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Abstract--The new compound, SiHaSCHa, has been prepared from SiHaI'N(CHa)a and CHaSH. Its 
physical properties have been studied. Using B~H, as a reference Lewis acid, SiHaSCHa has been 
found to be a weaker Lewis base than (CHa)2S. Diborane was not a sufficiently strong Lewis acid to 
differentiate between the relative base strengths of SiHaSCHa and (SiH:,)..,S 

IN a p r e v i o u s  p a p e r  <11 it  was  s h o w n  t h a t  (CHa)eO was a s t r o n g e r  Lewis  ba se  t h a n  b o t h  

S i H a O C H  a a n d  (SiHa)~O w h e n  B2H ~ was u sed  as t he  r e fe rence  Lewis  acid .  T h e  b a s e  

s t r e n g t h  o f  S i H a O C H  a re la t ive  to  (S iHa)20  c o u l d  n o t  b e  d e t e r m i n e d  s ince  n e i t h e r  

c o m p o u n d  f o r i n e d  a n  a d d i t i o n  c o m p o u n d  wi th  B2H 6. S ince  BeH 6 g e n e r a l l y  f o r m s  

s t r o n g e r  a d d i t i o n  c o m p o u n d s  wi th  sulf ides  t h a n  w i t h  e thers ,  (`,) it was  h o p e d  t h a t  if  t he  

a n a l o g o u s  series o f  s u l p h i d e s  was  i n v e s t i g a t e d  t h a t  the  re la t ive  base  s t r e n g t h s  o f  the  

silyl m e t h y l  a n d  disi lyl  c o m p o u n d s  c o u l d  be  de te rminec l .  

E X P E R I M E N T A L  

Apparatus amt reagents. The apparatus, techniques and reagents were identical to those used in 
previous work. ~'' 

jt/iethanethiol. Commercial CHaSH (99 per cent minimum purity) was distilled in the vacuum 
system, the first and last portions to distil being rejected. 

Preparation ofSiHaSCHa. A slight excess of (CHa)aN was mixed with SiHai(0"7098 g) in a 500 ml 
bulb at - 196 and after warming to room temperature, tile excess (CHa)aN was distilled from lhc 
solid SiHaI'N(CH:,)a. CHaSH(0"2024 g) was then added and the reaction vessel was held at 0 for 
7 hr. Materials volatile at -78 ~ were then allowed to distil from the reaction vessel for a period of 
85 rain. Fractionation of the volatile materials yielded crude SiHaSCHa as a condensate in a trap at 

% .  Slow distillation from a trap at 78 yielded pure SiHaSCHa(0"1782g, 54 per cent yield; 
tool. wt. found, 78-0, calcd., 78.22). Analyses and all experimental work with SiHaSCHa were carried 
out using material whose vapor pressure at 0 was in the range 105-1-105-4 mm (calcd., 105,2 mm). 

A sample of the material (0.0886 g) was hydrolysed in 35 3~ aqueous NaOH containing ethanol 
(2 ml) and piperidine (2 ml). Silicon was determined as SiO,,. (a~ (Found, 35-8. Calcd., 35.91 "0). 
Anothersamplewasana lysedforcarbonandhydrogen .*  (Found: C, 15.6: H,7.9. Calcd.( ' ,  15.35 
H. 7-7~;1. SiHaSCHa melts sharply at 116.7 i 0.4 '. 

l'apour-pressure q[SiliaSCHa. The wtpour-pressures of SiHaSCH:~ were measured at a number of 
temperatures using a mercury manometer. They are recorded in Table I, 

* This report is based on portions of a thesis submitted by B. STI RNBACH to the Graduate School of thc 
University of Pennsylvania in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

+ Alfred P. Sloan Research Fellow. 
:) Analyses perforined by Micro-Analysis, Inc., Wihnington, Del. Since SiHaSCH a decomposes slo,a[v 

at room temperature, the sample was transported in Dry-ice. 
II [~. SIERNHACH and A. G. MacDIARMID, J. Ame#'. Chem. Soc. 83, 3384 (19611. 
'-" F. G. A. STONI, ('hem. Rev. 58, 101 (1958). 
.a~ I. M. KOLTHOFI and E. B. SAND, It,  Te.vthook qfQtmntitative Inorganic ,4na@vLs', p. 406. Macmi[hm, New 

York fl943). 
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The  above data  for SiH3SCHs are represented by the equa t ion  

- -  1604 
log P (ram) = ~ + 7"893 

which gives an  extrapolated boiling poin t  o f  46"8 ± 0"2 °, a mola r  hea t  o f  vapor izat ion of  7.34 kcal 
and  a T r o u t o n ' s  cons tan t  o f  22-9. Since no  decompos i t ion  o f  the c o m p o u n d  occurred dur ing  the  
vapour-pressure  de terminat ions ,  the  t rue boil ing point  should  not  differ greatly f rom the extrapolated 
value. 

TABLE 1.--VAPOUR-PRESSURE OF SiHaSCH3* 

T (°C) P (mm)(expt . )  P (mm)(calcd.)  

