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(RIS R 225 TR 22208, BFR - 250014)
(2014 4£ 9 A 5 HUKE]; 2014 4E 10 A 17 HIKEMESH)

A I T BB ) E BB AE HLip 2SI REM LW T H4-Lie — LiH+Li NS /AR, 5
FE TR 004 eVIEHN J = ONFIREIETH (v =0, 1, 2, 3), v = ONFAFEEIETH (J =0, 5, 10,
15) T B S S AR Jse IR T A A A B B, A AR B IR TR RE S L ) S I R i i A7 B T
ARA U A AR B0 5 Ot S SRR IR RS i <5 v . F TR B, B R s B B O, S R R AR A S
FEOR; SRTIRE A RN &7 B oK, i T ISR BE SN, S A AR IR E AR IR BB /N, 20 BT 17 it E X AR

G PSS AT ) 0 DA R i PS8 X Joe 23 0 5 A i ) LR

RUIA): I RO e, RN, BN, HA-Lis
PACS: 31.15.xv, 34.50.-s, 03.67.Lx DOI: 10.7498/aps.64.063101
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WA, R MOR OIREE A 5 ARA, ik —  RIYIIR AR A5 A AR FE B e i I
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IR FH P A B T T, DA A5 B B IR A 1
R 20124, Vila 25 1R AP 4% 10 3 & 1 (time-
independent, TID) & 1 J7 VA VEAI AT 55 | H+Liy
RAE T = OB -5 R B . P21 0 e /5y
A DA T I 5 ) TG e B 5 B ) SR . B
FRIN, A —FECR AT DUA RO R R R B2,
AW SR A R MR FFE . 2014 4F, Song
DOV Ry T — MRS A HALip &N AR &R 73
BAgEHaeTE, 3726 PHCKIFE LR A G
R FHREHh 4. THE S RWIESE 7 H4Lip, M
AT B B, 2014 4E, da Cunha % [11]
FIH QCT J ¥4 X +Liy — Li+LiX (X = H, D,
T, Mu) X B4R RIEAT T VGN8N F1 5005, IR e
YO FL R 2R RS EAT T WAL

= BUR 7715 & B (time-dependent, TD)
AITID FFP 7k, TID J7 2 18 i oR M e S i
5 7 FR SR HE A Hh 45 R R AR R A DG Bl ) S
B, TS SR GEIE vk 2L B ER A bR
U5 L K S R AR 4y i U191 TTD J5 VA AE kb
B =7 O AA FR I EUA T AR K Dl R 2
F TID J7 i (it S BB N (N N3k B A4 2
N3, R T2 EF R RTE, 1 H 25
K. NTRDTHEE, TD & U 5k PO Nis T
A 5 TID JrikAite, TD & 1B 5k Ba e
HE TR, ot HEIELT N2, 5QCT U7
22 PR AL, TD & 78U 5 e — R B
BT R R IE I BE R S B R
BT R E TR ER R T N
A [23—26]
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52
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1
+ 24,72 + V(R 7.7), (1)

ML my (MLi +mLi
= mLiL+771:LLi Mpn = mlljiﬂI:LLi+ﬂIth)i
73 ) J2 Lig XU 73 1 A HLip = J5 71K R 414k
JiiE, RERHETE Lis 70 FHUOREEES, r &R
Lis 43 T IRIJE S, v /& RS r ZIAIAJ A8, j /& Lip |
R T TS s B SAE, T RAR RIS MR
HEF, V(R, v, y) VAR R HRE.
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2.2 #N9AK B AYIE BRI iR A5 18

PRy et 30 A A A ) 5 A 3o A v WA SR A
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AR AT A5 22 A5 2, BT DASRA T £ S, 3L
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= N e~ (R—Ro)*/26% COS(KOR)@,OY;;%])(R,T% (2)
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Res . i BN B R

AR VIS 5k 22 T 020 B AT 45 4,
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FEIX B Erax 1 Erin 73 5100 B A5 1A 2 e 585 0 5755
(R KA ANAAEAE. XAV — A IS 2 LA &
s T YIS R 2 WECH e IFIX ] [—1, 1], fEEIX
(1) P R FE S T 0 326 4 5% 22 UK AEAT I TR I AL

Tin41(2) = 28T, (2) — Trn—1(2), (8)
FH M3 B 20T LR R N
Yt + A)
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X Z (2 - amO)Jm(a)qu(_li')w(t)v (9)
K ¢ (—12) NEUIHEE R EL.
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potential, NIP), AL fiil AT E L

