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The complicated nuclear quadrupole hyperfine structure and methyl torsional fine structure in 
the rotational spectra of N,N-dimethylformamide and N-nitrosodimethylamine have been studied 
using microwave Fourier transform spectroscopy. It has been found that both molecules are rather 
similar in terms of their parameters of methyl group internal rotation as well as in terms of their 
amino nitrogen quadrupole coupling constants. 

Introduction 

The first microwave studies on dimethylformamide 
(DMF), ( C H 3 ) 2 N C H O , and N-nitrosodimethylamine, 
or dimethylni trosamine (DMNA), ( C H 3 ) 2 N N O , have 
been reported in 1973 by Elzaro et al. [1] and in 1972 
by Scappini et al. [2], respectively. In the former work, 
the authors came to the conclusion that D M F has a 
planar heavy a tom geometry and an intermediate bar-
rier of abou t 1 kcal/mol to internal rotat ion of the eis 
methyl group. N o nuclear quadrupole hyperfine struc-
tures in the spectra had been resolved. 

The latter work on D M N A , and subsequent studies 
on several isotopomers by the same group [3, 4], 
showed that this molecule also has a planar skeleton, 
but high barriers to internal rotat ion of the methyl 
groups, as there was no resolvable torsional fine struc-
ture; on the other hand, for this molecule the quadru-
pole coupling constants for both of the nitrogen nuclei 
have been determined f rom analyses of the spectra of 
the m o n o - 1 5 N substituted isotopomers. 

Microwave Fourier t ransform ( M W F T ) spectros-
copy offers the advantages of both superior resolving 
power and potentially higher sensitivity compared to 
conventional Stark spectroscopy. The present study 
was under taken with the initial goal to exploit these 
advantages to fully resolve nuclear quadrupole hyper-
fine structures, in order to obtain coupling constants 

Reprint requests to Prof. Dr. H. Dreizler, Institut für 
Physikalische Chemie, Universität Kiel, Olshausenstraße 40, 
W-2300 Kiel 1, FRG. 

of high precision. It turned out later that the torsional 
fine structures also showed very interesting features, 
and that it was possible to obtain all the barriers to 
internal rotation of the methyl groups, i.e. for both 
methyl groups in both molecules. 

Experimental Methods 

Both D M F and D M N A are ra ther c o m m o n chem-
icals. We used commercial samples without fur ther 
purification. 

The static gas experiments were performed at tem-
peratures of about — 30 °C, and at pressures of abou t 
0.1 Pa (0.8 mTorr). F o r the molecular beam experi-
ments, the vapor above liquid D M N A at room tem-
perature was diluted with argon at abou t 1 bar stag-
nat ion pressure. 

The rotational spectra of both D M F and D M N A 
are dominated by numerous a Q-branch transitions. 
O n the other hand, the highest a R-branch transit ions 
within the range of our spectrometers ( 4 - 4 0 GHz) 
were the ones with J, Ka = 5, 3 - 4 , 3. Only very few 
b-type transitions have been recorded because the 
ratio of the dipole moment components \xjna is ra ther 
small in both molecules. In the molecular beam exper-
iments on D M N A (see below), only the lowest R-
branch transitions have been recorded. 

The experimental work was carried out in three 
stages: 

Initially, a fairly large number of a Q-branch transi-
tions and the transit ions J, Ka, Kc = 1 0 t l - 0 o 0 and 
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Table 1. Observed frequencies of hyperfine structure com-
ponents of rotat ional transitions of dimethylformamide, 
torsional species ( r , ^ = 0 0 . v = observed frequencies (in 
MHz), Av = offsets f rom hyperfine free centre frequencies (in 
MHz), <5Av = observed-calcula ted offsets (in kHz). 

J'K'aK'c J"K"aK: F'F" V Av <5Av 

R-branch transitions 

1 0 1 0 0 0 2 1 7 168.441 - 0 . 1 0 3 0 
1 1 7 169.060 0.516 1 
0 1 7 167.513 - 1 . 0 3 1 0 

4 2 3 3 2 2 5 4 28 506.524 - 0 . 0 8 9 1 
4 3 28 506.861 0.248 - 1 
3 2 28 506.436 - 0 . 1 7 7 1 

5 1 5 4 1 3 6 5 32 019.782 - 0 . 0 6 6 0 
5 4 32 020.033 0.095 0 
4 3 32 019.940 0.002 - 1 

Q-branch transitions 

3 1 2 3 1 3 4 4 7 411.774 0.552 1 
3 3 7 409.569 - 1 . 6 5 3 - 1 
2 2 7 412.544 1.322 0 

