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ASYMMETRIC BROADENING OF SE(3dg/2) XPS SPECTRA OF 
( TMTSF)2C104 and (TMTSF)2Re04 

R. J. THORN, K. D. CARLSON, H. H e  WANG, AND J. M e  WILLIAMS 
Argonne Nat ional  Laboratory, 9700 S. Cass Ave., Argonne, 
I l l i n o i s  U.S.A. 

Abstract  
i n  TMTSF, 
s p e c t r a  of 

A comparison of the  x-ray photoe lec t ron  s p e c t r a  
(TMTSF)~C~OI+, and (TMTSF)2ReOq shows t h a t  t he  
%(3d5/2) €or the  f i r s t  is near ly  symmetrical, 

whereas those fo r  the o ther  two are broadened asymmetri- 
c a l l y .  The broadening is assoc ia t ed  with p o l a r i z a t i o n  of 
the  selenium by the anion. 

INTRODUCTION 

X-ray photoelectron spectroscopy is one of t he  most d i r e c t  ways 

of observing the  p o t e n t i a l  and bonding c h a r a c t e r i s t i c s  of 

e l e c t r o n s  a t  the  ind iv idua l  atomic or i o n i c  sites. In  the  case 

of (TMTSFl2A salts, one would expect one-eighth of the selenium 

atoms i n  TMTSF t o  be oxidized,  and hence one would expect  t o  

observe a small shoulder  on the Se(3dg12) spectrum. Thus, 

Ikemoto e t  a l . , '  attempted t o  f ind  evidence f o r  such. In  

add i t ion  t o  w e l l  def ined valence states, however, more s u b t l e  

e f f e c t s  a t t r i b u t a b l e  t o  o t h e r  sources ,  such as 

ionic i ty /covalency  and p o l a r i z a t i o n  can be observed in t he  

energy d i s t r i b u t i o n  ~ u r v e . ~ ' ~ ' ~  Since it has been suggested 

t h a t  po la r i za t ion  plays a r o l e  i n  compounds l i k e  (TMTSF)2A, t h e  

p re sen t ly  descr ibed s tudy was i n i t i a t e d  t o  i n v e s t i g a t e  what can 

be found regarding such e f f e c t s .  
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234 R. J .  THORN el al. 

EXPERIMENTAL PROCEDURES AND RESULTS 

The samples used t o  obta in  the  spec t r a  were prepared by 

pressing s ing le  c r y s t a l s  onto s t a i n l e s s  steel  f r i t s .  The 

c r y s t a l s  were prepared by the  usua l  e l e c t r o l y t i c  process. 

Samples were prepared both in air  and in a dry box with oxygen 

and moisture a t  ppm leve l .  The reported spec t r a  were obtained 

with MgKa x-rays in a McPherson ESCA36. The i n t e n s i t i e s  at- 

t a inab le  in t h i s  instrument with a beryll ium window on t he  x- 

ray  source are such t h a t  the Au(4f) spectrum is reproducible 

within 0.05 e V  throughout a scan of 10 eV. 

The spec t r a  obtained f o r  TMTSF, (TMTSF)2C104, and 

(TMTSF)2Re04 are shown in Fig. 1. Therein the  binding energ ies  

and i n t e n s i t i e s  have been s h i f t e d  so t h a t  they coincide respec- 

t i v e l y  in the th ree  cases. As shown, the curve for RlTSF is 

very near ly  symmetrical, but those f o r  the perchlora te  and the  

perrhenate are broadened, l a rge ly  asymmetrically on the high 

s i d e  of the binding energy and t o  a g r e a t e r  ex ten t  f o r  t he  

perrhenate. The same r e s u l t s  =re obtained with the  samples 

prepared in a i r  and in the dry box and with MgK, and AlK, X- 

rays. To determine f u r t h e r  whether any poss ib le  sur face  oxygen 

obscured the r e s u l t s ,  t he  sample of perrhenate was cleaned in 

s i t u  with argon-ion bombardment to  remove the oxygen in excess 

of t h a t  in the anion. The r e s u l t  was that the curve f o r  t he  

Se(3d5/2) did not change o r  changed very s l i g h t l y .  

