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i PES OF HIGHER TEMF'ERATURE VAPORS 

J. Berkowitz and C. H. Batson, Argonne National Laboratory 
I t I i 
I 

( .  $ .  Argonne, IL 60439 

The study of high temperature species by photoelectron spectroscopy is about 

7..years old, We began this work in the early 19701s, using a newly-designed cylindrical 

mirror analyzer. Significant information was obtained on a nunber of inorganic systems, 

particularly metal halides and metal atoms. One significant difference.that appeared 
, . 
1 ' :  was the characterization of bonding orbitals in the conventional (covalent) sense and 

. 

'. bonding orbitals when ionic bonding is dominant. [Many high' temperature species tend 
I 

' to be ionically bonded, whereas normally volatile materials tend to be covalently 
I ;  

I ; bonded. 1 
I ,  

Our work (and those of other groups) seemed to reach s temperature barrier of 

, %1000°, for several reasons. In order to surmount this.barrier, we designed a new 

apparatus. It consists of a hemispherical electron energy analyzer with a retarding-foc- 

i cussing entrance lens, and a radiatively heated oven, basically of the Nuclide Analysis 

Associates design. The oven has been modified from the Knudsen cell style by surmounting 

; a large, thin tube. The base oven and the tube are independently heated by.non-induc- 

( I  .tively wound heaters. .The uncancelled magnetic fields of the two heaters are opposed, 

I reducing the .residual field further . Double-oven capability is thereby achieved, and 

1 temperatures in excess of 2000°C should be possible. 
I 

1; The electron energy analyzer is largely isolated from the oven.and heating 1 i 
: system. It can rotate (in 8 and $), enabling angular distributi~n studies to be per- 

1 

: formed; Scanning is achieved with the retarding lens, keeping t:-e electron pass energy 

through the analyzer fixed. 

We describe below one recently rompleted study, and make reference to others 

1 .  completed or underway. 1; The Alkali Halide Vapors 

Early mass spectrometric work had revealed the'presenc~ of dimers,trimers,even 
.- 

tetramers in alkali halide vapors. This work showed that the complexity of the vapor 

increased from'cs -+ Rb -+ K -+ Na -+ Li halides. For cesium halides, dimers were ca. 1% 1. 
of vapor, higher. polj.mers insignificant. For lithium halides, diaers were ~ 5 0 %  of vapor, 

trimer around 10%. PES has heretofore been confined to Cs,.Rb., K and Na halides, 
i 
f 

: Presumably for two reasons. 

? 
a) ~ek~eratures required are somewha; higher for lithium halides. c); ,, 
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i! 
! b)  Large dimer component vould confuse t h e  photoe lec t ron  spectrum. 
B : 

\ The b a s i c  obse rva t ions  of t h i s  e a r l i e r  work a r e :  ' ! 
1 1 a )  I n  t h e  VW range,  i o n i z a t i o n  occurs  from t h e  t a logen  end of a n  
i 

d d -x-  diatomic molecule. I r, 
, $ 1 

b) 'This p - l i k e  o r b i t a l  s p l i t s  i n  c y l i n d r i c a l  symmetry i n t o  T and a. 
h 

.The .rr s p l i t s  f u r t h e r  by sp in -o rb i t  i n t e r a c t i o n ,  i n t o  T and n 
3 (2 112' 

i 
'1 c )  One can t h e r e f o r e  a n t i c i p a t e  3 peaks, bu t  i n  mast c a s e s  2 of t h e  
I 

1 
peaks a r e  n o t  s epa ra t ed  and one s e e s  a  double t , .  . i 

,< . 

! d ) .  A dimer peak can b e  seen  a t  somewhat h ighe r  energy, i n c r e a s i n g  i n  
1 
I 

j 1 i n t e n s i t y  a s  t h e  percent  of dimer i nc reases .  

1 
I .  The p i s e n t  work was p e r f o r ~ e d  on l i t h i u n  h a l i d e s ,  which have t h e  l a r g e s t  
1 .  .. 
i dimer concen t r a t ions .  Two types  of s p e c t r a  were obta ined ,  one wi th  e s s e n t i a l l y  t h e  

. ! 

j s a t u r a t e d  vapor ,  t h e  o t h e r  wi th  superheated vapor.  Some peaks were d rama t i ca l ly  lower 
: - 
i i n  t h e  superheated vapor,  and could immediately be  ass igned  t o  dimer. Normalization 

i 
and s u b t r a c t i o n  of t h e  two s p e c t r a  enabled us  t o  o b t a i n  "pure" monomer and dimer s p e c t r a .  . . 

; The monomer s p e c t r a  were about a s  expected from e x t r a p o l a t i o n  and p r e d i c t i o n  of t h e  
i 

- ; o t h e r  a l k a l i  h a l i d e s .  The dimer s p e c t r a  were completely new. S i x  peaks a r e  a n t i c i p a t e d  

$ 1 f o r  t h e s e  rhombic s t r u c t u r e s .  I n  t h e  c a s e  of Li212, we s e e  5 of these .  
f 
i 
I 

r Conclusions , 

: .  . 
Y 
I 

f 

: a )  The f i r s t  I .P.  of dimer 2s  h igher  than  t h a t  of u.onomer i n  each l i t h i u m  t 

f 
I 
I 
i h a l i d e .  

b )  This  can b e  obta ined  by i o n i c  model c a l c u l a t i o n s ,  and a l s o  by 

molecular  o r b i t a l  c a l c u l a t i o n s .  We have done su fh  c a l c u l a t i o n s  

f us ing  t h e  Xa-DVM method. The c a l c u l a t i o n s  were performed by 
I 
'! 

D r .  G. L. Goodman; 

1 1 c )  These c a l c u l a t i o n s  p r e d i c t  t h a t  t r imer  has  lower IP  than  dimer,  
I ; 

and t e t r amer  has  h ighe r  IP  than  t r imer .  

d )  E lec t ron  impact measurements on LiF ag ree  wi th  t h i s  . o s c i l l a t o r y  

t r end ,  through t r imer .  t 

e )  A crude i o n i c  model c a l c u l a t i o n  can a l s o  r a t i o n a l i z e  t h i s  behavior  

(assuming hexagonal t r imer  and d i s t o r t e d  cube f o r  t e t r amer ) .  

i A complete d e s c r i p t i o n  of t h i s  work w i l l  appear  s h o r t l y  i n  t h e  J o u r n a l  of 
? 

Chemical Physics .  The p a r t i a l  c r o s s  s e c t i o n s  of atomic iod ine  have a l s o  been s t u d i e d ,  . 
? ! 

: and w i l l  appear  i n  t h e  same jou rna l .  
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E This  r e sea rch  was performed .under t h e  auspices  of t h e  Div is ion  of Basic  
3 
+,. 
: Energy Sciences of t h e  United S t a t e s  Department of Energy. 
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