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The i.r. and Raman spectra of solid trichloroacetonitrfle 
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A b s t r a c t - - T h e  i.r. and  R a m a n  spectra of polycrystallino films of CClaCN have been recorded a t  
liquid ni trogen temperature.  Chlorine isotope split t ing has been resolved for the v8 fundamental  and  
crystal  splittings have been observed for five of the fundamentals .  A possible crystal  s tructure is 
discussed. R a m a n  wavenumbers and  depolarization ratios are included for liquid CC18CN. 

INTRODUCTION 

I n f r a r e d  spec t r a  of  gaseous  a n d  l iqu id  CCIsCN 
a n d  t h e  R a m a n  s p e c t r u m  of  t h e  l iqu id  h a v e  b e e n  
p u b l i s h e d  p rev ious ly  [1, 2]. I n  t h i s  o lder  w o r k  
t h e  i.r. s p e c t r u m  on ly  e x t e n d e d  to  475 cm -1. 
Howeve r ,  four  o f  t h e  e igh t  f u n d a m e n t a l s  (~4, 
~8, v7 a n d  vs) occur  a t  lower  w a v e n u m b e r s .  T h r e e  
o f  t he se  (~4, v~ a n d  ~8) were  obse rved  in  t h e  R a m a n  
s p e c t r u m  b y  WAIT a n d  J ~ z  [1]. These  worker s  
e s t i m a t e d  ~6 to  be  350 c m  -1 f r o m  c o m b i n a t i o n  
b a n d s  in  t h e  i.r., whe reas  EDGELL a n d  ULTEE [2] 
a s s igned  a v e r y  w e a k  R a m a n  l ine a t  388 c m  -1 to  ~6" 
0 n l y  q u a l i t a t i v e  depo l a r i z a t i on  m e a s u r e m e n t s  
were  m a d e  on  t h e  l ~ a m a n  l ines a n d  some of  t he se  
were  u n c e r t a i n  [ l ,  2]. 

Ou r  m a i n  i n t e r e s t  in  CC13CN is in  solid s t a t e  
i.r. a n d  R a m a n  s pec t r a  a n d  gas  p h a s e  i.r. spec t ra .  
No  p r e v i o u s  solid s t a t e  s pec t r a  of  CCI3CN h a v e  
b e e n  r e p o r t e d  a n d  t h e  c r y s t a l  s t r u c t u r e  is n o t  
k n o w n .  P r e l i m i n a r y  w o r k  on  t h e  gas  p h a s e  i.r. 
s p e c t r u m  i n d i c a t e d  t h a t  few of  t h e  i n t e r e s t i n g  
f ea tu re s  o b s e r v e d  for  CF~CN [3, 4] were  p r e s e n t  
i n  t h e  s p e c t r u m  of  CC13CN. 

W e  h a v e  r e c e n t l y  s tud ied  t he  solid s t a t e  v ib-  
r a t i o n a l  spec t r a  of  CC13H [5] a n d  CClsF [6, 7] 
a n d  o b s e r v e d  sp l i t t i ngs  of  f u n d a m e n t a l s ,  w h i c h  
were  a t t r i b u t e d  to  b o t h  c rys t a l  a n d  chlo1~ue 
i so tope  effects. Ch lo ro fo rm is k n o w n  to  h a v e  
a n  o r t h o r h o m b i c  c rys t a l  s t r u c t u r e  [8] a n d  t h e  
r e p o r t e d  v i b r a t i o n a l  spec t r a  a re  c o n s i s t e n t  w i t h  
th i s  s t r u c t u r e  [5, 9, 10]. F r o m  i.r. a n d  R a m a n  
s p e c t r a  of  solid CF3CN [11], a poss ible  c r y s t a l  

s t r u c t u r e  was  deduced  f rom sp l i t t i ngs  of  f u n d a -  
men ta l s .  I n  th i s  p a p e r  we e x t e n d  p rev ious  w o r k  
on  ana logous  c o m p o u n d s  to  solid CC13CN. I n  
add i t ion ,  we r e p o r t  here  e x t e n d e d  i.r. measu re -  
m e n t s  of  l iqu id  CC13CN a n d  depo la r i za t i on  r~t ios  
for  t h e  R a m a n  l ines of  t h e  l iquid .  

EXPERIMENTAL 

Research grade CClsCN was obtained from The 
Aldrich Chemical Company. No impurities were de- 
tected in the spectra and  apar t  from outgassing on a 
vacuum line, the material  was used without  fur ther  
purification. 

The infrared spectra were recorded on bo th  Perk in-  
Elmer  E l 4  single beam double-pass and  Perk in-Elmer  
model 180 double beam grating spectrophotometers.  
The instruments  were thoroughly flushed with dry 
nitrogen gas to remove atmospheric H20 and  CO S. 
The spectral slit width used varied from 1.0 to 2.0 cm -I. 
The instruments  were calibrated with suitable stand- 
ards [12] and  the  frequencies given in Table 1 are 
believed to be accurate to within ±1 .0  cm -I. 

