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HAUHET NHK R WS 5 — B S U 24000 /MK E fb 8 &, ] = RAEASE %A
T EREN AR ERSEE. RSHEEAER —MUNE UK E TR/ E 044 eV B8 5.
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AT RS %
%4 HE
4550 84

FEFRHHE LK A B NCS)+NHXS) » HCS) + N, (X'S)) R &Z — Mk 2 i #h R
BL, BAEAR 6.172eV, il kB E EHNLLRMHEGI56eV). EASE —HAAH T
EHFERAEHEL XX, WARNISZ A FEFLAMES. I, KA Lanczos HikFM T

FA NH 2 F 3k 30 76 K.
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b 43 )48 F [4s3p2d 1£/3s*2p | Al [5s4p3d2f/4s*3p2d]
WAEAME T H+N, BEMH e, KN
N,H—N+H [ M [ E 22 4% 4 0.442 £110.490 eV. B 5,
fli 411328 i CASSCF/ICCI /%K cc-pVDZ.
cc-pVTZ. cc-pVQZ Al cc-pVSZ R ARG HTEL T
NoH (g, IR 58 & 3L /M A IE, 155
IRE22 N 0.492 eV. AT, FiRAREHIRAESR T

No+H JHiE, KAgeBMmiA NH AR, Gu &P
CCSD(T)/aug-cc-pVQZ KV Lit 5 T NoH 7k R 1%
B S e, A AT NoOH-No+H B HCH 0.165 eV,
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HNXREF NH FI88 K, R A% — N JE-F 2] NH it
FIBE S, » W R Flr 2 (8] i M (y=180°5%F I 2k P4
NNH M%&), F#EZHTERLDOVR) T, KRN
Hamiltonian %0 [% A BEANRIRS S BT, 408 100 X
110 4~ PODVRP% \5 6k RE[1.5, 5.01a, M re[1.1,
4.6)ay. FHFE y JEHENL0°, 180°], & T 80 4™ Gauss-
Legendre DVRPYHS i, SRS ENTE N 6 eV. fiiH
LanczosP 354 7124} 46 # 5 DVR Hamiltonian %7
R, S FH 3000 25 Lanczos 2RI AT SRR I A &
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NoH FIRAS BRI B A — a3/ S % g
BN No+H (R85 5. N+NH 52w e R o 8% 0 e i 7
AR BB H T2 1 . 35 BE T 4 1A /M e A X
T No+H [ReEEH 0.214 eV, HKAE R (2.2294,
1.989a,, 116.4°), 5 DMBE 1v-T1"® 1% 45 5.(2.2264,,
1.983a,, 117.2°)}% DMBE 2v-1"" 5 45 5.(2.2264,,
1.982ay, 117.0°)—F. ¥ S 40T(2.126a, 2.700a,,
118.2°), HAEF LA/ ME I AE & 5 0.444 eV. %

Feature Property CCSD(T) ¥ DMBE 1v-II " DMBE 2v-1°¢ DMBE 2v-11 ¥ This work
Rux (ao) 2.223 2.226 2.226 2.229
NoH minimum Run (o) 1.985 1.983 1.982 1.989
Ginn (©) 116.9 117.2 117.0 116.4
AE (eV)© 0.165 0.196 0.161 0.214
Rux (ao) 2.121 2.125 2.121 2.124 2.126
) Run (@) 2.688 2.688 2.712 2.701 2.700

Saddle point

Ginx (©) 118.6 118.1 117.8 117.6 118.2
AE (eV)? 0.434 0.460 0.460 0.460 0.444
Rux (ao) 2.326 2.299 2.310 2.340
N, -H Rxu (a0) 2.281 2.265 2.313 2.265
isomerization Ginn (°) 59.3 59.5 60.0 58.9
AE (eV)? 2.099 1.951 1.951 1.918

a) 51 B3CHR[15]: b) 51 H SCHR[18]: ¢) 51 B SCHR[19]: d) 51 H SCHR[20]: e) AT 7790 H4Nps £) AR T2 ME
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32 REPWES

