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Many semiclassical wave packet propagation methods require only local potential energy surface information
in order to update a Gaussian wave packet over a short time interval. These data, which include the evaluation
of the potential energy at the instantaneous configuration space center of the wave packet, plus the gradient
vector and Hessian (second derivative) matrix at the same configuration, can be generated efficiently by
extant electronic structure packages. This leads to an algorithm for propagating semiclassical Gaussian wave
packets using electronic structure data computed “on the fly” in the course of the propagation. The feasibility
of such a strategy for condensed phase systems is demonstrated by using it (with an appropriate approximate
level of electronic structure theory) to calculate Fran€@ondon absorption and emission spectralbfrans
1,3,5,7-octatetraene in the gas phase, and in both chloroform and methanol solvents. Good agreement with
the corresponding experimentally measured spectra is obtained.

1. Introduction nuclear coordinate configuration coupled with Newton’s equa-
) ) ) ) tions of classical mechanics, has proven extremely useful in
The problem of computing reliable dynamical signatures recent yeard.The central issue we wish to consider here is to

(spectra, scattering cross sections, reaction rate constants, etC\hat extent the concept of on the fly determination of potential

of condensed phase quantum systems remains challenging foénergy surfaces can be extended to engbéntum mechanical
two basic reasons. First, there are severe practical difficulties propagation of the nuclear coordinates.

in propagating wave packétthat describe the quantum motion A nuclear coordinate wave packet is localized in some region

of the _nuc_lear _coordlnates. Second, a quantum dynam|csof space at a particular time, and it is only necessary to know
calculation is “'“ma.‘te'y_ 0|_1Iy as good as tr_‘e potential ENergy the potential energy surface in that region (i.e., where the wave
surface; upon which it |s.based, yet h'gh"eYe' ab initio packet has nonzero amplitude) to update it by a small time step
electronic structure calculatiohsan only be carried out for according to the time-dependent Sudirmer equation. This

Sm?” |solfate|d mOIGCfle SlySten;S' Th%taSk |°f gleneLatmg suchyroperty does not necessarily provide any practical advantage:
surtaces for large molecules or for probe molecules that interact o \yqy|d still need to map out (by quadrature) the potential

with a condensed phase environment is a daunting one. Thegnerqy surface in the appropriate region of multidimensional
situation is particularly bleak_ when th_e relevant_ quantum .o qinate space, and then update the wave packet on the
dynamics occurs on electronically excited potential energy .qrresponding multidimensional coordinate grid. However, if
surfaces (e.g., in many photoinduced processes), since it is muchye \wave packet is well localized, several features conspire to
more difficult to compute accurate meted electronic potential oke the prospect of wave packet dynamics with potential
surfaces than ground state properties. surfaces computed on the fly much more attractive. A narrow
For systems with only a few degrees of freedom (ca. 5 or Gaussian wave packet remains Gaussian in time (until it
less), it is possible to calculate and store global potential energybroadens to a critical width; cf. below). This allows the
surfaces, i.e., ones which span the full relevant range of eachutilization of Heller's Gaussian wave packet dynamics (GWD)
nuclear coordinate, via ab initio electronic structure theory. Once algorithm to propagateultidimensionaivave packet3.GWD
the relevant potential energy surface (PES) is stored, nuclearrequires at most a quadratic Taylor series expansion of the
coordinate wave packets can be propagated on it using exacpotential energy surface around the instantaneous center of the
numerical grid and/or basis set technology. For systems muchwave packet (the “thawed Gaussian approximatf)nThus, a
larger than this, construction of a global PES is not feasible. call to the electronic structure (ES) part of the algorithm need
Of course, in many situations a global potential surface is not only provide at each step the value of the potential energy at
strictly required. For example, if the nuclear coordinates can the current nuclear coordinate configuration, plus the gradient
be treated classically, one needs only to determine the gradientand Hessian (second derivative matrix) at that configuration.
of the potential surface at thiastantaneousonfiguration of These quantities are readily produced by standard electronic
the nuclear coordinates in order to update this configuration by structure programs/software packages. With this minimal amount
a small time step. The gradient has to be recomputed at eachof “local” potential energy information it is possible to update
time step, but for a system with many nuclear coordinates (e.g.the Gaussian wave packet representing the nuclear coordinate
a condensed phase system), this is vastly preferable to attemptingvave packet state by a small time step, and then repeat the
to construct a global multidimensional potential surface. Indeed, process again. Indeed, we note that in certain situations (e.g., if
this strategy, namely, using electronic structure methodology the width of the nuclear coordinate wave packetesy small)
to determine the potential energy gradient at the instantaneousa simpler approximation to the nuclear coordinate wave packet
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motion, namely the frozen Gaussian approximaticuffices. coordinates of the solute molecules, and the procedure used to

