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Ishida, N. et al. J. Biol. Chem. 2008;283:13330-13340
Kinetics of the oxygen release measured after the third flash on CaCl-thylakoids 
(black), CaBr-thylakoids (blue), SrCl-thylakoids (red), and SrBr-thylakoids (green)
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S3TyrZ• →→→→ (S3TyrZ•)’ →→→→ S0TyrZ

The lag phase in the S3TyrZ •••• to S0TyrZ + O 2 transition

∆A 350 nm: Koike et al. 1987 BBA, 893, 524.
∆A 295 nm: Rappaport et al. 1994 BBA, 1184, 178.
EPR oxymetry: Razeghifard and Pace 1999 Biochemistry, 38, 1252
Time resolved X-ray absorption: Haumann et al. 2005 Science, 310, 1019.
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The cofactors Ca2+ and Cl- contribute in the tuning of the high 
driving force required to split water . In PSII in which Ca2+ and Cl-
are biosynthetically substituted for Sr2+ and Br-, respectively, the free 

energy level of the S3 state decreased. This can be detected by a 
thermoluminescence experiment where the temperature at which the 
S3QB- charge recombination occurs is indicative of the energy gap, 
ΔHrad, between the states S3P680QB- and S2P680*QB. Since the 

SrBr-PSII is fully competent in O2 evolution and if the decrease by �
50 meV of the free energy level in the S3 state in SrBr containing PSII 
when compared to the CaCl containing PSII is true and persists in the 
S3TyrZ� state, the 80-105 meV found earlier (1, 2) as the driving force 

available to split water could be slightly underestimated. 
1) Clausen, J., Junge, W., Dau, H., Haumann, M. (2005) Biochemistry

44, 12775-12779.
2) Vos, M. H., van Gorkom, H. J., and van Leeuwen, P. J. (1991) 

Biochim. Biophys. Acta 1056, 27-39.















Towards a 
photocatalytic cell

















• Based on Ruthenium tris(bipyridyl) 
complexes

• Absorb light in the visible region
MLCT~ 460 nm

• Emission at 610 nm

• Lifetimes around micro second
• Oxidation potential around 1.3 V

• Easily modified to change properties

Photoactive center 
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Photoactive center 
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• Effect of structural changes on chemical properties
– Distance, angle, oxidation potential

N
N

N
N

N

N
Ru

N

H
N

HO

N
N

N
N

N

N
Ru

N

H
N

HO

N
N

N
N

N

N
Ru

N

H
N

N
HN

OH

Electron relay

OH

R

H
N

N

e-

Mn4

OH

R

H
N

N

O

R

H
N

N
H

P680
e-

N
N

N
N

N

N
Ru

N

H
N

HO

N
N

N
N

N

N
Ru

N

H
N

N

N

N

N
N

N
N

N

N
Ru

N

H
N











N N

O O
Mn

Cl

R3

R4

R1

R2

R3

R4

R1

R2

O

N N

O O
Mn

Cl



NH

N
N

N

N
N

N

N
Ru

N N

O O
Mn

Cl

500 1000 1500 2000

Magnetic Field/G



NH

N
N

N

N
N

N

N
Ru

N N

O O
Mn

Cl



NH

N
N

N

N
N

N

N
Ru

N N

O O
Mn

Cl



N

N
N

N

N

N

N

N
Ru

N N

O O
Mn

OH2

N

NO2

N

Light
Water

+ + +

O



N

N
N

N

N

N

N

N
Ru

N N

O O
Mn

OH2

N

NO2

N

Light
Water

+ + +

O

herrero22 #6-14 RT: 1.31-2.86 AV: 9 SB: 6 0.34-0.73, 3.25-3.64NL: 7.68E5
T: + c ESI Full ms [ 99.50-1400.50]

100 150 200 250 300 350 400 450 500 550 600
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

tiv
e
 A

b
u
n
d
a
n
ce

126.1

168.1

242.3

208.1 258.1

358.2127.1 186.1
377.2303.1 319.1 489.2378.2 438.2337.1 500.2 547.2



N

N

N

N

N N

Ru

NN

N

NN

M
n

ClCl



-1.0

0.0

1.0

2.0

3.0

Grafting on surface

400 500 600 700 800
0.00

0.05

0.10

0.15

wavelength / nm

on TiO
2
 surface

500 600 700 800 900
0.0

0.2

0.4

0.6

0.8

1.0

E
m

is
si

on
 / 

a.
 u

.
wavelength / nm

300 400 500 600 700 800
0.0

0.1

0.2

0.3

0.4

wavelength / nm

in ACN solution

N

N

N

N
H

N

N

N

Ru

N

N

N

N

O

O

O

O

O O

O

O

Mn

E
 (

V
) 

vs
N

H
E

 a
t p

H
 7 Ecb

TiO2
Evb

4.0

-2.0

ITO

emission

Next: photocurrent measurements

550 600 650 700 750 800
0

20

40

60

80

wavelength  / nm

absorption

τ < 8ns 



N

N

N

N

N N

Ru

NN

N

NN

M
n

ClCl



N

N

N

N

N

N

Mn Mn

O

OOH2

OH2

4H+ + O2 + 4e-

2H2O

oxidant



N

N

N

N

N

N
Ru

N

N
N

N

N

N

N

N

N

N

N
Ru

N

N
N

N

N

Mn Mn

O

OOH2

OH2

N

N

N

N

N

N

Mn Mn

O

OOH2

OH2



Structure of an Artificial System
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