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Abst rac t  : 

The s e t  of Pd/Si02 c a t a l y s t s  descr ibed i n  Report COO-4254-3 has been 

f u r t h e r  charac te r ized  by in - s i t u ,  con t ro l l ed  atmosphere x-ray d i f f r a c t i o n  

s tud ie s .  In-s i tu  r e a c t i o n  s t u d i e s  have a l s o  been conducted f o r  methyl- 

cyclopropane hydrogenolysis and t h e  formation of palladium hydride has 

been de t ec t ed  f o r  t h e  f i r s t  time during a  c a t a l y t i c  r eac t ion .  

I s o t o p i c  exchange between cyclopentane and deuterium has been inves t i -  

gated f o r  . the  s e r i e s .  This  r e a c t i o n  i s  s t r u c t u r e  s e n s i t i v e  wi th  t h e  turnover  

number increas ing  monotonically wi th  percentage metal exposed. S e l e c t i v i t y  

f o r  exchange is a l s o  s t r u c t u r e  s e n s i t i v e ,  wi th  t h e  r a t i o  of d  /d s t e a d i l y  
10  5 

dec l in ing  wi th  increas ing  percentage exposed. This  change i n d i c a t e s  r o l l o v e r  

of cyclopentane is  more d i f f i c u l t  on smal le r  p a r t i c l e s  of Pd. We have a l s o  

completed t h e  study of propylene hydrogenation on our  previous Pt/SiU2 s e r i e s .  

Some years  ago we repor ted  one set of r e s u l t s  f o r  t h i s  system; however, that 

w a s  p r i o r  t o  our  discovery t h a t  t h e  s t r u c t u r e  s e n s i t i v i t y  of t h e  methyl- 

cycopropane and cyclopentane r e a c t i o n s  could be a l t e r e d  a t  w i l l  by t h e  pre- 

treatment procedures. S imi la r  behavior has now been found f o r  t h e  hydrogena- 

t i o n  of propylene, a l though t h e  p a t t e r n s  of s t r u c t u r e  s e n s i t i v i t y  d i f f e r .  

The mean square amplitude of v i b r a t i o n  of t h e  P t  atoms (measured wi th  

x-rays) has been obtained i n  s i t u  i n  d i f f e r e n t  gas environments; i t  has been 

found t o  i nc rease  wi th  increas ing  temperature of H2 reduct ion  during pre- 

t reatment .  We a r e  nowattempting t o  c o r r e l a t e  t h i s  wi th  t h e  observed changes 

i n  s e n s i t i v i t y .  Only f o r  low p e r c e n t ~ P t  exposed i n  t h e s e  c a t a l y s t s ,  we f ind  

t h a t  P t  changes form wi th  increas ing  temperature of hydrogen reduct ion  during 

pretreatment .  The volume f r a c t i o n  determined from t h e  a r e a  of t h e  d i f f r a c t i o n  

peak decreases  appreciably.  An examination of t h e  P t  f luourescent  x-rays how- 

ever,, shows t.hat , the P t  i s  s t i l l . , p r e s , en t .  This .impl,iies t h a t  e i t h e r  t h e  P t  is 

d isso lved  i n  t h e  support ,  o r  ir has broken up i n t o  very f i n e  p a r t i c l e s .  S tudies  



of small  angle ,  x-ray s c a t t e r i n g  a r e  underway; i f  t h e r e  a r e  f i n e  p a r t i c l e s  

t h e s e  w i l l  be  de tec ted  in t h i s  measurement. 

WORK ACCOMPLISHED SINCE REPORT COO-4254-3 TO 1 MARCH, 1981 

I. Pd/Si02 Ca ta lys t s  

A. Chemical Reac t iv i ty  

A complete d e s c r i p t i o n  of t h e  prepara t ion  and p r o p e r t i e s  of t h e  Pd/SiO 2 

series has been given i n  t h e  l a s t  r epo r t .  Of t h i s  s e r i e s ,  t h e  bulk  of our  

r ecen t  s t u d i e s  has been c a r r i e d  o u t  with percentage exposures of 13.8, 29.3, 

2+ 
4918, 65.8 and 79.1, a l l  prepared v i a  ion  exchange wi th  Pd (NH3)4 . 

I s o t o p i c  Ejtchange Between Cyclopentane and Deuterium. This  r e a c t i o n  

was inves t iga t ed  on a l l  of t h e  Pd/Si02 c a t a l y s t s  a t  a D2/cyclopentane r a t i o  

of 13. Measurement on a given batch of c a t a l y s t  was made a t  t h e  following 

success ive  temperatures ,  40, 55, 70 and 40 '~ .  A t  l e a s t  two samples of each 

c a t a l y s t  were examined. A flow of D2 a t  4 0 ' ~  preceded t h e  f i r s t  det i rmina-  

t ion. 