In this case second derivative (Hessian) ES data is not required extract Franck Condon spectra from this wave packet dynam-

and the strategy reduces to the one used to propagate the nucleacs. In section 3 we present results for calculated electronic

coordinates classically (vide supfa). absorption and emission spectra of gas phase octatetraene and
Of course, the condition that the nuclear coordinate wave the analogues of these spectra for an octatetraene molecule in

packet remains narrow imposes restrictions on the range Ofchloroform and methanol solvents. Direct Comparison with

dynamical processes that can be treated by the strategy propose@Xperiment is made. Section 4 contains concluding remarks.

above. For the general case of anharmonic potential energy . )

surfaces, an initially narrow wave packet will eventually spread 2 Méthodological Details

until the potential surface cannot be represented by a quadratic 2.1. Semiempirical Electronic Structure USING QCFF/

form in the entire spatial region where the wave packet is P|. Consider a single solute molecule immersed in a liquid

nonzerd® How long it takes to reach this point depends on the solvent. For a given configuration of solute nuclei and solvent

details of the shape of the potential surfaces, mass of the atomsatoms, the Hamiltonian for the electrons of the solute is

initial conditions, etc. A variety of applications of the technique

indicate that many dynamical processes on a subpicosecond time H = H, o + Hso T Higrsol (1)
scale can be successfully treated using the Gaussian approxima- R

tion of the nuclear coordinate wave packet stdtéglt is this whereHmq is the quantum mechanical Hamiltonian of the solute
class of processes which we focus on hére. (in atomic units):

In the present work we combine Gaussian wave packet | | n Ne NNZ7Z
dynamics with potential energy surfaces computed on the fly 0 — YNv2a B _Zu n P @)
to study the electronic absorption and emission spectedl-of mol Zz ! Z ZZ r. ng R,
trans octatetraene, both as an isolated molecule and immersed o B

in a liquid solvgnt: Octatetraene .is the shortest polyene that yare i jabels the solute electrons in all) and o the solute
shows clear emission spectfa? It is composed of 18 atoms,  ,cjej (N in all); rj is the distance between electronandj
and hgnce 48 wpraﬂona] coqrdlnates.. We treat their quantum 4, Ry the distance between nucleiandp. Z, is the atomic
dynamical evolution motion via Gaussian wave packet dynam- n,mher of nucleus. ande the magnitude of the electron charge.
ics, while the relevant 48-dimensional PES'’s are computed 0n o the other terms in eq Hso is the classical Hamiltonian for
the fly using Warshel's semiempirical QCFF/PI electronic e solvent (specified in section 2.2) aflghoysol is the interac-

2,23 - . . . . . s
structure codé??* We are able to reproduce well-resolved  ion Hamiltonian that describes the interaction between the solute
experimental gas phase Frandg®ondon spectra using this 544 the solvent namely:

procedure. We then model the analogous spectra for octatetraene

neZ

2

T 1=

in room temperature polar solvents, specifically chloroform and nMeq NMZg NM [0 o8
methanol. Because solvent relaxation takes place on a multi- A - _ Z - ¥ z ok + z ¢ _“k _ _“"
picosecond time scale while the relevant nuclear wave packet M/ 4%, £4%R, 4 ok RZ R,

dynamics contributing to FranekCondon absorption/emission 3)
spectra lasts less than 100 fs, we employ a static solvent model,

i._e., the solute (octatetragne) motion takes pl_ace in tk_\e potential|, this equation the solvent atoms are labeledigy atoms in
field generated by a static solvent configuration. (This external all), gis the charge on solvent atdar is the distance between

potential is added to the internal Coulombic interactions of the ¢,|te electrom and solvent atork R« is the distance between
nuclei and electrons of the octatetraene molecule in the g te nucleusa and solvent atonk, and e and o are

