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Abstract

Elecrtochemical conversion of CO, has great potential for newable
energy storeage. How to convert CO, to valuable chemicals effectively
and efficiently represents a keypoint in catalysis research. The deposited
Au dendrites (Au-D) on the CFP electrode shows a three-fold symmetric
structure and is composed of trunks, branches and nanorod leaves. And
the Au structure grows all along the <111> direction. This kind of
composition contains a large number of tips and edges in nanoscale, not
only provides a large electrochemical active surface (ECSA) but also has
been attributed illumination excite Au-D surface electron that cause
Surface Plasmon Resonance (SPR). Electrochemical activity surface area
(ECSA) of Au-D of Au-D were explored by CV that is 78 cm? when its
physical surface area equals to 1 cm?. Au-D also has low onset potential
—0.22 V vs. reversible hydrogen electrode (RHE) in conversion of
C0O2.When H0 exists, hydrogen evolution reaction (HER) usually
compete with CO; reduction. In our work, Au-D electrode displayed great
activity to convert CO; to CO with high Faradic efficiency (FE) of 80%
at low overpotential (—0.52 V'vs. RHE) which is larger than H..
Photoelectrocatalytic conversion of carbon dioxide does not increase the
CO Faraday efficiency, but the current is increased by SPR (current is
increased 22%). Due to more electrons of photoelectrocatalytic, So the
amount of reduction products is increased.

Keyword: Photoelectrocatalytic Conversion, Carbon Dioxide, Gold

Dendrites, Surface Plasmon Resonance.
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Table 1
Thermodynamic potentials (E°) for electrochemical CO, reduction reaction [15].
Electrode Reaction Number of  E° (V) vs.
electron RHE
transfer
Cathode CO,+2H"+2e - CO+H,0 2 —0.106
CO, +2H"+2e~ — HCOOH 2 —0.250
CO, +4H" +4e~ —» HCOH + H,0 4 —0.070
CO, +6H" + 6e — CH30H + H,0 6 0.016
CO, +8H"+8e — CH4 + 2H,0 8 0.169
2C0, + 12H" + 12 — CyH4 + 4H,0 12 0.064
2C0, + 12H" +12e~ - C;HsOH +3H,0 12 0.084
2H"+2e” - H, 2 0.000
CO,+e — COy 1 -1.49
Anode 2H,0 — 4e~ — 0, +4H" 4 1.230

All potentials are referenced against the reversible hydrogen electrode (RHE).
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Fig. 1. Reaction mechanisms of ECR on metal catalysts surfaces in aqueous solutions.
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-~

By hE R Apfhe B H S e

Product mol X Xe™ __ mole™ consumed by product
Electricity (C) + 96500 C-mol™1 " mole- passed though electrode

FE% =
Xe 5 Z BB B3 TFEFRBRERB O MAREIR A - 3 0B

PaF el AETRYAS BRAIFERE B REEE CHI &

g D SR LR

(‘?I,"
—ﬂv
'E'y-
&
S,
e
74-
Ai“?
5\
R
|9
g
S

1-5 #a T #%%(Surface Plasmon Resonance, SPR)

® e (plasma) e s L5 bk 4 T 4R+ SHES en 2 Sk
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ERFFTY TR ERAMEEFRN Y R F A -3

% & T+ ol (electron liquid) » F)p 4 £ ARG - AR J“F’: k&L o
kEF - ApH B d RE T Farkdd 23 0 FES e

T BB EETES > @k b g RS (Blde AusAg~Cu)s T i

AR T EEFRATHAL PMEF o MR T IR

BEOGURIMEOREL  gREJDEGTIEAL - B

APDORE ) ERFATF/EE I FRT E3 25 BT FRA

LESE R RVESEE BN F AR VR T LR & S
éf%;"& #’7}:—; E’ij'i/?i‘_rlé LT %E’J‘Jcﬁl\-p\ 13 ’ "“)\‘&’T’IC‘%'&’T

