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RS % SWERIEE AL A QCT HERR”

Raf LFFH ZiEE
(IWEBR T ABA TR, 35F 2501005

e 2 A
AR ST, B 250100)

WE MER ML QCT) I B T mIRSH RS M (CNH,) T N, Oy NH, K750 B 22 [1] 1) filf 48 1% BE.
CNH, A TR B, RSB A CINH, 5 N, O, Rl & AR 1Y 202 V-V AL RE, 5 NH; filf 4 K A4 i 2 %
& VR f&RE, 5 CNH, Rl &2k 1 EEE V-VRLRE. @l LB R IR SRS CNH, (CF,.CH, 5
BB TRIRHE R AE, B EREE A RE D, 0 TR AR R, W V-V fLREE 7 5 LB

KER: MEE, SRIEES,
FESES: 0643

AL RE,

H AT FS 1A 5 A 3 g 2 ) 82—~ 4
B, HEL LR 2 (QCT) WS R IR shil & Bk
53 FRIAR A5 RE R A 0. IR (CUNLHL) Y
Fe2F i O AR B, A LA INLT
Yo & I CINLH, filf 1 B8 5 4% 72 19 52 56, McDonald
Al Rice™WF5E T CNH, M5 —H TR A (R
) PRI Bl & 1 RlAE BB i 4% #% . Mullin F1 Flynn
S| P E] 23 BRI RO, WFSE T
FAEIRNEED CNH, 5 CO, MRl fEfsRE. &
i — U, AT E] CNH, 4R B AR gL
% B CO, 1Y [ X FR fif 45 ¥R 2 £ . Bevilacqua F1
Weisman!™ 38 1 M i M =5 25 5| F 8 A5 &R (R E8 BR
AR B B =S CINH, S RERLFE. AlfT]
PR R BoR, N FEiGEER E IR FE (4
2000~3000 cm™) FFUG, FEE E(ERIIEM, 34K
R RE AE{E, PRl BT, AIRSRAYRE R HKIOC R,
bt 107 N [ e A 8 R RN N e R 1 £ R =1
J& & Miller 1 Barker™ FH s [a] 4341 412 Y6 (IRF)
7% T EH 8 CNH, GREIGIRSIEE E'=32500 cm™)
HZR R Mo RiEL e, K TEIRSIBR4L
fRBt, AE(E S IGHRShBE AL C R, X
AL T A R AL REAHAL. X & BB CINLH, 1
AR LA O AR 2, BT RGBT
5 Art"HLS COMI R L RE. FATRE 725
PRBFRAS CNH, 5 N, 0, NH, L CNGH, 1Al
FAEREVEAT T QCT FIS A MY, LI —40

2004-09-14 WL EIFIF, 2004-11-16 Y EIME R,
Bl 34: (Q2002B03 , Y2003B03 ) ¥E 15 H

QCT 4,

BN JH i 42(E-mail ; zhoujh @sdili.edu.cn ; Tel : 0531-8616624).

T REDLER

TH L RENL AL REMLAE.

1 H&%iItE
1.1 HFAE
N, O, NH; 873§ N # ILSCHR[16-17]. 4% 3CHk
(RS, 15 CNH, T INER
CN-strech:7.=0.1403, f,=480;
CH-strech:r=0.1115, f=505;
CC-strech: r=0.1339, £=570;
CCN-bend:6.=115.6, f=1.40;
CNC-bend:0.=128.8, f=1.50;
CCH-bend:6.=123.9, f=0.60;
NCH-bend :6.=120.5, f;=0.60;
CCH-wag:f,=0.40;
torsion: V,;=133.9
CNH, f-F- i A UK [ SCHR[18]. e P17 R
(nm), 6. A~F-HEEA, £ oA s 4 718 %0 (aN-
nm™), f, AEIES M EE (aN-nm-rad™), f. N
fai LM ) % (nN+nm-rad™), V, NI H L
(kJ-mol™).
1.2 HFEE
Xof ok BB A R 10 43 TR AH BLAE e, A SCAT3IH
KHETF-JEF L-J(12-6 ) #Z FigiE L.

12 ;()}

Vele,, | (o, r) —(o,,Ir) (1)

P RET RIS, o Mo, x Ty

FIIARE AR
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JRF2Z 0] LT BREREAR. 715 o Fl e U0 71k

DLSCHRI], 43 F1] L-T # 8AS500

CNLH 4N, : A1=1.299, 1,=0.6846, 0 x=0.36632,
Econlky=21.907, 1x=0.34878, £yn/ks=12.380,
0=0.4544, £lks=189.08;

CN,H+0;: 1,=1.312, 1,=0.7715, ¢ 0=0.36998,
Sl ks=24.688, 11.0=0.35227, eyolks=13.952,

0=0.4597, £alks=211.91;

CNLH+NH;: 4,=1.087, A,=1.894, 0cx=0.3065,
Ecoalky=60.608, 11x=0.29186, £yyn/ks=34.252,
e 1=0.29186, eci/ks=34.252,011.4=0.27719,
Ennlks=19.3567, 04=0.41267, £4lks=493.25;

CINLH+CNoH, : 41=1.326, 1,=0.6139,0¢n.con=
0.3739, eco.con/ks=19.665, Tiy.c0=0.3560,
enco/ks=11.102, 114=0.3381, enn/ks=6.274,
0=0.5353 , £alky=435.98.

