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The microwave-Zeeman spectra of CH3035C1 and CD3035C1 have been investigated with magnetic 
fields up to 25 kG. In addition to the Zeeman parameters, the electric dipole moment and the 
chlorine nuclear quadrupole tensor have been determined. 

Introduction 

The investigation of the rotational Zeeman Spec-
trum of asymmetric molecules containing chlorine1 '2 

is continued with this work on Methylhypochlorite 
and d3-Methylhypochlorite. These molecules and 
other isotopic species were investigated initially some 
years ago by Rigden and Butcher3 who determined 
the molecular structure and the barrier to internal 
rotation from the first torsional excited state. 

As the electric dipole moment was not reported, 
we measured the Stark effect in both molecules and 
calculated the value and orientation of the total 
electric dipole moment. 

Further the quadrupole coupling tensor was evalu-
ated. The spectrum in the millimeterwave range is 
under investigation. The centrifugal distortion analy-
sis will be the subject of a following paper. 

Experimental 

The methylhypochlorites, CH3OCl and CD3OCl, 
were prepared by distillation under vacuum from 
alkaline methyl alcohol solution saturated with 
chlorine gas 4 . The temperature was maintained at 
0 c C during all the procedure. 

As the substance decomposed in the wave guide 
cell at a temperature of — 75 °C, it was flowed con-
tinuously through the cell during the measurements 
at a pressure of about 3 mTorr. 

The spectrometer used was the same one reported 
before11 5 . 

Spectrum at Zero Magnetic Field 

1) Internal Rotation of the Methyl Group 

Both a- and b-type transitions 3 were measured in 
the frequency range from 10 to 50 GHz. The b-type 
transitions in the ground state of CH3035C1 have 
been found to be slightly split into doublets due to 

Table 1. A —E frequency splittings in the ground state and 
parameters obtained for the internal rotation of the methyl 

group in CH3035C1. 

J'K'-K'+ 8VA-E * (obs) (MHz) <5f A - E (calc) (MHz) JK. -K+ 

Ooo In 
loi - > lio 
202 2 » 
404 4L3 

0.170 ±0.010 
0.190 ±0.007 
0.187 ±0.009 
0.187 ±0.006 

0.182 
0.181 
0.185 
0.199 

(parameters) 
Ia = 12.0143 amuA2 

76 = 80.2584 
/ c =89 .1220 
/ = 3.11 ±0 .05 

(barrier height) 
s =74 .5 ±0 .5 
F3 = 3 0 9 0 ± 5 0 cal/mole 

;.fl = 0.7396 
A& = 0.6730 
F =193 .3 GHz 

Average value of the A —E splittings of the nuclear 
quadrupole fine structure. 

MF=± 3/2 Mp— ± 1/2 

Mj = 0; M / = ± 3 / 2 Mj=0; M / = ± 1/2 

Mf— ± 3 / 2 
Mj = 0 
Mi = ± 3 / 2 

+lHZfi0gl{\-o) 0 

MF=± 1/2 Mj = 0 
Mi = ± 1/2 

0 t*o 9 7 ( 1 - ° ) 

Table 1 A. Submatrix for / = 0 taking into 
account the nuclear shielding effect. 
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Table 2 a. Observed transition frequencies and frequencv splittings due to the nuclear quadrupole coupling effect of the 
CI atom in CHS035C1. 

fo'calc ** 
JK-K+-> J'K'-K'+ F-*-F' Vobs* ''obs dvP) dv(2) Mota! 

3/2 -> 1/2 
3/2 -> 5/2 
3/2 -> 3/2 
3/2 -> 3/2 
3/2 -> 5/2 
3/2 -> 1/2 
3/2 -> 5/2 
5/2 -> 3/2 
3/2-»-1/2 
5/2 -> 5/2 
1/2-»-3/2 
1/2 —> 1/2 
1/2-»-3/2 
5/2 -> 7/2 
3/2->3/2 
5/2->5/2 
3/2 -> 5/2 
1/2-> 1/2 
1/2->3/2 
5/2 -> 7/2 
5/2 -> 5/2 
3/2 -> 3/2 
3/2 -> 5/2 
3/2 -> 3/2 
5/2 -> 5/2 
7/2 -> 9/2 
5/2 —> 7/2 
1/2 —> 3/2 1 
3/2 -> 5/2 J 
7/2 7/2 
3/2 -> 3/2 
5/2-> 5/2 
7/2 -> 9/2 
1/2 —> 3/2 
5/2 -> 7/2 
3/2 -> 5/2 
7/2 -> 7/2 
3/2 -> 3/2 
1/2->3/2 
7/2 -> 9/2 
3/2 —> 5/2 
5/2 -> 7/2 
7/2 ->7/2 
5/2 —> 7/2 
5/2 -> 3/2 
5/2 -> 5/2 
3/2 -> 1/2 
3/2-> 3/2 
7/2 -> 7/2 
1/2-> 1/2 
1/2 3/2 
7/2 -> 9/2 
5/2 -> 3/2 
7/2 -> 5/2 
7/2 -> 7/2 
5/2 -> 5/2 
9/2 -> 9/2 
3/2 -> 3/2 
9/2 ->7/2 
3/2 -> 5/2 
9/2 -> 9/2 
7/2 -> 7/2 

11/2-> 11/2 
5/2 ->5/2 

11 988.583 
11 971.716 
11 950.595 
47 739.930 
47 733.618 
47 728.554 
36 407.662 
36 401.296 
36 395.829 
36 386.520 
36 384.400 
23 329.819 
23 315.053 
23 314.199 
23 303.630 
23 299.424 
23 293.081 
24 582.301 
24 576.218 
24 566.083 
24 559.675 
24 549.644 
24 544.911 
35 886.185 
35 880.241 
35 870.477 
35 870.221 

35 865.091 

35 849.026 
34 973.798 
34 964.286 
34 960.239 
34 959.045 
34 954.927 
34 953.732 
34 940.150 
36 845.386 
36 839.314 
36 838.274 
36 833.714 
36 833.041 
36 826.623 
37 045.300 
37 043.604 
37 038.905 
37 034.557 
37 028.508 
37 024.145 
37 013.395 
37 007.324 
38 013.333 
38 008.752 
38 007.084 
38 001.694 
37 997.085 
37 991.888 
37 987.695 
37 980.224 
37 975.985 
39 317.468 
39 314.798 
39 309.847 
39 307.153 

21.103 
4.236 

- 16 .885 
5.046 

- 1 . 2 6 6 
- 6 . 3 3 0 

13.973 
7.607 
2.140 

- 7 . 1 6 9 
- 9 . 2 8 9 
21.120 

6.354 
5.500 

- 5 . 0 6 9 
- 9 . 275 

- 1 5 . 6 1 8 
21.112 
15.029 
4.894 

- 1 . 5 1 4 
- 1 1 . 5 4 5 
- 16 . 278 

16.769 
10.825 

1.061 
0.805 

- 4 . 325 
-20 .390 

16.045 
6.533 
2.486 
1.292 

- 2 . 8 2 6 
- 4 . 0 2 1 

- 17 .603 
9.036 
2.964 
1.924 

- 2 . 6 3 6 
- 3 . 309 
-9 . 727 
17.097 
15.401 
10.702 
6.359 
0.305 

- 4 . 0 5 8 
- 14 . 808 
-20 .879 

18.218 
13.637 
11.969 
6.579 
1.970 

-3 . 227 
- 7 . 4 2 0 

- 14 . 891 
- 1 9 . 1 3 0 

4.831 
2.161 

- 2 . 7 9 0 
- 5 . 489 

21.114 
4.223 

- 1 6 . 8 9 1 
5.072 

-1.268 
- 6 . 3 4 0 
13.936 
7.596 
2.117 

- 7 . 1 7 8 
- 9 . 2 9 5 
21.114 

6.340 
5.489 

- 5 . 072 
- 9 . 2 8 5 

- 1 5 . 6 2 5 
21.114 
14.774 
4.766 

- 1 . 5 7 4 
- 1 1 . 8 1 9 
- 1 6 . 3 4 8 

17.033 
10.874 

1.044 
0.938 

1 - 4 . 1 52 
1 - 4 . 2 5 8 
-20 .247 

16.059 
6.538 
2.470 
1.286 

- 2 . 8 3 0 
- 4 . 0 1 5 

- 1 7 . 6 0 4 
9.313 
2.973 
2.069 

- 2 . 3 2 8 
- 3 . 2 3 2 
- 9 . 572 
16.944 
15.132 
10.603 

6.340 
0.000 

- 4 . 2 4 1 
- 1 4 . 8 4 5 
- 2 1 . 1 8 5 

18.074 
13.571 
11.866 
6.433 
1.930 

- 3 . 2 1 7 
- 7 . 7 2 0 

- 1 4 . 8 5 8 
- 1 9 . 3 6 1 

4.865 
2.184 

- 2 . 7 8 0 
- 5 . 4 6 1 

0.002 
0.004 
0.003 
0.006 

-0.001 
0.011 
0.013 
0.020 
0.025 
0.012 
0.021 
0.009 
0.009 
0.005 
0.013 
0.012 
0.005 

-0.008 
0.257 
0.135 
0.074 
0.262 
0.066 

-0.251 
-0.054 
0.001 

-0.131 
-0.239 
-0.055 
-0.140 
-0.004 
0.005 
0.002 

-0.004 
-0.002 
-0.003 
0.006 

-0.269 
-0.004 
-0.160 
-0.300 
-0.083 
-0.144 
0.154 
0.289 
0.093 
0.023 
0.288 
0.145 
0.035 
0.300 
0.125 
0.072 
0.120 
0.142 
0.041 

- 0 . 0 1 6 
0,269 
0.000 
0.238 

- 0 . 0 1 8 
-0.028 
-0.007 
-0.034 

2 1 . 1 1 6 
4.227 

- 1 6 . 8 8 8 
5.078 

- 1 . 2 6 9 
- 6 . 3 2 9 
13.949 
7.616 
2.143 

- 7 . 1 6 6 
- 9 . 2 7 4 
21 . 126 

6.349 
5.494 

- 5 . 0 5 9 
- 9 . 2 7 3 

-15 .620 
21.106 
15.031 
4.901 

- 1 . 5 0 0 
-11 .557 
- 1 6 . 2 8 2 

16.782 
10.820 

1.045 
0.807 

- 4 . 3 9 1 
- 4 . 3 3 1 

-20.387 
16.055 

6.543 
2.472 
1.282 

- 2 . 8 3 2 
- 4 . 0 1 8 

- 17 .598 
9.044 
2.969 
1.909 

- 2 . 6 2 8 
- 3 . 3 1 5 
- 9 . 7 1 6 
17.098 
15.421 
10.697 

6.363 
0.288 

- 4 . 0 9 6 
- 1 4 . 8 1 0 
-20 .885 

18.199 
13.643 
11.986 

6.575 
1.971 

- 3 . 2 3 3 
- 7 . 4 5 1 

- 14 .858 
- 1 9 . 1 23 

4.847 
2.156 

- 2 . 7 8 7 
- 5 . 4 9 5 

* The center frequencies between the A and E lines are used for 6-type transitions. 
** övi1) and <5i'(2) are, respectively, the first and second order effects of nuclear quadrupole coupling. 

