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The ]:R absorpt ion spec t r a  of 3(5)-halo and 3, 5-dihalo der iva t ives  of 1, 2, 4 - t r i azo le s  and of thei r  potass ium 
and s i l ve r  sal ts  as solids in the 3500-400 cm -1 range were  studied. The c h a r a c t e r i s t i c  absorption bands of 
the t r i azo le  r ing and the C - - H  and N - - H  bonds were  establ ished.  

In the last  ten yea r s  numerous  invest igat ions have been made of the synthesis  and application of var ious  
de r iva t ives  of the 1, 2, 4 - t r i azo les .  The re  a re  no specif ic  chemical  reac t ions  for dist inguishing the t r iazo le  ring, and 
the re fo re  the es tabl ishment  of c h a r a c t e r i s t i c  absorption bands in the LR spec t r a  of 1, 2, 4 - t r i a zo l e s  could fac i l i ta te  
ident i f icat ion of the compounds. 

Only a few papers  a re  devoted to the study of the IR spec t r a  of 1, 2, 4 - t r i azo le s ,however ,  and those available only 
contain pa r t i cu l a r  data re la t ing  to the absorpt ion bands. In some papers  the absorption bands of the amino group in 
3-  and 4 - a m i n o - i ,  2, 4 - t r i a zo l e s  [1-6],  and of the aeetyl group in N-ace ty l -1 ,  2, 4 - t r i a zo l e  had been studied [3, 4, 7-9].  
The data obtained were  used to e lucidate  the t an tomer ic  equi l ibr ium of the aminot r iazo les  [2, 6]. The s t re tching 
vibra t ions  of the N - - H  bond confi rmed that the t r i azo les  a re  s t rongly assoc ia ted  in the solid and in solutions 
[1, 2, 6, 9, 10]. Li t t le  is known concerning the ass ignment  of the other  absorpt ion bands [1, 9, 11-13]. 

In the p re sen t  work the absorpt ion bands of 1, 2, 4 - t r i a zo l e  and its C-halogenated der iva t ives ,  possess ing  a typical  
a roma t i c  s t ruc tu re  of the t r i azo le  ring,  were  studied. Theore t i ca l ly  it is poss ib le  for  these compounds to exis t  in two 
(for R = R') o r  in th ree  i s o m e r i c  forms A - - C  depending on the posi t ion of the proton. 

H H H 

A B C D 
L R=R~=H;  

IV R=H; Rx=CI 

Cer ta in  substi tut ion reac t ions  at the r ing ni t rogen lead to format ion  of i som er s  which are  der iva t ives  of the 
bas ic  fo rms  A- -C .  There fo re ,  a formula  was assumed with an indefinite posi t ion of the proton D, which however was 
not conf i rmed fur ther .  

By invest igat ing the dipole moments  of 1, 2, 4 - t r i a zo l e  and 3 -ch lo ro -1 ,  2, 4 - t r i a zo l e  in dioxane solution the 
ex i s tence  was shown of these compounds in the fo rms  I and IV, r e spec t ive ly  [14]. 

Recent ly  in a paper  [15] dealing with the t au tomer ic  equi l ibr ium constant the suggest ion was put forward that 
t r i azo le  exis ted as a mix tu re  of i s o m e r s  with a p redominance  of form I. Di rec t  proofs  of this suggestion have not 
been obtained as yet. 

An ionic s t ruc tu re  for t r i azo les  in the c rys t a l l i ne  s ta te  was proposed [16, 17] on the bas is  of the p r e sence  of the 
"imino band" ->N+--H in the IR spec t rum at 1820 em -l ,  but the or igin  of this weak band has not been substantiated. 

It is known that pyrazole  exis ts  as a cycl ic  t r i m e r  and a d i m e r  even in dilute carbon t e t r ach lo r ide  solution [18]. 
A high degree  of associa t ion  of t r i azo les  in the solid s ta te  is much m o r e  l ikely than thei r  exis tence  as ion pa i r s .  
Invest igation of the IR spec t ra  of t r i azo le s  in nonpolar  solvents  is ex t r eme ly  difficult  due to the i r  low solubil i ty and 
low m o l a r  coeff ic ients  of absorption.  There fo re ,  despite  the complicat ions  in in te rpre t ing  the IR absorpt ion bands in 
the t r i azo le  spec t r a  measu red  on the sol ids,  such invest igat ions  are  of the most  p rac t i ca l  application. 