7 1 6 7 1 7 8 8 30 739.845 0.500 1 
7 7 30 738.134 - 1 . 2 1 1 2 
6 6 30 740.089 0.744 - 2 

5 2 3 5 2 4 6 6 5 973.605 0.327 0 
5 5 5 972.429 - 0 . 8 4 9 - 1 
4 4 5 973.845 0.567 1 

9 2 7 9 2 8 10 10 29 581.822 0.427 0 
9 9 29 580.397 - 0 . 9 9 8 - 1 
8 8 29 581.982 0.587 1 

8 3 5 8 3 6 9 9 7 497.059 0.257 1 
8 8 7 496.196 - 0 . 6 0 7 1 
7 7 7 497.167 0.364 - 1 

9 3 6 9 3 7 10 10 12 473.657 0.311 - 1 
9 9 12 472.618 - 0 . 7 2 8 1 
8 8 12 473.775 0.429 0 

, i - l i , o of D M N A were recorded using waveguide 
M W F T spectrometers in the frequency range 5 .3 -
26.4 G H z [5-8] . The analysis of these transitions 
yielded relatively precise coupling constants and also 
torsional parameters for one of the methyl groups of 
D M N A , since most of the higher-Ka

 aQ-branch tran-
sitions clearly showed doublet splittings of all hyper-
fine components. It was at first not clear, which methyl 
group (eis or trans with respect to oxygen) was respon-
sible for these splittings; in either case, the barrier to 
internal rotat ion had to be on the order of 2 kcal/mol. 

To shed some light on this problem, in the second 
stage we studied the spectrum of D M F in more detail 
than had previously [1] been possible. Here, a eis 
methyl group torsional barrier of only about 1 kcal/ 
mol had been determined by Elzaro et al. [1]. Our 

work in the frequency ranges 5 .3-18 G H z [5-7] and 
26.4-40 G H z [9] clearly revealed the hyperfine struc-
tures and the smaller trans methyl group torsional 
splittings. The measured transitions are given in Ta-
bles 1 and 2, the determined parameters (see next sec-
tion) in Tables 3 and 4. 

Quantum chemical ab initio calculations at the 
4-31 G* level (program Gaussian 86 [10]) confirmed 
that the eis torsional barrier in D M N A should also be 
considerably lower than the trans barrier. These find-
ings, together with the somewhat anomalous inertial 
defects in D M N A - h 6 and trans D M N A - d 3 found by 
Guarnieri and Nicolaisen [4], led us to the suspicion 
that D M N A might have a rather low eis methyl group 
torsional barrier, even lower than the corresponding 
barrier in DMF. In this case, the torsional fine struc-
ture splittings might have been so wide that the corre-
sponding lines had eluded detection. 

In the third stage, we therefore concentrated on the 
lowest R-branch transitions of D M N A and used our 
molecular beam (MB-) M W F T spectrometer [11, 12] 
to locate the missing torsional satellites. Because of 
the geometrical situation, a low barrier to internal 
rotation of the eis methyl group should mainly influ-
ence the effective B rotational constant; thus, the posi-
tion of the transition 1 x^-Oq 0 (the frequency of which 
does not depend on B, and which had not been studied 
previously) should not be affected too much. Indeed, 
we found a pattern made up of the expected seven 
hyperfine components, each split into five torsional 
satellites (intensity ratio approx. 2 :2 :1 :2 :1 ) . Subse-
quently, we also found torsional satellites for the low 
J aR-branch transitions. Here, the torsional splittings 
were between 40 and 90 M H z (Table 6)! The hyperfine 
patterns for the J = 2-1 transitions were very com-
plicated (Table 5), each showing about a dozen identi-
fiable hyperfine components, each of these in turn split 
into doublets {ax = 0, o2 = 0, ± 1 ) plus triplets (al = 
± 1 , ff2=0, ± 1 , +1 ) ; here, o denotes the torsional 
sublevels [13]. The hyperfine patterns were in all cases 
virtually identical for all torsional sublevels. 

