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The spectrum of methyl isocyanide (CH3;NC) has been measured in the region from 2148 cm !
t0 2179 cm ™! using a tunable diode laser spectrometer employing a newly designed signal averaging
technique. The P-, Q- and R-branch lines of the v, fundamental band have been assigned for values
of J <25, K<12. Molecular constants for the v, state have been determined including the quartic

centrifugal distortion parameters.

Introduction

Methyl isocyanide is the simplest isocyanide which
is stable under laboratory conditions, and is spectro-
scopically of interest as a reference molecule for many
other stable and unstable isocyanides. For the ground
vibrational state the molecular constants are known
very accurately. Several low lying vibrational states
have been studied in detail from their microwave spec-
tra [1]. However for the high energy state v,=1
(2166 cm ™ ') the spectroscopic knowledge is scarce.
Low resolution spectra of the CH;NC fundamental
bands were reported by several authors, e.g. Thomp-
son and Williams [2], Williams [3], Thomas, Leise-
gang, and Thompson [4]. These spectra, however, lack
the resolution required to extract from them reliable
upper state molecular constants.

Inspection of the ground state centrifugal distortion
constants, in particular D, = 7.56 - 10"°® cm ™!, re-
veals that the expected K-structure which accompa-
nies each J transition in the v, band is very tight and
can only be resolved by high resolution spectroscopy.
Consequently the low resolution work stands no
chance to resolve the important K-structure. In addi-
tion the v, band is confused by at least two overlap-
ping hot bands of the v bending mode. Thus only few
transitions were assigned from the low resolution
spectrum, leading to an approximate band center de-
termination and B'— B”.

In the present work the v, band, i.e. the N-C stretch-
ing mode, of CH;NC was recorded with Doppler lim-
ited tunable diode laser (TDL) spectroscopy in the
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region between 2148 cm ™! and 2179 cm ™ !. The rota-
tional K-structure of the individual J transitions of
the v, vibration has been resolved. Consequently, the
molecular constants of the v, state have been deter-
mined completely by fixing the ground state constants
to values obtained by a microwave study of Gondon

(51.

Experimental

The CH;NC sample was prepared by the reaction
of N-methyl-formamide with a solution of p-toluene-
sulfochloride (toluene-p-sulphonyl chloride) in Quin-
oline [6].

The spectrum was recorded using a conventional
TDL spectrometer from Laser Analytics, Model LS-3.
For data processing, a computer controlled signal
averager, which was originally developed in our labo-
ratory for the data acquisition of the acousto optical
spectrometers [7] used for interstellar spectroscopy,
was redesigned for the needs of TDL spectroscopy.
Here the spectroscopic data are stored in 2048 chan-
nels. Every 4.4 pus the detector signal is digitized and
added to the value of the corresponding channel in the
averager’s storage unit. Then the diode current is in-
creased by a channel fraction of a scan of typically
0.5cm ™!, In about 9 ms a complete scan is recorded,
and after a deadtime of 1 ms a new scan is started.

To maintain the spectral resolution while averaging,
the thermal drifts of the laser control electronics (La-
ser Analytics LCM, CTS) must be sufficiently low. In
the fast scan mode the width of the etalon fringes,
which is typically 70 MHz, was observed to be broad-
ened at a rate of 230 kHz for 1 min averaging. This is
surprisingly stable comparing with the 10 MHz long
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Fig. 2. Schematic picture showing the data processing system in detail. The readout board (ROB) digitizes the detector signals
and transfers them to the averager (AVG). All timing control signals are produced by the ROB. The Monitor board (MON)
interfaces between the system and monitoring instruments like oscilloscops (OSC). Using a D/A converter (DAC), a saw-tooth
signal is generated to scan the laser frequency parallel to the processing timing. After integration the averager data are

submitted to a microcomputer (uP) to save them on floppy

term thermal drift which was measured for a TDL
spectrometer without scanning [8]. Under the present
conditions integration times of several minutes could
be achieved, and consequently averaging over tens of
thousands scans was possible.