--45"2 
- -37 '6  
--30"2 
-- 24"9 
--17.2 
- -11 '6  
- -  5'8 
-- 0.2 

0 '0 
0.0 
2.4 

6.9 
11.8 
19.6 
27.1 
42.3 
57.8 
78.8 

1 0 4 ' 0  

105-1t 
105.4~ 
118.2 

* Duration of experiment approximately 11 hrs. 
t Pressure before experiment. 

Pressure after experiment. 

7.2 
12"2 
19.6 
27.1 
42'4 
57-8 
78"3 

104'2 
105.2 
105.2 
118.3 

TABLE 2.--INFRA-RED ABSORPTION MAXIMA OF SiHaSCHa 

cm -1 Des ignat ion  Analogy  (cm -1) 

2910 w /* 
2840 v.wJ 
2160 s 

1440 w/ 
1320 wJ 

959 sh. m 

915 s 

695 w 
645 m 

C - - H  stretch TM 

S i - - H  stretch 

CHz de fo rmat ion  ~4~ 

s i n 3  deformat ion  

s i n 3  de fo rmat ion  

C - - S  stretch 
s i n 3  rock 

2210 in SiHzSCF3; 15~ 
2180 in (SiH~)~S 161 

940 in SiH3SCFs 
956 in (SiH3hS 

910, 906, 762 in SiHzSCF3 
907 in (SiH3)2S 
694 in (CH3)2817) 

625 in SiHaSCF3; 
635 in (SiH3hS 

* w = weak, s = strong, v.w. -- very .weak, m = medium, sh. m. -- shoulder medium 

blfra-red spectrum o f  SiH~SCH3. This  was made  with a Perkin-Elmer  Model  21 double  beam 
recording spec t rophotometer ,  employing  a sod ium chloride optical sys tem and  a 10 cm cell fitted with 
30 m m  po tass ium bromide  windows cemented  with glyptal  resin. The  m e a s u r e m e n t  was made  at 20 ° 
on a gaseous  sample  at 16 m m  pressure.  

Thermal stability o f  SiHBSCH3.SiH~SCH3(0"0517 g) was allowed to s t and  at r o o m  tempera ture ,  

I~ E. A. V. EBSWORTH, M. ONYSZCHUK and N. SHEPPARD, J. Chem. Soe. 1453 (1958). 
~) A. J. Downs  and E. A. V. EBSWORTH, J. Chem. Soe. 3516 (1960). 
In) E. A. V. EBSWORTH, R. TAYLOR and L. A. WOODWARD, Trarl~;. Faraday Soc. 55, 2 l l  (1959). 
i71 1. F. TROTTER and H. W. THOMPSON, J. Chem. Soc. 481 (1946). 
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partly in the liquid phase and partly in the vapour phase in a 12 ml all-glass container, in normal 
laboratory lighting, for four days. Only 94 per cent of the SiH3SCH3 was recovered as volatile 
material. The more volatile half of the material was removed by distillation and the remaining half 
was found to have a vapour-pressure at 0 ° of 101.6 mm (calcd. 105.2 mm). Hence some thermal 
decomposition had occurred. 

Interaction of  SiH3SCH3 with B2H6.(i) SiHaSCH3(0"434 mmole) and B2H6(0-217 mmole) were 
combined a t -  196° in a small tube connected to a mercury manometer. The tube was surrounded by 
a --80 ° bath for 15 rain and then cooled to --196 °. This was repeated six times in order to facilitate 
mixing. After cooling to --130.5 ° the mixture exerted a pressure of 37'0 mm. The sum of the vapour- 
pressures of the individual compounds at this temperature is 48-2 ram(S); 81.6 per cent of the original 
B2H6 used was found to distil from the mixture at --130'5 ° during 4-5 rain. The remainder of the 
material, on fractionation, yielded B2H6, which, when combined with that first removed, amounted to 
0.215 mmole, (tool. wt. found, 26.6, calcd., 27.69 ; infra-red spectrum identical to that of pure B2I~). 
The other fraction consisted of SiH3SCH3(0"438 mmole; tool. wt. found, 77.9, calcd., 78.22; vapour- 
pressure at 0 °, found 105.0 ram, calcd., 105.2 mm). 

(ii) A second experiment was performed in which an excess of B2H6 was employed. SiH3SCH3 
(0.438 mmole) and B2H6(0"831 mmole) were treated as previously described. A constant pressure of 
38-5 mm was measured after 80 min at --130-6 °. The sum of the vapour-pressures of the individual 
components at this temperature is 47.8 ram. Ninety-nine per cent of the originalB2H6 used was found 
to distil from the mixture at --130.5 ° during 1 hr. Upon fractionation, the remainder of the material 
yielded a trace of B~H6, which, when combined with that first removed, amounted to 0.827 mmole, 
(tool. wt. found 27"5, calcd., 27-69, infra-red spectrum identical to that of pure B2H6). The other 
fraction consisted of SiH~SCH3(0-441 mmole; mol. wt., found 77.8, calcd., 78.22, vapour-pressure at 
0 °, found 105.3 mm, calcd., 105.2 mm). 

