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Vibration-Rotation Bands of ~3CH3CI 
J. L. DUNCAN AND A. ALLAN 

Department of Chemistry, University of Aberdeen, Old Aberdeen, Scotland 

The two parallel fundamental bands, ,2 and p3 , and the three perpendicular 
fundamental bands, v4, ~5 and 96 in the infrared spectrum of I~CH3C1 have 
been s~udied at high resolution and analyzed in detail. Isotopic splitting, 
due to 35C1 and ~7C1 present in natural abundance in the sample, has been ob- 
served in the 92 and ~3 bands and the centers of the ~3CIt337C1 bands located. 
The anomalous Q branch intensity alternation in the 94 perpendicular band, 
which has also been reported in the spectrum of ~2CH~C1, is attributed to a 
Fermi resonance interaction between 94 and 3~6, which are ahnost exactly 
accidentally degenerate. An analysis in terms of this Fermi resonance has 
been performed and the molecular constants and band center for 94 deter- 
mined. Vibration frequencies and rotational constants of I~CH~C1 determined 
in this work and elsewhere are summarized in Table VII. Finally, a re-analysis 
of the 94 band of '2CH3C1 in terms of a Fermi resonance with 396 is performed. 

INTRODUCTION 

T h e  inf ra red  and  mic rowave  spec t r a  of ~2CHaC1 have  been sub jec ted  to  fa i r ly  
t h o r o u g h  inves t iga t ion  b y  a n u m b e r  of workers ,  and  mos t  of the  s p e c t r u m  is 
now well unders tood .  (See Refs.  1 and  2, and  fu r the r  references there in . )  How-  
ever,  l i t t le  i n fo rma t ion  is ava i l ab le  a b o u t  the  isotopic  molecule  ~3CH3C1, except  
t h a t  ob ta ined  f rom mic rowave  s tudies  on this  molecule  in i ts  n a t u r a l  a b u n d a n c e  

• • 13 
of 1% (3) .  The  p r e p a r a t i o n  of a s amp le  of Ct:I3C1 enr iched m C in this  l a b o r a t o r y  
p rov ided  the  m a t e r i a l  for an inves t iga t ion  of i ts in f ra red  spec t rum.  This  p a p e r  
repor t s  the  resul ts  ob ta ined  f rom high  resolut ion  analyses  of the  para l le l  funda -  
menta l s ,  ,2 and  ,3,  and  of t he  pe rpend i cu l a r  fundamen ta l s ,  ,4 ,  ,5,  and  ,6 • 

EXPERIMENTAL PROCEDURE 

T h e  sample  of m e t h y l  chlor ide was p repa red  b y  reac t ion  of 57 % ~3C enr iched  
m e t h a n o l  wi th  a l u m i n i u m  t r i eh lo r ide  (4) .  The  reac t ion  mix tu re  was m a i n t a i n e d  
a t  50°C in vacuo for 1 hour ,  and  t h e n  a t  abou t  140°C for 2 hours  unde r  a slow 
s t r e a m  of N2,  t he  p roduc t s  being col lected in low t e m p e r a t u r e  t raps .  R e p e a t e d  
passage  of t he  p roduc t s  t h r o u g h  K O H  pel le ts  r e move d  HC1, and  the  s amp le  was  
d is t i l led  f rom an  ace tone /CO2 b a t h  to  r emove  a n y  t races  of H~O. T h e  p roduc t ,  
o b t a i n e d  in 80 % yield,  r evea led  no i m p u r i t y  bands  in the  in f ra red  spec t rum,  and  
a p p e a r e d  to  con ta in  ~ ' 5 7  % I~CH~C1. Spec t r a  were recorded  on a P e r k i n - E l m e r  

224 
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TABLE I 
Q B R A N C H  L I N E  F R E Q U E N C I E S  OF TI lE  a3CH~C1 u~ F U N D A M E N T A L  

(CM -1 in vacuo) 

225 

K QQ(K) K QQ(K) 

3 2963.84 9 2959.74 
5 2962.96 10 2958.68 
6 2962.33 11 2957.42 
7 2961.55 12 2956.02 
8 2960.69 

225 double-beam, grating infrared spectrometer  using a Golay detector and 
additional recording apparatus.  The  resolving power was ~-~0.3 cm -1 at  3000 em -1 
and ~-~0.2 em -~ elsewhere. Ten em cells were used throughout.  Compensation of 
~2CH3C1 in the sample was effeeted by  placing in the reference beam a cell con- 
neeted to a mobile grid and into which any desired pressure of 12CIIaCI could be 
introduced. At the outset, it was not known how effective such a method of com- 
pensation would be. I n  the perpendicular bands, no apparent  difficulties were 
experienced with regard to the Q branch contours, al though the rotational J 
s tructure could not be satisfactorily resolved in any of the bands. In  the parallel 
bands, the rotat ion lines could be resolved readily in bands below 2000 cm -1, 
and the effects of ~7C1 lines observed, although the major i ty  of lines suffered a 
certain amount  of distortion. 

