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Microwave rotational spectra of five isotopic species of methyl selenocyanate (CH;SeCN with 82Se, #Se,
8Se, 7Se, and "Se) in the ground vibrational state, and two isotopic species of methyl selenocyanate-d, (CD,SeCN
with 80Se and "8Se) in the ground and first excited states of the methyl torsional mode have been assigned in the

8.0 to 35.5 GHz frequency range.

For the most abundant species in the ground vibrational state, the rotational

constants determined are 4,=10147+2, B,=23483.574-0.04, and €=2631.58+0.04 MHz for CH,8SeCN and
A=8322.574-0.81, B=3308.06+40.02, and C=2436.924+0.01 MHz for CD,°SeCN. The A-E splittings due
to the methyl internal rotation were observed for the rotational transitions in the ground vibrational state for the

normal species and in the first excited state of the methyl torsional mode for the deuterated species.

Analysis of

the splittings gave a barrier height to the methyl internal rotation of 1241450 and 1228450 cal/mol for the CH,

and CD, species, respectively.

Stark measurements yielded the principal axis dipole moments of y,=4.354-0.04,

4#,=0.7610.10, and the total dipole moment of y=4.4240.05 D for CH;*SeCN, and p,=4.314-0.04, y,=
0.67+0.07, and =4.36+0.04 D for CD,;8°SeCN. The direction of the dipole moment in the molecule is discussed.

The microwave spectra of alkyl compounds having
an isocyanato (-N=C=0O) or an isothiocyanato (-N=C=S)
group have been studied: ethyl isocyanate (CHzCH,-
NCO)Y and ethyl isothiocyanate (CH;CH,NCS).?
There have been several studies of the microwave
spectra of molecules having a C-Se bond which is an
axis of internal rotation, e.g., CH;SeH?® and (CHj),Se.9

Studies of the microwave spectra of a series of com-
pounds, CH,SeH,» CH;SH,5 and CH;OH,® have been
made. Among the series, methane selenol had the
lowest potential barrier hindering the methyl internal
rotation and the longest bond which is the internal
rotation axis (see Table 13). The potential barrier of
methanethiol is higher than that of methanol, while the
C-S bond in methanethiol is longer than the C-O bond
in methanol. There seems no simple parallelism between
the height of the potential barrier and the bond length
for this series, but for a series of dimethyl compounds,
(CHjy),Se,9 (CH,),S,” and (CHj;),0,% it does exist as
shown in Table 13.

Therefore, it is of interest to study the potential
barrier of methyl selenocyanate and to compare it
with those of the related compounds in relation to the
bond length. In this paper, the spectrum of methyl
selenocyanate will be reported, and the barrier height
and dipole moment will be discussed.

Experimental

Methyl selenocyanate was prepared by mixing methyl iodide
with a cold solution of potassium selenocyanate in ethanol.?
An exothermic reaction occurred immediately after adding the
iodide followed by the deposition of potassium halides. The
mixture was mildly refluxed for 4 h after standing for 30
min at room temperature. The solvent was removed by
distillation in a stream of nitrogen and the resultant slurry
steam-distilled, giving crude yellow methyl selenocyanate (40
to 509, yield). Reduced pressure distillation with a nitrogen
leak yielded a pale yellow product. Methyl selenocyanate-d,
(CD4SeCN) was prepared by reacting 99, enriched CD,I(E.
Merk Co., Ltd.) with KSeCN according to the method of
normal species. The normal species was identified by the IR

and proton NMR spectra, while the deuterated one only by
the IR.

The rotational spectra were obtained in the frequency region
from 8.0 to 35.5 GHz with a conventional 100-kHz squares-
wave Stark modulation spectrometer. The waveguide was
cooled with Dry Ice. Transition frequencies were measured
with a Hewlett-Packard Model 5245L electronic counter with
a 5257A transfer oscillator.