It is believed that all the BzH6 did not distil from the --130.5 ° mixture in the first experiment 
because the time allowed was not sufficiently long. The low vapour-pressures of the SiHaSCH3-B2H, 
mixture at -- 130.5 ° and -- 130.6 ° are probably due to solubility effects or to some form of weak inter- 
action. N) 

R E S U L T S  A N D  D I S C U S S I O N  

T h e  r eac t i on  o f  the  a d d i t i o n  c o m p o u n d  f o r m e d  f r o m  SiHaI  and  (CH3),~N wi th  

C H 3 S H  at  0 ° gave  g o o d  yie lds  o f  the  new c o m p o u n d  S i H a S C H  a 

S iH3I ,N(CH3)  3 -5 C H a S H  --~ S i H 3 S C H  3 + ( C H 3 ) 3 N ' H I  

N o  ev idence  was o b t a i n e d  fo r  the  f o r m a t i o n  o f  an  a d d i t i o n  c o m p o u n d  b e t w e e n  

S iH~SCH3 a n d  B2H 6 u n d e r  c o n d i t i o n s  su i tab le  for  the  f o r m a t i o n  o f  (CHa)2S-BH3391 

I t  has  b e e n  r e p o r t e d  tha t  u n d e r  s imi lar  e x p e r i m e n t a l  c o n d i t i o n s  there  is no  a d d u c t  

f o r m a t i o n  b e t w e e n  (SiHa)2S a n d  B2H6.(l°) B o t h  S i H a S C H  ~ and  (SiH~)2S are  t he re fo re  

w e a k e r  Lewis  bases  t h a n  (CH~)zS b u t  B2H6 is no t  a sufficiently s t rong  ac id  to  d i f ferent ia te  

b e t w e e n  the  re la t ive  base  s t reng ths  o f  S i H a S C H  3 and  (SiH3)2S. I t  is h igh ly  l ikely  tha t  

t h e  u n e x p e c t e d l y  smal l  base  s t r eng th  o f  S i H 3 S C H  3 o b s e r v e d  is due  at  least  in par t ,  to 

t he  ene rgy  r e q u i r e d  to  c o n v e r t  B~H6 to  B H  a uni ts .  (1) 

T h e  re la t ive  e l e c t r o n e g a t i v i t y  va lues  o f  s i l icon (1.8) and  c a r b o n  (2.5) w o u l d  lead  one  

to  expec t  t ha t  t he  base  s t r eng th  o f  the  su lph ides  w o u l d  inc rease  as silyl g r o u p s  were  

subs t i t u t ed  fo r  m e t h y l  g roups .  T h e  fac t  t h a t  (SiHs)aO is a m u c h  w e a k e r  base  t h a n  
(CH3)zO I1°) has  b e e n  a t t r i bu t ed  to  t h e  fac t  t h a t  c o n s i d e r a b l e  p - d ~  b o n d i n g  occurs  

b e t w e e n  the  o x y g e n  a n d  the  si l icon.  Th is  is cons i s t en t  w i th  the  fact  t ha t  the  S i - - O - - - S i  

(sl H. E. WIRTH and E. D. POLMER, J. Phys. Chem. 60, 911 (1956). 
19) (a) F. G. A. STONE and W. A. G. GRAHAM, J. Inorg. Nucl. Chem. 3, 164 (1956). 

(b) F. G. A. STONE, Private communication, Nov. (1960). 
(10) (a) S. SuJlsni, E. L. GASSER and A. D. PAYTON, Abstracts of papers presented at 133rd National Meeting 

of the American Chemical Society, San Francisco p. 52Q. (1958). 
(b) S. SusISm, Office of Ordnance Research Project No. TB2-0001 (817), Contract No. DA-11-022-ORD- 
1264, Control No. OOR-137-53, Final Report, Aug. (1957). 



T h e  p r e p a r a t i o n  a n d  p r o p e r t i e s  o f  silyl m e t h y l  s u l p h i d e  229 

bond angle in (SiHa)zO is 155:] 11) whereas the C - - O - - C  angle in (CH3)zO is 111. (r') 
The oxygen bonds in (SiHa),~O therefore have considerable SP character. If an exactly 
analogous explanation were to be given to explain the low base strength of (SiH3)2S 
then one would expect that the Si--S--Si angle would be large. However, it has been 
found to be only 100°. Ira) This. therefore, suggests that the bonding in the sulphur 
linkages has very little s character and is primarily pure p in character with the/)= d~ 
bond involving principally the remaining 3/) sulphur electrons. This is consistent with 
the observations that in simple sulphur compounds such as H.~S and (CHa)2S there is 
less s character in the sulphur bonds than in the oxygen bonds in the analogous species 
HeO and (CHa),~O. This is exhibited in the observed bond angles H,_,O :: 104-31 '~I~). 
H.,S : 92% '(I'~), (CHa)eO = 111 ~(v~), (CH:)oS ..... 104~28'. <ll;) 
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, i:~ H. R. LINroN and  E. R. NIXON, J. Chem. Pkvx. 29, 921 (1958). 
~ B. F. Dm~LI~(~ and  D. M. DENNISON. ]°]tVS. R~'C. 57, 128 (1940). 
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