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2H,0 ——> O, + 4H* + 4de

¥ — MK (BHLTHES)
L5 S

BAfR R IS HE TEE
1
L& AN A] BE BFIRENHLL
OH, o
No LN - 2H", - 2e- N,_gul N
N7 SN N | N
N N
7N\
‘N\/OHZ N, TN
7N Q N
= = H,0
NO\? -HY -en HO\(IJ -
‘. - S ‘.
N’Tu N N’T N
N N

Concepcion, J. J. et al. J. Am. Chem. Soc. 2008, 130, 16462

c ADDEFEADDHDIEE
s O-OfEENERMINE
¢« E0=+1.23V vs NHE

A — R (B ODFEFEMED)
S - SE

BULRENE | RISHEEL T
BYBLERZS | EEAOBHAELL

[&)]

O, yield

NiFe,0,

N
L

- 74%

w
T

O, amount, umol
n
L

'y
T

1 21%

O 1 1 1 1 \ 10%

0 5 10 15 20 25 30
Time, min

J. Am. Chem. Soc. 2012, 134, 19572
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M,n[M(CN)G]m
N-coordinated Metal: Active Site
Substrate Coordination Site [

C-coordinated Metal: Inactive
Coordinatively Saturated ]

4S0,% ARu(bpy)sl™ =~ - 2H0 [Co"(H,0),]; s[Co"(CN),]
N SEHE L5 DA EL
5 x 11 ¢ Galan-Mascards, J. R. and co-workers ACS Catal. 2014, 4, 1637
hnll] Suld E Ll
FITT f". TOF(based on Co'"): 3.0 X 10“ st
;;b;*?,gj cf. *TOF of IrO,: 2.7 x 102 st
v i _— *Mallouk, T. E. and co-workers J. Phys. Chem. 4 2000, 104, 5275

2S.0.2- 4[Ru(bpy)-J2 ) .
28 [ ( py)3] 02 + 4H



E D EKS1Z[Co"(H,0),], [Co"(CN) D ;EEZE R L5 ?
S FHY - fEE R E

mil

OH, c OH, c OH, c
N collir\?iz_c__clo/_cc "/OH2 I /C | /OH2 ' C
c é/N/‘ OH, o) c N N/Co _"(‘)—H ‘c_/CO_C N /Co"—N__—C_CO/_C
| _c z N 2 | c NT| OH -
~ N NT O c | ¢* | N7 z 2 7 |
c—Co—cC =~N— Co!'— OH -~ N -N c |/C N ' NZ ¢
P N~ 2 ”l c—Co—¢C N—/CO"—OHQ ” c—Co—cC 'N—Coll—
¢ C I N c” N7 —Co =N—Co—0H, ||
c | N | c N ¢ N | N
RS R i | 0 ] i | _r0 '
N 40/ | c N/ l 2 N C_/CO_CEN—/CO"—OHZ N c—Co— =N—C0"/—0H2
NT e | 2z 2% | N | ¢ -~
N— Coll—N=—C MC’C/ OH, | N c Z on NF /HZO|
——Coll—N=c— —C I _ N ’_ 2 N
N /Co” N=c—MC—c OH,—Co'—H,0 M+ —
N c N /|
N

N c”
(i) &R Fffll MC (i) B2 L2 MC (i) ZZEEAELEA~DOM™ EA

Co'DEE1E M £ Co'' ~MDBELIK DA Co'ME1it Am Ek

Angew. Chem. Int. Ed., 54, 5613-5617 (2015) Chem. Commun., 2017, DOI: 10.1039/C7CC00199A
(WFh 1 BEFEDRMITIRN



OH, c
_OH, | ¢
N CO"—N=C—CO/—C
C /¢N/l OH, /C/ I
|/° N | NP ¢
¢c—Co—c IIIN —Co'—oH, ||
c | c N N
|T| l I ‘ N
C—CO—IIHEN—Co"—OH
N _c” | c N/ 2
| N e | 2 claH
N_CO"—N=C—M0;C 2
N , C |
H,0 ©

