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Svante Arrhenius (1889):
or

We need to know:

how reagent molecules
approach, collide, exchange
energy, break bonds and
make new ones, and finally
separate into products
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k=Aexp (-E,/RT)

Ink =-E,/RT + C



Henry Eyring and Michael Polanyi (1931) w
Potential energy surphase i
Eyring, Polanyi and Evans (1935): ol
Transition-state theory P

H. Eyring & M. Polanyi

k= (kT/h) (Q7/QQg) exp (-E,/KT)

The fastest reaction at room temperature:

k= (kT/h)= 6 x 10%* st
or 7=170 fs

The time scale of molecular vibrations is typically 10 - 100 fs
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Reference Pheopytin: 7, =4-5ns
toluene benzonitrile
PaF: 7,= 0.59ps 0.54 ps
7,= 85ps 4.4ps

J. Am. Chem. Soc., 121, 1999, 3978
Lemmetyinen, Tkachenko et al.
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0.35 ps = kg, energy transfer
8 ps =k exciplex formation
19 ps = Kk, CT-state formation
65 ps = K, CT-state recombination
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Kpx =10-20x 102s1  e.g. 50-100

Ks =0.8-1.4x102steg. 0.7- 1.

Kesg = 16 -20x10°s?  e.g. 50 - 6C

J. Phys. Chem., B, 108, 2004, 16 377
Department of Chemistry and Bioengineering LemmEtylnen, TkaChenko, GUIdl et al.
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product reactant

X J:'T X
reaction coordinate
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The Marcus theory works well for the one step ET and BET.

However, more complex reactions, with one or more inter-
mediate steps, may be difficult to interpret quantitatively with

the 1-dimensional model.
(a)

free energy
free energy

reaction coordinate reaction coordinate

Department of Chemistry and Bioengineering



Department of Chemistry and Bioengineering



*
D*A D+A-

J. Phys. Chem. A, 111, 2007, 9240
Murata & Tachiya
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No (or small) activation
energy is needed for
exciplex and ion
formation!

NO TEMPERATURE
DEPENDENCE !?

J. Phys. Chem. A, 111,

2007, 9240
Murata & Tachiya
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All the
compounds,
except P-BQ
form

A BEESUBRSRed in
(HiosH: Masiitlata
Festschrift, J. Phys.

Chem. C., June
2009




Department o f Chemistry and Bioengineerin

«



Department of Chemistry and Bioengineering

a)

b)

0.05 -
<]
o, —=—— 1.6 ps
0.04 1Y ---<--- 43 ps
0.03 &
13 DAO,OM-O.O‘
0.02 F ‘ a 47 »
b‘- ?’Wo bt =2
0.01F v >~
>4
0 M
-0.01 F
oy 1 1 1
0.9200 500 600 700 800
wavelength, nm
0.025
. —— 305K
0,02 F ) === D A5 K
. -mmmve-= 265 K
FESTP R M 245 K
0015 B : V‘ RPN LA 225 K
' —emem 205 K

0.01

0.005




DHDG6ee

Superposition of radical cation of porphyrin and
radical anion of fullerene in ps and us time-scales

PC - C60 _— PC+ -CGO- _><_ PC,+ -C,GO-
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~— PHT =a conductive polymer
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The LB-film structures for photovoltage measurements
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(a lower excitation intensity was used)
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acts as an energy
donor to the porphyrin

o -10- moiety

E L : acts as electron
S -20- acceptor from fullerene
= anion radical

- PHT acts as an electron

! donor to porphyrin cation
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Structure l,., mMA/cm? | U,V FF n, % | IPCE,

%
PHTIPTCDIAlg; 0.69 025 | 035 | 012 | 3.18
PHT|H,PcC,,ee|PTCDI|Alg;, 1.15 0.45 0.28 0.32 5.33
PHT|CyolAlgs 1.14 021 | 035 | 018 | 482
PHT|H,PcCyyee|CqolAlg, 0.93 0.50 0.34 030 | 3.94
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Structure A, NM .., Abs. | Dy, | Dy %
mA/cm? %

PHT|PTCDI|Alq, 540 70.0 0.311 | 26.0 50.8
580 75.2 0.316 | 26.5 51.3

700 0.25 0.018 | 0.11 2.60

PHT|H,PcCy,ee|PTCDI|Alq, 540 29.7 0.217 | 11.0 28.0
580 37.3 0.263 | 13.2 29.0

700 6.25 0.076 | 2.67 16.6

PHT:H,PcC,,ee|PTCDI|Alg, 540 60.9 0.253 | 22.6 51.2
580 74.3 0.252 | 26.2 59.5

700 4.04 0.05 | 1.73 16.1
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Top electrode
PTCDI

Top electrode

PTCDI
—
ITO ITO
Structure le, MA/CM? User V FF n, % IPCE,
%
PHT:H,PcC,,ee|PTCDI|Alg; 2.50 0.33 0.24 0.40 11.1
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