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The ir spectra from 4000 to 33 cm -1 have been recorded of CH3AsC12, CH3AsBr~, CH~AsI~, and 
CD3AsI~. The Raman spectra of each of these compounds have been recorded and depolarization 
values measured for CH3AsC12 and CH3AsBr2. The observed spectra have been successfully inter- 
preted on the basis of a pyramidal skeletal structure of C~ symmetry. The observed values for the 
Teller-Redlich product rule for the assignments of the normal modes of the Ctt3AsI~ and CD3AsI~ 
molecules are in reasonable agreement with the theoretical values for both symmetry species. 
The As-CH3 torsional mode was tentatively assigned in the ir spectrum of solid CH3AsBr2 at 
134 cm -1 and the torsional barrier calculated to be 461±30 cm -1 (1.32±0.08 kcal/mole). The 
low frequency bending modes of solid CH3AsI2 and CD~AsI~ have been found to show correlation 
field splitting and have been successfully explained in terms of the four molecules per unit cell 
with a space group of C~ G. 
INnEX HEADINGS: Infrared spectra; Far infrared spectra; Molecular structure; Raman spectra. 

I N T R O D U C T I O N  

The s tudy of the vibrational motions of organo- 
metallic compounds in the low frequency region of the 
spectrum ( <  200 cm -I) has been the subject of several 
recent investigations2 -4 These investigations were for 
the purposes of characterizing the molecular motions 
giving rise to the low frequency modes and of s tudying 
the effects on the barriers hindering internal rotat ion 
of the CH3 group by the addition of various substitu- 
ents. As a continuation of these studies, we have in- 
vestigated the far ir spectra of CH3AsCI:, CH3AsBr2, 
CHaAsI:,  and CD3AsI2. No previous far infrared data  
have been published for these molecules, but  rather 
complete Raman  data  have been reported for the first 
t)vo molecules. 5 Part ial  R a m a n  data  were previously 
given for the CH3AsI2 molecule but  these data  were 
not  consistent with the observed far infrared bands. 
Therefore, we have recorded the Raman  spectra of all 
the methyl  haloarsines with laser excitation. 

A microwave s tudy 6 has been carried out on 
CH~AsF2 and the barrier hindering the methyl  rota- 
t ion was found to be 463 cm -~. Similarly the barrier for 
methyl  arsine was determined from far infrared data  7 
to be about  500 cm-L Therefore, it was hoped tha t  the 
s tudy  of the methyldihaloarsines might reveal some 
subst i tuent  effects on the torsional barriers for these 
amines if such effects exist. 

I. EXPERIMENTAL METHOD 

The chloride and bromide samples were prepared as 
suggested by Van der Kelen and Herman 5 and the 
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iodide by the method of l~[illar et al. s The chloride and 
bromide were purified by fractional distillation and the 
iodides were purified by subl imat ion.  The CD3AsI2 
compound was prepared and purified using the same 
procedures followed for CHzAsI2, but  with the substi- 
tut ion of CD3I for CH~I. 

The spectral region from 4000 to 250 cm -~ was 
investigated with a Perk in-Elmer  model 621 ir spec- 
trophotometer .  The instrument  was calibrated with 
s tandard gases 9 and was continuously flushed with dry  
air during operation. Spectral data  were obtained from 
liquid films of each compound supported between 
heated CsI plates. Infrared spectra between 4000 and 
250 cm -1 are presented in Fig. 1. 

The spectral region from 650 to 33 cm -1 was in- 
vestigated with a Beckman model IR-11 far ir spectro- 
photometer.  The instrument was calibrated with atmo- 
spheric water vapor  and the assignments of Randall  
et al2 ° Spectral data  were obtained from samples which 
were sublimed onto a silicon plate cooled to --190°C. 
I t  was necessary to anneal each sample several times 
before bands reached their final breadth and intensity. 
All data  taken at low temperature  were obtained by 
using the cell described by Baglin et a l } '  The spectra 
observed from 250 to 33 cm -1 are presented in Fig. 2. 

R a m a n  data were obtained from a Cary model 81 
Raman  spectrophotometer  which has a hel ium-neon 
laser operated at 6328 A for excitation. The instrument  
was calibrated from 0-4000 c m - '  by neon emission 
lines. Spectral data  were obtained from solid or liquid 
samples of each compound. R a m a n  spectra are 
presented in Fig. 3. Frequencies of the observed infra- 
red and R a m a n  bands are reported in Tables I - IV .  
All fIequencies are expected to be accurate to ±~2 cm -1 
for sharp bands. 

