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= ( i l t ,  A l )  - (1 + I'R 
where R is CIIA/CL, and Q and P are the two 
bracketed expressions above. AR is the change in 
R for a time change At. The term (k, + kb)R has 
been omitted from the above equation since only 
initial hydrolysis rates were measured. Xctuallv 
the term PR is also almost negligible. Since all 
experiments gave very similar results, the data for 
only one are given in Table 111. \'slues of thr 
ionizatiou constants of acetic acid and water 'it 
503 were obtained from the work of Harned m i l  
Ehlersg and Walpolc, la respectiveh. 
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J n 1 t ial conditions : 
Ci = 0 1178 11; Ct rn \ i  = 0 013.7 1f; C s h O 4 c  = 0 032 If 

Q = k h C " +  + kt,CnH- = .? I x 1 O - b  min - 1  
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The value of the hydrolysis rate to be expected 
from the known acid-catalyzed and basic reactions, 
Q - P R ,  is subject to a fairly large error both 
from the long extrapolation required to obtain ki, 
a t  50" and froin errors in  nieasuring the initial 
hydrolysis rate. Hence there would be convincing 
evtdence for a water reaction only if the calculated 
k ,  were 1arg;e compared to (Q - P R I .  Actually 
the calculated k, value is only about a third of 
( Q  - PR) and it may be concluded that no good 
evidence exists for a direct reaction of this Lictone 
with water. 

ti)) H S Harned anrl I< IT' Fhlers THIS JOUR\  a 65 0 2 2  1'1 3'3 
( IO) C S R'alpole I Chem 5 ir 105 2301 i(Jl  1 

D E P A R T M E N T  O F  C H F M I S r R I  
C O R L E L L  r \ I V F R S I T \  
1 ~ ~ 4 ~ 4 ,  Y 1- 

The Study of Chloroiodides of Silicon, Tin and 
Germanium Using the Raman Spectra as Proof of 

Equilibria 
RE M A R I E  LOVISE DELWAI-LLE, L f A R I E  B E R T I l r  RUI5SFT 

AXD I\fICIiEL D E L I I A ~  F 
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The chloroiodides of silicoii, tin and germanium 
have a tetrahedral structure and show the following 
types of Raman spectra' '4x4 four frequencies and 
one polarized; AX?\- six frequencies and three 
polarized; .iX?'17r nine frequencies and four polar- 
ized. 

Earlier work with the chlorobromides of carbon,' 
titanium,? germanium* and tin5 led to the 

present study of the Raman spectra for chloro- 
Pelvalalle and F I'rancois, Campi l e n d  214, 220 (l'J11 

' 2 )  M -I.. fkiwscille and F FrRnColS ,  rbrd  , 219, 336 (19411 
r3) M.-I, l3eiwnlllle and P Fraacols, rbtd 420, 178 (19451 
11) M -1, bclndulia atld P Fmncoi? zbtd , Pa?, 12% (19481 
( A I  bd t t b \ W \ i t i e  ddi.1 t'Fdn*qi!s < h i d ,  419, 64 (f9.14) 

iodides. In the case of the chlorobromides of 
carbon and silicon three chlorobromides can be 
isolated whereas for titanium, germmiurn and tin 
similar compounds cannot be isolated. 

The manner in which the Raman spectra vary 
was studied' for the two series: CC14, CClaBr, 
CC12Br2, CClBr{, CBr4 and SiC14, . , SiBr4 (Tables 
I and 11'. The two spectral patterns have esactlv 
the same shape. Frequency vl, which is the 
stri)ngc.st , ~ i i d  thc most completely polarimlt is of 
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particular interest because it shifts toward the 
exciting line as bromine replaces chlorine. In  the 
carbon series the locations for frequency v1 are a t  
459,418, 370, 328 and 268 cm.-l. 

Mixtures of AC14 and ABr4 where A is titanium, 
germanium or tin, not only show. the Raman 
frequencies of AClk and ABr4 but a160 show new 
frequencies with three highly polarized lines be- 
tween the v1 frequencies of ACt  and ABr4. 
These three lines were: a t  326, 294, 263 for 
titanium [389 TiC14, 235 TiBrl]; a t  309, 281, 257, 
for germanium [396 GeC14, 235 GeBr,] and a t  270, 
250, 235 for tin [367 SnCL, 220 SnBre]. The 
study of a large number of mixtures establishes 
the identification of almost all the frequencies of 
AC13Br, AC12Brz and AC1Br3.3t4z5 

In the case of the chloroiodides, the authors 
isolated the three chloroiodides of silicon but not 
those of germanium and tin. The Raman spectra 
for the three chloroiodides of silicon (SiClI3, SiC1212. 
SiClI3) were obtained and photographed for the 
first time. The pattern of the Raman lines for this 
series [SiI,, . , ., SiCI,] (Table 111) has exactly the 
same shape as that of the above series [SiC14, 
. . . , SiBr4] (Table 11). Knowledge of these Raman 
spectra is useful in the control of the preparation 
of the chloroiodides. 
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The chloroiodides of silicon were at  first prepared 
by causing silicon tetrachloride to react with 
hydrogen iodide gas at red heat (Besson6).' Figure 
1A shows the microphotometer record of the 
Raman spectrum for the product of the above 
reaction and indicates that the percentage of silicon 
iodotrichloride formed was very small. The fre- 
quencies (VI) can be seen for both SiC131 and SiC14. 