The spectra of CI-I4, IICI, H~O, NI-I3 and COs were used as secondary stand- 
ards to calibrate the spectrometer, wavenumber data being taken from the 
I.U.P.A.C. tables, supplemented by further data from references therein where 
necessary. All reported line positions are the average of a number of runs, and it 
is estimated that the internal consistency of our results is 4-0.02 to 4-0.03 em i, 
except in the region of 3000 cm -I, where it is 4-0.05 cm -I. Some diffÉculty was ex- 
perienced in measuring up lines accurately; owing to their distortion due to the 
overlapping of the compensated spectrum of 12CI-I~Cl, and of the spectrum of 
13~37(~ I ~1~3 ,~1 in natural  abundance. 

RESULTS AND ANALYSES 

A. PARALLEL BANDS 

( I )  n , 2964 cm -1 

I t  was not possible to resolve the parallel fundamental  ,i at  2964 cm i well 
enough in order to perform a satisfactory rotational analysis. As with the corre- 
sponding band in ~2CH3CI, however, the Q branch exhibits a very pronounced 
K-splitting, with the lines due to K = 3, 6, and 9 dominant.  The observed line 

B • --i positions are given in Table I. Assuming tha t  ~1 is very  small ( - 0 . 0001  cm 
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TABLE II 
FREQUENCIES OF THE l a C H a C ]  p2 FUNDAMENTAL 

(CM -1 in vacuo) 

J R(J) Calc P(J) Calc Y R(J) Calc P(J) Calc 

3 1352.74 52.75 - -  19 1364.88 4.89 1331.89 1,86 
4 53.55 3.57 - -  - -  20 65.60 5.58 30.89 0.87 
5 54.35 4.38 - -  21 66.30 6.27 29.87 29.86 
6 - -  5.18 - -  - -  22 66.98 6.94 28.85 8,85 
7 55.99 5.97 1343.25 43.28 23 67.64 7.61 27.84 7.82 
8 56.77 6.76 42.33 2.37 24 68.26 8.27 26.80 6.79 
9 57.54 7.54 41.44 1.46 25 68.92 8.92 25.75 5.75 

10 58.37 8.30 40.52 0.54 26 69.57 9.58 24.70 4.71 
11 59.10 9.07 39.56 39.60 27 70.18 70.22 23.70 3.65 
12 59.83 9.82 --- 8.67 28 70.82 0.85 22.65 2.59 
13 60.57 60.57 37.71 7.71 29 71.45 1.48 21.60 1.51 
14 61.30 1.30 36.74 6.77 30 72.07 2.09 20.55 0.44 
15 62.04 2.04 35.81 5.80 31 1372.65 2.70 19.43 19.35 
16 62.80 2.77 34.82 4.83 32 - -  - -  18.27 8.26 
17 63.49 3.48 33.88 3.85 33 - -  1317.17 7.16 
18 1364.22 4.19 1332.88 2.86 

in  ~i of 12CHaC1), t h e  Q b r a n c h e s  of t h e  K s u b - b a n d s  m a y  be  a n a l y z e d  a p p r o x i -  

m a t e l y  in  t e r m s  of t h e  e q u a t i o n  

QQ~ = v0 + ( A '  - A " ) K  2, 

f r o m  w h i c h  i t  is f o u n d  t h a t  v0 = 2964.38 c m  1 a n d  ~ /  = + 0 . 0 5 7 6  c m  

( I I )  v2, 1349 cm 1 

T h i s  b a n d  p r o v e d  to  be  s o m e w h a t  d i ~ c u l t  t o  m e a s u r e  u p  on  a c c o u n t  of t i le  

d i s t o r t i o n  of m a n y  of t h e  aSC1 r o t a t i o n  l ines  b y  u n d e r l y i n g  w e a k e r  l ines  d u e  to  t h e  
13 37 natural abundance of CHa Cl in the sample. Also, the compensation in the 

reference beam of the ~45 % '2CHaCI in the sample caused distortion of many 
of the line contours. The averaged line positions from several runs are listed in 
Table If. 

No evidence of K-splitting was observed in any part of the band. It  was found 
that the errors associated with the line positions were to'o large for any effects of 
centrifugal distortion to be discerned, ~nd so an analysis was performed in terms 
of the equation for a parallel band 

~P, R ( J )  = vo + ( B '  + B " ) m  -- (B '  -- B " ) m  2 

in  w h i c h  m = - J  fo r  t h e  P b r a n c h  a n d  m = J + 1 for  t h e  R b r a n c h .  F r o m  a 

l e a s t - s q u a r e s  t r e a t m e n t  of t h e  c o m b i n a t i o n  d i f f e r ence  r e l a t i ons ,  a n d  a p l o t  of 
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(R j-i  + P J) against .if, the following results were obtained 

B" ~- 0.4271 ± 0.0004 em -~ 

B'  = 0.4234 2= 0.0005 em -~ 

~0 - 1349.42 ± 0.03 cm , 
B .--1 

a2 = -}-0.00383 ± 0.00006 em . 

The value for B" agrees fairly well with the microwave value of 0.42684 cm 1 
(3, 5), considering the difficulty experienced in measuring up the o r lines. As 
would be expected for the small mass change 12C to ~3C, the rotational constant 

B c~2 is closely similar to tha t  found by Holladay and Nielsen for the corresponding 
band in 12CHaC1 (1). 