computation of potential energy surfaces using QCFF/PI). We | ennard-Jones parameters. Clearly, the first two terms in eq 3
average over solvent configurations selected from a classicalyccount for electrostatic interactions between the (partial)
equilibrium molecular dynamics simulation to obtain a predic- charges on the solvent atoms and the electrons and nuclei of
tion for the observed condensed phase octatetraene spectrumpg solute molecule, while the third term accounts for short-
Good agreement is found with experimental measurements. NOtrange van der Waals forces between solute and solvent atoms.
only are solvent-induced shifts of the absorption and emission T4 calculate the electronic absorption and emission spectra
bands successfully accounted for, but so are the shapes of thg gctatetraene, we require equilibrium geometries and potential
bands. The latter are altered by solvent broadening, butenergy surfaces for the ground and the first two excited states.
nevertheless retain some vibrational structure. The ability of Simple MO theories can be used to describe the ground state
the methodology utilized here to account for vibronic structure 1!A4 and the second excited statéBl. This corresponds to
justifies the effort of propagating nuclear coordinate wave the HOMOD— |LUMO [transition. To describe the first excited
packets, and the accuracy of the results compared to experimensate 3A, it is necessary to use configuration interaction with
demonstrates the utility of performing detailed electronic gouple excitations, since this state is a mixture of single
structure calculations to obtain the required potential energy (JHOMO — 10— |LUMO Dand |[HOMO— |[LUMO + 10) and
surfaces. double (mainly|HOMO, HOMO}— |LUMO, LUMOT) excita-

The outline of the paper is as follows. In section 2 we present tions. It is possible to perform ab initio calculations for the
methodological details. Section 2.1 briefly reviews the QCFF/ octatetraene molecule, but our “structure on the fly” method
Pl electronic structure method, and the modifications needed requires many of these calculations to evaluate the potential
to treat the influence of an external potential energy field (to energy surfaces at the center of the wave packet during its time
be provided by electrostatic and nonbonded interactions of the propagation. For this reason, we have chosen to employ a
solute molecule with surrounding solvent molecules). In section semiempirical technique to determine the electronic structure
2.2 we discuss the classical MD simulations used to generateof the molecule, specifically the QCFF/PI method developed
solvent configurations. In section 2.3 we summarize the GWD by Warshel and others with single plus double excited configu-
method for quantum mechanical propagation of the vibrational rations included?23 This model describes theelectrons with
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an empirical potential and the electrons via a semiempirical  ature, the equilibrium configurations of the (room temperature)
guantum-mechanical calculation comprising of self-consistent solvent can be sampled via classical molecular dynamics (MD)
field plus configuration interaction components. The QCFF/PI simulations.

program has proven reliable for computing ground and excited We performed MD simulations using the AMBERforce
states of gas phase polyenes and their associated optical/UMield, according to which the total potential energy function for
spectra?® and has the additional advantage that from a single the ensemble of solvent molecules has the form

electronic eigenfunction (obtained by solving the electronic

Schralinger equation at a particular nuclear coordinate config- Bt = z K, (r — reo>2 + Z K,(6 — eeo)z +
angles

uration) the first and second derivatives with respect to the b5ms

Cartesian positions of the atoms at that nuclear configuration Vv, A B, qg

can be calculated analytically (hence rapidly). These derivatives Z, —[1 + cosp — y)] + Z L + - (5)
are needed in order to evolve the nuclear coordinate dynamics difdrals =] %2 R? €R;

using GWD techniques. As noted above (and discussed further
below), the QCFF/PI program has been modified to include an
additional term in the diagonal elements of the Fock matrix to
take into account the electrostatic influence of the partial charges
of the solvent molecules on the electronic structure of the solute
molecule. Specifically, the Fock matrix under the influence of

