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F r o m  an ana lys i s  of the IR and Raman  s p e c t r a  and a calculat ion of the f requencies  and f o r m s  
of the n o r m a l  v ibra t ions  of the n i t ro t r i azo le s ,  conclusions have been drawn on the s t ruc tu re  
of 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  and 1 - m e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e .  The n i t ro  group in 
posit ion 3 of the t r iazo le  r ing is located in the plane of the molecule ,  and that  in posit ion 5 is 
ro ta ted  about the CN bond.  The spat ia l  nonequivalence of the n i t ro  groups leads to the sp l i t -  
ring of the absorpt ion  bands in the IR s p e c t r a  that  a re  c h a r a c t e r i s t i c  for  the ant i -  and syn-  
phase v ibra t ions  of the ni tro groups .  

In the IR s p e c t r a  of n i t ro t r i azo l e s  inves t igated prev ious ly ,  absorpt ion bands were  found in the ,~1555 
and 1310 c m  -1 regions  which were  ass igned  to the antiphase and synphase v ibra t ions  of the ni t ro  group.  
The calcula t ions  of the f requenc ies  and shapes  of the no rma l  v ibra t ions  of a s e r i e s  of 3 - n i t r o - l , 2 , 4 - t r i -  
azole and 1 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  de r iva t ives  that  were  p e r f o r m e d  [1] conf i rmed  the hypothesis  of 
the coplanar  a r r a n g e m e n t  of the n i t ro  group in posit ion 3 and the t r i azo le  r ing .  It was es tab l i shed  that  the 
conjugation of the n i t ro  group and the ring leads to lowering the f requency  of the synphase vibra t ion of the 
n i t ro  group,  as c o m p a r e d  with aliphatic ni t ro  compounds [3], to 1300-1315 cm -1. 

In the IR s p e c t r a  of the d in i t ro t r i azo les ,  spli t t ing of the absorpt ion  bands cha rac t e r i z ing  the v i b r a -  
t ions of the n i t ro  groups  is observed ,  and this has  s e rved  as a bas i s  for  a hypothes is  of the i r  spa t ia l  and 
e lec t ron ic  nonequivalence [2]. An ind i rec t  conf i rmat ion  of this is the capac i ty  of a ni t ro  group in posit ion 
5 of the r ing for  taking p a r t  f a i r ly  read i ly  in nucleophilic exchange reac t ions  [4]. In view of this ,  the t ask  
of studying the influence of k inemat ic  f ac to r s  cha rac t e r i z ing  the change in the g e o m e t r y  of the molecule  on 
the f requency shif t  in the v ibra t iona l  s p e c t r u m ,  which will apparent ly  p e r m i t  the question of the spat ia l  
s t ruc tu re  of the d in i t ro t r i azo les  to be answered ,  has  become an urgent  one. 

In o r d e r  to invest igate  the influence of k inemat ic  fac to rs ,  we ca lcula ted  the f requencies  and shapes  
of the no rma l  v ibra t ions  of a plane model  of 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  and of two models  of 3 ,5 -d in i t ro -  
1 ,2 ,4- t r iazole  and 1 - m e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  with rotat ion of the ni t ro  group in posit ion 5 about 
the CN bond by 90 ~ The geome t r i c  p a r a m e t e r s  of the r ing used in the ca lcula t ions  co r re sponded  to the r e -  
sul ts  of an x - r a y  s t ruc tu ra l  ana lys i s  of 1 ,2 ,4- t r iazole  [5]. The p a r a m e t e r s  of the n i t ro  group were  ca lcu -  
lated f rom informat ion on bond o rde r s  [6]; the length of the CN bond for  a n i t ro  group ro ta ted  by  90 ~ was 
taken as 1A6 A.  

All the models  ca lcula ted  belong to s y m m e t r y  group C s .  The n o r m a l  v ibra t ions  a re  given according 
to the types of s y m m e t r y  in the following way: 

3 , 5 - D i n i t r o - l , 2 , 4 - t r i a z o l e  (plane model) - F v = 21A' + 9A"; 

3 , 5 - D i n i t r o - l , 2 , 4 - t r i a z o l e  (model with ro ta ted  ni t ro  group) - F v = 20A' + 10A"; 

1 - M e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  - P v  = 25A' + 14A". 

* For  Communicat ion  (II), see [1]. 
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T A B L E  3 .  V i b r a t i o n a l  S p e c t r a  o f  t h e  D i n i t r o t r i a z o l e s  
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3, 5- Din igo-1 ,2 ,4 - t r i azo le  

IR speclrum, 
V, cm  -I  

3080 w . b r  

1577 v.s 

1549 s 

1515 s 

1442 m 

1405 m }  
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1373 s 
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Raman spec.,  
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1566 (I,7) 
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nonplanar planar 
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VNH 

~CH s 

VCH 3 
~CH a 

Vantiph NO (q~q~) 

Vanfip h ~o (q6qT) 

Yring, 6 c n  
~CH a 

~CH s 

6cn 

Vring 

Vring 

Vring, 8c~ 

Vsynp h NO (q,q,) 