Because these results were already sufficient to deter-
mine the eis methyl group torsional barrier (assuming 
reasonable values for the internal rotor 's moment of 
inertia, and the angle between the internal rotation 
axis and the principal axis, from structural argu-
ments), we decided not to reinvestigate the aQ-branch 
spectrum; for the expected huge splittings, model 
errors are likely to make the analysis of these lines 
unreliable. 
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Table 2. Hyperfine free centre frequencies of torsional fine structure components of rotational transitions of dimethyl-
formamide. v = centre frequencies of <r1a2 = 0 0 components (in MHz), <5v = deviations from frequencies calculated with 
constants from Table 3 (in kHz), Av = torsional splittings referred to Gx O2 = 0 0 components (in MHz), M v = observed-ca l -
culated splittings (in kHz; primed: fit II, double primed: fit I). 

r K'aK'c J" K"a K" °2 V <5v Av <5Av' <5Av" J' K'a K'c J" K"a K" . V <5v Av öAv' 

l 0 1 0 0 0 0 0 7 1 6 8 . 5 4 4 - 1 9 2 7 9 2 8 0 0 2 9 5 8 1 . 4 5 5 - 2 1 
1 0 - 0 . 7 6 3 - 5 1 0 1 - 0 . 0 6 0 

2 1 1 1 1 0 0 0 15 5 7 6 . 1 5 9 0 1 0 - 1 9 . 4 3 5 - 2 3 7 

1 0 - 2 . 1 6 0 - 2 6 1 + 1 - 1 9 . 4 9 5 - 2 3 7 

4 1 3 3 1 2 0 0 30 6 4 8 . 8 7 7 - 1 1 8 3 5 8 3 6 0 0 7 4 9 6 . 8 0 3 2 7 

1 0 - 3 . 7 3 1 - 1 3 8 1 0 - 1 0 . 2 7 8 58 

4 2 3 3 2 2 0 0 2 8 5 0 6 . 6 1 3 - 1 6 9 3 6 9 3 7 0 0 12 4 7 3 . 3 4 6 2 8 

1 0 - 2 . 6 9 6 - 5 9 1 0 - 1 5 . 2 2 3 8 

4 3 2 3 3 1 0 0 2 0 0 3 9 . 3 6 6 17 12 3 9 12 3 10 0 0 33 8 6 9 . 4 8 5 16 

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

1 
1 

0 - 2 . 8 0 8 - 1 12 4 8 12 4 9 0 0 13 9 0 1 . 4 2 3 13 1 
1 1 - 2 . 4 4 5 3 0 1 0 . 0 4 8 

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

4 3 1 3 3 0 0 1 2 9 1 7 6 . 0 9 0 9 10 1 ± 1 - 2 1 . 3 8 9 5 2 

0 0 - 0 . 0 6 9 9 14 4 10 14 4 11 0 0 2 8 6 5 6 . 1 8 4 4 9 

1 0 - 4 . 0 6 2 1 1 0 - 3 3 . 4 1 4 - 1 7 7 

1 1 - 4 . 4 4 7 - 2 15 5 10 15 5 11 0 0 14 8 1 0 . 2 3 4 0 

1 - 1 - 3 . 7 9 6 3 0 1 0 . 0 8 4 

5 0 5 5 0 4 0 0 3 2 7 1 6 . 0 2 0 - 1 5 1 0 - 2 7 . 4 8 7 115 

1 0 - 0 . 7 0 7 - 2 7 1 ± 1 - 2 7 . 4 0 0 1 1 3 

5 1 5 4 1 4 0 0 3 2 0 1 9 . 9 3 8 - 1 8 17 5 12 17 5 13 0 0 3 0 3 0 6 . 0 5 5 31 

1 0 - 1 . 0 6 3 - 4 9 0 1 0 . 0 8 6 

5 3 3 4 3 2 0 0 36 3 6 3 . 9 3 1 - 9 1 0 - 4 2 . 1 3 5 - 7 

1 0 - 4 . 0 4 4 - 5 8 1 ± 1 - 4 2 . 0 4 9 - 1 3 

5 3 2 4 3 1 0 0 36 8 2 4 . 4 0 1 65 18 6 12 18 6 13 0 0 15 2 9 9 . 1 2 0 - 4 2 

1 0 - 5 . 0 0 8 - 9 1 0 1 0 . 1 3 0 

5 0 5 4 1 4 0 0 31 1 9 3 . 9 2 8 - 2 3 1 0 - 3 2 . 8 8 7 2 4 9 

1 0 - 2 . 1 2 1 - 9 5 1 ± 1 - 3 2 . 7 6 0 2 5 3 

3 1 2 3 1 3 0 0 7 4 1 1 . 2 2 2 - 3 2 0 6 14 2 0 6 15 0 0 31 9 2 6 . 5 5 8 6 

1 0 - 4 . 2 1 4 - 5 0 1 0 . 1 5 5 

4 1 3 4 1 4 0 0 12 2 3 0 . 0 3 6 7 1 0 - 5 0 . 4 6 9 -

0 1 - 0 . 0 3 3 0 1 ± 1 - 5 0 . 3 0 4 -

1 0 - 6 . 8 7 4 - 7 7 2 3 7 16 2 3 7 17 0 0 3 2 7 0 1 . 3 8 5 - 4 1 

1 ± 1 - 6 . 9 0 9 - 7 8 0 1 0 . 2 0 3 

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

1 0 - 5 . 8 1 9 - 5 8 1 ± 1 - 5 7 . 6 8 0 -

7 1 6 7 1 7 0 0 3 0 7 3 9 . 4 4 5 - 7 9 2 6 8 18 2 6 8 19 0 0 32 9 9 3 . 9 2 2 - 4 4 