In order to prepare sufficient amounts of chloro- 
(6) A. Besson, Comfit. rend., 112, 611, 1314 (1898). 
(7)  In ordef t o  isolate the chloroiodides the product of the reaction 

T h e  reaction inrnt bust  be distilled through a fractionating column. 
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Fig. 1.-Raman spectra of silicon chloroiodides : upper. 
Sic4 + IH a t  450'; lower (B) Si + HC1 + 1 2  at 550". 

iodides the authors treated finely divided silicon 
with iodine and hydrogen chloride gas a t  550.8,9 
When hydrogen chloride reacts with silicon in this 
form, SiC14, SiC13H and a small amount of SiC12H2 
are formed. It is assumed that iodine reacts with 
SiC13H and SiC12H2 according to the equations 

SiClsH + I? = SiCllI + HI 
SiClzHl + 212 = SiCI,I2 + 2HI 

The hydrogen iodide thus formed could react to 
give further replacement of chlorine by iodine. 
This was found to be true. 

The Raman spectrum (Fig. IB) for the liquid 
thus obtained indicated a large amount of silicon 
trichloroiodide10 and a considerable amount of 
both silicon dichloroiodide and silicon tetrachloride. 
One can see the v1 frequencies for each compound. 
When the mixture obtained by the above method is 
fractionally distilled, a small amount of silicon 
triiodochloride and silicon tetraiodide can be identi- 
fied in the highest boiling fractions. I t  is interest- 
ing to note that iodine can replace hydrogen in 
silicon derivatives. Substitution by iodine occurs 
less readily than substitution by bromine. 

Silicon trichloroiodide is unstable toward heat, 
forming silicon tetrachloride, silicon dichloroiodide 
and silicon tetraiodide. Figure 2 shows the micro- 
photometer record of the Raman spectra for the 
material formed (by heating trichloroiodide) a t  
325" (A) and a t  400" (B). 

Silicon trichloroiodide reacts more rapidly with 
hydrogen iodide than does silicon tetrachloride. 
Figure 3 shows the microphotometer record of the 

(8) The silicon was obtained by tteatiug an al loy of silkotl and 

(9) Silicon chlorobromides were mnde b y  Q tim<lrr mcthnd kt 3fiO' 
duminum with H a .  
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CreISr4 1 2 3 Fig. 2.-Raman spectra for silicon chloroiodides : ( A )  upper, 
Sic131 at 325"; (B)  lower, Sic121 at 400". 

Raman spectrum for the liquid obtained by treating 
silicon trichloroiodide with hydrogen iodide at  
325".  The first chlorine is the most difficult to 
replace. 
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Fig. 3.-Raman spectrum for silicon chloroiodides: Sic131 f 
Irr at 3230. 

Chloroiodides of tin were described early in the 
literature but were later disproved (Lenormand, l 
Auger,'? Rader13). There is no record in the litera- 
ture of the chloroiodides of germanium. However 
germanium and tin chloroiodides exist but cannot 
he isolated. They can be prepared by either 
causing germanium tetrachloride or stannic chlo- 
ride to react with hydrogen iodide or by mixing the 
halides 4c14 and - 1 1 4  either in the pure form or in a 
solvent such as carbon disulfide. The reaction, 
which takes place when AC& and ABr4 axe mixed, 
is more rapid for tin than for germanium. l 4  For the 
same element (germanium ar tin) the chlorine- 
bromine exchange reaction proceeds faster than does 

(11) M. C. Lenormand, f. pharm. chim.. 8 ,  249 (1898). 
(12) V. Auger, Comfit r e n d ,  148, 860 (1809) 
(13) M Tt RBder, Z anorg Ckcm , 180, 325 (1928) 
( 1 4 )  M 1, Drlwaullr, CiwaPl rrnd,, 139, 64 (1961). 

SnC14 

the chlorine-iodine exchange reaction. The study 
of Raman spectra for these mixtures or solutions 
definitelv shows, as in the case of the chlorobro- 
rnides of Ge and Sn, the existence of new molecules. 
Tables IV and V show the V I  frequencies of the 
three chloroiodides of germanium and tin and 
similar frequencies for the chlorobromides. The 
pattern of the lines is unchanged when we replace 
chlorine by iodine, instead of chlorine by bromine. 
There is also great similarity between the spcctra 
for thra gerrriaiiiuiri mid tin compountls. 
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Methylsulfur Trichloride and Analogous Com- 
pounds1j2 

BY IRWIN B. DOUGLASS, KAY ROBERT BROWER A m  
FREDERIC T. MARTIN 

RECEIVED JUNE 25,  1952 

In a recent paper from this Laboratory the 
preparation and reactions of methylsulfur tri- 
chloride were reportqd.s The reaction between 
methyl disulfide and chlorine was described as 

(1) This paper describes work done on Project NR-055-165 under 
Contract Nonr-647(00) with the Office of Naval Research, United 
States Navy. 

(2) Taken in part from the Master's Thesis of Kay Robert Brower 
(3) K H 13rower ~ i ~ d  I u n~mt&m, Tins ~ o t i a ~ ~ ~ . .  79, ;787 
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