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The vibrational (IR and Raman) spectra of  N,N-dinitromethylamine were studied. The 
assignments of  the bands were carried out using a comparison of  spectra obtained in different 
aggregate states, invoking the results of  normal coordinate analysis. The most probable 
symmetry of  the molecule was shown to be C s with a planar configuration of  the N(NO2) 2 
moiety. 
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T h e  p re sen t  w o r k  is devo ted  to t he  inves t iga t ion  o f  
v i b r a t i o n a l  ( I R  a n d  R a m a n )  spec t r a  o f  N,N-dini- 
t r o m e t h y l a m i n e  in d i f fe ren t  aggregate  states. T h e  no r -  
ma l  c o o r d i n a t e  analysis  was p e r f o r m e d  for  the  purpose  
o f  ass igning e x p e r i m e n t a l  v ibra t iona l  f r equenc ies  and 
e s t ima t ing  the  s y m m e t r y  and s t ruc ture  o f  t he  mo lecu l e .  

Experimental 

N,N-Dinitromethylamine (DNMA) was synthesized accord- 
ing to the known procedurO and was purified by vacuum 
distillation, b.p. 33 ~ (14 Torr), nD 2~ 1.4470. 

The Raman spectra were recorded on a Coderg T-800 laser 
Raman spectrometer using the Ar + laser fine K = 514.5 nm for 
excitation of the spectrum. The accuracy of Av measurement was 
within 2 cm -1. The measurements of the depolarization ratio of  
the Raman fines were carried out with a 1/2 K plate. A sealed 
glass capillary with a 2 mm diameter was used as a measuring 
cell for obtaining the Raman spectrum of the pure liquid. For 
recording the Raman spectrum of a crystalline D N M A  sample, a 
small transparent Dewar flask was mounted in the cell compart- 
ment of the instrument, and a capillary with the substance was 
attached directly under the surface of liquid nitrogen. 

The IR  spectrum of crystalline D N M A  in the 3600-- 
400 cm -~ region was recorded on a Unicam SP-800 spectro- 
meter with a resolution of  ~1 cm -1. The substance was depos- 
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Fig. 1. IR  (1) and Raman (2) spectra of crystalline N,N-dinitromethylarnine at the temperature of  liquid N 2. 
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Table 1. Vibrational frequencies (v/cm -1) of N,N-dinitromethylamine 

