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Applied Catalysis B: Environmental, 180 (2016) 403-407
Ethanol synthesis based on the photoredox system consisting of photosensitizer and
dehydrogenases
Yutaka Amao ( )
Naho Shuto
Hideharu lwakuni
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2H,0 —— 0, + 4H* + 4e

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

. H+

- 0O-0O
e E0O=+1.23 V vs NHE
5
0, yield
_ 4r NiFe,O,
g » 74%
=
:
© ' 21%
[ 10%
0 5 10 15 20 25 30
NiFe204 Time, min

J. Am. Chem. Soc. 2012, 134, 19572



T —AE THYEA LIEFIEM A Bl AE

M’n[M(CN)6]m

thoIL—Tmb DS

4802 4[Ru(bpy);]**

hv

28,042 4[Ru(bpy),]**

- 2H,0

0, + 4H*

N-coordinated Metal: Active Site
Substrate Coordination Site

b C-coordinated Metal: Inactive
) Coordinatively Saturated

[Co"(H,0),]1 5[Co"(CN)g]

Galan-Mascaros, J. R. and co-workers ACS Catal. 2014, 4, 1637

TOF (based on Co'"): 3.0 >< 10+ s
cf. *“TOF of IrO,: 2.7 >< 102 s

*Mallouk, T. E. and co-workers J. Phys. Chem. A 2000, 104, 5275



[Co''(H,0),], 5[CO™(CN)¢]

OH, c

[ OH, c
~OH; c OH |
N CO"—N=C——CO/—C ||: 2— /C
-~ N Coll—N=c—
T AN | OH. £ | c /N/|o OH, ¢—Co—c
N Z cZ 2 |
C_CO/ c '“N—Co"’NoH ||| |/ N N/
— OH» c— —C ‘N—Coll—
c | |(|:|N/ ! s C|o T OH, w

COII CO“ COII

Angew. Chem. Int. Ed., 54, 5613-5617 (2015) Chem. Commun., 2017, DOI: 10.1039/C7CCO00199A
(



[Co''(H,0),], 5[CO™(CN)¢]

OH, .

OH
| "/0"'2 l/c 2/0H2 T c
N Coll—=N=—=c— — I
¢ /N/lo OH, ¢—Co—c ¢ N—/=Co'-N==c—Co—¢
|/C¢ N | N//C cl: | Cé/N | cl)Hz //c/ |
_ Z i) - N _N
c /Co c l”N—/Co"—OHz I C—CO/—C *N—Coll —OH Il
(o] | N HIN/ 2
¢ ¢ | ¢ | N
c H,0
I l 2 N
N N Cc—/Co—C—:N—;Co"—OHz
| N N/é l ,/N |
I = - c c”  oH
N——Coll—N= N—CO"—N_C—)E\I:C—;C 2
N , N c/
H,0 H,0

Co! Co! Co!



[Co"(H,0),], 5[C0"(CN)g] PtV

n CO”(NO3)2 + (1'X) K3[CO”I(CN)6] + X K2[PtIV(CN)6]

m> [CO”(Hzo)m]n[(CO|”1-XPtIVX)(CN )6]

24 h stirring
) - Conditions
) K,[Pt(CN)¢] : O — 100 mM
) IM_ =cCol PtV K;[Co(CN)¢] : O — 100 mM
Co(NOy), > 150 mM
Reaction Time 24 h

HIEXAR AT FEHAE S O TR
(200) B/
(220) (222) (400) (420)

[Co'l(H,0),]4 50[CO"(CN)g] x=1
[Co'l(H,0)4 70]1 42[(COMy 55PtV( 15)(CN)g] x=0.15
[Co'(H,0); 3514 28[(CO"g 57PtV 43)(CN)g] x=0
[Co''(H,0)q 80l1.15L(C0" 31Pt 59)(CN)e] ) . . . ) L

Co'[PtV(CN)] 10 16 20 25 30 35 40

20, degree



Derived from Co'

Increasing PtV concentration

MMCT peak : Blue shift

Co[Co"(CN),]
Colll: 85%, PtV: 15%
Colll: 57%, PtV: 43%
Co'll: 31%, PtV: 69%
Co[PtV(CN)g]

Kubelka-Munk Function (a.u.)

No Peak

No Peak

K:«;[CO”'(C}\l)a]
Ko[PtY(CN)g]

200 400 600

PtV

800 1000 1200 1400 1600 1800

Wavelength, nm

CO"



25,047 4[Ru(bpy)]***
?hv [CO"(H,0),J,[(Co,PtY,)(CN)gl: 80 g
Ru(bpy)s]?* £1.0 mM
A[Ru(bpy)I2* WOC 0, + 4H* oo om0
Pt and Co Solvent : 2.0 mL of Phosphate buffer
(50 mM, pH 8.0)
450, 4[Ru(bpy)]>+ 2H,0 Ar Bubbling, 2 > 420 nm, Reaction time 30 min
BEXEFEORBEEIL BMEAREREOPURERGEMN
. — x=0.15 -2 1
100% Yield =010 3.2 x 105 ]
x =069 *Ir0,: 2.7 > 1072 s
/__’- x =037
x=0

Volcano shape




Colllnv

ﬂ

Conditions

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

Pt

)

Number of coordinating water molecules

C0||

————— [C0'(H,0),]; s[Co"(CN)]

\ [COo''(H,0)1 79]1.28[(CoMy gsPtV 15)(CN)gl

Co' [PtY(CN)g]

/

[ 4




[CO”(HZO)m]n[(CO”I1-thIVx)(CN)6]

0O, evolved, umol

Conditions
Co4 45[(C0og 5Pty 15)(CN)e]: 800 pg
Ru(bpy);?* ;1.0 mM
Na,S,04 : 5.0 mM
Solvent : 2.0 mL of KPi Buffer

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

90 120
Time, min




Quantum Efficiency (Q. E.) =

O, Evolved, umol

4 x mole of O, evolved

0 80 100 150 200

Time, min

Photon flux

[Co'(H,0),],[{Co"(CN)e} 63{Pt'(CN),}0 37]

Q. E. =50%

Conditions
Co[Co,Pt,(CN),]

Ru(bpy);2*
Solvent

Reactor

: 80 mg

1.0 mM

:5.0 mM

: 2.0 mL of KPi Buffer
(50 mM, pH 8.0)

: Quartz Cell

| = 450 nm, Light Intensity: 7.4>< 1014 E s