Bt s TREFSJULE L H S0 S ke BTk

Boen i ¥ Bt e 2 gl 20K £ e SPR Tl £ % K AL
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R BMEL Dy MR > A ey e R A
SRS M F LB RHE HY X U4 4250 BHE
GEXRE R B ER L £ ARMAOET =T RT LH
o § LR RS B - BiRE B4 hi it 4 o & 1T LR
Bz g v gapE Y B R R AR — F VB 2Ed At & ¥t

-tV A L EF AR RRAR S - 1

-

N

oo FligprtnH U BRAS > BRS-F RS

H oo orrugp it st H woanidfl > £ s BB ez PR anF o P

A
=)
~
>
=
P
&H

i ikt e AR I - § TR R

8t —0.4 Vys. RHE éhd =7 835 90%2 =1

(A) (B)

100F Pb.T|Ip.Hg r T T r 1097 - - - N, 3
I et " {{@-0.80£0.05 Vvs RHE| _wAu
o P o IERET % A=
‘:'OCH * Ideal catalyst region g k o’ « Ag
E r ] % ] P - Cu F\
& 60 — o 019 . v
2 50 §5 1 - “n
g sor £ Pt R
g 40 Pd a%o.on -7 _Ni Zn
£ 30 e= {1 "
w - Ga v 1 O(g)
5 0f O 0.0013 E
5 10k Ni o 3
<, Ti W Pt Fe ]
S PR T L ] 0.0001 - =
12 10 -08 -06 -04 02 0 20 -16 -12 -08 -04 00
E [V] vs. RHE CO Binding Strength [eV]

B 1-7T (DiEE BB -F PAERTHT = BERLEE
H-F P RESBREE - F "RERTFRA
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1-T m1 &8P

—

PRRERF T ERE BT R TR g o F
e p > J8_1-6 ﬁv—@;gwﬂ;@ga TRRER| LA T LRI AR E B A
EHF e MR T X FRF D F L RE T 0 @
B3 RRAP (- F CR)E - PR - § LRy Pt E WA
PLELFTEALI BRFR Y £ 52 K3+ (gold nanoparticle,
AUNP) 1% 5 féLit 44 » & Bl 1-8(A) (% v AuNP'" & 6 4r i % i 7 1
FRB- FOREZRESCF 0 E AN - 3 LR RS 13
FT M=% o p oL ‘b AuNP e M B EE A AR (B 1=

8(B)) » it 49 3% Henigit B8k 4 ST T SRR

3]

ok

% T
3T G LA BRI R R S IR AR B o 15 (B R & 44
F gt v - Frpglak s £adka 5 gt TR
Al e R RE IR e R DT S

FAIT AR ETE(B 1-9) T 5 ¢ i@ §F L pm

it HZ AHAESHL ] LSRRI R B R

Y

o AR F R BLEH L sk By E¥ES ’ﬁ 2 AF R T

Frido RIFZGEREaNR B o T I AR MR HE TR
om LEF oG R R R AE  REF L G T IR IR R

T H A T aE- HFEDRBE - F gk o



Faradaic yield /%

(A)

Acgq (cm?)

100
W CO
el
80
[ ]
6o = ° =
]
40
L ©
a
20 - =
0 T T T T T
07 -06 -05 -04 -03 -02 -01
EN vs RHE

40

(B)

35 4
304
25

20

around 40 cm?

®

T T T T

20 40 60 80
Au NPs loading (ug.cm?)