Vave(y) = =18y —90)", yo <y <y+L. (10)
By < yoWWHE N0, XTHyRERIE r, L NK
WX K, 1T B MRS A (R B BT . TR AT 34 R R ]
RE DGR AL DL G T 1) S5, 5 I ) I 2E R AL
(X Pt 8 i v 5 IR A 38 B B, 3 EEL R4 K Y
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BB 5 AR, LIRS S R USRI

2.4 RNHFRRADBEMEREHIHTE

R RIS AT FER A TIRAE R I, X
P EANCIE Y - B2 B AU, 3 ] 15
P, T AR I oA AR IR S 5 B e

UT(E)

_ 1 iEt/h —iHt/h _
- (E)/e e~ HIhy (1 — 0)dt, (1)
X Hay(B) = @H(E)(E=0). LR

TSR, & A T R
Tr (E) = (Yr (B) |V[$T (E)) / (2rh),  (12)

Hryp (B) R7s 12 7 W) 18 (14 3 #8157 pR 2
HRUELT E N

. h 0 0
Feg {0 -r g - ot -}, 13
W BEAT 3 T 0 b
Ty (B)= o e (B) P07 (B)). (1)
TG S

Sp (E) = —2niTp (E). (15)

— ERAG S REFE, RNR R A KB 2415 SRt
ATAgE T B b

P(B) = (" (B)| F [v* (B)), (16)
] LA 3

P(E)
2
J
= Z S'Uf?flhvijili (E) ‘
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1

Ty ‘ai<E)|2 (Emax -
X Im< 2(2 — ko) e 00y,

k

Enin)? sin’ @

> (2= ko)

1%

x e 1K0 [5(7" - Tf)%lbk’} >, (17)

Horbrr = e € T WAL B K72 FHIH, kXN
IR RGEAR D 5L, 0 RVIEEE R A

XS SR AN, R AR SR TR A
PRV RIRIUE S 20 PRI S SR B, At REAS 2125 70
Hr B B A

T
Ouyji (Ee) = 2, + k2 Z (27 +1)

? J,p,2<min(J,j;)
x PP o (Ee), (18)
HAk; = V2urE./h, T E. R RE.
JE AN R AL BE T AR 20 B AR SR P 3,
AT LAS BIRTGR A 1 HHRE R W 5L, Ron A
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kviji (T)

f 8 1/2
" ksT <kaBT>

x/ O i (B e Be/*eT B 4B, (19)
0

Horb kg R BURZERFR, TRKIRL, fRRRPL
R R I L R R (20500,

3 R EITH
3.1 HLi, #eEmEE T

AR S AR B # RE T 2 Song %5 (191 2014 48
P EE . %% RETH A T Varandas PUE H )
S IR B X 2 A T B 2 Ah A 5% (dou-
ble many-body expansion scaled external corre-
lation, DMBE-SEC) [#] J7 % K %} 3726 > M 3k 5
fE & 5 HEAT 1B 1E, fli HLio 48 R 35 e 1 10 5
R 29 0.0275 eV (0.636 kcal-mol~1) 5 M Sk 5 fE
B A AR, L Maniero 25 11 0.0434 oV
(1.0 kcal-mol 1) 5 Jiin 4% #ff. 245 H T H+Lis
— LiH+Li 5 FR (¥4 B TH 5 34 B AR = ] 10,

16

14

12

101

Ry/aq

H+Lis
(b)
LiH+Li
2.8 eV T
1.4 eV

K2 H + Lip — LiH + Li JR B3R S5 B LR
BH  (a) Li-Li-H AL sy i 100 S5m0
0.0035E},, HAT —0.1215E,; (b) H/MigE 4% (LiHLI
e SN 42.675°) A

Hi 1 2 (a) AT LA HY G 35 BE TR AL & — AN T A5 4
BRI AP, WA AESLIR IR, B R
1 3.8121 eV (87.91 keal-mol 1), 5 Kim % 1% )
LG 3.8117 eV + 0.1301 eV (87.9 keal-mol™! +
3.0 keal-mol 1) FF & 1R 4F, Lk Maniero 45 [¥] ffy#
WA K 0.0434 eV (1.0 keal-mol ™). HE 2 (b)
A LLE W, RS R S 4y Sl A RE T 44 B T
RAKBREE KA N28 VL4 oV, YRt R
N fE K AR 1.4 eV, J& — AN 4 7 1 A R
N f A3 HtLip — LiHA+Li & N — AN
P 22 10 AR SR, TR H BE B T BAE N 1.4600 eV
(33.668 kcal-mol~1), bt Maniero %% ¥ f]1.4744 eV
(34 kcal-mol—1) fi/]>.