Vibration IR Raman 

Crystal* Glass** Vapor Liquid Depolari- Crystal** 
zation 
ratio 

Calculation 

vl6 3060 w 

Vl 

v 2 2958 w 2940 vw 

2v 4 2922 w 

v4+v 5 

2v 5 

v17 1645 vs 1650 vs 

v3 

2v23 

v4 

v18 

v5 

v6 

v19 

v20 

v7 

v8 

V21 

V9 

Vl0 

V22 

V23 

Vll 

V24 

V12 

V25 

v13 

v14 

1634 vs 

1604 vs 1604 vs 

1465m 1460m 

1428m 1426m 

1345m 1340m 

1290 w 

1243 vs b 1250 vs 

1174m 1175m 

1082 w 

1135 w 

1080 w 

922 w 

8 6 6 m  8 6 6 m  
852 s 850 sh 

825 vs b 826 vs b 
795vw 795 sh 

784 s 780 s 

73l w b 
721 w 
702 w 

6 0 3 m  

4 6 7 m  

428 w 

729 w 

702 w 

6 0 0 m  

2860vw 

1655 R vs 
1650 P vs 

1630 s b 

1462 R sh 

t455 Q ? w 

1422 Q w 
1416 P sh 

1320m 

1258 vs 

1168 R 
1160 Q w 
1155 P 

1084 R 
1080 Q vw 
1077 P 

825 vs b 

3058 w 0.63 3074m 3044 

3042 w 0.47 3048m 3042 

2968 vs 0.05 2975 vs 2965 

2886vw p 

2822vw 

1646 w 

1608 w 

1548w 

1452m 

1418m 

1327 vs 

1255 w 

1142 w 

1080vw 

859 vs 

8 2 5 v w s h  

779 w 
744vw 

704 w 

597 w 

466 w b 

433 s 

346vw 

2 5 0 m  

0.77 

0.24 

0.09 

0.85 

0.08 

0.23 

0.28 

0.75 

0.48 

2829w 

1622 w 
1619 w sh 

1598m 

1463m 

1420m 

1376vw 

1330 vs 
1311 sh 
1285 w b 

1251 s 

1166 sh 
I 1 5 6 m  

1086 w b 

8 6 3 m  

774 w 

730 sh 
725 w 

599 s 

4 6 4 m  

4 2 7 m  
395 w 

283 w 

264 s 

1646 

1610 

1475 

1453 

1427 

t321 

1273 

1156 

1071 

998 

970 

878 

820 

789 

729 

643 

485 

459 

332 

320 

194 
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Table 1. (continued) 

Vibration IR 

Crystal* Glass** Vapor Liquid 

Raman 

Depolari- 
zation 
ratio 

Crystal** 

Calculation 

v26 

v27 

v15 

245 w b 190 
153 w 

124 m 101 
108 sh 
99 m 

89 s 93 
77 s 
65 w 
44 m 

* T = - 1 4 5  ~  T = 7 7  K. 

ited from the gas phase onto a KBr plate cooled by liquid 
nitrogen down to 77 K and placed in a vacuum cryostat. After 
the appearance of  sufficiently intense bands of  DNMA, the 
sample was annealed. The observed narrowing and splitting of 
IR bands indicated the conversion of  the glass-like phase into 
the crystalline phase. 

The IR spectrum of the gas phase of  D N M A  in the 4000-- 
400 cm -1 region was recorded on a Specord M-82 spec- 
trophotometer in a standard gas cell (I = 10 cm, KBr window) 
with a resoiution of  0.2 cm - I .  The spectrogram representing 
the IR  and Raman spectra of a crystalline D N M A  sample 
obtained at a low temperature is shown in Fig. 1. 

A normal coordinate analysis was carried out using a 
program set. 2 The structural parameters of  the molecule were 
chosen in accordance with data of  an electron diffraction 
study: R ( N O ) =  1.231, R ( N N ) =  1.48, R ( C N ) =  1.494, 
R(CH) = 1.09 A (earlier, 3 a value of  1.121 A was taken), 
angles N N N ,  ONO, N C H ,  and H C H  are equal to 117.0, 
132.0, 107.5, and 109.47 ~ respectively, 3' = 42.2~ x = 0~ 
(earlier, 3 the value of  r was determined to be 0.12~ For 
comparison of  the force constants of  D N M A  and other 
nitramines, a calculation was performed assuming equality of  
force constants of  all four NO bonds. To achieve a better 
agreement between the calculated and experimental frequen- 
cies, the force constants of  the initial approximation, as a basis 
for which we used the force constants of  N-nitromethylamine, 4 
were refined by the variation method. The assignment of  
frequencies is shown in Table 2. 

R e s u l t s  and D i s c u s s i o n  

T h e  m a x i m u m  possible  s y m m e t r y  o f  a D N M A  m o l e -  
cu le  is C s with  a p l ana r  o r  n o n p l a n a r  conf igura t ion  o f  
t he  N ( N O 2 )  2 group .  W i t h  an  a s y m m e t r i c  t u rn  o f  the  
N O  2 groups  re la t ive  to  t he  N N N  plane ,  t he  s y m m e t r y  is 
r e d u c e d  to C I. It  is th is  s t ruc ture  tha t  was cons ide red  3 as 
ini t ial  dur ing  the  e l ec t ron  d i f f rac t ion  s tudy o f  D N M A .  
F r o m  the  resul ts  o f  t he  inves t iga t ion ,  it appears  tha t  t he  
n i t r a m i n e  m o i e t y  is p rac t i ca l ly  planar .  