When c a t a l y s t s  were p re t r ea t ed  by t h e  s tandard pretreatment ,  02, 300'; 

H2,  300'; H e ,  450°, cool  in He, t h e  o v e r a l l  r a t e  of exchange was s t r u c t u r e  

0 
s e n s i t i v e .  A t  55 C ,  t h e  turnover  frequency per  su r f ace  atom of Pd, N t ,  

-3 -1 
increased monotonically from 1.5 x 10 sec  on Pd/Si02 of percentage 

-3 -1 
exposed, Dh, equal  29.3% t o  8.78 x 10  s e c  on 79.1%. Act iva t ion  energ ies  

-1 
were a l l  i n  t h e  range 19-22 kca l  mol , t h a t  is,  ind i s t i ngu i shab le  t o  wi th in  

our experimental e r r o r .  

W e  were u n a b l e t o  secure  reproducib le  r a t e s  wi th  13.8% Pd/Si02 and w e  

have c o t  y e t  found t h e  o r i g i n  of t h e  v a r i a t i o n  i n  a c t i v i t y .  It does no t  

appear t o  l i e  i n  varying amounts of fo rna t ion  of PdH s i n c e  a flow of D2 a t  

OOC before  r e a c t i o n  d id  no t  lead  t o  reproducib le  r a t e s .  



The proport ions of t h e  var ious  exchanged spec ies ,  dl-d10 were a l s o  

s t r u c t u r e  s e n s i t i v e .  I n  p a r t i c u l a r ,  a l though d c o n s t i t u t e d  a l a r g e  and 
5 

nea r ly  cons tan t  f r a c t i o n  of a l l  exchanged spec i e s ,  t h e  r a t i o ,  d /d 
10 5' 

s t e a d i l y  decl ined wi th  increas ing  percentage exposed: a t  5 5 O ~ ,  from 0.4 

a t 2 9 . 3 %  t o  0.2 a t  79.1%. This  change accords wi th  t h e  view t h a t  r o l l o v e r  

. is  more d i f f i c u l t  on smaller  p a r t i c l e s  of Pd. 

Two Pd/A1203 c a t a l y s t s  were a l s o  examined. One had been used f o r  t h i s  

r e a c t i o n  some years  ago (J. A m e r .  Chem. Soc., 88, 4549 (1966)).  It was 

found t o  have a Dh of 14.9%. N was a l i t t l e  g r e a t e r  than f o r  Pd/Si02, 
t 

but  s e l e c t i v i t i e s  were d i f f e r e n t ,  i n  p a r t i c u l a r ,  d /d w a s  1. An Engelhart  
10  5 

PdlAl 0 (Dh = 27.8%) gave an  Nt  twice a s  l a r g e ,  about t h e  same d /d but  
2 3 10  5 

t h e  r e l a t i v e  proport ions of d and d10 were considerably smal le r .  5 

The exchange r e a c t i o n  was a l s o  examined on t h e  Pd/SiO c a t a l y s t s  2 

a f t e r  t h e  pretreatment  0 300'; D 2 ,  450' cool  i n  D2.  Unlike t h e  case  of 2 ' 
t h e  s tandard pre t rea tment ,  N va r i ed  l i t t l e  wi th  D and i t  w a s  equal  about 

t h 
-1 

t o  2.5 x 10-3 sec  . Also, t h e  r a t i o  d / d  was nea r ly  s t r u c t u r e  i n s e n s i t i v e  10 5 

and about 0.2. 

Because of problems i n  understanding t h e  e f f e c t  of pre t rea tments  i n  

which a cafaLyot is  cooled i n  hydrogen from 450°c, t h r e e  P t /S i02  c a t a l y s t s  

were exposed t o  t h e  fol lowing pretreatment:  02, 300'; H2, 450'; cool  i n  

H2 t o  2 5 ' ~ ~  A r ,  25450° ,  cool  i n  A r  t o  25O0. Dh was then  measured by 

hydrogen chemisorption. Values were lower than a f t e r  02, 300'; H 2 ,  300°, 

A r ,  450'. It appeared poss ib l e  t h a t  t he  lowered va lue  of D r e s u l t e d  from 
h 

0 
some form of hydrogen which adsorbs a t  450 C bu t  not  a t  3 0 0 ' ~  and which i s  

0 
n o t  f u l l y  removed by A r ,  450'. Accordingly, samples cooled from 450 C 

0 
i n  K2 were heated t o  450 C i n  flowing A r  and t h e  amount of hydrogen which 

desorbed w a s  measured. 'The caeafysc w a s  Lhel: tkeated to 5 0 0 ~ ~  and t h c  dc- 

sorbed hydrogen was measured. Resul t s  a r e  given below. 



