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The  IR and R a m a n  s p e c t r a  of  a n u m b e r  of  an ions  of the n i t r o  d e r i v a t i v e s  of 1 , 2 , 4 - t r i a z o l e  
w e r e  i n v e s t i g a t e d .  On the b a s i s  of  the p o s i t i o n  o f  the a b s o r p t i o n  m a x i m a  o f  t h e  a s y m m e ,  
t r i c  and s y m m e t r i c  t v i b r a t i o n s  of the  n i t r o  g r o u p ,  i t  is a s s u m e d  tha t  the  n i t r o  g roups  in  
the  3 and 5 p o s i t i o n s  o f  the  t r i a z o l e  r i n g  a r e  c o p l a n a r ,  wh ich  should lead to an i n c r e a s e  
in the p a r t i c i p a t i o n  of the n i t r o  g roup  in the d e l o c a l i z a t i o n  of the nega t ive  c h a r g e  of the  
anion~ Shif ts  of the  f r e q u e n c i e s  as  a funct ion of  the  n a t u r e  of the c a t i o n  (NHt, Na,  K, Cs) 
w e r e  not  d e t e c t e d  in the  IR s p e c t r a  of  the c r y s t a l l i n e  s a l t s .  In a d d i t i o n ,  the IR s p e c t r a  
of the c r y s t a l l i n e  s a l t s  a r e  s i m i l a r  (with r e s p e c t  to the  f r e q u e n c i e s )  to the  s p e c t r a  of  
aqueous  s o l u t i o n s  of  the  s a l t s ,  wh ich  m a y  s e r v e  as  p r o o f  of  the  i d e n t i c a l  s t r u c t u r e  of the  
an ions  in c r y s t a l s  and aqueous  s o l u t i o n s .  

To a c c o m p l i s h  o u r  r e s e a r c h  r e l a t i v e  to the  e l u c i d a t i o n  of  the  c h a r a c t e r  of  the  i n t e r a c t i o n  of the  
n i t r o  g roup  and the t r i a z o t e  r i n g  and of  the s t e r i c  and e l e c t r o n i c  s t r u c t u r e s  of  the  an ions  of n i t r o  d e r i v a -  
t i v e s  of  1 , 2 , 4 - t r t a z o l e ,  i t  was  n e c e s s a r y  to have  the e x p e r i m e n t a l  IR and R a m a n  s p e c t r a  of  t h e s e  a n i o n s .  
The  IR s p e c t r a  of the  a l k a l i  s a l t s  of an ions  of n i t r o  d e r i v a t i v e s  of 1 , 2 , 4 - t r i a z o l e ,  r e c o r d e d  in a so l id  f i l m ,  
a r e  p r e s e n t e d  in F ig .  1, the  IR s p e c t r a  of aqueous  s o l u t i o n s  of the  s a l t s  a r e  p r e s e n t e d  in F ig .  2, and the 
R a m a n  s p e c t r a  a r e  p r e s e n t e d  in F ig .  3. If  the  p o s i t i o n s  of  the bands  in the s p e c t r a  of the s a l t s  a t  1500 
and 1300 c m  -~ tha t  a r e  a s c r i b e d  to the a s y m m e t r i c  and  s y m m e t r i c  v i b r a t i o n s  of  the  n i t r o  g r o u p s  [2] a r e  
c o m p a r e d ,  s e v e r a l  c h a r a c t e r i s t i c  f e a t u r e s  a r e  r e v e a l e d .  

Two in t ense  bands  wi th  m a x i m a a t  1542and  1310 c m  -1 a r e  o b s e r v e d  in the  s p e c t r a  of the  p o t a s s i u m  
s a l t  of 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (Fig~ 1); the i n t r o d u c t i o n  of  a m e t h y l  g roup  into the 5 p o s i t i o n  of  the t r i a z o l e  
r i n g  does  not lead  to a sh i f t  in the  f r e q u e n c y  o f t h e  a s y m m e t r i c v i b r a t i o n  of the n i t ro  g r o u p ,  and the s y m m e -  
t r i c  v i b r a t i o n  is sh i f t ed  to  1338 c m  -~. The  a p p e a r a n c e  of  t h e s e  bands  in the  IR s p e c t r a  and the R a m a n  
s p e c t r a  ( F i g .  3) of  the an ions  of  n i t r o  d e r i v a t i v e s  of  1 , 2 , 4 - t r i a z o l e ,  in a na logy  wi th  the  s a l t s  of  d i n i t r o -  
m e t h y l  c o m p o u n d s  [3], l e a d s  one to the  op in ion  of  an  i n c r e a s e  in the  p a r t i c i p a t i o n  of the n i t r o  g roup  in d e -  
l o c a l i z a t i o n  of the nega t ive  c h a r g e  in  the  an ion ,  which  should  l ead  to a d e c r e a s e  in the  m u l t i p l i c i t y  in the 
NO bond,  a d e c r e a s e  in the f o r c e  c o n s t a n t  of the NO bond ,  and c o r r e s p o n d i n g l y ,  to  a d e c r e a s e  in  the  f r e -  
quency  o f t h e a s y m m e t r i c  v i b r a t i o n  of  the  n i t r o  g roup ,  as  c o m p a r e d  wi th  the  c o v a l e n t  n i t r o  d e r i v a t i v e s  of 
1 , 2 , 4 - t r i a z o l e .  