II. RESULTS A N D  DISCUSSION 
Microwave results 6 on CH3AsF~ established tha t  

this molecule is in a pyramidal  arrangement  with the 
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FIG. 1. A Infrared spectrum of CH~AsCI~ ; 
B infrared spectrum of CH~AsBr~; C in- 
frared spectrum of CH~AsI~; D infrared 
speetrmn of CI)~AsI~. 
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methyl  group presumed to be in the staggered confor- 
mation.  An x-ray 12 study of a single crystal of CH3AsI2 
revealed a similar structure for this molecule.  There- 
fore, it is not  unreasonable to ~ssume that  both 
CH~AsCI2 ~nd CH3AsBr2 would ~lso have  pyramidal  
skeletal  structures. These molecules can have  at most  
a single plane of symmetry  and thus would fall under 
the point group C~. Under C~ symmetry  there should 
be 15 fundamental  vibrational frequencies, nine class 
a' and six class a" modes,  ~nd they  should all be act ive 
in the ir and R a m a n  spectra. The nine class a' modes  
should be polarized in the R a m a n  spectrum and the 
six class a" depolarized. 

N o  crystal  data are avail~ble for either CH3AsC12 or 
CH~AsBr2 but the space group was determined to be 
C2/~-C2h 6 with four molecules per primitive cell for the 

CH~AsI2 crystal. '2 Thus,  in the spectra of the solid 
both the ir and R a m a n  bands may  be split into two 
modes which would represent the Au-B, and A~-Bu 
components ,  respectively. Also because of the center of 
s y m m e t r y  in the unit cell, there m a y  be mutual  
exclusion between the ir and R a m a n  frequencies (see 
Table V). This factor group splitting will depend upon 
the strength of the correlation field and is expected to 
be the most  pronounced for the A s - I  motions.  The 
effects of the correlation field will be discussed in detail 
after the vibrational  ass ignment is given. 

Spectral data and vibrational  ass ignments  are avM1- 
able for the molecules AsCI., n,l~ AsBr~, 15 AsL,  16'17 and 
As(CH3)3. 5,Js Harvey  and Wilson have also reported 
their spectral results and normal  coordinate analysis of 
CH3AsH2 7 as well as three of its deuterated derivatives.  
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spec t rum from 250 to 33 cm -1 of 
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The choice of fundamental vibrational assignments for 
CH~AsC12, CH3AsBr2, CH~AsI2, aud CD3AsIs will be 
based on depolarization values, band intensities in the 
ir and Raman spectra, deuterium shift factors, and 
comparisons with similar molecules. The fundamental 
vibrations will be discussed ia the following order: 
carbon-hydrogen, arsenic-carbon, and arsenic-halogen 
vibrations. The methyl torsional oscillation for the 
isolated molecules and the crystal effects will be dis- 

cussed separately. As a matter of simplicity the 
CH3AsC12, CH3AsBr~, and CH3AsI2 molecules will be 
referred to as the chloride, bromide, and iodide, re- 
spectively, in the following discussion. 

A. Carbon-Hydrogen Vibrations 

Three carbon-hydrogen stretches are expected, two 
of class a' and one of class a" symmetry. The anti- 
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Table I. )nfrared and Raman spectra of methyldichloroarsine2 

Infrared In- Raman In- Depo- 
(liquid) ten- (liquid) ten- lariza- 
(cm -~) sit)" (em -~) sity tion Assigmnents 

3012 m 3012 1 ~0 CH3 antisymmetric 
stretch 

2994 m 2995 1 v~ CH3 antisymmetric 
stretch 

2916 m 2915 5 p2 CH3 symmetric 
stretch 

2780 w • • • 2~3 = 2794 
2482 w • • • 2~4 = 2496 
2224 w • • • ~ --}-u~ = 2229 
2083 m • • • u~ +u~ = 2080 
1827 m • • • u~ +u~ = 1829 
1598 w • • • r i o  - - P l l  = 1597 
1415 sh - . .  Pll CH~ antisymmetric 

deformation 
1397 -~ 1397 2 v~ CH~ antisymmetric 

deformation ~ 
1248 ~ 1248 2 ~4 CHa symmetric 

deformation 
1235 sh ~a -~9 = 12427 
1154 w 2~ = 1162 

832 s 834 2 ~, ~,~ CH3 rock 
751 w vT+v,~ =752 
581 s 581 57 ,~ As-C stretch 
388 s 379 100 p v7 As-CI symmetric 

stretch 
364 s 363 59 . . .  v,~ As-C1 antisym- 

metric stretch 
224 ~ w 219 12 p ~s AsCl~ symmetric 

wag 
201 ~ sh 205 12 dp v~4 As-CH~ bend 
160 b w 155 29 p ,~ AsC12 deformation 
144 b vw ~,~ As-CH~ torsion? 
108 b vw Lattice 
102 b vw Lattice 

m ( M e d i u m ) ,  s ( s t rong) ,  w (weak ) ,  sh  ( shou lde r ) ,  v (very) ,  p (po l a r i zed ) ,  

d p  (depo la r i zed ) .  
b F r e q u e n c i e s  o b t a i n e d  f r o m  s a m p l e  a t  - - 1 9 0 ° C .  

