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The f requencies  and f o r m s  of  the no rma l  v ibra t ions  of  3 -n i t r o -1 , 2 , 4 - t r i a zo l e ,  i ts  1--deutero- 
and 1-methyl  de r iva t ives ,  and 1 - m e t h y l - 3 - n i t r o - 5 - c h l o r o ( b r o m o )  -1 ,2 ,4 - t r i azo le ,  which a r e  
c lass i f ied  as  having C s group s y m m e t r y ,  were  calculated.  The potential  energy  constants  
we re  ref ined by solution of the r e c i p r o c a l  spec t r a l  p r o b l e m ,  and the f requencies  in the ex -  
pe r imen ta l  spec t r a  we re  ass igned  to the pr inc ipa l  types  of v ibra t ions .  

We have p rev ious ly  shown [2] that the IR and Raman spec t r a  of all  - without exception - ni t ro d e r i v a -  
t ives  of  1 ,2 ,4- t r iazo le  de r iva t ives  contain bands at ~ 1555 cm -1, which c h a r a c t e r i z e  the ant iphase  vibrat ion 
of the ni tro groups ,  in connection with which it was a s sumed  that  the n i t ro  group in the 3 posi t ion should be  
s i tuated in the plane of the t r i a zo l e  r ing.  

For the calculat ions of the v ibra t ional  spec t r a  of  de r iva t ives  of 3 - n i t r o -  and 1 - m e t h y l - 3 - n i t r o - 1 , 2  ,4- 
t r i azo le ,  we t h e r e f o r e  se lec ted  models  per ta in ing  to the C s s y m m e t r y  group,  i .e . ,  the n i t ro  group in the 3 
posi t ion is s i tuated in the plane of the t r i a zo l e  r ing.  In conformi ty  with the s y m m e t r y  of the invest igated 
compounds ,  the no rm a l  v ibra t ions  a r e  broken  down in the following manner  with r e spec t  to s y m m e t r y :  for  
3 -n i t r o -1 ,2 ,4 - t r i a zo l  e 

Fv= 17A'+7A", 

for  1 - m e t h y l - 3 - n i t r o - 1 , 2 , 4 - t r i a z o l e  and i ts  5-halo de r iva t ives  

rv = 22A" + 11A". 

Rotation of the n i t ro  and methyl  g r o u p s  about the cor responding  bonds was d i s r ega rded  in the ca lcu la -  
t ions.  The na tura l  v ibra t ional  coordina tes  of  3 -n i t r o -1 ,2 ,4 - t r i a zo l e  and 1 - m e t h y l - 3 - n i t r o - 1 , 2 , 4 - t r i a z o l e  
a r e  p resen ted  in Fig. 1. 

The geome t r i ca l  p a r a m e t e r s  of  the t r i azo le  r ing were  in conformi ty  with the data f r o m  x - r a y  d i f f r ac -  
tion ana lys i s  [3], the N - O  and C - N  bond lengths we re  taken as 1,22 and 1.40 .~, the ONO valence  angle was 
a s s u m e d  to be  126 ~ , and the methyl  group was a s s u m e d  to have the  s tandard  geomet ry .  The geome t r i ca l  
p a r a m e t e r s  of the C--NO 2 group were  es t imated  f r o m  the "bond o r d e r - b o n d  length" co r r e l a t i on  curves  [4] 
in conformi ty  with the data calcula ted by the MO LCAO method [5]. The constants  p resen ted  in [1, 6] were  
used for  the ze ro  approx imat ion  of the fo rce  constants  of the t r i azo le  r ing,  the ni t ro  group,  and the methyl  
group. The force  constants  se lec ted  in this manne r  we re  ref ined by calculat ion of the par t ia l  de r iva t ives  
f r o m  the f requencies  with r e s p e c t  to the force  cons t an t s  and by solution of the r ec ip roca l  spec t r a l  p rob lem 
for  al l  of  the inves t igated compounds.  

* See [1] for  communica t ion  I. 
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T A B L E  4. F r e q u e n c i e s  and F o r m s  o f  the  N o r m a l  V i b r a t i o n s  o f  N i t r o t r i a z o l e s  
? - - N  "~-, 

R f C H 3 ,  R'=H R ~ C H 3 ,  R ' = C !  R = C H a ,  R ' = B r  

Sym-  , Form of vibrations merry V(IR) * c m ' t  V(Raman)' Vcalc U(IR), c m ' t  ~(Raman), Vcalc, V(IR). c m ' l  V(Raman ), Vcalc, 
cm -I cm-I cm-i cm-I cm-I cm "I 
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Fig. 1. 
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St ruc tu r e  and n a t u r a l  v i b r a t i o n a l  c o o r d i n a t e s  of 3 - n i t r o - 1 , 2 , 4 -  
t r i a z o l e  (a) 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  .(b)o 

The f ina l  va lues  of the  po ten t ia l  e n e r g y  c ons t a n t s  for  3 - n i t r o -  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  and 
i t s  5 -ha lo  d e r i v a t i v e s  a r e  p r e s e n t e d  in  Tab le s  1 -3 ,  i n  which  the  fo rce  c o n s t a n t s ,  a l t e r e d  as  c o m p a r e d  with 
the data  i n  [1], a r e  p r e s e n t e d  for  the  t r i a z o l e  r ing .  