A conventional low temperature  liquid nitrogen 
cell was used and  the  sampling method employed is 
similar to t h a t  described for CFsCN [5]. Very careful 
annealing of the deposited films was necessary to 
obtain reproducible results. Spectra obtained from 
initial deposits usually showed less s tructure t han  they 
did after  annealing. 

The R a m a n  spectra were recorded on a Cary 82 
spectrophotometer  at  the Universi ty  of Queensland. 
Spectra were excited by  the 5145 A line of a C.R.L. 
model 52 Argon ion laser. The cryostat  used was a n  
Oxford instruments,  CF100 liquid transfer cryostat.  
Calibration was made using known wavelengths of 
argon ion emission lines from the laser [13]. 
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Table i. R a m a n  and  i.r. wavenumbers (cm-1) a in the regions of the fundamentals  of liquid and  solid 
CClaCiN 

gcde Infrared Raman Assignments 
Liquid Sol id Liquid b Sol id 

~I(A]) 2251 s 225].5 s 2249.5 vs (O.IO) 2249.5 vs C=-N str. 

. . . . . .  2222 vvw C--15N str.  

. . . . . .  2198 vw 13C-N str. 

v2(A l )  ]028 vs ]025.5 vs 1028.0 w (0.02) I025.g w C-C str.  
- -  lOI8.0 w . . . .  _ 13C-C str.  

490 s 496.0 vs,b 487.8 vs (0.02) 487.5 s ~ 3 . 0  C35C13 CN str .  

v3(A I) . . . .  484.8 vs (0.02) 484.5 m / ~ C35C]237CICN 

. . . . . .  483.6m~ ) orientation spl i t t ing 

- -  48l 2 m / 3 " 3  . . . .  C35C137C12CN 

. . . . . .  48010 sh~/3.2 orientation spl i t t ing 

. . . . . .  478.0 w / C37C13CN str.  

v4(A I) 318 w 318.0 w 316.5 m (0.34) 318.9 m COl 3 def. 

. . . . . .  792.6 m CC13 s t r .  

. . . . . .  789.4 s 
site and untt 

~5(E) 787 vs 791.7 vs 78g.0 m (0.79) 786.9 s ce l l  spl i t t ing 

- -  784.6 w - -  785.4 m 

~6(E) 334 wsh 360.0 vw . . . .  COl 3 def. 

v 7 (E) 262 s 265.0 m 262.0 s (0.78) 263.6 w CC] 3 rock 

. . . . . .  181.6 w ~ 7  7 C-C~N def. 

. . . . . . .  173.9 m/" " site and 
~ g . l  

~8(E) 166 s - -  160.5 s (0.80) 164.8 s ~ 8 . 8  unit cell 
. . . . . .  156.0 s /  spl i t t ing 

a 

b depolarization ratios are given in brackets 

RESULTS AND DISCUSSION 

To ind i ca t e  r e l a t ive  in tens i t i e s  of  t h e  b a n d s ,  
i.r. a n d  R a m a n  s u r v e y  spec t r a  of  sol id CClaCN 
are  s h o w n  in  Figs.  1 a n d  2. F igu re  3 shows t h e  
f a r  i.r. s p e c t r u m  of  l iqu id  CClaCN. Some de ta i l s  
of  t h e  i.r. a n d  R a m a n  spec t r a  of  f u n d a m e n t a l s  

v = very, s = strong, m = medium, w = weak, sh = shoulder, b = broad 

a d d i t i o n  to  t he  ch lor ine  i so tope  sp l i t t i ng  dis- 
cussed below, t h e  a 1 modes  m i g h t  be  spl i t  b y  
v i b r a t i o n a l  coupl ing  i f  t h e r e  are  two  or more  
molecules  in  t h e  u n i t  cell. The  e modes  on  t he  
o t h e r  h a n d ,  m i g h t  show b o t h  si te  a n d  u n i t  cell 
componen t s .  

a n d  o t h e r  f ea tu res  a re  seen in  Figs.  4, 5 a n d  6. 
Tab le  1 l is ts  t he  obse rved  w a v e n u m b e r s ,  R a m a n  Isotope splitting 
depo la r i za t ion  ra t ios  a n d  a s s i g n m e n t s  in  t h e  The  r e l a t i ve  a b u n d a n c e s  a n d  s y m m e t r i e s  of  
regions  of  t h e  f u n d a m e n t a l s  a n d  Tab le  2 gives t h e  four  ch lor ine  isotopic  CClsCN molecules  a re :  
t h e  w a v e - n u m b e r s  of  o v e r t o n e  a n d  c o m b i n a t i o n  casClaCN 4 2 . 8 %  (Car), Casc12aTC1CI~ 41.9O/o (C8) , 
b a n d s .  CasclaTC12CN 13 .9% (Cs) a n d  C37ClaCN 1.5% (Car). 