(The definitions of the various force field parameters can be
found elsewheré’) For the solvents studied, chloroform and
methanol, a rectangular box of solvent molecules was generated
(containing 787 and 633 solvent molecules in the cases of
the solvent can be written 425 chloroform and methanol, respective!y). We em_ployed a flexible

all-atom model for the molecules using force fields parameters
n M eq developed as part of the AMBER packa?ﬁé?_ The molecular
F. =F%— Q? _ (p_D dynamics simulations were performed using explicit image
oo ZZ : ! periodic boundary conditions with a time step of 0.5 fs and a
temperature of 300 K. We first calculated molecular dynamics
F. =F° (4) of the solvent alone to ensure that solvent properties such as
L the bulk density were reproduced for the force field param-
eters chosen for the simulations. Then one molecule of octatet-
raene was introduced into the solvent box and an MD simula-

matrix elements are modified by the indicated correction terms 10N was performed on the solvent/solute system, keeping the

which reflect electrostatic interactions of the solute electrons SClute rigid (freezing internal vibrations) for the purposes of
with the charges on the solvent atoms according to the first € simulation. After equilibrating at 1 atm, constant volume
term in Flmoysor (The second and third terms fopso dO NOt dynamics was car_ned out and we generated multiple set; of
depend on solute electronic coordinates and can be treated aSCIVeNt configurations separated by 1 ps. For absorption
an external field and added directly to the total energy.) The SPectrum calculations, the equilibrium geometry and partial
one-electron integrals associated with the interaction Hamilto- Charges of octatetraene in the ground electronic state were used

nian are evaluated analytically using the appropriate expressiond” the molecular dynamics simulations. For emission spectrum
for Slater orbital$® The van der Waals parameters used in this

T

HereFC is the Fock matrix of the isolated solute, expressed in
a basis of orthogonalized atomic orbitals The diagonal Fock

calculations, the geometry and charges for thiyZtate were

calculation are the same ones used in the molecular dynamics!S€d- , , ,
calculation detailed below. 2.3. Nuclear Coordinate Wave Packet Evolution via

2.2. Classical MD of the SolventFor an isolated octatetraene G@ussian Wave Packet Dynamics and the Extraction of
molecule, the QCFF/PI program can be used to evaluate the Vibronic Spect.ra. As dlscussed above, to calculgtg quantum
PES at any atomic configuration. However, when this molecule nuclear coordinate evolution on general multidimensional
is immersed in a condensed phase environment, the relevanPotential energy surfaces it is necessary to use approximate
PES is modified by the presence of the surrounding molecules {€chniques. One such technique is Gaussian wave packet
of the bath. In particular, if the solvent molecules are polar, the dynamics (GWD), which has been extensively utilized in the
electrostatic interaction of the partial charges of these moleculesPast t0 produce rapid and reliable results for nuclear dynamics
will significantly affect the electronic structure of the polyatomic " the scale of a picosecond or shofté. The general Gaussian
molecule. This effect can be accounted for by calculating the WaVe function for D-dimensional system at timevith spatial
Coulombic potential in the region of the solute atoms generated C00rdinatex is
by the partial charges present in the solvent. The electric
potential field generated by the solvent charges modifies the @(X,t) = eXpl[(X — X)-A-(X — X) + P (X — X)) + ¥l
diagonal elements of the Fock matrix of the molecule (cf. eq (6)
4), and this modification perturbs the potential energy surfaces
of the molecule. To incorporate such perturbations we take whereA; is aD x D complex symmetric matrix{ andp; are
advantage of the fact that the dynamical time scale for the realD-dimensional vectors specifying the position and momen-
absorption correlation function is100 fs, while the typical tum of the center of the wave packet, gnds a complex phase/
time scale for rotational relaxation of polyatomic molecules in normalization parameter.
a liquid phase can be several picoseconds. Therefore, the effects The equations of motion governing the time evolution of the
of the solvent can be treated in the “static limit”, i.e., the parameters in this Gaussian wave packet depend only on local
configuration of the solvent is frozen, nuclear wave packet information about the potential energy surface near the center
dynamics on the molecular potential energy surface perturbedof the wave packet. Specifically, frozen Gaussian approximation
by that solvent configuration is computed (details are given in (FGA) wave packet dynamics requires only the gradient of the
section 2.3), and an average is taken over configurations selecteghotential surface at the position space center of the wave packet.
from a thermal equilibrium ensemble to get the condensed phaseThawed Gaussian approximation (TGA) dynamics also requires
spectrum. For a liquid solutesolvent system at room temper- second derivative information as ingut.
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Covalently bound molecules usually occupy the ground
vibrational state of the ground electronic PES prior to photo-
excitation, because typically the vibrational quantum is much
larger thankgT (ks is Boltzmann’s constanf] the absolute
temperature) for all FranekCondon active normal modes. The 020 |
initial wave packet©(x) is then Gaussian in shape. After the
photoexcitation event, this initial wave packet evolves on an ©
excited electronic surface. The evolution of this wave packet
¢(X,t) can be computed by solving the equations of motion for  o.10 |
the Gaussian parametérs, using as input excited state PES
data. The electronic absorption spectrum is calculated using the
well-known prescriptiof