Results and Discussion

Assignment of Spectrum of CHySeCN. A model of
the molecular structure was constructed based upon
the following known molecular parameters: methyl
group and C-N bond in CH;SCN,® Se-CH, bond in
CH,SeH,®» Se-CN bond in selenophene,') and angle
C-Se-C in dimethyl selenide.® The assumed structural
parameters are listed in Table 1. The assumed molecular

TABLE 1. ASSUMED STRUCTURAL PARAMETERS
Length(A) Angle(°)
C-H : 1.093% H-C-H: 109.4»
C=N : 1.156% H-C-Se : 109.6%
C-Se 1.958" C-Se-C : 97.06%
Se-CN: 1.8329 Se-C=N : 180
a) Ref. 10. b) Ref. 3. c) Ref. 11. d) Ref. 4.

structure and bond moment considerations indicated
that the CH3SeCN molecule should be an asymmetric
prolate rotor (x=-—0.77) with a large component of
the dipole moment lying along the a-principal axis. A
search for the a-type R-branch transitions, 3;3¢2,,,
303202, and 3;,¢2,,, in the predicted frequency range
was fruitful. The transitions of the K-doublet (K_,=1
and 2) on the higher frequency side with respect to the
K_,=0 line split into A and E components due to the
hindered internal rotation of the methyl group. A
characteristic A-E splitting of the J=4«3 transition
with K_;=3 was observed for CH,8°SeCN as shown in
Fig. 1. The assignments of the lines for the isotopic
species (%2Se, 80Se, "8Se, 7’Se, and 7%Se) were made
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Fig. 1. Observed spectrum of 44,35 and 44535

transitions in CH,8°SeCN showing their characteristic
A-E splitting.

based on the Stark effects and the relative intensities
corresponding to the natural abundances (9.1, 49.8,
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23.5, 7.5, and 9.09,, respectively). The observed and
calculated frequencies are in good agreement for
transitions up to J=>5«4 of CH;SeCN in the ground
vibrational state as shown in Table 2. The rotational
constants in the ground vibrational state of the A-species
were obtained by the least-squares method and are
listed in Table 3. Almost a constant value of AI(=1,—
I,—1I,) was obtained for the 82Se, 8%Se, 8Se, ""Se, and
76Se isotopic species as shown in Table 3, indicating
that the selenium atom is in the molecular symmetry
plane as expected. The constant Al value also ensures
the assignment of the transition lines.

The observed values of AI, —2.83 to —2.85 amu A2,
are smaller than the values, —3.12 to —3.26 amu A2,
usually obtained for molecules with a planar framework
and a methyl group whose axis of symmetry lies in the
plane.

Deuterated Species. The assignment of the spectrum
for the 8%Se species was made by the same procedure as
for the normal species. The absorption lines due to the
excited state of the #Se species were found in the
vicinity of the ground state as shown by the broken lines
in Fig. 2. The assignment for the 78Se species was made
bearing in mind the Stark effects and the isotopic shifts

