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The subject of chemical dynamics typically consists of two steps. The first is the study
of the behavior of the potential energy between interacting groups, and the second is
the use of such potential energy behavior to study the chemical reactions between these

chemical species. The latter is the subject matter of this thesis.

The availability and development of increasingly fast computers with bigger
storage capabilities continues to influence the course of chemical dynamics in no small
measure; this is considered a bit of good fortune and an invitation to study chemical
dynamics in systems which are more complicated than those that were previously
being studied. In spite of the capacity of these computational resources, full
quantum-mechanical scheme are still far from routine when the system of interest is
large and complicated. In such a case, the quantum mechanical equations become so

complex that finding the solutions becomes impractical.

Classical mechanics-based approaches continue to be useful in the study of chemical
dynamics in systems of various size and complexity. However, the absence of quantum
effects like interference and oscillations in purely classical descriptions imply that
classical mechanics, when used as a stand-alone technique cannot be entirely correct.
In chemical reactions, the important quantum effects include the zero-point energy

problem, tunneling, resonance, nonadiabatic transitions, amongst others.

Advances in semi-classical theory have ensured that classical trajectory methods, with
nonadiabatic transitions and tunneling taken into account, would be very much feasible
as well as useful for chemical dynamics. A method that has become popular for
treating nonadiabatic transition within the classical framework is the Trajectory
Surface Hopping Method where the nuclear motion is treated classically on a single
adiabatic potential surface with analytical expressions. In the case of tunneling there
have been approximate methods to treat tunneling just as it has been done for
Nonadiabatic transition. A classical trajectory 1is made to evolve in a
classically-allowed region of space and on encountering an intervening barrier
separating two separated classically-allowed regions, the trajectory makes an

instantaneous transition in real time.

He intends to show in this thesis that, there is a whole lot more that can be achieved
with classical simulations if one can find good semiclassical analytical theory to deal
with the important quantum effects such as nonadiabatic transitions and tunneling. In
Chapter 2, he reports on his study of caustics, an important feature in semiclassical

analysis. He presents numerical demonstrations of how to locate caustics of



trajectories in the Henon-Heiles potential and also extended the same to the caustics in
a potential of a triatomic system undergoing collision. His final published method
capably treats the case of multiple caustics and looks to be a good candidate for use in

studying multi-dimensional systems. The light masses of the constituent atoms in the

H3 system makes it a good testing ground for many tunneling theories. With this

realization, he seizes the advantage offered by the caustics-locating method, merging it

with a simple tunneling recipe to calculate the thermal rate constant of the H3 system.

Chapter 3 concerns the semiclassical study of Nonadiabatic transition. He reports in
this chapter, an improvement and generalization of the Surface Hopping Method of
Tully and Preston which was briefly mentioned above. In the original method, the
hopping points were dictated by the location of the seam line and the probability of
hop was determined by integrating the coupled quantum equations or by using the
Landau-Zener equation.

For large and complicated systems, this geometrical construct is not easily defined and
hence, cannot be easily obtained for use in calculation. The method presented in this
chapter, avoids these problems by seeking a generalized method which does not
require the knowledge of the seam line. The use of the Zhu-Nakamura theory is also
introduced, with the approximation that the nonadiabatic transition can be reduced to a
one-dimensional problem. The Zhu-Nakamura theory adds a crucial advantage to
classical treatments of nonadiabatic transitions because the theory is valid for
classically-forbidden hops.

The goal of chapter 4 is the extension of the aforementioned quasiclassical
methodologies to the subject of the chemical reactions in the OHCI system which is an
important molecule in atmospheric chemistry. The possible mediating effects of the
excited surfaces have never been considered in quasiclassicalv calculations and the
results of this chapter should help in answering the question of what contributions

nonadiabatic processes make to important atmospheric events.

In the final chapter, he presents the conclusion and summarizes what the future holds
for quasiclassical methods. It is the claim of his thesis that classical approaches remain
relevant to the practice of chemical dynamics as long as it is carefully coupled to
semiclassical theories.