100

W 1-8 v ANPiF 5 B H ()= F R F ke F ok (BT

F SR Y
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S RERIZARE
2-1 REFERRRF W

1. = % £ & (Hydrogen tetrachloroaurate(III) trihydrate) :
HAuCls+ 3H:.0 + 99.99% - Alfa Aesar

2. L weoeps (L-cysteine) : CsHNOS 5 =98% > Sigma

3. & ¥ 47 (Sodium hydroxide) : KOH ; =85% > Merck

4. mrpa(Sulfuric acid) : H:S0: 35 95-97% > Merck

5. 2 3+ -k (Deionized water) : H:.0 ; Fefei& :18.2 Q - cm’;
Millpore Milli-Q

6. #f& 2 47 (Potassium bicarbonate) : KHCOs ; 99.9% - Alfa
Aesar

7. = % i* g (Carbon Dioxide) : C0: ; =99.99% > #HHF =P

8. — ¥ g (Carbom Monoxide) ; CO ; =99.99% > & f # o 2

9. & # (Hydrogen) ; He ;99.99% ¥ %= &

10. & # (Argon) ; Ar ;5 99.99% > &L X F A2 P

16



2-2 R YA

2-2-1 R 2K T & (Carbon Fiber Paper)+ g2

. AR T2 cm X 1 cme= /| o

2. A £ T A LRI KT E LG A AETT R o

2-2-2 #Hhk & TR

1. 2B 1.0 oM crw & &7 ~ 0. 10 mM shk mnkps ~ 0,50 M ege
Fokid i > % 30.0 ml

2. X TAR L

)

54 TR E AT R TR 0 45

1 TR MR AT &

3. # * Step Fuction % i@ 3000 f) » S #ck 2 °

Step E1(V)/i2(A) 0

Step Time 1(s) 0.1
Step E2(V)/12(A) -0.8
Step Time 2(s) 0.1

Step Segment 30000

mAEH 1 cmx 1 cm = 1c m?

A, #x S Ofib £ TR B0 3 B 6 bt £ 4 4k

N2 Ny
vE e o

17



2-2-3 Ak &R Eini e Bt

BHRk £ TR L
LA AR & TARPE 4~ Lokl 0 A G AN A £ 4
B2 a g gty o a it AR TR - 50 AREFAGR TR 6 ¥

B F g 2 Rk T R AR L kot B R R o

% il it ARl WHTE v &5
1T AR AT

3. % TR AREE(CV) Rk

Initial E (V) -0.4

High E (V) -0.4

Low E (V) -1.3

Final E (V) -0.4

Initial Scan Polarity | Negative

Scan Rate (V/s) 0.05
Step Segments 12

Sample Interval (V) 0.001
Quiet Time (Sec) 2
Sensitivity (A/V) 10°

18



2-2-4 TRIHR & R FREEL B MK
AR EBDEI AR ETER S OOBREE Bk 0 30

37 5 VAR kBB A G T KR > T RE g 5L aE

1. fe® 0.50 mM erFeplekizie o

ar]

2. ERZ T

>

5 TR G ARE H O RE T AN

1 FT AR M R Z MG £ 7R

Initial E (V) -0.4
High E (V) 1.8

Low E (V) -0.4

Final E (V) -0.4

Initial Scan Polarity | Positive

Scan Rate (V/s) 0.05
Step Segments 12

Sample Interval (V) 0.001
Quiet Time (Sec) 2
Sensitivity (A/V) 107

19



2-2-5 it R HEF

)

FEWP SRiBALY BPL G 49K 3 0P 9o § PR E L foa

1. fe% 0.5 Menppsd 4o-kBip o

9. #-= § gt 20 mL/min friE &R T & dmokip R 12 B ) B

= »| Flow CO,
i.bwmwo | |

v

Electrolyte : 0.5M KHCO; ‘

20



A TR R R L i R AR R A 45 T

TR B (R 2-3 0 K LR R Y 15°0) " Mk & 24 g
Riggta > AN 1.5 Jg ® R PSSR < B R o g Y & T RIE

