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Fourier transform IR and Raman spectra, Normal modes, vibrational energy 
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Abstract Fourier transform IR and Raman spectra, Normal modes, vibrational energy level and potential energy 
distribution (PED) of 1H- and 3H-4,6-dimethyl-1,2,3-triazolo[4,5-c]pyridine tautomers, have been determined 
using density function theory (DFT) at the B3LYP/6-31G(d,p) level. The results of experimental values obtained 
agreement with the theoretical model of geometry and vibration levels with the scaling factor ν1-ν8= 0.96, ν9-

ν25= 0.98 and ν26-ν52 = 1, respectively, the Optimised bond lengths and bond angles are good agreement with 
X-ray data of other triazolo-pyridine compounds. 
Keyword IR and Raman, DFT, 4,6-dimethyl-1,2,3-triazolo[4,5-c]pyridine tautomerization. 
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31H- and 3H-4,6-dimethyl-1,2,3-triazolo[4,5-c] pyridine (4,6-diMTP-c) 

DFTLee-Yang-Parr

B3LYP/6-31G(d,p)

DFT

Gaussian 98W [9-10]

3H-4,6-diMTP[4,5-c]32H-4,6-diMTP[4,5-c]3

1H-6-MTP[4,5-b]36H-6-MTP[4,5-b]3
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3 DFT B3LYP/6-31G(d,p)

3H-6-MTP 
(4,5-b)

1H-6-MTP (4,5-b) 
3H4,6-diMTP 

(4,5-c) 
1H-4,6-diMTP (4,5-c) 

Bond length (Aº)             and 
angles (Aº) 

1.379 Aº 
1.362 Aº 
1.009 Aº 
1.289 Aº 

1.363 Aº 
1.332 Aº 

1.372 Aº 
1.359 Aº 
1.008 Aº 
1.289 Aº 

1.382 Aº 
1.325 Aº 

Aº 1.360
Aº 1.367 
Aº3.008
Aº3.296  

Aº3.382  
Aº3.326

3.347 Aº
3.360 Aº
3.009 Aº
3.289 Aº 

3.383 Aº 
3.328 Aº 

N1-N2/ (N2-N3) 
N1-C8/ (N3-C9) 

N1-H19(12)/ (N3-H19(12)) 
N2-N3/ (N1-N2) 

N3-C9/ (N1-C8) 
C4-N5 

2diMTP-4,61H & 3H DFT-LYP/63B

31G(d,p)

4,6-dimethyl-1H-1,2,3-triazolo[4,5-c]pyridine
ν1=3528cm-1 
100 – νNH

ν 2=3083 cm-1

99 – νCH 

ν 3=3037cm-1

100 - νas (CH3) 

ν 4=3012cm-1 
100 - νas (CH3) 

4,6-dimethyl-3H-1,2,3-triazolo[4,5-c]pyridine
ν1=3530cm-1 
100 – νNH 

ν 2=3093 cm-1

91 – νCH 

ν 3=3035 cm-1

100 - νas (CH3) 

ν 4=3012 cm-1

100 - νas (CH3) 
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ν 5=2989 cm-1 
100 - νas (CH3)

 
ν 6=2986 cm-1 
100 - νas (CH3)

ν 7=2931 
100 - νs (CH3)

ν 8=2929 cm-1  
100 - νs (CH3) 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

ν 5=2987 cm-1 

)3(CH asν -100 

ν 6=2965 cm-1 
100 - νas (CH3) 

ν 7=2928
100 - νs (CH3) 

ν 8=2914 cm-1

100 - νs (CH3)
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ν 9=1632 cm-1 

55- ν ΦP

ν 10=1596 cm-1

 T ν Φ -+ 13ΦPν -53

ν 11=1497 cm-1 
36- νΦP + 14-δas (CH3)

ν 12=1474 cm-1 
54 - δas (CH3)

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

ν 9=1625 cm-1

55- νΦP 

ν 10=1604 cm-1

60- ν ΦP +16- νΦT 

ν 11=1496 cm-1 
 P νΦ-) +163(CH asδ -24 

ν 12=1475 cm-1 

67 - δas(CH3) +10 -  (CH3)
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ν 13=1465 cm-1 

63 - δas (CH3)

ν 14=1461 cm-1 
92 - δas(CH3)

ν 15=1456 cm-1 
92 - δas(CH3)

ν 16=1423 cm-1 
31 - δas(CH3) + 11 - ν ΦT + 23 - ν ΦP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ν 13=1468 cm-1 

94 - δas(CH3)

ν 14=1458 cm-1 
)3(CHasδ -92 

ν 15=1458 cm-1 
52 - δas(CH3) + 12 - ν ΦP

ν 16=1419 cm-1 
18 - ν ΦP + 17 - δas (CH3)  + 11 - ν ΦT

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fourier transform IR and Raman spectra, Normal modes, vibrational energy level of 1H- and…..       Faraj  et al. 

