Chinese Physical Society

%fg%"—*ﬁActa Physica Sinica

Institute of Physics, CAS

ChH RIIME TR : ETF— AR

B EEH EAK

Dynamics of C* + H, reaction based on a new potential energy surface

LiWen-Tao  Yuan Mei-Ling  Wang Jie-Min

5| {5 B Citation: Acta Physica Sinica, 71, 093402 (2022) DOI: 10.7498/aps.71.20212241

TEZL I View online: https://doi.org/10.7498/aps.71.20212241
I 2R View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in



) 32 3R Acta Phys. Sin. Vol. 71, No. 9 (2022) 093402

Ct+H, R MBI 1=/ R: ET
— N HERNE R
2 ED) EE£HY F A

1) (IS BHIRL 2B 5 o 15 BB, I8 BH 471934)
2) (MELRHE BB INERE, 206 262700)
3) (REFBE N TR e e, A 277160)

(2021 4£ 12 J 3 HUk®; 2021 4 12 A 14 HURE B k)

R — A0 ] AR T - TR M 2 S B B EAE N 7%, 456 ACVQZ B #4171 CHY KR 1
MBI R B AN 22 T O 8 0 4 77 3 0 DSk A B Y 18222 AN A G REHEAT T 4UL& . bt K 3 ig
THT B ARAIE 15 A 75 21 A S2 90 45 SR AN B 45 R UEAT 1 LR, 45 SRR WA A 1 4 BE TAT L LA (Y 3 BE ThT S 0K
B TR A A SRR, SR AIMES MU T IR AT T CF + Hy I 3l J) 233, 4Gl 1 B e AN o
S e R B S Z AT B A R AT T IR, B on A R R IR S N i A P A A SO ALBE 4 e A

REEIA: CHy PR, HAaEm, BUMETE, Hor i

PACS: 31.50.Bc, 31.15.xv, 82.30.Cf

i

1 5

H 1941 4 Douglas #1 Herzberg!!) 76 & FR41 it
R CH M FESRE, CHYE 23
TR B0 Fe T2 fF5Y. CHY B F 2
mEiEPER, EFH AR PRE S ShF . AR
A58 R ROV, DT B T A IR A R
CH* B FAEF- 1y T U1 ME DURE, Xl
SEI KA i — A MERE. Ry i A E 4
hE RIS, TR T RMILH4ES, AATX
CH*E 1 BYIE UL AT 1) 2 AsE. 7E
SCES 7T, 1997 4F, Hierl 25 2 SR F 5 1R I 5 4 A
e EM T CH(P) Ml Hy 43 T K H I E D, 4
F R NEAE 400—1300 K P4 Y FR 8 K. a2l
KRR, R 01 B95E S RE - B REXT SO 152

* IR E HRBERS HES: ZR2021MA076) ¥E B YIS

t BIE1EH . E-mail: wangjiemin _1980@163.com
©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20212241

WiV 2HARL, T 52 I8 40 T ) R Bl 38 R b S I 1 5 M 37
KFF-shre ik shae. SV PIIRNEES v =10
A, v =1 MRS &, i H, /03 508K
241000 fi5, f Dy 43 T3 5 B K 29 6000 £
2011 4F, Plasil 55 B >R I EE W A2 1 22 1) 25 Bif
MRS TR, #5987 CHYE 5 H R 7196
BN ABATTHGE T % N AE 10—1000 K i
RN B R AL, ZBRSTREET 100 K i, s
Bos M — G Y T R XU RS Shi CHY
BT EAGRE O RS H R T A w0
ST, KRBT TAE S R A
TR B BRI I E R AT 0 S S O 2Ok IR AR
TE LT A Y R 8. 2005 4F, Stoecklin 1 Hal-
viekl SR H Z W08 A 1 ik E T CHY R R 1Y
SRR, T Z B AR H RIOSA-NIP J7
AT H + CHY N B9 SO HESR | B4 Ak m Al

http://wulixb.iphy.ac.cn

093402-1


http://doi.org/10.7498/aps.71.20212241
mailto:wangjiemin_1980@163.com
mailto:wangjiemin_1980@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 71, No. 9 (2022) 093402