W e  have  t r ied  to  d e d u c e  the  s y m m e t r y  o f  the  m o l e -  
cu le  f r o m  a n u m b e r  o f  po la r i zed  l ines  in t he  R a m a n  
s p e c t r u m  by c o m p a r i n g  it to  a p red ic t ion  based  on  
se lec t ion  rules for  t he  po in t  g roup  o f  C 1 and C s s y m m e -  
try. I f  t he  m o l e c u l e  be longs  to  the  C 1 group,  all l ines 
mus t  be  po l a r i zed  s ince  t h e y  are assigned to the  to ta l ly  

s y m m e t r i c  class. I f  t he  C s s y m m e t r y  is rea l ized ,  t h e n  27 
n o r m a l  v ibra t ions  are  d iv ided  on i r r educ ib le  r ep re sen ta -  
t ions  o f  this g roup  as follows: F = 15 A ' + 1 2  A".  T h e n ,  
accord ing  to  t he  se lec t ion  rules,  all  v ibra t ions  o f  t he  

Table 2. Assignment of  frequencies of  N,N-dinitromethyl- 
amine 

Sym- 
metry 
species 

Frequency No. Vibration mode 

A' 

A" 

1 v(CH2) , s 
2 v(CH) 
3 v(NO2) , as, in-phase 
4 a(CH3), s 
5 c~(CH3) 
6 v(NO2), s, in-phase 
7 13 CH 3, s 
8 v(NN), s 
9 v(CN) 

10 p(NO2) , in-phase 
11 L N N O ,  s, in-phase 
12 / N N O ,  as, in-phase 
13 Z C N N ,  s 
14 Z N N N  
15 x(NO2) , out-of-phase 

16 v(CH2), as 
17 v(NO2), as, out-of-phase 
18 cffCH3) , as 
19 v(NO2), s, out-of-phase 
20 13(CH3) , as 
21 v(NN), as 
22 p(NO2), out-of- phase 
23 ZNNO,  s, out-of-phase 
24 Z N N O ,  as, out-of-phase 
25 L C N N ,  as 
26 x(NO2) , in-phase 
27 ~(CH3) 

Note. Abbreviations used: v is stretching vibrations, c~ is 
deformation vibrations of  HCH,  [3 is deformation vibra- 
tions of  NCH;  p is out-of-plane vibrations of  the NO 2 
group, x is twisting vibrations, s - -  symmetric vibrations of  
the atomic group, as - -  antisymmetric vibrations of the 
atomic group. 
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molecule should be active in both the IR and Raman 
spectra, and only 15 lines assigned to the completely 
symmetric class A' should be the most intense and 
polarized in the Raman spectrum of liquid DNMA. 

In the experimental Raman spectrum (see Table 1), 
ten polarized lines are observed, eight of which are 
assigned to the fundamentals and two of which corre- 
spond to overtones. Five lines appear to be completely 
depolarized. The fact that the number of polarized lines 
is greater than the number of depolarized lines indicates 
that the molecule belongs to the C s symmetry group. 
Therefore, even if nitro groups in DNMA are turned by 
some angle, this angle provides the retention of the 
symmetry plane in the molecule passing through the CN 
bond and the bisector of the N N N  angle. 

For experimental assignment of the frequencies, the 
analysis of vibrational-rotational contours was carried 
out for the IR spectrum of gaseous DNMA. The appli- 
cation of the above geometry parameters for the calcula- 
tion of rotational constants leads to the following values: 
A = 0.123, B = 0.064, C = 0.044 cm -1. Calculation by 
known formulas 5 of the frequency separations of the P- 
and R-branches (A(PR)) necessary for identification of 
the vibrational-rotational band envelopes in the IR spec- 
tra of vapor DNMA gave A(PR) values equal to 12, 9, 
and 18 cm -1 for types A, B, and C bands, respectively. 
According to the orientation of the inertia moment axes 
in the molecule, the bands in the IR spectrum of vapor 
assigned to vibrations of A' class symmetry should have 
type A and C contours, whereas A" class vibrations 
should give rise to a B type contour. 

