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Physical properties and infrared spectrum characteristics of melamine
under external electric fields
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( Changwang School of Honors, Nanjing University of Information Science and Technology ,Nanjing 210044 , China; Jiangsu
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Abstract  Melamine ( C;H(N,) is an industrial raw material that is extremely harmful to the
human body. It is listed as a carcinogen by the World Health Organization. It is particularly
important to study its properties under external electric field. In this paper, we have studied the
changes of bond length, total energy, dipole moment (induced dipole moment) , lowest unoccupied
molecular orbital ( LUMO ) -highest occupied molecular orbital ( HOMO ) energy gap, Infrared
spectroscopy, and dissociation potential energy of C;H(N; using density functional theory ( DFT) at
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the B3PW91/6-31+ (d, p) basis set level. By calculating the stable electronic structure of the

C,H¢N; under external electric fields, the results show that when an electric field is applied in the

direction of the N—C bond, the total energy of the C;H;N¢ decreases, the dipole moment increases

with the increases of the strength of external electric field gradually. On the contrary, the energy gap

decreased with the increase of the strength of external field. The electric field has different effects on

different bond lengths. As the external electric field gradually increases, the bond length of different

N—-C bonds changes differently, and the N—H bond length gradually decreases.
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Table 1

The calculated parameters of the optimized structure of C;H N, at different levels and the experimental results

B3LYP/6-311+ B3PW91/6-311

B3LYP/6-311 B3PW91/6-31+(d, p)

Experimental value

Re,(Ng—C;)/A
Re,(Ng—C,) /A . 356 89 .354 31
Re3(Ng—Cy) /A .356 89 .354 46

1. 356 84 1
1 1
1 1
Re,(N,—C,)/A 1.356 79 1.354 35
1 1
1 1
1 1

.35174

Res(N,—C,)/A .356 88 .354 46
Reg(Ns—C,)/A .35679
Re;(Ns—C;)/A . 356 88

error 0.007 31

.354 34
.354 46
0. 006 26

1.35553 1.35585 1.337 00
1.35740 1.34075 1. 343 00
1.35745 1.34146 1.334 00
1.357 42 1.341 35 1.333 00
1.35745 1.34146 1. 34200
1.35742 1. 34135 1.336 00
1.357 45 1.341 46 1. 340 00
0.007 42 0. 003 24

.1 4A=0.1 nm,
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Fig. 1 The optimized geometry of ground state of
C;H N under field-free
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Table 2 The calculated molecular total energy, bond distances and dipole moment of C;HNat different external electric fields

F/a.u. E/Hartree RE(Ng—HIS)/A Re(N7—C1)/A Re(NS—Cl)/A u/Debye

0 ~446.368 303 01 1.005 29 1.353 16 1.34135 0.0000

0. 002 ~446. 368 532 99 1.004 81 1.356 75 1.33975 0. 608 4

0. 004 ~446. 369 249 99 1.004 47 1.360 26 1.338 40 1.2147

0. 006 ~446. 370 443 23 1.004 17 1.363 82 1.33709 1.8197

0. 008 ~446.372 113 12 1.003 96 1.36753 1.33597 2.4253

0.010 ~446. 374 258 03 1.003 77 1.371 31 1.33478 3.0305

#F:1 Hartree =2 625. 5 kJ+mol ',
1.005 4 —-Re(N;,—H,,) a4z 335 —~Debye _ 46368 | —~-E eV 10:02 1702390
10052 e 1.371E340 0 3.0F = o [/Hartree | 446 360 o 1 Martree  10.01 1702395
1005 0 136801340 25 6 [ Hartes” Jo 1702400
1.004 8 1136511339 220 446370 8 6 4 : | 02405
1004 1136213388 1 5 63715 62 170014 02410
1.004 2 1135911337 5 4463722 6.0 17002402415
1,004 0 11.35611.336 \ -446373 " 58 1-0.03-02420
1,003 8 as3flazs o 446374 56 |-0.041-02425
1003 6 1.35011.334 446375 54 02430

0 0.0020.004 0.006 0.008 0.010
Flau.

() o TRK

0 0.0020.0040.0060.0080.010

(b) BRERAERIE

0 0.002 0.004 0.006 0.008 0.010
Fla.u.

(c) 2 FHER S A AU BERR

B2 CHN, 5 F#EK(a), BEEEMBIRIE(b), D FEED AR (o) FEINEIZHTH
Fig. 2 The variations of bond distances (a), energy E, and dipole moment . (b) , energy level distribution
and HOMO-LUMO energy gap (c¢) of C;H N, under external fields
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Table 3 The calculated energies of LUMO E, , HOMO E,, and energy gap (E.) of LUMO-HOMO
for C;HgN; at different external fields

F/(au.) E,/Hartree E,,/Hartree E/Hartree Ey/eV
0 0. 008 89 -0.242 67 0.251 56 6.842 432
0. 002 0. 006 35 ~0.24220 0.248 55 6.760 560
0. 004 ~0.003 20 ~0.24174 0.238 54 6. 488 288
0. 006 -0.01395 -0.24133 0.22738 6. 1847 36
0. 008 -0.02529 ~0.240 94 0.215 11 5.850 992
0.010 ~0.037 01 -0.23998 0.202 97 5.520 784
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