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

1 0 - 1 3 . 7 0 1 - 1 2 6 1 0 - 6 3 . 9 7 2 -

1 ± 1 - 1 3 . 8 0 2 - 1 2 2 1 ± 1 - 6 3 . 7 2 5 -

7 2 6 7 0 7 0 0 3 4 5 0 8 . 1 4 9 3 0 2 9 9 2 0 2 9 9 21 0 0 32 8 6 5 . 7 7 3 4 4 

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

0 1 - 8 . 7 5 3 8 0 1 0 - 6 8 . 4 0 7 -

1 ± 1 - 8 . 9 0 3 8 9 1 ± 1 - 6 8 . 1 2 8 -

7 2 5 7 2 6 0 0 15 9 7 8 . 7 8 5 - 9 
1 1 - 1 3 . 0 9 2 - 1 3 3 

Analysis 

General 

Nuclear hyperfine structures were analysed using a 
first order hamiltonian of the form H = HR + HQ [14]. 
In the case of D M N A we used the "parallel" coupling 
scheme / 1 + / 2 = / , I + J = F. The coupling energies 
being very small compared to the rotational energies, 

the neglect of matrix elements of HQ off-diagonal in 
the quantum number J was justified. 

The torsional splittings in the spectrum of DMF, 
and the smaller splittings in the spectrum of D M N A , 
were analysed using a perturbational approach based 
on the high barrier approximation. The programs 
used (AC3IAM/FC3IAM) [15]) are based on the inter-
nal axis method and able to fit the parameters 
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Table 3. Effective rotational, quartic centrifugal distortion 
(Watson's A-reduction), and nitrogen quadrupole coupling 
constants of the o x a 2 = 0 0 torsional species of dimethyl-
formamide. 

A' 8925.516(19) M H z a 

B' 4203.8368(57) M H z 
C 2964.7107(54) M H z 

0.68(12) kHz 
AJK 5.27(26) kHz 
A K 3.51 (114) kHz 
Sj 0.190(11) kHz a Numbers in parentheses 
sK 3.31(27) kHz are single s tandard devia-

2.0614(16) M H z tions in units of the last sig-
x°b 6.6673(19) M H z nificant digits. 
Xbb 2.303(2) M H z c 

X- = Xbb ~ Xcc • 
Xcc -4 .364(2) M H z c c derived parameters. 

Table 4. Results of fine structure analyses of dimethyl-
formamide. Wj = Fourier coefficient in 1 0 - 4 , 0 = angle be-
tween internal rotor axis and a principal inertial axis in 
degrees, Ia = moment of inertia of internal rotor in amuÄ 2 , 
s = reduced potential barrier, V3 = effective threefold poten-
tial barrier in cal/mol, a = s tandard deviation of the fit, 
Av = mean torsional splitting. 

Param-
eter 

Fit I Fit II 

eis 

Param-
eter 

trans eis 

Fit II 

eis 

-0 .1307(12) -8 .543(6 ) - 8 . 3 8 4 ( 7 ) 
e 31.99(11) 87.75(6) 87.69(10) 
K 3.2 a 3.2 a 3.2 a 

s 61.96(58) 30.029(21) 30.209(25) 
v3 2207.(21) 1045.86(73) 1052.14(88) 
a 6 kHz 111 kHz 
Av 1.117 M H z 11.21 M H z 

assumed value. 

( m o m e n t of i ne r t i a / a , a n g l e t o p r i n c i p a l a x e s 0, a n d 
first F o u r i e r coef f ic ien t of t h e M a t h i e u e i g e n v a l u e s ) 
of t w o i n e q u i v a l e n t i n t e r n a l r o t o r s t o t h e t o r s i o n a l 
sp l i t t ings . B e c a u s e of t h e a p p r o x i m a t i v e n a t u r e of t h i s 
t r e a t m e n t , t he sp l i t t i ngs a r e u s u a l l y r e p r o d u c e d w i t h a 
p r e c i s i o n of o n l y a b o u t 1 % of t h e i r va lue . 