'Desorbed H is  given a s  (H atoms d e s o r b e d ) / ( t o t a l  atoms of P t )  x 100. The 
2 

c a t a l y s t  of D = 6.3 cooled i n  A r  a f t e r  H2,  450' holds much more hydrogen 
h 

than t h a t  corresponding t o  a monolayer. .Some of t h i s  hydrogen is  not  re -  

moved i n  A r  a t  450' during one hr. Removal a t  500 '~  appears t o  be complete. 

I f  a sample cooled i n  U2 from 4 5 0 ' ~  is  heated i n  A r  t o  5 0 0 ' ~  and cooled 

0 t o  2 5 ' ~  i n  Ar o r  i f  02, 300'; H2 ,  450°+250; A r ,  450 is t r e a t e d  02, 450'; 

0 

H2 ' 300';; H2, 300'; A r ,  450' and i f  H chemisorption is  then run a t  25 C ,  2 

normal va lues  of D a r e  obtained f o r  a l l  c a t a l y s t s .  Thus, some form of ad- h 
0 

sorbed hydrogen is  generated a t  450 C which i s  much more s t rong ly  held than  

U adsorbed a t  25' o r  3 0 0 ~ ~ .  I n  view of t h e  e f f e c t  of t h i s  hydrogen upin  
2 

t h e  apparent  va lue  of D h ,  it is  not  l i k e l y  t h a t  i t  is "spilled-over hydrogen" 

on t h e  s i l i c a  sur face .  Re la t ive  t o  P t  t h e  amount of e x t r a  adsorbed hydro- s ' 
gen a t  4 5 0 ' ~  i s  t h e  l a r g e s t  on t h e  l a r g e r  p a r t i c l e s .  

The apparatus  used f o r  measurement of Dh by hydrogen chemisorption and 

t h a t  used f o r  i s o t o p i c  exchange between deuterium and cyclopentane had under- 

gone va r ious  modif icat ions s i n c e  t h e i r  . cons t ruc t ion  some yea r s  ago. It was 

f e l t  that t h e  time t o  r a t i o n a l i z e  t h e  a p p a r a t i i  had come. Therefore,  t h e  

months of January and February were spent  i n  dissembling t h e  o ld  apparatus  

and bui ld ing  t h e  new ones. 

B. I n  S i t u  X-ray Study of Methylcyclopro&ane Hydrogenolysis 

I n  e a r l i e r  s t u d i e s  of t h e  c a t a l y t i c  a c t i v i t y  of P t /S i02  f o r  t h i s  r e a c t i o n  

i t  was noted' t h a t  some c a t a l y s t s  were much more a c t i v e  a f t e r  t h e  s tandard 

pre- t reatment  than f o r  a s i m i l a r  pretreatment  i n  which t h e  ma te r i a l s  were 

cooled t o  r e a c t i o n  temperature i n  hydrogen r a t h e r  thon*hel.ium. This was 



noted, however, only f o r  fwo c a t a l y s t s  of lower Dh, 13.8 and 29.3%. A 

poss ib l e  i n t e r p r e t a t i o n  of t h i s  is  t h e  forn?at imof an i n a c t i v e  o r  l e s s  

a c t i v e  hydride phase on t h e  l a r g e r  Pd c r y s t a l l i t e s  when cooled i n  hydrogen. 

To i n v e s t i g a t e  t h i s  mat te r ,  i n - s i t u  x-ray s t u d i e s  were c a r r i e d  out  

v i a  flow experiments using t h e  c e l l  shown i n  Figure 1. The sequence f o r  

t h e  measurements is given i n  Figure 2 and t h e  d i f f r a c t i o n  peaks a t  va r ious  

s t ages  a r e  presented i n  Figures  3-5 f o r  t h e  c a t a l y s t  wi th  Dh = 13.8%. 

The s to red  c a t a l y s t  was f i r s t  scanned t o  l o c a t e  t h e  28 p o s i t i o n  of 

maximum i n t e n s i t y  f o r  t h e  Pd 111 peak. By remaining a t  t h a t  28 p o s i t i o n  

and po in t  counting every 10 seconds, any phase t ransformation of palladium 

i n t o  palladium hydride can be de tec ted  by t h e  change in i n t e n s i t y .  Hydro- 

gen is then passed over t h e  c a t a l y s t  and t h e  po in t  counting continued. It 

is seen i n  Fig.  6a tt$t t h e  i n t e n s i t y  was reduced almost t o  t h a t  of t h e  

background wi th in  20 seconds of s t a r t i n g  t h e  hydrogen flow. The flow was 

then switched t o  helium a t  t h e  same flow r a t e .  There was a  r ap id  inc rease  

i n  t h e  i n t e n s i t y  counts  t o  t h a t  of t h e  pure palladium peak but  only a f t e r  