— Absorption
~- Emission

Re 00 0'02%00.0 2560.0 3000.0 3560.0 4000.0
o(w) = Ej; dt expli(w_ + E(O))t] @(O)W(t)[l (7 Wavelength (Angstroms)

Figure 1. Calculated absorption and emission spectra oftralhs
wherew, is the frequency of the laser beam aB® is the octatetraene in the gas phase computed via Gaussian wave packet
vibrational energy eigenvalue corresponding®. The equa- dynamics and QCFF/PI electronic structure is shown in the main panel.
tion for the emission spectrum is similar with reversal of the The inset shows both experimental spectra.
roles played by ground and excited electronic states and the

changew, _’h TWL hni h | that these spectra do not change in shape from solvent to solvent
We use the GWD technique to propagate the nuclear wavey, + the overall spectral band shifts in frequency. They also

packets associated with the octatetraene molecule. These waveg,iiced a large energy gap that separates the absorption and
packets evolve on the anharmonic potential surfaces generated,ission spectra for a given solvent due to the different
by QCFF/PI. For the absorption spectrum the initial wave packet 4jactronic states involved in the two processes.

is written as a product of the ground vibrational eigenfunctions  \y/a have chosen two solvents (chloroform and methanol) to

associated with the normal modes of the ground electronic state,q; the sensitivity of our method. Experiment&hthe 0-0
of the molecule. For the emission spectrum, the ground absorption band of octatetraene in chloroform and methanol is

vibrational eigenfunctions for the first excited statéAg are red-shifted with respect to the gas phase band (by 2973 and
used. Att = 0 this initial wave packet is placed on the second 5333 oyt respectively).

excited state (absorption) or the ground state (emission) and Figure 1 shows the absorption and emission spectra of

evolved there. At every time step, the potential energy and ((atetraene in the gas phase calculated using QCFF/PI plus

appropriate derivatives of the PES at the center of the wave \yp techniques. (In order to mimic instrumental broadening
packet are evaluated via QCFF/PI (on the fly dynamics). For j, e experimental gas phase measurements, we invoked an

the systems St“‘?"ed in this paper, the F,GA and TGA_ produced g itional exponential damping factor in the integrand of eq 7.
essentially identical results. Time evolution was carried out for o+ is in eq 7E© — EO+ iT. A numerical value of’ = 160

100 fs for each solvent configuration and the spectra were -1 55 employed.) The similarity between the calculated
collected and averaged for the different configurations. We absorption spectrum and the experimental réghown in
obtained converged stat:c averagfgs for the condensed phasge inset of the figure) indicates that the combination of QCFF/
specira using 156200 solvent configurations. PI electronic structure and GWD wave packet propagation is
We executed the programs on a DE@vorkstation. Ittook geeyrate enough to compute vibrationally resolved Franck
several days to get the set of solvent configurations USINg congon spectra for this system. The calculated emission
AMBER, ard 1 h tocompute the nuclear wave packet evolution - qnec4rym is almost a mirror image of the calculated absorption

using QCFF/PL. spectrum, consistent with the experimental situation. (The
presence of resonance fluorescence prevented an accurate
emission spectrum near the-0 region from being measured
The electronic spectroscopy of all-trans-1,3,5,7-octatetraeneexperimentally.) In Figure 2 we show the absorption spectrum
has been studied theoretic&flyand experimentally?—2! The calculated for octatetraene in the gas phase and in liquid
absorption spectrum of this molecule involves an electronic chloroform at room temperature. (For the condensed phase
transition from a ground state withySymmetry to the second  spectra shown in Figures-2, no artificial correlation function
lowest excited singlet state withyBymmetry. The emission = damping was imposed.) Both are similar to the corresponding
spectrum in the gas phase involves a transition between the samexperimental spect#&(cf. insets of Figures 1 and 3). Interaction
two states, and hence appears as a mirror image of thewith the solvent broadens the spectrum of the solute molecule
corresponding absorption spectrum. However, in the condensedand shifts the calculated spectrum to the red by about 2508,cm
phase the observed emission spectrum is due to a forbiddenn reasonable agreement with the experimental result of 2973