5 2 cmo @ * power meter £ B H %3z & % 100 mW/cm® e

Bl 2-2 A RBEHEKRB (DL (B £

FE] 2 3 &L’}\/@ﬁ—»m_}il’ §~ 5C
21



2-4 R % inAe

Bl 2-4 7 %% AL R

BRI AR > BRI RS bk £ R 1R(Au-D) o s ok
fate » TV EEA G ST R ET R RERHRAM o

W 7 & Bpcsi(Scanning Electron microscope, SEM)j#
ZEAHR TR AL DR ERE B &6 ) X 3RSk
# & (X ray Diffraction spectroscopy, XRD)#z# #hik & %1
AR S LGt e B X sack g 3 e k(X ray
photoelectron spectroscopy, XPS)FEiasrinfisbik £2 H T 5 e
i o I kR k<2 (Cyelic Voltammetry, CV)BL%Z A4+ 2 5
TEFEL e FIRY R F R # Y R S UV

BRI £ Sk e ] 0 BB TR S s g ] o



=~ BEFREHH
3-1 Mbk & TR BT ER

3-1-1 #bhk & T &2 SEM # 47

Fi# ekt R Focfiiz WA ek £ T & (Au Dendrite,
Au-D)*t## g a5 (Carbon Fiber Paper, CFP)# & » fEd 4c »
L-cysteine ® f1* Au & Az Fikig e Au—S 4% » TR T
i diEAe Y i Au(110)2 Au(100) & tem > @ 2 F £ /L
Au(l1D) & ¥ = & o

AR SEMadr s Al W2 B2 FHFEREY < iyt

FHMEE T ER B -1 ERA AN Z MLk B -
HinF AullD) s 07 momfh > A58 2 SfLanphik 24 - 2 4 2
P EFALFDLAHE6T0 0 Ao BHEAEDTARAES DR
Bl 3-2 2 B 3-34 85 m=n i FaRriiz L7 BILF KIS
FISEM @] > 7 LR D A LY B 1S 5 R R R F ALk e
H o e BF v B 1s 0 SEM #F TR 0 AR R b endn s F R
R S OE R O Pk s JeiplF oA EE B gy

FH o R E R AR R o
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B

ilpm  NCHU2 — 100nm NCHU2
x10,000 3. WD 3.0mm x100,000 3.0kV UED GB WD 3.0mm

— 1lpm NCHU2 —_— 100nm NCHU2
%10, 000 3.0kV LED SEM WD 6mm 7 3.0kV LED SEM WD 6mm

A

lpm  NCHU2 — 100nm NCHU2
x10,000 WD 4mm x100,000 3.0kV UED GB WD 4mm

Bl 3-3 (MDimxFHiAu-D13g% SEMB ; (B 103 &

24



3-1-2 AHik £ € &2 XPS & 17

K j XPS A4 % A% 314 e h dg S 5 ¢ o TLS09AL F % 2 o5

KT I HREFER S KRPrEn BB () 620 eV
B 3-4(A) = XPS survey # 478 » ¥ MBEI| Au G EL o B -
H a3 Au ~ & &% 4B 3-4(B)#ror 0 Au Afwe R 3 84,3

eV BB AU B2 & AT o & 3-1 s F % 8H Au 4fs2% Au

Afrpiid X B H 0V UERI &R X B R AL E S

(A) Au on CFP (B) Au 4f
= Au 4f Before 4f7/2
= Au on CFP (Before) Aty 4f — Au 4f After
= Au on CFP (After) 5/2
Auy
2 2
E S
=
8 g
= =
= 2]
5 g
= IS
600 500 400 300 200 100 0 90 88 86 84 82

Binding Energy(eV) Binding Energy(eV)

B 34 (A)F %+ 15 AuD rXPS Survey ; (B)F %+ 5 Au 4f chimF )
% 3-1 Au 4fse 3 Au AfeenE 3 5

\ s/ 47

FWHM(before) 0.69915 0.68358

FWHM(after) 0.66348 0.65337
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3-1-3 #k & T2 XRD # #7