No data is avai lable concerning the s t ruc tu re  of the potass ium and s i l ve r  sal ts  of 1, 2, 4 - t r i azo le s .  In the 
t r i azo le  anion the same  e lec t ron ic  charges  a re  assumed on the N 1 and N 2 atoms,  which posses s  a higher ~-e lec t ron  
density compared  with the N 4 atom [1]. This  r ep r e sen t s  a s y m m e t r i c a l  s t ruc tu re  of the t r i azo le  anion. 
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The scarc i ty  of available data on the fine s t ruc tu re  of t r iazoles  in the solid state only allows us to consider  in 
the p resen t  work the ma in  cor re la t ions  between the s t ruc tu re  and absorption of C-halogenated 1, 2, 4- t r iazoles .  

In order  to a s s i s t  the ass ignment  of the absorpt ion bands of 1, 2, 4 - t r i azo les ,  a number  of the expected normal  
v ibra t ions  for a s implif ied model of the t r iazole  molecule  were  determined,  and a tentat ive ass ignment  of the 
expected absorpt ion bands of the bonds in the frequency range  was made. The model of the 1, 2, 4 - t r iazo le  molecule 
which we chose had the following l imitat ions .  F i r s t ,  the effect of the crys ta l  lat t ice and molecu la r  associat ion was 
not taken into considerat ion.  Second, we assumed a p lanar  s t ruc tu re  for the t r iazole  molecules  which we studied, and 
also a fixed posi t ion for the proton according to formula  A. Th i rd , the  potass ium salts  of the t r iazoles  were considered 
to be completely separated ions possess ing  the anion s t ruc tu re s  III and XIV. 

The p lanar i ty  of the r ing  s t ruc tu re  has been establ ished for a number  of f ive -membered  a romat ic  heterocycles  
and is also normal ly  assumed for 1, 2, 4- t r iazole .  

According to the indicated l imi ta t ions  of the chosen model 1, 2, 4 - t r iazo le  possesses  C s symmet ry  and 18 normal  
v ibra t ions .  

N R r_~ -~,.~ Ht r=r'=~; 
,gN K~" XlV R=R'=Br 

The anions of 1, 2, 4 - t r iazo le  and 3, 5-d ibromo-1 ,  2, 4 - t r i azo le  or their  potass ium salts  according to the 
formulas  III and XIV possess  Czv symmet ry  and 15 vibra t ions .  In Table 1 the ass ignments  a re  given of the normal  
v ibra t ions  according to bond type and the expected absorpt ion range for 1, 2, 4 - t r i azo le  and its anion. The indicated 
ranges  a re  only tentat ive,  s ince  they a re  chosen in accordance with l i t e r a tu re  data, for example [19, 20], for the 
absorpt ion  of different  azoles.  

Table 1. Ass ignment  of the Normal  Vibrat ions of 1, 2, 4 -Tr i azo le  
and Its Anion According to Bond Type and Expected Absorption 

Interval  

~ Stretching Vibrations (v) In-piano deformation Out-of-plane deforma- 
~ ' ~  ~ vibrations (~) . . . .  tion vibrations ('~') 

I Bt 1 2 

In all 2 4 2 3 * 

I C~ 1 2 4 2 3 I 13 
5 

In all 1 2 4 2 3 1 

I ' E,peoto~ I 1 I l ~0000-- t000-- 800-- 3500--!3300-- 1600--1250, 1300-- 1200-- Below 
absorptlon]interval,cm "t ]i 3300 3000 1350--1000(breathing) 1000 800 600 500 600 

�9 In addition there are t w o  t y p e  A~ vibrations, which are not  act ive in the  IR spectrum (one "~'C--H 
and one Tring) 

C ~ H  Stretching v ibra t ions  (vC--H)- One or  two bands in the 3140-3090 cm - i  region. Sometimes masked by the 
absorpt ion of associated N--H bonds. 

N ~ H  Stretching vibrat ions .  1, 2, 4 -T r i azo l e  as the solid does not show free  N~H absorption. A continuous 
absorpt ion over a very wide range  is observed,  about 3200-2400 cm -1, with severa l  maxima.  On N-deutera t ion  
continuous absorpt ion occurs  over a na r rower  frequency region,  about 2400-1900 cm -~, with a maximum evident at 
2200 crn -1, and severa l  weak maxima.  This indicates the complex na ture  of the absorpt ion which a r i ses .  