*** The nuclear quadrupole coupling constants have been determined from these transitions frequencies. 
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the internal rotation of the methyl group. The mea-
sured splittings are given in Table 1. Using the pa-
rameters given in the same table, the barrier height 
V3 to the internal rotation of the methyl group has 
been determined to be 3090 ± 50 cal/mole. The 
result agrees with that obtained by Rigden and 
Butcher3 using the splittings of the first excited 
torsional state. 

Due to the weakness of the b-lines, the torsional 
fine structure below 200 kHz could not be resolved 
in Stark and Zeeman measurements, as the pressure 
in the cell has to be raised. So we were forced to use 
the center frequency of the doublets for the analysis 
given later. 

This introduced only a minor error as the barrier 
to internal rotation is high. 

The internal rotation splittings in CD3035C1 have 
not been observed due to the higher value of the 
reduced barrier height s. 

2) Nuclear Quadrupole Coupling Constants 

As indicated by the waved lines in the level 
scheme of Fig. 1 some levels show near degeneracies. 
An anomalous contribution respect to a first order 
treatment was observed in the hfs-splittings of those 
transitions connected to one of the two levels 2 U or 
3 0 3 . The analysis of the 0 0 0 ^ - l 0 1 , O 0 0 ^ - l n . 
101—>110 and I n - > 2 1 2 transitions of CH3035C1, 
listed in Table 2 a, resulted in Xaa and Xbb values 
given in Table 4. 

These '-values reproduce the observed hfs-split-
tings <3J'obs by first order perturbation theory <5?, l ! 

within experimental accuracy, but failed to repro-
duce hfs-splittings $vobs of the l i o - * - 2 n transition. 
The (^^obs — ) values were used to calculate the 
out off diagonal element Xai> by second order per-
turbation theory according to Bragg 6 . The Xai value 
given in Table 4 accounts for all (<5)'ol(S — dr1-1') of 
Table 2 b. 

For CD3035C1 the Xai and Xbb values were deter-
mined from the same set of transitions. In this case 
both levels of the l i o - 2 U transition are influenced 
by near degeneracies, as indicated in Figure 1. The 
used frequencies may be found in Table 2 c. The 
£ci-values are listed in Table 4. The rigid rotor 
rotational constants of Table 4 for both isotopic 
species have been calculated from the hfs-unper-
turbed transition frequencies given in Table 3. The 
rotational constants agree with those reported by 
Rigden and Butcher 3. 

perturbation contribution due to the Xal term. 

Table 2 b. Second order contribution in the 1,q—> 2,, line 
in CH,035C1. 

F-+F' M s * kHz drZo ** kHz 

1 / 2 1 / 2 0 0 
1/2->3/2 257 267 
5/2 7/2 130 143 
5/2 ->5/2 62 76 
3/2 -> 3/2 276 267 
3/2 5/2 72 76 

* « (F^F')=v0h3{F-»F')-{öv(,l)(F->F')+ra
obs} 

where r°cb. =v0bs(l/2 -> 1/2) - M 1 ) (1/2 -> 1/2) 
** ÖrZe =| <2U, 3/2, F, Mf—F | WQ j 3 0 „ 3/2, F, M f = F ) 1/ 

The determination of the off-diagonal element of 
the nuclear quadrupole coupling tensor allows the 
transformation of the coupling tensor to its principal 
axis system. The result (set I) is listed in Table 5 in 
comparison with a set II obtained from the isotopic 
substitution effect. The agreement between the two 
sets is quite good. 

Further the transformation angle, Gza = 25.6 ± 0.3°, 
between the principal inertial axis system and the 
principal axis system of the coupling tensor practi-
cally coincides with the value of 24.8 + 1.4° ( see 3 ) 
of the angle between the CI — 0 bond and the a-prin-
cipal axis. Since the yjz value in this paper is almost 
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Table 2 c. Observed transition frequencies and frequency splittings due to the nuclear quadrupole coupling effect of the 
CI atom in CD3035C1. 

JK~K~-+ J'K' K\ F F ' ROBS ^J'OBS 

<5vcalc 
dv(l) dvi2) '̂'total 

20.012 0.000 20.012 
4.002 0.004 4.006 

-16.009 0.001 -16.008 
4.214 0.010 4.224 

-1 .054 0.000 -1 .054 
-5.268 0.015 -5.253 
27.804 0.041 27.845 
13.061 0.026 13.087 
7.793 0.039 7.832 
1.266 0.051 1.317 

-6.951 0.023 -6.928 
-8 .217 0.043 -8 .174 

-34.755 0.052 -34.703 
20.012 0.006 20.018 
10.530 0.012 10.542 
j5.268 0.008 5.271 
15.266 0.005 5.271 
1.054 0.023 1.077 

-4 .214 0.013 -4.201 
-9.478 0.012 -9.466 

-14.746 0.003 -14.743 
20.012 -0.030 19.982 
14.744 -0 .133 14.611 
4.454 -0.073 4.381 
2.949 -0 .108 2.841 

-0 .814 -0 .041 -0.855 
-6.527 -0.021 -6.548 

-11 .795 -0 .123 - 1 1 .918 
-15.558 -0.057 -16 .615 

5.119 -0 .014 5.105 
2.298 -0.046 2.252 

-2.925 -0.006 -2 .931 
-5 .746 -0.039 -5.785 

4.429 -0 .010 4.419 
2.399 0.004 2.403 

-2.768 -0.004 -2.772 
-4 .798 -0.007 -4.805 

000 —> 101 * 3/2-> 1/2 10 460.234 20.006 
3/2 -> 5/2 10 444.236 4.008 
3/2->3/2 10 424.225 -16.003 

Ooo—lu* 3/2 —> 3/2 37 518.112 4.225 
3/2->5/2 37 512.849 -1 .038 
3/2-> 1/2 37 508.619 -5.268 

lot—lio* 3/2 —> 3/2 27 591.781 27.840 
3/2->5/2 27 577.041 13.100 
5/2->3/2 27 571.758 7.817 
3/2-> 1/2 27 565.254 1.313 
5/2-> 5/2 27 557.022 -6 .916 
1/2->3/2 27 555.776 -8 .165 
1/2-> 1/2 27 529.230 -34.711 

I , t ->2 1 S* 1/2-> 1/2 20 410.166 20.022 
3/2-> 1/2 20 400.675 10.531 

I ' / l Z l / l ] 20 395.417 5.273 
5/2->3/2 20 391.193 1.049 
3/2 —> 3/2 20 385.932 -4.212 
5/2->5/2 20 380.670 -9.474 
3/2->5/2 20 375.412 -14.732 

110—2,!* 1/2-> 1/2 21 390.622 19.987 
1/2 -> 3/2 21 385.254 14.619 
5/2 -> 7/2 21 375.019 4.384 
5/2 -h- 3/2 21 373.467 2.832 
5/2 5/2 21 369.774 -0.861 
3/2-> 1/2 21 364.076 -6.559 
3/2->3/2 21 358.716 - 1 1 .919 
3/2->5/2 21355.030 -15.605 

404 -> 413 9/2->9/2 29 856.549 5.107 
7/2-> 7/2 29 853.711 2.269 

11/2 -> 11/2 29 848.488 -2.954 
5/2 -> 5/2 29 845.661 -5 .781 

505->5 14 11/2-> 11/2 31 183.472 4.433 
9/2 ->9/2 31 181.432 2.393 

13/2 —> 13/2 31 176.262 -2.777 
7/2-> 7/2 31 174.233 -4.806 

The nuclear quadrupole coupling constants have been determined from these transition frequencies. 

equal to that of H0 3 3C1 7 , we may conclude that the 
bond character is almost the same in both molecules. 

Zeeman Spectrum 

1) Zeeman Parameters 

The Zeeman splitt ing of the 0 0 0 —> l n , 0 0 0 - > 1 0 1 , 
loi—" 1 1 0 , l i o - > 2 1 1 and —:* 212 transit ions were 
measured at magnetic fields up to 25 kG with per-
pendicular and paral le l field. The method described 
in R e f . 1 was modified to account for the nuclear 
shielding effect, when determining the Zeeman pa-
rameters. 

The effective Hamil tonian for the shielded nuclear 
Zeeman effect has been given by Hüttner and Fly-

gare 8 as fol lows: 

-/<0<7/(l - o ) H Z I Z 

+ l"o9iHzIzIogg(<P*z-l) (1) 
a 

where //0 is the nuclear magneton, g i the nuclear 
//-factor of the Cl-atom, the applied field, ogg are 
diagonal elements of the nuclear shielding tensor 
with respect to the pr incipal inert ia l ax i s system and 
a is the nuclear shielding factor defined by 

O = S (°aa + °bb + °cc) • (2) 

Using J r I Mj M[} as basic wave functions the 
first order energy expression has been obtained by 
the method given before 1 modi fy ing the equation 

£mag = — 9i Mi Hz of R e f . 1 ( 3 ) 
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Table 2 A. Part of the submatrix for / = 1 taking into account the nuclear shielding effect. 