The observed line positions should best be reproduced by the equation 

QP, R ( J )  -- 1349.42 + 0.8505m - -  0.00383m 2, 

and the values calculated using this equation are compared with the observed 
values in Table I I .  On the whole, the agreement is satisfactory. 

From the distortions produced in the 35C1 lines, the approximate  positions of the 
37Cl lines can be assessed. Almost exact coincidences of lines from the two iso- 
topic molecules appear  to occur between P(23)  and P (27)  and between R(21) 

13('~I$35y~ l and R(24) in the observed spectrum of ,~113 ,~1. Using the microwave value of 
B 13(~1-I37F~1 and the same value for a2 as determined B" = 0.41996 em -~ (3) for ,~13 ,~1, 

above, the observed effects of the underlying 37Cl lines were best reproduced with 
13 37 the band center of ~2 for CH3 CI located at 1349.09 em -1. This gives a separa- 

tion between the two band centers of 0.34 cm-1; Holladay and Nielsen obtained 
a value of 0.27 cm -1 for the corresponding band center separation in the 12C 
molecules (1). 

( f f I )  ~3, 715 cm -1 

This band, mainly associated with the stretching of the C-C1 bond, was well 
resolved and the two series of J lines arising from the 3~C1 and 37C1 isotopic species 
were easily discerned in the spectrum, although actual isotopic splitting was ob- 
served only at a few points. Due to the compensation of 12CH3C1 in the reference 
beam, the J lines suffer some distortion, and are not observable at  all in the re- 
gion of the Q branch of ,3 for ~2CH3C1. No evidence of any K-split t ing was ob- 
served in the band, which exhibits a marked degradation towards lower wave 
numbers. 

13 35 The rotation line positions due to CH3 C1 were fairly readily measured in this 
13 37 band, allowance being made for the effects of underlying lines due to CH3 C1. 

The measured values are quoted in Table I I I ;  values in parentheses are for lines 
which were part icularly distorted and hence which m a y  be less reliable. A corn- 
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T A B L E  I I I  

L I N E  FREQUENCIES OF THE ~CH~C1 v3 FUNDAMENTAL 

(CM -I in  vacuo) 

J R(J) Calc P(J) Calc J R(J) Calc P(J) Calc 

3 718.21 18.22 - -  - -  20 (731.00) 31.07 696.41 96.43 
4 19.06 9.04 - -  - -  21 - -  1.76 95.41 5.44 
5 19.88 9.85 - -  - -  22 - -  2.44 94.45 4.43 
6 20.68 20.65 709.69 09.65 23 - -  3.11 93.46 3.42 
7 21.47 1.45 08.79 8.76 24 - -  3.77 92.44 2.40 
8 22.25 2.23 07.88 7.85 25 ~34.38) 4.43 91.37 1.37 
9 23.01 3,01 06.93 6.94 26 35.07 5.07 90.36 0.34 

10 23.81 3.78 (06.03) 6.02 27 35.74 5.71 89.33 89.30 
11 24.55 4.54 (05.13) 5.09 28 36,38 6.35 88.29 8.25 
12 25.30 5.30 04.17 4.16 29 37.01 6.97 87.23 7.20 
13 26.03 6.05 03.22 3.22 30 37.61 7.59 86.17 6.14 
14 26.79 6.79 02.26 2.27 31 38.20 8.19 85.09 5.07 
15 27.55 7.52 01.31 1.32 32 38.84 8.80 84.01 4.00 
16 28.29 8.25 700.33 0,35 33 39.47 9.39 82.92 2.92 
17 28.99 8.96 699.38 99.38 34 740.05 9.97 81.85 1.83 
18 29,67 9.67 98.42 8.41 35 - -  - -  680.78 0.73 
19 (730.32) 30.38 697.43 7.42 

p l e t e  a n a l y s i s  i n c l u d i n g  c e n t r i f u g a l  d i s t o r t i o n  t e r m s  was  p o s s i b l e  in  t h i s  case ,  

a n d  t h e  r o t a t i o n a l  c o n s t a n t s  w e r e  d e t e r m i n e d  g r a p h i c a l l y  f r o m  t h e  r e l e v a n t  c o m -  

b i n a t i o n  s u m  a n d  d i f f e r e n c e  r e l a t i o n s  ( 6 ) .  T h e  r e s u l t s  o b t a i n e d  w e r e  

~0 = 714.885 4- 0 .03 c m  -~ 

I ( B  -2 1 --  D .zKK ) = 0 .42677  4- 0 .00030  c m  , 
Y3 ~ 0 

[ 107Dj  = 7 .6  4- 1.2 e m  -1, 

I(B ~72 - 1  --  D j K K  ) = 0 .42295  4- 0 .00030  e m  , 
v a =  1 

[ 107D~ = 6.5 4- 1.2 e m  1 

B --1 
a3 = + 0 . 0 0 3 7 0  4- 0 .00005  e m  , 

~3A - a3~, ( a s s u m e d  oil t h e  e v i d e n c e  of no  o b s e r v a -  

b l e  K - s p l i t t i n g ) .  

