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Abstract The ground state, infrared spectrum and Raman spectrum of the NH; molecule are optimized using the
density functional theory (DFT) B3P86. The excitation characteristics of NH; molecule are studied by symmetry-

adapted cluster/symmetry-adapted cluster-configuration interaction (SAC/SAC-CI) method with basis set D95+ +. It
is shown that the infrared spectral frequency and Raman spectral frequency of NH; molecule for the ground

displacement are completely consistent; vibratory infrared and Raman spectra are active, which are consistent with
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the theoretical data. A two-dimensional vertical vibration (y;;) of infrared intensity is 0.206 km/mol, almost zero,
which is related to the excitation characteristics of NH; molecules. The Csy group becomes D;, group when NH;
molecules are excited from the ground state. This change causes the increases of symmetry and energy. This kind of
change doesn’t result in Jahn-Teller effect, but results in the electronic state and dynamic interaction. The electronic
the calculated results.
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state and dynamic interaction are analysed theoretically. It is found that the theoretical analysis is in agreement with
atomic and molecular physics; NH; molecular; excitation characteristics; infrared spectrum; Raman
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Table 1 Properties of ground state of NH; molecule

Structure Experiment . T ]

_ Ground parameter valye 14 Eneray Charge distribution Divole/ Quadrupole/(Debye-Ang)

etho

state (a.u.) Debye
Rwi/ /HNH/ Rw/ /HNH/
(10 10 m) (0) (10 10 I‘I’l) <°> N H XX YY ZZ

B3P86 X'A, 1.013 106.78 —56.747 —0.996 0.332 1.873 —6.096 —6.096 —9.061

CCD XIA| 1.014 107.06 1.012 106.67 —56.426 —0.659 0.219 1.740 —6.326 —6.326 —9.607

CCSD X'A, 1.015 107.04

—56.214 —0.656 0.218 1.735

—6.335 —6.336 —9.628
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Table 2 Reducible representation of Csy
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Table 3 Infrared spectrum and Raman spectrum of the ground state of NH; molecule (B3P86/6-311G * )

. . Frequency /em ™' Reduced  Force constant/ Infrared radiation Raman
Vibration  Mode - o . ) o
Our work Express!® ' mass /u (mDyne/A) intensity /(km/mol) active /(A" /uw)
A, Vs 3496.7 3337.2 1.026 7.383 0.415 108. 27
E V3.5 3625.3 3443.9 1. 089 8.435 0. 206 50. 18
E Va4 1748.9 1627.4 1. 066 1.921 29.523 8.23
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? 1872.43 236.73 9.45 119.10
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Fig. 1 Infrared spectrum of ground state of

NH, molecule

M 3 MK 1.2 AfLLEH .

D) P8l Ay X FRAR s R sk v R4
AL LR, W BN B RSB B RN
1111.9 em ' £LAN AL S 5 B 4351 2 215. 212 km/
mol #13.51 A'/u, [, AR RE Ay () B SR TR
PR 2l » 2050 R AL 2 50 BE 43 3 24 0. 415 km/mol Fi
108.27 A'/u,

2) Yk E R EH RS, BN v, R
BR 1748, 9 cm ', £1 4D R BL 8 5ER 4y 0 R
29.523 km/mol#l 8. 23 A'/u,

B2 RS T AS ( R E e
Fig. 2 Raman spectrum of ground state of NH; molecule
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Table 4 Excitation characteristics of ground state of NH; molecule (SAC-CI, basis set: D95+ +)

Excited energy /em ™!

Transition moment (a. u. )

Electronic state

Oscillator strength

Our work Expresst® 1) X Y 4
A" (A 112282 — —0.2510 0 0 0.0215
A" (A 98156 — 0.7425 0 0 0.1644
'E'"C'ED 94178 0.2928 0.2923 0 0.0244
'E'C'ED 87369. 5 — 0.3812  —0.3809 0 0. 0386
YA, 85039 82857 0 0 —0.4332 0.0485
C'A} 76711 63771 0 0 0. 0852 0.0017
B'E 59432 59225.5 0.0982 0.0983 0 0.0017
A'A", 46439 46136 0 0 0.7131 0.0717
Intial state X' A, 0 — — — — —
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M Cs BEMY o SFHHE 5.
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Table 5 Decomposition of Dy, » Csy and Cs

Dy, Cyv Cs(6,—>0)
Al A, A’
A" A, A"
A/Z A, A
A, Ay A’
E' E A+ A"
E’ E A+ A"
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Fig. 3 Electronic spectrum of the ground state

of NH; molecule
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