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I. INTRODUCTION II. NONADIABATIC COUPLINGS
There is a strong interésin the mechanism of the We ran approximate calculations of the nonadiabatic
chemi-ionization reactions coupling matrix element&\(Rco) between each pair of the
coupled states alonB¢p keeping the other internal coordi-
O(3P)+ CH(X 2[1)»HCO" (X 13 )+ e~ (19  nates constant. To estimate the possible effect of orientation,
these calculations were done at four angles of approach
and (180°, 160°, 140°, and 12bWhich were within an effective
range as discussed in Ref. 2 and mentioned in Sec. |. The
O(®P)+CH(a*s " )—HCO" (X3 ") +e". (1b)  C—H coordinate was kept at 2.12 bohr at all runs. We em-

ployed the correlation consistent aug-cc-pVTZ basis>8et,

Recent MRCI calculatiofsdetermined a number of in- and all energy computations were done at the state averaged
termediate HCO stategchannel$ with low barriers that ~multiconfiguration self-consistent fieldICSCP and MRCI
could allow reaction§l) to occur adiabatically, provided that level as implemented in theoLPRO package€. The four elec-
the total energy of H& O for a given channel and angle of trons in the  orbitals of C and O were frozen, and the
approach was above the minimum potential energy of FICO active space was limited to the nine valence orbitals among
at the same angle. This constituted the effective range ofhich the remaining eleven electrons were distributed. The
angles for the given channésee Table | of Ref. 2 For  evaluation ofA(Rco) was done by a finite difference proce-
reaction (1b) only one adiabatic channel was identified. dure using orthogonal orbitals via ti®R and thepiAB pro-
However, the possibility of a diabatic mechanism for Eq.grams ofMOLPRO.
(1b) presents itself because of an avoided crossing near 4.7 The main body of calculations was done at the MCSCF
bohr in the C—O coordinateReo), the only active coordi- level of accuracy at linear and bent geometrie<Cin (°I1)
nate in the region of interest. The avoided crossing alongndCg(*A” and®A”) symmetries. The validity of the results
Rco is between the 311 and 1211 states in linear geometry Was tested for a colinear approach against MRCI calcula-
and between the states that correlate to these two upon berfiPns. The cost of these calculations was excesgabmut
ing, that is between the 2\’ and 3%A’ as well as between 460 CPU hours per coupling curve @), and it was the
the 42A” and 3?A” states. It was concluded in Ref. 2 that reason for not employing them throughout.
besides the adiabatic channel, reacti@h) could proceed
via diabatic transitions between the states above throughl. TRANSITION PROBABILITY
their nonadiabatic couplings in the active coordinate, pro-
vided these couplings were strong. That is, provided that th
nonadiabatic transition probabiliff P) from one to the other

The quantity of interest here is the single pass TP from
the higher to the lower of the coupled states as atom O ap-
o _ roaches CH. For relatively accurate probabilities one could
of these states is high. Here, we plan to use the nonadiaba %lve the semiclassical coupled differential equations for the

couplings to obtammg an eSt'mate of the .TP bewVeenamplitudes of the involved states. However, a rough estimate
the coupled states via an approximate expression and to CAlt the TP can be obtained by the approximationa.u):®
roborate the results by employing the qualitative Massey e

parameter. P=sir’(mAl'/2)exp—AE-T/V7), 2
whereA, is the peak of thé\(Rcg) curve,I' is the width at

3Electronic mail: arimet@eie.gr half maximum,AE is the energy gap between the two adia-

0021-9606/2002/116(14)/6376/3/$19.00 6376 © 2002 American Institute of Physics

Downloaded 08 Dec 2008 to 194.177.215.121. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 116, No. 14, 8 April 2002 The chemi-ionization reaction 6377
56 C(®’A’ and?A”) symmetries. The peaks of the graphs are at
{ HC-0 180° slightly different locations due to the different configurations
454 entering the corresponding wave functions. However, the
coupling strength is about the same in all three calculations
as it should be. The corresponding curves at the MCSCF
404 level are not shown, but they are also displaced with respect
= to each other for the same reason. Table | shows the quanti-
£ 32- ties needed in Eqg2), as well as the computed TPs at the
g point of avoided crossing for 2000 and 600 K. In view of the
:O " PV (C,,) many uncertainties entering the calculation, the comparison
o 3 of the TPs for the linear approach between the two levels of
< e AATFA €y accuracy justifies the use of the less accurate, but less costly,
16 L MCSCF approach we have followed here. Notice that all TPs
L gAY €y within a narrow zone around the crossing point, which can
6 be considered as the coupling zone, are of comparable mag-
nitude. Outside this zon&E changes considerably, and one
T N cannot tell by using Eq2) how the TPs vary because E@g)
(11.50 " 484 488 472 476 480 is no longer valid there.