As a relative frequency scale a confocal Fabry-Perot
interferometer (FPI) was used, which was constructed
in our laboratory [9] with a free spectral range of
about 0.01 cm™!. Absolute frequencies were obtained
by using NNO as a reference gas (see Figure 1). In this
range the NNO line frequencies are known with an
accuracy of around 10"*cm ™! [10]. Spectra of the
sample gas, of FPI, and of the calibration gas were
measured sequentially. The spectra were stored on the
floppy disk of a dedicated laboratory computer and
were then transferred for further analysis to a Micro
VAX II computer. With the help of FORTRAN pro-
grams, line positions were found and calibrated with
an accuracy of 3-10"*cm™ L.

Assignment and Calculations

The energy levels of a prolate symmetric top mole-
cule like CH;NC are given by

F(v,J,K)=G,+(A—B) K>+ BJ (J+1) (1)
—D,J*(J4+1)?> — D J(J+1) K? — D K2,
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Fig. 3. Part of the observed spectrum showing ?F; (14) and
7Rk (20).

where A and B are the rotational constants and Dj,
D¢, Dy the centrifugal distortion constants. G, repre-
sents the vibrational energy. The v, band of CH;NC,
which is studied in this paper, is due to the N-C
stretching vibration, forming a parallel band spectrum
with P-, Q- and R-branch of 4K =0.

In the work of Thomas et al. [4] the spectra have
been recorded with a grating spectrometer at a resolu-
tion of 0.15cm™*, just barely sufficient to recognize
the rotational structure. However the main problem
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Table 3. The observed and calculated wave numbers of the v, band of CH;NC in cm .