structure is apparent in the absorption spectrum. They noted

3. Results

transition from the lowest excited singlet state with gym- cm~L In Figure 3 we show the absorption and emission spectra

metry. The energy gap between these first excited states ofof octatetraene in chloroform. The excited states involved in

octatetraene is 6400 crh these two spectroscopic signatures are different, as noted above.
The absorption and emission spectra atiftrans-1,3,5,7- This explains the energy gap between the origins of the two

octatetraene in the gas phase shows Fra@ndon structure  spectra. The calculated energy gap is about 1200 drigher
arising from single and double bond—C stretches (at 1645 than the experimental one. This difference may be caused in
and 1235 cm?, respectivelyf® Gavin et ak® also obtained  part by the different level of electronic structure theory used in
experimental absorption and emission spectra of octatetraeneéQCFF/PI to calculate the electronic states involved in the two
in 10 different solvents. They observed that the absorption and transitions. A comparison of these spectra with the correspond-
emission spectra in solution are broad and some vibrationaling experimental results (see inset to Figure 3) reveals good
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loss of vibrational structure compared to the corresponding
absorption spectrum.

To test the sensitivity of our method to changes in solvent
environments, we show in Figure 4 the calculated absorption
spectra of octatetraene in methanol and in chloroform at room
temperature. It has been observed experimentally that the
absorption spectrum of octatetraene does not change much in
shape from solvent to solvent, but the overall absorption band
shifts in frequency® The absorption spectra we obtain indeed
have similar shape and they are shifted to the red compared
with the gas phase spectrum. The absorption spectrum in
methanol is shifted to the blue compared with the spectrum in
chloroform by about 45@nm . The experimental shift is 640
cm~1, in reasonable agreement with the result obtained in our
computation. This provides evidence that the technique utilized
here can be used to study a wide range of solventute

Figure 2. Calculated absorption spectra of &lns-octatetraene in systems that show Vlbrayonal signatures in their Fraan.
chioroform solution at room temperature and in the gas phase. (The Condon spectra. The quality of the results can vary depending
corresponding experimental spectra are presented in the insets to Figure§n such factors as the accuracy of the electronic structure
1 and 3.) program that calculates the potential energy surfaces associated
with the solute molecule and the degree of anharmonicity of

- the potential energy surfaces. However, due to the short-time
i man nature of the associated dynamics (the condensed phase wave

§M packet correlation functions calculated in the present work

0.20 —

[T

o151 decayed irreversibly to zero in60 fs), the method described

ks in this paper should yield accurate results for many systems of
ek chemical interest. The use of fast GWD techniques to propagate
nuclear wave packets using potential surfaces evaluated on the
fly via semiempirical electronic structure calculations (utilizing
a spectroscopically calibrated ES program) will allow the use
of this technique to study spectroscopic signatures for solutes
with higher dimensionality than octatetraene (e.g., organic dyes
that are commonly used in laser deviths

© 010 |

—— Emission
............ Absorption

0.05 |

0.00 .
2000.0 4000.0 6000.0

Wavelength (Angstroms) 4. Concluding Remarks

Figure 3. Calculated emission and absorption spectratrahs We have developed a methodology that uses Gaussian wave
octatetraene in chloroform solution at room temperature. The inset packet techniques to propagate the nuclear coordinate wave
shows the corresponding experimental spectra in a hexane sdlution. packets associated with a polyatomic molecular system on