C ~ H  In-plane deformation vibrat ions  (t/C--H). One or two (usually strong) bands develop in the 1230'1150 cm "l 

r eg ion  according to the number  of C ~ H  bonds. 
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T a b l e  2. I R  S p e c t r a  o f  S u b s t i t u t e d  1, 2,  4 - t r i a z o l e s  a 

1,2,4-triazole Silver salt Potassium ~-Chloro-l,2,4-triazole Proposed assignment 
(I) of I (II) salt of I (III) b (IV) 

L 
3138 (20, [l~O--- sh 
3128 (20) 1--~ (20) b 
:3200-- / 
2400(40--80) 
1900-- 
1750 (10--20:1 

1765 (30) h 1765-- 
1735 (10) 
1660-- 
1630 (5) 

1620-- 
1590 sh 
1547 inflection 1560-- 
1533 (30) 1540 sh 
1485 (95) 1507 (70) 
1440 sh 1410 sh 

1380 (60) 1340 (I00) b 
1360 (20) 

1330 sh 
1300 (30) 

1275 (IO0) 1290 (95) 
1258 (80) 
I240-- 1260-- 

1750 (10) 

1530 ? 
1510 sh 
1490 (100) 
1460 sh 

1385 (20) 
I370 sh 

1280 sh 
1256 (90) 
[250 sh 

3139 (10)* 
3120 (I0)* 
3200-- 
2400 (40--80) 
1800-- 
1650 (5--10) 
1770 (5) b* 
1750 (3)* J 

1650-- 
1590 sh 
1540 sh } 
1520 (70) 
1485 (80) 

1430 sh 
1385 (70) 

1350 (25) 

1290 (100) } 
1270-- 
1250 (90) 

~C-H 
a;C_ H 

'V N -- tt assoc. 

2~N-H 
2y c - H 

2(825) 

~N-a+(883,  718) 
~N_H+I(650, 640) and 

u (683, 663, 684, 640) 
V ring 

2(718) 
ring 

2(683, 684) 
640+718 
650+683 
2(650) 

"r ring 

1200 sh 
1185 (55) 
1153 (90) 
1130 sh 
l l l0  sh 
I075 sh 1086 
1060 (60) 
1035 sh 1042 
988 (95) 995 
960 (70) 960 
940 inflection I 
890 (90) b 890 

~1230 sh 
1205 (20) [200 

[1170 (90) [158 
130 sh 

(60) t070 (3) 

(5)  t030 (50)  

(60) 998 (40) 
sh 987 sh 

980 (60) 
(40) 882 (70) 

730 (5) b 
683 (80) 
650 (70) 
640-- 
600 sh 

430-- 
400 (5) 

825 (25) 
720 (5)b I 
663 (70) h ~84 (40)b 
635 (10) b ] 

405 (5)b 

(50) 1190 
(80) 

1150 

1088 
1065 

1003 
980 
9OO 
878 

718 (70) 
640 (40) 

515-- 
500 (20) 

(60) 

sh 

(60) } 
sh 

(60) 
(SO) 
sh 
(80) b 

~c-H 
6c-H 

%' ring 
(breathing) 

ring 
ring 

V c-u } ~ ~-ad 

Y ring 
ring 

halogen dependent 

2 3 3  



T a b l e  2 ( c o n t ' d )  

N-Deutero IV Silver salt of 3-Bromo-l,2 Silver salt of 
(V) e IV (V!) *-triazole (VIt) VII (VIII) Proposed assignment 

3t38 (50)* 
3118 (45)* 
3090 sh 
3025 (3) h 

2970-- 
2830 (5--I5) 
2770 (10) h 
2705 (I0) b 
258o (lO) 
2400-- 
2000(30--90) 
t980 (20) b 

188o (lO) b 

1780 (5)* 
1755 (3)* 

3142 (10) b* 
3130 sh* 

3130 (10) 

3200-- 
2700(40--80) 
2700-- 
5000 not 

recorded 

3t40 sh* 
3180 (1.5) b* 

2700-- } 
2000 not I recorded 

~r 
VC_H 

VN--H assoc. 