TaBLE 2. OBSERVED TRANSITION FREQUENCIES OF METHYL SELENOCYANATE (A-species) (MHz)
Transi- CH,®SeCN CH,®SeCN CH,8SeCN CH;""SeCN CH,"¢SeCN
tion — Y — —
Obsd Av Obsd Av Obsd Av Obsd Av Obsd Av
2y5¢14, 11344.57 0.25 11378.56 0.20 11414.04 0.27 -— — 11449.95 —0.49
20010y 12118.59 —0.48 12153.57 —0.16 12189.47 —0.22 12207.79 —0.29 12226.85 —0.20
21114 — - 13082.20 —0.11 13117.69 —0.19 13136.31 0.07 13154.17% —0.82
3152, 16970.81 0.46 17021.91 0.29 17075.29 0.26 17102.12 0.05 17130.53 0.23
303205 17989.90 —0.29 18043.21 0.06 18098.25 0.07 18126.14 —0.18 18155.80 0.47
39024, 18294.60 0.49 18345.58 0.08 18399.00 0.26 — o — —
39124 18597.79 —0.22 18647.65 —0.19 18699.24 —0.05 18726.40» 0.83 18752.82 0.01
3102y, 19521.58 0.34 19573.37 0.11 19626.88 —0.04 19654.50 —0.11 19682.57 0.34
4,435 22546.97 0.07 22615.80 0.16 22687.33 0.05 22723.24 —0.30 22761.63 0.22
404303  23657.13 —0.14 23729.34 0.02 23804.29 —0.07 23843.17 0.40 23881.99 —0.25
4y53,,  24331.79 0.34 24400.77 —0.19 24472.24 —0.08 24508.97 0.17 24545.93» —0.53
43533, 24534.59»  0.71 24601.74 0.03 24671.14» 0.64 24709.16» 1.38 24745.37» 0.48
45,35  24557.26" —2.71 24626.57» —0.95 24695.26 —1.79 24731.32» —1.79 24768.57 —1.49
4,53,  25066.45 —0.34 25131.99 —0.11 25199.01 —0.39 25233.35 —0.41 25269.64 0.18
4,5¢-3,,  25927.86 0.04 25998.11 0.33 26069.97 —0.03 26107.06 —0.22 26145.76 0.42
51544 28066.48 —0.05 28152.89 —0.03 28242.87 —0.17 28288.78 0.11 28336.11 —0.15
Ses—4a  29109.70 0.13 29200.83 —0.20 29296.70 0.18 29345.50 0.14 29395.70 0.16
5p4¢—4y3 30318.92 —0.26 30405.52 —0.20 30495.37 —0.13 30541.28 —0.11 30588.43 —0.33
Spye—dyy 31698.27 0.11 31778.89 —0.01 31862.22 0.25 31904.82 0.44 31948.30 —0.15
S—4,  32235.14 0.13 32323.58 0.04 32415.27 0.20 32462.41 0.08 32510.66 0.16
Av=2g,4—Veaica- @) Not used for the least-squares fit.
TaBLE 3. ROTATIONAL CONSTANTS (MHz) AND MOMENTS OF INERTIA (amu A2)®
CH,®2SeCN CH,#SeCN CH,;"#SeCN CH;""SeCN CH,;"%SeCN

A, 10096 44 10146 42 10199 43 10230 +4 10257 44

B, 3474.894-0.08 3483.574-0.04 3492.484-0.06 3497.1240.07 3501.81+0.09

C 2623.144-0.08 2631.584-0.04 2640.424-0.06 2644.854-0.07 2649.534-0.08

I 50.057 49.809 49.547 49.396 49.269

A 145.436 145.074 144.704 144.512 144.318

1, 192.660 192.042 191.399 191.079 190.741

Al —2.832 —2.840 —2.851 —2.828 —2.846

a) Conversion factor: 505376 MHz amu A2, Al(amu A%)=I,—1I,—1,.
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Fig. 2. Observed spectrum of J=4<«-3 transitions in
CD4SeCN.

of the lines predicted from the model. In this spectrum
the strong satellite lines due to the vibrationally excited
state appeared in the vicinity of the ground state line.
The observed lines for the excited state of the "8Se
species are also shown by the broken lines in Fig. 2.
The broken lines were assigned to the first excited state
of the methyl torsional mode because of the splitting
of the A-E doublet. The observed and calculated
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frequencies for CD,;SeCN in the ground and first excited
vibrational states of the A-species are in good agreement
as given in Table 4. The rotational constants in the
ground and excited states of the A-species are listed
in Table 5. '

rs(H--H) Distance. The distance between the
out-of-plane H atoms was determined from the moments
of inertia for the normal and deuterated species. The
distance between the H atoms is related to the effective
moments of inertia as follows,

L+ I = I = myrg — 4,

1

where 7, is the equilibrium distance between the two
out-of-plane H atoms. The major contribution to 4,
arises from the low-frequency in-plane motions of the
heavy atom skeleton!? and hence the effect of isotopic
substitution of the out-of-plane hydrogen atoms on A,
should be small. The contribution of the in-plane
vibration may be estimated by using the following
approximate equation,!®

A, = 4K/w, @)

where w is the frequency of the lowest in-plane vibration
in cm~! and K=#/872=16.863 amu A% cm~1. Equation
2 is given for planar molecules, but it is suitable for such
cases as non-planar molecules (X,YZ, and CH;CXO)
with a heavy planar skeleton.’? Substitution of the
infrared data for the C-Se-C bending mode (w=166
cm™1)1 into Eq. 2 gives 4.,=0.406 amuA2? Using
Egs. 1 and 2 for 89Se and "Se species the values of
re(H---H) and 7r.(D---D) obtained are listed in Table 6.