F 2B TES NH 4 PN TR EE S
RS BRASRES, FEHH T LLAT i 38 10 AE 1F
NECE. RNEEHH 3 MESIE T E(n, ny ny) KR
i, AR N-H B 4ERs). iRz Al N-N
BEARAEIRSY. BT NH 2 FRIBOREERE N T,
Jacobi ALHR(R, r, )5 P ALAR(Rany Ry Ounan) FHIEE.
DRI, 6 2 1) 8 DA 300 3ok 0 %52 K I (1) AR AIE 8% R 307
Jacobi AEFR(R, r, y) B &AM mECkiE. K4
#5H T Jacobi 24F5E T (0, na, 0), (1, na, 0, (0, 0, n3) 41
1) 6 MREhI R B L m . NEFRITRLE 1, X
BB IR B 9% bR BT A AR T IS I, IR S RN

KRBT BIRBIEEZL (1, 0, 0)FH(0, 1, 0)537il
N 2302.9 F11071.5 cm™, 5 DMBE 1v-1"'f) it 545
F(2295.7 Al 1084.3 cm™) /% DMBEIv-II"*f it 5 45
$(2292.9 F1 1081.9 cm™ YW &R L. AHFRATTFTI 1)
(0, 0, DIRBNAEL A 1696.61 cm™ 5 DMBE 1v-1 [
1771.2 cm™ J2 DMBEI1v-II ] 1763.8 cm™ AHZE K.
MR K, 0, 2)RBIFEHMIZ 3363.8 cm™', L

F£2 NHGTHIRNEER E (cm™)

(ny, 2, n3)  This work ?34}3]? ?3411135 E‘UZ"S
(0,0,0) 0.0 0.0 0.0 0.0
(0,1,0) 1071.46 1084.3 1081.9 1070.63
(0,0,1) 1696.61 1771.2 1763.8 1721.73
(0,2,0) 2124.72 2156.7 2146.3 2175.38
(1,0,0) 2302.87 2295.7 2292.9 2341.25
0,1,1) 2737.86 2825.7 2814.9 2744.66
(0,3,0) 3156.53 3210.7 3199.9 3244.23
(1,1,0) 3307.78 3338.45
(0,0.2) 3363.79 3545.7 3528.9 3437.83
0,2,1) 3766.80 3877.7 3863.9 3834.35
(0,4,0) 4155.52 4238.7 4233.9 4267.77
(1,0,1) 4352.96 4347.22
(0,0,3) 5251.14 5278.7 5270.9 5230.96
(0,5,0) 5307.09 5307.29

a) 51 H3CHRI16]; b) 51 E SCHRI18]; ¢) 51 H SCHR[36]
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A theoretical study on potential energy surfaces and vibrational
excited states of N,H

Junying Yang, Xixi Hu, Daiqian Xie

Key Laboratory of Mesoscopic Chemistry, Ministry of Education; Institute of Theoretical and Computational Chemistry; School
of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210093, China
*Corresponding author (email: dqxie @nju.edu.cn)

Abstract: Accurate global potential energy surfaces for the ground and first excited electronic states of N,H are
constructed by fitting 24000 ab initio energy points generated from multireference configuration interaction
including Davidson correction calculations with aug-cc-pVQZ basis set. The ground state PES has a deep well and a
small barrier of 0.444 eV above the N,H minimum. The calculated exothermicity of the overall barrierless reaction

N(*S)+NH(X’T") > H(ZS)+N2(X12g) is 6.172 eV, which is in better agreement with the experimental value of

5.956 eV than previous theoretical results. A conical intersection between two electronic states was located. In
addition, the vibrational energy levels and wave functions for the ground electronic state of N,H were predicted by
employing the efficient Lanczos algorithm.

Keywords: molecular reaction dynamics, potential energy surface, vibrational energy levels
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