Analysis of the IR spectrum of DNMA vapor showed 
that a pronounced splitting under three branches R, Q, 
and P (see Table 1) is observed for only two bands (1160 
and 1080 cm-l). However, the A(PR) values for them are 
significantly lower than those calculated by the Seth-Paul 
and Dijkstra formulas 5 (13 and 7 cm -l ,  respectively). We 
assumed that the band at 1160 cm -~ should be assigned 
to the C type, having a higher A(PR) value and a more 
intense Q-branch, and the 1080 cm -1 band, having lower 
A(PR) values, is assigned to the A type. The band at 
1650 cm -1 in the spectra of NMA and NDMA was 
assigned to the B type, because there is a minimum in the 

center of its contour and the observable A(PR) value 
amounts to 5 cm -I ,  which, as should be expected, is less 
than the A(PR) value for type A and C bands. 

The appreciable difference between the calculated 
A(PR) values and the observed values can be explained 
either by the fact that the real magnitudes of the rota- 
tional constants, whose function is A(PR), differ signifi- 
cantly from the constants calculated from the electron 
diffraction data, or by the possibility that the above- 
mentioned formulas give rise to overestimated A(PR) 
values. Since the average A(PR) separation, equal to 
8.3 cm -1 and calculated by the formula A ( P R ) =  
[(A + B + C)T]I/2, where A, B, and C are the rota- 
tional constants of the molecule, T is the absolute 
temperature (see Ref. 6), are close to the observed 
magnitude in experiments, the latter assumption is more 
probable. 

The interpretation of vibrational spectra suggested 
below is based on a comparison of the relative intensities 
of IR bands and Raman lines, results of measurements 
of Raman line depolarization ratios, analysis of IR band 
envelopes in spectra of vapor, reference data on the 
frequency assignments of nitramines,4, 7 as well as on the 
results of normal coordinate analysis of DNMA. 

The major interest is in the frequencies of stretching 
vibrations of the nitramine group, which contains infor- 
mation on the character of intramolecular interactions. 

From the formal viewpoint, the DNMA molecule 
has two pairs of nonequivalent NO bonds: axial bonds 
oriented parallel to the bisector of the N N N  angle and 
angular bonds oriented at an acute angle to the bisector. 
According to this view, four vibrations of NO bonds are 
expected to be revealed in the spectra. In the present 
work we shall follow the tradition of considering vibra- 
tions of the nitro group as a whole, dividing them into 
symmetric and antisymmetric modes. 

Comparison of IR and Raman spectra shows that a pair 
of bands is observed in the IR spectrum in the region of 
symmetric vibrations of the nitro groups (1350-- 1250 cm-l). 
In the IR spectrum of crystalline DNMA, the band at 
1250 cm -1 is more intense than the band at 1345 cm -l. In 
the Raman spectrum of the crystal, the lines at 1251 and 
1330 cm -1 correspond to the above IR bands, the former 
line being less intense than the latter. In the Raman 
spectrum of liquid DNMA, the 1327 cm -1 line is strongly 
polarized, but the 1251 cm -l line is completely depolar- 
ized. These data allow one to assume that the higher 
frequency vibration should be assigned to the in-phase 
symmetric stretch of the NO 2 group and the low frequency 
vibration likely corresponds to out-of-phase vibrations. 

In the range of antisymmetfic vibrations of the NO 2 
groups (above 1600 cm-1), a pair of bands is also observed 
in the IR and Raman spectra. In the IR spectrum of 
gaseous DNMA, a very intense band at 1650 cm -I  with 
the B type contour and a weaker band at 1630 cm -l are 
revealed. In the IR spectrum of crystalline DNMA, the 
1645--1634 cm -l  doublet is also more intense in com- 
parison with the second band at 1604 cm -l. In contrast, 
the lower frequency line at 1608 cm -I  is revealed to be 
stronger than the doublet at 1627--1624 cm -I in the 
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Raman spectrum. These data allow us to assume that the 
out-of-phase antisymmetric stretching mode of the 
N(NO2) 2 group has a higher frequency, whereas a lower 
frequency conforms to an in-phase vibration of the same 
type. 