F r e q u e n c y  shi f t s  in  pass ing  f rom l iqu id  to  Chlor ine  i so tope  sp l i t t i ng  is respons ib le  for  some 
solid s t a t e s  are  v e r y  small .  Howeve r ,  five of  t h e  of  t h e  obse rved  fine s t r u c t u r e  assoc ia ted  w i t h  
f u n d a m e n t a l s  a n d  severa l  c o m b i n a t i o n s  a n d  over-  t h e  ~a f u n d a m e n t a l ,  t h e  o v e r t o n e  2v a a n d  t he  
tones  are  obse rved  to spl i t  i n to  mul t ip le t s .  I n  c o m b i n a t i o n s  Va ~-~4 a n d  v a ~-v~. 
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Fig. 1. An i.r. survey spectrum of solid CClaCN at 77 K. The spectral slit width was 3 cm -1. 
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Fig. 2. A Raman survey spectrum of solid CCIsCN at 
77 K. Spectral slit widths and photon counting ranges 
(10 a counts/sec), used were: A 1.4 cm -1, 50; B 1.7 cm -1, 
50; B 2 . 0 c m  -1, 20; D 4 . 0 c m  -1,10. 

A 

~o 
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Fig. 3. The far i.r. spectrum of liquid CClsCN at 35°C 
in polyethylene cells. A 0.1 mm and A 1.0 mm path-  
length. 
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Fig. 4. Details of some i.r. bands of solid CCI3CN at 
77 K. Trace A was obtained from a very thin film, 
trace B from a thick film. A medmm thick film was 
used for ~ and thin films for the other bands. 

The magn i tudes  of  the  spl i t t ings  due  to  chlorine 
isotopic  molecules  were  p red ic t ed  b y  means  of  a 
no rma l  coord ina te  analysis.  The Wilson F G  
m a t r i x  m e t h o d  [14] was used  and  an  ini t ial  valence 
force field, inc luding a few in te rac t ion  cons tan t s ,  
was  ob ta ined  for CClaCN f rom reference [1]. The 
force field was refined using a c o m p u t e r  p ro g ram 
w r i t t e n  b y  SCHACHTSCHI~EIDER [15] a n d  modif ied  
b y  BROOKS [16]. The following s t ruc tu ra l  p a r am-  
e ters  were  t a k e n  f rom the  e lec t ron di f f ract ion 
s t u d y  of  LrvINGSrO~ et al. (17) : C---N = 1.165 A, 
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Fig.  5. Deta i l s  of  some  R a m a n  bands  of solid CC18CI~ at 77 K. Spectral  slit widths  and  photon  
count ing  ranges  (counts]sec.)  used  were: ~1 0.6 cm -1, 5000; ~8 1.0 cm -1, 2000; ~s 0.5 cm -1, 5000; 

v 4 0.5 cm -1, 1000; vs]vs -b v4 0.5 cm  -1, 2000; ~7 0.5 cm -1, 1000 and  v8 0.4 cm -1, 500. 

990 980 970 770 760 750 740 505 495 
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Fig.  6. Some overtone  and combinat ion  bands  and  the  latt ice  mode  region of the  R a m a n  spectrum 
of  solid CC18CN at  77 K. Spectral  slit  widths  and  photon  count ing  ranges  (counts/sec . )  used  wore: 
2v~ 1,0 cm -1, 1000; v8 + ~ 2.0 cm -1, 1500; ~4 + v8 0.75 cm -1, 2000; v~ + ~8 4.0 cm -1, 2000 and for 

the  latt ice mode  region 2.0 cm -1, 5000.  
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Table 2. Wavenumbers (cm -1) of some overtone and combination bands observed a in the 
Raman and i.r. spectra of solid CClaCN 

563 

Raman Infrared Assignment 

996.2 w,b 

983.0 s;~>3.7 
979.3 
972.7 w,b ")6"6 

. 805.0 w,b 

798.2 m>4.2 
. 794.0 s~>3.5 

790.5 
779.5 vw 
764,2 m 

- 762.0 sh 
752,0 m'~5 4 
746.6 m~5:i 
741.5 
736.0 vw w)5"5 

672.0 vw 
658.0 w 

499.7 s 
497.0 sh 

440.6 ~ 
430.7 ~ 

161.2 sh 

1805.0 vw v 2 + v 5 (E) 

1575.0 vw 2v 5 (A 1 + A 2 + E) 

1265.0 vw v 3 + v 5 (E) 

1098.0 w v 4 + v 5 (E) 

1046.0 vw v 5 + v 7 (A 1 + A 2 + E) 

1009.5 vw ? 

998.3 w ? 