*B XRD ~ 7% . Zr 5 R H g s~ 7 ¢ < TPSO9A 7 %&b X

BRMGESREFER KRR R ELE S 1D keVo

LB AD RHEL G 2 ARB ST LB 2 XRD oo
Bipl ot W35 7 RAF &G Au-D o 78 F15 XRD R A& iF = 0
B or i £ A 3] 81.T2°(222)m > B & & w1 e Au-D rARARED 5
BF| &0 D B SESEEL > & W 5 38,187 ~44.39° ~ 64.57°
77.55° ~81.72° » #p ¥t snde m (111) ~ (200) ~ (220) ~» (311)Fr
(222) o d &5l v FRaHK EMT B SHT 3 REHEE U
(11D e £ & 53 0 2 5 23 5 < (fee)tfi S (JCPDS Card
File » 04-0784) o« ¥ 3= 8 W52 "™ ok 3281k 2 F &
T2 (200) ~ (220) ~ (311) ~(222) & o & Au(l11) 2 # =zt
blo 2 33 ik 4T RESBte B A Au(llD) S w5 H
IR Sg Hm 0t Bk EEW A GIET > S AT B
FEF A AR 0 @ 2RI 35 % £ 3-34RF ML R 15 2 BEF

B B AR BHERP B RN -

26



XRD Patteren

Au before experiment

- Au after experiment

Au after illumination experiment
B Au standard

A A

-

o
) U W
A

40 50 60 70 80

2 theta/degree

® 3-5 F&™ &2 #Hk £ T & XRD ~ 17 Fl

% 3-2 AuEsan s B H R SR e

Index
facets

(111)  (200)  (220) ~(311) = (222)

20 38.18 4439 6457 7755 81.72

2 33 F&m AR ETERE HRGRAER A1 &R o ¢ 5

hex (111) (200) (220) (311) (222)
Au-before 1.00 0.35 0.28 0.29 0.11
Au-after 1.00 0.35 0.27 0.30 0.11
Au-illumination 1.00 0.35 0.28 0.32 X
Refence 1,00 0.35 0.26 0.25 0.11
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3-1-4 ## & € &2 UV-Vis & 5

A UV adr g B A8 X Fka K chk 550 UV-Vis R F T

ATBRAUD TR B Bk o g A e T A S

s A Au-D R R 7 UV-vis dR iR - K 36 7

3| Au-D % &%+ 400~700 nm ¥ Rk Eek § BjTehiT i 0 @

% |

Absorbance

=

TR

5% PR K iR A% 400-700 nm Ak ek %4 R fcniT 5

UV of Au-D

0.5 A

Au before expernment
Au aftelr experiment
Au aftelr illumination experiment

0.0

400

450 500 550

600 650

Wavelength 2/nm

B 3-6 @ {52 BEk & UV-vis A 45

28
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A 347 I B A 48T m 4 A SR 0 2 R S
SR BT RIT > AL R eniT L B TR RSB A

530 Au-D THREA R FHT LR R ESEG R fTinT S o

% 34 FHmRwiE 2B ABrER R

A (with max abs)

Before 487.0 nm
After 485.0 nm

I1lumination 483.0 nm

29



3-1-5 & it FiE 4 & # (Electrochemical Active Surface Area,

ECSA)

1dU
ECSA = I

(3-1)
SRR )R E A AR B g F AR L

R R’
d 270 @-DM s yusEls OV BY Rt TR ab 400
uC/cm* (Au ¥ =G % “BRT2) vi CV Ffi# -

R 3T 56 REARTEL £RRE 25 HRAMG

§ % 1,559 mC(@] 3-84) » £ » ECSA 23 i R

(0.4 mC- ¢cm™2)x0.05 V-s~1

7795 cm? > ¥ B wAu-D R P B SR EA G HE TT.95 e’ e
bo®] 3-8B o W E AuD g ERAIR UM £ L 6
Slemxlecm=1em? > HEFFFELLaf 5 T1.95 en’ > 7
UEERAN T OB AR A AR AR R G AR
WA G A T0 B o gk Bl F avE i Ed i F R

CBR- % YRl E B
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CV of Au on CFP
20