MF=± 5 / 2 MF= ±3/2 
M j = ± 1 ; Mi — ±3/2 Mj— ± 1 ; Mi= ± 1/2 M j = 0 ; Mi= ±3/2 

MF= ±5/2 

M j = ± 1 

Mi — ±3/2 

+ F#Z 9l( 1—O) 
± ^ H Z U o 9 i 2 : ( 3 Ogg — 3 a) ( J l ) u g 
+ %Hziu 2 9gg </»>LR 

g 
X g g S x X t t h r 

g 

g 

0 0 

MF— ±3/2 

Si 
rH

 
i-H

 

+
1 

+
1 

II 
II 

0 

+ l H Z 9 l ( l - o ) 

- j o H z ^ o 9i2@ ° g g — 3 O l ) u g 

+ 9gg Ol)U 

- * W I ( 3 XggSxXJDu 
g 

i ö 2 XslQ'si)IT-S' 

20~ 

MF— ±3/2 

O
 

+1 
II 

II 

0 o7I 2 X.99Qx ZU y 

+ §HZ,uo 9 l ( I ' - o ) 

+ iHZt*o 91 

•2 ( 3 Ogg — 3 0) ( J l ) l T g 
K H\ 

• 2 ( 3 z ' m , - 3 z ) 0 l > u g 
TS 2 X09 0 s ) l r 

g 

to 

Emlg = - /<o 91 ( 1 - Ml Hz 

2 Mj {3 Mj2 — /(/+!)} 
+ 3 / ( / + l ) ( 2 / - l ) ( 2 / + 3 ) 

- H z 2 ( 3 o g g - 3 o ) ( J 2 ) ( 4 ) 
y 

where {/T 2 ) is the expectat ion va lue of the squared 
angu l a r momentum for the state JT. The mat r i x ele-
ments used in this ana l y s i s a re g iven in Append ix I. 

Fol lowing the procedure of R e f . 1 , the funct ions 

9aa, 9bb, 9cc,oa, Oß) and S-t{a,ß) 

l isted in Tab le 6 have been used. o a and Oß a re the 

nuc lear sh ie ld ing anisotropics 

°<x = 2 oaa — obb — occ; Oß = 2 obb - occ - oaa . 

a and ß a re the magnet i c suscept ib i l i ty anisotropics 

a = 2 Xaa ~ "Abb ~ Xcc ß = % Xbb ~ Xcc " Xaa • 

The va lues of D~ and Dv+ 1 ca lcu la ted f rom the ob 
served Zeeman satel l i tes a re g iven in Table 7 a and 
7 b. 

Table 3. Unperturbed transition frequencies of CH3035C1 
and CD3035C1 in MHz. 

JK~K+-* ]'K'-K+ I'obs * Vobs— ĉalo 

CH3035C1 
Ooo loi * * 11 967.480 ±0.008 0.009 
Ooo - > 111 * * 47 734.884 ±0.008 - 0 . 0 1 2 
loi - > lio * * 36 393.689 ±0.006 0.012 
In 212 

* * 23 308.699 ±0.006 0.007 
lio 2,i * * 24 561.189 ±0.006 -0 .005 
0̂2 - > 3 03 35 869.416 ±0.010 -0 .399 

212 3l3 34 957.753 ±0.008 -0 .222 
2n 312 36 836.350 ±0.010 - 0 . 3 12 
202 2,i 37 028.203 ±0.010 0.123 
3 03 312 37 995.115 ±0.025 0.188 
404 - > 4,3 39 312.637 ±0.012 0.276 

CD3O35CI 
000 — loi * * 10 440.228 ±0.005 0.030 
000 — 1,1 * * 37 513.887 ±0.005 -0 .003 
loi-»- 1,0 * * 27 563.941 ±0.003 0.002 
I n - 2,2 * * 20 390.144 ±0.003 0.006 
l , o - 2„ * * 21 370.635 ±0.003 -0 .007 
404 — 4,3 29 851.442 ±0.016 0.027 
^ 05 — 5,4 31 179.039 ±0.010 - 0 . 1 3 4 

* The center frequencies between the A and E lines are 
given for the 6-type transitions in CH3035C1. 

** The rotational constants have been calculated from these 
transition frequencies. 
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Table 3 A. Part of the submatrix for J=2 taking into account the nuclear shielding effect. 

Mf=± 7/2 M f = ± 5/2 

M y = ± 2 ; M / = ± 3 / 2 My = ± 2 ; M / = ± 1 / 2 MJ=± 1 ; M / = ± 3 / 2 

MF=± 7/2 

Mj= ±2 

Ml = ±3/2 

± #Z ."0 91 Ogg — 3 0) (Jlhr 
9 

+ 3 #z/<0 2 9gg Olht 9 

9 

0 0 

M f = ± 5/2 

Mj = ± 2 

M/ = ± 1/2 

0 

+ bHzu0 gi (1—0) 

± e V ^ z % f 7 - 3 (Jlht 
9 

+ iHZf02 990 </»>2r 
9 

- ^ m z v xoo-zxxnhr 
9 

9 

42 f 

M f = ± 5/2 

Mj = ± 1 

Mi = ±3/2 
0 42 - f xVMlht 

+ iHZf*0 9l 
+ /̂ o 
V ( 3 Ogg — 3 a) </*>2l 
9 

+ £#Z.Mo 2 900 </J>2 T 
9 

+ 
9 

r 
9 

Table 4. Rotational constants and nuclear quadrupole 
coupling constants for CH3035C1 and CD3035C1 in MHz. 

CH3035C1 CD3035C1 

A 42 064.286 ±0.011 32 538.914±0.016 
B 6 296.861 ±0.006 5 465.222 ±0.008 
C 5 670.610 ±0.005 4 974.976 ±0.008 
vci -84.456 ±0.026 -80.045 ±0.011 
V C1 25.361 ±0.022 21.072 ±0.011 

59.095 58.973 
68.2 ±1.3 70 ±3 

Xcc is calculated by the relation X" =°-

For the 101 —-lio transition the Dv and Dt,+ are: 

Dv~ =v (F = 5/2 —> 5/2, My = - 5/2 - 5/2; Hz) 

-v(F = 5/2 5/2 , M f = 5/2 —> 5/2; Hz) 

(9l» 9aa 5 9bb j 9cc » » °ß) 5 (5) 

Dv
+ = {v (F = 5/2 ->5/2, MF = - 5/2 - 5/2; tfz) 

+ r (F = 5/2 5/2, = 5/2 5/2; Hz)} 

- 2 r (F = 5/2 - > 5/2 ;H Z = 0) = S3(a, ß) . 

(6) 

CH3035C1 H035C1 *** 
I * II** 

*5 

Zw 
&za 

—117.1 ± 2.0 
58.0 ±2.0 
59.1 
25.6 ±0.3° 

—119.5±2.6 
60.5 ±2.6 
59.1 
26.2 ±0.7 

—121.86±0.28 
59.56 ±0.25 
62.30 

X**~Xvv 
/ VC1 0.009 ±0.017 -0.012 ±0.023 0.022 ±0.004 

Table 5. Nuclear quadrupole coupling constants 
in the bond axis system (MHz). 

* Calculated from the Xa\ value. 
** Calculated from the isotopic substitution 

effect. 
*** Reference 7. 
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Table 6. List of the functions A i ( g i , gaa, gbb, 9 c c , o a , Oß) and S i ( a , ß ) . 

i JA-K-, > Jk'-k'+ F | Mf | — i Mf \' A i ( g i , g a a , g b b , g c c , 0 a , 0 ß ) Si(A,ß) 

In 3/2 3/2->3/2 -g^l-o) +Ugaa+9cc)9i Oß - ß 
loi 3/2 3/2 -> 3/2 -gIa-0)+i(gbb+9cc)-:k9i0a - j« a 
1,0 5/2 5/2 -> 5/2 gaa-gcc-\<7/(2 oa+oß) - (2 a+ß) 
2 „ 5/2 5/2 -> 5/2 -g^l-a)gaa+gbb + h 9cc+?}ö 9/(42 ca + 47 aß) * U ( 1 4 a + 9 £ ) 
2,2 5/2 5/2->5/2 -gi(\ -ö) gaa+h gbb+9cc~s\ö 9i(o oa+47 Oß) J\JS (5 *-9 ß) 

Ii, 3/2 3/2->5/2 gaa+gcc+igiOß VÖ ß 
loi 3/2 3/2 -> 5/2 <7&6+0cc+i0/0a T3 a 

loi 3/2 1/2->3/2 0/(1—o)+i(0&6+£cc)-i 0/0« ~ V.t a 
2U 5/2 5/2->7/2 J ( - $ a a + 5 </cc) 9/(7 o„-3 o,?) T ^ ( 7 a - 3 y S ) 
2,2 5/2 5/2 —> 7/2 J ( - ? a a + 2 </w+5 +7V 0/(10 oa+3 ô ) TST (10 a+3 ß) 

(II -field) 
1. Ooo — 
2. Ooo-
3. l o i -
4. l , o -
5. I 1 1 -
(_L-field) 
6. Ooo-
7. Ooo-
8. Ooo — 
9. 1 , 0 -

10. l l l -

The assignment of Zeeman satellites has been done 
measuring the relative intensities and the frequency 
displacements at the different magnetic fields. 

The values of the functions and Si listed in 
Table 8 have been obtained by using the relations 
given as footnote in the same Table. 

The sign of the molecular ^-factors is based on a 
positive value of the ^/-factor of chlorine atom 9. 

The values for both molecular species are listed in 
Table 9. For comparison the molecular ^-factors 
have been calculated including the nuclear shielding 
anisotropics. 

However, as shown in Table 9, these molecular 
«/-factors do not differ significantly from those ob-
tained without inclusion of the nuclear shielding 

•a 

4 ' ' 

anisotropics. These anisotropies are rather undeter-
mined, as their standard errors equal their values. 
For these reasons we omit them from the discussion. 