J K- J K o8ss CALC o-C J K- J K o= CALC o-C SIGMA
g- 2 B 216457482 216457585  -0.00103  2.0000 1 1~ 9 1 216591738 216591672 000066  1.0000
9 qe= 29 216457482 216457545  —0.00 20000 5 4 5 4 216555763 T A,
2 o- 30 5123'28818 2 }23433;?3 -000108 20000 2 2~ 2 2 216590793 216590774 000018  1.0000
1 - .. . . =
2 2~ 3 2 2163:89649 216389597 000052 20000 3 3% ¥ 3 21658939 216589403  -0.00007  1.0000
4 3- 4 3 2165.87724 216587869  -000145 3.0000
3 0~ 4 @ 216321412 216321540  -0.00128  3.0000 z
3 90- 40 216321412 218321540 000128 3.0000 4 4 4 2 216587724 2165:87559 000165  3.0000
3 2- 4 2 216321412 216321389 000023  1.0000 5 4- 5 4 2165.85666 2165.85641 000025  1.0000
3 3- 4 3 216321412 216321799 000273 30000
6 4- 6 4 216583379 2165.83339 000040 100!
4 0- 5 Q 2162.52799 216252944  -000145  4.0000 6 6- 6 6 216582477 2165.82440 0.00037 1.8088
4 1- 5 1 216252799 216252908 000109  3.0000
4 2= 5 2 216252799 216252799 000000  1.0000 7 4- 7 4 216580714 2165.80654 00060 1.0000
4 3= & 3 216252799 216252617 000182  3.0000 7 6- 7 6 216579711 216579753  -000042 10000
8 4- 8 4 216577672 2165.77586 000086  1.0000
2918 ] TOEMR  NRERY 3R oimm 28T ot o8 em w4l B%
3 22 8 2 516183810 318183828 000018 10000 - 00034.  *1.0000
5 3= 6 3 2161.83810 2161.83652 0.00158 2.0000 9 4- 9 a4 2165.74237 2165.74134 0.00103  2.0000
g 6- 9 6 216573205 216573229  -000024  1.0000
= 7 161.14448 216114609  -0.00163  4.0000 9 8- 9 8 216571908 216571935  -000027  1.0000
S ? - ; z gqgﬂm g}gnﬁgg ﬁ.gga%g 118888 9 9- 9 9 2165.70957 216571134 -0.00177  3.0000
g § = 23 2161.14448 2161.14307 000139 20000 }8 % - }8 % g]g »;88;; %}F ggg’g '8‘88?%8 %.gggg
= .7095 . X X
~ 10 6- 10 & 216569354 216569393  -000039  1.0000
7097 8 9 3047 218044828 383182 38838 10 8- 10 8 218888080 218588095  0000I5 10000
7 2- 8 2 2160.44706 216044742  -000036  1.0000 10 9- 10 9 216567212 216567291  -0.00079 10000
7 3- 8 3 216044706 2160.44581 000125 20000 10 10- 10 10 216566384 216566380 0.00004  1.0000
11 2= 1 3 216566384 216566398  -0.00014  1.0000
g - g 4 215374229 219379751 QO01ed 40000 47 BZ 11 B 216565132 218585173  -000041 10000
8 2= 9 2 215874590 215974629 000039 10000 18- 11 8 216563863 216553871 000008 10000
a =22 3 5 212374233 5123744528 000132 23000 1 8- 11 9 216563018 216563066  -0.00048  1.0000
11 0- 12 0 215761988 215762121 -0.00133  4.0000 }% 2 s }% 3 %12%@8@23 %122:282%; .8:8888? 328888
1 t- 92 3 215761988 215762095 000107  3.0000 12 9- 12 9 216558330 216558457  -0.00127  2.0000
BOED 3 NgEEm RgE ol imm ot e R i
3 0 T - o e 13 9- 13 9 216553348 216553465  -0.00117  1.0000
12 9= 13 3 2156:90320 215690463  -000143  3.0000 10 0o o 2166.58901 216658781 000120 20000
12 2~ 18 2 215690320 215690388 000068 20000
12 3= 13 3 2156.90320 215630262 0.00058  1.0000 2 0- 1 0 218725119 218725079 088840 %0000008
13 0- 14 0 2156.18400 2156.18478  -0.00078  2.0000 - '
13 1- 14 1 215618400 215618455 000055  1.0000 3 Z= 2 2 2167.90706 2167.90800  -0.00084  1.0000
B 2- 14 2 2156.18400 2156.18383 000017  1.0000
13 3- 14 3 2156.18400 2156.18264 000136 20000 5 2 4 2 216921470 216921461 0.00009  1.0000
14 0- 15 0 2155.46020 215546092  -000072 20000 6 2 5 2 216986212 216986214  -0.00002  1.0000
14 1- 15 1 215546020 215546069  -0.00043  1.0000
14 2~ 15 2 2155.46020 2155.46002 000018  1.0000 9 3- 8 3 217177869 217177870  -0.00001  1.0000
14 3- 15 3 215546020 215545880 000130 20000 g 6~ 8 & 217176280 217176284 000004 1.0000
15 0- 18 0 2154.73290 215473330  -0.00040  1.0000 9 8- 8 8 217173618 2171728609 000009  1.0000
15 1= 96 1 2154.73290 215473309 000019 10000
15 2- 16 2 215473290 2154.73246 000044 10000 2 2- 2 7 86 7366632 000054  1.0000
15 3- 18 3 215473230 215473139 000151  3.0000 2 &- H 7385388 7388301 99d087 10000
16 0- 17 0 2154.00140 215400193  -000053  1.0000 2 7= 7 736379 7363759 000032  1.0000
6 1- 17 1 215400140 215400173 000033 10000 2 8- 8 7362846 7362783 0.00063  1.0000
BT U3 NEEIR NEKE BN e (2 oo e dvades oo o
- § - g 13 2= 2 7428537 7428683  -0.00146  4.0000
17 0~ 98 © 2153.26620 2153.26681 X I 13 3 - 3 7428537 7428359 0.00178  4.0000
1Z 1- 18 1 2153:26620 2\532%63 3.8882:14 1.8888 3 6- 6 74.26628 7426 0.00034  1.0000
7w 2- 18 2 215326620 215326607 000013  1.0000 3 7- z 7425755 7425734 0.00021  1.0000
7 3= 18 3 2153126620 215326514 000106 20000 3 8- 8 7423737 74 gggg -8'888% ;'8888
22 0- 23 0 14953500 14953534 000034  1.0000 3 10- 10 7422213 174222 -0.00081  1.0000
22 1~ 23 1 14953500 14953522 000022  1.0000 3 1= %12 91 174.20858 1742084 000011  1.0000
22 2- 23 2 14953500 14953486 0.00014 1.0000 3 12- 1 12 174.18329 174.19241 0.00088  1.0000
92 @3- 23 @ 14953500 14953424 000076 15000
A R B T S v R
23 0- 24 0 148.77770 14877793  -0.00023  1.0000 4 6 - 6 7488262 74.88205 000057  1.0000
53 1- 54 3 14877770 14877782 000012  1.0000 4 7 - 7 74.87369 74187323 0.00046  1.0000
53 2. 54 2 14877770 14877749 000021  1.0000 4 8- 8 7486213 7486296  -000083  1.0000
23 3- 24 3 14877770 148.77694 000076 10000 4 9- ] 74.85089 7485122  -0.00033  1.0000
A 14877770 AT G e 1 2- 20 2 7911130 7911170 -000040 10000
28 0- 25 0 148.01630 14801682  -0.00052  1.0000 1 5- 20 5 7909586 7909513 000073  1:0000
54 1. 53 1 148.01630 14801673  -000043  1.000 1 6- 20 6 7908675 7908638 000037  1.0000
54 2- 55 2 148.01630 14801644  -000014  1.0000 1 7- 20 7 7807598 7907597 000001 10000
54 3. %3 3 14801630 14801534 000036  1.0000 1 8- 20 8 06355 7906388  -0.00033  1.0000
24 4_ %3 2 14801630 14801523 000107 20000 1 9- 20 9 7904947 7905006  -0.00053  1.0000