The change in the moments of inertia from the normal
to the deuterated species gives the following relation,

TaBLE 4. OBSERVED FREQUENCIES OF METHYL SELENOCYANATE-d; (MHz)

CD,%SeCN CD,8SeCN
Transition (v=0) (v=1) (v=0) (v=1)
—t—— —A e

Obsd Av Obsd Av Obsd Av Obsd Av
3152y, 15866 .83 0.08 15857.27 0.21 15911.01 —0.38 15902.06  0.29
305202 16828.84 0.18 16816.53 0.28 16875.04 0.24 16862.49 0.23
35025, 17235.14 0.18 17221.05 0.38 17276.66 0.17 17261.97 —0.12
35125 17641.04 —0.22 17625.38  0.14 17678.14 —0.02 17661.85 —0.08
31924y 18472.66  0.30 18454.22 0.21 18512.17 —0.13 18493.85 0.08
4,435 21050.96 —0.24 21039.10 0.11 21111.83 0.01 21099.58 0.14
404303 22018.99 0.10 22003.87 —0.23 22084 .48 0.23 22069.43 0.12
4,343, 22898.96  0.14 22880.30 0.07 22955.03 —0.11 22936.43 0.09
4,043, 23859.47 0.08 23836.72 0.09 23906.00 0.26 23882.93 0.24
4,33, 24489.53 0.23 24465.73 0.24 24544 .66 0.23 24520.39  0.01
55—y 26166.45  0.08 26151.80  0.07 26243.60  0.13 26228.46 —0.15
So5¢—4o4 26981.59  0.02 26965.04 —0.11 27066.38  0.02 27049.92 0.13
Syqe—4p, 28494.17 —0.06 28471.54 —0.03 28566.28 0.12 28543.09 —0.14
Sgg¢—4pp 30233.47 —0.26 30203.59 —0.21 30290.03 —0.15 30259.80 —0.08
51445 30362.72 0.02 30334.08 —0.03 30435.20 0.12 30405.84 —0.36
616515 31215.53 0.02 31198.76 0.08 31309.43 0.03 31291.93 —0.39
695<—50; 31809.11 —0.01 31791.45 0.10 31911.62 —0.08 31893.76  0.02
6o5¢—Dg4 34006.48 —0.32 33979.83 —0.60 34094.70 —0.52 34068.82 0.26
514515 12853.76  0.30 12810.06 —0.11
6,5¢6,4 17671.20 0.02 17612.15 —0.19
T16¢=T1s 22906.80 —0.20 29832.15  0.14

Av= Vobsd— Vealed*
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CD;8°SeCN

(v=0) (=1

CD,"SeCN

(v=0)

(=1

4 8322.3140.81 8307.454-0.98
B 3308.06-+0.02 3304.214-0.02
C 2436.924-0.01 2436.034-0.02
I, 60.725 60.834
I, 152.771 152.949
1, 207.383 207.459
Al —6.113 —6.324

8374.374-1.08
3314.174-0.02
2444.654-0.02

8359.7741.85
3310.2840.05
2443.744-0.04

60.348 60.453
152.489 152.669
206.727 206.804
6,110 —6.317

a) A-species, Al(amu A?)=1,—1,—1,.

AR + AL — AR = (mp—my)r?, @)
where AI;=I3(CD,;)—I3(CH,;), etc. In Eq. 3, the
vibrational effect is effectively cancelled if A, is the
same for the CH; and CD, isotopic species.!¥ The
values of 7y obtained using Eq. 3 for 80Se and 78Se
species are listed in Table 6.

TaBLE 6. Nonsonpep H...H pistance (A)
IN METHYL GROUP

CH,#SeCN CH,*SeCN
7y 1.8024-0.009 1.7984-0.012
r,(D-D) 1.7994-0.001 1.7984-0.001
r(H-H) 1.795-4-0.004 1.7994-0.006

TaBEL 7. CoMPARISON oF THE H-..H bpistance (A)

Molecule Ts

CH,SeCN 1.800%
CH,CHO 1.776»
CH,CFO 1.770™
CH,CCIO 1.768»
CH,;COOH 1.774"
CH;COCN 1.766»

a) This work. b) Ref. 14.

Table 7 shows a comparison of the H:--H distance in
some related molecules. The 7y in CH;SeCN obtained
in this work is larger than that in the other molecules.