JOPAS Vol.17 No.  2 2018                                                                                                                                                 103 

ν 17=1400 cm-1 

73 - δs (CH3)

  
ν 18=1391 cm-1 
86 - δs (CH3)

ν 19=1372 cm-1 
21 - ν ΦT  +19 - δ NH   + 10 - δ ΦT

ν 20=1352 cm-1 
41 - ν ΦP + 21 - ν ΦT 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

ν 17=1408 cm-1 

26 - δs (CH3) +20 – δ NH + 13 - ν ΦT + 12 - ν (C-
CH3)

  
ν 18=1394 cm-1 
82 - δs (CH3)

ν 19=1383 cm-1 
65 - δs (CH3) + 12 - ν ΦP

ν 20=1348 cm-1 
41 - ν ΦP + 21 - ν ΦT 
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ν 21=1339 cm-1 

34 - ν ΦP + 21 - ν ΦT 29 + 11- δs (CH3) 

ν 22=1284 cm-1 
43- ν ΦT + 20 - δ NH +12 - δTΦP 

ν 23=1224 cm-1 
49- ν ΦT + 12 - ν ΦP

ν 24=1165 cm-1 
40 - δ CH + 18 - ν (C-CH3) + 12 - ν ΦP 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

ν 21=1307 cm-1 

29- ν ΦT + 17 - ν ΦP + 14 - δ NH 

ν 22=1277 cm-1 
23- ν ΦT + 22 - δTΦP

ν 23=1235 cm-1 
30- ν ΦT + 12 - δ NH + 10 - ν ΦP

ν 24=1158 cm-1 
)3CH-(C ν -+ 13  TΦ ν -CH + 15  δ -44 
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ν 25=1119 cm-1 

17 - ν (C-CH3) + 18 - ν ΦT + 14 -  (CH3) 

ν 26=1067 cm-1 

73 -  (CH3)

ν 27=1054 cm-1 

79 -  (CH3)

ν 28=1048 cm-1 

55 -  (CH3)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ν 25=1112 cm-1 

24 - ν ΦT +17 -  (CH3) + 16 - ν (C-CH3) 

ν 26=1069 cm-1 

78 -  (CH3)

ν 27=1055 cm-1 

82-  (CH3)

ν 28=1049 cm-1 

49 -  (CH3) + 13 - ν ΦT 
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ν 29=1012 cm-1 

53 - δ ΦT + 16 - ν ΦT

ν 30=1001 cm-1 
34 - ν ΦT + 17 - δ ΦT

ν 31=982 cm-1 

53 - ν ΦT + 11-  (CH3) 

ν 32=954 cm-1 

23 - ν ΦP + 17 - δ ΦT + 17-  (CH3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ν 29=1032 cm-1 

76 - ν ΦT 

ν 30=1009 cm-1 
69 - δ ΦT +18 - ν ΦT 

ν 31=995 cm-1 

27 - ν (C-CH3) +23-  (CH3)+12 - ν ΦP 

ν 32=948 cm-1 

23 - ν ΦP + 22-  (CH3)+ 17 - δT ΦP 
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ν 33=843 cm-1 

81 -  CH

ν 34=823 cm-1 
20- τ ΦT + 17 - δ ΦP + 15 - ν ΦT + 13 - ν ΦP + 10 - ν 
(C-CH3)

ν 35=795 cm-1 
41 - τ ΦT + 47– τ ΦP 

ν 36=702 cm-1 

NH    -+ 16  TΦ τ -71 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

ν 33=884 cm-1 

77 -  CH

ν 34=835 cm-1 
20 - δ ΦT +17 - δT ΦP + 12 - ν ΦT + 14 - ν ΦP + 11 - 
ν (C-CH3) 

ν 35=788 cm-1 
45 - τp ΦP  + 40 - τ ΦT 

ν 36=706 cm-1 

NH    -+15  TΦ τ -71 
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ν 37=651 cm-1 

34 – τ ΦP + 27 - τ ΦT + 24 - τp ΦP  

ν 38=634 cm-1 
26 - ν ΦP +23 - δ ΦT + 11 - δ ΦP 

 

ν 39=596 cm-1 
36- ν (C-CH3) + 21 - δT ΦP

 

ν 37=647 cm-1 
25 - τp ΦP  + 24 - τ ΦP +27 - τ ΦT 

ν 38=629 cm-1 
24 - ν ΦP + 22 - δ ΦT + 12 - δ ΦP 

 
 
 
ν 39=592 cm-1 
38 - ν (C-CH3) + 20 - δT ΦP

ν 40=566 cm-1 

)3CH -(C  -+ 17  Pτ Φ -51 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

ν 40=554 cm-1 

46 - τ ΦP + 14 - (C- CH3) 
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ν 41=498 cm-1 

74 -  NH 

ν 42=496 cm-1 
47 - τ ΦP+ 13 – δ(C-CH3) 

ν 43=475 cm-1 
58 - δ ΦP +10 - ν (C-CH3) 

ν 44=342 cm-1 

29 - τ ΦT +25 - (C-CH3) + 21 - τ ΦP / ΦT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ν 41=497 cm-1 

42 - δ ΦP + 12 - δ (C-CH3) + 11 – ν ΦT 

 
ν 42=476 cm-1 

74 -  NH + 20 - τ ΦT

 
ν 43=472 cm-1 
57– δ ΦP

 
 