The values of the magnetic susceptibility aniso-
tropies a and ß were determined with the help of 
Fig. 2, where a plot of a over ß for each S,(a,/?) 
function is reported. The possible values of a and ß 
are taken from the common region limited by the 
lines which define the error limit of the plotted 
curves. The determined values are listed in Table 9. 

2) Description of the Zeeman Pattern 

As neither ( F , M p ) nor ( M J , M J ) are good quan-
tum numbers at intermediate fields, the energy levels 

2^080 Hzjpcusii 

S2- 0-72*014 

S'7'=T72tbl7~ 

-25 8<<*i-236 
-0 7*064.2 

Fig. 2. Plot of a over ß for each Si(a,ß) function in 
CH3035C1. a) <x, ß are magnetic susceptibility aniso-
tropies. b) Units are in 1 0 - 6 erg/G2 mole, c) The 
possible values of a and ß are determined by the 
shaded area wich defines the common region limited 
by the lines designating the error limits of the plot-

ted curves. 

Fig. 3. Zeeman splittings of the 7 = 000->/ = l n transition at 
parallel field in CH3OCl. a) The relative intensities are given 
by the thick lines, b) Frequency measurements were done at 

the cross points. 
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Dr- (MHz) 
JKK^ -*• J'K' K'- //(Gauss) F -*• F' MF MF' i'obs ( M H z ) obs . calc. 

DY
+ (kHz) 

obs. calc. 

(||-field) 

Ooo — In 

0no -> 1« 

110 ^ 

0.0 

4 594.6 

6 508.8 

0.0 

13 026.4 

19 111.9 

24 077.1 

0.0 

24 075.8 

25 567.5 

0.0 

7 805.6 

11 739.2 

19 106.2 

3/2 • 
3/2 • 

3/2 
5/2 

3/2 -> 3/2 

3/2 

3/2 

5/2 

3/2 

3/2 -»• 5/2 

3/2 
3/2 • 

5/2 
3/2 

3/2 5/2 

3/2 • 

3/2 

3/2 • 

3/2 • 

3/2 • 

5/2 • 

5/2 • 

5/2 -

5/2 -

5/2-

5/2 -

5/2-

5/2-

5/2 -

5/2 -

5/2 -

5/2 -

-3/2 

-5/2 

• 3/2 

- 5/2 

• 3/2 

• 5/2 

• 5/2 

• 5/2 

• 7/2 

5/2 

7/2 

5/2 

7/2 

5/2 

7/2 

5/2 

7/2 

[ 3/2 
1 - 3 / 2 • 

3/2 
— 3/2 • 

3/2 • 
— 3/2 • 

3/2 
— 3/2 -

3/2 -
-3/2 • 

3/2 -
-3/2-
3/2 -

-3/2-

3/2 -
-3/2-
3/2-

-3/2-

3/2 -
-3/2-

5/2-
-5/2-
5/2-

-5/2-

5/2 • 
-5/2 • 

5/2 • 
-5/2 
5/2-

-5/2 -

5/2 • 
-5/2 • 
5/2 • 

-5/2 • 

5/2-
-5/2-
5/2 -

-5/2-

3/2 
-3/2 

3/2 
-3/2 
3/2 
-3/2 

3/2 
-3/2 

- 3/2 
- -3/2 

3/2 
• -3/2 
3/2 
-3/2 

3/2 
-3/2 
3/2 
-3/2 

3/2 
-3/2 

5/2 
-5/2 
5/2 
-5/2 

•5/2 
- -5/2 

5/2 
-5/2 
5/2 
-5/2 

5/2 
-5/2 
5/2 
-5/2 

5/2 
-5/2 
5/2 
-5/2 

47 739.946 
47 733.618 
47 740.982 
47 739.293 

0.0 0.000 

-2 .093 -2 .089 — — 

47 734.728 
47 732.232 
47 741.496 
47 739.094 

-2 .949 -2 .959 
47 735.083 
47 731.586 
11 971.716 
11 950.595 0.0 0.000 0 0 

11 975.507 
11 968.679 

-5 .774 -5 .750 0 35 
11 952.578 
11 947.858 
11 977.480 
11 967.558 

-8 .435 -8 .436 64 75 
11 953.329 
11 946.382 
11 979.163 
11 966.776 

- 10 .641 - 10 .629 105 119 
11 953.894 
11 944.999 
36 386.520 0.0 0.000 0 0 
36 386.970 
36 386.565 -0 .405 -0 .408 495 460 

36 387.026 
36 386.582 -0 .444 -0 .433 568 519 

24 566.083 

24 559.675 
0.0 0.000 0 0 

24 567.953 
24 565.094 

24 561.121 
24 557.336 

-3 .322 -3 .342 - 6 - 2 4 

24 569.193 
24 564.758 

24 561.563 
24 555.928 

-5 .035 -5 .026 - 3 7 - 5 5 

24 571.820 
24 564.405 

24 561.979 
24 553.063 

-8 . 166 - 8 . 18 1 - 1 2 5 - 1 4 4 

24 574.314 
24 564.203 
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JK-K+ -> JK'-K'+ H(Gauss) F -> F' MF -> MF' 

D,R (MHz) D„+ (kHz) 
robs (MHz) obs calc. obs. calc. 

-10.951 -10.946 - 2 2 2 - 2 5 7 
24 562.173 
24 550.383 
23 314.199 

0.0 0.000 0 0 
23 299.424 
23 316.162 
23 312.277 

-3.956 -3.956 - 2 0 - 1 4 
23 301.397 
23 296.871 
23 317.510 
23 312.179 

-6.203 -6 . 191 - 3 6 - 3 4 
23 302.277 
23 295.208 
23 318.881 
23 311.742 

-8.272 -8.277 - 6 6 - 6 0 
23 302.948 
23 293.543 
23 320.429 
23 311.373 

-10.438 -10.427 - 1 0 0 - 9 7 
23 303.532 
23 291.712 

47 733.618 0.0 0.000 
47 734.423 
47 732.779 -1 .644 -1 .632 - -

11 971.716 0.0 0.000 0 0 
11 971.926 
11 971.478 -0.448 -0.468 - 2 8 - 4 0 

11 972.018 
11 971.321 -0.697 -0.703 - 9 3 - 8 9 

11 972.131 
11 971.093 -1 .038 -1 .049 - 2 0 8 - 1 9 9 

11 971.716 
0.0 0.000 — — 

11 950.595 
11 973.452 
11 970.418 

3.871 3.857 
11 952.758 
11 948.050 
11 974.484 
11 969.900 

5.787 5.787 — — 

11 953.647 
11 946.656 
23 314.199 0.0 0.000 0 0 
23 314.468 
23 313.828 -0.640 -0.648 - 1 0 2 - 1 1 8 

23 314.591 
23 313.498 -1 .093 -1 .088 - 3 0 9 - 3 3 2 

25 565.1 

5/2->5/2 {_l/2 IX —5/2 

1 u - > 2 1 2 5/2->7/2 
0.0 

9 136.5 

14 301.2 

19 118.3 

24 083.5 

5/2 -> 5/2 

5/2 — 5/2 

5/2-7/2 

5/2-5/2 ^ — 5/2 -v —5/2 

5/2-7/2 

5/2-5/2 { J j l Z % 

5/2-7/2 

5/2-7/2 

(JL-field) 

Ooo—In 0.0 3/2->5/2 

21 975.8 3/2->5/2 { . ^ Z ^ 

O00->101 0.0 3/2->5/2 

9 796.3 3/2->5/2 { J / ^ ^ 

14 691.1 3/2 -> 5/2 { _ ^ 

21 958.0 3/2->5/2 { _ f 2 Z % , 2 

3/2 -> 5/2 

3/2 -> 3/2 

3/2->5/2 / - l / 2 - > - 3 / 2 

0.0 

9 796.3 

14 702.1 

3 / 2 ^ / 2 \ - t f 2 Z z t 

12-+-3, 
12 -> 3/2 3/2 5/2 { - | / 2 - - 3 / 2 

3 / ^ 3 / 2 { - ; / ^ 3 - 2 3 / 2 

11X-> 212 0.0 5/2->7/2 

14 291.5 5/2->7/2 { J ^ I ^ 

23 992.0 5/2->7/2 
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Table 7 b. Values of DV~ and D„+ in CD3035C1. 
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JK-K+ -> J'K' K'+ H (Gauss) F F' Mf->Mf' vübs (MHz) obs. 
DR- (MHz) 

calc. 
P S (kHz) 

obs. calc. 

(II-field) 

Onn > 111 

Olm —> l(i 

1„ 

(X-field) 

Ooo — In 

0.0 

6 514.3 

9 792.2 

0.0 

13 024.7 

19 124.7 

24 082.3 

0.0 

22 641.1 

16 227.3 

19 086.4 

24 070.9 

0.0 

7 183.4 

10 982.4 

21 676.6 

24 001.5 

3/2 • 

3/2. 