WA H L. 2007 4F, Halvick 45 ¥ BT #Ge1H oK
FWEZ B BLZE T 7 (quasiclassical trajectory me-
thod, QCT) FIAH%Zs [RIBISH Hiif5E T H + CH*
N, FFARIE T %N R . 2013 4F, Zan-
chet 55 1) B XA RR T >R FH & i i P4y 0T
T CF + Hy I, JH4RIE 7% 12800 B
AR E %L, 2011 45, Warmbier Fil Schneider” $j
BT CHY R R B —HAaem. AR AVTZ
M AVQZ FAMEZ S HHBMEAE I (multi-
reference configuration interaction method, MRCI)
AT T MSRBEAHE. A, BT AR R T
QCT J7:H1 ABC dE & i iy &FJ7 % H + CH*Y
FNHAT T B 32, JEHGE 7 ARG A R
RS 25 B 2015 4F, Li 55 11 SR A MRCI
Tk AVGZ e FEAT T ok BE MK BT
IR ZHABA Tk T CHY KRR =G
MFRET . BRI BN Z BN . Guo 45 12
Sundaram 5§ 13=151 F1 Wu 45 16 3R H % 368 101 X
H + CH* S M Heii e i it A7 1 8l ) 2 5otk
B TR R RS E R R BB
RET A Guo 55 WA EEAY, 7E KT, Al
B AMER 158 AR IR, [RFER ] 21120
PIE BT ER R TR AE

L5 LT, WRRE AT IR CHY (R R IEAT T Kt
ABISWTSE. AR HBE AR 2k FH 2 0 U5 1Y
Ty AR, MR 28 4005 5k S gyl & O
A HATRE BE i L Gz SR A AL A SCHY H At
S M) A g R B 0 e T O 7 R AT 3 )
I

2 Hatw
2.1 MNELEIHE

AR Molpro #2517 MK A, FF
HXTTA B BER T C R R E. FE KA
B SR T — A AR TR - R A A
Wi 2 2 WA EAEH T (MRCL-F12)P0 it
A, X CHE A1 H JEFKH T ACVQZ #HXE—2
FEH BLA NPT A AL, AT S 4 L
HHFE 31 2AL 141 2A" A2k
Z= 6] H G (state average-complete active space
self-consistent field, SA-CASSCF)334 {18 SR J5
FIHI SA-CASSCF S L1 2 5 W sk B AT T

MRCI-F12 115, 2 T #MEE B slie 2, it
Z & T Davidson f&1E. TET15E R FHME 7 b AL bR
K HEAT 25 1K 5 (Rqy Ry, o). FoH1, Ro & CHi
2| Hy 53 F b EEES, 78 0.6—25 Bohr AYTE[F
WTSCE 55 DAERISIA% A Ry /2 Hy 20 FRVEEK,
£ 0.6—25 Bohr F7E I NHE 56 N AE 46 &
o5& R il Ry Z A1 & 1, HAS AL Rl 2 1°%)
89°, [AIE Ky 15°. TELA L Re v, M4 T RE R & T
EAEFAREER 10 eV MK RE R . HZ, 7E4
SRR T 18222 ML AE R .

2.2 BEEEHE
BWAAL Z I 4 4% (permutive inva-

riant polynomial-neuronal network, PIP-NN)[3%:30]

k&S iz N H TR RE A, flin H +
HBrb7 1 K + H, S B8 &8 FE, 2 27—
T PIP-NN Jyik. ARFTJEAL $h& M85 H 34>
AL, B AN . BB . . X FRA
vig, T G TE S S — B R EORESE, R PIP
J7 G HE v AR BRI T A AR

Pent + Peut

Gy = O 1)
G2 = Py 'PCHb+7 (2)
G3 = P, (3)

A, Peys =1/Reys s Peyr =1/ Regs » P =1/ Ruaa
Hodr Run i & 0 1 2 (8] 1 B8 4 RCH;T7RCH;7‘7
CH*rFIs . 7R3, R T 2 DR,
BHAREZEOE 15 M40, 1AM, Levenberg-
Marquardt J5 % PO R I 2k i 28 0 2% . 1 25 ) 2%
SN
15
Vew; = sz'fQ'
k=1

15
> ui-s
j=1
Nt\)t
X (Zwl yer +b§> + b7

i=1

+b,  (4)

Horpr, N SR BERE B A NG w) , wi Ml w] &
EEHAL 07, OF A0 EARNL 5 f1 A0 f2 RN SRR %L,

et — e T
F@)= G ()

A AU TR — R 28 9 285 5 12 v B — A R
TR, O Tl U B R AR R AR BE L

093402-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 71, No. 9 (2022) 093402

53R 3 AERST, BRUNZREE S (90%) . MER 43 (5%)
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Table 1.  Spectroscopic constants of the CH" and H, molecules.