MXDEERROEE

ARILIIRDO SEEVBREN TS (1) HHEE D kR (caustics) Z BT D E D
BWEREOREELIEA, (2) EMBEBOEBIER TH D Zhu-Nakamura HigE AW
HENE A v F(TSH: Trajectory Surface Hopping)iE D —f{t, Bt (3) EEFFEDORAHL
LTo, BEMEERIGER, OCD)+HCI -> OH+CL, Cl10+H, D%, REHREZRITRD
CERGEDCBHZEEZRVBICEL T, BERETNHFHRHEPRLERTHDLZ L
WWIEE2B 20BN, KKTROBVWRBEEDA—RN—a s Pa—F—%2Fo>TLTHAE
AEETHD, TICTHELFRDEERBRSAVLNDI R, HRRPLEFHRPERE
N5, AFRETIE, BELHEELHTHROBEIC, RORKERETFIRTHD hrxAfRe
HURABBOGREZE Y ANDFEOREEZToTWVSD, ThILL>2T, RIRTDO{LFE)
HEEZLETFHREBYVANTEI ZLBAREL RS,

(1) PUFABREZERY AND B, &7, THABICHFSIAEREF I R2VERK
DERZELLBRETILNERD D, IRTOBARLR IR IS HALNEEERTH S,
— BB RTHR TIX caustics L FEIFH, ZORBIERLTLHAER TRV, FHRIL T, p
PEBE q REEL LL &, Ip/dqEER LT HITHIRORBEAD caustics 52 5
TEWEB L. 0TI T Riccati Oy FREREZE W, ZoFERRITHEMENIC
RKEZELTEBY, I/ o INVEBRPELEDLED T LICE o TR I caustics ZHRH
TEBZEERLE EBRNHER I T HHES VA RRBIIRDIHEETH-TH,
ERNTHAILEETFTAHILERILTWVS, £ . B ROARGEEEREZRENE
FLELUTHEL, BEFNENHELORVW—EEZHBTVE,

(2) bIHI—DOEERETHRL L THEHABERHD 2 HULDORT Iy X
NX—HEINEELEZOBORYBYVRELS, BIb, EFHLRHE - BEESEZ 28
BThHd), THEESTRILVF —HEOREFRRICELRIZS Yy T TRV NE,
FERFHETHBT50VF (TSHE) BALELR T3, Landau-Zener Big72 £ 2 A
WABRERDFETIX, HHHCHFINZVEBBORYBEVRHKRLEVWELXE OXRRAB D
ST, FRFETIX, REFFWABEORLMTH DRI E THE S iz Zhu-Nakamura
BHmzAVT, RRTREOLFHEAEKZFEOREETo, EBADOKRK LER
FEDOREDZONEERRA v heed, BiEX., HHIELTHERT oy
NE—DERE/NMCRDREFETIETLV, BHEIXZ, BERATOHEBRERY M OFMH
KXo TEZBN3, AHEOMAIN 2L, FEEBHEENI M OBFRIPES TH, B
BRT Yy VD 2 RS (Hessian EFEIEN D) »HIELOICEBFRMERETELI L
ERL, RF Uy Vv R UX—HEOERBHIVLEBNICHELZITWI 52 & 2 FEAE
LERIEHD, SRFRTCEBEREDEZELEL, KRTRZ~OEAEELZTR L,
(3) BEORKBA~DISAF & LT, KKI/LFETEERKIE OCD)+HCL - > OH+C], CIO+H
EERY BT, HEEZToTWD, FWMBSRET7AVICEY ANSEHER, BRARTHIC
BoRPoTHETHEIN . ERLEOEBPORIGEAT=XLDERRETREEZZT TV,
BRI RLF—13026eV DFARXOWVTHFE—LOERPBETITDODRTEY (ol
HEEL OH A ORNTZINE—DHFRERRDLENLTNS, ZhbizonT, Eie
DEVW—HEEEBETWS, M2 T, BERTF VY VI AF—HEOFE, TZIIBITD



Mo RNVEHE, OH & CIO D4k, RIGEEN 0.26eV THEKREBTHLIZ L, 40D
FEERHEEZB VS, fMOHERERL OEBE HITo TV,

EROBEY, AFRITIETARMAERS D, fFFic, (1) & (2) ORRIZ, 4% KK
TROEEHRICERNFEEZHR D ETREFRFEZEZ5b0HFEIND, EK<H
WHENTWARFEAZEMD)Y I 2b—Vave BEEREFHRZBV ANTHETS
TEEFREZLLDABDOT, MOTHEETH D, (1) KOWTIHBEITHER & % R
WWHRXHRERINLTEBY, MIRBLEBTELNALTNS,

UEXY, BEHmXe LTHFRREEVRERDH D LHET D,