s y m m e t r i c  C - H  s t r e t c h i n g  m o d e  of  c lass  a "  is a s s i g n e d  
t o  t h e  h i g h e s t  f r e q u e n c y  b a n d s  o b s e r v e d  a t  3012, 3010, 
a n d  3004 c m  -~ in  t h e  ch lo r ide ,  b r o m i d e ,  a n d  i o d i d e  
c o m p o u n d s ,  r e s p e c t i v e l y .  T h e  c o r r e s p o n d i n g  b a n d  in  
CD3As I2  is o b s e r v e d  a t  2251 c m - L  T h e  t w o  c lass  a '  
m o d e s ,  one  s y m m e t r i c  a n d  o n e  a n t i s y m m e t r i c ,  a r e  
f o u n d  in t h e  c h l o r i d e  a t  2916 a n d  2994 e m  -I ,  r e spec -  
t i v e l y ,  a n d  a re  f o u n d  to  sh i f t  o n l y  s l i g h t l y  t o  l o w e r  
f r e q u e n c y  in  t h e  b r o m i d e  a n d  i o d i d e  c o m p o u n d s .  T h e  
2916 c m  -~ b a n d  is of  g r e a t e r  i n t e n s i t y  i n  t h e  R a m a n  
s p e c t r u m  a n d  c o r r e s p o n d s  t o  t h e  s y m m e t r i c  s t r e t c h i n g  
m o d e  fo r  a m e t h y l  g r o u p  w i t h  C3, s y m m e t r y .  T h e  
c o r r e s p o n d i n g  b a n d s  in  t h e  h e a v y  c o m p o u n d  w e r e  
f o u n d  a t  2113 a n d  2240 c m  -~, r e s p e c t i v e l y .  

F i v e  c a r b o n - h y d r o g e n  b e n d i n g  m o d e s  a r e  e x p e c t e d ,  
t h r e e  of  c lass  a '  a n d  t w o  of c lass  a "  s y m m e t r y .  T h e y  
c a n  be  a p p r o x i m a t e l y  d e s c r i b e d  as  o n e  a "  CH3  de -  
f o r m a t i o n ,  t w o  a '  CH3  d e f o r m a t i o n s ,  one  a "  a n d  o n e  a '  
C H a  r o c k i n g  m o d e s .  T h e  a n t i s y m m e t r i c  a "  C H 3  de -  
f o r m a t i o n  was  o b s e r v e d  in  t h e  i r  s p e c t r a  a t  1415, 1411, 
a n d  1409 e m  -~ fo r  t h e  ch lo r ide ,  b r o m i d e ,  a n d  i o d i d e  
c o m p o u n d s ,  r e s p e c t i v e l y .  T h e  class  a '  a n t i s y m m e t r i e  
v i b r a t i o n  w a s  o b s e r v e d  a t  1397, 1393, a n d  1384 c m  -~ in  
t h e  t h r e e  s p e c t r a  a n d  t h e  class  a '  s y m m e t r i c  v i b r a t i o n  
a t  1248, 1243, a n d  1239 c m  -~, r e s p e c t i v e l y .  T h e s e  
v i b r a t i o n s  a r e  wel l  c h a r a c t e r i z e d  in  b o t h  i n t e n s i t y  a n d  

f r e q u e n c y  a n d  t h e i r  a s s i g n m e n t  is t h e r e f o r e  s t r a i g h t -  
f o r w a r d .  T h e s e  t h r e e  d e f o r m a t i o n a l  v i b r a t i o n s  in  t h e  
CD3AsI2  c o m p o u n d  w e r e  o b s e r v e d  a t  1026, 1019, a n d  
947 c m  -1 in  t h e  R a m a n  s p e c t r u m .  
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FIG. 3. A l~aman spectrum of CH3AsCl~; B Raman spectrum 0 
CH3AsBr2 ; C Raman spectrum of iCH3AsI2 ; D Raman spectrum 
of CD3AsI~. 
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Table II. Infrared and Raman spectra of methyldibromoarsine2 

In f r a r ed  In -  R a m a n  In -  Depo-  
( l iquid) ten-  ( l iquid) ten-  lar iza-  
(era- ' )  s i t y  (cm- ' )  s i t y  t ion Ass ignmen t s  