7, /Bohr w, /emt W, Jem! B, Jem! a, /em D, /eV

CH*(x1xt)

ARHER 2.136 2860.31 59.32 14.217 0.501 4.257
BLT AR 2.136 2853.03 58.52 14.201 0.489 4.252
IR 2.136 2851.0 58.1 14.199 0.489 4.244
BLiT el 2.144 2849.03 66.45 14.094 0.490
FRIBAT 2.135 2861.95 59.63 14.311 0.447 4.257
SO 2.137 2857.56 59.32 14.178 0.495 4.26

Hy(X'S])

AR 1.401 4407.63 139.43 60.85 3.012 4.751
BT 1.401 4404.61 126.64 60.861 2.233 4.749
BLiy el 1.401 4403.60 126.60 60.864 2.232 4.748
IR 1.403 4395.22 126.12 60.735 2.221 4.748
L 1.401 4389.66 121.56 60.826 3.162 4.711
S 1.401 4401.21 121.33 60.853 3.062 4.746

093402-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 71, No. 9 (2022) 093402
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S = N W ke ot N
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Fig. 1. (a) Contour plot for chemical bond stretching, in which the angle is fixed at 136.68° (Contours starting at —9.1 eV and

equally spaced by 0.4 eV); (b) contour plot for the C* ion approach to the midpoint of Hy molecule in the Cy, symmetry (Contours

starting at —9.1 eV and equally spaced by 0.37 eV).
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B2 (a) Y Reyr = 2.136 Bohr I, H 748 CH ¥ T2 h 94352k (b) 4 Run = 1.401 Bohr N, CYE T-HI5E Hy 20 T2 31 K

Fig. 2. (a) Contour plot for the H atom moves around CHY ion at the bond distance Riy+ = 2.136 Bohr; (b) contour plot for C*

ion moves around H, molecule at its equilibrium geometry Rpp = 1.401 Bohr.
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Fig. 3. The minimum energy paths of the CH ; potential energy surface at different angles along with the results obtained from Ref.[11].

dizR"a.b?n#.& (8)
d2 Ny, 2sin(ndy/180) =’

Hr, Ry, BRIV EEH, Ny, & B ZEH

Qg LA, Ny s& A7 1A% i H
Bl 42547 Ct + Hy > H + CH- R WY
SPRE. O TET 5 Z AT RIS 45 R T L, Guo
25 12 1 Herrdez-Aguilar 55 18] {2 iz A2 T
K. anf& 4 s, BR800 B9 R/ N R BERY
AN 8 K, Guo 45 121 Fl Herrdez-Aguilar 25 18]
25 R GASCE R BA M R s R, 4
SCHZE Y Guo 45 121 1 Herrdez- Aguilar 55 18] (1)
g 2 HiA A EE W AN TA] . Herrdez-Aguilar
25 081y 2 B R 3£ F Warmbier Fll Schneider!'? [
PEEH, R QCT 15281, 5ASCWEE R b, 75
WG FR RIEARE BB BN, AR SCY 45 SR B K T Herr-
dez-Aguilar 55 18] (25 8L 3O PR 7ETHE R A
TARFRAGEMR. Guo 55 12 (L5 HIE LT Li 4 1
MIFARETT, R & B i P I AR R, 2R
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K —e— ilik[12]
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0 1 1 1 1 1
04 05 06 07 08 09 1.0
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B4 CF+ Hy IV RERAE 0.4—1.0 eV 7 Fl P A B 8
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Fig. 4. Integral cross section of C* + H, reaction in the col-
lision energy range from 0.4 to 1.0 ¢V along with the val-
ues obtained from Ref. [12, 18].
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ARl AE T B a0 . IR 5 SER X T
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FH SRR A, D75 =9 ml LLF) ik
AT A AT 2 A 2] () 3836

B 5  Ct+ Hy RN A THEERE T 89600 #

Fig. 5. Differential cross sections of the C* + H, reaction at

several collision energies.
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Abstract

The multi-reference interaction method is explicitly dependent on the electron-electron distance, and
ACVQZ basis set is used in the ab initio calculation. The potential energy surface (PES) is fitted by using the
permutation invariant polynomial neural network method based on 18222 ab initio points. In addition, the
topographical features of the PES are compared with available theoretical and experimental data. The results
indicate that the present PES is more accurate and can be applied to any type of dynamic study. In order to
validate the PES, the dynamic study of the C* + Hy, — H 4+ CHT reaction is carried out by using the quasi-
classical trajectory method in a collision energy range of 0.4-1.0 eV. The integral cross sections and differential
cross sections are calculated and compared with previous theoretical studies. For the integral cross section, the
present results are, in general, in good agreement with previous theoretical studies, both of which increase with
collision energy increasing. The forward and backward symmetric differential cross sections indicate that the

“complex-forming” mechanism plays a dominant role in the reaction.

Keywords: CH;r system, potential energy surface, integral cross section, differential cross section
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