120 seconds, Fg. 6b. The presence of t h i s  induct ion  period has a l s o  been 

confirmed a t  t h e  pos i t i on  of t h e  palladium hydridge 111 peak where t h e  r e v e r s e  

changes occurred. . The hydrogen-helium flow cyc le  was repeated seven times 
, , 

and t h e  r e s u l t s  were reproducible .  S imi la r  r e s u l t s  were a l s o  obtained wi th  

t h e  c a t a l y s t  a f t e r  s tandard pretreatment .  Since t h e  dead space i n  t he  

copper tubing connecting t h e  r e a c t i o n  system and t h e  in - s i t u  c e l l  was e s t i -  

mated t o  be 30-40 cc  and t h e  flow of hydrogen and helium were both maintained 

a t  180 cc/min, t hese  r e s u l t s  suggest t h a t  hydride formation is  almost in-  

s tantaneous,  however, i ts  removal appears  t o  be a u t o c a t a l y t i c .  This  h y s t e r e s i s  

has a l s o  been de tec ted  i n  t h e  absorption-desorption isotherm. 
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Af ter  t h e  s tandard pretreatment  of t h e  c a t a l y s t ,  B hydride (% 50 pc t )  

w a s  formed during t h e  r e a c t i o n  (hydrogenolysis a t  20% conversion) a s  shown 

in Fig. 3 .  However, i f  t h e  hydride phase is formed during t h e  Frctreatment  

0 
(% 90 pc t  hydride when cooled from 450 C i n  hydrogen) a s  shown in Fig.  5,  

i t  was no t  per turbed by t h e  r e a c t i o n  mixture.  The hydride formed i n  both 

cases ,  however, could be removed by a s h o r t  purge of helium e i t h e r  a t  2 5 ' ~  

o r  O'C. Ca ta lys t  wi th  D+ = 29.3% showed t h e  

same t r ends  but  less hydride was formed by t h e s e  t reatments  (80 pc t  v s  90 

p c t ) .  The decrease i n  a c t i v i t y  when hydride forms is perhaps due t o  t h e  

f i l l i n g  of t h e  Pd 'dl  band by t h e  Is e l e c t r o n  of t h e  hydrogen o r  t o  t h e  

formation of a new (bulk d) band s t r u c t u r e  f o r  t h e  hydride. 

During hydrogenolysis,  C H + H2 -t C4HI0, hydrogen adsorbs on t h e  sur-  
4 8 

f a c e  of t h e  palladium p a r t i c l e s  t o  form H* and su r f ace  H* r e a c t s  wi th  ad- 

sorbed C4H8 t o  form C4H10. The v i r t u a l  pressure  of hydrogen from H* must 

be less than G2 i n  t h e  gas phase i f  t h e  hydrogenolysis i s  t o  occur a t  a 

f i n i t e  r a t e .  A t  a p a r t i c u l a r  temperature,  t h e  va lue  of t h e  v i r t u a l  pressure  

during hydrogenolysis w i l l  depend upon t h e  r a t e  cons tan t  f o r  adsorp t ion  of 

hydrogen, upon t h a t  f o r  r e a c t i o n  of adsorbed hydrogen, and upon P+* and PCqH8. 

When we s t a r t  wi th  c a t a l y s t  in t h e  Pd form, t h e  r a t i o  PdH/Pd was % 0.5 during 

r eac t ion ,  a l though t h e r e  i s  some v a r i a t i o n  i n  t h e  r a t i o .  From t h i s  r e s u l t ,  

i t  can be  concluded that t h e  v i r t u a l  pressure  of H2 is s l i g h t l y  l e s s  than 

$2 ' 
Perhaps t h e  r e s i d u a l  Pd c o n s i s t s  of those  p a r t i c l e s  of Pd too small  t o  

form PdH a t  t h e  v i r t u a l  p re s su re  of H2 i n  e f f e c t ,  i.e., a l a r g e  f r a c t i o n  of 

t h e  m e t a l l i c  a r e a  is assoc ia ted  wi th  smaller  p a r t i c l e s  i n  t h e  Pd form. Of 

course,  t h e  v i r t u a l  pressure  i t s e l f  may be a f f e c t e d  by var ious  kinds of non- 

uniformity i n  t h e  palladium p a r t i c l e s .  However, when we start wi th  c a t a l y s t  

i n  t h e  PdH £ o m ,  no PdH i-s converted t o  Pd during flow of t h e  hydrogenolysis 



mixture f o r  19 min. Apparently, then,  t h e r e  a r e  two s teady  s t a t e s  depend- 

ing upon whether t he  c a t a l y s t  is i n i t i a l l y  i n  t h e  Pd o r  i n  t h e  PdH form. 

Presumably t h e  l a c k  of conversion of PdH t o  Pd is  a s soc i a t ed  wi th  t h e  in- 

duc t ion  period observed i n  t h e  conversion of PdH t o  Pd i n  flowing helium. 