lies in confusion caused by overlapping hot bands. We
have therefore decided to use the high resolution
capability of our diode laser system to remcasurc the
v, band of CH;NC, with the result that in the ob-
served region the individual J lines of the fundamental
band are well separated from the hot band lines. In
addition, each J line is accompanied by the K-struc-
ture, typical for symmetric top spectra. Within the
Doppler limited resolution of our spectrometer, the
K-structure has been partially resolved for the R-

branch lines but not for the P-branch lines, which is
understood in the very small splitting for different K
guantum number in this branch (<150 MHz) and the
Doppler linewidth of about 120 MHz. Typical sample
spectra are shown in Fig. 3 for R- and P-branches
respectively.

Where it is resolved, the K-structure could easily be
assigned from the K? dependence of the center fre-
quencies of lines for a given J and the typical intensity
pattern due to the different nuclear spin statistical
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f l ‘ [ | X ’ T K=3 Table 1. The fundamental vibrations of
13 12 1 0 l9 s lr s l4 1y=3 methyl isocyanide.
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r T » K=6 ment [em 1]
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iJ w
\ Table 2. The spectroscopic parameters of
methyl isocyanide obtained for the v, fun-
pwlixln\rllvlilxllllxtlJildamemalbandincmﬂ.
218550 2165.60 2165.70 2165.80 2165.90
[ _1] Parameter  Value (Error?)
cm
v 2165.92099 (13)
Fig. 4. The Q-branch of CH;NC v, fundamental band. A—4 —0.23541 (49) - 1072
B’ 0.3334103 (11)
Dy 0.1474 (19)- 10~ °
D)y 7.626 (14)- 10~ °
D;—Dy 0.201 (35)-10~°
B’ 0.335328015 (fixed®)
Dy 0.156107997 (ﬁxe(gh)- 19;6
weights associated with K=3,6,9, ... lines. For the Dik 7.56189804 (fixed®) - 10
first step, the resolved R-branch was identified and 2 One standard deviation in units of the
analysed, and then the P- and Q-branches have been Lasé ?lg(lst)
ef. (5).

assigned by a bootstrap procedure (see Figure 4).
Altogether 142 transitions with proper weight have
been used to fit the six parameters v, (=G, —G),
A'—A", B, D;, D;x, Dg—D¢ with a least squares
method. Here the ground state constants B”, D/, and
Dyx were fixed to values obtained by a microwave
study [5]. The standard deviation of the presented fit
is 5.8 - 10~* cm ™~ '. The obtained parameters are listed
in Table 1, and the transitions with non zero weights
for the fit are listed in Table 2.

Discussion

The v, fundamental band of CH;NC shows a very
compact K structure. Where it is resolved, the K com-
ponents exhibit a regular pattern. The agreement be-
tween the observed and calculated frequencies is satis-
factory for a fit over 142 partly overlapping transi-
tions. Therefore we can conclude that there is no sig-
nificant perturbation in the observed frequency range;
the N-C stretching vibration seems to be a free and
undisturbed motion isolated from the other mode. It

shows a strong contrast between the methyl iso-
cyanide and methyl cyanide. The C-N stretching
mode of methyl cyanide was found to be strongly
perturbed by recent diode laser studies [11, 12]. Com-
plicated hot band structures were observed with fairly
strong intensity. These lines have not yet been identi-
fied.

This work also presents an example for the applica-
tion of a fast signal average technique to the TDL
spectrometer for a high resolution molecular spectros-

copy.
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