984.0 sh~3.5 T 
980.5 v~ ~6.5 . j  2v 3 (A 1) 
973.0 

965.0 W ? 

805.0 sh ? 

798.7 s t 
~ v3 + ~4 (AI) 

779.5 s ? 

764.0 m t 
751.8 ~>5.4 
741.3746.4 ~>5.1 v3 + v7 (E) 

i~ i  } v 3 + v 8 (E) 

486.3 w v4 + v8 (E) 
482.7 m 

" - "  v7 + v8 (AI + A2 + E) 

302.0 ~.jb 2v8 (A1 + ~2 + E) 

a For comparison of  relative intensities within this table, the symbols; 
v = very, s = strong, m = medium and w = weak, are used. With the ex- 
ception of 2v 3 these intensities are generally an order of magnitude 
weaker than those of Table I .  

b 

C - - C  = 1.465 A, C--C1 = 1.765 /~ a n d  CCC1 = 

109.5 ° . 
A reasonable  fit was  ob ta ined  b e t w e e n  observed  

(liquid phase)  w a v e n u m b e r s  a n d  those  ca lcula ted  
using an  a tomic  we igh t  of  chlor ine of  35.45. The  
same force cons t an t s  were  t h e n  used  to  calcula te  

Observed in the spectrum of l iqu id CC13CN. 

t he  w a v e n u m b e r s  of  t he  four  chlorine isotopic 
molecules  using a tomic  weights  of  35.00 and  37.00. 
No sp l i t t ing  was  p red ic t ed  for  v 1 a n d  ~ a n d  the  
ca lcula ted  separa t ions  be tween  isotopic compon-  
en t s  o f  va, v4, vs, re, v~ and  v s were  3.0, 1.5-1.9, 
0.6, 0.6, 1.0-1.8 a n d  0.6 cm -1 respect ively .  F r o m  
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t hese  ca lcu la t ions  i t  was  expec t ed  t h a t  i sotopic  
s t r u c t u r e  m i g h t  be  reso lvab le  for  va, v 4 a n d  vT. 
H o w e v e r  i t  appea r s  t h a t  i sotopic  sp l i t t i ng  is on ly  
obse rved  for  v a, 2v a a n d  some c o m b i n a t i o n s  in- 
vo lv ing  t h i s  f u n d a m e n t a l .  

The  re l a t ive  a b u n d a n c e s  ofl2CC1312CN, laCClalaCN 
a n d  12CClalSCN are :  97 .8%,  1.1~o a n d  1 .1% re- 
spect ively .  I t  is expec t ed  t h a t  v 2 of  CClaCN will 
be  app rec i ab ly  sh i f t ed  in  t h e  molecules  c o n t a i n i n g  
lac  a n d  t he  i n t e n s i t y  shou ld  be  a b o u t  2O/o of  t he  
l igh t  molecule .  T he  weak  p e a k  a t  1018 cm -1 in  
t h e  i.r. spec t rum,  (Fig. 4), could  be  due  to v 2 of  
t h e  two laC isotopic  molecules*.  

I n  t he  C ~ N  s t r e t c h i n g  reg ion  two isotopic  
sa te l l i tes  are possible  due  to  C------15N a n d  laC ~ N .  
The  re la t ive  a b u n d a n c e s  are  0 .4% a n d  1 .1% a n d  a 
d i a tomic  molecule  model ,  p red ic t s  shif ts  of 35 a n d  
50 era -1 respect ive ly .  The  two  v e r y  weak  R a m a u  
l ines a t  2222 a n d  2198 cm -1, (Fig. 2), a re  ass igned  
to  v 1 of  t he  two  h e a v y  isotopic  molecules .  

A 1 fundamentals 

The  C------N a n d  C - - C  s t r e t c h i n g  modes  v I a n d  
v 2, a n d  t h e  s y m m e t r i c  CCI s d e f o r m a t i o n  v 4 all 
a p p e a r  as single peaks  in  b o t h  i.r. a n d  R a m a n  
spec t ra .  A w e a k  p e a k  on  t h e  low w a v e n u m b e r  side 
of v 2 in  t he  i.r. s p e c t r u m ,  (see F~g. 4) is p r o b a b l y  
due  to  laC isotopic  molecules.  

