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The s t r u c t u r e s  of the m o l e c u l a r  o rb i ta l s ,  including the 3p s t a t e s  of sil icon, in Ph4Si and 
Ph3SiH have been studied f r o m  the Si Kfi spec t r a .  It has been  es tab l i shed  that the s t r u c -  
ture  of the energy  levels  of these  compounds cons is t s  of the s y s t e m  of m o l e c u l a r  levels  
of benzene,  weakly pe r tu rbed  by in terac t ion  with the va lence  levels  of si l icon.  It has 
been shown that the S i - P h  cr bonds a r e  f o r m e d  chiefly by m o l e c u l a r  o rb i ta l s  (MO) f o r m e d  
by the in te rac t ion  of the 3p o rb i ta l s  of s i l icon with the benzene orb i ta l s  2e2g and 2eau. In 
Ph4Si , the exis tence  of v e r y  weak in terac t ions  of the P r r -P r  type has been  detected,  and the 
intensi ty of these  in terac t ions  i n c r e a s e s  cons iderably  on going to Ph3SiH. 

The p r e s e n t  p a p e r  d e s c r i b e s  a study of the s t ruc tu re  of the m o l e c u l a r  levels  of t e t raphenyls i lane  and 
t r iphenyls i lane  f r o m  the Kfl x - r a y  f luo rescence  s p e c t r a  of si l icon. The Si Kfi s p e c t r u m  is produced as a r e -  
sul t  of e lec t ron  t rans i t ions  into the Si l s  level  f r o m  levels  whose MO contain an admix ture  of the 3p orb i ta l s  
of si l icon.  According to the genera l ly  accepted  in te rpre ta t ion  of x - r a y  emiss ion  spec t r a ,  the in tegral  in tensi -  
t ies  of the components  of the s p e c t r u m  a re  p ropor t iona l  to the squa re s  of the coeff ic ients  of the cor responding  
a tomic  o rb i ta l s  in the MO. The widths of the components  a r e  de te rmined  by the width of the in ternal  level  
(0.44 eV), the dis tor t ion due to the appara tus  (0.23 eV), and the extent  of the mul t ip le t  and v ibra t iona l  s t r u c -  
tu res  of the m o l e c u l a r  levels .  As a resul t ,  the components  of the Kfl s p e c t r u m  a re  not a lways reso lved  suffi-  
c ient ly  c lea r ly ,  although they appea r  in the f o r m  of m a x i m a  and o the r  c h a r a c t e r i s t i c  f ea tu res .  The posi t ions 
and in tegra l  intensi t ies  of the components  have been found by breaking  down the contour  of the spec t rum into 
d i spe r s ion  components  by the method of l eas t  squa res .  

It  has been shown [1-3] that in the case  of compounds of s i l icon with monatomic  oxygen, ni t rogen,  and 
ca rbon  l igands,  the posi t ions  of the components  of the Si Kfl s p e c t r u m  a re  de te rmined  by the 2p and 2s levels  
of the l igands. It may  the re fo re  be a s s um ed  that in the ca se  of complex  ligands also,  the posi t ions  of the c o m -  
ponents  of the Si Kfi s p e c t r u m  will be  de te rmined  by the i r  energy  s t ruc tu re .  

In the te t raphenyls i lane  molecule  the s i l i c on  a tom is sur rounded by four  benzene r ings ,  in each of which 
it r ep l ace s  one of the hydrogen a toms of the benzene.  The r e p l a c e m e n t  of hydrogen by s i l icon should not lead 
to apprec iab le  pe r tu rba t ion  of the mo lecu l a r  levels  of benzene,  s ince the e lec t ronegat iv i t ies  of hydrogen and 
s i l icon a r e  c lose  to one another .  The main  ~ in terac t ion  of the 3p orb i ta l s  of s i l icon should take p lace  with 
g roups  of benzene o rb i ta l s  local ized along the C - H  bonds. These  a r e  the 2e2g , 2elu , and 2a lg  o rb i ta l s ,  con-  
s is t ing  chiefly of the 2pc r o rb i t a l s  of ca rbon  (to the extent  of .~ 70%) [4]. The 2eiu and 2a lg  orb i ta l s  l ie deeper ,  
and will  be pe r tu rbed  to a l e s s e r  extent  than the 2e2g orb i ta l s .  The 2blu and lezg orb i ta l s ,  containing a con- 
s ide rab le  contr ibut ion f r o m  the 2s orb i ta l s  of carbon and the l s  o rb i ta l  of hydrogen, also hake favorab le  geo-  
m e t r i c  conditions fo r  the fo rma t ion  of ~ bonds with the 3p o rb i ta l s  of si l icon.  Thus the Si Kfi spec t rum of 
t e t raphenyls i lane  should show at l eas t  f ive components .  