3.2 HESH

TR AP SR E R 1 PR, N
RIS, BATETH S RE I T 72 403
R PR SR (RT 86

ZH4 e
R € (0.1,20.0), (Ng = 210)

Sl r € (0.5,24.0) , (N, = 250)
v € (0,90), (N = 45)
WA B Ry =15.0,dr = 0.03
WL B AL rq = 21.0,d, = 0.03
147 i) 0.3 Hartree
WALE re =17
FERE K 50000

3.3 RRN#HEZER

B35 T REIEBEAE 0—0.4 eV Z 8], AS[F]
SRR TH(J=0,J=5J=10,J=15) F{
RS, B ET LR e T IR A A
ToHs L2 [ RE, Fiv DA T80/ J B s R A i 2
BB B RN B REMIAFE. (H 2 B 3T LU H,
BEE JAERIIG R, SR RS I ELRE S 15
KiK. X2 THE JEEX, Bofat
b2 36K, B 3FERE AR /N H L T KT 1 RO
ME2E, X2 BT R A e AR R IR RE = R = B
B3 R AT USSR P B S TR 0, R A G P R
WSO S5 A 22, L I L 1 A% 6 7 11 B ] R AR
e, SRR ARSI i KT g I 48K T R 3K 2 40
(BB T SRR e AR /N 1 B2 TSkt 45 1 T
B -FEDRERVIG N, S RIREA L T SN 5 12 W
TR A S B T RE AR /N T3l R
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P3G BT OB HEAT, 80N 2 BT 34 RETHI A7 AE
— AR, A AR K, ISP B R 3
117 E3K P24 X 5.

TR J = 0852 J = 15 1 S Mg i 26 7
B e 20 [ A AR SR I H B B IR S5 ), X2
TR AP, B FE P A7 1E 25 i K 1
LIRS GEM. ER3FERSAH T Vilak: P 3
F Maniero % 3 fif #47 3 1) %4 66 11 1| F TID J7 72 %
J =0 R RT RS R, HEI3TTLUEH, 4
MR KT 0.2 eV i, AR LE R 5 Vila 25 P
ITHE S5 R — 8, (H21E0.07—0.2 eV il
RE Y0 [ Y FRAT I TH S5 A K, X2 RN R AT TR
FH F 35 6 T P 35 BV 2 B Maniero 25 B iR k. T
1£0—0.07 eV BRI REJa [ P, P T 545 A7
TERCR I 22 5, — 7 TH & P9 3 3% £ 10 34 RE T AN [F),
Fy—J7TH, JUISR P R B T ST VEAN ), R
TEZREP .

1.0

—=— J=0, Vilal?

o o
(=} oo

e
=

e L oy gl ppal — .

R e e . =
. = -

S P(E.)

e
o

1 1 1
0.1 0.2 0.3 0.4
BHEREE. /eV

B3 (MR KRR AR T 8CF He Liz(v = 0,

J = 0) KR SR

R R AR WA S v = 1 1, 3175
BIA T8 BAE T RN FRS)
BT (v=0,1,2, 3)ERKRNER. MEH

[}

0 01 ) — )
R Eo/eV

4 (MTIBE)J = 0 M ARERESE T8 F HiLis (v,

J = 0) RIS B

AULEH, Ho = 0B MR, B IR
BRI IN, SN A AR R A I e
s, XA R RNA B R TR R N A 5% T H
R8N BE I AN K, X 5 Maniero %5 B il Vila
25 ULk S B — 3, VIR BN BUR I AN BE K
JE A S ML AR HEAT

3.4 Mo¥EEm

BT R 5 R, IRATIE 1% BURE E A8 7R
0—0.4 eVHIXIE, K J = 05| J = 72 K i =
BEATEN, VHE T SRAR S E I, B 5 s,

M AT CUE e E T O T X BT 4
BHIRA, BT E R RBLE T 5 & S i 2k
FHIF B AR Ak R 3. IX A A B THT PR AR IE BT 4 58 11,
BRIV i 2 AL 2 B8 39 00, e L) A RT RE R S N I B
B B A 2 BRI 5 R RN it 2R
FHIE] ) 2, 75 25 B AT B A7 7R e SO 1 il s, HL7E
0.1 eV Re & fHi th H I 7 26390 (<0.1 eV) 5 i/
(>0.1 eV) Hya#, BR800 ih 2t R B H W2 1
ARG BRI T X AR 2 2 I 1 RO A R
AT TP RISRAN, H 20X SN R 3R 37 (A7 LE 1A 0
B 70 43 U SR R FEAS BE T BR BT A I L IR AR AE, X
BEREAE 5 I B 2R 1) SEHRRFAE 13 R ABL. R AR
K 5 hicss T da Cunha 25 M1 3£T Maniero £ (8
(134 RETHI R FH QCT J514 11 s S8k T ¥ TF 54 DA &
Shukla 2 O 1] FH A 28 18] FEAG T H 5 45 5. WK
A LLE H, QCT i TH 5 45 0 /N T A S i
g XREHT QCT IHHE LR R A AR E
RRESE B RN FEAE . TAS SRS R R
{E 5 Shukla 25 O 1 5745 5 DA R Sz a6 45 5 19 ()
AR T 1 KA < 50 A2) [l 22 H AR /N