Thus, PdH + Pd would be f a s t  only when t h e  v i r t u a l  p re s su re  of hydrogen 

was s u b s t a n t i a l l y  below t h e  equi l ibr ium va lue  of &2. 

C .  Other X-Ray Charac ter iza t ion  S tudies  

The deuter ide  has been de tec ted  a t  room temperature i n  c a t a l y s t s  with 

Dh = 13.5% and 29.8% t r e a t e d  wi th  D ins tead  of Hz. A s  w i th  t h e  hydride, 2 

a flow of He a t  room temperature completely reconver t s  t h e  deuter ide  to pd. 

However, un l ike  t h e  hydride,  t h e  co'nversion t o  PdDOm7 is e s s e n t i a l l y  100 pc t  

complete. 

11. Pt/SiO, Ca ta lys t s  

A. Rydrogenation of Propyl-ene 

A Sequence of turnover  frequency measurements was conducted f o r  t h i s  

r e a c t i o n  a t  -53O~ and H ~ / c ;  of. 19/1. The s tandard pretreatment  sequence 

here  w a s  t h e  same a s  t h a t  descr ibed i n  t he  previous sec t ion .  I n  t he  v a r i a b l e  

reduct ion  temperature experiments t h e  hea t ing  i n  H e  t o  450°C was omitted and 

cool ing t o  r e a c t i o n  temperature a f t e r  reduct ion  was conducted i n  H2. These 

a r e  denoted by VRT(T), where (T) i s  t h e  temperature of hydrogen pretreatment  

0 
C.  

0 
Turnover f requencies  f o r  t h e  formation of propane a t  -53 C a s  a func t ion  

of percentage exposed (Dh) f o r  s tandard pretreatment  a r e  shown i n  Figure 

7. The hydrogenation r e a c t i o n  i s  midly s t r u c t u r e  s e n s i t i v e  wi th  an  approximate 

two-fold change i n  turnover  frequency a s  D changes from 6.3% t o  81X. The 
h 

,-:effect .of D .on turnover  frequency is  hig-her .at l a r g e  va lues  of D and i t  
h h 

l e v e l s  off  a t  Dh 2 20%. Act iva t ion  energ ies  f o r  fou r  of t h e  c a t a l y s t s  



7 

were determined and a r e  given 5n Table 1.. It is apparent  t h a t  t h e  ac t iva -  

t i o n  energy f o r  t h i s  r e a c t i o n  is independent of t h e  percentage platinum 

exposed. 

TABLE 1 

Act iva t ion  Energies of Pt/SiO C a t a l y s t s  f o r  Propylene; 
Standard Hydrogenation ~ r e g r e a t m e n t  Condition 

Ca ta lys t  Eact (Kcal/mole' 

63-S i02-Ion X-S 

81-S i 02-Ion X-S 8.58f0.5 

I n  previous work we have shown t h a t  t h e  s t r u c t u r e  s e n s i t i v e  behavior 

of t h e  Pt/SiO series w a s  dependent upon t h e  temperature of pretreatment  2 

i n  hydrogen before  car ry ing  ou t  t h e  r e a c t i o n ,  f o r  both methylcylcopropane 

hydrogenolysis and deuterium exchange wi th  cyclopentane. A s i m i l a r  s tudy 

has now been completed f o r  t h e  hydrogenation of propylene. The p r e t r e a t -  

ments used were t h e  VRT(T) described above wi th  a pretreatment  temperature 

range from -50 '~  t o  450'~. 

The r e s u l t s  of t hese  pretreatment  experiments a r e  shown i n  F igure  8,  

represent ing  t h e  turnover f requencies  f o r  t h e  formation of propane versus  

t h e  temperature of reduct ion.  It is  evident  that t h e  hydrogen pretreatment  

condi t ions  a l s o  have a s i g n i f i c a n t  e f f e c t  on t h e  a c t i v i t y  of t h e  P t /S i02  

series f o r  t h e  hydrogenation of propylene. 

An inc rease  is  shown f o r  a c t i v i t y  of t h e  low d i spe r s ion  c a t a l y s t s  a s  

0 
t h e  reduct ion  temperature decreases  below 200 C.  I n  t h e  temperature range 



between 2 0 0 ' ~  and 4 5 0 ' ~  no e f f e c t  i s  shown f o r  any of t h e  c a t a l y s t s  and 

t h e  a c t i v i t y  remains cons tan t .  For t h e  h ighly  d ispersed  c a t a l y s t s  

(Dh = ,63% and Dh = 81%),  t h e r e  'is no s i g n i f i c a n t  i nc rease  of a c t i v i t y  

wi th  decreasing t h e  reduct ion  temperature.  

The c a t a l y s t  21.5-Si02-Ion X-L seems t o  be ou t  of t h e  genera l  p a t t e r n  

of F igure  5 because, even though i ts  d i spe r s ion  is  between t h a t  of t h e .  