When an  e l e c t r o n - a c c e p t o r  n i t ro  group is  i n t roduced  into the  3 pos i t ion  of the r i n g ,  one o b s e r v e s ,  as  
expec ted ,  a change  in  the  po ten t i a l  ene rgy  c o n s t a n t s  of the  v a l e n c e  and a n g u l a r  c o o r d i n a t e s  of the t r i a z o l e  
r i ng ,  which i n t e r a c t  d i r e c t l y  with the  c o o r d i n a t e s  of the  n i t r o  g roup ,  and the fo rce  c ons t a n t s  of the N - N a n d  
C - N  {Q4) bonds  i n c r e a s e ;  th i s  i n c r e a s e  should lead to an  i n c r e a s e  in  the d e g r e e  of double-bond c h a r a c t e r  
of the l a t t e r .  The r e s u l t s  a r e  in  good a g r e e m e n t  with the r e s u l t s  in  [5], in which i t  was shown that  the  o r d e r s  
of the N - N  and C - N  (Q4) bonds  for  3 - n i t r o - l , 2 , 4 - t r i a z o l e  i n c r e a s e  as  c o m p a r e d  with 1 , 2 , 4 - t r i a z o l e .  

R e p l a c e m e n t  of the p ro ton  in  the I pos i t i on  by a me thy l  group leads  to an  i n c r e a s e  in  the force  c o n -  
s t an t s  of  the C - N  (Q3) bond and the a n g u l a r  c oo r d i na t e s  of the r i n g  and to a s l ight  d e c r e a s e  in  the fo rce  
cons t an t s  of the r e m a i n i n g  v a l e n c e  bonds  of the  r i n g ,  and t h e r e  i s  a s t i l l  m o r e  s ign i f i can t  i n c r e a s e  in  the 
cons t an t  of the  C - N  (Q3) bond and a d e c r e a s e  in  the  e l a s t i c  cons t an t  of the  C - N  (Q4) bond when  the  p ro ton  
in  the  5 pos i t i on  i s  r e p l a c e d  by ha logen  (chlor ine  o r  b r o m i n e )  (Tables  1-3) ,  i . e . ,  the  fo rce  f ie ld  of the t r i -  
azo le  r i n g ,  which c h a r a c t e r i z e s  the e l e c t r o n i c  i n t e r a c t i o n  of the a t o m s ,  is  s e n s i t i v e  to the  i n t r o d u c t i o n  of 
both e l e c t r o n - a c c e p t o r  (NO2, C1, and Br) and e l e c t r o n - d o n o r  (CI-I3) s u b s t i t u e n t s  into the r ing .  

For  a m o r e  r e l i a b l e  i n t e r p r e t a t i o n  of the v i b r a t i o n a l  s p e c t r a  of the n i t r o t r i a z o l e s ,  the f r e q u e n c i e s  and 
f o r m s  of the n o r m a l  v i b r a t i o n s  of the  N - d e u t e r a t e d  d e r i v a t i v e  of 3 - n i t r o - l , 2 , 4 - t r i a z o l e , *  1 - m e t h y l - 3 - n i t r o -  

*This  compound  was ob ta ined  a f t e r  r e p e a t e d  r e c r y s t a l l i z a t i o n  f r o m  D20. The  IR s p e c t r a  of m i n e r a l  o i l  
s u s p e n s i o n s  of the compounds  were  r e c o r d e d  by the u s u a l  method  with IKS-14 and IKS-22 s p e c t r o m e t e r s ,  

T A B L E  5. F r e q u e n c i e s  and F o r m s  of Normal  V ib ra t i ons  of 

I so top ica l ly  Subst i tu ted 3 - N i t r o - 1 , 2 , 4 - t r i a z o l e s  

l-H-3-Nitro-l,2 4- l-D-3-Nitro-l,2,- ! 
Sym- _ _ _  triazo_le - ' -  I--4-tdazole I 
merry v (IR), [Raman~ u calc u (IR)' cm-i !Ucal,~, [ Form of vibrations 

r :m -1 "lcm -I I Jam" I 

A / 
A' 
A' 

A' 
A' 
A' 
A' 
A' 
A: 

