Mol. Sci. 1, A0011 (2007)

MOLECULAR SCIENCE

Review

FEETEMEF B NF
—— AL RIS DFIEH & 57 FHERED R F

Nonadiabatic Chemical Dynamics

—Control of Chemical Reactions and Development of Molecular Functions

ik 24

Hiroki Nakamura

Nonadiabatic transitions play crucial roles in chemical dynamics not only to comprehend the dynamics but also to
develop and control molecular functions. The Zhu-Nakamura theory which overcomes the defects of the Landau-Zener
theory can be usefully utilized for these purposes. Based on our recent achievements the following subjects are
discussed: (i) new methodologies to treat nonadiabatic chemical dynamics of many degrees of freedom, (ii) new ideas
to control various chemical dynamics by lasers, and (iii) development and control of molecular functions by

manipulating nonadiabatic transitions.
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Figure 1. Schematic potential diagram of photochromism.
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Figure 2. Energy dependence of reaction probability.
solid line (new TSH): Zhu-Nakamura formula.
Dash-dot line (old TSH): Landau-Zener formula.
Dotted line: quantum mechanically exact numerical solution.
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Table 1. Tunneling splitting in the ground state of malonaldehyde

Method Af(H)(em™)  Ag(D)(em™)
MP2/cc-pVDZ 77.0 14.9
CCSD(T)/(aug-)cc-pVTZ 21.2 3.0
Experiment 21.6 2.9

Table 2. Tunneling splitting in the excited vibrational states of

formic acid
Mode(n)  Frequency(cm™) Splitting ratio(A,/Ag)
1 78.7 1.07
2 154.0 0.79
3 169.0 11.0
4 208.0 0.69
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Figure 3. Dependence of the electron transfer rate on the coupling

strength.
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Figure 4. Temperature dependence of the electron transfer (Marcus’

inverted case).
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Figure 5. Selective excitation of closely lying levels in the
four-level system.
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Figure 6. Ground (X) and excited (A) potential curves of NaK and

the wave packet obtained by the pump-dump with quadratic

chirping.
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Figure 7. Selective dissociation of a water molecule with the use of
quadratic chirping for excitation and directed momentum in the
X-direction.
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Figure 8. Control of the dissociation HI — H + I*(2), H+I (3,4)
with the use of complete reflection phenomenon. Time-dependence
of the dissociation flux on each excited state.
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Figure 10. Time-dependences of optimal laser field (solid
line:component along the molecular axis) and isomenization
probability for HCN < CNH.
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Figure 11. Model calculation of molecular switch. At time t; the
complete reflection condition is created.
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Figure 12. Time-dependence of the branching ratio between HT and
CHD production from the S; state after photoexcitation. (a)
Ordinary case, (b) The ~6 kcal/mol momentum is given to initial
wave packet.
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Figure 13. Potential energy curves along the direction
perpendicular to the five-membered ring plane. R=0 corresponds to
the center of the ring.
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Figure 14. Two-dimensional projection of the transmission of
wave packet through the five-membered carbon ring, located at the
constriction. T is the elapsed time.
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