1540 (8) b! 
1520 'sh 

1486 (90) 

1430 (I0) 

1400 (85) 
1355 (20) 
1290 (100) 
1270--- 
126o (80) 
1227 (90) 
II90 sh 
I150 sh 

1082 (50) 
1040 (25) 
100o (1o) 
972 (70) 

935 sh 
898 (30)* 
882 (30)* 

770 (3) 

718 (70) 
640 (69) 
510-- 
495 (20) 

:750 (2) b 1 

1740 (10) b 

11640 (2) 
11540 inflection/ 

[1488 152o (25) t 

143o 2 il::  2 00, ' 
1400 sh 1415 sh 
1385 inflection 
1365 (70) 1365 

1340 
1327 (100) 1287 
1280 (70) 1266 

1245 
1205 (70) ti80 

1150 sh 1150 
1100 (5) 1120 
1060 sh 1080 
1040 (25) h!1040 
1005 sh 
990-- I000 
940 (3) 975 

910 

875 (20) b 872 
825 (8) 830 

770 
730 (3) 730 
697 (30) 708 

b i 664 (40) 638 

i 
405 (15) b 

(70) 
(40) 
(85) 
(70) 
(60) 
(50) 

sh 
sh 
(50) 
sh 

(60) 
(15) b 

(10) b 

(40) b sh 
(5) 
(8) 

(4o) i 
(40) 

1770-- 
1730 (3) 

17oo (5) b 
1640 (8) b 
1525 sh 
t510 sh 

1480 (80) 

1375 (95) b 

1315 (lOO) 
1282 (95) 

1196 (50) 

t146 sh 

lO85 (lO) b 
1o38 (40) 
lOlO sh 
990-- 
950 (7) 
905 sh 

890 (15) b 
820 (8) 

730 (10) b 
692 (25) 
667 (40) 

425-- 
400 (15) 

J 
N--D assoc. 

2 (898) 

2YC_ H 

820+890 
2(82O) 

~N-~+638, 
640 + 898, YC- H + Yring 

Vring 

2(718, 697, 708) 

Vring 
640+718, 638+708 

~'ring 

~C-H 
Impurity IV ? 

Wring 
( !areathing ) 

~ ring 
ring 

"r I ~N-H r 
'~C--H J 

"~ ring 
~N-I~andY ring 

halogen dependent 
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Table 2 (eont'd) 

} 
1290 (70) [1340-- 
1268 inflection'1300 (90) 
1258 (65) 1278 (100) 
1228 (I00) 
1200 sh 
t178 (80) 11190 (40) 
1150 ah 11150 (5) 
1072 (50) 1082 (7) b 

1040 sh 1028 
, ( 2 5 )  b 

I000 (95) 1010 sh 
971 (50) 
960 inflection] 
930 inflgction i 
878 (70) 890 (8) h 

850 sh [820 (5) b 
768 (2) 

697 (25) 687 (15) 
638 (35) 666 (35) 

Silver salt } 3-Chioro-S- 
of IX (X) I brorno-l,2,4- triazole (Xl) 

3125 (8) b 3200-- 

!2700(40--85) 
I 

b~ 

2700-- 
2000 not 

recorded 

34odo-l,2,4- 
triazole (IX) 

3125 (10) 
3120-- 
2700(40--80) 

2700-- 
2000 not 2500-- 

recorded 2000 not 
recorded I 

1840-- 1660-- 
1770 (40) 1590 (10) 
1740 inflection 

1700 (i0) 
1660-- I I 
1610 (5) 

1545 (30) b! t535 (40) 
1530 sh 1510 sh } 

[t475 (70) 14681440 (80)sh I 1440 (80) 

, I410 1400 sh ] sh 
1 
1375 !1370 sh 

1348 (70) (90) b )35 8  (30) 
I335 infl?ct ioni  1 

1320 sh 
1293 (I00) 
1268 (80) 

1190 sh 

1145 (25) 
1085 sh 

11050 (4) 
:1029 (90) 
1010 sh 
995 (40) 
970 sh 

850 (30) 

750 (i) 
712 (25) 
657 (15) 
553 (40) 
407 (30} 

3,5-Dibromo- 
1,2,4-tria zole 

(XIl) 

3200-- 
2390 (20--80) t 
3110 (75) h I 
2960 (75) sh | 
2900 (80) b I 2800 (70) sh 
2750 (80) b t 
2500 (50) sh ] 
2410 (30) sh t 
2315 (t0) b l 
2250 (5) h 
I650-- 
1580 (lO) 

1535 sh 
1518 (30) 

1425 (80) 
1410 sh 
1390 sh 
1360 (5) 

t340 (3o) 

1310 sh 
1275 (100) 
1255 (90) 

1200 sh 

If35 (25) 
1080 sh } 

lO21 (90) 

99I (40) } 
950 sh 

836 (3o) b 

730 (5) b 
708 (25) 
~5~ (10) 

467 (40) 

Proposed assignment 

VC-H 

~0 N- H assoc. 