B o t h  i.r. a n d  R a m a n  spec t r a  of  t h e  s y m m e t r i c  
CC1 a s t r e t c h i n g  m o d e  v a are  compl ica ted .  T he  
i.r. s p e c t r u m  shows a s t rong  b r o a d  p e a k  cen t e r ed  
a t  496 cm -1 w i t h  un re so lved  s t r u c t u r e  a n d  a w e a k  
doub l e t  on  t h e  low w a v e n u m b e r  side. A R a m a n  
b a n d  cen te red  a t  487.5 cm -1 con ta ins  a t  leas t  
e igh t  fea tures ,  some of  w h i c h  are shoulders .  Th i s  
f u n d a m e n t a l  shou ld  h a v e  well  reso lved  chlor ine  
isotopic  s t ruc tu re .  I n  add i t ion ,  a b s o r p t i o n  or 
s ca t t e r i ng  a r i s ing  f r o m  t h e  c o m b i n a t i o n  v 4 -}-v s 
is expec t ed  f rom 475 to  500cm -1. T h e  re su l t ing  i.r. 
a n d  R a m a n  b a n d s  are  difficult  to  ident i fy .  I f  t he  
R a m a n  sca t t e r ing  obse rved  n e a r  495 cm -1 is 
a t t r i b u t e d  to  c o m p o n e n t s  of  v 4 ÷ v s, a p a t t e r n  
r e m a i n s  w h i c h  can  be  recognized  as a 
ch lor ine  i so tope  q u a r t e t  s imi lar  to  t h a t  obse rved  
for CClaF [6] a n d  CClaH [5]. However ,  in  t h e  
p r e sen t  case, t h e  peaks  due  to  t he  Ca5C12a?C1CN 
a n d  Cascla?C12CN molecules  are  spl i t  i n to  doub-  
lets,  w h i c h  can  be  exp l a ined  as a n  o r i e n t a t i o n a l  
field effect as follows~. I f  t h e  CClaCN molecules  

* The natural  abundance of 13CC1313CN is negligibly 
small (0.01%). 

We are grateful to a referde for suggesting this  
explanat ion of the  observed spli t t ing of two compo- 
nents  of vs. 

occupy  C 8 s i tes  in  t h e  c rys ta l  a n d  t he  p l a n e  of  
s y m m e t r y  con t a in s  one  of  t he  C--C1 bonds ,  t h e n  
t h e  o r i en t a t i ons  s h o w n  in  Fig.  7 a re  possible.  

I I I 
I I I 
I ~5CL 35C1L 35/L 
I I I 
C C C 

"cl  I ~ct ~°ct ' "c t  ~'cl ', ~ct 
I 

la ~ i I 
i17v Io-v 

A S C 

Fig. 7. Possible orientat ions of CssC12svC1CN and C 3s 
CIaCN molecules on C, sites. 

A m i x e d  isotopic  molecule  such  as C35C1~37C1CN 
can  h a v e  two  n o n - e q u i v a l e n t  o r i en t a t i ons  A a n d  B 
w i t h  respec t  to  t he  si te  s y m m e t r y .  Th i s  appl ies  
equa l ly  to  Ca5ClaTC12CN b u t  n o t  to  Ca5C13CN or 
Ca~ClaCN w h i c h  h a v e  a u n i q u e  o r i e n t a t i o n  C. 

The  b r o a d  b a n d  o b s e r v e d  for  v a in  t h e  i.r. ex- 
t e n d s  f rom 490 to  a b o v e  500 cm -1. The  b a n d  
u n d o u b t e d l y  con ta ins  severa l  componen t s ,  b u t  
a t t e m p t s  to  resolve these  c o m p o n e n t s  were  un-  
successful,  even  us ing  spec t ra l  sl i t  w i d t h s  as smal l  
as 0.5 cm -1. Th i s  m a y  b e  due  to t he  diff iculty 
in  o b t a i n i n g  a p rope r ly  a n n e a l e d  sample .  This  
p r o b l e m  is difficult  to  a v o i d  in  t h e  s amp l ing  m e t h o d  
used  to  s t u d y  i.r. spec t r a  of  t h i n  f ihns.  The  films 
a re  depos i t ed  f rom t h e  gas  p h a s e  on to  a CsI win-  
dow, wh ich  has  poor  h e a t  c o n d u c t i o n  proper t i es .  
A n n e a l i n g  is less of  a p r o b l e m  in  l ~ a m a u  s tudies ,  
because  t he  depos i t  is m a d e  d i rec t ly  on to  a m e t a l  
surface.  

E fundamentals 
Of the  four  degene ra t e  v i b r a t i o n s  of  solid CCl~CN 

only  v5, v 7 a n d  v s were  o b s e r v e d  in  t h e  R a m a n  
spec t rum.  The  lowest  f r e q u e n c y  f u n d a m e n t a l  v s 
was  n o t  obse rved  in  t h e  i.r. s p e c t r u m  of  t h e  solid, 
b u t  a b a n d  was  seen in  t h e  l iqu id  p h a s e  s p e c t r u m  
a t  156 cm -1, us ing  a p o l y e t h y l e n e  cell. 