T h e t o r s i o n a l l y p e r t u r b e d l o w - J l ines of D M N A 
w e r e a n a l y s e d u s i n g a m o r e e l a b o r a t e p r o c e d u r e , 
w h i c h i n c l u d e d o f f - d i a g o n a l m a t r i x e l e m e n t s in t h e 
t o r s i o n a l q u a n t u m n u m b e r v v ia a V a n V l e c k - p e r t u r -
b a t i o n a l a p p r o a c h ( p r o g r a m V C 3 I A M [16]). I n th i s 
case , t h e r o t a t i o n a l c o n s t a n t s a n d t o r s i o n a l p a r a m -
e te r s w e r e fitted s i m u l t a n e o u s l y t o t h e o b s e r v e d 
f r e q u e n c i e s of T a b l e 6. I n all o t h e r cases , t h e c e n t r e 
f r e q u e n c i e s of t h e n u c l e a r q u a d r u p o l e p a t t e r n s of 
t h e l ines b e l o n g i n g t o t h e t o t a l l y s y m m e t r i c species , 
cr j o2 = 0 0 (Tables 2 a n d 8) w e r e s u b j e c t e d t o a fit of 

Table 5. Frequencies of hyperfine structure components of 
rotational transitions of N-nitrosodimethylamine (a l o 2 = 0 0 
torsional species), observed in a molecular beam, v = observed 
frequencies (in MHz), Av = offsets from hyperfine free centre 
frequencies (in MHz), <5Av = observed-calculated offsets (in 
kHz). 

J'K'K' J"K"K: 

1 0 1 0 0 0 

1 1 1 0 0 0 

2 1 2 1 1 1 

2 1 1 1 1 0 

/ ' F I" F" V Av M v 

2 3 _ _ a 7 784.106 - 0 . 1 9 7 0 
2 2 - - 7 784.989 0.686 - 1 
2 1 - - 7 783.013 - 1 . 2 9 0 - 2 
1 2 - - 7 784.402 0.099 1 
1 1 - - 7 783.814 - 0 . 4 8 9 1 
1 0 - - 7 785.287 0.984 3 
0 1 - - 7 784.904 0.601 2 

2 2 - _ a 12 222.219 - 1 . 3 4 0 - 1 
2 1 - - 12 226.343 2.784 - 2 
1 2 - 12 224.242 0.683 2 
1 1 - 12 221.715 - 1 . 8 4 4 1 
1 0 - 12 222.733 - 0 . 8 2 6 - 5 

2 4 2 3 14 124.889 - 0 . 2 1 2 - 1 
2 3 2 3 14 125.637 0.536 0 
2 2 2 2 12 127.513 2.412 3 
2 2 2 1 14 123.385 - 1 . 7 1 6 0 
2 1 1 1 14 125.281 0.180 - 5 
2 1 1 0 14 124.264 - 0 . 8 3 7 2 
1 3 2 3 14 123.826 - 1 . 2 7 5 - 7 
1 3 2 2 14 125.340 0.239 4 
1 2 1 2 14 123.301 - 1 . 8 0 0 - 2 
1 2 1 1 14 125.830 0.729 1 
1 1 2 1 14 123.975 - 1 . 1 2 6 2 
0 2 0 1 14 125.056 - 0 . 0 4 5 - 1 

2 4 2 3 17011.710 - 0 . 2 6 5 2 
2 3 2 3 17 013.383 1.408 - 9 
2 3 1 2 17 012.490 0.515 - 3 
2 2 2 2 17 014.236 2.261 - 2 
2 2 1 2 17 010.857 - 1 . 1 1 8 3 
2 1 1 1 17 012.422 0.447 - 2 
2 1 1 0 17 010.451 - 1 . 5 2 4 - 1 
1 3 2 3 17 011.076 - 0 . 8 9 9 - 4 
1 3 2 2 17 012.172 0.197 0 
1 2 1 2 17 009.701 - 2 . 2 7 4 - 2 
1 2 1 1 17 012.769 0.794 2 
1 1 2 1 17 011.333 - 0 . 6 4 2 0 
1 1 1 0 17 013.818 1.843 - 1 
0 2 0 1 17 011.874 - 0 . 1 0 1 - 3 

all sublevels are degenerate in 1st order. 

effect ive r o t a t i o n a l a n d q u a r t i c c e n t r i f u g a l d i s t o r t i o n 
c o n s t a n t s . 