3010 m 3008 1 via CHa a n t i s y m m e t r i c  
s t r e t ch  

2991 m 2988 1 v~ CHa a n t i s y m m e t r i c  
s t r e t ch  

2912 m 2910 2 v= CHa s y m m e t r i c  
s t r e t ch  

2853 w 2991 -- 134 = 2857 ? 
2775 w 2va = 2786 
2474 w 2~4 = 2486 
2221 w ~a+v~=2224  
2078 m v~+v~ = 2 0 7 4  
1818 m u4-f-v6 = 1818 
1597 v w  vn --kvs = 1600 
1560 vw ? 
1411 (sh) 1407 1 p11 CHa a n t i s y m m e t r i c  

de fo rma t ion  
1393 s 1392 1 va CHa a n t i s y m m e t r i c  

de fo rma t ion  
1243 s 1244 1 v4 CHa s y m m e t r i c  

de fo rma t ion  
1142 v w  2vs = 1150 

831 s 829 1 vs, v,~ CHa rock 
575 s 573 21 v~ A s - C  s t r e t ch  
374 m 2vs = 378 
269 s 268 1(i)0 p v7, via A s - B r  s y m m e t -  

ric and  a n t i s y m m e t -  
ric s t r e t ch  

233 ~, w (sh) 2 X 135 = 230 
198 b w 189 8 p vs, v~4 AsBr~ wag  and 

A s - C H a  bend  
13@ v w  v~ As -CHa  tors ion  
115 ~ m 100 36 p v~ AsBr= de fo rma t ion  

94 b w La t t i c e  

S e e  Table  I for explanat ion of symbols  used. 
b Frequencies obtained from sample at --190°C. 

The two CHa rocking modes appeared to be de- 
generate and a single, strong ir band at  832 cm- '  was 
observed in all the spectra. The Raman  spectrum of 
the heavy compound showed these two modes to be 
split by about  5 cm- '  at 632 and 627 cm-' ,  respectively. 
Thus, the use of deuter ium substi tut ion in the iodide 
made this assignment unequivocal. 

B. Arsenic-Carbon and Arsenic-Halogen 
Vibrations 

The  arsenic-carbon stretching mode was observed 
at  583 cm -* in As(CHa)¢;  therefore, the strong ir 
bands at  581, 575, 563, and 520 cm -~ in the spectra of 
the chloride, bromide, iodide, and iodide-da com- 
pounds, respectively, are confidently assigned to the 
arsenic-carbon stretching motion. The shift with 
deuterat ion is exactly the calculated value. The sym- 
metric AsXa stretching modes were observed at  411, 
287, and 216 cm -* for AsClo, ~a AsBra, *~ and Asia, '<it 
respectively. The symmetric AsX~ stretching vibra- 
tions should be the strongest Raman  lines below 1000 
cm -1 and should have frequencies similar to those 
found for the symmetric  stretching modes of the AsXa 
compounds. Thus, these symmetric stretching motions 
are assigned to the intense, polarized Raman  bands at  
379, 268, 200, and 195 cm- '  for the chloride, bromide, 
iodide, and iodide-tin compounds, respectively. The  

antisymmetric stretching vibrat ion exhibited inter- 
esting behavior for this series of molecules. This mode 
was observed at 363 cm -~ for the chloride, 16 cm -~ 
lower than  the symmetric stretching mode, a t  268 
cm- '  for the bromide, which is degenerate with the 
symmetric motion, and at  222 cm -~ for the iodide, 22 
cm -1 higher than  the symmetric  mode. There  can be no 
doubt  tha t  these assignments for the stretching modes 
are correct  because of the relative intensities in both  
the ir and Raman spectra as well as the depolarization 
values of the Raman  lines. Similar relative behavior of 
the corresponding stretching modes is found for the 
AsXa molecules. 

In the earlier work of Van der Kelen and Herman,  5 
two bands were reported at 278 and 263 cm -~ in the 
Raman  spectrum of the bromide. Our spectra, both 
infrared and Raman,  clearly indicate the presence of 
only one band at 268 cm -1 for this compound. The 
spectrum of CHaAsI2 reported by  Van der Kelen and 
Herman  5 contained two bands of equal intensi ty at 220 
and 283 cm -~. Our spectral da ta  revealed three Raman  
and ir bands in this region at  200, 222, and 288 cm- ' .  
The  intensi ty of the 288 cm -~ band indicates tha t  it is 

Table III. Infrared and Raman spectra of methyldiiodoarsine. ~ 

In f ra red  In -  R a m a n  In-  
( l iquid) ten-  (solid) ten-  
(era -1) s i t y  (cm -1) s i ty  Ass ignmen t s  