On the b a s i s  of the e x p e r i m e n t a l  and c a l c u l a t e d  s p e c t r a  of  n i t r o  d e r i v a t i v e s  of  1 , 2 , 4 - t r i a z o l e ,  we 
p r e v i o u s l y  m a d e  an  a s s u m p t i o n  r e g a r d i n g  the c o p l a n a r  o r i e n t a t i o n  of  the n i t r o  g roup  in t he  3 p o s i t i o n  and 
r e g a r d i n g  r o t a t i o n  of the n i t r o  g roup  in the  5 p o s i t i o n  by  a c e r t a i n  angle  r e l a t i v e  to the CN bond [4, 5]. It 

*See [1] fo r  c o m m u n i c a t i o n  XtI .  
*The  v i b r a t i o n s  r e l a t i v e  to the e l e m e n t s  of  s y m m e t r y  of  the NO 2 g roup  a r e  c o n s i d e r e d .  
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Fig. 1. IR spectra of alkali salts of nitrotriazoles: 1) potassium salt of 3-nitro-l,2,4-triazole; 2) potas- 
sium salt of 3-nitro-5-methyl-l,2,4-triazole; 3) dipotassium salt of 3-nitro-5-earboxy-l,2,4-triazole; 4) 
sodium salt of 3,5-dinitro- 1,2,4-triazole; 5) disodium salt of 3,3'-dinitrobis-l,2,4-triazol-5-yl. 

Fig. 2. IR spectra of aqueous solutions of alkali salts of nitrotriazoles: 1) 3-nitro-l,2,4-triazole; 2) 3- 
nit ro-5-methyl- 1,2,4-triazole; 3) 3-nit ro-5-carboxy- 1,2,4-triazo le; 4) 3,5-dinit ro- 1,2,4-t riazole. 

Fig. 3. Raman spectra of nitrotriazole anions: i) 1,2,4-triazole; 2) 3-nitro-5-methyl-l,2,4-triazole; 3) 3- 
nitro-5-methyl-l,2,4-triazole; 4) 3-nitro-5-carboxy-l,2,4-triazole; 5) 3,5-dinitro-l,2,4-triazole; 6) 3,3'- 
d initrobis -1,2,4-triazol-5-yl; 7) 3 -nitro-5-(m-nitrophenyl) - 1,2,4-triazole; 8) 3-nit ro-5 -(p-nitrophenyl) - 
1,2,4-triazole. 

fo l lows  f r o m  the  e x p e r i m e n t a l  s p e c t r a  p r e s e n t e d  in F i g s .  1-3 t h a t ,  f r o m  the p o s i t i o n  of  the a b s o r p t i o n  
m a x i m a  (Vas 1540 c m  -1) tha t  a r e  c h a r a c t e r i s t i c  for  the  v i b r a t i o n  of the n i t r o  g roup ,  one can  conc lude  tha t  
the n i t r o  group in the 3 p o s i t i o n  is  c o p l a n a r  r e l a t i v e  to  the  p lane  of  the  t r i a z o l e  r i n g .  I f  the  n i t r o  g roup  in 
the 5 p o s i t i o n  in the  3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  an ion  w e r e  r e m o v e d  f r o m  the  p l a n e ,  which  would lead to  
n o n e q u i v a l e n c y  of the two n i t r o  g r o u p s ,  s p l i t t i n g  of the  f r e q u e n c i e s  of the  a s y m m e t r i c  and s y m m e t r i c  v i b r a -  
t ions  of  the  n i t r o  g r o u p  would be o b s e r v e d  in the  e x p e r i m e n t a l  s p e c t r a .  In fac t ,  s p l i t t i n g  of  the f r e q u e n c i e s  
could  not  be d e t e c t e d  ( F i g s .  1-3) in e i t h e r  the IR s p e c t r a  of the  c r y s t a l l i n e  s a l t s  in aqueous  so lu t i ons  of 
t h e m  o r  in the  R a m a n  s p e c t r a ,  wh ich  a p p a r e n t l y  m a y  s e r v e  as  p r o o f  of the p l a n a r  o r i e n t a t i o n  of  the n i t r o  
g r o u p s .  Thus  both n i t r o  g roups  should  p a r t i c i p a t e  to  an equa l  d e g r e e  in d e l o c a l i z a t i o n  of  the  nega t ive  
c h a r g e  in the  3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e  an ion ,  wh ich  should  lead to an  i n c r e a s e  in the  s y m m e t r y  of  the  
an ion  wi th in  l i m i t s  up to  C2v. 