A FA BA S, TEEMN; o L :nm; elks

{7 :K; kg:Boltzmann %X,

1.3 EREGFITEAT

CINH, AR S0 T I 4 25 R e £ A0 D T

SCHRI13TH AR 1 72 < i R 3h 43 A1 >R 300 KA

A9 Boltzmann 73755 . ¥ 8 #37i T,,=300 K35

EE 313 em™). IGNIAH: A FiE i Buler

i, BLOBENLEE Zh. PRBEE M IOE W R LR, L

CINH, 7 F B E G IR I BE E'=24000 cm™. E' &5

FERARRZ FIRELE. S T 5 iR ShRe X L fig

BRI, 2% E'=5000.40700 cm™ (5 C,N,H, filf# )

134000 ,40700 cm™ (5 NH, flf{# ). fifES5 b 7E

O~by( by NI TE S EL) Z [ FEALEURE . L b=

0.9 nm(N,.0,), 1.0 nm(NH;), 1.2 nm (C,N,H,). F
MERCURY"™ 5. B4R B0 53250 1.4 nm(N,,
0,).1.5 nm(NH;) .1.6 nm(C,N,H,). #4545 T
1.5.1.6.1.7 nm. B4K 0.1 fs, F4r(1~1.5)x10°
W, HHEIZ 2500 4.

2 BRI
2.1 A7 CNH, 71 N,.0,.NH, HaliEERE

F1ME 250K T mIRNBAK N CNH, 5
N, .0, NH, Ffll 48 15 5t 45 Rl 8 X6 14 B f AR 1L

5N, F1 O, RIS THEE R, MRk
KW CNH, IR SIEE £ 24 5] N, A1 O, B ¥Rzl A
M, X H CF, 5 N,.0, Rl i /Y QCT 531" —
FE, RIEZETFEA V-V &HE.

5 NH; Wl SRR ) CINH, [ —(AE.)
QCT M HMH SR IGIRShAE B KBURL LR, 1T
AR, CNH, PR 3l RE 32 2244 3] NH, (1055
STHME L, B V-R 588, JCie I BEAE IR 2
SCISMEHAR P LLE H, CINLH, 5 NH; Al flf f8 1% fEAR
BHR, mT SR RORERE. X 0T REA W T
BRI, — 5T, NH, (% shiR 2R/, e MR Y
EOMREETT , AR ShiRE, IR ISR T
CINH, RBN BB A 255 I3 — 5 TH, NH; A4y
T, 5 CNH, WA EAEFH#HPHER T He s T
(flan C.NH, 5 NH; FIBFR R 493.24 K, 5 0. 19
B Ry 211.92 K). ARIEAGHBIEF R 41 22 [ Y
W51 g, B0 W 51 1 S B 1A LR
A [E] ¢, #2 B8 Biased Random Walk (BRW ) &% 7 1201
ATLUEE, fERE /NSRRI R et e R X

&1 HETCNH, 5 N,.0,fEESFHEEELTL(E'=24000 cm™)

Table 1  Engergy transfer of excited C,N,H, colliding with O, at E'=24000 cm™
—AE/em™ —AE/cm™ —AEz/cm™ —(AE)fem™
CN,H, 92+19 -40 132+17 60x1
+N, -110+9 -16 —94+7
CN,H, 8516 -40 125£15 74+2
+0; -121+8 -16 1057

a: from Ref.[13]; —(AEg).. experimental results

R2 HESECNH,5NH,f@iESYFHESTL

Table 2 Engergy transfer of excited C,N,H, colliding with NH,
E'/cm™ —AE /cm™ —AE;/cm™ —AE,/cm™ —(AE ) fcm™