6.3-Si0 -Pt C1-L and 40-SiOp-Pt ~ 1 - S ,  it does not  show a l a r g e  inc rease  
2 

of t h e  turnover  frequency a t  low hydrogen reduct ion  temperatures.  Another 

c a t a l y s t  s i m i l a r  t o  t h e  21.5-Si02 -Ion X-L w a s  examined. This c a t a l y s t  

w a s  t h e  27-Si02-Ion X-S prepared by a method s i m i l a r  t o  t h a t  of 21.5-Si02 

-Ion X-L. The r e s u l t s  a r e  shown i n  Table 2. 

TABLE 2 

E f f e c t  of Reduction Temperature on t h e  Ac t iv i ty  
f o r  t h e  C a t a l y s t s  21.5-Si02-Ion X-L and 27-Si02-Ion X-S 

-1 
Cata lys t  Pretreatment  N, , Sec 

L 

21.5-Si02-Ion X-L VRT (300) 0.071 

VRT (-20) 0.133 

27-Si02-Ion X-S VRT (300) 

VRT (-20) 

From these  da t a  it is apparent  t h a t  both c a t a l y s t s  21.5-Si02-Ion X-L and 

27-Si02-Ion X-S prepared by ion-exchange a r e  d i f f e r e n t  from t h e  c a t a l y s t s  

6.3-Si02-Pt C1-L and 40-Si02-Pt C1-S prepared by impregnation wi th  H2Pt C 1 6 .  

  his d i f f e r e n c e  i n  behavior was no t  observed f o r  t h e  methylcyclopropane 

s t u d i e s .  

W e  wished t o  know i f  t h e  r ap id  inc rease  of t h e  a c t i v i t y  f o r  t h e  6.3-Si02 

-Pt C 1  -L and 40-Si02-Pt CI-S cataly.s ts  a s  t h e  reduct ion  temperature goes 

down was due t o  a change i n  a c t i v a t i o n  energy o r  due t o  some o the r  e l l s c t .  



For t h i s  purpose we measured a c t i v a t i o n  energ ies  f o r  D = 6.3 a f t e r  VRT 
h 

(300) and VRT (-53), and f o r  Dh=8f a f t e r  VRT (300).  The r e s u l t s  were 9.7 

and 9.6 kcallmol,  r e spec t ive ly ,  f o r  t h e  former and 10.3 kcal/mol f o r  t h e  

l a t t e r .  IIence it would appear tha t .  t h e  n a t u r e  o f ,  t h e  s i t e s  act . ive f o r  

propylene hydrogenation is independent of p r e t r e a t  temperature and platinum 

p a r t i c l e  s i z e  and t h a t  t h e  inc rease  i n  a c t i v i t y  f o r  some of t h e  c a t a l y s t s  

a t  low reduct ion  temperatures is t h e  e f f e c t  of changing t h e  number of a c t i v e  

sites r a t h e r  than t h e i r  na tu re .  

W e  have now completed i n  s i t u  x-ray s t u d i e s  of t h e  e f f e c t  of t h e  tem- 

pe ra tu re  of H2 reduct ion  on the  mean-square amplitude of v i b r a t i o n  of P t  

atoms i n  t h e s e  c a t a l y s t s .  This amplitude increases  by %50 p c t  as t h e  tem- 

0 
pe ra tu re  of t h e  reduct ion  is increased from room temperature t o  450 C.  

W e  a r e  now at tempting t o  c o r r e l a t e  t hese  changes wi th  t h e  a l t e r a t i o n s  i n  

s t r u c t u r e  s e n s i t i v i t y .  

I I 
B. Other X-Ray Studies  

E a r l i e r  w e  had repor ted  t h a t  only f o r  Dh = 6.7 p c t ,  increas ing  t h e  

0 
temperature of lie reduct ion  a s  i n  room temperature t o  450 C,  caused an 

i r r e v e r s i b l e  decrease of "30 .pc t .  i n  t h e  amount of P t  p re sen t ,  a s  de t e r -  

mined from t h e  a r e a  of t h e  d i f f r a c t i o n  p r o f i l e s .  We have now completed 

s t u d i e s  of t h e  P t  f l uo rescen t  x-ray i n t e n s i t y  (produced by Mokcf) a f t e r  such 

t reatments .  The r e s u l t s  show t h a t  t h e P t  is a l l  s t i l l  p re sen t ,  so t h a t  

e i t h e r  some of i t  d i s so lves  i n  t o  support ,  o r - t h e  P t  p a r t i c l e s  have been 

broken down t o  a  very f i n e  s i z e  by t h e  p re - t r ea t sen t  (perhaps even becoming 

amorphous). I f  t h e  l a t t e r  is  t h e  case ,  t h e r e  w i l l  be a  l a r g e  inc rease  i n  

small-angle x-ray s c a t t e r i n g ,  and such a  s tudy is now under way. 

