  being undertaken f o r  
one of the bulk s to rage  problems i n  order t o  develop t h i s  capab i l i ty .  

STATE UNIVERSITY OF NEW YORK/SToNY BROOK 
Stony Brook, New York 11974 

.37 7. TRANSPORT' PROPERTIES. OF $75,000 02 -4 
MULTIPHASE SYSTEMS . (18 months) 

G. R. Sce l l  
Department of Mechanical Engineering 

f 
Development of a comprehensive microscopic theory of t r anspor t  i n  multi- 
component system's i s  underway with spec ia l  emphasis on the  t r anspor t  
p roper t i e s  of (i) multicomponent f l u i d  mixtures t h a t  phase-separate under 
changes of temperature and concentrat ion,  ( i i )  two-phase mate r i a l s  i n  which 
one of the  phases i s  f l u i d  and the  o the r  a porous medium or  suspension of 
p a r t i c l e s  ( f lu id ized  bed) . 
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378. EXPERIMENTAL AND THEORETICAL 
STUDIES .OF DENSE FLUID MIXTURES 

W. B. S t r e e t t ,  K. E.,Gubbins 
School of Chemical Engineering 

The work performed i n  t h i s  program c o n s i s t s  of two p a r t s :  ( a )  experimental  
s t u d i e s  of t h e  equat ion  of s t a t e  of  s e l e c t e d  mixtures  (PVT measurements), 
a t  temperatures  between 70 and 500 K ,  and p re s su res  t o  4,000 atmospheres; 
and (b )  t h e o r e t i c a l  s t u d i e s  of dense f l u i d  mixtures  by means of p e r t u r b a t i o n  
methods. Mixtures being s tudied  inc lude  H , CO, CO , C H2,  SO3, CHaOH, HC1,  
and o t h e r  f l u i d s .  This  work i s  coord ina te8  wi th  coAput$r simu a t i o  
s t u d i e s  and high-pressure phase equ i l i b r ium experiments on s i m i l a r  systems. 
The long '  term goal  is  the  development of r e l i a b l e  methods, based on s t a t i s -  
t i c a l  mechanics and in te rmolecular  p o t e n t i a l  t heo ry ,  f o r  c o r r e l a t i n g ,  
e x t r a p o l a t i n g  and p red ic t ing  t h e  phys ica l  and thermodynamic p r o p e r t i e s  of , 

dense f l u i d s .  



BES ou t l ay  funds a r e  divided among opera t ing ,  equipment and const ruct ion  
funds. Equipment funds a r e  provided primari ly t o  DOE labora to r i e s .  
(Operating funds provided t o  o ther  con t rac to r s  a r e ' u s e d  f o r  a l l  c o s t s ,  
inc luding purchase of necessary-  equipment.) Chemical Sciences FY 1979 
Equipment Funds w e r e  assigned a s  fol lows.  

Equipment Funds 
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Ames Laboratory 
Argonne National Laboratory 
Atomics In ternat iondl , ,  Inc. , 

Bar t l e s v l l l e  Energy Technology Center 
  rook haven National h b o r a t o r y  
Lawrence Berke'ley 'Laboratory 
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Los Alamos S c i e n t i f i c  Laboratory 
Morgantown Bnergy .Technology Center 

. . Mound F a c i l i t y  
No tr e 'Dame Radiat ion Labciratory 
Oak Ridge National  Laboratory 
P a c i f i c  Northwest Laboratory 
P i t t sburgh  Energy Technology Center 
Sandia Laboratories/Albuquerque 
Sandia Labora to r i e s /~ ive rmore  
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