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Abstract  The dynamics of the CI + HD reaction has been studied by means of quasiclassical trajectory calculations on

both BW2 and G3 potential energy surfaces. The calculations show the product rotational alignment is sensitive to the po-

tential energy surfaces and mass factors of reaction system. While the calculated product polarization on BW2 potential

energy surface seems stronger than that on G3 potential energy surface for two products and the rotation of the DO product

is more strongly aligned in comparison with the HCI product in all cases. And also the calculations show the effect of the

reagent rotational excitation on reactivity for both surfaces is significantly different. The initial rotational excitation has a

positive influence on the reactivity for the Cl +HD reaction from calculations on the BW2 surface, while the effect of the

reagent rotational excitation on reactivity is negative for G3 surface

Key words  Quasiclassical trajectory calculation, Potential energy surface, Product rotational alignment
CI.C number, OfA       Dac"rment code ^

1  Introduction

    In order of full understanding the dynamics of the

elementary reactions such as Cl +HD--.HCI+D and CI

+HD-DCI+H , it is important to study not only its

scalar properties, but also its vector properties. Only

by understanding the scalar and vector properties to-
gether can the fullest picture of the scattering dynamics

emerge. The most familiar vector correlation is that be-

tween the reagent and product relative velocity(K,

K

non

lS characterized by the differential cross see-

The vectors K, K' and J' (the product rota-

tional angular momentum) are also interesting; the an-
gular distribution describing the relative orientation of

these vectors in space may be termed the K-K'-J' dis-

tribution and the correlations which characterize it,

double and triple vector correlations.  Vector proper-

tics, such as velocities and angular momenta, possess

not only magnitudes that can be directly related to

transnational and rotational energies, but also well-de-

fined directions.  Clearly, one of the most important

things is the determination of the product rotational a-

ligament and orientation about the regent's relative ve-

locity vector. Experimental and theoretical interest in

vector correlation in the reaction processes A+BC-

AB+C has increased significantly in recent dcc-

ades}]一t0t. With the development of experimental and

theoretical studies for three-atom systems, it is becom-

ing increasingly clear that product rotational polarization

can provide detailed mechanistic information.  Re-

cently, many groups turn their attention to the complex-

forming four-atom systems"-mot.  Such systems are
more interesting because angular momentum conserva-

tion in four-atom systems are unlikely to impose such

severe constraints on product rotation as in three-atom

reactions. Furthermore, the rotation of the reactive in-
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termediate prior to dissociation will lead to some loss or

smearing-out of polarization.

    During the development of gas-phase reaction dy-

mimics the reaction Cl+HZ and its isotopic variants

have played a key role. Due to its importance in atmos-

pheric chemistry and for photochemical air pollution,

the reaction of chlorine atoms with molecular hydrogen

has received considerable attention both experimentally

and theoretically [z, ".The reaction CI+H2 and its
isotopic variants have been a prototypical three-atom

reaction system in the field of molecular reaction

dynamics and have served as test cases for bimolecular

reaction rate theory乞 301，particularly transition state the-
ory"'jand the theory of isotope effects}g1. The isotope
effects in reaction dynamics are kinetically interesting

for they provide different dynamic view on the same po-

iential energy surface ( PES)

    On the experimental side, the infrared frequency-

modulation measurements of absolute rate constants for

the Cl+HD reaction between 295 K and 700 K have

been reported by Taatjes"r1. Alagia et al. have meas-
ured angular distributions and time-of-flight spectra for

the reactions CI+Hz and CI+Dt using high-resolution

,rossed molecular beam experiments"'].Kandel et al.
report the vibrationally s直ate-resolved differential cross

,ections and product rotational distributions for the Cl+

HD reaction using a pholoinitiated reaction tech-

nique''S1.  fn addition, the effect of HD reagent rota-
tional alignment in this reaction has also been investiga-

red ̀.On the theoretical side, several potential ener-

gy surfaces for the CIH, system have been constructed

and many dynamical calculations on these surfaces have

been performed.  The first potential energy surface

(PES) for this system was suggested by Eyring and co-

workers in 1936171. A refined potential energy surface

named G3 was introduced by Truhlar and co-work-

ers '9'. The G3 PES was based。。the GQQ PES of
Schwenkcr el al. ̀1，which was based on the GSW
surface and some new ab initio data. The G3 PES has

