Journal of
Applied Sciences

ISSN 1812-5654

science ANSI@??
alert http://ansinet.com




Tournal of Applied Sciences 7 (3): 451-454, 2007
ISSN 1812-5654
© 2007 Asian Network for Scientific Information

A Model for Water Oxidation Complex in Photosystem II

M. Mahdi Najafpour
Dorna Institute of Science, No. 83 Padadshahr,
14 St. Ahwaz, Khozestan, Iran

Abstract: Ruthenium complexes contaimng ring-substituted bipryidine ligands and related structures have
longbeen known to efficiently catalyze water oxidation by strong chemical oxidants and at electrode surfaces.
However, despite considerable effort, the goal of identifying the underlying molecular mechanisms has not yet
been realized. In this paper, ZINDQ/1 theory has been used to study a Ru complex found to react with water
and Ce(NH,),(NO,), to liberate molecular oxygen (O,). The complex indicates a robust catalyst as compared to
other earlier reported systems also a proposal mechamsm for water oxidation 1s reported.
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INTRODUCTION

Water oxidation to evolve O, is an important and
fundamental chemical reaction in photosynthesis. This
reaction 1s catalyzed by a umique manganese enzyme
referred to as Oxygen Evolving Complex (OEC), whose
active site is comprised of an oxobridged tetramanganese
cluster (Loll et al., 2005).

In past few years, there has been a tremendous surge
m research on the synthesis of various manganese
complexes (Limburg et al., 1999) aimed at simulating (OEC)
of PSIT.

Ruthenium-based catalysts also show promise for
water oxidation. One such system 1s the blue dimer cis,
cis{ {Ru-(bpy),(FLO) O KCI0, ), (bpy) 2.2’ -bipyridine) in
which the two Ru fragments are linked by a p-oxo bridge
which 1s prone to cleavage, thus limiting the hfetime of
the catalyst (Hurst 2005). Tlis problem has been
addressed by the design of ligands that bridge the two
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metal centers and thus increase the stability of the
catalyst.

Recently, Zong and Thummel (2005) have
synthesised new family of ruthenium complexes for water
oxidation. In this paper a similar ruthenium complex 1s
synthesised. This complex and Ce{INH ,)},(NO,), are found
to react with water to liberate molecular oxygen (O,). The
complex indicates a robust catalyst as compared to other
previously reported systems

MATERIALS AND METHODS

Experimental Section (Eq. 1) (Zong and Thummel, 2005):
trans-[Ru(4,4" -bpy),(OH)H(CIO,), (2). A suspension of 1
(167 mg, 0.5 mmol) in absolute ethanol (20 mI.) and an
ethanolic solution (10 mL) of RuCl-3H,O (150 mg,
0.58 mmol) were mixed at room temperature and the
mixture was refluxed for 1.5 h. To the mixture were
added 4.4 -bpy (78 mg, 0.5 mmol), water (10 ml.) and
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Fig. 1. Time- dependence of O, -evolution (0.1 g) (NH,), [Ce(NOQ,),] was dissclved in 10 mI. water after the deaeration
(with nitrogen). 0.1 mg complex as solid suspension was added and O, evolution was recorded with a oxygen

meter under sturing (T =35.6%)

triethylamine (0.2 mlL) and the mixture was refluxed for
43 h. The solution was concentrated to about 10 mL,
followed by the addition of aqueous NaClO, The
precipitate was filtered and washed with water, ether and
acetone. IR (KBr, cm ™) 3444, 1602, 1415, 1085 and 804.
Elemental analyzer 1s consistent with 2.

Water oxidation experiment was carried out with the
complex and (NH,),[Ce(NO,),] as oxidizing agent. When
the complex or (NH,), [Ce(NO,),] was dissolved in water,
no evolution of gas was observed. 0.1 g (0.15 mmol)
(NH,}), [Ce(NO,);] was dissolved in 10 mL water after the
deaeration (with nitrogen). 0.1 mg complex as solid
suspension was added and O, evolution was recorded
with an oxygen meter under stirring (Fig. 1). Total volume
of oxygen is 0.65 mL (volumetric analysis). After oxygen
evolution experiment catalyst didn’t show any change
(TR) and can be used again after washing with HC10,.

Computational details: Calculations were made using
ZINDQO/1 method by personal computer.

RESULTS AND DISCUSSION

Proton is released in several states in the mechanism
(Fig. 2). Tt can stabilize Ru(TV) complex. If a proton isn’t
released (in high acidic concentration), Oxidation of the
complex will increase charges of Ru and water molecule
attached to Ru (Table 1). Tt can show important role of
proton 1 regulating charge and stabilization of
mtermediates. Hydrogen bonds can be important in
oxygen evolution (Nejafpour, 2006a,b). Proposal

mechanism for oxygen evolution in this complex is shown
inFig. 2. The Ru(TIT)-OH, is a strong acid (pK, ~0.83) but
Ru(TIT)-OH is a weak acid (pK, >9) also the ligand has a
base group (pyridine ~pK,>9) and can be protonated (3,3’
in Fig. 3) hydrogen bonds between these protons and
Ru(lV) = O (Changing hydrogen bond (Eq. 1)) can
stabilize Ru(IV) = O that 1s important in oxygen evolution.
Oxo group m this compound may have radical
characterization (Xiaofan and Mu-Hyun, 2006).

To test this theory for this complex, calculations were
made using ZINDO/1 method. These results were shown
i Fig. 3 and Table 1.

Table 1: Compared charges of Ru and oxo in 3°,3 and 3°. Calculations
were made using ZINDO/1 method. Axial ligands are py (Fig. 3)

Compound Charge Spin population
Ru(3) -0.161 0.791
0(3) 0,349 0.040
Ru(3") 0128 0.81%
03" 0,366 0.890
Ru(3%) 0173 0.625
0(3%) 0314 0.053
Ru(l) 0452 0.000
o(l) 0479 0.000
Ru(2) 0432 0.040
0(2) 0430 0.674
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Fig. 2: Proposal mechanism for oxygen evolution {Ce(IV) can oxidize hydrogen peroxide {(Greenwood and Earshaw,

1984). Two pyridine (axial ligand) are deleted

Fig 3: Structure for 3°(blue(C), wellow(N), red(Q),
green{H)blacki{Ru){Calculations were made using
ZINDO/1 method)
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3 (Fig. 3) can be an important intermediate in oxygen
evolution because of high spin population on oxo group
{Ru = 0). Rradical oxo can be suggested as an important
intermediate in oxygen evolution (Xiaofan and Mu-Hyun,
2006).

CONCLUSIONS

A Ru complex and Ce(NH ,),(NQ.), are found to react
with water to liberate molecular oxygen {O,). The complex
indicates a robust catalyst as compared to other
previously reported complexes. Also calculations were
made using ZINDO/1 method. Calculations show
important role of proton in regulating charge also this
calculations Show an intermediate with high spin
population on oxo group. This radical oxo can be
important in oxygen evolution.
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