DMF 

T h e d i f fe ren t m o d e l s w h i c h w e r e used t o a n a l y s e t h e 
d a t a a r e of v a r y i n g q u a l i t y . T h e r e f o r e we first d e t e r -
m i n e d the n i t r o g e n q u a d r u p o l e c o u p l i n g c o n s t a n t s 
u s ing t h e l ines of t he t o t a l l y s y m m e t r i c t o r s i o n a l spe -
cies c 2 = 0, 0). I n th i s fit, t h e h y p o t h e t i c a l c e n t r e 
f r e q u e n c i e s of t he l ines w e r e t r e a t e d as fit p a r a m e t e r s . 
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fK'aK'c J"K:K: a,a2 V (5v V <5v 

1 1 1 0 0 0 0 0 12 223.559 — 0.017 1 0 12 223.322 - 0 . 0 1 4 
1 0 1 0 0 0 0 0 7 784.303 0.118 1 0 7 715.865 0.458 
2 0 2 1 0 1 0 0 15 270.090 0.401 1 0 15 188.800 0.170 
2 1 2 1 1 1 0 0 14 125.102 0.711 1 0 14 087.900 - 1 . 2 3 6 
2 1 1 1 1 0 0 0 17011.975 - 0 . 1 7 3 1 0 16 952.340 - 0 . 1 4 6 

Table 6. Hyperfine free centre fre-
quencies of fine structure compo-
nents <7^2 = 0 0 and 1 0 of rota-
tional transitions of N-nitroso-
dimethylamine, v = hyperfine free 
centre frequencies (in MHz), <5v = 
observed-calculated frequencies (in 
MHz). 

Table 7. Hyperfine free centre frequencies of torsional fine 
structure components o y o 2 = 0 0 and splittings between 
components o 2 = 0 0 and 0 1 of rotational transitions of 
N-nitrosodimethylamine. - v = centre frequencies (in MHz), 
Av = splittings referred to ax a2 = 0 0 component (in MHz), 
M v = observed-calculated splittings (in kHz). 

J' K K J" K K: V Av <5Av 

5 1 4 5 1 5 20 625.34 - 0 . 0 8 0 0 
11 4 7 11 4 8 13 871.45 0.125 18 
11 4 7 11 3 8 26 268.25 - 0 . 2 0 0 - 1 6 
14 5 9 14 5 10 16 622.10 0.220 42 
15 6 9 15 6 10 6 673.18 0.150 13 
18 7 11 18 7 12 7 873.73 0.210 23 
19 7 12 19 7 13 13 696.92 0.293 24 
22 8 14 22 8 15 15 388.39 0.339 3 
23 8 15 23 8 16 24 054.77 0.420 1 
23 9 14 23 9 15 5 563.10 0.130 - 5 1 
25 9 16 25 9 17 16 997.32 0.435 36 
26 10 16 26 10 17 6 250.74 0.210 - 3 
28 10 18 28 10 19 18 524.20 0.450 - 6 
29 11 18 29 11 19 6 908.76 0.230 - 1 1 

These centre frequencies were then used to determine 
the rotational and quartic centrifugal distortion con-
stants. These, and the coupling constants, are pre-
sented in Table 3. 

The torsional splittings were evaluated from corre-
sponding isolated hyperfine structure components. 
Because small ( < 100 kHz) and large ( > 50 MHz) tor-
sional splittings occur (see Table 2), a fit of four tor-
sional parameters (wj and 9 for both methyl groups) 
to all measured splittings produced unreliable results 
for the parameters of the trans methyl group (which 
has a relatively high hindering potential and therefore 
produces small splittings on the order of the overall 
root mean square deviation of the torsional fit). We 
therefore used only the fully resolved R-branch transi-
tions J, Ka = 4, 3 - 3 , 3 and the splittings between the 
components o x , o 2 = 0, 0 and 0, 1 of a number of Q-
branch transitions to determine the torsional parame-
ters H'j and 9 of both methyl groups. The moments of 
inertia of both methyl groups were indeterminable 
and had to be fixed at assumed values. In a second fit, 
we included the remaining torsional splittings up to 

Table 8. Hyperfine free centre frequencies of torsional fine 
structure components a 2 = 0 0 of rotat ional transitions of 
N-nitrosodimethylamine. - v = hyperfine free centre frequen-
cies (in MHz), <5v = observed-calcula ted frequencies (in 
MHz) (see Table 10). 