2~ N-H 
2y C-H 

890+820? 

2 (820) ? 
13x-~+  (638, 712, 708) 
Vc=a + (538, 697, 666) 

~r ring 
2(697, 712, 708) 

656 + 708 
657+712 

~J ring 
638 + 697 

2('557, 655) 

~r ring 

Vring or ~c -n  

Hc-~ 

"q ring 
( breathing ) 

ring 
ring 

~c-~} p~_H r 

[~N-H 

Y ring 
Y ring 

halogen dependent 
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Silver salt of 
XaI (XIU) 

1640 (4) b 

151o (2) b 
1436 (80) 

1360 (95) b 

1285 (to0) 
1t85 (2) 
115o (2) 
1085 (4) b 
I039 (35) 
1020 sh 

82o (8) b 

697 (25) 

5o0 (3) b 
428 (5) b 

T a b l e  2 ( o o n t ' d )  

' Potassium 
saR of N-Deut ero 

XII (XIV) b x n  ( x v )  c 

2540 (5) 

2290 (5) b 

1423 (90) 
1405 sh 
1835 (60) 

1258 0oo) d 
t190 sh 
1150 sh 
1100 sh 
1045 (35) 
1020 (20) 
1010 inflection 
100o (8o) 
960 sh 

75o (I0) d 
710 (50) 
678 (IO) 

3115 (I0) b 

2960 (8) b 
2915 (10) b 

2800 sh 
2780 (10) 
2750 (8) b 
2548 (10) 
2400--- 
2030 (30--90) 
2315 (70) b 
2240 (90) b 

2180 (75) sh 
2t28 sh 
2110 sb 
1975 (10) 
1918 (lO) 

1432 (95) 
1400 sh 
1395 (60) } 
1365 (30) 
I340 (10) 
1270 (100)b 
t180 (4) b 

1155 (40) 
1100 sh ) 
lO4O (35) / 
1020 inflection 
1010 sh } 
982 (70) 
950 (70) 
900 sh 
750 (2) 
708 (25) 
c~8 (8) 
602 (40) b 
465 (45) 

Proposed assignment 

V N-H assoc. 

V N--D aSSOC, 

2 (820) 
697 + 820 

V ring 
2(710, 708) 

%' ring 

ring 

~' ring 
( breathing ) 

ring 

Y ring 
Y ring 

~N--]3 
halogen dependent 

Note: (a) In parentheses is given the relative intensity of the band, as percentage intensity of the 
strongest absorption band of the compound; ~,: stretching vibrations;/~; deformation vibrations in the 
plane of the ring; ~': deformation vibrations out of the plane of the ring; b designates broad; sh, shoulder. 
All frequencies given in cm A , 

(b) Increased background for the potassium salts of III at 3650-2700, 1700-1630, 850-450, and of 
XIV at 3500-2800, 1680, 800-500 cm -~, which must be due to water impurity in the carbonates. 

(c) The compounds were about 90% N-deuterated. 

(d) The absorption frequency #N-H is estimated for the following compounds approximately: I: 
920-900, IV: 900, VII: 900, IX: 915 cm -I. 

* Frequencies by which the presence of the two isomers carl he judged. 
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N - - H  in-plane deformat ion  v ibra t ions  ( f /N--H).  A c h a r a c t e r i s t i c  broad band of medium intensi ty,  with both sides 
mildly  sloping, is found in the 950-830 cm -I  region.  On N-deute ra t ion  it appears  in the 700-600 cm -1 reg ion  and has the  
same c h a r a c t e r i s t i c  form.  The ra t io  of the f requenc ies  of the N - - H  and N - - D  bonds a re  as follows: 3 - c h l o r o - l , 2 , 4 -  
t r i a z o l e ,  1.375; 3 , 5 - d i b r o m o - 2 , 4 - t r i a z o l e ,  1.380. 