70
! —a— A AT Shulald)
60 —s— QCT CunhaZ§1]
o " —— TDARTAH
< 50}
5
% 40
s
30
=
=
& 20t
=
10 =,
l\.\.\.
0 . L .\..\.l_.\.._.ﬁl . n
0 0.1 0.2 0.3 0.4

i ERE E./eV

5 (MTIRE) H + Liz (v =0, j — 0) 2 1R
SR
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3.5 REEH

BI6 45 H T AR R W HPERE R B ES. H
BRI % 23R SR T 500 K, 3805 5 HOR s  n.
T BRI I G ) S R 2 LR IR R, S s Bk
JIZ, BT DL 850 M 26 (1 38 I, AT 3 s AR
RN, e bRE R N E] 500 K B, 5
R — NN N (19) KT
R T DA B H0R B O
[T R A G R (S R S R =TT i
) 2 RE B, 1T PR TG 40 bR B S R R B R
AW, BT LA AT R KT 500 K X, iR
(T v B A A9 S A /. 5 Vila 28 DTt
HEE R A4, TAVE B R A A BOK
2]5& 3.48 x 10719 cm?-molecule™'-s~t, f7 T 5 &
T =500 K4b. H + Lig SN A& — A~ SR {0
7, 5 Sy B2 IXRE AR A S B b, 7T DU HE
REHHEREK.

4.0
T35
T30
)
5% 95
#H 9 20
e 8
¥ 15
2 o
'Je 1.0
|
S 05
O 1 1 1
0 1000 2000 3000 4000

ET/K

El6 H 4+ Liz (v =0, = 0) 1k RERE LR E
1A=L,

4 % W

AR R R T RO U5 W Het Lip —
LiH+Li e B3EAT 7 A< B3 g 24 R Rt 7, A
(M2 25 HLip (A 4ESSBEMH, 25 1 #0315
R, 0 S LA B HICRT A A R A A
o, I SR AR B, X — AN e
L2 TR ORE, LR 9 B RETHT R 5 B A7 AE,
FECT R IARAAE, TR S MR il 2 rh R
Il B & SRR, R IE EE R T AN FE A B
BBl R IRl RO SN AR, Gl )
AT A BRAIR B RS S (R R A AT — 5 R 1, 3
5 Vila 2 M QCT T3kt IS AT . LK,
WETE 1 1A 2R IR 0 U ARk, ot 2 R B P 1) 3

Bk S N7 T L 2% () SRR AGE 3K A8 [ B2 IR AIE T #566
ABFAAAENE. BJa, BEFL T RO 2R 15 25 4
SER LIRS T > 500 K I, 3 55 HORTR i
BRI R R,

R L AR K2 PR PR T s D A U 3R A ) T SR 7
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H + Liy: a typical exothermic reactive system and its
time-dependent dynamics investigation”

Zhang Jing Wei Wei Gao Shou-Bao Meng Qing-Tian'

(College of Physics and Electronics, Shandong Normal University, Jinan 250014, China)
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Abstract

In this paper, the time-dependent wave-packet method is used to study the three-dimensional dynamical properties
of the H+Lis reactive system on its ground state potential energy surface. The reaction probabilities for J = 0 with
different vibrational quantum numbers v = 0, 1, 2, 3 and for v = 0 with different total rotational quantum numbers,
integral cross sections and rate constants are calculated for collision energies in a range between 0 and 0.4 eV. The
features of the reaction probabilities and reaction threshold energy are analyzed. The results show that the vibrational
excitation has a certain inhibitory effect on the reaction process and the reaction threshold energy increases with the
increase of J. These phenomena are associated with the type of the exothermic reaction of the reactive system. The
influence of the collision energy on the integral cross sections and the effect of the temperature on reaction rate constants

are also investigated.

Keywords: time dependent quantum scattering theory, reaction probability, integral cross section, H+Lis
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