The  a n t i s y m m e t r i c  CC13 s t r e t c h i n g  mode  v 5 
shows cons iderab le  s t r u c t u r e  in  b o t h  i.r. a n d  
R a m a n  spect ra .  The  region is compl i ca t ed  b y  two  
c o m b i n a t i o n s  vs ÷ v~ a n d  v 3 -t- v~. Chlor ine  iso- 
t ope  s t r u c t u r e  is difficult  to  ident i fy ,  b u t  i t  m i g h t  
a c c o u n t  for  p a r t  of  t he  s t r u c t u r e  of  t h e  R a m a n  
b a n d .  However ,  i t  is a p p a r e n t  t h a t  c rys ta l  spli t-  
t i ngs  are  p r e sen t  w i t h  poss ib ly  four  R a m a n  a n d  
th r ee  i.r. a c t i ve  componen t s .  

The  CC13 d e f o r m a t i o n  v 6 is ass igned  to  a v e r y  
w e a k  p e a k  a t  360 cm -1 in  t h e  i.r. s p e c t r u m  of  t h e  
solid, whi le  a shou lde r  on  t h e  h igh  w a v e n u m b e r  
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side of  ~4 in  t he  l iqu id  phase  spec t rum,  (see 

Fig.  3), m a y  also be  due  to  r 6. lqowever ,  
t h e r e  is a difference of  26 cm -1 b e t w e e n  these  
l iqu id  a n d  solid p h a s e  abso rp t ions ,  wh ich  seems 
t o  be  m l r o a s o n a b l y  large.  T he  loca t ion  of  r6 re- 
m a i n s  u n c e r t a i n  for  t h e  p resen t .  

The  CC1 a rock  v~ gives rise to  a fa i r ly  b r o a d  
b a n d  in  t h e  i.r. s p e c t r u m  of  solid CClaCN. T he  
t h r e e  s h o u l d e r s  s e e n  in  Fig.  4 for  th i s  b a n d  m a y  
well  be  due  to  u n r e s o l v e d  ch lor ine  i so tope  s t ruc tu re .  
The  R a m a n  b a n d  is also b r o a d  a n d  a s y m m e t r i c .  

The  C - - C N  d e f o r m a t i o n  r s gives rise to  a R a m a n  
b a n d  v e r y  s imi la r  to  t h a t  of  CFaCI~ [11]. F o u r  
wide ly  s e p a r a t e d  c o m p o n e n t s  are  f o u n d  in  t h e  
spec t r a  of  b o t h  molecules.  The re  is a n  a d d i t i o n a l  
w e a k  shou lde r  in  t he  CClsCN case, b u t  th i s  cou ld  
be  a l a t t i ce  mode .  T he  obse rved  sp l i t t i ngs  m u s t  
be  due  to  b o t h  s i te  a n d  co r re la t ion  field com pon-  
en t s  in  t h e  crys ta l .  

E x t e r n a l  modes  

I n  Fig.  6, n ine  c lear ly  reso lved  peaks  are  seen 
in  t h e  R a m a n  s p e c t r u m  of  solid CClsCN b e t w e e n  
30 a n d  120 cm -1. T he  w a v e n u m b e r s  a n d  r e l a t i ve  
in tens i t i e s  a re :  3 3 . 3 m ,  38 .2s ,  4 7 . 3 w ,  5 5 . 0 m ,  
64.7 m,  76.7 s, 92.3 m,  102.2 w a n d  117.3 w. Two 
weak  shoulders  a re  also e v i d e n t  a t  43.4 a n d  nea r  
108 cm -1. The  re l a t ive  in tens i t i e s  of  these  l a t t i ce  
m o d e s  can  be  c o m p a r e d  w i t h  t h e  in tens i t i e s  of  
t h e  i n t e r n a l  m o d e s  in  Fig.  2, where  i t  is seen t h a t  
t h e  e x t e r n a l  v i b r a t i o n s  are  qu i t e  weak.  

Overtones  a n d  c o m b i n a t i o n s  

A large n u m b e r  of  weake r  f ea tu res  in  t h e  i.r. 
a n d  R a m a n  spec t ra  of  solid CClaCN can  be  ass igned  
to  ove r tones  a n d  c o m b i n a t i o n s .  T he  o v e r t o n e  2r a 

is v e r y  s t r o n g  in t he  i.r. due  to F e r m i  r e sonance  
w i t h  r 2. The  f u n d a m e n t a l  r 2 is weak  in t he  R a m a n  
s p e c t r u m ,  so t h a t  2v 3 is also weak  in  t h e  R a m a n .  
Severa l  c o m b i n a t i o n s  i nvo lv ing  r s a re  obse rved  
in  b o t h  i.r. a n d  R a m a n  spect ra .  Of  these ,  u s ÷ va, 
a n d  v s + r~ as well  as 2r a, h a v e  fa i r ly  complex  
bands ,  p a r t  of  wh ich  m a y  be  due  to  chlor ine  iso- 
t ope  s t ruc tu re .  The  c o m b i n a t i o n  u s -p r7 consis ts  
of  two g roups  of  b a n d s ,  t h e  lower  w a v e n u m b e r  
g roup ings  (see Figs.  4 a n d  6) h a v e  t h e  in tens i t i e s  
a n d  s epa ra t i ons  expec t ed  for  t h e  four  i sotopic  
CClsCN molecules .  

