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Motivation

e Addressing a general question about the possible role of ground state conformations on
excited state dynamics — the photochemical properties of amino acids are very sensitive

to environment but also to conformation.
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e Recently reported experimental study of conformer-depen-

= e dent S, lifetime of L-phenylalanine suggests that lifetimes of
1 S, differ by a factor of three for different conformers.
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s T e Glycine is the simplest amino acids that could serve as
: Ef} a good starting point
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Glycine is a nonrigid (floppy) system aalay- N-H...O=C

number of conformers — 2 main types arrangement
The minima are separated by small barm

that can be easily overcome (highest barrieris ~® N-H...O-C
~ 940 (lll) and 740 (IlI) cm" for interconversion arrangement
to global minimum [)?

e S,
n, — 1 6.00 eV

S,
ng,— R+ 0"6.65eV

The values are for conformer Il, CASPT2/6-31G*, 6-31+G* on N atom

ADb initio non-adiabatic molecular dynamics

Time-dependent Schroedinger equation is solved using Full Multiple
Spawning algorithm®

Wave function ansatz V¥ = @)w electronic wavefunction

I
time-dependent nuclear wavefunction associated with /" state

Nuclear wavefunction — superposition of frozen Gaussian basis functions

Substituting the wavefunction ansatz into nuclear Schroedinger equation -
evolution of the coefficients
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The new basis functions are “spawned” in the region of high non-adiabatic
coupling |
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Simulation details

Electronic structure:

CASSCF wavefunction — SA3(6,6) with 6-31G* and 6-31+* on N basis set
Dynamics:

Initial trajectories sampled according to Wigner distribution function computed
for the initial vibrational ground state.

timestep 10 a.u. (0.24 fs).
Dynamics started on S, using for each conformer its ground state minimum

geometry. 10 trajectories for each group of conformers.

Possible photophysical pathways

Localization of conical intersection: CASSCF/6-31G™ and 6-31+G™ on N; SA3(6,06)

(The energies and the character of excited states was checked by using the RICC2
method with cc-pVTZ and aug-cc-pVDZ on N and O basis set with added diffuse s and p
functions on H atom (with coefficient 0.02) on the geometries of the conical intersections)
Dynamic correlation: using CASPT2 method (level shift 0.3 Hartree)

¢ S,/S,intersection ® S,/S, intersection

C=0 bond stretching (nTt*/S,) NH, planarization and

N-H bond stretching
the deexcitation process leads energetically very
to vibrationally excited » close to the Franck-
molecule in Condon region

the ground state

e Energetics

- S./S,6.05(6.02)

H-atom loss (nG*ISO)u FC S, 6.00(6.00)" 2l 9
¢
Sl67A 0 S,/5,5.17
C=0 stretch
S,/S,4.60(4.80)
H-atom loss

the channel leads to a fragmented molecule in S,/S,4.01(3.81)
the ground state H-atom transfer
the dissociation along the N-H coordinate was

observed for neutral aromatic molecules? S, min® 3.44(3.37)

H-atom transfer (n1t*/S )

the channel leads to a diol —
unstable on S,

the H-atom transfer was
observed CASSCF energies (CASPT2 are

S,

Results
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] In ~125-250 fs — population
] transfer to S, through the CI
] S.,/S, between the dissociative

. no* and the ground state
(structure a and b).
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The main channel is H-atom

loss (structure a and b)

e conformers having N-H...O-C arrangement — conformer ll|

In the first ~25 ps — no population transfer from S, to S, was

observed.
The rotation along the C-C bond does not take place.

Conclusion

e The main process is photofragmentation of glycine leading to
the release of H-atom from NH, group.

e The lifetimes for conformers having N-H...O=C arrangement is
much shorter than for conformers having N-H...O-C arrangement
(the difference is at least 2 orders of magnitude)

— glycine conformers close in energy in the ground state
show significantly different photodynamics
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energetically lowest CI

given in parenthesis) in eV
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