With i n c r e a s e  in acidity of the azole the r ing ni t rogen proton bond is weakened and a reduct ion in the absorption 
f requency may be expected. For  pyrazole ,  the acidity of which is far  less  than the acidity of t r iazole ,  the f lN--H 
vibrat ion is observed  at 1150 cm -1 [19]. In a number of 1, 2, 4 - t r i a z o l e s  a s i m i l a r  dependence is observed (Table 2); 
for example,  the m o r e  acidic compound XII has a lower absorpt ion frequency.  This f requency cannot be establ ished 
accura te ly  for  1, 2, 4 - t r i a zo l e  since the re  a re  other  absorpt ion bands in this region. It is possibly the one at 940-900 
era -1. In the meta l  sal ts  of 1, 2, 4 - t r i a zo l e  this band d isappears .  

C - - H  Out-of -p lane  deformat ion  vibra t ions  (TC_H). The p r e s e n c e  of a f ree  C - - H  bond is d isc losed by the 
absorpt ion at about 900-850 cm -~, where  there  is a band of medium or  weak intensity. Fo r  N-nonsubsti tuted 
t r i azo le s  the band is masked by the N - - H  absorption.  Fo r  1, 2, 4 - t r i a zo l e  and its meta l  sal ts  an intense band is 
observed  at ~880 cm -1. A second absorpt ion band for  the C - - H  bond ( symmet r i c  vibration) of 1, 2, 4 - t r i azo le  could 
not be found. The s i l ve r  sal ts  of the 3-halo subst i tuted t r i azo le s  pos se s s  a single broad absorpt ion band at 
890-875 cm -1, and the N - d e u t e r o - 3 - c h l o r o - 1 ,  2, 4 - t r i a zo l e  (V) has two bands (at 898 and 882 cm-1). All  these 
v ibra t ions  have weak over tones ,  observed  also for  compound IV. The assumption that these two bands (or 
broadening of one band) a re  due to C - - H  vibrat ions  of two i s o m e r i c  compounds is conf i rmed by the p r e s e n c e  of two 
absorpt ion bands in the C - - H  s t re tch ing  vibrat ion region.  

N - - H  Out-of -p lane  deformat ion  v ibra t ion  (TN--H)- We were  unable to detect  absorption due to this vibrat ion,  
nor,  on N-deutera t ion ,  could we obse rve  the appearance  or  d isappearance  of any of the bands in the 900-400 cm -1 
region,  except the /3N_  H vibrat ions .  The T N _ H  absorpt ion band of py r ro l e  is found at 565 cm -~ [19]. It may be 
assumed that the absorpt ion due to the ~/N--H vibrat ions  of 1, 2, 4 - t r i a zo l e s  when studied as solids is ve ry  weak or  is 
found below 400 cm -~. 

Ring s t re tch ing  vibra t ions  (Vring). For  a va r i e ty  of azoles  the r ing  s t re tch ing  vibra t ions  give r i s e  to absorpt ion 
bands in the 1600-1250 em -1 region [19-21]; however ,  in some cases  the absorption due to the r i ng - s t r e t ch ing  
vibrat ion is reduced to 1100-900 em -1. It may be noted that there  a re  also combination f requencies  in the 1700-1500 
em -1 reg ion  which often lead to an e r roneous  ass ignment  of r ing  s t re tch ing  vibrat ions.  

The appearance  of four absorpt ion bands may be expected for  the r ing s t re tching vibra t ions  of the 1, 2, 4-  
t r i azo le s  (Table 1). T h r e e  of these a r e  to be found in the 1520-1240 cm -1 region. The f requency of each absorption 
band r egu la r ly  changes on pass ing  f rom one compound to another.  

F i r s t  band (1520-1420 cm-1). The f requency of the absorpt ion bands depends:(a) on the halogen, fal l ing in the 
s e r i e s  chloro,  b romo,  iodo der ivat ive;  (b) on the s y m m e t r y  of the substi tuents in r ing posi t ions 3 and 5, 
nonaddit ively fal l ing on pass ing  f rom 3-halo to the 3, 5-dihalo der ivat ive;  (e) to a smal l  extent on pass ing to the 
t r i azo le  meta l  sal ts .  The band is one of the s t ronges t  in the spec t rum,  its low dependence on external  environment  
( in te rmolecu la r  associat ion) makes  it the most  r e l i ab le  for  identifying the t r i azo le  ring. 