been successful in reproducing rate constants"" and

molecular beam measurements'"J from QM[29,291 and
QCT'01 "' dynamical calculations.
    The QM and QCT dynamical calculations based on

the G3 PES arc in good agreement with earlier expcri-

ment, so the G3 potential energy surface is regard as

the most accurate surface currently available for the

HHCI system. However, recent molecular beam experi-
ments of Liu for the reactions CI+HD and CI+H, are

in strong disagreement with theoretical calculations on

G3 potential energy surface4卜'31. The crossed molecu-
tar beam experiments on the reaction Cl+HD revealed

a strong preference for the production of DO _12，while
the QM calculations on the G3 potential energy surface

predict the HCl and DCI products to be produced al-

most equally. Liu and co-workers have measured the

effects o# Hz rotational states and CI spin-orbit states on

the CI+Hz(v=0) excitation function and additionally

report that the vast majority of HCl products are back
scatteredt0' 0'1. The effect of reagent rotation should be

positive for the Cl+Hs reaction, but the QM and QC:T
calculations on the G3 PES show that the effect of rea

gent rotation is negative. So Bian et al.  presented a

new global three-dimensional PES̀"t named BW2 foi
Cl+H2 system which has been computed using the
most accurate electronic structure methods and basis

sets presently available. In contrast to the G3 PES, the

exact QM reactive scattering calculations for this system

on the BW2 PES predicted the large DCI/HCl branch-

ing ratios at low collision energies correctly and in bet-

ter agreement with the recent crossed molecule beam

experiment measurement'0Z1.

    In our previous papers, time-dependent(TD)

quantum wave packet dynamics studies have been per-
formed on both G3 and BW2 PESs for the reaction CI+

HD and its isotopic variants-n1 一07t.  The significant
differences in the energy dependence of the reaction

probabilities and integral reaction sections on the two
surfaces have been found. The dvnamies of the Cl+

HD reaction has also been studied using quasiclassical

trajectory calculations on BW2 potential energy sur-
face[̂a1.The DCl/HCI product branching ratios calcu

lated quasiclassically on this surface predict a clear

preference to the production of DCI over HCI, which is

in reasonable agreement with experimental result and
some other theoretical results as well. While these firs)

calculations have been pointing to a different behaviour
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of the two surfaces, a test of the new surface against the

other available dynamical observables has still to be

performed. So, in this paper we focus our attention on

the calculations of product rotational alignment for the

CI+HD reaction in order to learn more about the po-

tential energy surface and more dynamical information

from vector properties than from scalar properties.

2   Theory

2.1 Rotational alignment

    During a reactive encounter, the total angular mo-
mentum is conserved

                  J+L =J'+L'

where L and L' are the reagent and product orbital mo-

menta, respectively. When the reagent angular momen-

turnJ is small (as is common)，the product rotation

can only result from L. The distribution of the angular

momentum J' of the product molecule is described by a
function f( 0)，where B is the angle between J' and the

relative velocity vector K. f( 0) can be represented勿

Legendre polynomial momentst"=J,

          f( 0)=艺a�P�(coso)
n二2 indicates the product rotational alignment,

tions of the reaction cross sections with the variation of

collision energy for the reaction Cl +HD(v二O,j=0,1)
on both G3 and BW2 PESs. The product final notation-

al state distributions and the product angular distribu-

tions are performed at E,=23.4, 27. 2, 33.4 kJ/mot

for this system. Additionally, we calculate the rotation-

al alignment parameters of the HCl and DCI products

for the Cl+HD(。=0, j=0 ) reaction on two sur-

faces. Batches of 105 trajectories are run for each initial
condition, and the integration step size in the trajecto-

ties is chosen to be 0.lfs, which guarantees the con-

servation of the total energy and angular momentum.

3  Results and discussion

(P,(7'·K)>=合(3cos'B一’)
where Pz is the second Legendre moment, and the

brackets indicate an average over the distribution of J'

about K. At present, we only calculate the rotational a-

tignment parameters of the product since it has solely

been measured in most experiments until now.