3004 m 3005 1 v,o CHa a n t i s y m m e t r i c  s t r e t c h  
2982 m 2988 1 vl CHa a n t i s y m m e t r i c  s t r e t ch  
2905 m 2909 1 v2 CHa s y m m e t r i c  s t r e t ch  
2853 vw va-t-Vll-/-v9 = 2 8 5 7  
2812 v w  2 u u = 2 8 1 8  
2769 w 2va = 2768 
2461 w 2u4 = 2 4 7 8  
2215 w Va+V5 = 2 2 1 6  
2072 m v4-bv5 =2071  
1799 m v4+v6 = 1802 
1656 v w  2v~ = 1664 
1409 sh 1405 1 vu CHa a n t i s y m m e t r i c  

de fo rma t ion  
1384 s 1371 1 va CHa a n t i s y m m e t r i c  

de fo rma t ion  
1239 s 1229 1 v4 CHa s y m m e t r i c  de fo rma t ion  
1116 w 2v6=1126 
1055 v w  vh-t-vla = 1048 (?) 
832 s 826 1 vh, v,~ CHa s y m m e t r i c  and  an t i -  

s y m m e t r i c  rock 
773 w v6+via = 7 7 8  
728 w 
563 s 560 2 v6 A s - C  s t r e t ch  
478 w 
445 w 2Xv13 = 4 5 0  

422 1 v7--kv,a = 4 2 2  
346 v w  2v14 = 354 
331 w vT-I-v,5 = 3 4 4 ?  
283 b w 288 1 us + v7 = 287 
225 b s 222 12 v,a A s - I  a n t i s y m m e t r i c  s t r e t ch  
204 b'¢ S 200 100 v7 A s - I  s y m m e t r i c  s t r e t ch  
180 b,° m 176 19 v14 A s - C H a  bend ;  vs CHa AsI2 

wag  
140 sh v,~ tors ion  or v 0 + 4 4 = 1 3 9 ?  

95 b,° s 87 49 v9 Asia  de fo rma t ion  
86 b,° w (sh) 
64 b,° s 72 7 L a t t i c e  nmde  
44 b w L a t t i c e  mode  

See Table  I for explanat ion of symbols  used. 
b Spectrum of the sample at --190°C. 
° See discussion of crystal  field effects.  
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probab ly  a combinat ion  band ( 2 0 0 + 8 7 = 2 8 7  cm-1). 
The band a t  200 cm -~ is the s trongest  line observed in 
the  R a m a n  spec t rum below 1000 cm-k  This line 
clearly mus t  be due to the  symmetr ic  AsI~ s t re tching 
mot ion as discussed above and not  the AsI~ symmetr ic  
deformat ion as described by  the Du tch  workers. The 
medium in tens i ty  band  a t  222 cm -~ then  must  be due 
to the an t i symmetr ie  AsG s t re tching motion.  The 
Dutch  workers have assigned the an t i symmet r i c  AsI~ 
s t re tching mot ion  to a band  a t  108 cm-L We observe 
no band  a t  this  f requency and believe the 108 cm -~ line 
can not  arise from a molecular  mot ion of the CHaAsI2 
molecule. 

The s tudy  of CH3AsH: ~ showed t h a t  the  low fre- 
quency skeletal  modes could be described as a sym- 
metr ic  AsH~ deformat ion (a'),  a symmetr ic  (a') AsH2 
wagging, and a symmetr ic  (a") AsH:  twist ing mode. 

In  the  l a t t e r  mode the methyl  group moves ex- 
tensively.  When the mass of hydrogen is changed to 
t h a t  of the halogen the p r imary  mot ion of the  ant i -  
symmet r ic  bending mode becomes one of mainly  
methyl  mot ion because of the much l ighter  mass of the 
methy l  group in relat ion to the  mass of the  halogens. 
The s tudy  of AsX3 (where X =  C1, Br, and  I) es tab-  
lished the frequency range for the two bending 
motions which are found at  195 and 159 cm -~ in the 
chloride, a t  130 and 100 cm -1 in the  bromide,  and a t  
94 and 70 cm -~ in the  iodide for the  symmet r ic  and 
an t i symmet r ic  deformat ional  modes, respect ively.  The 
ass ignment  of these three  fundamenta l s  in CH~AsC12 
is s t ra ight forward  for only three s t rong bands  are ob- 
served in the expected spectra l  region and two of these 
bands  are found to be polarized in the  R a m a n  spec- 
t rum.  The two polarized lines at  219 and 155 cm -~ are 
assigned to the AsC12 wagging and AsCl~ scissors, re- 
spect ively,  by  analogy with  the assignments  of AsCl~. 
The  depolar ized line (205 cm -~) is assigned to the 
Ci~As-CHa an t i symmet r ic  bending motion.  In  the  
bromide only two bands  were observed in the  expected 
region a t  198 and 115 cm -~ in the  ir and the R a m a n  
spect ra  of the solid and at  189 and 100 cm -~ in the 
R a m a n  spect rum of the liquid. An inspect ion of the  
two spectra  [Figs.  2(B) and 3 (B)]  clearly shows t h a t  
the  two higher f requency bands  in the  chloride merge 
into the  single band  a t  198 cm-1 in the bromide.  This 
single broad  band is then  assigned to both  the 
CHaAsBr~ wagging mode and the an t i symmet r i c  
bending mot ion in CH~AsBr2. I t  should be pointed out  
t h a t  the CHaAsBr~ wagging mode will involve a con- 
s iderable amount  of CH~-As bending mot ion since the 
halogen mass has increased to more than  four t imes the  
mass of the methyl  group. The 115 cm -~ band  is as- 
signed to the AsBr~ deformat ional  mode. The R a m a n  
spect rum of l iquid CHaAsI~ also contains  only two 
bands  in the  expected region at  170 and 74 cm-L The 
assignment  of these two bands  follows t ha t  given 
for the  bromide :  the symmetr ic  and an t i symmet r i c  
C H ~ - A s - I  bending modes to the  170 cm -~ band and 
the AsI~ deformat ion  to the 72 Cln -1 band.  The spectral  
da ta  obta ined from the CD3AsI~ molecule are of great  
value in confirming the above assignments.  In  the ir 

