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Mn Oxide
2H,0 + 4 Ce(IV) = 4H™ + O+

Mn Oxide
1-1202, N}IH(?O}, (\‘H3CN

Scheme S1. Chemical equations for the studied reactions.
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Fig. S1. The reactor set-up for oxygen evolution experiment in the presence of

Ce(V).
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Fig. S2 XRD patterns of the obtained the nano-sized manganese oxide.
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(b)
Fig. S3 IR spectra of sample calcined at 100 (top), and 600 °C (bottom)

Signal A=QBSD  Date :27 Dec 2011
EHT=15.00kV WD= Photo No. =6918  Time :15:26:40
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Signal A=Q
Photo No. =6913  Time :15:20:05
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Signal A=QBSD  Date :27 Dec 2011
EHT =15.00 kV Photo No. =6914  Time :15:21:40
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Signal A=QBSD Date :27 Dec 2011
EHT=15.00kv WD= 5mm Photo No. =6916  Time :15:24:58

Signal A=QBSD  Date :27 Dec 2011
EHT=15.00kvVv WD= 5mm Photo No. = 6917  Time :15:25:42
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Signal A=QBSD  Date :27 Dec 2011
EHT=1500kV WD= 5mm Photo No. = 6915 Time :15:24:24

Fig. S4 SEM images of nano-sized manganese oxide (a-f).
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(a)

11



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2012

(b)
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(c)
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(d)

Fig. S5 TEM images of zinc - manganese oxides prepared at 300 °C (a-d).
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BET-Plot
Adsorptive N2
Adsorption temperature 77 [K]
& Mn-Rahimi.DAT
Mn-Rahimi
Mirzaie
pretreatment-4h-120 degree
Sample weight 8.6400E-02 [a] Date of measuremeant 12{04/24
Saturated vapor pressure 82.738 [kPa] Time of measurement 11:43:36
v, 7.6955 [cm(STP) '] &, per 3.3494E+01 [m? g]
o 51,278 Total pore volume( pf p,=0.9%0)  0.3168 [em? g 1]
Mean pore diameter  37.828 [nm]

Fig. S6 The BET plot for prepared sample.
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Belsorp Adsorption/Desorption Data Analysis Software - Ver 6.1.0.4
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Adsorption / desorption isotherm
Adsorptive N2
Adsorption temperature 77 [K]
@ Mn-Rahimi.DAT
Mn-Rahimi
Mirzaie
pretreatment-4h-120 degree
Sample weight 8.6400E-02 [g] Date of measurement 12/04/24
Saturated vapor pressure 89.738 [kPa] Time of measurement 11:43:36

Fig. S7 The Adsorption / desorption isotherm plot for prepared sample.
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Fig. S8 UV-vis specta of the catalyst (10.0 mg) in Ce(IV) (0.4 M). The reduction of Ce(IV)
(top) and MnQO, formation (bottom) could be observed in the first hours.
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Table S1 The rate of water oxidation by the various manganese oxides

as catalysts for water oxidation.

Compound Oxidant TOF* References
Nano-sized manganese Ce(IV) 0.15 This work
oxide
Octahedral Molecular Ru(bpy);”* 0.11
Sieves 1

Ce(IV) 0.05
Octahedral Layered Ru(bpy)s”* 0.028
Ce(IV) 0.0047 !
Amorphous Manganese | Ru(bpy);™* 0.06
. 1
Oxides Ce(IV) 0.52
CaMnO; Ce(IV) 0.012 2
Ca,Mn;04 Ce(IV) 0.016 2
CaMn204..HZO (Nano Ce(IV) 29 3
particles)
CaMn;04 Ce(IV) 0.046 4
CaMn,Ogq Ce(IV) 0.035 4
CaMn,0,4.4H,0 Ce(1V) 0.32 5
CaMn,0,.H,0 Ce(IV) 0.54 5
Mn,0; Ce(IV) 0.027 5
U,—MHOZ 3+
nanotubes Ru(bpy); 0.035 6
U,—MHOZ 3+
nanowires Ru(bpy); 0.059 6
-MnO
A 2 Ru(bpy);™* 0.02 6
nanowires
Bulk o-MnO, Ru(bpy)s™* 0.01 6
Mn oxide nanoclusters Ru(bpy)s™* 0.28 7
MnO, (colloid) Ce(IV) 0.09 8
PSII Sunlight 25000 9

* mmol O,/mol Mn per second. In these calculations, it is assumed that all deposited metal
centers are involved in the catalysis, so lower TOF limits are calculated.
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