The contour  of the Kfl s p e c t r u m  of Ph4Si , given in Fig. l a ,  c l ea r ly  shows components  A, B, C, D, and E. 
In accordance  with what has been said above, the l ess  pe r tu rbed  levels  of benzene 2elu and 2 a lg  mus t  be a s s o -  
c ia ted with the components  of the s p e c t r u m  B and D. The o the r  components  can then be readi ly  identified: The 
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Fig.  1. a) Si Kfl s p e c t r u m  of Ph4Si and d i ag ram of the ioniza- 
tion potent ia ls  of benzene [3]; b) Si Kfl s p e c t r u m  of Ph3SiH. 

Fig.  2. D i a g r a m  showing the co r r e l a t i on  of the mo lecu l a r  levels  
of t e t raphenyls i lane  and benzene.  

m a x i m a  A, C, a n d E  a r e  produced as a r e s u l t  of e l ec t ron  t rans i t ions  f r o m  m o l e c u l a r  levels  fo rmed  by the in- 
t e rac t ion  of the 3p level  of s i l icon with the 2e2g , 2blu , and le2g levels  of benzene r e spec t ive ly  (see Figs ,  1 and 
2). These  components  r e f l ec t  the q bonds between si l icon a n d t h e  phenyl r ings .  

The breakdown of the contour  of the s p e c t r u m  into d i spe r s ion  components ,  in addition to those noted 
above, r evea led  two other  components  - I and H -  with low intensity.  These  apparent ly  or ig inate  in the in te r -  
action of the 3p orb i ta l s  of s i l icon with the ligand ~ orb i ta l s  la2u  and l e lg .  

F r o m  the ra t io  of the in tegra l  intensi t ies  of the components  of the SiKfl s p e c t r u m  (see Table 1), it fol-  
lows that in Ph4Si the S i - P h  bonds a r e  p redominant ly  ~ bonds, and the 3p -2e2g  and 3 p - 2 e l u  in teract ions  a r e  
the s t ronges t .  In te rac t ions  of the r type with the l a2u  and l e lg  orb i ta l s  of benzene in te t raphenyls i lane  a re  
r evea led  e x t r e m e l y  weakly.  There  is no sign of in teract ion between the 3p o rb i ta l s  of s i l icon and the lb2u o rb i -  
tal, which in benzene is r espons ib le  fo r  the ~ bonds in the ring and cons is t s  of the 2pq orb i ta l s  of carbon to the 
extent of 100% [4]. 

The contour  of the Si Kfl s p e c t r u m  in t r iphenyls i lane  is given in F ig .  lb .  I t  can  be seen  f r o m  Fig.  1 that 
the s t r u c t u r e  of the s p e c t r u m  of this compound is also de te rmined  chiefly by the e n e r g y  s t ruc tu re  of benzene.  

TABLE 1. Energy Posi t ions  E, Half-Widths ~/, and Rela-  
t ive In tegra l  Intensi t ies  I i / I  A of the Components  of the 
Si Kfl Spect ra  

Ph,Si Ph,SiH 
COl"II- I~ I~ 
portent E, eV 7 ,  eV T~- A , % E. eV 7, eV ~-~--, % 

