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CODH(Carbon Monoxide Dehydrogenase)oll 23t o]4taleta 3ol QlojA] Y= F2]
BAHSE AMES Aol S45E ARSE 95 vlaste] s . < At
B35 Agole oAl 4o)7] wiitel] AR S & Adglsiof &R0 olkkslekad]
3 W3S AFE F e wele, fYvad=e FAFET F4 S Q
7] wiEoll 650 mV vs. NHE 7% S/d78eollx A Qlo], E84Q o]itslehad]
S S = SITh CODHE o83t olitsetae] Sheloe 7hllae d7esl A Z
JgS FHS & 5 JJEd, -570~600mV vs. NHE 237} 74 824U & 5 U2
olHT} T 9] HAE AoiFe e T4 a9 o] BRHom P3RS nA
ditster s A AFEEC] F438] FAaTS & F AU

Abstract : The effect of reduction of carbon dioxide by CODH(Carbon Monoxide Dehydro-
genase) was compared on glassy carbon and gold working electrodes. In case of gold elec-
trode, the choice of the optimum applied potential is very important since H, evolution can
be mixed with CO, reduction. On the other hand, efficient CO, reduction was observed up
to —650 mV vs. NHE on glassy carbon in neutral solution due to the larger overpotential
for H, evolution on glassy carbon surface than that on gold surface. The optimum potential
for CO, reduction was found to be —570~600 mV vs. NHE. The current efficiency of CO,
to CO decreased dramatically at more negative potential according to the activity of enzyme
decrease and the hydrogen evolution.
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Scheme 1. Electrocatalytic reduction of CO, by CODH.

methyl viologen(E® = —440 mV)S HAPAZA] (mediator)
2 o] &3 Aot}

958 (pH =7.0042] FadAel gk P2
=7 $](formal electrode potentiali= E°=-414mV vs.
NHE ©]2Z, o]ksghae] dibsekae o] ghelol] thgh
FAHAFH9)E E°=-520mV vs. NHE o|th!? 13
ng dostHore Fae] WAo] olitsietae] gl
9 AR EAQ] methyl viologen®] EHA(E°=-440 mV)
BT} 1A dojuol AR Sy APl e
FrelgadSoly 53] Agells 3ol @ikt

FHERT} v@ste] Sy FAge] § 2 A2
=] Z9ol= Fig 1Al BEAR|= vie} o]

650 mV 7M1= s B AFR7E $REA &
=tk 23u #35e] Ael=(Fig. 1B) o z<lel

A FaAo]l BAEBR oSt Fl 4o
dojd 7hsAde] b 2= o skl dEshE
getad=e] A AAaE9) 74 = methyl
viologen?] 2Fe}ghdnk-gwt A= 3 (Fig. 1A(a)), ©]
Absleba: £9]7] SlolA= CODH §lole olibsbera
o] Senkgo] M3 dojuA] ¥ & F U
(Fig. 1A(b)). 1= ZFule] &4 glole= olibslgra
ghelo] Aol e =dolr = #AA —650 mV

20 +
A)

15 4
’i 10
- (c)
B osd
E (a),(b)
S o

54

-10 J T T T

=200 300 400 =500 500 -700

Potential (mV vs. NHE)

Current (mA)

167

IRl GAolME olrksterae] A7|slsty Fhelnk
5o dojd F §lo-S Us| o 28y, CODH7}

EAEH ATV S7He] == (Fig. 1A(C)),
o]i= CODH7} o]itslgbie] Zheinkgol ol 83t
Zulde oA o W SHe] o o] Wkg-o] CODH
o] 93 Zmjulg<lA]E= CODHY} S84 EholB=
2EE IVMAA BH R = e, FXF0A
ol Barg wpel) FU3 55~60°C Fo)A olxk
slekd AT A SUIEOE oA & W E]
& AT (Fig. 2). BT Apolle F2484
o] FHgte] FElgAdSe vlE)] dudes 7] o
ol olbslebie] By} f4e] 3o o3k &%
AF7F Yk 4 JSHd), Fig. 1Bo| Kol e}
7o) Fig. 1ART B335 el sddF Jert o

£ Ads] Fth. Fig 1B@@)E BW ol2sletirt &
ABHA] 9= A= —600 mVELH T S Yox=

MVZe] 89l ofof] TR Fel whgo] HEE =), o=
ojn] Bargh uiel o] 48 Aot Fig. 1B(b)
A olilsteas ST ARV Sk d
o] Yehh=t], ol olitsietae] Shelukgo] ot
ojksletae] Eslgo] vhEoj o R gae] pHrt
aste] o] Fhelo] AR oR vehhs @l
t}. o] golo] CODHE %2 749-(Fig 1B(c)ele
Sl RAF7E FA S7Hge] Boledl, ©)& CODHEJ
Zujukgo] €]3h o|AkslekAe] Yibslebrz o] Shelut
3ol wWE2A doJuA 7] witolrt. o] Z9-e o]t
slekae] kel FaAlde] B ThsAdo] BolA|
|, A71%sA doiFe Azl we 2 IS
nE Zog FAHE, ol gk g2 Tt 32 &l
A AIsHA tHE Aot

B) [ (e
1.5

-
o

o
)

Potential (mV vs. NHE)

Fig. 1. Cyclic voltammograms of CO, reduction by CODH (1.0 mM MV?" in 0.1 M phosphate buffer, pH 7.0) at room
temperature A)at glassy carbon electrode (3 mm dia. disc) B)at gold electrode (16 mm X 6 mm flag). (a) without CODH,
under N,, (b) without CODH, under CO,, (pH 6.3) (¢) with CODH(0.50 mg/mL), scan rate = 10 mV/sec.



168

Current (nA)

Potential (mV vs. NHE)

J. Korean Electrochem. Soc., Vol. 11, No. 3, 2008

Current (pA)

303 800 00

Potential (mV vs. NHE)

Fig. 2. Cyclic voltammogram of CO, reduction by CODH at different temperature(1.0 mM MV2*in 0.1 M phosphate
buffer saturated with CO,, pH 6.3) A)at glassy carbon electrode (a) 22°C (b) 40°C (c) 50°C (d) 60°C, B)at gold electrode
(a) 22°C (b) 40°C (c) 50°C (d) 55°C (e) 60°C, scan rate 10 mV/sec.
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Fig. 3. Electroylsis at different potentials (—570, —595, —620,
—645mV vs. NHE) at gold electrode(1.0 mM MV?* with
0.50 mg/mL CODH in 0.1 M phosphate buffer, pH 6.3).
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Table 1. Effects of applied potentials on CO, reduction by CODH at pH 6.3

Applied potential! -570 mV -595 mV —-620 mV —-640 mV

Specific activity? 0.24 uvint/mg 0.22 vint/mg 0.14 uint/mg 0.10 uvint/mg

Total amount of CO 85 umole 84 nmole 58 pmole 5 pumole

Current efficiency’ 100~96% 100~95% 100~90% 40+ 5%
1. Electrolysis potentials vs. NHE.
2. Specific activity = Charge (C)/{ 96485(C/mole) x t (min) x mg of CODH } x 10° mmole/mole
3. Current efficiency = amount of CO/{Charge(C)/96485/mole/2e”} x 100(%)xxvcsqe
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