As the angles change from 180° to 125°, the coupling
curves are spread over a wider region of the C—O coordinate
g}h such a way tha#\, decreases whilE increases. These two
effects seem to cancel each other, and the TPs remain about
the same for all angles of approach within their effective
range. It is also apparent that the TPs are rather insensitive to

tween CH and O at temperatufeln Eq.(2) AE andVy are j[emperatur.e changes. Qne det_all must be cleared. up regard-
. I i e ing the existence of high barriers after the crossing which
assumed constant, a condition which is fulfilled here: Within

the coupling zoneAE varies only by about-0.0003 a.u. \;V:urlr? t(?[:ce:vzm b(ra?vz\i/zttleilnt(hleb)stggrsn 4 ;Igrjsg]@s%ate:\e/é _I_Eze
around the peak, and; corresponds to a relative kinetic ymp gap '

energy fixed at 1.5 kT. For the two temperature cases dist_)arrier of _the FA’ state s lower than this_ gap at "?‘” angfes,
cussed in Ref. 2y; in atomic velocity unitsavu) is given and reacyor(lb) can Broceeq thrpugh th.'s diabatic channel.
bY Va00~0.0012 avu  and Vegy~0.00066 avu (1 avu The b_arner of the 3A” state is sllghtly.hlgher thap 0.76 eV
=2.1877x 1% cm/s). A qualitative estimate of the diabatic- near linear angles of approach, but 'F drops quickly below
ity of the system is given by the Massey paramei@Rco) 0.76 eV at. sm.aller'anglé’mnd so reactioiilb) can proceed
—V7-A(Reg)/AE (in a.u). Whenés1 the system is highly through this diabatic channel as well.

T CO,

R, (bohr)

FIG. 1. The nonadiabatic matrix elements between the indicated pairs
states computed at the MRCI level of accuracy for a collinear approach
the HC+ O system.

batic states arounB:p and Vs is the relative velocity be-

diabatic’ From Table | it seems reasonable to adopt an overall TP
' of at least 90%, regardless of angle of approach or tempera-
V. RESULTS ture. As discussed in Ref. 2, however, the effective range of

angles does depend on temperature. It was also found that
within the coupling zoneé>1, a result corroborating the
diabaticity of the system. Thus, the diabatic channels are

Figure 1 depicts thé\(Rcg) curves for a collinear ap-
proach calculated at the MRCI level both@j, (?I1) and in

TABLE I. The peaksA, (bohr 1) and the widthd" (bohp of the coupling curves, the energy gabE (a.u) of

the adiabatic states, and the transition probabiliflest the avoided crossings. In tiierows, the first entry
refers to 2000 K, and the second to 600 K.

MRCI MCSCF
180° 180° 160° 140° 125°
221/1%1 Ao 49.2 48.2
r 0.020 37 0.020 80
AE 0.000 43 0.000 19
P 0.99/0.99 0.99/0.99
22A'1%A! A, 51.9 57.1 26.0 10.9 6.3
r 0.01930 0.01752 0.03851 0.091 48 0.156 78
AE 0.000 40 0.000 14 0.000 29 0.000 59 0.000 89
P 0.99/0.99 0.99/0.99 0.99/0.98 0.96/0.92 0.89/0.81
2 2A"[12A" A, 55.5 53.4 44.8 28.2 23.4
r 0.018 04 0.018 77 0.022 28 0.03557 0.041 69
AE 0.000 41 0.00017 0.000 16 0.000 24 0.000 29
P 0.99/0.99 0.99/0.99 0.99/0.99 0.99/0.99 0.99/0.98
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