(i) &R F{f MC

Co' Mgk A £

=1 - FR s RS B

(l:
/OHZ c
N CO"—N=C—CO/—
C 4N/| OH, c/ |
| ¢* z
~ N I -N c
C—/CO—C N—/CO"—OH2 ”l
c N
| ¢ | N
C I H20
[l - N
N C_/CO_C=N_C0"—OH2
7
z° | N
| v e c?" on
N—Co"—N=C—Mc;C 2
N , o}
H,0

(i) IEBC Rz MC

Co'' ~DBERL/KDIENN

E D EKS1Z[Co"(H,0),], [Co"(CN) D ;EEZE R L5 ?

OH, c
| _OH, | ¢
N CO"—N=C— /_
¢ " _NT| OH Co—c¢
| cZ 2|
- NI NP e
c—Co—cC N—Co'—OH, |||
c” MmN
I cN | N
C ' Hzo
[ G
N _ o— =N7CO"_OH2
ey H;0 |
o0l N
OH,—Co'—H, —
N /|

(iii) ZZEERLLEA DM EA

Co'MERIE M £



[C0'(H,0),], s[Co"(CN)g] ~D PtV iz

n Co(NO3), + (1-x) K3[Co(CN)g] + x Ko[PtV(CN)g]

e [CO"(H,0),][(CoMPtV,)(CN)g]

24 h stirring

- Conditions

% K,[Pt(CN)g] : 0 - 100 mM
M = Coll, PtV K,[Co(CN)g] : 0 - 100 mM

Co(NOy),  : 150 mM

Reaction Time 24 h

EICXAR DT BRSO MR
B o EBILA
- (220) (222) (400) (420)
[Co''(H0),]1.50[C0"(CN)¢] x=1

Coll(H,0 Coll, . .PtV, - .)(CN . g\ :
[Co'(H,0); 70l1.42[(CO" g5PtV( 15)(CN)¢] x=0.15 A A
[CO"(H,0); 33]; 26[(C0" 57PtVg 43)(CN)g] £=0 K I }\ A
[C0"'(H20)0.60]1.15L(C0" 5PtV 59) (CN)g] . . . . . . .

Co'[PtV(CN),] 10 15 20 25 30 35 40

26, degree
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Increasing PtV concentration

Derived from Co'

MMCT peak : Blue shift

— Co[C0"(CN)g]
— Co'll: 85%, Pt!V: 15%
— Co": 57%, Pt'V: 43%
—— Co'': 31%, Pt!V: 69%
—— COo[PtV(CN)g]

AN

|

| — K{CO"(CN)g
: — K [PtY(CN)g]
I
|

Kubelka-Munk Function (a.u.)

No Peak ;

No Peak

i . . | .
2000 400 600 800 1000 1200 1400 1600 1800

Wavelength, nm

PtV &Ik Y;EERDCODEFIRENEL




SLEREN K BHKDELIE

25,042 4[Ru(bpy)]?+*
?hv [CO"(H,0)][(Co, ,PEV,)(CN)g]: 80 pe
[Ru(bpy);]?* 1.0 mM
4[RU(bpy)]2+ WOC 02 + 4H+ Nazs:g;s -50 mM "
Pt and Co Solvent : 2.0 mL of Phosphate buffer
Cyanide Complex (50 mM, pH 8.0)
43042' 4[Ru(bpy)]3+ 2H20 Ar Bubbling, A > 420 nm, Reaction time 30 min
MEARESORBZE(L MEFREREDPUREIRT
. 140
. x=0.15 o
100% Yield = 010 3.2 x 10?5
o w120 |+
x=069 9 — P
v = *Ir0,: 2.7 X 1072 s}
4 x=0.37 (o))
S —g 100
£ -0 =4
. 3 X= @
3 C
= c
(o] (®)
> 2 5
o 2
Q
1 o 20§
x=1
0 1 1 1 1 I
0 0 5 10 15 20 25 30 0 20 40 60 80 100
Pt"/(Co"+Pt") (mol%)
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Conditions