Second band (1410-1340 cm-1). A dependence of the f requency on the halogen in posi t ion 3 of the t r i azo le  r ing 
is m o r e  evident than for the f i r s t  band. In te rmolecu la r  associa t ions  and convers ion  to tile t r iazo le  meta l  sal ts  s trongly 
affect the f requency and intensity of the band. The band is usual ly of medium o r  high intensity); for  the s i l v e r  sal ts  it 
is ve ry  broad and ve ry  strong. Fo r  compounds II and XIII there  is continuous absorpt ion in the 1420-1300 cm -1 region 
with a single maximum.  Compounds VI, VIII and X show continuous absorpt ion at 1440-1300 cm -1 with two maxima.  
The max imum with the lower  f requency is now assigned to the third absorpt ion band. Because of the var iab i l i ty  in 
intensi ty and the p r e s e n c e  in this region of combination f requenc ies  the second band is less  re l i ab le  for  identifying 
the t r i azo le  ring.  

Third  band (1320-1240 cm-1). For  N-unsubst i tuted 1, 2, 4 - t r i a zo l e s  and the s i l ve r  sal ts  of the 3-halo der iva t ives  
VI, VIII, X the band is split  into 2 -3  sepa ra te  absorpt ion bands. Often this band appears  as the s t ronges t  in the 
spec t rum,  pa r t i cu l a r ly  if the spli t t ing is taken into considera t ion.  The potass ium sal ts  (III, XIV) show a single 
absorpt ion band, the f requency coinciding with the lower  absorpt ion band of the cor responding  N-unsubst i tut ted 
t r i azo les .  This suggests  ass ignment  of the lower  absorption band of N-unsubst i tuted t r i azo les  to a vibrat ion of the 
anionic forms .  The s i l v e r  sal ts  absorb at high f requenc ies ,  which indicates a reduct ion in the degree  of conjugation 
between the formal  double bonds of the t r i azo le  ring. The p r e s e n c e  of th ree  bands in this region for  3-halo der iva t ives  
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of the t r iazole  and two for their  s i lve r  sa l ts  can be explained by the p resence  of i somers .  The third absorption band 
of the t r iazole  r ing  depends very l i t t le on the nature  of the halogen in posi t ions 3 and 3.5, and does not change on 
N-deutera t ion.  It can be considered re l iab le  for identifying 1 H - l ,  2, 4 - t r i azo les ,  for studying the degree of conjugation 
in the t r iazole  r ing,  and for detecting i somers .  

Four th  band (1100-1020 cm-i) .  We ass ign a set  of severa l  absorpt ion bands in this region to the absorption due 
to r i ng - s t r e t ch ing  vibrat ions  on the bas i s  that the charac te r  of the frequency changes in the se r ies  of compounds we 
invest igated had a s imi l a r i ty  with other absorption bands of the t r iazole  ring. Usually there  is a single s t rong band 
which often is spli t  into two bands of medium intensity,  or  into 2 - 3  bands of medium to weak intensity.  It may be 
noted that a number  of the s i lve r  sa l ts  in the 900-1160 cm -1 region always have a single absorption band of medium 
intensity" which could also be ass igned to r ing  deformat ion v ibra t ions .  

The fourth band has l i t t le dependence on the halogen in the t r iazole  ring, but g rea te r  dependence on the symmet ry  
of the subst i tuents  in posi t ions 3 a n d  5. 1, 2, 4 -Tr i azo le  (I) absorbs  at 1060 cm -1 and spli t t ing occurs  on both sides of_ 
the band (at 1075 and 1035 em-~), the f requencies  of which approximately coincide with the intense absorption bands 
of i ts  po tass ium and s i lve r  sal ts ,  as occurs  for the third absorption band of the ring. 3-Halo der ivat ives  of I absorb 
at h igher  f requencies ,  3, 5-dihalo der ivat ives  at lower frequencies .  

Ring deformat ion v ibra t ions  (~ and Tring). Of the three  deformation vibrat ions  in the plane of the r ing two bands 
are to be found in the 1020-950 cm -1 region. -For the s i lver  sal ts  they are  usual ly of very  low intensity.  For  the 
other  compounds one or two of the bands have high intensi ty and because of the constancy of the frequency can serve  
for identification of the t r iazole  ring. 