Vsynp h s o  (q2qa) 

Vring 
6c~ ,  5r ing 
~CH 3 

8NH 

5ring 
6ring,  8Ca,  8Nit 

pCN, pNH, X 

pCN, pNH, X 

%'CN 

pNO, ~CN 

pNH, pCN, X 

vcm 6 ~ o ,  6ring 
pNO, Z 

6NO, 8CN 

~cN, 8NO 2 

8NO 2, 8C~ 

~CN, 81~O 

f'CN, ~NO 2 

6cN, ~NO 

~NO 

6~O, pCN, ~IC~ 

6N%, 6CN 
(}NO; 8CN 

~}CN 

6CN 

pc~, X 

pcN, Z 

X, pcN 

* v ,  s t r e t c h i n g ;  5 ,  d e f o r m a t i o n ;  p ,  n o n p o l a r  v i b r a t i o n s ;  •  v i b r a t i o n s  o f  t h e  t r i a z o l e  r i n g .  
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Fig.  1. S t ruc ture  and na tura l  coo rd i -  
nates  of 3 ,5-din i t r  o -1 ,2 ,4 - t r i a zo l e .  
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I~q8 ~ H 

0 N (I)~5---~%~ %~ 

Fig .  2. S t ruc ture  and na tu ra l  coo rd i -  
nates  of 1 - m e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 -  
t r i azo le .  

In the calculat ions,  the rotat ion of the CH 3 and NO 2 groups 
about the C N double bonds was not taken into account .  The natu-  
r a l  v ibra t ional  coordinates  of the compounds inves t igated a re  
given in F igs .  1 and 2. 

To calcula te  the s p e c t r a  of the d in i t ro t r i azo les  in the ze ro  
approximat ion ,  we used  the se t  of po ten t i a l - ene rgy  constants  for  
3 - n i t r o - l , 2 , 4 - t r i a z o l e ,  a s suming  that  the force  cons tants  of the 
two n i t ro  groups  of the plane model  of 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  
were  ident ical .  With the rotat ion of a ni t ro  group by  90 ~ about 
the CNbond ,  the v orbi ta ls  of the t r iazo le  r ing and of the n i t ro  
group become orthogonal .  As a r e su l t  of this ,  the poten t ia l -  
e n e r g y  constants  cha rac t e r i z ing  the in terac t ion  of the coo rd i -  
na tes  of the n i t ro  group and of the r ing fall .  Tables  1 and 2 give 
the values  of the force  constants  for  3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  
and 1 - m e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e ;  for  the t r iazole  r ing,  
the constants  that have been changed since the previous  pape r  
[1] a re  given.  

As was to be expected,  the bes t  a g r e e m e n t  of the ca l cu -  
lated and expe r imen ta l  f requencies  is obse rved  for  models  of 
the d in i t ro t r i azo les  with a ro ta ted  n i t ro  group in posit ion 5 of 
the r ing (Table 3). The f requency  of the s t re tch ing  v ibra t ions  
of the n i t ro  group and the f requencies  of the s t re tch ing  v i b r a -  
tions of the r ing (coordinates Q3 and Q4) proved  to be the m o s t  
sens i t ive  to the rota t ion of the n i t ro  group.  Thus,  on the bas i s  
of an analys is  of the v ibra t iona l  spec t r a  of different  spa t ia l  
models  of the d in i t ro t r i azo les  it may  be a s sumed  that  the ni t ro  
group in posit ion 5 of the r ing has depar ted  f r o m  conjugation 
with the t r iazole  ring, i .e . ,  has  been turned by some angle about 

the CN bond not only for  1 - m e t h y l - 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e ,  where  rota t ion may  be due to the s t e r i c  r e -  
pulsion of the f a i r ly  voluminous methyl  group,  but also fo r  3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e .  

Table 3 gives  the r e su l t s  of the a s s ignment  of f requenc ies  made in the expe r imen ta l  s p e c t r a  to the 
main  types of n o r m a l  v ib ra t ions .  

L I T E R A T U R E  C I T E D  

1. V . V .  Mel 'nikov,  V. V. Stolpakova,  M. S. Pevzne r ,  and B. V. Gidaspov,  Khim.  Gete ro t s ik l .  Soedin.,  
707 (1973). 

2. V . V .  Mel 'nikov,  V. V. Stelpakova,  and M. S. Pevzne r ,  Khim.  Ge te ro t s ik l .  Soedin.,  414 (1971). 
3. L. Bel lamy,  In f r a r ed  Spec t ra  of Complex  Molecules ,  1st  e d . ,  Methuen (1954). 
4. L . I .  Bagal,  M. S. P evzne r ,  and V. Ya. Samarenko ,  Khim. Gete ro t s ik l .  Soedin., 269 (1970). 
5. P .  Goldstein,  I .  LadeU, and G. Abowitz, Acta C rys t . ,  B25, 135 (1969). 
6. V . V .  Mel 'nikov,  M. S. P evzne r ,  V. V. Stolpakova, and L. F.  Khor 'kova ,  Khim. Gete ro t s ik l .  Soedin.,  

409 (1971). 

1 0 8 8  