We have continued our a t tempts  t o  e l u c i d a t e  t h e  s t r u c t u r e  of t h e  

most highly :dispersed c a t a l y s t s  wi th  synchrotron r a d i a t i o n  t o  -obta in  adequate 



i n t e n s i t y .  Our equipment a t  t h e  Cornel l  CESR s to rage  r i n g  has been 

improved and w e  have f in i shed  software f o r  con t ro l  and d a t a  tak ing ,  a n 4  

a s  w e l l ,  a  po r t ab l e  gas t r a i n .  However, t h e  i n t e n s i t i e s  w e  o b t a i n  a r e  only 

'L 15 tfmes' thobe,;we.' s ee '  "a t  home," wi th  our  r o t a t i n g  anode u n i t .  There- 

f o r e ,  w e  have embarked on some development t o  improve t h i s  by an order  of 

magnitude, by t r y i n g  d i f f e r e n t  monochromator c r y s t a l s .  A two week rirn 

is schedule i n  Apr i l .  

WORK PROJECTED FOR THE PERIOD 1 MARCH TO 30 JUNE, 1981 

1 )  Improvement of i n t e n s i t y  obtained i n  experiments a t  t h e  Cornel l  

CESR s t o r a g e  r i n g .  

2) Construct ion of a  modified i n  s i t u  x-ray c e l l  t o  be used f o r  

i n  s i t u  s t u d i e s  of propylene hydrogenation. The present  c e l l  design must 

be a l t e r e d  s i n c e  t h e  hydrogenation proceeds a t  reasonable r a t e s  a t  tem- 

pe ra tu re s  much lower than  t h e  hydrogenolysis.  

3) I n i t i a t i o n  of pre t rea tment -s t ruc ture  s e n s i t i v i t y  s t u d i e s  of 

propylene hydrogenation on t h e  Pd/Si02 s e r i e s .  

4 )  I n i t i a t i o n  of con t ro l l ed  atmosphere x-ray s t u d i e s  of Pd/Si02 

a f t e r  va r ious  t rea tments  a s  done f o r  Pt/SiO 2 ' 

EFFORT DEVOTED TO THIS PROJECT 

During t h e  academic year  (8  months t o  d a t e  during t h e  tern of t h e  present  

con t r ac t )  each co-principal  i n v e s t i g a t o r  has spent  8  pc t .  of h i s  t ime on 

t h i s  p ro j ec t .  Summer e f f o r t  was 100 p c t .  f o r  112 month f o r  Prof .  Butt  and 

one month f o r  P ro f .  Burwell. The 8  pc t .  e f f o r t  w i l l  be continued u n t i l  30 

June 1981. A f u l l  t ime graduate  r e sea rch  a s s i s t a n t ,  Mr. E l i a s  Ror r i s ,  has  

been assoc ia ted  wi th  t h e  p r o j e c t  during t h e  e n t i r e  term of t h e  present  

con t r ac t  (with Prof .  J .  Bu t t ) .  



D r .  R. Nandi cont inues a s  a pos tdoc tora l  fe l low wi th  Prof .  Cohen 

and D r .  R. P i t c h a i  wi th  Prof .  Burwell.. 

. . 
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M. Laniecki ,  and R. L. Burwell, Jr . 
"Surface Induced Alkyl Migration Reactions i n  Metal Carbonyls" J .  Am. Chem. 
Soc., 102, 5112 (1980), F. Correa, R. Nakamura, R. E. Stimson, R. L .  Burwell, 
Jr.,  and D. F., Shr iver .  

" ~ o l ~ b d e n u m ( 0 )  /Dehydroxylated Alumina Ca ta lys t s  , I 1  J. Am. Chem. Soc . , 103, 
Jan. (1981), R. Nakamura, R.  G.  Bowman, and R. L .  Burwell, Jr. 

"Cata ly t ic  Ac t iv i ty  of Supported £-Element Organometallic Complexes," J.C.S. ' 
Chem. Corn., 1981, i n  p re s s ,  R. G. Bowman, R.  Nakamura, P. J .  Fagan, R. L .  
3urwel1, Jr. and T. J .  Marks. 

"Cata lys t s  Derived from Mo (CO) 6/Alp3 ," Accts. Chem. Research, submitted, 
R. L. Burwell, Jr. 

Butt :  - 
"Catalyst  Poisoning and Chemical Process  Dynamics" Proc. F i r s t  I o t .  Sym- 
posium on Ca ta lys t  Deact ivat ion,  Antwerp, Belgium, October 13-15, 1980. 
E l sev ie r ,  Amsterdam (1980). Vol. 6, S tudies  on Surface Science & Cata lys i s .  