CN,H, 24000 495+66 700£67 -205 46110

NH, -339+59 81+48 -420
CN,H, 34000 799+97 100699 -207

NH; -591+81 —149+59 —442
C/\N,H, 40700 1000+93 1211104 =211

NH,; —729+81 -188+61 =541

a:from Ref.[13]; —(AE).: experimental results
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£33 BESCNH EEESCNH AHEES FHEETL
Table 3  Energy transfer of excited C,N,H, collision with ground state C,N,H,
E'/cm™ —-AE,/cm™ —-AE;/cm™ -AE,/cm™
Excited C,N,H, 5000 143+38 250+39 -107
24000 472+51 614+57 -142
40700 76896 89694 -128
Ground state C,N,H, 5000 -105+37 6+37 -111
24000 —434+54 -321+47 -113
40700 77080 —616+73 -154
x4 [E#STFZEEEEEENIEER
Table 4  Comparison of the colliding energy transfers between excited C,N,H,, CiF;, CsH,
and their ground states, respectively
E'/cm™ —AE /cm™ —(AE4)/cm™
C,NH,+C,NH, Excited C,NH, 24000 614 657*
40700 896
Ground state 24000 -321
C.NH, 40700 -616
CoF+CoFs Excited C¢F, 24000 314 736¢
Ground state CF 24000 -196
CHs+CH, Excited CH, 24000 680" 931°¢
40700 1076"
Ground state C.H, 40700 —946°
a: from Ref.[13]; b: from Ref.[2]; c¢: from Ref.[22]; d: from Ref.[21]; —(AEs). : experimental results

HHGEEFET CNH, JEH A 500 4k LR &
2.2 Mk CNH, FIES CNH, HhliEE e

%3 FIH T kS CNH, FTEES CNLH, filf
FAERERY AL AR L. 3R 4 MIRIRN T Z IRl REREAL fE
o HEg.

ST RS A S0 CNH, 5HRA CNH, 1Y
REFEAERE , WA A CNH, MIRSIAEZEL (AEW
QCT JHHH 5L I AAEFF A A8, R CNH,
0 AE, SERIGIREIRE E UL R, AE,,
E AR AR /N, TFREE R IR, 7 E'=40700 cm™
BF, WOk CINH, BRURERE F- 2 PR 3 g2k 22 896
em™, BEEIREIN 128 cm™; K2 CNH, R ShREH
Jin 616 cm™, #SRERI N 154 ecm™. 5T A9F-5))
REJLT- AR, ORZS CINH, FER S RE R 2063 T3
S CNH, BRsh HME [, JFAE R0 VR 5HE,
V-R £ REFT &5 ) (2 31% ) KT CH, 5 CH, K
V-R AEREFT 5 H I (29 7% )3 7] fiE S Kl CNLH,
I3 F B BRI (Do) AN, & AR X R DG I F) il 42
JLEs N, IR A V-V L RERY JLER /N, V-R
e JLR BT, 1 CH, BIXFFRME R (Do), KA V-
V AEBER LA R, 24 E'=5000 cm™ I, BE S
CINoH, BRI V- B4R Zh ek 25 250 em™, %53
BEIE AN 107 em™'; JEZS CINH, PRSI AEJLF A,
SEhREIE N 111 em™s POy FRYF-ShRE AR LA K.

RRENLEL & A T A8k, kS CNH, TR ShREfS
T HHMES CONH, WS A E E, V-V £
REIL AR, RS TN T V-R ZEE.
W e R sh Ok A CINH, (CFs .CH, 5 H:
RS T-HOREAS AL RE AT LR, X BRI v 60 [l b
KorFZIA A ) kA V-V A& RE.

3 & &

(1) MR AN CNH, 5 N,. 0, flf %
AR EER V-V AERE; (2)mIRSIA S CNH,
5 NH, flbfE &4 B FE S VR 588 (3) MR
KR CNH, 53EAM) CNH, filf i & A i) 28
V-VR)&fE. X FULIehlidE, 57X pRikikm, v-
V 1L RERR 2 5 SEER
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QCT Calculation Study of Collisional Energy Transfer of Highly Vibrationally
Excited Pyrazine*

ZHOU, Jian-Hua MA, Wan-Yong JIANG, Hai-Hui ZHANG, Ji-Ming WANG, Shao-Kun' = GU, Yue-Shu'
(Department of Chemical Engineering, Shandong Institute of Light Industry, Jinan 250100;
"' School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100)

Abstract Quasiclassical trajectory calculations (QCT) of the energy transfer between highly vibrationally
excited pyrazine (C,N,H,) and N, O,, NH;, and ground state C,N,H, were performed respectively. The calculations
show when colliding with N, and O, the vibrational energy of C,N,H, transferred mainly to the vibrational
contributions of N, and O, and they are V-V energy transfers. Colliding with NH;, the vibrational energy of
C.N,H, transferred mainly to the rotational contributions of NHs, and it is V-R energy transfer. Colliding with
ground state C,N,H, the energy transferred mainly to the vibrational and rotational contributions, and it is V-V
(R) energy transfer. Comparing with the collision energy transfers between highly vibrationally excited C,N;H,,
C¢Fs, CsHy and their own ground state molecules, we found that V-V energy transfer is easier if the molecule

has higher symmetry.

Keyword: Pyrazine, Highly vibrationally excited state, Collisional energy transfer, QCT calculation,

Energy transfer mechanism
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