However, consideration of the Raman spectrum of the 
liquid casts some doubt on the correctness of this conclu- 
sion, because the high frequency line at 1646 cm -l  has a 
higher intensity in comparison with the lower frequency 
line at 1608 cm -l,  the former line being somewhat more 
polarized than the latter. These characteristics permit us to 
assign the 1646 cm -1 line to in-phase vibrations and the 
1608 cm -1 line to out-of-phase vibrations of the N(NO2) 2 
group. Hence, the assig~maent of the pair of antisyrnmetric 
modes appears to be contradictory, although we are in- 
clined to the first assignment, in favour of which there are 
more experimental facts and literature data. 7 

The question of the complete assignment of the 
frequencies to the stretching vibrations of the NN and 
CN bonds (one CN and two NN bonds) remains open 
until the synthesis of labeled derivatives of DNMA 
because these vibrations are usually uncharacteristic due 
to the proximity of the atomic masses of carbon and 
nitrogen. But it is already clear that the most intense 
and polarized line at 859 cm -1 observed in the Raman 
spectrum of liquid DNMA, to which corresponds the 
very strong line at 860 cm -1 in the Raman spectrum of 
the crystal and the weak band at 866 cm -1 in the IR 
spectrum should be assigned to the totally symmetric 
stretch of the molecule as a whole with maximum 
contribution of the CN and NN coordinates. 

In the IR spectrum of vapor, absorption is missing in 
this range, whereas the very strong band at 825 cm -1 is 
likely to be assigned to the out-of-plane deformation 
mode of the NO 2 group. Since data on the spectra of 
labeled derivatives of molecules are unavailable, it is 
difficult to identify the bands of the torsional vibrations 
of NO 2 groups, which is important for an estimation of 
the NN bond order. 

The calculation of normal vibrations permitted us to 
more or less reliably carry out assignments of the rest of 
the DNMA vibrations. However, the uncertainty in the 
assignment of the in-phase and out-of-phase antisym- 
metric modes of the NO2 groups has remained, because 
it has been ascertained that the opposite order of in- 
phase and out-of-phase Vas (NO2) and v s (NO 2) ob- 
served in experiments may be achieved only if the off- 
diagonal element describing the interaction of a pair of 
axial NO bonds enter into the force constant matrix. 
Without this element, the frequencies of the in-phase 
Vas (NO2) and v s (NO2) are higher than the correspond- 
ing out-of-phase vibrations. Meanwhile, the availability 
of a nonnull element describing an interaction of stretch- 
ing bond coordinates of "through-two-bonds" type is 
inherent in groups with a high degree of electron density 
delocalization. 8 

It may seem that this conclusion contradicts struc- 
ture of DNMA, in the molecule of which an amine 
nitrogen atom has a significantly nonplanar configura- 

tion, which should result in lowering the degree of lone 
electron pair conjugation of the nitrogen atom with nitro 
groups. A decrease in the conjugation should cause an 
extension of the NN bonds. Indeed, in comparison, for 
instance, with a molecule of N-nitrodimethylamine 
(NDMA) ( R ( N N ) =  1.382 .~),3 which has a planar 
configuration of the amine moiety, the NN bond in 
DNMA is longer by almost 0.1 • (R(NN) = 1.48 .~). 
However, the acceptor ability of the .two nitro groups in 
DNMA remains high enough to promote the preserva- 
tion of the planar configuration of the N(NO2) 2 moiety, 
due to increase in the NN bond order as a consequence 
of electron density withdrawal from the amino group, 
followed by an appreciable delocalization of electron 
density within this moiety.* 

At the same time, comparison of the force constants 
of the NN and NO bonds in molecules of NMA and 
NDMA 4 (K(NN) = 9.8- 106, K(NO) = 10.8.106 cm -2) 
and D N M A  (K(NN) = 9.85" 106 , K(NO) = 
12.6.106 cm -2) shows that replacement of a hydrogen 
atom in NMA or a methyl group in N D M A  with a nitro 
group is followed by a noticeable increase in the force 
constants of the NO bonds with practically invariable 
K(NN). This fact supports the assumption that the 
conjugation of a nitro group with a lone electron pair of 
the nitrogen atom in DNMA is, indeed, realized to a 
lesser degree than in molecules of NMA and NDMA. 
This results in an increase in the double bond character 
of the N and O atoms and, consequently, in an increase 
in K(NO) force constants. 

* It is noteworthy that configurations of the C(NO2) n moieties 
are nonplanar in the molecules of aliphatic C-di- and -trinitro 
compounds. 
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