3/2 • 

3/2 • 

3/2 -

5/2 

5/2 

5/2 

5/2 

5/2 

3/2 ->3/2 
-3/2-> -3/2 
3/2 -> 3/2 

-3/2 —> -3/2 
3/2 -> 3/2 

-3/2-* -3/2 
3/2 -> 3/2 

-3/2-> -3/2 

3/2 ->3/2 
— 3/2 —> -3/2 

3/2 3/2 
-3/2-> -3/2 

3/2 ->3/2 
-3/2-> -3/2 

3/2 -> 3/2 
-3/2-> -3/2 

3/2 ->3/2 
-3/2-> -3/2 

3/2 3/2 
— 3/2 —> -3/2 

5/2 -> 5/2 
-5/2 -> -5/2 
5/2 ->5/2 

-5/2 -> -5/2 
5/2 -> 5/2 

-5/2 -> -5/2 

5/2 -> 5/2 
-5/2-> -5/2 
5/2 -> 5/2 

-5/2 -> -5/2 
5/2 -> 5/2 

-5/2 -> -5/2 
5/2 ^ 5/2 

-5/2 -> -5/2 
5/2 ->5/2 

-5/2 -> -5/2 
5/2 -v 5/2 

-5/2 -> -5/2 

3/2 -> 5/2 
-3/2 -> -5/2 
3/2 -> 5/2 

-3/2-> -5/2 
3/2 -> 5/2 

-3/2 —> -5/2 
3/2 -> 5/2 

-3/2 —> -5/2 

37 518.112 
37 512.849 0.0 0.0 - -

37 519.628 
37 517.213 
37 514.146 - 2 . 9 10 -2 .923 - -

37 510.740 
37 520.728 
37 516.981 
37 514.539 -4 .380 -4 .395 - -

37 509.527 

10 444.236 
10 424.225 0.0 0.0 0 0 

10 448.029 
10 441.232 
10 426.199 -5 .730 -5 .709 37 34 

10 421.535 
10 450.005 
10 440.144 
10 426.934 -8 .405 -8 .384 74 71 

10 414.986 
10 451.693 
10 439.400 
10 427.464 -10 .575 -10 .556 122 113 

10 418.607 

27 557.022 0.0 0.0 0 0 
27 557.350 
27 557.106 -0 .244 -0 .262 412 394 

27 557.399 
27 557.094 -0 .305 -0 .279 449 445 

27 557.427 
27 557.117 - 0 . 3 10 -0 .296 500 502 

20 395.417 
20 380.670 0.0 0.0 0 0 

20 399.245 
20 393.192 
20 383.820 -7 .022 -7 .019 - 4 3 - 3 8 

20 375.830 
20 400.080 
20 392.943 
20 384.219 -8 .259 -8 .255 - 4 6 - 5 2 

20 374.838 
20 401.628 
20 392.571 
20 384.800 -10 .425 - 10 .41 1 - 8 4 - 8 4 

20 373.006 

37 512.849 0.0 0.0 
37 513.073 
37 512.628 -0 .445 -0 .449 - -

37 513.194 
37 512.512 -0 .682 -0 .686 - -

37 513.519 
37 512.176 - 1 . 343 - 1 . 355 - -

37 513.611 
37 512.100 - 1 . 5 1 1 - 1 . 500 - -
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JK-K+ J'KK'+ H (Gauss) F -*• F 

D,r (MHz) D
y

+

 (kHz) 

0.0 3/2 5/2 

10 987.8 3/2-*- 5/2 

21 661.8 3/2 5/2 

24 001.5 3/2-»- 5/2 

0.0 3/2 
3/2 

5/2 
3/2 

10 987.8 
3/2-». 

3/2 -». 

5/2 

3/2 

0.0 5/2 -». 7/2 

14 291.5 5/2 7/2 

23 969.5 5/2-». 7/2 

0.0 5/2-» 7/2 

14 291.5 5/2-». 7/2 

20 384.0 5/2-» 7/2 

/•• • M f ' J'obs ( M H z ) 

1 0 4 4 4 . 2 3 6 

3 / 2 5/2 1 0 4 4 4 . 4 4 6 

- 3 / 2 - 5 / 2 1 0 4 4 4 . 0 0 0 

3 / 2 5/2 1 0 4 4 4 . 6 0 4 

- 3 / 2 - 5 / 2 1 0 4 4 3 . 7 0 1 

3 / 2 5 / 2 1 0 4 4 4 . 6 3 5 

- 3 / 2 - 5 / 2 1 0 4 4 3 . 6 3 3 

1 0 4 4 4 . 2 3 6 

1 0 4 2 4 . 2 2 5 

- 1 / 2 - > - 3 / 2 1 0 4 4 6 . 2 5 9 

1/2 - » - 3 / 2 1 0 4 4 2 . 8 2 5 

- 1 / 2 - 3 / 2 1 0 4 2 6 . 6 0 1 

1/2 3 / 2 1 0 4 2 1 . 3 1 5 

2 1 3 7 5 . 0 1 9 

5/2 7/2 2 1 3 7 5 . 2 0 0 

- 5 / 2 - 7 / 2 2 1 3 7 4 . 7 5 8 

5 / 2 7 / 2 2 1 3 7 5 . 2 7 3 

- 5 / 2 - 7 / 2 2 1 3 7 4 . 5 3 5 

2 0 3 9 5 . 4 1 7 

5 / 2 7/2 2 0 3 9 5 . 6 6 1 

- 5 / 2 - 7 / 2 2 0 3 9 5 . 0 6 5 

5 / 2 7/2 2 0 3 9 5 . 7 2 6 

- 5 / 2 - 7 / 2 2 0 3 9 4 . 8 8 1 

obs. calc. * obs. calc. 

0.0 0.0 0 0 

- 0 . 4 4 6 -0 .458 - 2 6 - 4 6 

-0 .903 -0 .901 - 1 6 7 - 1 8 1 

- 1 . 0 0 2 -0 .999 - 2 0 4 - 2 2 3 

0.0 0.0 

212 

4.360 

0.0 

- 0 . 442 

- 0 . 7 3 8 

0.0 

- 0 . 5 9 6 

- 0 . 8 4 5 

4.359 

0.0 

- 0 . 451 

-0 .757 

0.0 

-0 .584 

-0 .833 

0 

- 8 0 

- 2 3 0 

0 

- 1 0 8 

- 2 2 7 

0 

- 8 1 

- 2 2 5 

0 

- 1 1 2 

- 2 2 9 

* Calculated using the Zeeman parameters given in Table 9. 

Table 8. Values * of A; (gi, gaa, gbb, gcc, oa, Oß) and Si(a.ß). 

CH3035C1 CD.,035C1 

i Af obs d ** A i obs d ** 

1 -0.5949 ± 0.0025 0.0015 -0.5867 ± 0.0006 0.0020 
2 -0.5795 ±0.0010 --0.0005 -0.5762 ±0.0005 --0.0012 
3 -0.0226 ±0.0006 0.0004 -0.0162 ±0.0006 --0.0010 
4 -0.5617 ±0.0009 0.0000 - -

5 -0.5686 ± 0.0006 --0.0006 -0.5680 ± 0.0007 --0.0006 
6 -0.0981 ±0.0015 --0.0007 -0.0822 ±0.0006 --0.0002 
7 -0.0622 ± 0.0008 0.0005 -0.0547 ± 0.0005 --0.0001 
8 0.5167 ±0.0015 0.0004 0.5206 ±0.0007 0.0002 
9 - -0.0405 ±0.0007 0.0009 

10 -0.0597 ±0.0007 --0.0007 -0.0544 ± 0.0007 --0.0536 

*** (S; X const) obs <5** (Si X const) obs 8 ** 

S 2 X30 21.6± 4.2 -3.1 25.1 ± 2.0 1.9 
S , X 1 5 51.6 ± 4.1 4.0 46.0 ± 2.0 0.1 
5 S X210 -145.2 ±29.0 -5.3 -118.5 ±14.4 -2.0 
S -X15 -25.8 ± 2.5 -1 .1 -21.5 ± 4.0 1.7 
S 9 X105 - -168.0 ± 7.3 -4.1 
S 1 0X 105 -226.0 ±20.0 15.6 -229.0 ± 7.2 1.5 

* These values were obtained putting the values listed in 
Table 7 a and 7 b into the relations 

D,r = 0.76227, X 10~3 X A / X Hz 
and Dy

+

 = SiXHz2/3.99027. 
** Differences between the observed and calculated values. 

*** Units are in 10~6 erg/G2-mole. 

Table 9. Molecular ^-factors, magnetic susceptibility aniso-
tropics and nuclear shielding anisotropics. 

CH,035C1 CD,035C1 

0/(1-0) 
9aa 
9bb 
9cc 
2 Xaa — Xbb — Xcc 
2 Xbb ~Xcc ~Xaa 

0.5477 ±0.0005 
-0.0598 ±0.0006 
0.0251 ±0.0008 

-0.0376 ±0.0005 
— 24.7 ± 1.1 

1.8 ± 2.4 

0.5477 ±0.0007 
-0 .0486 ±0.0008 
-0 .0212 ±0.0008 
-0 .0334 ±0.0006 

— 23.2 ± 1.1 
0.5 ±2.0 

Molecular ^-factors taking account of the nuclear shielding 
anisotropics. 

9l(l~o) 
9aa 
9bb 
9cc 
2 Oaa-Obb-Occ** 
2 Obb —"cc —Oaa ** 

0.5478 ±0.0005 
-0 ,0593 ±0.0008 
-0 .0249 ±0.0009 
-0 .0379 ±0.0006 

5.4 ±5.1 
- 4 . 5 ±4.9 

0.5480 ±0.0009 
-0 .0478 ±0.0010 
— 0.0215 ± 0.0010 
-0 .033 ±0.0009 

8.2 ±6.4 
- 8 . 3 ±9.1 

* Units are 10 6 erg/G2-mole. Units are 10 

were described using the notation of the two limiting 
cases, that is (F, MF) and (MJ , M,). 

The selection rule for weak fields is 

AF = 0, ± 1 
AMF = 0 

A M F = ± 1 

(parallel field) , 
(perpendicular field) 
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-1/2 
1/2 

3V+3/2 

Fig. 4. Zeeman splittings of the / = 000 —^/= l n transition 
at perpendicular fields in CH30C1. 

and for strong field 

AMJ = 0 , AM, = 0 

AMJ = ± 1 , AM, = 0 

(parallel field) , 

(perpendicular field) . 

The Zeeman splittings of both cases in the 000—> l u 

transitions are schematically shown in Fig. 3 and in 
Figure 4. 

The observed frequency splittings in the CH3035C1 
spectrum with respect to the unperturbed lines are 
listed in Table 10 with the notation (F MF ; MJ M,)-+ 
(F' MF' ; MJ M { ) corresponding to the ( F , M F ) — * 

(F\ MF) transition at weak field limit and to the 
{MJ , M , ) - > ( M / , M { ) transition at strong field limit. 

As expected, the observed frequency splittings of 
the 00()—^ I n transition agree with the values cal-
culated ignoring the second order effect of the 
quadrupole coupling interaction. 

