Evidence for quantization of the transition state for cis—trans isomerization
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steps tentatively is assigned to an in-plane bending vibration of the transition state.

Ummolecular reactions are an important type of elemen- frequency doubled with a KDP crystal using an autotrack-

quently employed theory of unimolecular reactions is that  quartz lens, filtered with a color filter and an aperture, and
formulated by Rice, Ramsperger, Kassel, and Marcus then detected with a fast-response photomultiplier tube
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UZea ansliion stale at ne aynamical bollleneck separating  digital oscilloscope. Hach decay curve is averaged for 500 or
the reactant from products and that the rate is given by the 1000 decay profiles and stored for further analysis. At a
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(d) potential energy surface is observed to increase in a shown. The decay rate increases very slowly from the origin
stepwise manner with increasing energy as expected for  of the §; state up to 2130 cm™!. The data of curve (a) be-
ntized vibrational levels of the transition_state n 2070 and 2130Lem ™! shown in Fio 1 are o slipeof,
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on the vibronic energy. The experimental setup in this work  constant up to an energy of 2190 cm™! where it increases

valve with a 0.5 mm nozzle diameter. The output from edge of the photochemistry and photi:;hysics of the S, state
a pulsed dye laser pumped with a XeCl excimer laser is  of OT. Since the dynamics of electronically excited OT pro-
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[PRRPRRPINTUNN RV S SUrSAFUArSArI BRI B . perimental rate constants were averaged to yield one value at
a given vibrational energy and plotted as curve (b) in Fig. 1.
- 25 The rate constant suddenly increases from 0 to ~1.0x10’
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g gion where a second step shows up. The spacing between
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vides the basis for understanding the photochemistry of natu- energles ‘below the threshold. It equals one at the threshold
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and spontaneous emission. When the molecule is prepared tween v1brat10na1 levels in the transition state are the largest
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tion, this photochemical process also contributes to S; decay. spacings between levels become increasingly smaller and the
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state without emitting fluorescence. Very similar behavior increase of RRKM rate constant with energy, is based on the
fortrans stilbene.'*~* Thus—encnins—the 1&%’9&9‘? th:lt—the vibratienaldeuele of transition
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as a functlon of energy, since the rate of isomerization in- tization of the transition state. The isomerization rate of OT
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channels, internal conversion, and fluorescence. theory; it increases in a stepwise manner with increasing en-
The isomerization rate was approximately separated ergy.
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radiative decay, internal conversion, and isomerization; i.e., first two steps, 80*+10 cm_l, is the lowest frequency vibra-
kioa(E)=1/7,+ ki (E) + ki o(E). Petek et al. have reported tion of the transition state. Since OT is a relatively large

Taic Of the NOmreactive decays 1S @ weak IUnclon Of energy,
data points for decay rates below 2000 cm ! were fit to a  sional motion, should be similar to those of the transition

-———{inear function of encrgy—The isomerzation rate Hi ()1 is  state-Baged upon this-cptimistio-expectation,the lowestire

obtained by subtracting the calculated contribution of radia-  quency vibration of the transition state is tentatively assigned
tive decay and. internal conversion, 1/7,+k;(E), from the to the in-plane bending motion, v,, which has a frequency
total experimentally observed decay rate, ki, (E). Three ex- of 76 cm ™! in OT in the S, state.® A lower frequency vibra-
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tion at ~49 cm™! is probably the reaction coordinate (tor-
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same energy, considering the fact that the vibrational fre-
quencies of approximately half of the vibrational modes are
used by arbitrarily decreasing the ab initio values® by 10%.

A 1 XXriagt 2 71

9271

1P J. Robinson and K. A. Holbrook, Unimolecular Reactions (Wiley, Lon-

PIPVEYRN

3R. G. Gilbert and S. C. Smith, Theory of Unimolecular and Recombina-
tion Reactions (Blackwell Scientific, Boston, 1990).

4R. A. Marcus and O. K. Rice, J. Phys. Colloid. Chem. 55, 894 (1951); R.
A. Marcus, J. Chem. Phys. 20, 359 (1952).

=

strated the quantization of the transition state for unimolecu-
lar bond-breaking reactions. The present work involves an
isomerization in which a bound molecule rearranges into an-

ther_stah u;,_r SIis. u_L,pg,_Y Addi-
ional evidence ior quanl zation Or the transiion stai€ bu

also extends the previous work to a different class of unimo-
lecular reactions. Also, it is interesting that quantization is
observed in a molecule with 48 degrees of freedom. Other
large molecules might reveal similar effects. Extensive col-

tures of the isomerization of OT and the quantitative

-
Bp

3E. R. Lovejoy, S. K. Kim, and C. B. Moore, Science 256, 1541 (1992).
NG S LVIHE,‘ODICU.\/C “I, LT \177L}, Lo ¥Y. LVE. DLLUUL, INALULG J90, L1 7
(1992).

7G. A. Brucker, S. I. Ionov, Y. Chen, and C. Wittig, Chem. Phys. Lett. 194,
301 (1992); S. I Ionov, G. A. Brucker, C. Jaques, Y. Chen, and C. Wittig,
J Chem Phys. 99, 3420 (1993).

e A —————————————
Christensen, J. Chem. Phys. 98, 3777 (1993).

9H. Petek, A. J. Bell, K. Yoshihara, and R. L. Christensen, J. Chem. Phys.
95, 4739 (1991).

1011, Petek, A. J. Bell, K. Yoshihara, and R. L. Christensen, SPIE Proc. 1638,
345 (1992).

YT, Toshizawa and H. Kandori, in Progress in Retinal Research, edited by

paper with detailed discussion on the implication of these

- — -

(1992).

' h

VA auvarantensnras ) WAL AN SAate WU RALLEAS VA UL SELS 4 AMSLALLAL Wb assiase

Umversny gratefully acknowledge the support from the Inha
University Research Fund and the Ministry of Education of

& faamlee iy Vg- T ﬂ‘“'ﬁ“:‘_

Lo \JLULLLLLIV, 0o AIVLLL X ILYDs Uy LU TO \E70J /.

187 A. Syage, P. M. Felker, and A. H. Zewail, J. Chem. Phys. 81, 4706
(1984).
9P, M. Felker and A. H. Zewail, J. Phys. Chem. 89, 5402 (1985).

il .

-
of Japan. R.L.C. acknowledges the donors of the Petroleum

i
“!n the calculatlon the degeneracy of the transition state is assumed to be

I 12 r _!1_%.5;__1__1_._4AE;=‘ :1 II % i
r

A0y ogendin
Saitama 350-03 Japan

Ref. 8.
22The calculated and measured values are compared at 2200 cm™! where the

snpaciecoael ines shem sl sootioning than M oker I0OITE SOEHER frm—
2M. Aoyagi, I. Ohmine, and B. E. Kohler, J. Phys. Chem. 94, 3922 (1990).

5., Vol. 100, No. 12, 15 June 1994
Downloaded 30 Jan 2004 to 137.99.123.42. Reé:strlbut oy subjlect t8 AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