The  IR s p e c t r a  of the d i p o t a s s i u m  s a l t  of 3 - n i t r o - 5 - c a r b o x y - l , 2 , 4 - t r i a z o l e  con ta in  a b r o a d  i n t ense  
band wi th  a m a x i m u m  at  1580 c m  -1 tha t  is  c h a r a c t e r i s t i c  fo r  e a r b o x y l i c  ac id  s a l t s  [6] and p a r t i a l l y  o v e r -  
l aps  the  n i t r o  g roup  band ( F i g s .  1 and 2). Da ta  on the R a m a n  s p e c t r a  [7] of  c a r b o x y l i c  a c i d s  i nd i ca t e  tha t  
the  s a l t  f o r m a t i o n  l eads  to d i s a p p e a r a n c e  of the  C = O a b s o r p t i o n  band .  In fac t ,  the band at  1580 c m  -~ in 
the R a m a n  s p e c t l x t m  v a n i s h e s ,  w h e r e a s  the  band c h a r a c t e r i s t i c  f o r  the  v i b r a t i o n  of the n i t ro  g roup  at  
1530 c m  -1 r e m a i n s .  

In ou r  op in ion ,  the  c o m p a r a t i v e l y  s i m p l e  s p e c t r u m  and the a b s e n c e  of  s p l i t t i n g  of  the  f r e q u e n c i e s  in 
the IR and R a m a n  s p e c t r a  of the  d i s o d i u m  s a l t  of  3 , 3 ' - d i n i t r o b i s - l , 2 , 4 - t r i a z o l - 5 - y l  tha t  i s  c h a r a c t e r i s t i c  
for  v i b r a t i o n s  of  the  n i t r o  g roup  and the  t r i a z o l e  r i n g  can  be due to on ly  one r e a s o n  - the p l a n a r  o r i e n t a t i o n  
of  the two t r i a z o l e  r i ngs  and the  n i t r o  g r o u p s .  
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It seemed of i n t e re s t  to a s c e r t a i n  how the effect  of the c r y s t a l  la t t ice  is  manifes ted in the IR s p e c t r a  
of anions of n i t ro  d e r i v a t i v e s  of 1 , 2 , 4 - t r i a zo l e .  Fo r  t h i s , w e  r eco rded  the s p e c t r a  of solut ions  of the a l -  
kal i  s a l t s  in w a t e r .  In compar ing  the s p e c t r a ,  i t  was  observed  that  the s p e c t r a  of aqueous solut ions do not 
d i f fer  f rom the s p e c t r a  of c r y s t a l l i n e  subs tances  with r e s p e c t  to the pos i t ion  of the absorp t ion  bands ,  
which may s e r v e  as p roo f  of the ident ica l  s t r u c t u r e s  of the anions in the c r y s t a l s  and aqueous solut ions .  
The IR s p e c t r a  of a l l  of the sa l t s  that we inves t iga ted  contain a band at ~ 1650 cm -1, which was ass igned to 
the v ib ra t ions  of the w a t e r  of hydra t ion .  The hydra t ion  of the cat ion appa ren t ly  weakens  the e l e c t r o s t a t i c  
i n t e rac t ion  between the n i t r o t r i a z o l e  anion and the meta l  cat ion,  t he r e by  making the s p e c t r a  of the c r y s t a l -  
line sa l t s  s i m i l a r  to the s p e c t r a  of aqueous so lu t ions .  In addi t ion,  shif ts  of the bands as  a function of the 
nature  of the ca t ion (NH~, Na, K, Cs) a r e  not observed  in any of the inves t iga ted  IR s p e c t r a  of sa l t s  of ni tro 
d e r i v a t i v e s  of 1 ,2 ,4 - t r i a zo l e .  