ν 44=356 cm-1 

29 -  (C-CH3) +28 - τ ΦP / ΦT + 20 - τ ΦT  + 14 - τ 

ΦP 
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ν 45=298 cm-1 

63 - δ (C-CH3)

ν 46=256 cm-1 
61 - δ (C-CH3) + 12 – δ ΦP

ν 47=255 cm-1 

39 - τ ΦP + 22 - τ ΦP / ΦT  + 14 -  (C-CH3) 

ν 48=181 cm-1 

 T Φ/  PΦ τ -) +21 3CH-(C  -60 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ν 45=294 cm-1 

63 - δ (C-CH3) 

 
 
ν 46=257 cm-1 

40 - τ ΦP + 19 - τ ΦP / ΦT  + 15 -  (C-CH3) 

 
 
ν 47=253 cm-1 
61 - δ (C-CH3) + 12 – δ ΦP

 

 
ν 48=177 cm-1 

61 -  (C-CH3) +19- τ ΦP / ΦT 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Fourier transform IR and Raman spectra, Normal modes, vibrational energy level of 1H- and…..       Faraj  et al. 

JOPAS Vol.17 No.  2 2018                                                                                                                                                 111 

ν 49=134 cm-1 

32 -  (C-CH3) +13 - τ ΦP / ΦT  + 29 - τ ΦP+ 12 - τ 
(CH3)

ν 50=92 cm-1 
87 – τ (CH3) 

ν 51= 34 cm-1 
96 - τ(CH3) 

 

ν 49=135 cm-1 

33 -  (C-CH3) +16 - τ ΦP / ΦT  + 31- τ ΦP 

ν 50=94 cm-1 
)3(CH τ -96 

ν 51= 90 cm-1 
)  3(CH τ -89 

. a       = carbon atom,       = hydrogen atom,       = 
nitrogen atom
b uniform scaling factor  f=0.96  for ν1 – ν8;  f=0.98 
for  ν9 – ν25; f=3.00 for ν26– ν52  
c in-plane vibrations: ν- stretching, δ – bending, δT 
– trigonal def., out-of plane vibrations: γ – bending,τ 
– torsion, τp - puckering; ρ – rocking, ΦP – pyridine 
ring,  ΦT – triazole ring. 
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3N

6433

633N-633

37

in-plane37out-of 

plane3

1H-

3H-36in-

plane32out-of 

plane 3

32

in-plane3

ν-stretchingδ–bending

trigonal def–Tδ

2NH

1νCH2 ν

3CH38ν ,7ν

3CH-saν6ν ,5ν ,4ν ,3ν

)PΦ-ν9ν66

-1H, 16ν ,11ν ,10ν

38ν ,34ν ,32ν ,24ν ,23ν ,21ν ,20ν-3H

38ν ,34ν ,32ν ,31ν ,23ν ,20ν ,19ν ,16ν ,15ν, 11ν ,10ν33

TΦ-ν29ν

46-3H

 ,25ν, 24ν ,23ν ,22ν ,21ν ,20ν ,17ν ,16ν ,10ν

41ν ,34ν ,30ν ,29ν ,28ν-1H

 ,23ν ,22ν ,21ν, 20ν ,19ν ,16ν ,10ν

34ν, 31ν ,30ν ,29ν ,25ν37

CH3

3CH-sδ21ν ,18ν ,17ν -saδ

3CH16ν ,15ν ,14ν ,13ν ,12ν ,11ν

PΦ-(δ46ν ,43ν ,38ν ,34ν1H

47ν ,43ν ,41ν ,38ν3H-δ(

)TΦ38 ν ,32ν ,30ν ,29ν ,19ν-1H ,30ν

38ν ,34ν-3H 

-T(δ  

PΦ39 ν ,22ν-1H34ν ,39ν ,32ν ,22ν

3H-
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out-of plane 3

bending –γ torsion –τ  – pτ

puckering

CH-γ33ν81,%77

-, 3H-1HNHγ41ν

47-1H

36ν-3H42ν ,36ν

)3CH-τ51ν ,50ν87%, 

96%1H-96%, 89%3H-

49ν-1H

PΦ-τ ,40ν ,37ν ,35ν

49ν ,47ν ,42ν1H49ν ,46ν ,44ν ,40ν ,37ν

3HTΦ-τ ,37ν ,36ν ,35ν ,34ν

44ν-1H44ν ,42ν ,37ν ,36ν ,35ν  

-.3H) TΦ/PΦ-τ

49ν ,48ν ,47ν ,44ν1H ,46ν ,44ν

49ν ,48ν3H

PΦ-p(τ  37ν

-1H 37ν ,35ν -3H

ρ

in-plane

of plane-out3CH ,27ν ,26ν

28ν73%, 79%, 55%

32ν ,31ν ,25ν-1H27ν ,26ν78%, 82%

32ν 31,ν ,28ν ,25ν -3H
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3H, 1H
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3 X-Ray 
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3 4,6-methyl-1H(or 3H)-1,2,3-

triazolo[4,5-c]pyridine3H1H
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