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(a)y = 91.5°, LA FT L AR AR Rypgir 1 Ry MAENARAR; (b) v = 90°, LIAE AT Lk Ak

b5 Ry M Ry FHEARAR; (c) H-Si-H R PEE5H), Ll Ry 1 Ry MHEIAABHER; (d) Si-H-H RVESEH, LL Ry_y M Ry gy Mk
HABKR; 4 4 KRR AL IR A5 2 B2 -6.713, —6.713, —4.008, —4.084 eV, i K 0.1 eV

Fig. 1. Equipotential contour plot for SiH,: (a) Contour plot for bond stretching as a function of the product Jacobi coordinates

Ry gu and Rg g with the Jacobi angle v = 91.5% (b) as a function of the reactant Jacobi coordinates Rg—py and Rpy with the

Jacobi angle v = 90°; (c¢) linear H-Si-H geometry, using Rg; g and Rg; p as the horizontal and vertical coordinates; (d) linear Si-H-

H geometry, using Ry y and Rg; p as the horizontal and vertical coordinates; the contour increments are 0.1 eV, and the four pa-

nels starting from —6.713, —6.713, —4.008, —4.084 eV.
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P P AspR Ry SiH Z B AR RS, & Hh ] AR T 28
M F] GM . AHXF =i SR Uk, 4R/
JIRER A-2.66 eV, i T Ryy = Rgy = 2.8664,
XAGERGSIE Ry = 2.87ay, £ HSiH = 92.1°8
W) A A A H b, SRR A B TR A IR 10 4 R i
/NERER-2.63 eV, Rgy = 2.90ay, £HSiH = 92.5°
WARH A, B 1(b) o T A RIS A2k, B Si R
FIEH T H-H 8 A H-H PO g o, fisdk
Fr#&oR Si 5 H-H BeEBE, PAAkbroR H-H [EFE
B XAERE T —A Cy, BIXTFREGER, W H A fE
MELH] GM LA —4 TS. Kl 1(c) i H-Si-H H
LRV A REITZR, KT TE Ry = 2.736a F71E
— N ER, HAE R & T GM 45 2.70 eV. & 1(d)
S ELZARY Si-H-H T i ae i &, % T 1
Ryn = 2.358ay , Ry = 5.407 ag AFEAE— Nk
HAEEAE Y Si+H, 4 2Z I 1.01 eV. XL
TSR I 2R B BT X IR I 1Y, TG AT 453
R DRI R — A T A SRR AT, S A T ki
(BB EIPAEL

& 2 iR H M 30°, 60°, 90°, 120°, 150°
F1180°4f A SiH H, SiH, 14 & [ HBEFE 2 S 7 A
B& Rsin — Run AL C R, B/ e 4% (mini-
mum energy path, MEP). 18 {4k H + SiH — Si+
Ho J& — AN, 77 W) 7 30 26 5 5 g ) i B
LIRER 250 1.16 eV, X 53k [17] Hiif I H
J5 B 0.81 eV AFFER R I 22 5. TAERE AL
Fr Rsin — Ruw N 6a5—S8ay Z BIAF1E— /N f
Fifi MEP h&# A X BLAZ G, ixX A 15 27

0.5

— 30°
) I ---60°
N e 90°
—05F N =120
2 0.81 eV R 150°
= —1.0F v / 180°
20 ——— ——
£ 15} VA Si+Hz
5] T
= [
g —20Ff [
5
= 3.08 eV
S —25}
—3.0F
—3.5F
—-20 —-15 —-10 -5 0 5 10 15 20

Rsin— Ruw/ao

B 2 f/NAERERAR, £ [H-H-Si] 43519 30°, 60°, 90°, 120°,
150°, 180°

Fig. 2. The MEP of different approaching angles, £ [H-H-Si] =
30°, 60°, 90°, 120°, 150°, 180° for the title reaction.

IR MY RE B 2215 1M 0.81 eV. WM%E MEP, 7£ 30°
i, fF7E—A 3.44 eV ITRSBE, BEE I A3 K,
B (14 R BE R AR /N, MEP 3 W78 /Mg hk ik A%
TR B G TR 2 SR AR — A, BRI 2
AT LA ] 30°, 150°, 180°fA Xt 1N () MEP 7£ 77438
TERHEAATEE /N AR A5, o B R K — 35224
XFF Si+-Hy PPN 1.04 eV, XU P2
FHAS H, HITE .