2.2  Quasiclassical trajectory calculations

    In this paper two different potential energy sur-

faces have been employed; one from G31"1，and the
other from BW21"1. The comparisons of two surfaces
have been  extensively  studied  in  the   previous

work'-e1.
    The general method for the calculation of quasi-

classical trajectories is the same as the one used previ-

ously 11-14.4,.91，the classical Hamilton's equations are
integrated numerically for motion in three dimensions
The state-resolved differential cross sections are calcu-

lated by the method of moments expansion in Legendre

polynomialsl}1. Now, we have carried out the calcula-

    Fig. 1 presents some notable differences in the in-

tegral cross sections calculated on the BW2 and G3 sur-

faces. First, in contrast to the prediction on G3 YES,

the QCT calculations on BW2 PES shown in bottom

panel reveala dramatic preference for producing DCI for

the Cl+HD-HCl+D and CI+HD-.DCI+H reac-

tions. These phenomena are in agreement with the ex-

perimental results ̀0'l and have attracted us to investigate
in the previous workt"t. Second, the absolute cross
sections obtained on BW2 PES are smaller than their

counterparts calculated on G3 PES, particularly for the

HCl product. The quasiclassical results agree well with

the results calculated using time-dependent quantum

wave packet theory for the CI+HD reactiod'̀1.  And
also the calculated results indicate the effect of the van

der Waals forces is more pronounced for producing the

HCl product. As the center of the mass of HD is closer

to the D atom, and thus, the H atom encounters the

van der Waals forces at a larger HD-to-C1 separation.

Third, the top panel in Fig. 1 shows the reagent rota-

tional excitation has a negative influence on reactivity

for the Cl+HD reaction for both DO and HCl products

from calculations on the G3 surface.  However, as

shown in bottom panel, the effect of rotational excita-

tion from the calculations on BW2 surface is positive.

In our earlier work, the time-dependent quantum wave

packet method has been employed to calculate the total
integral cross sections for this reaction"". While the
calculations hnsPd on BW2 surface also show the effect
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      and BW2 pntentinl energy -4- , respectively

        Ile ri沙t Y-nxis indicates the calculations on G3 PES.

    Fig. 2 depicts the HCI and DCI product rotational
state distributions calculated on G3 and BW2 PESB for

the CI + HD(。=0, j =0) reaction at collision energies

F.。二23.4, 27.2, 33.4 kJ/mot. The calculations show
once more the BW2 surface is less reactive than the G3

surface and the effect of BW2 on reactive is snore sig-

nificant for the Cl+HD-HCl + D channel. However,

the final rotational state distributions calculated on

BW2 surface are similar to those on G3 surface for both

HCI product and DO product except that the final rota-
tional states on G3 are little hotter than those predicted

on BW2 surface. The corresponding differential cross

sections ( DCS) of the DO and HCl products for the Cl

+HD(。=0, j =0) reactions calculated on both G3
and BW2 PESg at the same collision energies are pres-

ented in Fig. 3. For the calculations on both PESs, it

predicts backward scattered molecular product inclu-

ding larger sideways contributions as the collision ener

gy increases. Although the HCI product shows a prefer-

ence for sideways scattering on BW2 surface, the angu-

lar distributions of DO product computed on BW2 are

almost similar to those calculated on G3 surface. The a-

greement between DCSs and product rotational distribu-

tions calculated on both surfaces probably arise from the

similar characters of two surfaces, which have collinear

transition states. While the barrier height of the BW2
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The top three panels show the results calculated on the BW2 PES and the right Y-axis indicates

cwlculations for the HCl product. The bottom three panels show the meults calculated on the G3thePFS

surface ( 31. 81 kJ/mol) is quite close to that of the G3

surface(32. 94 kJ/mol ). The harmonic vibrational

frequencies of the bending and stretching coordinates at

the transition state are also pretty similar.

    As to investigate the isotope effect and the effect

of different surfaces on vector correlation, the product

rotational alignment parameters (P2 (J'·K) ) for the
Cl+HD reaction on BW2 and G3 PESs have been cal-

culated and the results are shown in Fig. 4 and Fig. 5

It is very obvious that the product rotational angular

momentum for both the DCI and HC1 products is a-

ligned either on BW2 PES or on G3 PES, and the vari-

ety of the product rotational alignment with the change

of j' is also similar on both PESs. The(几(J'·K))
values for DCI and HCI products calculated on both

surfaces are increasing with the increases of the colli-

sion energies and are decreasing as the increases of the

final rotational quantum number j'.  Generally, the
higher the collision energies are, the stronger the rota-

tional alignment of the products will be. However, the

(凡(J'·K)>values calculated on both BW2 and G3
PESs for the CI+HD reaction increase as the collision