D u e  t o  t h e  c o m p e n s a t i o n  of t h e  s p e c t r u m  of 12CHIC1 p r e s e n t  i n  t h e  s a m p l e  a n d  

t h e  r e s u l t i n g  d i s t o r t i o n  t o  s o m e  of t h e  l ines ,  t h e r e  w a s  a f a i r  s c a t t e r  of p o i n t s  i n  

t h e  g r a p h s ,  w h i c h  g a v e  r i se  t o  t h e  r a t h e r  l a r g e  e r r o r s  a s s o c i a t e d  w i t h  t h e  v a l u e s  

of D ~ .  O n l y  t h e  c o m b i n e d  v a l u e  of ( B  - D jK/~  ~) c a n  b e  o b t a i n e d  f r o m  s u c h  a n  

a n a l y s i s  w h e r e  t h e  K - s p l i t t i n g  is n o t  o b s e r v e d  a n d  m e a s u r a b l e ,  t-{ 2 is s o m e  

e f f ec t i ve  a v e r a g e  v a l u e  of K w h i c h  d e p e n d s  o n  t h e  i n t e n s i t y  d i s t r i b u t i o n  o v e r  t h e  

s u b - b a n d s .  A c o m p a r i s o n  of t h e  o b s e r v e d  g r o u n d  s t a t e  v a l u e  w i t h  t h e  m i c r o -  
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wave values for B" and D ~'.rK (assumed to be the same as for 12CH3C1) suggests 
that/~2 _ 10, or t h a t / (  - 3, a value which agrees exactly with that  calculated 
by Holladay and Nielsen to predict the maximum of any J 'line' for J -> 11 in 
the ,3 band of 12CHIC1. This agreement, however, may  be somewhat fortuitous, 
considering the scatter of points in our graphical analysis. 

13 35 The observed P and R line positions of ,~ ( CH3 C1) are best reproduced us- 
ing the equation 

ep,  R ( J ,  K )  -- 714.885 q- 0.8497m - 3.7 X 10-%n 2 - 2.8 X 10-~m ~, 

where m = - J  for the P branch, or J q- 1 for the R branch. The observed and 
calculated line positions are compared in Table III .  

13 37 The corresponding band due to ,3 of CH3 C1 could not be analysed in the 
same manner, as the P and R branch line positions could not be measured to a 
sufficiently high accuracy. However, reasonable estimates of the line positions 
could be made and the Q branch was readily observed in the spectrum approxi- 

13y~ i~- 35~c~ ] mately 6 cm -1 lower than that of , ~ 3  -~. Using the microwave value for B '~ 
of 0.41996 c m  - 1  B 1,~ a5 and a3 as found for CHa C1, and ignoring centrifugal distortion 
effects, the estimated line positions were best fitted with the band center of ~ 

13 37 --1 for CH3 C1 located at 708.98 4- 0.05 cm 

The only other parallel band of reasonable intensity observed in the spectrum 
was that  of the parallel component of 2v5, which is in Fermi resonance with .1 • 
However, the contour of this band was not resolved well enough to merit an 
analysis. 

B .  P E R P E N D I C U L A R  B A N D S  

( I )  ,4 ,3030 cm -~ 

This band, associated ahnost entirely with the degenerate stretching motions 
of the CH bonds, exhibits the characteristic pat tern of a perpendicular band of 
series of well resolved Q branches on a background of weaker absorptions. As 
observed in the corresponding band in 12CH3C1, the usual three-fold intensity 
alternation of the Q branches becomes upset near the band center, the Q branches 
broaden considerably and the spacing between the Q branches becomes smaller 
than that  in the wings of the band. Although a Coriolis interaction with the 
nearby parallel vibration, ,1, is possible, it would not be expected to cause a 
localized effect such as this, but  rather would exert an intensity perturbation 
over the whole band (7). I t  is doubtful, in any case, if such an interaction would 
be observable in this case, since the Coriolis zeta constant between different hy- 
drogen stretching motions is always close to zero, and this constant controls the 
magnitude of the interaction. The most likely cause of the observed effect lies in 
the observation that  3,~ will occur at almost exactly the same frequency as ,4, 
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3 3 

I I 

T T i 

[ 
3000 c m  -1 3 1 0 0  

Fro. 1. The v~ fundamental of laCI-iaC1. 

and that  the perpendicular component  of 3v6 is in Fermi resonance with p4. 
This is a second order Fermi resonance, the effect of which would be expected to 
be small and only observable around the point of resonance. Wha t  is being ob- 
served, therefore, is two series of Q branches, each dying away rapidly on one 
side of its band center, and which will be analyzable in terms of a Fermi resonance 
between v4 and 3v~ (8, 9). The overall appearance of the band is shown in Fig. 1, 
and the observed Q branch maxima positions are listed in Table IV. Figure 2 
shouts a plot of Q branch position against m, where m = q -K for the RQK branches 
and m = - - K  for the PQK branches. From such a plot the numbering of the Q 
branches is relatively easy, since one must  be in error by an integral multiple of 
3 due to the intensity alternation, and only one set of numbering will be reason- 
able and consistent with the overall band contour. In  the ease of this band we 
think tha t  we can observe the weak "0K branches of the lower wave number  
component  up to K = 6. The corresponding weak eQK branches of the higher 
wave number  component are not observable, due to overlapping of the band by  
the R branch of v~. 