INTERPRETATION AND SIGNIFICANCE OF BROADENING 

There a r e  a t  least two reasons why the observed broadening 

cannot be assigned e n t i r e l y  to the increase  of t h e  valence of 

t h e  selenium: (1) On t h e  bas i s  of known s h i f t s  of t h e  

Se(3d5/2) energ ies  wi th  valence,  a s h i f t  of one un i t  

corresponds to  approximately lev. Resolution of the  observed 

curve i n t o  peaks separated by lev and with an in t ens i ty - r a t io  

of 1 t o  7 cannot account fo r  t he  observed asymmetry. (2 )  The 
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ASYMMETRIC BROADENING OF SE (3dsn) 235 

shape of the curve on the low s ide  of t he  energy i n d i c a t e s  some 

small broadening on t h i s  s ide  also.  Because a small  peak a t  a 

d i sp laced  energy of lev on the  high s i d e  does not extend 

s i g n i f i c a n t l y  i n t o  the low s i d e ,  the shape on the  low s ide  i s  

r e l a t i v e l y  in sens i t i ve  t o  the  presence of such a small peak. 

Thus the source of most of the asymmetric broadening is o the r  

than tha t  assoc ia ted  with the  increased c a t i o n i c  charge. 

Although an adequately quan t i t a t ive  theory of asymmetric 

broadening of XPS spec t r a  has not been developed, s u f f i c i e n t  

t h e o r e t i c a l  s tud ie s  and empirical  observations have been accom- 

p l i shed  to  i d e n t i f y  some of the sources. A small asymmetrical 

broadening occurs in  the case of t r a n s i t i o n  metals ( S ) ,  and is  

assigned t o  a t r a n s i e n t  p o t e n t i a l  between the  core-hole and the  

photoelectron. Such broadening presumably cannot occur i n  

in su la to r s .  A r a the r  l a r g e  asymmetric broadening has been re- 

ported fo r  U(4f7I2) i n  uo2(3). Further the  broadening is 

l a r g e r  f o r  Th(4f7I2) i n  Tho2 than i n  ThF4, and i t  is l a r g e r  f o r  

U(4f7/2) in  U02 than i n  UF4. For a more d i r e c t  comparison the  

3d5/2 spec t r a  i n  BaF2 and BaI2 w a s  obtained; the  broadening is 

l a rge r  i n  the second compound. de Boer, Haas, and Sawatzky (4 )  

have presented a model i n  which satell i te i n t e n s i t i e s  can be 

determined from anion p o l a r i z a b i l i t i e s .  An accompanying 

f e a t u r e  of these  s a t e l l i t e s  is a decrease i n  the i n t e n s i t y  of 

t h e  main peak and extensive asymmetric broadening. 

Thus, we summarize the  s i t u a t i o n  as follows: (1) The 

asymmetric broadening of a core-orb i ta l  spectrum of a ca t ion  

can increase with increas ing  s i z e ,  and hence p o l a r i z a b i l i t y ,  of 

an anion. ( 2 )  For a given anion, the  asymmetric broadening of 

a c a t i o n i c  core-orb i ta l  spectrum inc reases  with increas ing  

po la r i za t ion  of the  c a t i o n  (i.e. Th(4f7I2 compared with 

U(4f7I2). From these observations e suggest t h a t  the  highly 

polar izable  selenium is polarized by the  anion and t h a t  t he  

po la r i za t ion  is l a rge r  f o r  the  l a r g e r  anion, t he  perrhenate.  
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236 R. I. THORN rt d. 

Sawatzky6 has shown t h a t  the energy U i n  the  Mott 

t r a n s i t i o n  c r i t e r i o n ,  U/W -1, which measures the e lec t ron-  

e l e c t r o n  co r re l a t ion ,  can be expressed i n  terms of the  sum of 
the  ion iza t ion  p o t e n t i a l  and the e l ec t ron  a f f i n i t y  and a 

per turba t ion  term expressed as polar iza t ion .  Thus, i f  the  

s i t u a t i o n  as we descr ibe  it has any meaning, then the l a r g e r  

po la r i za t ion  f o r  the  perrhenate corresponds t o  the  higher 

t r a n s i t i o n  temperature and the  lower po la r i za t ion  f o r  t he  
perchlora te  corresponds t o  a lower t r a n s i t i o n  temperature, 

which is d i r e c t l y  observable only with the quenched eample. 
Work sponsored by the U.S. Dept. of Energy-Contract W-31-109-ENG-38. 
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FIGURE 1. X-ray photoelectron spec t r a  of Se(3d5/2) i n  
TMTSF, (l?lTSP) C104, and (TMTSP)2ReO4. Binding 
energ ies  and I n t e n s i t i e s  have been s h i f t e d  so 
t h a t  t he  maxima coincide. 
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