The out -of-p lane  deformation vibrat ions  of the t r iazole  r ing absorb in the 720-630 em - i  region where there  are  
two bands of medium,  more  r a r e l y  high, intensity.  For  the potass ium sal ts  (III and XIV) only one absorption band 
may be expected to appear in this region (Table 1) provided the sal ts  are completely separated ions. Compound III 
does in fact have one absorpt ion band. On pass ing from XII to XIV the band at 467 cm -1 unexpectedly disappears ,which,  
however,  is not poss ib le  t o  ass ign  to absorpt ion of the r ing  T-vibrat ion.  One absorption band of the r ing  T-vibra t ion  
(usually in  the 710-680 cm - i  region) has a more  constant  frequency and helps in identification of the t r iazole  ring. 
A number  of t r iazoles  have a weak absorpt ion at ~730 cm-1; the s i lve r  sal ts ,  in addition, have a weak band at 
~830 cm -1. The la t te r  gives an overtone and combinat ion frequency with the TC--H s i m i l a r  to the r ing  T-vibra t ions ,  
as shown below. Therefore  we assume that both these weak absorpt ion bands can be assigned to the r ing T-vibra t ions  

of the i somer ic  s t ruc ture .  

Combinat ion Frequenc ies  and Other Absorpt ion Bands. Absorpt ion in the 600-400 cln -1 region can be due to 
v ibra t ions  of the C-halogen-bondvibra t ions ,  for aliphatic compounds are inapplicable for cer ta in  aromat ic  and 
heterocyel ic  compounds [22-26]. Many 3- and 3, 5-halo der ivat ives  of 1, 2, 4 - t r i azo les  do not show any absorption bands 

in this region. 

In the 1200-1100 cm -1 region, bes ides  the intense absorpt ion bands due to f iC--H vibrat ions  there  are two weak 
bands (for the compounds XI, XII, XV one of them is of medium intensi ty) ,  the ass ignment  of which is not established.  

In Table  2 the combinat ion f requencies  are  indicated, which were  verif ied for all  the compounds. The weak 
(for 1, 2, 4 - t r i azo le  medium intensi ty;  very broad absorption in the 1900-1750 cm -1 region is due to an overtone of 
the f iN--H vibrat ion which as in the fundmnental  vibrat ion is reduced in frequency with inc rease  in acidity of the 
t r iazole .  The very broad absorption band of the overtone and fundamental  fiN--H vibra t ions  is caused by in te rmoleeu ta r  
associat ion.  The overtone of the TC__H band vibra t ion absorbs  in the 1780-1730 cm -1 region and is of medium 
in tens i ty  for 1, 2 ,4 - t r i azo le  but very weak for its 3-subst i tu ted der ivat ives .  Overtones and a mutual  combinat ion 
frequency were observed for both r ing  T-vibra t ions ,  which absorb in the same region where there  is absorpt ion due 
to r ing - s t r e t ch ing  vibrat ions .  In the 1560-1500 em -1 region a weak absorption due to a combinat ion frequency of the 
TC--H and Tring vibrat ions  is noted. Compounds possess ing  a N--H bond give in this region a broad absorption of 
medium intensi ty  of the combination frequency between the flN--H and Tring vibrat ions .  There  is no reason to assume 
that the 1, 2, 4 - t r i azo les  which we studied as solids possess  absorption bands due to r ing s t re tching v ibra t ions  in the 
region above 1520 cm -I. 

EXPERIMENTAL 

IR spec t ra  were measured  on a UR-10 ins t rument .  The substances  were prepared as suspensions  in nujol and 
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hexachlorobutadiene .  

Compounds IV and V I - X  were  p r e p a r e d  as de sc r ibed  [27, 28]; II and XIII were  p r e p a r e d  s i m i l a r l y .  Regard ing  
the p r e p a r a t i o n  of compounds XI, XII see  [29-31].  Deuter ium exchange was c a r r i e d  out by heating at boi l ing 1 hr 
with subsequent  concent ra t ion  (compound V), o r  twice r e c r y s t a l l i z i n g  (compound XV),using deu te r ium oxide (99.9%). 

The po t a s s ium sa l t s  (compounds III, XIV) were  p r e p a r e d  by evapora t ing  to d ryness  aqueous solut ions of 
compounds I and XII with the equivalent  amount of KOH and subsequent  t r ea tmen t  with boi l ing absolute  alcohol,  e ther ,  
and dry ing  in vacuum over  P205 at 100 ~ C. 
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