The Bond Length 7se_c(metny- The r¢-coordinate of
the carbon atom in the methyl group could not be
determined, because the spectrum of the 3CHj species
was not observed. However the bond length rs._ ¢ may
be obtained using the moments of inertia of the four
isotopic species (CH,8SeCN, CH,78SeCN, CD,%SeCN,
and CD,;78SeCN). If the methyl group is assumed to
have C;, symmetry, rs._c is expressed by the relation
(see Appendix),

Tsemc = A/ 1/37c_ula/cos 6 —1+ (Z]rk_y)
—a/2cos 6+1], (4)

where 0 and r¢_x are the angle H-C-H and the C-H
bond length in the methyl group and Z is a quantity
calculated from the observed moments of inertia (1)
of the four isotopic species and their molecular weights.
Assuming 7c_x to be 1.085 A as in the case of the
CH,SeH molecule, the H-C-H angle 6 may be obtained
as 112° from the r,(H---H) distance determined (Table

6). With these values, the bond distance, rs._¢, may
be estimated from Eq. 4 to be 1.950 A. The error in
rse—c depends on the estimation of r¢_y distance. If
the estimation error of rq_y is -+0.008 A, the error of
Tse—C iS 10025 A.

The remaining parameters, 7rc=y, fse_cxn, and the
angle G-Se-C, have been fitted to all the observed
moments of inertia (except for I, in normal species).
The obtained structural parameters are listed in Table 8
and the observed and calculated moments of inertia are
shown in Table 9.

TABLE 8. STRUCTURAL PARAMETERS

Lengh(A) Angle(°®)
C=N: 1.160 H-C-H: 112.0
Se-CN: 1.851 C-Se-C: 95.57
C-Se: 1.950 Se-C=N: 180(assumed)

C-H: 1.085(assumed)

TaBLE 9. THE OBSERVED AND CALCULATED
MOMENTS OF INERTIA (amu A?)

Obsd Caled A

CH,#SeCN I, 50.057 50.086 —0.029
I, 145.436 145.820 —0.384

1, 192.660 192.645 0.015
CH,%SeCN I, 49.809 49.836 —0.027
I, 145.074 145.439 —0.365

1, 192.042 192.013 0.029
CH,"#SeCN I, 49.547 49.575 —0.028
I, 144.704 145.047 —0.343

1, 191.399 191.361 0.038
CH,""SeCN I, 49.396 49.441 —0.045
1, 144.512 144.848 —0.336

1, 191.079  191.028 0.051
CH,"%SeCN I, 49.269 49.304 —0.035
I, 144.318 144.645 —0.327

I, 190.741 190.688 0.053
CD,8SeCN I, 60.725 60.705 0.020
I, 152.771 152,745 0.026

I, 207.383  206.932 0.451

CD,;8SeCN I, 60.348 60.336 0.012
I, 152.489 152.443 0.046

I, 206.727 206.261 0.466

A=0bsd —Calcd.
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TaBLE 10. INTERNAL ROTATION SPLITTING (MHz) OF METHYL SELENOCYANATE
CH;®2SeCN CH;®SeCN CH,"#SeCN CH,;"SeCN CH,"%SeCN
Transition P —h P —— —_—

Obsd  Aw® Obsd  Aw® - Obsd - A - Obsd -~ Aw® Obsd - Aw®
3,02, 1.31 —0.38 1.70 0.15 1.63 —0.09 1.44 —0.26 — —
4,035, — — 0.95 —0.19 1.08 —0.14 — — 1.15 —0.08
4,34 — — 7.25 —0.06 7.81 0.18 7.86 0.30 7.81 0.14
4,535, —6.3¢ —0.41 —-5.89 —0.17 —5.99 —0.04 —5.72 0.19 —5.89 0.09
4,934, 0.96 0.14 1.04 0.01 0.95 —0.14 1.03 —0.04 1.08 —0.01
Spye—4ss 1.37 —0.13 1.31 —0.09 1.38 —0.10 1.43 —0.03 1.27 —0.22
Spqe—45; 0.52 —0.33 0.57 —0.23 0.61 —0.24 0.59 —0.24 0.63 —0.22
514, 1.34 0.05 1.10 —0.11 1.14 —0.14 1.31 0.05 1.44 0.15