In  terms of the Fermi resonance interaction te rm W, the perturbed Q branch 
frequencies are given by  the equation (9, 10) 

where 

~ = ,0 + [A((1 - f~)2 _ B/]  + 2[A/(1  -- f~) -- B/]m 
(2) 

q- [(A./ -- A ' )  -- (B/  -- B')]m 2, 
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TABLE IV 
Q BRANCH FREQUENCIES OF THE ~aCH3C1 ~4 ANU 3~6 FERMI DIAD 

(CM -1 in vacuo) 

231 

12 3134.65 
11 3126.16 
10 3118.72 

3111.551 
9 3110.75 / triplet b 

3109.8~ 
8 3101.90/doubletb 

3101.19j 
7 3093.34 
6 3085.13 
5 3076.83 
4 3O68.34 
3 3059.91 
2 3051.40 
1 3042.95 
0 3034.43 

--1 3026.11 
--2 3017.88 broad 
--3 3010.31 v broad 
--4 3003.29 

3071.3 
3064.0 
3056.5 
3048.8 
3041.2 
3034.43 
3026.11 
3017.88 broad 
3010.31 v broad 
3003.29 
2994.36 

The m = + K  for the RQK branches, m = - -K for the PQK branches. 
b The RQs and RQ9 in ~+ are definitely perturbed. Each is split, RQ8 into two components 

and RQ9 into three components. RQ, is less intense than its neighboring Q branches, and the 
Q branch spacings are erratic in this region. The cause of the local perturbation is not 
known. 

and  m in the  l a t t e r  equa t ion  of t he  u n p e r t u r b e d  bands  is -}-K for the  RQ and - K  
for the  PQ branches .  T h e  effect of the  t e rm  in W is to  cause t he  Q branches  to  be 
pushed  fu r the r  a p a r t  nea r  the  resonance  point ,  thus  affect ing the  Q b ranch  spac- 
ing. 

P r o v i d e d  enough Q branehes  are  measu rab l e  to  a suff icient ly high accuracy ,  
all the  cons tan t s  in Eqs.  (1)  and  (2)  m a y  be solved b y  a leas t - squares  calcula-  
t ion  (9) .  I f  this  is no t  the  ease, as in the  p resen t  ease, m u c h  useful  i n fo rma t ion  
can be ob ta ined  f rom the  equat ions .  A plot  of Q b ranch  spac ing  aga ins t  running  
n u m b e r  m (m ; q - K  for the  ~Q~ branches ,  m = - K  for the  PQ/~ branches )  for 
the  m a i n  series of b ranches  will show up the  resonance  c lear ly  and should  be 
a s y m p t o t i c  to  a s t r a igh t  l ine of s lope 2 [ (A '  - -  A " )  - (B'  - B")] and  in te rcep t  
a t  m = 0 of 2 [A ' (1  --  ~') - B'] ,  thus  enabl ing  a va lue  of ~" to  be calcula ted.  
( I f  bo th  series of Q b ranches  are  observable ,  i t  should be  possible  to ca r ry  this  
out  for each series.)  I n  t he  presen t  ease, for u n p e r t u r b e d  u4, we find 

[ ( A '  - A " )  - ( B '  - B") ]  = - 0 . 0 2 5  e m  - ~  
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FIG. 2. The observed Q branch positions ((2)) al~d the asymptotic cm'ves for the Fermi 
diad of p4 and 3~ in 13CH.~C1. 

and 2[A'(1  - ~-) - B'] = 8.60 em -1, f rom which ~'4 = +0.074 , using A"  = 5.124 
--1 

em as found by  Jones et al., for 12CH3C1 (2). The  unper tu rbed  band  center  of 
,4 is best found by  assuming the RQK branches to be unper turbed  and analyzing 
t h e m  in terms of the constants  derived above and Eq. (2).  [Since W is small in a 
resonance such as this (see below),  at  any  distance f rom the point  of resonance 
(,4 --  ,666)/2 >> W in Eq.  (1) and W can be negleeted.] I n  this way,  we find the  
band  center for unper turbed  ,4 to be located at 3030.42 4- 0.15 c m  - 1 .  For  the  b a n d  
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3,6, we make use of data  derived later from the analysis of the fundamental ,  
,8 • From this, we find for 3,6 tha t  [(A '  ~ A " )  - (B '  -- B") ]  = +0.063 cm 1 
and ~'eff = ~'6 = +0.241.  Further,  it is a proper ty  of Eq. (1) that  

( . +  - .~ )  = ( .~6~ - < )  

for any value of m. For  m = 0, it is found tha t  ( ,+  -- RQ0)~ = +0.04 em -1, so 
we m a y  assume tha t  RQ0 for unperturbed 3,6 occurs at 3026.1 em -1, and the band 
center of 3,6 is located at 3023.6 em -1. 