For the Zeeman satellites of the l i 0 — t r a n -
sition it was necessary to make the second order per-
turbation correction. Since the energy splittings due 
to the Zeeman effect is much smaller compared to the 
energy difference between the 2 n and 303 levels and 
since the wave functions of each of the Zeeman levels 
at the magnetic field of 24 kG could be approxi-
mately described by the wave function J R IM, MJ ) 
within an error of 10%, the second order pertur-
bation contribution to the 2 n levels was calculated 
using the quadrupole Hamiltonian TIQ in the un-
coupled basis as follows: 

F(2U(F MF; MJ M , ) = 2 
; 2 n / = 3/2 MJ M,! H q I 30 ; 51 = 3/2 M / M,' 

Mj'M,' E2u- £;!o 
(7) 

The matrix element of 77Q for ]' = J + 1 are obtained using the theory given by Racah 10 and are described 
as follows 

(JRLMJ M , JJQ ( / + ! ) / / MJ' M , ) = C [ { 3 M , 2 - 7 ( 7 + l ) } MJ V(J + MJ + l ) ( J - M J + L) dMY Mj DM,' M, 

± H ( ± 2 M , + \ ) ( ± J + 2 M J ) V ( I ± M , + 1 ) (I + M , ) ( J T M J + 2 ) (J + MJ + I ) dMy Mj+x DML< M,± t 
± I 1 / ( / ± M , + 2 ) ( 7 ± M , + 1 ) ( / + M , ) ( / + M , - I ) (J + MJ + 3 ) { J + M J + 2 ) (J + M J + 1) (J + M J ) 

' <5.W/.W, + 2 ^M,-M,±2 ] (8) 

where i ri (JRMJ = J &ZA <PZH + <PZB &ZA (J + 1) r ' MJ = J ) 

*/-ab 7(2 7 - 1 ) 7 1 / ( 2 7 + 1 ) * ( 9 ) 

Using the Zeeman parameters of Table 9 and the 
nuclear quadrupole coupling constants of Table 4, 
the Zeeman pattern including hfs was calculated 
with respect to the unperturbed line and was com-
pared to the observed one, as given in Table 10 and 
11a , b. The agreement is quite good for all the 
listed transitions. We take this as a final check of 
our Zeeman parameters and hfs constants. 

In the Zeeman pattern of the l 1 1 - ^ - 2 1 2 and l ^ - v 

2 n transitions measured at parallel fields, we could 
observe forbidden transitions which appear only at 

intermediate field conditions. The wave function of 
the Zeeman sublevel, that we call { F M f ; M J M , ) , 
of the rotational level / r is described in the basis of 
the functions / r 7 MJ M, ) as 

J RL; F M F ; MJ M , ) 

= l c { j x i , M J ' M f ) j r i M j ' M ; \ 
Mj' M,' 

(10) 

where F and MF are quantum numbers given for 
the weak field case and MJ and M, are those for 
the strong field case. The expansion coefficients 
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Table 10. Zeeman splittings dv with respect to the unperturbed lines at parallel and perpendicular fields in CH3035C1. 
dfobs 's have been calculated using rotational constants, quadrupole coupling constants and Zeeman parameters listed on 
Tables 4 and 9 of this paper. First order contribution only, due to the quadrupole effect, has been considered for the 

Zeeman splittings. 

/K-K+-» J'k'-K'+ H (Gauss) (F MF ; MJ MI) -» (F' MF; MJ' MI') <5vobs (MHz) « e (MHz) 

(ll-field) 
Onn 111 

(_L-field) 
Onn -111 

6 508.8 
19 107.9 
19 107.9 
19 107.9 
19 107.9 
6 508.8 
6 508.8 
6 508.8 

24 079.5 
24 079.5 
24 079.5 
24 079.5 
24 079.5 
24 079.5 
24 079.5 
24 079.5 
19 114.0 
13 014.2 
13 014.2 
13 014.2 
24 075.8 
24 075.8 
24 075.8 
24 075.8 
24 075.8 
24 075.8 
24 075.8 
22 625.5 
24 083.5 
24 083.5 
22 625.5 
22 625.5 
19 118.3 
22 625.5 
22 625.5 
24 083.5 
19 118.3 
22 625.5 
19 118.3 
22 625.5 
22 625.5 
22 625.5 
22 625.5 
19 118.3 

4 907.6 
9 824.5 
9 824.5 
9 824.5 
4 907.6 
9 824.5 

14 702.1 
14 702.1 
14 702.1 
14 702.1 
14 702.1 
14 702.1 
14 702.1 

(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(5/2 
(5/2 
(5/2 
(3/2 
(3/2 
(5/2 
(5/2 
(5/2 
(5/2 
( 1 / 2 

( 1 / 2 

(5/2 
(3/2 
(5/2 
(1/2 
(3/2 
(3/2 
(3/2 
(5/2 
(5/2 
(1/2 
(5/2 
(5/2 
(5/2 
(3/2 
(1/2 
(5/2 
(3/2 

(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 
(3/2 

3/2; 
-3/2 
3/2; 
1/2; 
-1/2 
-3/2 
-1/2 
1/2; 
-1/2 
1/2; 
3/2; 
1 / 2 ; 

-1/2 
-3/2 
3/2; 
-3/2 
-1/2 
1/2; 
3/2; 
-1/2 
1/2; 
5/2; 
-5/2 
3/2; 
-3/2 
1/2; 
-1/2 
3/2; 
-3/2 
5/2; 
1/2; 
1/2; 
-1/2 
3/2; 
-3/2 
-5/2 
-1/2 
1/2; 
-1/2 
1/2; 
-3/2 
-1/2 
-1/2 
-1/2 

-1/2 
-3/2 
1 / 2 ; 
1/2; 
1/2; 
3/2; 
3/2; 
3/2; 
-1/2 
1/2; 
-1/2 
3/2; 
-3/2 

0, 3/2) 
; 0, -3/2) 
0, 3/2) 
0, 1/2) 
; 0,-1/2) 
; 0, -3/2) 
; 0,-1/2) 
0, 1/2) 
; 0, -1/2) 
0, 1/2) 
0, 3/2) 
0, 1 / 2 ) 

; 0,-1/2) 
: 0, -3/2) 
0, 3/2) 
; 0, -3/2) 
; 0,-1/2) 
0, 1/2) 
1, 1/2) 
; - l , 1/2) 
-1 , 3/2) 
1, 3/2) 
;-1,-3/2) 
1 , 1 / 2 ) 

; 0. -3/2) 
1 , - 1/2 ) 
; 1,-3/2) 
0, 3/2) 
; o, -3/2) 
1,3/2) 
-1, 3/2) 
1,-1/2) 
; 1, -3/2) 
1,1/2) 
;-1,-1/2) 
; - l , -3/2) 
;-1.1/2) 
o, 1/2) 
; o. -1/2) 
o, 1/2) 
; 0. -3/2) 
;-1,1/2) 
; 0,1/2) 
; 1, -3/2) 

;0, -1/2) 
; 0.-3/2) 
0, 1/2) 
0.1/2) 
0, 1/2) 
0, 3/2) 
0, 3/2) 
0, -3/2) 
; 0. -1/2) 
0. 1/2) 
;0. -1/2) 
0. 3/2) 
; 0. -3/2) 

3/2 
3/2 
5/2 
5/2 
5/2 
5/2 
1 / 2 

1 / 2 

1/2 
1 / 2 

5/2 
5/2 
5/2 
5/2 
3/2 
3/2 
3/2 
3/2 
3/2 
1/2 
1 / 2 

5/2 
5/2 
5/2 
5/2 
3/2 
3/2 
5/2 
7/2 
5/2 
5/2 
7/2 
1/2 
3/2 
3/2 
7/2 
3/2 
3/2 
7/2 
5/2 
3/2 
5/2 
3/2 
7/2 

3/2 
3/2 
5/2 
5/2 
1/2 
1/2 
1/2 

1/2 

1/2 
5/2 
5/2 
5/2 
5/2 

3/2; 
-3/2 
3/2; 
1/2; 
-1/2 
-3/2 
-1/2 
1/2; 
-1/2 
1/2; 
3/2; 
1/2; 
-1/2 
-3/2 
3/2; 
-3/2 
-1/2 
1/2; 
3/2; 
-1/2 
1/2; 
5/2; 
-5/2 
3/2; 
-3/2 
1/2; 
-1/2 
3/2; 
-3/2 
5/2; 
1/2; 
1/2; 
-1/2 
3/2; 
-3/2 
-5/2 
-1/2 
1/2; 
-1/2 
1/2; 
-3/2 
-1/2 
-1/2 
-1/2 

-3/2 
-1/2 
-1/2 
3/2; 
- 1 / 2 
1/2; 
1/2; 
- 1 / 2 
1/2; 
-1/2 
-3/2 
5/2; 
-5/2 

1, 1/2)w 
; 0 , - 3 / 2 ) 

0 , 3 / 2 ) 

0 , 1/2) 
; 0 , -1/2) 
; -1, -1/2)w 

; -1 , 1/2)w 

- 1 , 3 / 2 ) w 

; 1 , - 3 / 2 ) w 

1, -1/2)w 

1, 1/2)w 

0 , 1 / 2 ) 

; o, -1/2) 
; 0 , - 3 / 2 ) 

0 , 3 / 2 ) 

; -1,-1/2) w 
; 1 , - 3 / 2 ) w 

1 , - 1 / 2 ) w 

1, 1/2) 
; - 1 , 1 / 2 ) 

- 1 , 3 / 2 ) 

1 , 3 / 2 ) 

; - 1 , - 3 / 2 ) 

0 , 3 / 2 ) w 

; -1.-1/2) w 
1,-1/2) 
; 1 , - 3 / 2 ) 

0 , 3 / 2 ) 

; 0 , - 3 / 2 ) s 

1 , 3 / 2 ) 

- l , 3 / 2 ) s 

l , - l / 2 ) s 

; 1 , - 3 / 2 ) 

1, 1/2) 
;-1,-1/2) 
; - 1 , - 3 / 2 ) 

; - i . 1/2) 
0 . 1/2) 
; o, -1/2) 
- 1 , 3 / 2 ) w 

; -1, -1/2) w 
; - 2 , 3 / 2 ) f 

; - 1 , 1 / 2 ) w 

; 0, -1/2)f 

; 0 , - 3 / 2 ) w 

; 1 , - 3 / 2 ) 