a) Av=(v,—g)opsa— (YA~ V&) catear

TaBLE 11. INTERNAL ROTATION SPLITTING (MHz)
OF METHYL SELENOCYANATE-d;
CD,%°SeCN CD,8SeCN
Transition (e=1) (v=1)
—Aee— ——
Obsd  Aw® Obsd  Aw®
31024, —1.37 —0.10 —1.25 0.03
493343 —0.60 0.01 — —
4534, — — —1.20 0.03
4934, —1.73 —0.12 —1.43 0.19
4,535 —1.68 —0.09 —1.65 —0.03
Sg3¢—4sy —2.19 0.06 —2.02 0.25
5y4¢445 —1.99 —0.17 —2.33 —0.49
6o5¢—5yy —1.57 —0.10 —1.48 —0.01
51455 —4.12 0.07
6,564 —5.44 0.13
716714 —6.91 —0.04

a) Av= (v, —vg)opsa— (YA—VE) catea-

Barrier to Internal Rotation. The A-E splittings
due to internal rotation of the methyl group were
measured for each isotopic species and are shown in
Tables 10 and 11. Analysis of the A-E splittings was
achieved using the principal axis method (PAM)
developed by Herschbach.!® The Hamiltonians used
in this analysis contained perturbation terms up to
second order for A-species and up to third order for
E-species. The values of the perturbation coefficients,
W® (v=0 or 1 and 6=A or E) were taken from
Hayashi and Pierce.l® The assignment of the E-species
transitions was made with the aid of the internal
rotation calculation. The parameters required to
compute the A-E splitting of the rotational transitions
in the PAM formalism are 4, B, C, I, A,, and s. The
rotational constants 4, B, and C were fixed to the
effective values obtained from the least-squares fit of the
A-species lines. Assuming r(C-H)=r(C-D), the value
of the moment of intertia of the CHj group about its
axis of symmetry, I,, was determined using the following
relation:

I.(CH,) = [my/(mp—mg)1[(I,+1,—1.)cp,
—(Ia.+Ib_'Ic)CH.]' (5)
The values of I,(CH;) for the two pairs of isotopic
species, CH3#SeCN-CD,#SeCN and CH;7SeCN-CD,-

SeCN were determined, independently, using Eq. 5
and found to be in good agreement (within 0.017

amu A2). The average value of I(CH,)=3.267 amu A2
was used in the internal rotation analysis involving the
methyl group. The moment of inertia of the deuterated
methyl group, I,(CD,), was obtained from I,(CHj,)
using the relationship

1.(CDy) = (mp/mu)I.(CH,) (6)

based on the assumption that CH,; and CD, groups are
identical except for the differing masses of the hydrogen
and deuterium atoms. Substitution of the values of
I,(CH;)=3.267 amu A? into Eq. 6 yields I,(CD;)=
6.529 amu A2, which was used in the internal rotation
analysis of the methyl selenocyanate-d; species. The
direction cosine, A,(1,=cos ¢, where ¢ is the angle
between the axis of symmetry of the threefold symmetric
top and the a-principal axis), may be obtained from the
structural parameters listed in Table 8, assuming that
the axis of symmetry of the CH,; and CD; groups
coincides with the C-Se bond. From the assigned
transitions of the A- and E-species, an approximate
value of s, a parameter of the Mathieu equation, could
be evaluated. Using the approximate values of s and
the internal rotation parameters, the transitions of the
E-species were predicted. The E-species lines were
observed in the vicinity of the predicted frequencies and
consequently were assigned. The observed and calcu-
lated A-E splittings of CH3SeCN and CD;SeCN are in
good agreement as shown in Tables 10 and 11. The s
values for the various isotopic species were obtained by
the least-squares fit to the observed A-E splittings. The
results of the internal rotation analysis are listed in
Table 12. The resulting barriers to the methyl internal
rotation are 1241450 and 122850 cal/mol for the
CH, and CDj species, respectively.