While the ass ignment  of the absorp t ion  bands in the e xpe r i m e n t a l  s p e c t r a  of the anions of n i t ro  de -  
r iva t ives  of 1 ,2 ,4 - t r i a zo l e  to v ib ra t ions  of the n i t ro  group does not p r e s e n t  g rea t  d i f f i cu l t i e s ,  the s i tua t ion  
is not as s a t i s f a c t o r y  in the a s s ignmen t  of f requencies  to v ib ra t ions  of the t r i a z o l e  r ing .  A suff ic ient ly  
complete  solut ion of this  p r o b l e m  can be r ea l i zed  only by us ing ca lcu la t ions  of the v ib ra t ion  s p e c t r a ,  * and 
a pa r t i a l  so lut ion without de ta i led  a s s ignmen t  of the f requenc ies  to the v ib ra t ions  of definite s t r u c t u r a l  
f ragments  of the r ing  can be accompl i shed  by means  of an ana lys i s  of the Raman s p e c t r a .  The ass ignment  
of the abso rp t ion  band in the IR s p e c t r u m  of the p o t a s s i u m  sa l t  of 1 ,2 ,4 - t r i azo le  to v ib ra t ions  of the t r i a -  
zole r ing  that is p r e s e n t e d  in [8] conf i rms  our  data  on the Raman  s p e c t r a .  The IR and Raman s p e c t r a  of 
the 1 ,2 ,4 - t r i azo le  anion contains a band at 1381 cm -1, which was ass igned  to the r ing v ib ra t ion  by Gr in -  
shte in  and c o - w o r k e r s  [8]o The abso rp t ion  band at 1380-1420 cm - i  in the IR s p e c t r a  of the anions of n i t ro  
d e r i v a t i v e s  of 1 , 2 , 4 - t r i a zo l e s  should be ass igned  to th is  v ib ra t ion ,  d u r i n g  which it should be noted that  the 
in t roduct ion of a n i t ro  group into the t r i a z o l e  r ing leads  to a sha rp  i n c r e a s e  in the in tens i ty  of this  v i b r a -  
t ion in the Raman s p e c t r a  (Fig .  3). An i n c r e a s e  in the in tens i ty  of the bands at 1070-1100 cm -1, which 
c h a r a c t e r i z e  the pu l s a t i on  r ing  v i b r a t i o n s ,  is  s i m i l a r l y  obse rved  in the Raman s p e c t r a ,  and an i n c r e a s e  in 
the f requency to ~ 1130 c m  -1 is  obse rved  when both e l e c t r o n - d o n o r  and e l e c t r o n - a c e e p t o r  subs t i tuents  a r e  
in t roduced into the t r i a z o l e  r ing.  Thus the r ing v ib ra t ions  at 1400 and 1100 c m  - i  can be cons ide red  to be 
r e l a t i v e l y  c h a r a c t e r i s t i c  with r e spec t  to f requency.  The r ema in ing  bands in the e xpe r i m e n t a l  s p e c t r a  of 
the anions of n i t ro  de r iva t i ve s  of 1 , 2 , 4 - t r i a zo l e ,  which c h a r a c t e r i z e  the de fo rma t ion  and ou t -o f -p lane  r ing 
v i b r a t i o n s ,  can be r e l i ab ly  in t e rp re t ed  only as a r e su l t  of a t heo re t i c a l  ana lys i s  of the v ib ra t iona l  s p e c t r a .  

E X P E R I M E N T A L  

The IR s p e c t r a  of s a l t s  of a lkal i  me ta l s  and aqueous solut ions  of the sa l t s  we re  r ecorded  with an 
IKS-22 d o u b l e - b e a m  IR s p e c t r o p h o t o m e t e r  by known methods [9]. The Raman s p e c t r a  of sa tu ra ted  aqueous 
solut ions were  r eco rded  with a DFS-12 s p e c t r o m e t e r  at a scanning ra te  of 6.1 ~ / m i n  with r e s p e c t  to the 
s l i t .  A m e r c u r y  lamp with a wavelength of 4358 ~ was used as the source  of exc i ta t ion .  A sa tu ra t ed  aque-  
ous sodium n i t r i t e  solut ion was used as a f i l t e r  for  the absorp t ion  of the sho r t -wave  rad ia t ion  of a DRS- 
600 m e r c u r y  l amp.  

The monon i t ro t r i a zo l e  sa l t s  we re  obtained by mixing alcohol  solut ions of the n i t r o t r i a z o l e  and a lka l i  
meta l  hyd rox ides .  The r e su l t ing  p r e c i p i t a t e s  we re  removed by f i l t r a t ion  and c r y s t a l l i z e d  f rom alcohol .  
The d i n i t r o t r i a z o l e  sa l t s  w e r e  obtained by the methods in [10, 11]. Despi te  d ry ing  in a vacuum d e s i c c a t o r ,  
a l l  of the sa l t s  contained w a t e r  of hydra t ion .  
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