; 0 , - 1 / 2 ) w 

0 , 3 / 2 ) w 

; - 1 . 1 / 2 ) 

- 1 , 3 / 2 ) 

1 , - 1 / 2 ) w 

; 1 . - 3 / 2 ) 

1,-1/2) 
; 0, —1/2)w 

: 0 . - 3 / 2 ) w 

1 , 3 / 2 ) 

; - 1 , - 3 / 2 ) 

6.612 ± 0 . 0 2 0 
3.454 
1.426 

-1.567 
-3.170 
-3.298 
-5.806 
-7.716 
26.070 ±0.005 
19.515 
11.683 
7.841 
3.872 

-0.704 
-13.586 
-22.486 

10.112±0.010 
8.117 
6.728 
5.074 

-1.485 
-6.722 
-7.118 

[-10.185 

-1.982 
-11.002 

-7.727 ±0.005 
-4.637 
-5.167 
-1.583 
-1.235 

2.667 
0.096 
0.645 
2.674 
3.581 
4.919 
7.330 

-13.146 
-12.471 
-11.971 

-3.470 
-5.273 

6.601 
3.416 
1.398 

-1.586 
-3.183 
-3.334 
-5.853 
-7.709 
26.090 
19.520 
11.669 
7.826 
3.870 

-0.706 
-13.589 
-22.471 

10.063 
8 . 1 2 6 
6.720 
5.040 

-1.501 
-6.743 
-7.151 

(-10.196 
1-10.214 

-2.007 
-11.038 

-7.735 
-4.640 
-5.171 
- 1 . 6 0 6 
-1.234 

2.687 
0.099 
0.644 
2.664 
3.566 
4.909 
7.307 

-13.137 
-12.454 
-11.970 

-3.466 
-5.262 

6.395 ±0.020 6.400 
2.215 2.216 
1.330 1.362 

-3.470 -3.462 
-3.840 -3.819 
-4.534 -4.550 
25.762 ±0.005 25.766 
17.694 17.704 
13.473 13.490 
9.795 9.783 
7.004 6.995 
4.538 4.530 
3.841 3.827 
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JK-Ü+ -> J'K'-K'+ H (Gauss) (F MF ; Mj Mi) (F' Mf ; Mf Mi') <Kbs (MHz) M . (IV 

2.420 2.412 
0.051 0.046 

-2.486 -2.493 
-11.228 -11.228 
-12.895 -12.903 
-13.833 -13.831 
-20.824 -20.823 
-23.507 -23.504 
-25.188 -25.180 

-6.955 ±0.025 -6.963 
-6.691 -6.694 
-4.147 -4.151 
-1.651 -1.660 

| 0.101 ] \ 0.085 
{ 0.101 

0.581 0.552 
0.917 0.919 
1.301 1.330 
3.461 3.453 
3.821 

I 
3.827 

[ 4.825 
4.877 4.853 

I 4.874 
5.861 5.848 
9.121 9.155 

-21.595 -21.589 
-18.859 -18.843 
-18.115 -18.100 

15.797 15.778 
34.733 34.723 

14 702.1 (3/2, 1/2; 0, 1/2) -> (5/2, 3/2; 1, 1/2) 
14 702.1 (3/2,-1/2; 0,-1/2) -> (5/2, 1/2; 0, 1/2)w 
14 702.1 (3/2,-3/2; 0,-3/2) -> (5/2, -1/2; 0, -1/2) w 
14 702.1 (3/2, 3/2; 0, 3/2) (3/2, 1/2; -1 , 3/2) 
14 702.1 (3/2, 1/2; 0, 1/2) (3/2, -1/2; -1 , 1/2) 
14 702.1 (3/2,-1/2; 0,-1/2) -» (3/2, -3/2; -1 , -1/2) 
14 702.1 (3/2, 1/2; 0, 1/2) (3/2, 3/2; 0, 3/2) w 
14 702.1 (3/2,-1/2; 0,-1/2) ->- (3/2, 1/2; -1 , 3/2) w 
14 702J_ (3/2,-3/2; 0,-3/2) -> (3/2, -1/2; - 1 , 1/2) w 
21 955T (5/2, 3/2; 0, 3/2) (5/2, 1/2; -1/2, 3/2) 
21 955.2 (1/2, -1/2;-1 , 1/2) (5/2, -3/2; -2, 1/2)» 
21 955.2 (3/2, 1/2; 1,-1/2) -» (7/2, 3/2; 2, -1/2) s 
21 955.2 (3/2, 3/2; 1, 1/2) (7/2, 5/2; 2, 1/2) s 
21 955.2 (3/2, 3/2; 1, 1/2) (3/2, 1/2; 0, 1/2) 
21 955.2 (3/2, -3/2; 0, -3/2) ->- (1/2, -1/2; 1, -3/2) 
21 955.2 (1/2, 1/2;-1, 3/2) (5/2,-1/2;-2, 3/2) s 
21 955.2 (5/2, -5/2; -1 , -3/2) (7/2, -3/2; 0, -3/2) 
21 955.2 (3/2, 1/2; 1,-1/2) (7/2, -1/2; 0, -1/2) s 
21 955.2 (5/2,-1/2; 0,-1/2) (3/2,-3/2;-1,-1/2) 
21 955.2 (1/2,-1/2;-1, 1/2) -> (3/2, 1/2; 0, 1/2) 
21 955.2 (5/2, 1/2; 0, 1/2) -> (3/2, 3/2; 1, 1/2) 
21 955.2 (5/2, -5/2; -1 , -3/2) (7/2, -7/2; -2, -3/2) 
21 955.2 (5/2, -1/2; 0, -1/2) (7/2, 1/2; 1, -1/2) 
21 955.2 (5/2, 5/2; 1, 3/2) (7/2, 7/2; 2, 3/2) 
21 955.2 (3/2, -1/2; 1, -3/2) -» (1/2, 1/2; 2, -3/2) 
21 955.2 (3/2, -3/2; 0, -3/2) -» (5/2, -5/2; -2, -1/2) * 
21 955.2 (3/2,-3/2; 0,-3/2) (3/2, -1/2; -1 , 1/2)* 
21 955.2 (3/2, 3/2; 1, 1/2) -» (5/2, 5/2; 1, 3/2)w 

21 955.2 (1/2, 1/2;-1,3/2) (3/2, -1/2; -1 , 1/2) w 
21 955.2 (1/2, 1/2;-1, 3/2) (1/2, -1/2; 1, -3/2) * 

w Allowed only in the weak field case, 
s Allowed only in the strong field case, 
f Forbidden in both cases. 
* Converges to F F' Mf at weak field and to Mj Mi -» Mf Mi at strong field. 

C{] r, M/ Mi) are obtained by solving the secular 
equation at given magnetic field . 

The summation is taken over all possible values 
of Mj' and M{ which give the same value of MF — 
M/ + Mi. 

The dipole moment matrix element correspond-
ing to a transition from a Zeeman sublevel 
[ J r I; F MF ; Mj Mi) to a Zeeman sublevel 
\j*T* / , F* MF* , Mj* Ml*> is given as 

(J r I; F MF; Mj Mi\jug &Fg\j* r* / ; 

F*M
f
*;MJ*M,*)= 2 C ( J r I , M / M i ) (11) 

My Mi' Mj" Mi" 

• C (/* T* /, Mj" Mi') 

• (/ T / M j ' Mi I jU, <&Fg\]* r* / Mj" Mi') 

where jug is the dipole moment along the ^-principal 
axis and <&Fg is the directional cosine operator be-
tween the space fixed axis F and the principal axis g. 

As the non-vanishing matrix elements in the 
sum (11) are given for parallel fields by the relation 

Mj' = Mj" and Mi = M" 

the selection rule for transitions between the Zeeman 
sublevels in the intermediate field case can be de-
rived considering only the MJ and M/ values con-
sistent with MJ + MI = MF . 

MF is the quantum number of the weak field limit-
ing case but is used here as an index since both F 
and MF are no more good quantum numbers. Tran-
sitions are allowed when the two sublevels have the 
same value of MF and the restriction given from AF 
is taken out, that is, usual selection rules AF = 0, i 1 
are not applicable here. For perpendicular fields the 
non-vanishing matrix elements are given by the re-
lation MJ' = M" + 1 and MI = M". 

The selection rule is AMF = ± 1 independent of 
the "index" F. According to the first of these selec-
tion rules we observed several "weak and strong 
field forbidden" lines in the I n —̂  212 and 1 1 0 2 n 
transitions at parallel fields. They are 

(F = 3 / 2 , M F = - 1 / 2 ; M J = l , M I = - 3 / 2 ) 

-*-(F = 7/2, MF = — 1/2 ;MJ = 0, MI = — 1/2) 
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//(Gauss) Mj-+Mj' Mi <5i'0bs * (MHz) <5vCalc ** (MHz) 
ÖvW Ör(2) Öft otal 

(||-field) 
24 067.2 0 -3/2 -10.026 -10.147 0.134 -10.013 
24 067.2 1 1 1/2 J -6.235 f -6.430 0.191 -6.239 
24 067.2 1 1 -1/2 J -6.235 \ -6.313 0.076 -6.237 
24 067.2 1 -> 1 -3/2 -4.459 -4.592 0.153 -4.439 
24 067.2 0 - ^ 0 3/2 -3.601 -3.691 0.134 -3.557 
25 565.1 1 1 3/2 0.984 0.872 0.115 0.987 
25 565.1 1 1 -1/2 1.085 0.897 0.191 1.088 
25 565.1 - 1 1 -3/2 3.014 2.873 0.115 2.988 
24 067.2 ()-> 0 1/2 4.809 4.663 0.134 4.797 
24 067.2 - 1 ->-1 1/2 5.089 5.017 0.076 5.093 
24 067.2 - 1 ->- 1 3/2 8.457 8.299 0.153 8.452 
24 067.2 0 -1/2 8.634 8.545 0.134 8.679 
(_L-field) 
21 955.2 0 - > - l -3/2 -9.488 -9.624 0.115 -9.509 
21 955.2 0-+ 1 -3/2 -8.464 -8.596 0.153 -8.443 
21 955.2 
21 955.2 