energy increases in present work. The reason is that

the collision energies studied in present work are close

to the energy threshold. This phenomenon agrees with

the calculations for HLL(H, heavy; L, li劝t ) mass
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combination reaction on an attractive potential energy

surface reported in Ref.【51].In that paper we slud-

ied the dependence of the product rotational alignment

on collision energies for HHL, HHH, FILL and LHL

mass combination reactions on attractive and repulsive

potential surfaces'"j. Calculations on BW2 PES show

the product polarization is stronger than that calculated

on G3 PES. Maybe the difference attributes to the sad-

dle point of the BW2 surface is located earlier in the

entrance channel than that of the G3 surface. The re-

pulsive energy provides a distribution of the rotational

angular momentum vector of the product which is less

anisotropic. So the product rotation calculated on BW2

PES be strongly aligned even at very low collision ener-

gies due to that BW2 is so attractive than G3. It is well

known that the well in the PES can affect the rotational

alignment of the products, because it may lead to"loss

of" memory of angular momentum alignment in that the
separation of the products will take various direction in

space. The most outstanding difference between BW2

and G3 PESs is the BW2 surface has long-range van

der Waals minima in both the entrance and exit chan-

nels. However, the degree of the polarization for the

HCI and DCI products calculated on the BW2 PES is

stronger than that on the G3 PES. So, to draw a con-

,lusion that probably the product rotational alignment is

mainly controlled勿 the characters of transition state

regions, and the effect of van der Waals force on prod-

uct polarization is quite weak.

    The calculations of product rotational alignment

for the CI+HD reaction show the notable isotope

effects. Fig. 4 and Fig. 5 depict the rotation of the DCI

product is so strongly aligned in comparison with the

HCI product in all cases. Our previous wore'-s37 has
explored the product polarization for the H+H'L mass
"ombinations reaction in detail and found that the dis-

tribution of the product angular momentum vectors is

eos'p will reduce the anisotropic distribution of ,1' by
about K. The effect of mass factor on product rotational

alignment is also notable, for the Cl + HD reaction. For
the Cl+HD一   HCI+D channel the mass factor is lar-

ger than that for the CI+HI)一 DCl+H channel with

the same PES.So the large mass factor lead to the

(N'(J'·K))values of HCI product become less neg-
ative and the product rotational angular momenta J'

lend Iowa记s a less anisotropic distribution with respect

to the direction of the vector V� ,. In contrast to the

HCl product, the rotation of the DO product is thought

of being strongly aligned in all cases.

4  Conclusions

quite sensitive to the mass factors. For

as the mass factor cos' (G

  this reaction

爪HM/.

(ma + Mx)(mu,+mr)

approaches zero

mentum

relative

vector is

the product rotational angular am-

strongly aligned with respect to the

velocity direction. Theincrease in mass factor

    The above comparison of excitation functions cal-

culated on both PESs for the CI+HD(。二0, j=0, 1)

reactions has shown the different features between BW2

and G3 PESs lead to some different dynamical phenom-

ena. In contrast to the prediction on G3 PES, the QCT

calculations on BW2 PIES reveale a dramatic preference

for producing DCl for the C1+HD-HCI+D and Cl+
HD-DCl+H reactions. The BW2 surface is less reac-

tive than G3 surface due to the influence of van der

Waals well in the entrance valley of the BW2 surface

The effect of rotational excitation on reactivity from the

calculations on BW2 surface is positive, while the rea-

gent rotational excitation has a negative influence on

reactivity for G3 surface.

      The calculations on both BW2 and G3 PESs show

the product rotational angular momentum is aligned and

the variation trend of product rotational alignment effect

with the change of the collision energies and the final

rotational quantum number/ is similar. The predicted

final rotational stale distributions and angular distribu-

tions on both surfaces are also so similar. Comparison

of the BW2 potential energy surface and the G3 sur-

face, the transition state regions are broadly similar.

