Dynamic Spectroscopy of
Charge-Transfer Processes
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Free Energy Surfaces*

e adiabatic reaction on 1d surface “Solvation Coordinate”

E® G0
R,

e relevant nuclear coordinate Is the
“solvation coordinate” s
» free energies are quadratic in g

Hs

*Marcus, Hynes, ...




Free Energy Surfaces

* reactive surface (S,) results from mixing of diabatic (LE, CT) states

Diabatic Surfaces: S, LE, CT Adiabatic Surfaces: S, S,

Gas Phase Solution
CT —-.

e assume constant V




CT Dynamics & Solvation Dynamics*

* reactive dynamics described by GLE: \/\/

e friction ¢ (t) obtained from dynamic Stokes shift data

*Hynes & co.
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Spectroscopy

e Spectra are in inhomogeneous broadening limit
Absorption Spectrum:

Equilibrated Emission Spectrum:

Model Parameters
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Solvents:
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Is It Dynamics?

Potentials and Populations Reaction & Solvation Times
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System #2: “DTN”

Solvatochromism
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DTN: Modeling Steady-State Spectra

U *=27578cm™ a,=51A —

cav

3
Ug* = 31,840 cm® /8 =0.26
V, * = 0.635

M, =6.3D
Mo, =2.4D

1 *=125D
Le* =22.8D
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Kerr-Gated Spectroscopy
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System #3:. “BPAC”

“CT
@

e charge shift means energetics are
relatively solvent independent

e equivalentto-9D —» +9 D
change in u (AM1/CI)

*\, ~ 750 cmt (AM1/CI)



BPAC Experimental Results

Time-Resolved Spectra (TCSPC) Observed CT Times
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BPAC: Fits to Steady-State Spectra

Ug*=20970cm™  g4g*=20,970cm* g, =5. Mg =1.0D

Us*=19,870cm?  u*=19,870cm?t  g/a3*=.1,.3,.3 M =.64D

V,, *= 1,000 cm?
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BPACc: Model Results

Free Energy Surfaces Predicted Dynamics

LE o JRLRLLLL BRI BRI
AF /kT~1

| —
o
w

H
)
N

| —
o
[EEN

-
=
o

™

o
—
S~
LL
>
o
| —
-
LL
@
<5}
| -
LL

AF /KT~2

Observed Reaction Time / ps

1 llllllll 1 llllllll 1 llllllll
10° 10! 102 103
Calculated Reaction Time / ps

o
o

-20 -10 0 10 20

° 0 >
Solvation Coord. z, / D exponential for AF*~KT




2d Systems: “PnC” Series
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Summary & Conclusions

* “Photodynamic model” of time-resolved CT spectra based on
the theoretical work of Hynes and others
- adiabatic rxn, reaction coordinate <
- free energies quadratic in g
- dielectric continuum estimates of energetics B
- GLE with £ (t) from S (t)
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* 1d approach is reasonably successful in capturing solvent’s role
In some systems: “DTN”, “BPACc”; provides an important
Interpretive tool in others: “HRD”

o (Kerr spectroscopy offers potential for highly detailed
comparisons between experiment and model calculations)

 2d modeling of TICT reactions of “PnC” series is underway
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