Table IV. Infrared and Raman spectra of methyldiiodoarsine-d~." 

Infrared In- Raman In- 
(liquid) ten- (solid) ten- 
(cm -~) sity cm -~ sity Assignments 

3265 w ~10q-p~ =3270 
3250 w ~1 q-~3 = 3252 
3204 w ~10q-~4 =3208 
3185 vw ~1q-~4 =3190 
2877 w ~1q-~5 =2873 
2745 vw ~ q-v5 =2748 
2631 vw v~-ff~6 =2631 
2379 w ? 
2254 m 2251 2 ~10 CD3 antisymmetric stretch 
2236 zn 2240 3 v~ CD3 antisymmetric stretch 
2111 m 2113 11 ~ CD3 symmetric stretch 
2029 w 2p3 = 2032 
1975 vw ~3+~4 = 1970 
1652 w p3 -t-p5 = 1653 
1587 m p4 ~ = 1591 
1467 m ~4 q'-~6 = 1474 
1245 w 
1150 w ~5-4-~6 = 1157 
1016 s 1026 1 v~, ,H CD3 antisymmetric 

1019 3 deformation 
996 sh ? 
954 s 947 8 ~4 Cl)~ symmetric deformation 
737 w ~6-ff~13 =744 
722 w 
637 s 632 7 ~5 CI)~ rock 
-. - 627 6 ~12 CD3 rock 

520 s 516 50 ~ As-C stretch 
443 w 2913 = 448 

412 4 ~a q-,4 =413 
396 2 2,7 =390 

368 w ~7+~4 =365 
283 3 u7-q-u8 = 281 

224 b s 218 15 ~ AsI~ antisyminetric stretch 
199 ~ s 195 100 ~ AsI~ symmetric stretch 
172 ~,° w 162 4 ~14 As-CD~ bend; ~s CD~AsI~ 
161 b,° wag 

134 1 ? 
93 ~ s 86 34 ~9 AsI~ deformation 
84 b'° w 
64 b'c m 71 5 Lattice mode 

a See Table I for explanation of symbols used. 
b Spectrum of the sample a t  --190°C, 

See discussion of crystal field effects. 

spect rum of solid CDzAsI2 the high frequency band 
was found to be spli t  into a double t  a t  172 and 161 
cm -1. The shifts observed in the AsX2 deformat ion and 
symmet r ic  and an t i symmet r i c  bending modes in going 
from the chloride to the  iodide reveal  t h a t  there  is 
considerable methy l  mot ion involved in both  the 
symmetr ic  and  an t i symmet r ic  bending modes bu t  very  
l i t t le  me thy l  cont r ibu t ion  in the AsX2 deformat ional  
mode. There can be no clear d is t inct ion between the 
symmetr ic  and an t i symmet r ic  bending modes in the d3 
compound since depolar iza t ion da t a  cannot  be ob- 
ta ined in the solid. However,  wi thout  having the 
R a m a n  and ir spect ra  of all four of the compounds,  
both  l iquid and solid, the  ass ignment  of the low fre- 
quency modes would have been very  difficult. There  
are one or two very  s t rong la t t ice  modes for all the  
solid CH~ (D3)AsX2 compounds a t  or below 100 cm -I. 
Fo r  instance, the  iodide compounds have a very  s t rong 
la t t ice  mode a t  64 cm -1 which could have easily been 
assigned to one of the  low frequency bending modes 
which were observed a t  94 and 70 cm -I in Asia. How- 
ever, the  ir spec t rum of CH3AsI2 in solution did not  
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Table V. Correlation diagram for solid methyldiiodorarsine. 