Working: Glassy carbon
1.23V Counter: Pt Wire
Reference: Ag/AgNO,
Electrolyte: 50 mM TBAPF,

13 11 09 07
E, V (vs. SCE)

Co'f A ~DEHLIK D K

2.0

1.5

1.0

0.5

Number of coordinating water molecules

R [C0''(H,0);]; 5[Co"(CN)g]

\ [Co"(H,0)1 79]1 28[(C0"g g5PtVg 15)(CN)g]

o' [PtV(CN)g]

0 0.2 0.4 0.6 0.8 1
Pt" 7 (Pt"+ Co™

PUREZ LITAHE. ..

[ #ih Bt &

[ kDB b ]




[C0"'(H,0),],[(Co"y ,PtY,)(CN)g] DAk BEi AT

ey IRLERERDIGR

O, evolved, umol

3rd run |

A4t run

30

60
Time, min

90

120

Conditions
Co4 42[(C0g gsP1g 15)(CN)g]: 800 pg
Ru(bpy)s?* 2 1.0 mMm
Solvent : 2.0 mL of KPi Buffer

(50 mM, pH 8.0)
Ar bubbling, 4 > 420 nm, Reaction Time 30 min




Quantum Efficiency (Q. E.) =

O, Evolved, umol

27

4 x mole of O, evolved

W
T

(V)

50 100 150 200
Time, min

Photon flux

[C0"'(H,0),],[{C0"(CN)g}o 63{Pt"(CN) )0 57]

Q. E. =50%
Conditions
Co[Co,Pt,(CN),] : 80 mg
Ru(bpy);* :1.0 mMm
Solvent : 2.0 mL of KPi Buffer
(50 mM, pH 8.0)
Reactor : Quartz Cell

| =450 nm, Light Intensity: 7.4 x 104 E st



E D EKS1Z[Co"(H,0),], [Co"(CN) D iEEZER L& 5 ?

]

OH,

N /COII:N—C——CO/_
c N7 | OH, ]
|/C N | N ¢

¢—Co—C===N—Co'—o0H, ||

(o] | CN I N
i e

/
Il!ll C—/Co—u:l__—N—c
2 1 ¢ N/|
| N ¢ | #Z
- -C OH,
N—_Col—N=c—MC—c¢
N , c |
H20 c

(i) &EFf MC

Co'MER1E A £

TR -EErEan

I
_OH, c
_— — — /_
c N —Col! r(l)_H c /Co c
| | NP e
C—Co—C==N—Co'—0H, |||
(o} | CN | N
i o],
w C—CO—C==N—Co'—O0H,
~
2 | N
/N/ c C// OH
N—Col—N=c—MC—c 2
-
N c

(ii) IR EC 2 MC

Co'' ~DEL/KDIEM

| i
_OH, c
N Col—=N==c—Co~-c
¢ " _NT| OH ~Co
| ¢# 2
S N I
c—Co—cC N—Co'—OH, |||
c” N | N
| c
c ' H,0
Il — N
N C—CO—C¢==N—Co'—O0H,
2z | HO|
| /N/ (o} 2 N
OHz_CO"_HZO Mn+—
N /|
N

(iii) ZZEERLLEADM EA

Co'MERIE M £



Synthesis of [C0"(H;0),].{[Co"(CN)gly 4 [PT'(CN),],}

n Co''(NOs), +{(1-X) K3[CO'”(CN)6]}
XK,[Pt"(CN),]

HD I AEE

(200) (400)

(220) (420)
-]

I U

1
10 15 20 25 30 35 40
20/ degree

24 h stirring

Kubelka-Munk
Function (a.u.)