The curves for the unperturbed Q branches of the bands ~'4 and 3,6, calculated 
according to the equations 

2 P' RQK(,4) = 3034.4 + 8.60m -- 0.025m, 

P' RQK(,666) = 3026.1 + 7.01m + 0.063m 2, 

are reproduced in Fig. 2, and will be seen to fit the experimental points very 
well, the observed weak RQ~ branches of the lower component  being accurately 
predicted by the curve for 3,6 • 

The point of resonance occurs almost exactly at PQ4 in the two bands. At this 
point, ,4 = ,66a in Eq. (1), where these frequencies are given by  the above equa- 
tions with m = --4, and so we h~ve the relation 

, - ~ = 2W, 

from whieh we calculate the Fermi resonance interaction constant  W = 4.0 =t= 0.5 
- - 1  em 

The corresponding band, ,4, in ~CH3CI exhibits the same characteristics of the 
intensity alternation becoming out of step, Q branch broadening and erratic Q 
branch separations near the band center. As a result, difficulty has been experi- 
enced in numbering the Q branches, and recent estimates for the band center 
vary  (1, 2). A re-analysis of this band in terms of Fermi resonance between ,4 
and 3,~ is performed at the end of this paper. 

- - 1  
( I I )  ~ 5 , 1 4 5 0  cm 

This band is very similar in appearance to the corresponding band in ~2CH3C1, 
which is depicted in Fig. 4 of Ref. 2. The three-fold intensity alternation of the 
Q branches is evident in the band, but  RQ0 is abnormally  weak and is split into 
at least three components.  The Q branches are observed to degrade to higher 
wave numbers, the degree of degradation becoming much more marked as they 
approach the parallel fundamental ,  ,z,  at  1342 em -1, both  of which effects are 
strong evidence of a significant Coriolis interaction taking place between ~ and 
,5 • Such a Coriolis interaction between a parallel and a perpendicular band in a 
symmetr ic  top molecule affects the J structure in each of the bands, and will 
have the effect of altering the apparent  B value for the upper  state in each of the 
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TABLE V 
Q BiRANCH FREQUENCIES OF THE ~CHaC1 v~ FUNDAMENTAL 

(CM -1 in vacuo) 

A ' K" Q branch maxima K' K" O branch maxima 

13 12 1594.01 3 2 1480.98 
12 11 1583.20 2 1 1469.03 
11 10 1572.76 1 0 1456.69 
10 9 1561.20 0 1 1445.00 
9 8 1550.07 1 2 1432.96 
8 7 1538.88 2 3 1421.11 
7 6 1527.64 3 4 1408.73 
6 5 1515.46 4 5 1396.09 
5 4 1504.60 5 6 1383.66 
4 3 1492.91 

K sub-bands.  The  visual  effect of this  will be most  apparen t  in  the Q branches  
of the sub-bands  in  the  perpendicular  b a n d  as the  point  of resonance is ap- 

proached. 
Al though the effects of the ro ta t iona l  J s t ruc ture  associated with each sub- 

b a n d  was discernible in  the spectrum,  no analysis  was possible. Some evidence of 
the  effect of the  restr ict ion J > K on the ro ta t ion  lines was observed and  so the  
n u m b e r i n g  of the Q branches  could be de termined unequivocal ly .  The  lack of fine 
s t ruc ture  in  the  ro ta t ion  lines was a lmost  cer ta inly  due to the effect of the  over- 

. 1 2  • • 

lapping spec t rum of CtIaC1 in  the sample,  whmh was compensated  i n t h e  reference 
beam.  Accordingly,  we have no means  of de te rmin ing  the  sub -band  origins.  
Measu remen t s  were made  of the Q b r a n c h  max ima  and  these are t abu l a t ed  in  
Tab le  V. The  values were used in  the  conven t iona l  combina t ion  sum and  differ- 
enee relat ions ob ta ined  from the  equa t ion  for the Q b ranch  origins in  a per- 

pendicular  b a n d  

P' RQx = ~0 + [A'(1 -- f)2 _ B'] 4- 2[A'(1 -- ~) -- B ' ] K  

+ [(A'  -- A " )  -- (B '  -- B " ) ] K  2, 

and  graphical  analysis  yielded the results 

, 0 +  [A'(1  -- fs) ~ -  B'] = 1457.21 4- 0 .15e ra  -1, 

[ (A '  - A " )  -- (B '  -- B")]  = --0.046 4- 0.006 em 1, 

~-5 = - 0 . 2 6 3  4- 0.005, 

"0 = 1449.54 4- 0.15 cm -1 

The  two la t te r  results were ob ta ined  using B"  = 0.42684 cm -1 (3) and  A I' = 

5.124 cm -1 (2).  Jones et al. found for ~5" (I~CH3C1) a va lue  of - 0 . 0 0 0 7  cm -j  
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TABLE VI 
Q BRANCH FREQUENCIES OF THE ~CII3C! ,~ FUNDAMENTAL 

(cr~ -1 in vacuo) 

235 

K' K" Q branch maxima J ..... ~ branch origins 

11 10 1085.91 20 1085.24 
10 9 1078.64 19 1078.03 
9 8 1071.39 18.5 1070.81 
8 7 1064.22 18 1063.67 
7 6 1056.87 17 1056.38 
6 5 1049.69 16.5 1049.23 
5 4 1042.60 16 1042.16 
4 3 1035.45 15.5 1035.06 
3 2 1028.32 15.5 1027.91 
2 1 1021.33 15 1020.95 
1 0 1014.36 15 1013.98 
0 1 1007.44 15 1007.06 
1 2 1000.50 15 1000.12 
2 3 993.60 15.5 993.19 
3 4 986.86 15.5 986.45 
4 5 980.14 16 979.71 
5 6 973.49 16.5 973.04 
6 7 966.90 17.5 966.37 
7 8 960.33 18 959.79 
8 9 953.69 19 953.08 