Molecule Sit.e Crystal 

C, C, C~h 6 

A | B ~  ( [ t a m a n )  
.A H 

LB.(ir) 

indicate the presence of this band. The  Raman  spec- 
t r u m  of liquid CH3AsI2 showed a ve ry  strong line at  
74 cm -1 which accounts for one of the modes and the ir 
spect rum of solid CD3AsI2 indicates tha t  the 180 cm -1 
do band is made up of two components  which appear  at  
172 and 161 cm- '  in the d3 compound ; however, factor  
group splitting can not  be definitely ruled out. I t  must  
also be pointed out  tha t  there  are extensive frequency 
shifts in going from liquid to the solid in both  the ir and 
a a m a n  spectra. If  one has access only to data  taken 
from the ir or Raman  spectra of solid samples, errone- 
ous assignments of the low frequency bending modes 
could easily be made. 

C. Crystal Field Effects 

The  frequency for the AsI~ deformational  motion is 
not  the same in the ir and Raman spectra. These 
differences are real and can be explained on the basis of 
fac tor  group splitting in the crystal  (see Table V). For  
example, the Raman  line at  87 cm -~ represents both  
the Ag and Bg AsI~ deformation whereas the two out- 
of-phase motions of A~ and B~ symmet ry  are found at 
86 and 95 cm -1. This correlation field splitting is quite 
large in comparison to the frequency of the normal 
modes (it represents a 10% sltfift of the in-phase and 
out-of-phase motions). These splittings should be 
t aken  into consideration when force constant  calcula- 
tions are made bu t  this point  seems to have been 
neglected in a recent paper  on the vibrational spectrum 
of AsI3. '7 Stammreich et a l ?  ° reported a f requency of 
94 cm -1 for the AsI3 symmetr ic  mode in the Raman  
effect whereas a frequency of 102 cm- '  was reported for 
this normal mode in the far  infrared spectrum recorded 
by  Manley  and Will iamsY Although Manley and 
Williams 1~ state  tha t  they  prefer the 102 cm -~ assign- 
ment  on the basis of their force constant  calculations, 
it  is believed tha t  the difference in f requency between 
the two spectra represents factor group splitting. 

D. M e t h y l  Torsional Oscillation 

The  remaining vibrat ion to be discussed is the 
C H r  torsional oscillation. The  observation of the 
bands owing to this mode is the most difficult of all to 
obtain for they  are generally quite weak, broad bands. 
Microwave data  6 established tha t  the barrier to in- 
ternal  rotat ion in CH3AsF2 was 463=t=6 cm-' .  An ir 
s tudy  of CH3AsH27 failed to establish an exact value 
for the barrier to -CH3 rotation, bu t  arrived at  an 
estimate of about  500 cm -1 for this barrier. This as 

well as other  evidence 19 suggests tha t  the replacement  
of hydrogen by  fluorine does not  greatly change the 
barrier  height. These values allow one to est imate a 
range of frequencies for the As-CH3 torsion of 135 to 
185 cm- ' .  F rom the spectra of the chloride and the 
iodide one cannot  make a definitive assignment for the 
torsional mode. There  is a ve ry  weak shoulder at  144 
cm -1 in the ir spectrum of solid CH3AsC12 which may  
be due to the torsion. No other  bands were observed in 
the region between 200 and 100 cm- '  which could be 
assigned to this mode. The  ir spectrum of the iodide 
gives no clear indication of a band which could be 
a t t r ibuted  to the torsional motion. However,  there is a 
weak band at  ~ 1 4 0  cm -1 in the Raman  spectrum of 
this compound. This may  be due to the torsion or to an 
overtone (95+44  = 139 cm -1) ; therefore this cannot  be 
regarded as a definitive assignment of the torsion. The  
ir spectrum of the bromide has a band at  134 cm -1 
which is clearly separated from the other  low fre- 
quency bands. This band cannot  be assigned to any 
reasonable combination nor to a latt ice mode. There-  
fore; it  is felt tha t  the 134 cm -1 band is due to the 
methyl  torsion. 