"Modification of t h e  S t r u c t u r e  S e n s i t i v i t y  of Supported P t  Ca ta lys t s , "  
Proc. 7 th  Iberoamerican Symposium on Ca ta lys i s ,  LaPlata ,  Argentina, J u l y  
13-18, 1980. 

"Kinetic Sepa rab i l i t y  of Ca ta lys t  Poisoning," Proc. 7 t h  I n t e r n a t i o n a l  Congress 
on Ca ta lys i s ,  Tokyo, Japan, June 30-July 4 ,  1980. (With I. 0-1). 

I 

"Catalyst  Poisoning and Fixed Bed Reactor Dynamics; The S ta r tup  and Quasi- 
Steady S t a t e .  P r o f i l e s  i n  Fresh and Deactivated Fixed Bed Adiabat ic  Beds," 
The Chem. Eng . Journa l  (with R. M. B i l l imor ia )  . 
" P a r t i c l e  S i z e  Determination i n  Supported a-Fe 0 ", (with J .  A .  Amelse, 
K. B. Arcuri ,  R. J .  Matyi, L. H. Schwartz and A? $hapi ro) ,  J. Phys. Chem., 
i n  p re s s .  

"Iron Alloy Fischer-Tropsch Ca ta lys t s ,  P a r t  111. Conversion Dependence 
of Ac t iv i ty  and S e l e c t i v i t y , "  (with J .  A. Amelse and L. H. Schwartz) J .  
Ca ta lys i s ,  submitted. 



Cohen : 

M. R. James and J. B. Cohen, "The Measurement of Residual S t r e s s e s  by 
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Figure  Captions 

F igure  1 C e l l  f o r  d i f f r a c t i o n  s t u d i e s  during hydrogenolysis:  

a ,  g - t e f l o n  needle  va lve ,  b,  f  - g l a s s  wool, c - pre t rea tment  

s ec t i on , .  d ,  - ro tof low va lve  f o r  i n s e r t i n g  ca t a ly . s t  i n  t h e  c e l l ,  

e - r e a c t i o n  reg ion .  

Figure 2 Flow c h a r t  f o r  s t u d i e s  of t h e  e f f e c t s  of d i f f e r e n t  t rea tments  

and of methylcyclopropane hydrogenolysis upon t h e  d i f f r a c t i o n  

p a t t e r n  of D+ - 13.8% pd/s io2 .  Rectangular boxes i n d i c a t e  that 

t h e  sample w a s  examined by x-ray d i f f r a c t i o n .  The s t e p  scanning 

procedure w a s  employed except where p o i n t  count ing is ind ica ted .  

Roman numerals represen t  t h e  x-ray scans shown i n  F igs .  3-5; t 

is t h e  time i n  minutes a t  which t h e  scans were made. The r a t i o s  

below t h e  boxes r ep re sen t  t h e  propor t ions  of Pd and PdHx formed. 

F igure  3 D i f f r a c t i o n  p r o f i l e s  a t  var ious  s t a g e s  (I-IV) iil. Fig. 2 ,  s t a r t i n g  

wi th  s t o r e d  c a t a l y s t .  MCP - methylcyclopropane. 

Figure 4 D i f f r ac t i on .  p r o f i l e s  a t  va r ious  s t a g e s  (V-VIII) i n  Pig.  2. 

F igure  5 D i f f r a c t i o n  p r o f i l e s  a t  var ious  s t a g e s  (IX-XII) i n  F ig .  2 ,  

s t a r t i n g  w i th  f3 PdHO., . 
Figure  6 ' I n t e n s i t y  i n  CPS vs time f o r  (a)  formation and (b) decomposition 

of hydride a t  2 5 ' ~  measured a t  t h e  111 peak maximum. Stored Pd/ 

Si02 of D+.= 13.8% had been exposed t o  t h e s e  cyc l e s  l i k e  those  

of F ig .  5 before  t = 0 min. 

F igure  7 Turnover Frequency v s  . Percentage Exposed f o r  Propylene Hydro- 

gena t ion  a t  - 53 '~  af ter Standard Pretreatment;  P t /S i02 .  \ 

.Figure 8 E f f e c t  of Reduction Temperature on t h e  Hydrogenation of Pro- 

pylene; P t / s i i J2 .  
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F inanc i a l  Statement of Estimated Costs  

Northwestern Univers i ty  

Contract  DE-AC02-77ER04254 

1. Estimated To ta l  P r o j e c t  Costs  f o r  
t h e  Current  Per iod $90,000 

2. T o t a l  Amount Chargable t o  DOE $90,000 

3 .  Cumulative Support Costs  271,000 

4. Estimated To ta l  Cumulative Support Costs  361,000 

5. Cumulative Support Ce i l i ng  361,000 

6. Ant ic ipa ted  ~ i f f e r e n c e  Between Item 4 
. and Item 5 -0- 