Th ree  c o m b i n a t i o n s  i n v o l v i n g  v s h a v e  been  
ident i f ied  f r o m  t h e  largo s epa ra t i ons  b e t w e e n  
the i r  componen t s .  F o r  r a -p v 8 a n d  v~ + ~s two 
c o m p o n e n t s  are  obse rved  in each  case w i t h  spli t-  
t i ngs  of  14 a n d  9.8 cm -1 respec t ive ly .  T he  ap-  
p r o x i m a t e  w a v e n u m b e r s  e x p e c t e d  f o r  t h e  corn- 
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p o n e n t s  of  v 4 -}-v s can  be  e s t i m a t e d  f rom t h e  
R a m a n  w a v e n u m b e r s  of t he  f u n d a m e n t a l s  to  be  
500, 493, 484 a n d  475 cm -1. I n  t he  R a m a n  spec- 
t r u m  a l ine a t  499.7 cm -1 is obse rved  w i t h  a 
shou lde r  a t  a b o u t  497.0 cm -1. A doub l e t  is obse rved  
a t  486.3 a n d  482.7 cm -1 in t he  i.r. on  t h e  low 
wave  n u m b e r  side of  t h e  r 5 f u n d a m e n t a l .  All  of  
these  f ea tu re s  a re  p r o b a b l y  c o m p o n e n t s  of  t h e  
c o m b i n a t i o n  v a + r s- 

Crystal s t ruc ture  

There  is n o t  sufficient  ev idence  to  d r a w  a n y  
def in i te  conclus ions  conce rn ing  t he  c rys ta l  s t ruc-  
ture .  Howeve r ,  i t  is n o t  u n r e a s o n a b l e  to  e x p e c t  
t h a t  CC13CN will crys ta l l ize  w i t h  a n  o r t h o r h o m b i c  
s t r u c t u r e  s imi la r  to  t h a t  of  t he  r e l a t ed  t e t r a h e d r a l  
Csv molecules  CClsH [5], CClsF [6, 7] a n d  CFsCN 
[11]. The  d o u b l e t  sp l i t t ings  of  t he  r s b a n d s  of  
Casc12svC1CN a n d  C35C137C1~C1~ is good ev idence  for  
a C s si te  a n d  i f  t h e  u n i t  cell s y m m e t r y  is C2v or 
Deh, t h e n  those  n o n - d e g e n e r a t e  f u n d a m e n t a l s  
w h m h  do n o t  show chlor ine  i so tope  sp l i t t i ng  can  
spl i t  i n to  two or four  c o m p o n e n t s  b y  co r re la t ion  
field sp l i t t ing .  I n  each  case two would  be  i.r. 
a n d  two R a m a n  ac t ive .  On  t he  o the r  h a n d ,  t h e  

d e g e n e r a t e  m o d e s  can  spl i t  i n to  four  or e igh t  com- 
ponen t s ,  t h r ee  be ing  i.r. ac t ive  a n d  four  ac t ive  
in t h e  R a m a n  for  e i t he r  s t ruc tu re .  Corre la t ions  
b e t w e e n  t he  va r ious  s y m m e t r y  species of  Csv, 
C s a n d  C2v or D2h are  s h o w n  in  Tab le  3. Whi l e  
non-co inc idence  of  w a v e n u m b e r s  of  c o m p o n e n t s  
in  i.r. a n d  R a m a n  spec t r a  would  ind ica t e  t he  D2h 
u n i t  cell g roup,  co inc idence  would  no t  rule  ou t  
th i s  poss ibi l i ty .  

The  on ly  ev idence  of  c rys ta l  effects for  t h e  non -  
degene ra t e  f u n d a m e n t a l s  is t h e  sp l i t t i ng  of  t w o  

of t h e  chlor ine  isotopic  l ines of  v s in  t h e  R a m a n  
s p e c t r u m  (see Fig.  5 a n d  Tab le  1). As d iscussed  
above ,  th i s  m a y  be  due  to  a n  o r i en t a t iona l  effect 
wh ich  p roduces  a n  a p p a r e n t  s i te  sp l i t t i ng  of  t h e  
n o n - d e g e n e r a t e  modes  of  t he  pa r t i a l l y  subs t i -  
t u t e d  isotopic  molecules .  On t he  o t h e r  h a n d ,  b o t h  
r 5 a n d  v s show four  c rys ta l  c o m p o n e n t s  in  t h e  
l ~ a m a n  whi le  t he  i.r. b a n d  for  ~5 has  three .  I t  
wou ld  h a v e  been  useful  to  obse rve  t he  i.r. b a n d  for  
r s, b u t  e x p e r i m e n t a l  l im i t a t i ons  p r e v e n t e d  this .  