From the observed frequency of the torsional oscil- 
lation and assumptions about  the s t ructure  of the 
molecule, one can calculate the height of the potent ial  
barrier  to rotation. For  groups of threefold local 
symmet ry  oscillating about  an asymmetric  f ramework 
the potential  energy may be represented by 

V (a) = ( V 3 / 2 )  (1 + eos3a) + (V0/2) (1 + cos6c~) + - . - ,  

where a is the angle of rotation, V3 is the height of the  
threefold potential  barrier, V8 the height of the sixfold 
one, and so forth. The  terms higher than the first may  
be dropped, therefore, the torsional energy is 

E ~  = 2 .25  Fb~,  

where b~ is an eigenvalue of the ~¢Iathieu equation and 
F = h2/8~-2rIa. By using the s tructural  parameter  given 
in Table  VI the F values for CH3AsC12, CH3AsBr~, 
CH~AsI2, and CD~AsI2 may be calculated (Table VI). 
F rom the F value and the absorption frequency, a 
Ab~ may be calculated and from Ab~ a dimensionless s 
value may be obtained from tables of solutions for the 

Table VI. Structural data on CH3AsX2 and CD3Ash. 

Bond 
distances 

and angles CH3AsF2~ CIt3AsCh b CH~AsBr2 b CH~AsI2 c CD~AsI~ b 

r (As-C) (A 0) 1.92 1.97 2.02 2.07 2.07 
r (As-X) (A 0) 1.74 2.01 2.27 2.54 2.54 
< C - A s - X  95°50 ~ 94 ° 102 ° 104 ° 104 ° 
< X - A s - X  96 ° 98 ° 102 ° 104 ° 104 ° 

Moments of inertia 
IA ainu ~2 93.66 131.75 184.73 230.39 252.01 
IB ainu ~2 93.943 203.82 546.59 1072.19 1083.27 
I v  ainu ~2 130.565 254.61 634.89 1194.97 1208.67 

F (era -1) 5.333 5.303 5.257 5.243 2.649 
s 37.9 39.0 

L. J. Nugent  and C. n .  Cornwell ,  J .  Chem. Phys.  18, 1109 (1950). 
b Bond distances and angles est imated.  
e N. Camerman and J. Trotter,  Acta Cryst .  16, 922 (1963). 

224 Volume 25, Number 2, 1971 



Mathieu equation. Then the barrier height is 

V3 = 2.25 Fs. 

The F value for CH~AsBr2 is 5.26 cm -1 which gives a 
barrier height Va of 461±30 cm -1 or 1.32=i=0.08 
kcal/mole. This agreement between the value found in 
CH3AsF2 and CH3AsBr~ is undoubtedly fortuitous. 
The agreement, however, does indicate the substituents 
have very little if any effect on the torsional barrier in 
these compounds. This effect, or lack of it, has been 
observed also in the case of another fourth row element 
(germanium). 4 The barrier height V3 ,has been found 
to be essentially independent of substitution on the 
metal atom. 

E. Overtones, Combinations, and Lattice Modes 

Tables I - IV present possible assignments for over- 
tones and combination bands. Several bands are ob- 
served in the low frequency region which are thought 
to be due to external modes in the solid phase. They 
are listed as lattice modes in Tables I-IV. 

Table VII. Summary of the fundamental frequencies (cm -~) of 
methyldihaloarsines. 

Funda- 
mental Approximate description CH~AsC12 CH~AsBr~ CHaAsI~ CDaAsI2 

Species A' 
1 C-H antisymmetric stretch 2994 2991 2982 2240 
2 C-H symmetric stretch 2916 2912 2905 2113 
3 C-H antisymmetrie deforo 1397 1392 1384 1016 

marion 
4 C-H symmetric defor- 1248 1244 1239 954 

mation 
5 C-It  rock 832 831 832 637 
6 As-C stretch 581 575 563 520 
7 As-X symmetric stretch 388 269 204 199 
8 As-X~ wag 224 189~ 176~ 172 
9 As-X2 scissor 160 100~ 87~ 86 a 

Species A" 
10 C-H antisymmetric stretch 3012 3010 3004 2251 
11 C-H antisymmetric dcfor- 1415 1411 1409 1016 

mation 
12 Ct-H rock 832 831 832 627~ 
13 As-X antisymmetric 364 269 225 224 

stretch 
14 As-CHs bend 201 [89 ~ 176 a 162 a 
15 As-CH, torsion (144) b 134 • • - 

a Frequencies taken from Raman spectrum. 
b Estimated frequencies. 

ill. SUMMARY AND CONCLUSIONS 

The 15 fundamental vibrations of CH~AsCI~, 
CH3AsBr2, CH3AsI2, and CD3AsI2 have been assigned 
on the basis of a pyramidal skeletal structure. These as- 
s ignments  are summarized in Table VII. The fre- 
quency of the methyl torsional oscillation is observed 
for methyl dibromoarsine. Using assumed geometric 
parameters the F and s values for this molecule ~re 

e v a l u a t e d  and the barrier to internal rotation was 
calculated to be 461±30 em -~ (1.32±0.08 kcal/mole). 
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