A' 
A" 
M 
A' 
A' 
A" 
A" 
A" 
A' 
A" 
A' 
A' 
A" 
A' 
A' 
A" 

3155 s 
3058 s 
1566 vs 

[524 vs 
[484 vs 
1430,vs 
1383 vs 
1314 vs 
[272.s 

[186m 
LIII s 
L018 s. 
981 vs 
918m 
879 s 
837 vs 

655.s 
645 s 
540 v~ 
447 m 

1558(2,3) 

1480(4,7) 
[417(I0) 
1385(8,6) 
1304(1,0) 
1245(2,0) 
t218(3,5) 
[179(3,0) 
luo(o,5) 
]oo1(1,o) 
973(0,5) 

835(0,8) 

542~0,5) 
~i 435(0,5) 

225(1,0) 

t156 I 
1045 
566 

525 
467 
427 
376 
314 

281 1 
186 ] 
A09 
:032 
983 
917 
902 
811 

668 
643 
543 
429 
307 
215 
182 

3155 m 
2230 vs 
1558 vs 
1568 vs 
1505 vs 
1447 s 
1435 m 
1366 vs 
1315 vs 
1276 m 
1238 
1187 sh, m 
1104 s 

972 vs 
900 m 

842 vs 
778 w 
725 w 
665 s 
650 m 
527 vw 

H56 q5 
!267 q4 

q2, -qs,  - I ] .  I]2, 133, -I~, 
566 
524 q,, -Ql ,  -Q4, -~7, ~s 
462 --qb Qb -Q4. -~7. 6s 
426 -ql, Qs 
368 Q~, --~7, I~ 
314 q~, qs 

Q:, -Q~ 
276 
174 -]~7, ~s 
085 I ~ ~ 
998 --~zl, cr --o~4, as 
912 cr --a~. ct4, --c~ 

- -  Pa 
855 . --P~, Pa 
771 --P2, P3 
757 --,65, ~6 
667 Pl 
641 --13~, --[32, ql 
539 --6,, 62, ~3, --64 
373 X, -- P3 
306 ~, 
212 [3~, ~+ 
176 X, P2 

654 



1 ,2 ,4 - t r i azo le  and i ts  5 -ch loro  {bromo) de r iva t ives  with the fo rce  constants  obtained f r o m  solution of the 
r e c i p r o c a l  spec t r a l  p rob lem.  

The r e su l t s  of the a s s ignmen t  of  the f requencies  in the exper imenta l  spec t r a  for  the invest igated nitro- 
t r i a zo l e s  a r e  p re sen ted  in Tables  4 and 5. 

Despi te  the uncha rac t e r i s t i c  na ture  of the f o r m  of the v ibra t ions  (Tables 4 and 5), na r row regions  of 
f requencies  that  d e s c r i b e  the v ibra t ions  of  defini te s t ruc tu ra l  f r agmen t s  of the molecu les  can be isolated 
for  the inves t igated n i t ro t r i azo les .  

The v ibra t ions  of the ni t ro  group,  which a r e  local ized ove r  quite na r row spec t r a l  i n t e rva l s ,  a r e  the 
mos t  c h a r a c t e r i s t i c  with r e s p e c t  to f requency:  the s y m m e t r i c a l  s t re tch ing  ant iphase  v ibra t ion  of the ni t ro 
group is ~ 1555 c m  -1, the synphase  v ibra t ion  is 1302-1315 c m  -~, the ou t -of -p lane  v ibra t ion  is  680-700 c m  -1, 
and the de format ion  v ibra t ion  is N 645 c m  -~. 

Insofar  as the d e f o r m a t i o n s  of the t r i azo le  r ing a r e  concerned ,  the s t re tch ing  v ibra t ions  of the r ing 
C - N  bonds (Q3 and Qs} appea r  at ~ 1385 and 1420 c m  -1, r e spec t ive ly ,  while the v ibra t ions  of the remain ing  
C - N  (Q1 and Q4) bonds appea r  toge ther  at  1400-1480 cm -1. The vibra t ion of the N - N  bond at  ~ 1275 c m  -1 
is a lso  re la t ive ly  c h a r a c t e r i s t i c  with r e s pec t  to frequency.  Because  of the quite cons ide rab le  magnitude of 
the k inemat ic  and dynamic  coeff ic ients  of  in terac t ion  between the v ibra t ional  coordina tes  of  the t r i azo le  
r ing,  i t  is p rac t i ca l ly  imposs ib le  to i so la te  the na r row spec t r a l  regions  of the f requencies  for  the d e f o r m a -  
tion and ou t -o f -p lane  v ib ra t ions ,  i . e . ,  the v ibra t ions  a r e  also uncha rac te r i s t i c  with r e s p e c t  to frequency.  
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