F o r  t he  c o m b i n a t i o n s  of  s i te  a n d  u n i t  cell sym-  
me t r i e s  d iscussed above ,  t h e r e  will be  more  t h a n  
one molecule  pe r  u n i t  cell. I f  t he re  were two  
molecules  pe r  u n i t  cell, (e.g., C s site, C2v u n i t  cell), 
we would  expec t  n ine  l ~ a m a n  ac t ive  e x t e r n a l  
modes .  F o r  a D2h fac to r  g roup  a n d  a C s s i te  t h e r e  
would  be  four  molecules  pe r  u n i t  cell. Of  t he  21 
op t ica l  l a t t i ce  m o d e s  12 would  be  R a m a n  ac t ive  
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Table 3. A correlation table for the  point groups involved in two 
possible crystal structures for solid CClaCN 

Molecule A possible site Two possible unit cell 
group group groups 

C3v C s C2v D2h 

A 1 A' 

E ~ A , ,  

A 1 (IR, R) 

~ B  l (IR, ~) 

~ A 2 (-, R) 

B 2 (IR, R) 

Ag (R) 
BIu (IR) 

B2g (R) 

B~u (IR) 

Big (R) 
Au (-) 

B3g (R) 
B2u (IR) 

u n d e r  a n y  of  t h e  28 J~)Ph space groups .  A t o t a l  
of  e leven  fea tu res  were  obse rved  in  t h e  l a t t i ce  
m o d e  reg ion  of  t he  l ~ a m a n  s p e c t r u m  (see Fig. 6). 
Howeve r ,  we were  u n a b l e  to  r ecord  t h e  s p e c t r u m  
below a b o u t  25 em -1, because  of  s t rong  s c a t t e r i n g  
of  t h e  R a y l e i g h  l ine so t h a t  i t  is possible  t h a t  
a d d i t i o n a l  op t ica l  l a t t i ce  m o d e s  h a v e  n o t  been  
observed .  

CONCLUSIONS 

Solid s t a t e  i.r. a n d  R a m a n  spec t r a  of  CC13CN 
h a v e  been  recorded  for t he  f irst  t ime.  M a n y  0£ t h e  
f t m d a m e n t a l s ,  as well  as ove r tones  a n d  combina -  
t ions  give rise to  complex  b a n d s .  The  obse rved  
sp l i t t ings  are  due  to  b o t h  chlor ine  i so tope  a n d  
c rys ta l  componen t s .  The  sp l i t t ings  of  degene ra t e  
m o d e s  ind ica t e  a lower ing  of  s y m m e t r y  in  t he  
c rys ta l  a n d  t he  doub l ing  of  t he  v a l ines of  Ca5C12 a7 
C1CbT a n d  C3sCIBTC12CN in  t he  R a m a n  s p e c t r u m  
m a y  be  due  to a n  o r i e n t a t i o n  effect r e su l t ing  f rom 
a C s site. The  o b s e r v a t m n  of  e leven  la t t i ce  modes  
in  t h e  R a m a n  s p e c t r u m  shows t h a t  t he re  m u s t  
be  more  t h a n  one molecule  in  t h e  u n i t  cell. T he  
ev idence  is insuff ic ient  to  d r aw  a n y  def ini te  con-  
c lusions  conce rn ing  t h e  c rys t a l  s t ruc tu re ,  b u t  
a n  o r t h o r h o m b i e  s t r u c t u r e  is no t  ru led  out .  

The  laser  R a m a n  s p e c t r u m  of  l iqu id  CClaCN 
has  been  recorded  for  t he  f irst  t ime  a n d  depolar i -  
za t ion  ra t ios  m e a s u r e d  for t he  f u n d a m e n t a l s .  T he  
i.r.  s p e c t r u m  has  b e e n  e x t e n d e d  to  150 cm -1 a n d  

t h r e e  of  t h e  low f r equency  f u n d a m e n t a l s  vd, v? 
a n d  v 8 h a v e  b e e n  observed .  Howeve r ,  t h e  degener-  
a te  CC1 a d e f o r m a t i o n  m o d e  v 6 is e x t r e m e l y  weak  
a n d  was  n o t  obse rved  in  t h e  R a m a n  spec t rum.  
V e r y  w e a k  a b s o r p t i o n s  a t  360 a n d  334 cm -1 in  
t h e  solid a n d  l iqu id  p h a s e  i.r. s p e c t r u m  m i g h t  
be  due  to  v 6, b u t  u n f o r t u n a t e l y  + 2 6  cm -1 is a n  
u n r e a s o n a b l y  large  w a v e n u m b e r  sh i f t  b e t w e e n  
l iqu id  a n d  solid, so t h a t  t h e  f r e q u e n c y  of  v6 re- 
m a i n s  unce r t a in .  
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