2.3 TEAT

BT LiRSGRTH, A TAER AR ik
FELH(?S) + SiH(X?I) — Si('D) + Ho (X' S ) S 5f)
J1%. G55 Baaein RSB DL SiH, R R K
i, T B T i A R B o
AL, X g5 12t AT ok TR PR, JedE
TE CCitarh, e Rt B, X T
J =0 0YIEHL, Zead )z p USSR It 5 O
T ESES T3 1. N HX RS, T
J=0,5, 15, -, 90 (W7 THELE (coupled-
state, CS) I AFIELE CC RV BRE &1 1241 T
B, A s AR A AR R N ER T 3 IR RS
EARIEAS h BY, S Al e Y I 0.001—
1.0 eV MR ICS, fJa 4 HHRH 4L

£ PP S I (R A a,

FEIRIE OO ANE )

Table 1. Model parameters of wave packet calcula-

tion (The atomic units are used in the calculation

unless otherwise stated).

St H+SiH
AR R RIGTE I (1016, 22)
U AR AR RPTA% S5 383
P A b ) v (0.5, 16)
P AL BRI A RS 255
1 EEVIE (90°, 180°)
AR SR 200
BHJEHE 5 Ra(rg) 18.0(14.0)
RHJE G dg () 0.0005(0.001)
WAL O AL R, 16.0
PG AR By eV 0.15
PGB Y 98 1 5 0.3
SRR 0.1
iR RIS AN 13.8
FH DA 100000
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3.1 MR

& 3 fif s i CS Al CC WP ITHE 5 3 B X F
2 EWIRAIR SR H4-SiH(v = 0, j = 0) IV FEFA
shi 40 J = 0, 10, 20, 30, 40, 50, 60, 70 FJZ
MR, B J = 0 MRERINZ T LIE T, xRN
TeH AW . B BBl TR R, RO
) [ R B 1 R, X T B O H s K .
FLae A2 nT LI CS Fl CC BRI £ 7 F
BRI 3 A5 3B —, CC MERIR 5 e Aot
FHERLE CS ML/, X &M THREAB 25 Pl
il 3, H 52 SiH At FE i IR S I ik
G SiH,, WAL T RAERICHIE CS #EFerh 3 4
MIHRG A5, T CC MEZ ARG M3 5 i B/ INE:
PRI Ay sy R B BRI £ 52 B AR T SCRC A S AL
55, Bt R R R O OK, R AR L e R 4R,
M T < 10 (J < 40) Bf, CS(CC) MR Kb % Hilf % BE
RN, 24 J = 20 (J = 50) B, CS(CQ)
R34 I Al 9 39 K 2 I e R e N R
= M JRIER, CS 5 CC RN HE R AR 2k

MY J <30, CCH CSHERZERLEN, J =
40 BF, COMERIA KT CSMMEF I, X J =
70 B, CS MERIEARZE, PR A 47 & T LU
L3 AERETERER K 0.99 eV I, CC #E%RZ CS HE
Y 7045 . X E RN Y ¥ KB — 8 TR
CC IR R Z 1 0, it CC B IR
] 45 A WA HE = i A= . FBir LA, Bl J 3SR
CS 5 CC HEA 1Y 22 H1 BB A .

3.2 FMoEsEmE

ARAE (8) =X, B U BRI T 4318 S v AR
RIGINBCR A, FE—EMRER T, Y J B/ T,
R F 2041, Sk Tk I BE S T BB R
WK, SRIG Y J ARSI, PR RN B ] X
Fosh, 43I TTBRRAE J B3GR BB U, dn
B 4 fis. B 4(a), (b) 5350k R 7 32 s
43 DTk, AR RER R, I IR 2. 1
CS Fil CC fERlrh | 75 B335 i e K A 2y it
TR B T = 80 Ml J = 90. XFH 4(a), (b) K,
TEAH R BE T, CC X B 1 438 sTiki KT CS
B, 355 2 AR Y R — 3.

1.0
0.8
0.6
0.4
0.2
1.0

Probability
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oo "%‘*.‘s‘“?-‘e«"u}mwm .
0.4F | .

0.2} &

Probability

...........