The experimental spectra in both solvents have similar shape but the: :
0-0 absorption band in chloroform is shifted 550 Go the red instantaneous potential energy surfaces generated on the fly by

compared with the one for hexane and the fluorescence maximum in @0 @ppropriate electronic structure program. These potential
chloroform is shifted 190 cri to the red compared with the maximum ~ Surfaces can incorporate interactions between the molecule and

for hexane?® the surrounding environment. We have applied this algorithm
to study the one-photon absorption and emission spectifiof
trans-1,3,5,7-octatetraene in the gas phase and in polar liquid
solvents (specifically, chloroform and methanol). Comparison
with experimental results shows that the technique is accurate
enough to reproduce the main solvent-induced perturbations in
the spectroscopic signals studied. The relatively small deviations
of our computations compared to the experimental results can
be attributed to the approximations inherent in the semiempirical
QCFF/PI procedure and the force fields determining sokvent
solvent and solutesolvent interactions, and the use of the “static
limit” approximation for the effect of the solvent on the nuclear
wave packet dynamics. Our results suggest that the methodology
can be applied to other problems involving short-time quantum
dynamics of condensed phase systems. These systems are not
limited to solutes immersed in liquid solvents, but include, for
example, molecular adsorbates on solid surfécasd photo-
dissociation dynamics of small molecules bound to biomol-
ecules®?

We note in concluding that there has been a recent resurgence
of interest in computing nuclear coordinate wave packet
general agreement. Our emission spectrum is about 180 Aevolution via methods founded upon the initial value representa-
broader than the experimental one but it clearly reproduces thetion (IVR) of the van Vleck time-dependent semiclassical (SC)

0.25
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-------- ~ Chloroform solution

0.20 +

0.15

0.10

0.05
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2400.0 2800.0 3200.0 3600.0
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Figure 4. Calculated absorption spectra tfans-octatetraene in
methanol and chloroform solutions at room temperature.
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propagatof334 The intrinsic accuracy of the SC propagator ~_ (10) Kulander, K.; Heller, E. JJ. Chem. Phys197§ 69, 2439.
appears to be very higfi.Its evaluation for high-dimensional grf’ﬁgﬁgf”é GJ-ngf"‘géi'El-g%4cl*‘3%mé&)hyﬂ983 79, 4005. Drolshagen,
§ystems is not completely straightforward and is still under "(11) Céal.soﬁ,uR..D.; 'Karmus, ML Chemn. Phys199Q 93, 3919.
investigationt®~18 Nevertheless, all IVR methods for evaluating (12) Messina, M.; Coalson, R. DI. Chem. Phys199Q 92, 5712.
the SC propagator use the same elementary ingredient found inMessina, M.; Coalson, R. 0. Chem. Physl991 95, 5364. Messina, M.;
simple Gaussian wave packet dynamics (GWD), namely a C0alson, R. DJ. Chem. Phys1991, 95, 8977.

. - . - S (13) Braun M.; Metiu, H.; Engel, VJ. Chem. Phys1998 108 8983.
classical trajectory is propagated (based on specified initial 34y Gayssian wave packet dynamics is a simple example of a time-

values of position and momentum) and the second derivative dependent semiclassical wave packet propagation technique. More sophis-
matrix of the potential energy function (the Hessian matrix) is ticated s_emiclassical propagation sc_hemes h_ave been developed which yield
evaluated along the trajectory. In GWD this needs to be done longer-time accuracy on anharmonic potential surfdge$.The “cost” of

A . this improved performance is the need to independently propagate a large
only once to propagate an initially Gau53|a}n wave packet, set of Gaussians instead of a single one as required by GWD. Thus the
whereas in IVR-SC propagator methodsnytrajectories (and method proposed in this work for propagating a single Gaussian wave packet
the associated Hessian matrices) have to be propagated. Th&an be used to propagate swarms of Gaussians as required in the more

. ._sophisticated schemes. This point is discussed further in the Concluding

method developed here can thus be employed without essentlaﬁemarks_
modification in IVR-SC schemes in situations where the simple  (15) Heller, E. J.J. Chem. Phys1991, 94, 2723.
GWD approximation is inadequate. Since each classical trajec- (16) Sun, X.; Miller, W. H.J. Chem. Phys1997, 106, 6346;1998 108

tory is independent of all the others, it should be possible to 88?%) Herman, M. F.: Kiuk, EChem. Phys1984 oL 27. Kluk, E.
employ parallel processing computer platforms to relieve the Herman, M. F. ’Da\;is,"H_ L3, Chem. p'hyslgga 84, 326. ' T

burden of having to evolve many trajectories in order to  (18) Ovchinnikov, M.; Apkarian, V. AJ. Chem. Phy<199§ 105, 10312.
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