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Terahertz Absorption Peaks Formation Mechanism of Imidazole and Pyrazole
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Abstract Imidazole and its isomer pyrazole in the terahertz band have unique spectral features that can be used in their
identification. To further investigate the formation mechanism of terahertz spectral features, the molecular structures of
imidazole and pyrazole are modeled and optimized in this study based on the density functional theory. The vibration
characteristics corresponding to different characteristic absorption peaks are determined considering the potential energy
distribution. Moreover, the weak intermolecular interactions are qualitatively and quantitatively analyzed via graphical
analysis of interaction region indicator, energy decomposition analysis based on force field and topology analysis of electron
density. The results show that imidazole and pyrazole have different molecular vibration characteristics owing to
differences in the dispersion interactions and quantity and strength of the hydrogen bonds, resulting in significant
differences in the frequencies of their characteristic absorption peaks in the range of 0.4-2.4 THz. Additionally, the
formation mechanism of the characteristic absorption peaks is related to the differences in the vibration modes and weak
intermolecular interactions. Therefore, this study provides an important reference for identifying nitrogen-containing
heterocyclic pesticide raw materials and acquiring microstructural information.
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(d) pyrazole post-optimization
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Table 1 PED analysis results of imidazole and pyrazole

Sample Experiment /THz  Calculation /THz Vibration mode assignment Fragment

1.94 1.94 Bending: H,,C,,N,,(14) ; Torsion: C,,N;H,;C,,(18) Frag 3-Frag 6

Imidazole 2.18 2.16 Torsion: Cy,H;;N5,Cys . Co,H N5, C o (—22) Frag 3-Frag 6

2.33 2. 30 Torsion: Cy; Ny H Cos(—12) Frag 4-Frag 7

L 63 Lol T(?rsion:HSSNg,Nng( 11) Frag 1-Frag 7

Torsion: H;N,,C,,C, ( —20) 5 Frag 3-Frag 4

Pyrazole 1.92 1.93 Torsion: H;sNyNC4(10) Frag 1-Frag 7
Torsion: Ny H,NyNy (—15) 5

2.12 2.12 OTRIOT s R Hao R Frag 4-Frag 5

Torsion: Cy,N,,H Ny (15)
i vibration vibration ¢ -4

(a) N intensity (b) (c)

e

O vibration intensity

5 s A1 4% 09 4R s A 3 L (a)1.94 THz;(b)2.16 THz;(c)2.30 THz
Fig. 5 Vibration mode diagrams of imidazole cluster. (a) 1.94 THz; (b) 2.16 THz; (¢) 2.30 THz

vibration
intensity

vibration intensity

Pl 6 ik P A A 4R S AR U AT o (2)1.61 THz;(b)1.93 THz;(c)2.12 THz
Fig. 6 Vibration mode diagrams of pyrazole cluster. (a) 1.61 THz; (b) 1.93 THz; (¢) 2.12 THz
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2 WIEEAER T BER EDA-FF 4521
Table 2 EDA-FF result of fragments with Van der Waals

interaction unit: kJ/mol
Cluster Fragment  Electrostatic Repulsion Dispersion

Frag 1-Frag 4 —5.21 6.45 —10. 86

Frag 1-Frag 5 —6.42 9.91 —17.86

. Frag 1-Frag7  —10.47 12.43 —19.37
Imidazole

Frag 2-Frag 5 —5.59 15.01 —14.24

Frag 2-Frag 7 —2.76 15.89 —13.51

Frag 3-Frag6 ~ —16.47 17.50 —24.85

Frag 1-Frag 5 —1.76 10.78 —16.39

Frag 2-Frag4  —10.17 11.32 —21.90

Frag 2-Frag 7 0. 26 16.49 —23.11
Pyrazole

Frag 3-Frag5  —11.58 12.01 —22.62

Frag 5-Frag 6 —7.89 7.50 —14.86

Frag 6-Frag 7 2.26 7.62 —13.70

Frag 5.Frag 1-Frag 7 .Frag 2-Frag 5.Frag 2-Frag 7 fll
Frag 3-Frag 6 5 it g (] #% 1 Frag 1-Frag 5. Frag 2-
Frag 4 .Frag 2-Frag 7.Frag 3-Frag 5.Frag 5-Frag 6 fl
Frag 6-Frag 7 i (& #{ 1 F Be & 8 & 7 % B e 5| 4 JH Ag
i, Ul Wk 26 R B i 43 18] 55 AH VR T B89 AR BT LA 5
EH R ES . 4 EDA-FF 455 5 IRI 45 51—
FEAE 7RI IRIZM M A S8 AR A T X 0 I Y
i JH VMDD A4 @ DS 45 (iy Jr AU

(a)

71N, ELUL b 3 B A I B AR B DT mk . B
WA AT i R b s AT 52 ) € O D € R dn T 8
IR HERL AR BN IE AT B R R T ) PR
DT R .