J' K K J" K : K: V 

2 1 2 1 0 l 18 564.34 a — 0.47 
2 2 0 2 l l 13 615.73 a — 2.00 
4 4 1 4 3 2 35 692.80 a - 2 . 1 1 
4 4 0 4 3 1 35 427.84 a - 1 . 5 1 
4 3 2 3 3 1 31 633.17 a - 0 . 1 2 
4 3 1 3 3 0 31 863.18 a - 0 . 4 3 
5 4 2 4 4 1 39 580.64 a - 0 . 4 3 
5 4 1 4 4 0 39 614.10 a - 0 . 9 6 
1 1 1 0 0 0 12 223.559 - 0 . 5 2 1 
5 1 4 5 0 5 21 186.500 - 1 . 2 4 2 
6 2 4 6 1 5 17 339.570 - 0 . 7 9 7 

11 4 7 11 3 8 26 268.250 0.284 
1 0 1 0 0 0 7 784.303 0.068 
2 0 2 1 0 1 15 270.090 0.069 
2 1 2 1 1 1 14 125.101 0.135 
2 1 1 1 1 0 17 011.975 0.036 
3 2 2 2 2 1 23 352.630 - 0 . 0 0 8 
3 2 1 2 2 0 24 470.730 0.033 
5 1 4 5 1 5 20 625.34 - 0 . 0 8 0 
6 2 4 6 2 5 13 233.010 0.057 
7 2 5 7 2 6 19 868.735 - 0 . 2 2 9 

11 4 7 11 4 8 13 871.450 1.010 
14 5 9 14 5 10 16 622.100 0.918 
15 5 10 15 5 11 24 905.300 0.920 
15 6 9 15 6 10 6 673.180 0.478 
18 7 11 18 7 12 7 873.730 - 0 . 0 1 8 
19 7 12 19 7 13 13 696.920 - 0 . 2 3 9 
22 8 14 22 8 15 15 388.390 - 0 . 9 8 9 
23 8 15 23 8 16 24 054.770 - 0 . 7 6 3 
23 9 14 23 9 15 5 563.100 - 0 . 5 6 5 
25 9 16 25 9 17 16 997.320 - 1 . 0 5 9 
26 9 17 26 9 18 26 288.700 0.142 
26 10 16 26 10 17 6 250.740 - 0 . 4 5 4 
28 10 18 28 10 19 18 524.200 0.976 
29 11 18 29 11 19 6 908.760 0.969 

a from [2], 

50 MHz but kept the torsional parameters and 9 of 
the trans methyl group fixed at the values from the 
first fit. The results for the potential barrier are signif-
icantly different in the two fits (Table 4); the remaining 
deviations in the second fit are, however, clearly sys-
tematic (see second last column of Table 2) and there-
fore less reliable than the results of the first fit. 
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Table 9. Spectroscopic p a r a m e t e r s a of N-n i t rosodimethyl -
amine. s = reduced potential barrier, w t = first Four ier coeffi-
cient, (1) = amino nitrogen, (2) = ni t roso n i t rogen a tom, 
X- = Xbb ~ Xcc • See also Table 4 for definit ions of parameters . 

A 9053.13(49) M H z " 
B 4596.93(18) M H z 
C 3170.39(17) M H z 

V3 (eis) 416.6 (7) cal /mol 
0(cis) c 89.0° 
Ix(cis) c 3.16 a m u Ä 2 

s(cis) d 11.78(2) 

Wj (trans) -0 .00001863(35) 
0 (trans) 29.7(13)° 
/ a ( t r a n s ) c 3.16 a m u Ä 2 

F3 ( t rans) d 2107. (38) cal /mol 
s(trans) d 58.4(11) 

X a a ( \ ) 2.0210(25) M H z 
* _ ( 1 ) 6.2783(56) M H z 
Xfci,(l)d 2.1287(31) M H z 
XC f( l)d - 4 . 1 4 9 7 ( 3 1 ) M H z 
Xaa(2) 1.9054(25) M H z 
X-(2) - 8 . 9 1 8 2 ( 4 8 ) M H z 
Xbb(2)d - 5 . 4 1 1 8 ( 2 7 ) M H z 
XCC (2) 3.5064(27) M H z 

a The ro ta t ional cons tan ts in this table have been evaluated 
account ing for the tors ional effects of the cis-methyl group, 
using the frequencies of Table 6. 

b N u m b e r s in parentheses are single s t anda rd deviat ions in 
units of the last digits. 

c These parameters were held fixed in the fit. 
d Derived parameter . 

Table 10. Effective2 ro ta t iona l and centr ifugal dis tor t ion 
cons tan ts (Watson's A-reduct ion) of the to rs iona l species 
( t , ( t 2 = 0 0 of N-ni t rosodimethylamine. 

This work Ref. [2] 

A' 9053.74(15) M H z " 9052.89(8) M H z 
B' 4613.91(11) M H z 4613.77(4) M H z 
C 3170.33(11) M H z 3170.46(3) M H z 
Aj 0.7(71) k H z 
A j k 0 . c 

Ak 21.7(22) k H z 
<5j 1.086(26) k H z 
SK 14.8(11) k H z 

a Ob ta ined using frequencies f rom Table 8. 
b N u m b e r s in parentheses are single devia t ions in units of 

the last significant digits. 
c Pa r ame te r held fixed dur ing the fit. 