Therefore, the similarity of the final rotational state dis-

tributions, angular distributions and the product polari-

zation calculated on both surfaces imply that these dy-

namics properties are mainly controlled by the charac-

ters of transition state regions in PES. The calculations

of the product rotational alignment show that the vector
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correlation in Cl + HD reaction is sensitive to mass fac-

tors and the potential energy surfaces of reaction sys-

tem. The rotational alignment effects of HC1 product

are smaller than DCI product in all cases as the mass

factor is larger for the Cl+HD-HCI+D channel. The

minor differences of the properties in transition state re-

gions between BW2 and G3 surfaces result in a signifi-

cant distinctness for the product polarization. Compa-

ring with the scalar characters, the vector correlation in

reaction is more sensitive to the potential energy sur-

face, especially for the properties in the transition state

regions. We look forward to the completion of experi-

mental studies of product rotational alignment effect on

the CI+HD reaction so that a higher resolution com-

parison of theory and experiment can be implemented

    Acknowledgements; This work is supported by
KBBSF and the National Science Foundation of China

(29953001 and 29825107).

[1」Blais N C, Truhlar D G. J. Chem Phys.，1977, 67: 1540

[ 21 Orr-Ewing A J, Zare R N. Annu. Rev. Phys. Chem,，1994,

    45: 315

[31 Shafer-Ray N E, O-Ewing A J, Zsre R N. J. Phys.

    Chem 。1995, 99: 7591

[4丁C二一Ewing A J, Simpson W R, Ksndel S A, Rakitzis T P,

    Zam R N. J. Chem. Phys.，1997, 106: 5961

[5‘Rakitzis T P, Kandel S A, Lev-On T, Zan, R N. J. Chem

    A-，1997, 107: 9392

[6] Alexander A 1, Aoiz F J, Ban- L, Brouard M, Short J,

    Simons J P. J. Phys. Chem. A, 1997, 101; 7544

[71 de Miranda M P, Aoiz F J, Banares L, R6banos V S. J.

    Ch- Phys.，1999, 111; 5368

[ 8'1 Ding G, Yang W, Sun W, He G, Lou N. Chem Phys.

    Lea，1994, 220: 1

[9}Zhan J P, Yang H P, Han K L, Deng W Q, He G Z, Lou

    NQ J. Phys. Chem. A, 1997, 101; 7486

!10] Wang M L, Han K L, Zhan J P, Wu V W K, He G Z,

    Lou NQ Chem. 1为s. Lett.，1997, 278: 307

[川 Wang M L, Han K L, He G Z� Loa N Q. J. Phys. Chem,

    A, 1998, 102: 10204

【12几  Wang M I，flan K L, He G Z. J. Chern. Phys.，1998,
      109; 5446

〔131 Chen M D, Wang M 1，Han K L, Ding S L. Chem

      Phys. Lett，1999, 301: 303

[ 14一 Zhang L, Chen M D, Wang M I，Han K L. J. Ch em

      尸hys.，2000, 112: 3701

[ 15飞 Bradley K S, Schatz G C. J. Ch- Phys.，1997, 106:
        8464

[16二Bradley K S, Schatz G C. J. Chem. Phys，1998, 108:
      7994

[ 17' Troga D, Banos 1, Conzalez M, Wu G S, Terhorst M A,

      Schatz G C. J. Chem. Phys，2000, 113: 6253

}18] Wu G S, Schatz G C, Lendvay G, Fang D C, Harding L

      B.工Chem.1均，，2000, 113: 3150

[19] Bmuard M, Gatenby S D, Joseph D M, Vallanee(二一J

    Chem. Phys，2000, 113: 3162

[20] Brouard M, Burak 1, Hughes DW, Kalogerakis K S, Si-

      mons J P. J. Chem. Phys.，2000, 113: 3173

[21 ] Thompson D L, Suzukava Jr H H, Raff L M. J. Chem.

    Phys.，1975, 62: 4727

[221 Miller J C, Gordon R T. J. Chem. Phys.，1983, 78:

        3713

[23] Tucker S C, Triddar D G, Garrett B C, Isaacson .A D. J

    Chem.尸hys.，1985, 82; 4102

[24] Schwenks D W, Tucker S C, Steckler R, Brown F B,

    Lynch G C, Tmhlar D G, Garrett B C工Ch- Phys.，

      1989,卯 :3110

[25] Hase W L. Science, 1994, 266; 998

[26] Alagia M, Balucani N, Cmavecchia P, Stranges D, Volpi

      GG 工Chem. Soe. Faraday Traps.，1995, 91, 575

[ 27 ] Aoiz F J, Baams L. Chem. Phys. Lett.，1995, 247; 232

[28] Alagia M, Balucani N, Cartechini L, Casavecchia P, van
    Kleef E H, Volpi G G, Aoiz F J, Baares L, Schwenke D

    W, Allison T C, Mielke S L, Truhlar D‘ Science,

      1996, 273: 1519

仁29] Allison T C, Lynch G C, Truhlar D G, Gordon M S. J.