1.0
0.8
0.6
0.4F

SRR e
L..m**
Mty

Probability

0.2+ wll,'.;‘(‘,‘,'ﬂ'
0 |

,,,,,,,

0 0.2 0.4 0.6 0.8
Collision energy/eV

1.0 0.2 0.4

0.6 0.8 1.0
Collision energy/eV

3 H(®S) + SiH(X2I) (v = 0,5 = 0) I A & s & 78 (J = 0, 10, 20, 30, 40, 50, 60, 70) X 17 B 52 1 A8 4 bl 2 BE (4

G4

Fig. 3. The reaction probabilities of CC and CS calculations for H(2S) + SiH(X2II) (v = 0,5 = 0) reaction at J = 5, 10, 20, 30, 40,

50, 70.
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70

(a) —— 0.06 eV (b)
ol —0s50ev
—— 0.99 eV
50
40

(2J+1) P/(Ec)

80 20 40 60 80
J J

K 4 FEARBER E. = 0.06, 0.50, 0.99 eV, Zr e %F T A1
WO I A BTEE (a) CS A BTEk; (b) CC 43k Sk

Fig. 4. Partial wave contributions to the integral cross sec-
tion at E, = 0.06, 0.50, 0.99 eV: (a) CS; (b) CC.

& 5 i T H+SiH SUWAE 1.0 x 1073 —1.0 eV
R il 48 BE 3 B R TCS BifiRlE i A e i A8 fk, 5
MIMER L P E 2 1CS MLk ih i BEIR
JEHIE CC & 8 ih 26 JL T2 e i, LR
J2 1CS T AR R 1 sh it S5O AR SR AT 35 1 4%
M. HHZEFR I, 1CS Bl BE &t 1Y 3 KB H ek, 76
I AE DX I PN B 25 Rl RE 2 A3 K SURIE DN, R RE X
B % e B IR, ICS A28/ N, X Ee5)) J) 417N
[N v e 0] & YA N v S RS R R R E S
K, 2% CC & fifs ICS W/, CS 5 CC ICS
()22 BEAE AR R X SO B 8. COC ik it S i iy
ICS, oI 7 M ih S iR B AR L CS B /MR
%, Ik tbiotl, EARBA IR . X 5115
TEA KR, f£ CC IR EIE 209700, It
KA ICS B KR SR BN bR BLAh, 5

300

—CS

250 b e

200 |
150

100 i,

Integral cross section/A2

50

0 0.2 0.4 0.6 0.8 1.0
Collision energy/eV

Bl 5 FE1.0x 1073 —1.0 eV BRI REREJE R ~, H+ SiH
S ICS i 2 Rl 45 B 10 AR fk

Fig. 5. The ICSs of CS and CC calculations for H+ SiH re-

action versus collision energy of 1.0 x 1073 1.0 V.

AR I HA+CHP? A e & 30, #2361 i ]
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Fig. 6. Arrehenius plot of reaction of H+SiH.
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Quantum dynamics study of reaction H4SiH using a new
potential energy surface of SiH,(1'A")"
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Abstract

Initial state-selected and energy-resolved reaction probabilities, integral cross sections(ICSs), and thermal
rate constants of the H(*S)+ SiH(X*I;» =0,5 = 0) — Si('D) + H2(X'S]) reaction are calculated within the
coupled state(CS) approximation and accurate calculation with full Coriolis coupling(CC) by a time-dependent
wave packet propagation method (Chebyshev wave packet method). Therefore, a new ab initio global potential
energy surface (PES) of the electronic ground state (1'A’) of the system, which was recently reported by Li et
al. [ Phys. Chem. Chem. Phys. 2022 24 7759], is employed. The contributions of all partial waves to the total
angular momentum J = 80 for CS approximation and J = 90 for CC calculation are considered to obtain the
converged ICSs in a collision energy range of 1.0 x103—1.0 eV. The calculated probabilities and ICSs display a
decreasing trend with the increase of the collision energy and show an oscillatory structure due to the SiH, well
on the reaction path. The neglect of CC effect will lead to underestimation of the ICS and the rate constant due
to the formation of an SiH, complex supported by the stationary points of the SiHy(1'A") PES. In addition, the
results of the exact calculation including CC effect are compared with those calculated in the CS
approximation. For the reaction probability, CC and CS calculations change with similar tends, shown by their
observations at small total angular momentum J = 10, 20 and 30, and the CC results are larger than the CS
results almost in the whole considered energy range at large total angular momentum J = 40, 50, 60 and 70.
The gap between CS and CC probability get more pronounced with increasing of J, which reveals that Coriolis
coupling effects become more and more important with J increasing for the title reaction. Moreover, the exact
quantum-wave calculations show that the thermal rate constant between 300 K and 1000 K for the title
reaction shows a similar temperature independent behavior to that for the H + CH reaction, but the value of

the rate constant for the H + SiH reaction is an order of magnitude larger than that for the H + CH reaction.
Keywords: reaction probability, integral cross section, rate constant
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