DMNA 

In the case of D M N A , the problems mentioned 
above concerning the accuracy of the torsional model 
are even more severe. This is partly because the tor-
sional effects, and also the model deficiencies, are 
greater for the eis methyl group of D M N A , and partly 
because some frequencies have been obtained with 
higher precision through the use of the molecular 
beam technique. Only these latter recordings were fi-
nally used to obtain the nitrogen quadrupole coupling 
constants for both nitrogen nuclei (Table 9), and the 

hypothetical centre frequencies of the quadrupole pat-
terns of the torsional species o x , a 2 = 0, 0 and 1, 0 of 
the five lowest rotational transitions (Table 6). All 
Q-branch transitions, measured with the waveguide 
spectrometers, were only used to evaluate the torsional 
splittings between the components fflf a 2 = 0, 0 and 
1 ,0 and the centre frequencies of the a l f < r 2 =0 ,0 -
species. Nevertheless, because the torsional splitting of 
the fr-type transition l i , i - 0 o > o was smaller than the 
residual root mean square deviation of a fit of the 
rotational constants plus two torsional parameters (F3 

and 9) to the centre frequencies obtained with the 
molecular beam instrument, we fixed one of the tor-
sional parameters (0) at the only value which repro-
duced the pattern of this crucial transition. This pro-
cedure, although statistically equivalent to the use of 
widely different weighting coefficients for data of com-
parable precision, is justifiable in this case since the 
deviations are largely introduced through model defi-
ciencies, and probably proportional to the size of the 
torsional effects. 

Results and Discussion 

The most noteworthy result of this work is the 
resolution of an apparent dissimilarity between the 
two isoelectronic molecules D M F and D M N A : the 
potential barriers hindering internal rotat ion of the 
methyl groups are, contrary to earlier results, of com-
parable magnitude. For the trans methyl group, the 
reduced potential barriers are s = 62.0(6) for D M F 
and 58.4(11) for D M N A ; for the eis methyl group, 
these values are 30.03(3) for D M F and 11.78(2) for 
D M N A . The relatively low barriers for the eis methyl 
groups are probably caused by a cancellation effect: 
the leading terms in the contributions of the trans 
methyl group and the formyl/ni troso group to the 
hindering potential have opposite phases (because 
they are geometrically opposite to each other), so that 
only their difference is effective. The same is true for 
the trans methyl groups; however, here one of the two 
contributions is apparently dominant. The angles be-
tween the internal rotor axes and the principal inertial 
axes are in all cases in accordance with plausible struc-
tures; as there are as yet no reliable structural analy-
ses, these angles can only be used unambiguously to 
identify the methyl groups (eis or trans). 

A comparison of the two molecules can also be 
made in terms of the nitrogen quadrupole coupling 
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constants, in particular of the components x c c the 
amino nitrogen atom. The values are ycc = —4.364(2) 
M H z for DMF, and x c c = -4 .150(3) MHz for DMNA. 
Both values are considerably more positive than in 
trimethylamine ( / c c = —5.39 M H z [17]), and indicate 
significant derea l iza t ion of the electron pair towards 
the oxygen atom in the respective functional group. 
This effect appears to be even more pronounced in 
D M N A than in DMF, as indicated by the more posi-
tive value of Xcc-

Finally, it is interesting to compare the inertial de-
fects A = Iaa + Ibb — Icc of the two molecules. Using 
the effective rotational constants of Tables 3 and 10, 
the values obtained are 6.38 amuÄ 2 for DMF, and 
5.94 amuÄ 2 for D M N A (using the conversion factor 
505 379 M H z amuÄ2). The discrepancy is obvious, 
since in both cases two pairs of methyl protons are not 
coplanar with the heavy atoms. If one uses instead the 
rotational constants of D M N A from Table 9, which 
were obtained accounting for the torsional effects of 
the eis methyl group, the value of A is 6.36 amuÄ2 . 

This is much closer to the corresponding number for 
DMF. (There are also torsional effects on the rota-
tional constants from both methyl groups in DMF, 
and from the fra/is-methyl groups in D M N A ; these 
are, however, much smaller.) This shows that one has 
to account properly for torsional effects if structural 
conclusions are to be drawn. Therefore, the substitu-
tion structure of D M N A of [3, 4] needs a correction. 
It is possible that the heavy atom coordinates are not 
affected too much by the neglect of the torsional ef-
fects; the hydrogen coordinates, however, must be the 
subject of a further investigation. 
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