TABLE 12. INTERNAL ROTATION PARAMETERS?) OF
METHYL SELENOCYANATE
F A s Vs

(GHz) s (cal/mol)
CH,#SeCN 158.941 0.316087 36.1+1.0 1234
CH,%°SeCN 158.968 0.319147 36.6+0.4 1251
CH,7#SeCN 158.996 0.322314 36.34-0.6 1238
CH,""SeCN 159.012 0.323935 36.4+0.5 1242
CH,%SeCN 159.027 0.325592 36.3+0.4 1239
CD,%SeCN 81.638 0.376662 70.14+0.6 1229
CD,8SeCN 81.666 0.380020 70.041.4 1227

a) I,(CH,;) =3.267amu A?; I,(CD,)=6.529 amu A2,
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TaBLe 13. BARRIER HEIGHTS (cal/mol) aBout C-Se, C-S, anp C-O Bonps (A)
IN SOME RELATED MOLECULES

M=Se M=5S M=0
cama | 7 100150 1270429 10709
3 { 7(C-M) 1.959--0.010% 1.8194-0.005" 1.42740.007%
v, 12414509 160080
CH,MCN { 7(C-M) 1.950m 1.8189
v, 1500120 2132429 2720m
CHsMCHS{ 7(C—M) 1.9434-0.0019 1.802--0.0029 1.410--0.003"
a) Ref. 3. b) Ref. 5. c) Ref. 6. d) This work. e) Ref. 10. f) Ref. 4. g) Ref. 7. h) Ref. 8.

Table 13 shows a comparison of the potential barrier
in some related molecules. In the series of (CHj;),Se,
(CH,),S, and (CH,),0, the potential barrier becomes
higher as the C-M bond length (M=Se, S, and O)
becomes shorter. The same trend holds for the series
of CHgSeCN and CH,SCN. However, this trend does
not hold for the series of CH,SeH, CHySH, and CH,OH.

Inspection of the data in Table 13 revealed a quanti-
tative trend that the replacement of a hydrogen atom
of the selenol group in CH SeH by a cyano group to
make CH;SeCN results in an increase of the barrier
by about 240 cal/mol. This increment is consistent
with the same replacement from CH3SH to CHZSCN.

TABLE 14. STARK COEFFICIENTS") AND DIPOLE MOMENT (D)
Transi- CH,#SeCN CD,8°SeCN
tion M
Obsd Calcd Obsd Caled
201y 0 —11.2 —11.7
1 10.3 10.2
23«1, O 9.52 9.11
305202 O —2.04 —-2.06 —2.15 —2.16
1 —0.514 —0.518 —0.559 —0.555
2 4.06 4.12 4.26 4.25
302, O —1.19 —1.13 —0.467 —0.469
1 —5.30 —4.89 —-3.95 —4.03
2 —14.9 —15.9 —13.8 —14.7
Uyt 4.3540.04 4.314-0.04
Uyt 0.76+0.10 0.67-+0.07
Hiotar® 4.424-0.05 4.364-0.04
a) [MHz/(V/cm)?] x 10-5.
Stark  Effect and Dipole Moment. The dipole

moments in the ground vibrational state were deter-
mined from the Stark coefficients of the 2«1,
2,015, 35205, and 3,32,; transitions for CHj,-
80SeCN and the 33«2y, and 3,,<2,, transitions for
CD488eCN. The c-component of the dipole moment
was assumed to be zero because of the plane of symmetry
of the molecule as discussed above. The electric-field
strength in the absorption cell was calibrated using the
dipole moment of OCS, 0.71521 D7) and the results are
given in Table 14. The total dipole moment (4.42 D)
is larger than the value of 3.91 D obtained from the
dielectric measurement.'®) The same trend is noted for
methyl thiocyanate, where the dipole moment obtained
by the rotational spectrum is 4.03 D! while that
obtained from the dielectric measurement is 3.59 D.18)
The replacement of the selenol hydrogen atom by a

cyano group results in an increasc of the dipole moment
by about 3.1 D. This increment is consistent with that
of 2.5 D found in changing from CH,SH to CHZSCN.