(2).  There  is no reason to believe t ha t  a~" (18CH3C1) should be significantly dif- 
ferent,  so we m a y  derive fur ther  for v~ of 13CH3C1 

a5 B - - 0 . 0 0 1  em -1 ~ -1 ; a~ = -t-0.047 =t= 0.01 em 

I n  the  analysis  of the u~ perpendicular  bands  of 12CH3C1 and  I~CH3C1 in the 

convent iona l  manne r ,  it  mus t  be realised t h a t  the pe r tu rba t ions  to the line fre 
queneies caused by  the  Coriolis in teract ions  with u2 are in each ease being ac- 
counted  for in  te rms of the ro ta t iona l  cons tan ts  derived. Since c~5 B is apparen t ly  
very  small,  the  error in  calculat ing the b a n d  eenter, ~0, from Q branch  max ima  
instead of Q b ranch  origins should be very  small. 

( I I I )  ~ ,  1011 cm -1 

This  band  exhibits a very  regular Q b ranch  s t ructure ,  all branches degrading 
not iceably  to lower wave numbers .  No ro ta t ional  fine s t ruc ture  was measurable,  
bu t  the  K n u m b e r i n g  of the Q branches  was rendered easy by  the  regular  eontour  
of the b a n d  as a whole, RQ0 being the mos t  in tense  Q branch.  The  Q branch  
max ima  from RQ10 to eQ9 were measured  and  the values  are t abu la t ed  in Table  
VI. Sinee the microwave  value of a6 ~ is known  for 12CH3C1 (5),  and  we would 
expect the va lue  for I'~CH3CI to be closely similar, the  Q b ranch  max ima  were 
conver ted  to Q b ranch  origins, U~ub, using the equa t ion  
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TABLE VII 
F U N D A M E N T A L  V I B R A T I O N  F R E Q U E N C I E S  AND [:~OTATIONAL C O N S T A N T S  FOR 

I~CH~C1 IN CM -~ 
( Z E T A  C O N S T A N T S  D I M E N S I O N L E S S )  

n H 

B "  

Pl 

P2 

P4 

V4 

P5 

P~j 

5.124 Ref. (2) 
0.42684 Refs. (8, 5) 
(0.41996, ~7C1) 

2964.38 al A +0.058 This work 
a l  B ~0.000 Ref. (2) 

1349.42 a.~ a ~_~a~ B 
(1349.09, ~7C1) a~ s +0.00383; This work 

714.885 a.~ ~ ~.~a3 B 
(708.98, ~7C1) a3 s +0.0037; This work 

i'4 +0.0%) k This work 3030.42 a4 A +0.025y 
a4 B ~0.000 Ref. (1 I )  

~" 5 -- 0.263~ 
% 

1449.54 a5 ~¢ +0.047j This work 
a~ B ~ ' -  0.001 Ref. (2) 

~s +0.241~ This work 
1011.42 a6 a -0.019; 

a6 B +0.0016 Ref. (5) 

I . , R Q K ( j  . . . .  ) = Q ...... = ,~ul, + ( B '  - B " ) J  . . . . .  ( J  . . . . .  + 1), 

wherc J . . . .  is the  value of J corresponding to the most  in tense  line in  the Q 
branch.  This  m a y  readily be found  from the equa t ion  for the  ro ta t ion  l ine in- 
tensi t ies  

1 " A  --V(K Z)h~/k~ I a  ( 2 J  + ) Kse ' , 

where the AKj are the H 6 n l - L o n d o n  ro ta t iona l  in tens i ty  factors ( I 0 ) .  The  values  

for Jmax derived from the ground s ta te  ro ta t iona l  cons tan ts  for 13CH3C1 and  the  
B --1 resul t ing Q b ranch  origins using a6 = +0 .0016  em are t abu l a t ed  in  Tab le  VI  

alongside the corresponding Q b ranch  maxima.  The  calculated Q b ranch  origins 
are in  close agreement  wi th  our visual  est imates in the band.  Graphica l  analysis  
of the  Q b ranch  origins in  the  conven t iona l  manner ,  assuming A" = 5.124 cm -~ 
and  B" 0.42684 -1 = cm , lead to the  results  

v0 + [A'(1 -- ~6) 2 -  B'] = 1013.96 =L 0 . 0 3 c m  ~, 

[ (A'  -- A" )  -- (B '  - B")]  = +0 .0206  -4- 0.0006 c m  1, 

~-6 = + 0 . 2 4 1  ± 0.003, 

,o = 1011.42 ± 0.03 cm ~, 

B o!6 = +0 .0016  em -1 (assumed from microwave) ,  

A --1 
a6 = --0.019 ± 0.001 cm 
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C. TABULATION OF ]~ESULTS 

For  ease of reference, ,aTe have tabulated in Table V I I  all the information avail- 
able on the fundamental  frequencies and the rotational constants for the *3CHaC1 
molecule. 