H 
A 
I 
B 
C 
D 
E 
F 

t837,00 
1835,65 
1833,90 
1833,00 
t831,&0 

�9 1830.00 
�9 1827,50 

t,20 
t,6 
t,3 
t,8 
t ,8 
t,6 
t,4 

2,0 
t00 
2,4 

27,0 
t2,0 
5,5 
4,3 

t836,90 
1835,50 
t834,40 
1833,20 
1831,40 
t830,00 ~ 
t827,80 
t823,80 

l,O 
i,9 
t,4 
1,9 
2,0 
t,5 
t,4 
0,8 

4,0 
t00 
4i,6 
30,6 
t3,4 
4,5 
3,2 
t,0 
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In con t r a s t  to the p rev ious  case ,  however ,  the s p e c t r u m  shows a long-wave component  F and an inc rease  in the 
re la t ive  intensity of the 7r components  I and H. These changes  in the s p e c t r u m  re f l ec t  the following fea tures :  1) 
On going f r o m  Ph4Si to PhsSiH the re  is a d e c r e a s e  in the s y m m e t r y  of the molecule  f r o m  T d to Csv , leading to 
in terac t ion  between the Si 3p orb i ta l s  and the l e lu  orb i ta l s  of benzene and the appearance  of the F component.  
It  may  be noted that the orb i ta l  l e lu  cons i s t s  of the 2s  o rb i t a l s  of ca rbon  to the extent  of 7370 [4]; 2) the de-  
c r e a s e  in s y m m e t r y  is accompanied  by an i nc rea se  in the angles  between the S i - C  bonds, so that the molecule  
shows improved  g e o m e t r i c  conditions fo r  r in terac t ion  with the phenyl r ings.  This leads to an inc rease  in the 
intensi ty of the I and H components .  

S i l i con -hyd rogen  in terac t ion  is not r evea led  in the Si Kfi s p e c t r u m  of Ph~SiH. The l s  orb i ta l s  of hydro-  
gen apparent ly  make  contr ibut ions to the cr MO of t r iphenyls i l ane .  
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The photoeffect  y ie ld  s p e c t r a  (PYS) f r o m  the B e l s  level  of va r ious  Be compounds in the energy  
range  100-250 eV have been studied exper imenta l ly .  The posi t ion of the Be K absorpt ion  edge 
was de te rmined  f r o m  the posi t ion of the cen te r  of the r i s ing  sect ion of the f i r s t  m a x i m u m  in the 
PYS. A s y s t e m a t i c  inc rease  in the energy  of the Be K absorpt ion  edge was obse rved  in the 
s e r i e s  B e O - B e S O  4 �9 4H20--Be{OH)2--Be(COOCHs)2--BeF 2 as the oxygen a toms  in the f i r s t  co -  
ordinat ion sphe re  of the Be a tom a r e  rep laced  by w a t e r  molecules ,  hydroxyl  groups ,  ace ta te  
groups ,  and f luor ine  a toms  by 0.4, 0.6, 1.1, and 2.0 eV, r e spec t ive ly ,  r e l a t ive  to BeO. It has 
been shown that changes in the l igands in the second and subsequent  coordinat ion sphe re s  in- 
f luence the posi t ion of the Be K absorp t ion  edge. 

The p r e s e n t  p a p e r  d e s c r i b e s  a study of the influence of the env i ronment  of the bery l l ium a tom on the en-  
e rgy  posi t ions  of the detai ls  of the photoeffect  y ie ld  s p e c t r a  f r o m  the B e l s  level  of va r ious  compounds.  This 
work  is a continuation of s tudies  of the energy  s t ruc tu re  of inorganic and organic  compounds of be ry l l i um [1, 2]. 

The photoeffect  y ie ld  s p e c t r a  w e r e  obtained on an RSM-500 s p e c t r o m e t e r - - m o n o c h r o m a t o r  [3] with an en-  
e rgy  reso lu t ion  of 0.3 eV. The x - r a y  tube opera ted  at  5 kV and 100-200 mA, and a tungsten pla te  was used as 
the anode. The subs tance  being studied was deposi ted on a luminum foil by means  of an adhesive o r  by depos i t -  
ing a suspens ion  of the subs tance  in acetone.  Nickel foil  and gold foil we re  used as photocathodes with known 
eff iciency.  The s p e c t r a  w e r e  r eco rded  by measu r ing  points and by means  of a r e c o r d e r .  The d i sp lacement  of 
the m a x i m a  was  de te rmined  re la t ive  to the line WN V -  NVI,VII (212.2 eV). 

The s ta te  of the su r f ace  of the photocathode is of dec is ive  impor tance  in photoeffect  yield spec t roscopy ,  
s ince the depth of the yield of the e lec t rons  produced on the absorp t ion  of x radiat ion is smal l .  F o r  hygro-  
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