1 -> 2 
1 2 

-1/2 
1/2 J -7.839 | -7.989 

I -7.955 
0.163 
0.105 

-7.826 
-7.850 

21 955.2 1 - ^ 0 1/2 J -6.464 / -6.621 0.134 -6.487 
21 955.2 1 0 -3/2 J -6.464 1 -6.567 0.134 -6.433 
21 955.2 1 0 -1/2 -5.589 -5.684 0.134 -5.550 
21 955.2 0 - > - l 3/2 -3.164 -3.286 0.153 -3.133 
21 955.2 - 1 ->-2 -1/2 -2.688 -2.815 0.105 -2.710 
21 955.2 1 2 -3/2 -1.164 -1.223 0.124 -1.099 
21 955.2 1 - ^ 0 3/2 0.036 -0.107 0.134 0.027 
21 955.2 - 1 ->-2 1/2 1.761 1.633 0.163 1.796 
21 955.2 - 1 0 -3/2 2.436 2.317 0.134 2.451 
21 955.2 0 - > - l 1/2 3.811 3.719 0.076 3.795 
21 955.2 - 1 ->-2 -3/2 4.411 4.271 0.143 4.414 
21 955.2 0 - ^ - 1 -1/2 6.661 6.477 0.191 6.668 
21 955.2 0-> 1 -1/2 7.461 7.401 0.076 7.477 
21 955.2 - 1 ->-2 3/2 10.086 9.972 0.124 10.096 

Table 11 a. Zeeman splittings of the lio—' 
2 n transition with respect to the unper-
turbed line at strong field approximation 

in CH3035C1. 

The accuracy of the frequency measure-
ments was estimated to be ±0.010 MHz 
for the parallel field and ±0.025 MHz 
for the perpendicular field. 
The second order effect has been cal 
culated by the strong field approxi-
mation. 

Table 11 b. Zeeman splittings of satellites forbidden at strong field for the lio — transition in CH3035C1. 

H (Gauss) (F MF ; Mj Mi) (F' My'; Mf .¥/') 8vohs t (MHz) <5r°ale * ( M H z ) 
<5f(») dri.2) <5i'totaI 

(||-field) 
19106.2 (3/2,-1/2; 1,-3/2) (3/2,-1/2;-1, 1/2) 
24 067.2 (3/2, 3/2; 1,1/2) (5/2, 3/2; 0, 3/2) 
19106.2 (3/2,-3/2; 0,-3/2) (3/2, -3/2; -1, -1/2) 
24067.2 (3/2,-1/2; 1,-3/2) -> (7/2, -1/2; 0, -1/2) f 
19 106.2 (5/2,-5/2;-1,-3/2) (5/2,-5/2;-2,-1/2) 
24067.2 (5/2,-1/2; 0,-1/2) (3/2, -1/2; -1 , 1/2) 
24067.2 (5/2,-3/2;-1,-1/2) (7/2, -3/2; 0, -3/2) 
19 106.2 (5/2,5/2; 1,3/2) (7/2. 5/2; 2, 1/2) 
19 106.2 (5/2, 1/2; 0, 1/2) (7/2, 1/2; 1,-1/2) 

-20.738 -20.824 0.076 -20.748 
-20.202 -20.330 0.134 -20.196 
-16.890 -17.090 0.191 -16.899 
-13.013 -13.127 0.134 -12.993 

-8.126 -8.206 0.105 -8.101 
-2.641 -2.697 0.076 -2.621 

9.747 9.612 0.134 9.746 
10.631 10.519 0.105 10.624 
11.810 11.717 0.076 11.793 

t Estimated error ±0.010 MHz. 
f Forbidden transition in the weak and strong field approximation. 
* The second order effect has been calculated in the uncoupled basis. 

and 

{F = 1/2, Mf= — 1/2: Mj = —l,M/ = 1/2) 

(F = 5/2, Mr = — 1/2; Mj = - 2, M, = 3/2) 

marked in the Tables 10 and l i b with the symbol f. 
The very good agreement between observed and cal-
culated splittings confirms the values obtained for 
the Zeeman parameters. 
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3) Molecular Electric Quadrupole Moment 
and Second Moment Anisotropics 

Combining the molecular ^-factors, the magnetic 
susceptibility anisotropics and the rotational con-
stants, the diagonal elements of the molecular elec-
tric quadrupole tensor can be calculated using the 
equation: 

h e ' ( 2 gaa ghh 9cc\ 
8 TI Mp V A B ~~c> 
2 mc 2 

Xaa-7M-7.ee) (12) 

Qbb and Qcc are obtained by cyclic permutation. In 
(12) e ' is the electron charge, Mp the proton mass, 
m the electron mass and c the velocity of light. The 
values of Qgg are listed in Table 12. Further the 
anisotropics of the second moment were calculated 
using the molecular structure 5 by : 

(b2)-(a2)=2Zn(bn
2-an

2) 

I fc / 9bb _ 9aa\ , 
^ 4jiMp I B A J 

• { (2 Xbb ~ Xaa 

4 m r 
3 e2 

(13) 

Xcc) ~' (2 Xaa — Xbb ~ Xcc) } 

where Zn is the atomic number of the /i-th nucleus, 
and an and bn are its coordinates in the principal 
axes, ( c 2 ) — (fe2) and (a2) — (c 2 ) are obtained by 
cyclic permutation. The resulting values are listed 
in Table 12. As expected, the values of the molecular 
quadrupole moment and the anisotropy of the second 
moment in CH3035C1 agree with those in CD3035C1. 

The negative values of Qcc in CH30C1 and 
H035C1 1 can be understood considering that lone 
pair electron clouds are out of the plane of sym-
metry. 

tP\ r 

Table 12. Molecular quadrupole moments, nuclear second 
moments and second moment of electronic charge aniso-

tropics. 

CH,035C1 CD,035C1 

molecular quadrupole moments * 
Qaa 4.6 ±1.0 
Qbb - 0 .9 ±1.9 
Qcc -3 .5 ±2.9 
nuclear second moments ** 
Z Zn an2 44.20 

ZZn bn
2 

n 
^L Zn Cn~ 

5.72 

1.62 

4.0 ±1.0 
-0 .8 ±1.7 
— 3.2 ± 2.7 

43.93 

5.67 

1.62 

second moment of electronic charge anisotropics *** 
<62>-<a2> -37.7 ±0.4 -37.6 ±0.3 
<c2>-<62> —3.7 ±0.4 —3.7 ±0.4 
<a2>-<c2> 41.4 ±0.8 41.3 ±0.7 

* Units are 10~26 esu-cm2. 
** Units are 10_16cm2. Values are calculated using the 

molecular structure given by Rigden et al. 3. 
*** Units are 10_16cm2. 

4) Electric Dipole Moment 

The Stark effect of both isotopic species has been 
measured. To simplify the analysis the Stark dis-
placements of components with maximum Mp of the 
Q-branch lines have been measured. For the 010—-
l n transition in CD3035C1 the displacements have 
been analysed using the strong field approximation. 
The absorption cell was calibrated with the J =1 —>~ 
J' = 2 transition of OCS, taking the dipole moment 
of OCS as 0.7152 D n . 

The measured displacement Av and the dipole 
moments obtained are listed in Table 13. The total 

Fig. 5. Schema of the molecule CH3035C1 
in the a — b plane. Arrows give orientation 
and sign of the observed and calculated 
electric dipole moment, //calc was obtained 

by a CNDO/2 calculation. 
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dipole moment of CH3035C1 agrees with that of 
CD303i>Cl within the experimental error. 

As can be seen in Fig. 5 an isotopic substitution 
of the hydrogen atoms causes a counterlockwise 
rotation of the principal axes, a and b, by an angle 
of 1.7°. 

As the total dipole moment is the same for both 
isotopic species different jua and /.ib components 
result in the corresponding principal axis systems. 
The jua component increases from 1.373 D to 
1.409 D going from the normal to the isotopic 
species of the molecule. The /ub component on the 
contrary decreases from 1.146 D to 1.106 D. These 
values are only consistent with a dipole moment 
having the orientation indicated by the dotted line 
in Figure 5. 

Though the molecular (/-factors of the two isotopic 
species have been determined, the sign of the dipole 
moment could not be determined experimentally. The 
experimental error in the obtained ^-factors makes ii 
difficult to discuss the sign of the dipole moment 
from this point of view. 

However an information about the sign of the di-
pole moment was obtained by a theoretical CNDO/2 

calculation 13 which gives [Aa = 0.78 D and fxb = 
1.44 D with direction and sign given by the broken 
line in Figure 5. The result is reasonable from 
simple chemical considerations. 
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Appendix I 

The submatrices for / = 0, 1 and 2 of the Hamil-
tonian (2) including nuclear shielding are given in 
Table 1 A, 2 A and 3 A. In the limit of vanishing 
nuclear shielding, they agree with those given in 
Table 1 a, 1 b and 1 c of 1 . 

JK~K+ - > JK'~K'+ (MJ MI) 

Slope MHz(kV/cm)~2 

obs. calc. 

( C H S 0 8 5 C 1 ) 

(CD3035C1) 

loi —lio (±1, ±3/2) 
404->4 13 (±4, ±3/2) 

[xa= 1-373 ±0.004 D 
^6 = 1.146±0.007 D 

. « to ta l = 1.788 ±0.008 D 

0 o 0 - I n * (0, ±3/2) 
(0, ±1/2) 

l o i - l i o (±1, ±3/2) 
404 - 413 (±4, ±3/2) 
505 - 514 (±5, ±3/2) 

f*a = 1-409 ±0.004 D 
iM& = 1.106±0.008 D 

/«total = 1-791 ± 0.008 D 

195.5 ±1.0 -
9,06 ±0.08 -

19.55 ±0.04) 
19.42 ±0.04/ 

261.6 ±0.5 
11.42 ±0.05 
8.71 ±0.06 

19.33 

262.1 
11.45 
8.90 

Table 13. Stark effect 
and electric dipole moment. 

The strong field approximation 
has been used. 
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