RE-ANALYSIS OF v4 BAND IN ~2CHaC1 IN TERMS OF FERMI t~ESONANCE WITH ~v6 

The overall appearance of this band is reproduced in Fig. 2 of Ref. 2, and the 
Q branch maxima frequencies reported there are used in this analysis. (Our esti- 
mates were almost identical.) As reported in Ref. 2, near  the expected band cen- 
ter the Q branch spacing becomes abnormally small and the three-fold intensity 
alternation is upset. The  authors observe this to be due to a marked localized 
perturbat ion and obtain values for [(A' -- A")  - (B '  - B") ]  and f4 f rom the 
asymptotes  of a graph of Q branch spacing against K. However,  their numbering 
for the lower component  of the diad is incorrect by 3 units, and the effect of the 
localized resonance in terms of the renumbered Q branches is shown in Fig. 3. 
The graph of Q branch spacing against m (m = + K  for the RQ branches and = 
- K  for the PQ branches) is asymptot ic  to the theoretical straight line plot for 
the Q branch spacings of unperturbed v4, from which we find 

[(A'  - A")  -- (B '  - B")]  = --0.025 cm -1 

and 2[A'(1 -- ~'4) ~- B'] = 8.598 cm -1, giving ~'4 = +0.071.  The value for 
A ~4 -- ~4 ~ is in excellent agreement with the value found for the parallel com- 

ponent  of 2~4 by  Brown and Edwards ( 1 1 ) .  The band center of unperturbed v4 
was obtained by  assuming the high RQK branches to be essentially unperturbed 
and back-calculating for RQ0 in terms of the molecular constants der ived above. 
In  this way, we find ~0 = 3041.6 4- 0.3 cm -1. The curve representing unperturbed 
~4 was best given by  the expression 

e' RQK(v4) = 3045.5 + 8.598m -- 0.025m 2, 

and this curve is drawn in Fig. 3 in relation to the measured Q branch positions. 
For 3 ~ ,  we find f rom the fundamental ,  ~6, [(A' -- A")  - -  ( B '  - B " ) ]  = 

+0.069 cm -~ and ~'¢,~ = ~'a = +0.238. Est imat ing unper turbed RQ0 as before 
from the relation (v + -- RQ0)~ = (RQ0 - ~-),~6~ = 1.3 cm -a, the band center 
is located at 3038.7 em -*, and the curve representing unperturbed 3~6 is best 
given by the equation 

v. RQK(v6~6) = 3041.3 + 7.034m + 0.069m z. 

This curve is also drawn in Fig. 3. In  contrast  to the corresponding diad in 
nCHaC1, no convincing evidence of any RQK branches of the lower component  can 
be found in our spectra. This can be explained with reference to Fig. 3, where it 
will be seen tha t  the RQK branches of the lower component,  which will lie essen- 
tially on the unper turbed 3v6 curve, will occur at almost exactly the same fre- 
quency as the much stronger RQK_I series of the main ~4 band. 



238 DUNCAN AND ALLAN 

c rn -1 

3 1 0 0  

3 0 0 0  

v666 

V + 

V -  

-Io o l o  

m 

Fro. 3. The observed Q branch positions ((D) and tile asymptotic curves t'o1' the Ferm 
diad of .4 and 3~ in 12CH3C1. 

The  unpe r tu rbed  band  centers of p4 and  3v8 lie very  close in  this case, the sepa- 
--1 

ra t ion  being only ~-~3 em . F r o m  Fig. 3, the  exact point  of resonance will be seen 
to occur close to PQ2 in the two bands ,  and  at  this point ,  as before, 

q 
p - -  v = 2 W ,  

from which we es t imate  the Fe rmi  resonance in terac t ion  cons tant ,  W = 4.0 4- 0.5 
--1 

em , the same value as t ha t  found  for the  in te rac t ion  in the corresponding b a n d  
in laCHaC1. I n  this ease, the effects of the resonance in te rac t ion  are more marked  
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since the two band centers are almost exactly degenerate and so it is in the regio)i 

of the band center of v4 that the perturbation is most evident. 

Note added in proof. Since this paper was written, the results of two independent analyses 
of the Fermi diad, v4/3v~ , in '2CHaCI have come to the attention of the authors. The first, 
by C. Bdtrencourt-Stirnemann, C. Joffrin-Graffouill~re, M. Morillon-Chapey, and C. 
Alamichel, Comptes rcndus, 264B, 1458 (1967), was performed under conditions of higher 
resolution than that reported in this paper. The second (A. G. Maki and R. Thibault, to be 
published) has been performed under conditions of very high resolution, and therefore 
should yield the most precise results. Considering that the point of maximum resonance is 
very close to the two band centers, which render the latter most sensitive to any uncer- 
tainties in the analyses, the three sets of results are in very good agreement. 

This  work B-S et  al. M and T 

v~ 3041.6 ~3040.29 3039.25 
~'4 +0 .0% + 0 . 0 6  +0 .  060 
(aA _ aB), 4 +0 .  025 +0 .  026 +0 .  026 
3V~ 3038.7 not  quoted  3042.82 
(~-~f~).~,l 6 +0 .  238 (ass.) +0 .  235 +0 .  232 

B 1 ( c~A -- ~ ):~6 --0.069(ass.) +0.026(ass.) --0.086 
W 4.0 4- 0.5 3.9 3.519 
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