    Phys. Chem.，1996, 100: 13575

[30] Mielke S L, Allison T C Truhlar D C, Schwenke D W

      工尸勺，Chem ，1996, 100: 13588

[31 ] Casavecchia P, Balucani N, Volpi G G. Annu. Rer. Phys

      Chem ，1999, 50: 347

[32] Taatjes C A. J. Chem. Phys. Lett.，1999, 306: 33

[33] Manthe D, Bian W, Werner H J.  Chern. Phys. Lett.，

      1999, 313: 647

[34] Alagia M, Balucani N, Cartechini L, Casavecebia P,

    Volpi C C Aoiz F J, Banares L, Allison T{:，Mielkc S

    L Truhlar D G. Phys. Chem. Chem. Phys，2000, 2:

      599

[ 35 ] Kandcl S A, Alexander A J, Kim Z H, Zare R N, Aoiz F

    J, Banares L, Castdlo J F, Sdez Rhbanos V 工C'het

    尸勺s.，2000, 112; 670

万方数据



化 学 物 理 学 报 第 15卷

Weston Jr R E.工Phys. Chem ，1979, 83, 61

Wheeler A, Topley B, Eyring H. J. Chem Phys
4. 178

1936

望

国
[3，
[38] Bigeleisen J, Klein F S, Weston R E, Wolfsberg M. J.

    Chem Phys.，1959, 30: 1340

[ 39 ] Kumman S S, Lim K P, Michael J V. J. Chem. Phys，

      1994, 101; 9487

[411] .Aoiz F J, Banares L. J. Phys. Chem，1996, 100: 18108

百41了Lee S H, Lai L H, Liu K, Chang H. J. Chem. Phys.，

      1999, 110; 8229

[42] Skouteris D, Manolopoulos D E, Bian W, Wemer H J,

      Lai L H, Liu K. Science, 1999, 286; 1713

[ 43 ] Lee S H, Liu K. J. Chem. Phys.，1999, 111; 6253

[ 44一Bian W, Wemer H J. J. Chem. P为，.，2000 , 112: 220

t45] Yang B H, Tang B Y, Yin HM, Han K L, Zhang J Z H.

      J. Chem )为，，2000, 113; 7182

[46] Yang B H, Gao H T, Han K L, ZhangJ Z H. J. Chem

    Phys，2000, 113: 1434

〔盯〕Yang B H, Yin M H, Han K L, Zhang J Z H. J. Phys

      Chem. A, 2001，104: 10517

[48] Chen M D, Tang B Y, Han K L, Lou N Q. Chem Phys

      Lest.，2001，337; 349

[49] Cai M Q, Zhang L, Tang B Y, Chen M D, Yang‘W

      Han K L. Chem. Phys.，2000, 255: 283

[50] Aoiz F J, Henrero V J, R6banos V S. J. Chem. Phys

      1992, 97: 7423

[51] Han K L, He G Z, Lou N Q. J. Chem. Phys.，1996

      105: 8699

[52] Li R J, Han K L, Li F E, Lu R C, He G Z, Lou N Q

      Chem. Phys. Lets.，1994, 220: 281

[ 53 ] Han K L, Zhang L, Xu D L, He G Z, Lou N Q. J. Phys

      Ch- A, 2001。105: 2956

Cl + HD反应产物的极化与态分布

              陈茂笃，唐壁玉， 韩克利中，楼南泉

(中国科学院大连化学物理研究所分子反应动力学国家重点实验室，大连 116023

摘 要:利用准经典轨线理论，在HW，和G3两个势能面上，研究了Cl十HD反应的动力学.计算结果表

明，产物的转动取向对势能面及反应体系的质量因子非常敏感.在BW2势能面上，计算的两个产物的转动取

向强于在G3势能面上计算的结果，而无论是在BW2势能面上还是在G3势能面上，DCI产物的取向都强于

HCI产物的取向.计算结果还表明，在不同的势能面上反应物的转动激发对反应的影响有着显著的不同.在

BW2势能面上，反应物的初始转动激发有利于CI +HD反应的进行;而在G3势能面上，反应物的初始转动
激发消弱了反应的反应性.

关健词:准经典轨线理论;势能面;产物的转动取向
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