& 8 (a) A 1, DK e [ % |, Frag 1-Frag 4 . Frag
1-Frag 5.Frag 1-Frag 7.Frag 2-Frag 5.Frag 2-Frag 7
M Frag 3-Frag 6 1 (4 HUVE H] 228 th TLou 2% 36 iy ikt
TR AR DTk, SR LT R R R
FHEEA AT BTk o U1 HO AR S5t % €8 HOHE T % BT ik
TR A 7 g 0 S B 0 I A o i R A2 AR D
£ R R 151 B R S M S G G UE 12 B 7 N1
FICIER b 2 A RE T Z A Bk s R Bl 2 A
i J5E %o €5, B FH AR H Y TR B R, 3 PR R XA Bk
T A 2 O 1 /9 S i £/ N
5l 8(b) AT A1, MLm A 7% v, Frag 1-Frag 5.Frag 2-Frag 4.
Frag 2-Frag 7 .Frag 3-Frag 5.Frag 5-Frag 6 fl Frag 6-
Frag 7 09 & H/E 5 DRk 25 B, 202 ot R B
b AR R TR, B R A SR R
55 DK e AT A AN [) Y 2, LT A% B0 b 1 30 Bk it ) £
FOVE TR TTRRAH 22 08 K, 5 & 7 AH A8 1 2 Ak It 1
X €8 IV ) DR B DK e R b e R A ) £ PR
DR S X8 LG AT, A [] B 20 o 25T, X /R
P 22 TTHR 0 2 o 24 I b U T B ) A
R T A Z AR T

()

K8 TR T (1 o Ca) WKW FE % 5 (b) ik s P 7

Fig. 8 Atomic coloring diagrams of dispersion. (a) Imidazole cluster; (b) pyrazole cluster
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I s [T 552 0 b e AT 9 A S B S A 34 N-H--- N &L,
H AE#RTE 2. 5~14. 0 keal/mol 38 il N , 158 BH 33X 26 &

BIAR R UERBEAE N F T 44 85 IRUS T 45 R —
o mbms PR R b ) SRR RICE: 2 1 Rk P A (SR R
JE K 22 Ll WK e A 7 v i SRR SR BE 5 o SR Ah X T A
AT A 0 IO I ] 7 T N Hs e+« N5 Nog-Hyge -+ N
SURE e P B TP Ngo-Hoge - Ny 5 Nyo-Hope e N 0B LU
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Fig. 9 AIM topological analysis diagrams. (a) Imidazole cluster; (b) pyrazole cluster
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Table 3 H-bonds information and predicted strength of the imidazole cluster and the pyrazole cluster

Cluster Fragment H-bond BCP  o(ryep) /a.u.  AE /(kcal'mol ')  Length /nm  Angle /(°)
Frag 1-Frag 2 Ng-H, -+ N 115 0.0398 —8.17 0.183 177. 35
, Frag 1-Frag 3 Nyy-H,.++-N, 122 0. 0460 —9.52 0.177 167.57
Imidazole
Frag 4-Frag 6 Ny-Ha,-+N., 101 0.0322 —6.23 0.191 153. 53
Frag 4-Frag 7 Nye-Hgoe o+ Nyg 70 0. 0397 —8. 34 0.182 167. 32
Frag 1-Frag 2 Ng-H;+-Nyg 149 0.0288 —5.68 0.195 168. 15
Frag 1-Frag 7 Ng,-Hgeo o+ N, 158 0.0292 —5.77 0.195 169. 33
Frag 2-Frag 3 Nyi-Hyp N, 120 0. 0344 —6.93 0.188 169. 82
Pyrazole
Frag 2-Frag 5 N,-H,---N,. 132 0.0326 —6.53 0.191 157. 34
Frag 3-Frag 4 N,.-H, N, 76 0. 0339 —6.82 0. 189 157. 95
Frag 4-Frag 5 N, -H,o -+ Ny 80 0.0470 —9.74 0.176 162. 54
2. 18 THz By fiF W Wig 0 2 by i 78 424 T (B HPE D) " A
o gn Te

SRR, Hou 24 3 b 0y U8R F i e - X 8 8rE AR
B Y TR AR 2. 33 THz B9 485 F W ig 06 2 iy 43 1
8] N-H--- N SR 3l 5 1 A #1158 7= A= 0, H A
I B B8 O — 8. 34 kcal/mol. Mk M 7E 1.63 THz,
1.92 THz #12. 12 T Hz i 47 1k WS 0 X5 2 ¢ 235 1) N-
H--- N S5 IR 20 51 2 180 A A5 7 AR 0y, S5 fi il
iR 4 9 A — 5.77 kcal/mol 1 — 6. 82 kcal/mol.
—5.77 keal/mol.—9. 74 kcal/mol, A 5] i &0 5 0= A1
5 7 A A R W A A R AN [ L Fl R D R e
TR A 7= A AN () A3 238 0 AR IR W WSO 5 TG 2% B b iR
FAS[R] A HE B G F1 43 1] 55 48 B AR FH A 2 700 R o 3
ZEFEYIME I . X 2F0 53+ 4544 19 55 A0 BLAE A BT 38
T A b R DTk A e AR A H (B EER)
PLSCN-H--- N Z SR i B AR L A0 i T R 0 o A
e S X B A STk N [\ o 55 4, BROAR SR s A
— B0, H VR AR B RN LY 2 AR A (AR R AR I
WAL g T 26 AN ]

FIFH THz-TDS I & T B e Kz FL[R] 43 55 44 f% it s
TE 0. 4~2. 4 THz 35 Bt N 19 KBk 25 635 . 2o 25 5%
HH WK s T e 2 B R T IR I 4R SO R . IR, 3
F DFT B 5 52 50 5 15 4 AiF W i i 55 Ry W 5 1 28
VG X I (14 &5 A AR AL, 5 SR I PED 430 1 55 A0 AR
FH 43 #5 77 ¥ (IRI.EDA-FF #l AIM H, 7 %5 B #i #b 4%
T ) F5 TA 10K e 11 1 f1 43— 435 4 4 1) 55 4R LA
SO &85 44 5 Ak 2% R AE IR sh A =X 0 O &R, AR B
fiE 22 5 0143 1 (8] 55 A0 B4R FH 22 5 00 R B i e T K
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