e, [COl(H,0) ] AICO"(CN)ely_,[PL(CN) L}

Co-Pt [AIDEFRIMEE/ER(T7ELY

[CO”(HZO)m]n{[COHI(CN)6]1—X[Pt”(CN)4]x}

x=H0I —
- 037 —
0.60 —
1m ——

800

1000 1200 1400 1600 1800
Wavelength / nm >




SLEREN K BHKDELIE

25,042 4[Ru(bpy)]?+*
Conditions
hv [CO"'(H,0)J,[(Co" . PtV,)(CN)g]: 80 mg
[Ru(bpy)s]** : 1.0 mM
4[Ru(bpy)I* WOC Oy + 4H* 55,0, 1 5.0 mM
Pt and Co Solvent : 2.0 mL of Phosphate Buffer
Cyanide Complex (50 mM, pH 8.0)
450, 4[Ru(bpy)]3* 2H,0 Ar Bubbling, 4> 420 nm, Reaction time 30 min
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— o /, (== N
S c 60 HEED
O ! [ | ]
w = ; AZEI
o S 40/
> )
1 "’ '
O 20¢
O 1 1 1 1 1 0 1 1 1 1
0 5 10 15 20 25 30 0 20 40 60 80 100
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K3[C0(CN)6] 0 - 100 mM
Co(NOB)Z: 150 mM, Ca(NO3)2: 150 mM
Reaction Time 24 h

X =0.37

> (420)
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1\
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Ca,[C0"(H,0),]; 5 x[CO"(CN)s | DIEIE

in water

{n Co'l(NOg), + m Ca(NOg), }"' K3[Co(CN)g] 24 h stirring Cax[CO”(H2o)2]1.5-x[CO“|(CN)6]

Ca-N#F &7
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Ca,[C0"(H,0),]; s.,[CO"(CN) | D ERILF 414

CaZ*DFHRNMIZELYCoDERIL Hh A E

Conditions

| Working: Glassy carbon loading a catalyst

1.4 1.2 1.0 0.8 0.6 04 0.2 O Counter: Pt Wire, Reference: SCE
Solvent: 2.0 mL of Phosphate Buffer(50 mM, pH 7.0)
E,V (vs. SCE)
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O, Evolved / umol

25,042 4[Ru(bpy)>*+*
? hv

4[Ru(bpy)]?*

450, 4[Ru(bpy)]3*

RERREESDREREL

WOC

Cyanide Complex

5

=
X =0.06

100% O, yield
TOF = 6.4 x 102 s

Time / min

10

15

Conditions
Ca,[Co(H,0), 11, [COM(CN).]: 80 pig

[Ru(bpy),]* 1.0 mM
02 + 4H* Na,S,04 :5.0 mM
Solvent : 2.0 mL of Phosphate Buffer
(50 mM, pH 7.0)
2H20 Ar Bubbling, 4 =450 nm, Reaction Time 15 min
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25,052 4[Ru(bpy)>*+*
Conditions
hv catalysts : 80 pg
[Ru(bpy),]?* 1.0 mM
2 + 3
4[Ru(bpy)I** WOC O, + 4H Na,S,0, £ 5.0 mM
. Solvent : 2.0 mL of Phosphate Buffer
450, 4[Ru(bpy)J3+ 2H,0 Ar Bubbling, 2 > 420 nm, Reaction Time 15 min
5 el C3 6[C0"'(H,0),]; 44[C0"(CN)g]

S¢,08[C0"(H,0),]; 35[C0"(CN)4]
Mgy 05[C0"(H,0),]; 45[Co"(CN)¢]

[C0"(H,0),]1 50[CO"(CN)g]

No catalyst

O, Evolved / umol

Time / min



Catalytic activity of polymeric cyano-bridged metal complexes, [Co'(H,0),], s[C0'"'(CN)g],
enhance by electronic and structural modifications partially replacing [Co"(CN)g]3-

[Co"(CN)e]*

1. with [PtV(CN)g]>- ;?— — ;I —
_ | |
2. with [Pt"(CN),]%- ;CI)— — ;oé vacant sites
. I/ /.
3. with agua Cazt complex —O0— — > eo—w%e agua Comp|ex

(non CN complex)

TOF of O, evolution in a solution of pH 7 reached to 6.4 x 10 s, which exceeds that of
IrO,.

Quantum efficiency for O, evolution with Ca, [Co'(H,0),], s x[C0"(CN),] reached as high
as 200%.
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