The direction of the dipole moment in the molecule
was determined using the values of the dipole moment
for both the normal and deuterated species. The
observed value of y(cos y=u,[lota1), the angle
between the direction of the dipole moment and the
a-principal axis, is 10.2°4-2° for the normal species.
Therefore, two directions of the dipole moment are
possible in the molecule as shown by two broken lines
in Fig. 3. The angle between the a-principal axis for
the normal species, CH;SeCN, and for the deuterated
species, CD3SeCN, was calculated to be 3.8° from the
structural parameters in Table 8. Two predicted
directions, p, in CDgSeCN are 14.0 and 6.4°. The
angle y obtained from the observed data for CD,SeCN
is 8.6°. This is consistent with a predicted value 6.4 4-2°
rather than the other one. Taking account of the
electronegativities of the elements (or groups) in this
molecule, the above discussion leads to the conclusion
that the dipole moment of the molecule lies along the
thick arrow shown in Fig. 3.

a(CH3)

Fig. 3. The direction of dipole moment in methyl
selenocyanate.

The authors wish to thank Dr. Teruhiko Ogata,
Shizuoka University, for the use of a computer program
for the PAM analysis.

Appendix

The molecules studied have a plane of symmetry. If the
z axis is chosen as perpendicular to the plane of symmetry, the
principal moment of inertia, I, is represented by the following

equation,
I, = Simrt — M(X24+Y?) (A1)

T

the origin of the coordinate system being taken at an arbitrary
point in the molecule, where m; is the mass of the i-th atom in
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the normal species and M is the total mass of the molecule. 7;
represents the distance of the i-th atom from the origin. X
and Y are the coordinates of the center of mass from the origin.

The z axis has been chosen as the principal axis c¢ for the
molecules studied in this work. If the selenium atom in the
molecule is chosen as the origin of the coordinate system, the
moment of inertia, I, are given by

I=\mgt — M(X2+Y?) (A2)
T
for CH,#*SeCN and CH;"#SeCN molecules and
I= Elmirf — M(X?*4+Y?) + Am(r§+2r2) (A3)

for CD,48*SeCN and CD48SeCN molecules, respectively, where
the subscript ¢ of I has been eliminated as unnessessary. In
Egs. A2 and A3, the summation is over all atoms in the
molecules. 7,’s can be identified in Fig. 4. Am is the differ-

'

/\i\ /H "
C3 /

$a
A

/

Co———————5e¢

N

1
—r
—r—
Fig. 4. Model for the calculation of the bond length of
r(Se-CHj).

ence between the masses of deuterium and hydrogen atoms.
The first terms in Egs. A2 and A3 are identical for molecules
with the same Se isotopic species. The coordinates of the
center of mass, X and Y, are given by

X = Elmx"i/};mi, Y= E‘Eml)’i/?mi
for CH3#°SeCN and CH;SeCN, and
X = [Simesi+ Amey + 21/ (Smi+ 34m) }
Ab5)

Y= [Eimi.yl +Am(9,+295)1/ (gml +3Am)

for CD4#*SeCN and CD;”®SeCN. x; and y; are the coordi-
nates of the i-th atom in the molecule and the summation in
Egs. A4 and' A5 is over all the atoms in the molecules. The
numerator in Eq. A4 and the first term of the numerator in
Eq. A5 are equivalent for the molecules with the same Se
isotopic species. From Egs. A2, A3, A4, and A5, the follow-
ing relation is obtained,

(ri+2r3) = WAL — @ Alg— (u/ My, — p'[Mp,)
X (MALg+M'AL )]/ Am(u—p'),

(A4)

(A6)

Microwave Spectrum of Methyl Selenocyanate
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where
Vp= 1M, + 1My, 1u =1/Mg+ 1/My,
M= 1M, — 1/Mg, 1/M' =1/M,, — 1/M,,
Al =1, — I, A =1; — Iy
ALg =1, ~ I, Alyg = Iy — I

M,, M,., Mg, and My, are the total masses and I,, I,,, Iy,
and I, the principal moments of inertia, I,, of CH,8°SeCN,
CD,;8SeCN, CH;8SeCN, and CD,;?*SeCN, respectively.

Expressing the right side of Eq. A6 as Z, rewriting the
left side in terms of 7g, ¢ (metnyns 7o-n» and 0, and assuming
that the methyl group has Cj; symmetry and the sym-
metry axis coincides with the Se-C(methyl) bond, then Eq.
AG leads to Eq. 4.
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