10

Au-oxidation

Current/mA
o

=7

Au-reduction

-10 4

Au on CFP

0.0 0.5 1.0

15
Potential/V vs. SCE

Bl 3-7 Au-D £ 0.5 M HS0:3% % @ #4385 5 50 mVs'2 CV Bl >

ARafi s Aud et g

Area=1.559

( A) dx=0.3§|4[£

Bl 3-8 (Me&TtFRREPRTE S B AuD T &(HEI 572

o Ano #

F"iﬁ?\l

75
RS

Y

1= 2n)
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-2 TFiAR

3-2-1 M k=% 4 % (Linear Voltammetry, LSV)

a0 FEERCR R BV - 3 i pladeds T = (onset potential) o
AP R (TR RE i R o KB 3-10 F LB T Y
Au-D (k)T it - 2 Y F BS99 %R —09 V vs. SCE
( —0.22V vs. RHE)T i A 2 &l en® it o #rua 2 =09 V vs.
SCE i3 A=xFB&cf=dpm 0 B f 0T 2 & 1.5 V vs. SCE-
5P AEER =15 Vs, SCE* 2 £ % s 781 £ & (%473 o 9714
B —0.9 Vo—1.5 VLSV s 41 % o

BideAd 4 -3 "7 2z —1.00 Vvs. SCE ( —0.37V vs.
RHE) ; % & = % % 4= 45 - (oneset potential) « 1944 % )]%[5]%‘: =2
L3 - F LpLnI@ h4e 40T 4% —0.11 V vs. RHE » $Ft 2
o Au-D R B EHmaA R R ARZE Y 0.26 Vo & By 24
24T e

A FFRET R E TR LN BT RPFHRY TR

Lt Eitf e AR 397 > 7 IURBRIET R Bl

—

MR EAipR R TR R EE G RE DT BT
AT A w ﬁjﬁi#ﬁmlﬁ'ﬂ

32



® 3-9

LSV of Au on CFP about light

0
,10 =4
< 20 1
£ |
=
=
o
3 -30 A
-40 A
= Light off
| —— Light on
'50 T T T J T L T K T ud T T T

-1.8 -1.6 -1.4 -1.2 -1.0 -0.8 0.6 -04 0.2 0.0
Potential/V vs. SCE

Au-D # 0.5 M KHCO: % i @ #7455 5 10 mVs' 2 LSV M
LSV of Au on CFP about light
0 —
<
£
5
(&
—— Light off
= Light on
-1I_5 -1I_4 -1I_3 -1I_2 | -1I_1 | -1I_o | -ol_g

Potential/V vs. SCE

® 3-10 Au-D % 0.5 M KHCO: 7% i% ¢ 2. LSV #FI®I( 0.9 V~ -1.5

V)
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3-2-2 & - & B (I-T Curve)

[-T Curve &3 - FIRR =7 BRI TRHPFTngt « 257

2}

SRR kg im0 0.5 MAmpEd v L T RRE

RS BT = -0.9 V- -1.5 V)~

BT R 40 A4 2

Gl A ARERE 5 s § BRI - 2

% o

1 [-T Cuive Bl » Tk F & e 4v @ 3

e B AR Gt 300 F e AR AR o B 3-12 5 kR B Eep

s e AR T R R T e e @ B4 > T Y
BRI BF B R Tangiprt o R ok ens o F1L kT R
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Current/mA

Current/mA

[-T curve Auon CFP

e .9V
— 1.0V
— -1.05Y
— 1.1V
— 1.2V
— 1.3V
— 1.4V
e 1.5V

0 500 1000 1500 2000

Time/Sec

2500

Bl 3-11 = it 2= Au-D=*+ 0.5M KHCOsi% 7% ¢ 2 I-T Curve B

I-T curve Au on CFP (illumination)

—

=10 A

— 0.9V
-1.0V

— -1.05V
— -1V
— 12V
— 1.3V
— -1 4\
— -1 5V

r T T T

0 500 1000 1500 2000

Time/Sec

2500

Bl 3-12 . it 2 Au-D** 0. 5M KHCOs:% % # 2= I-T Curve M

35



3-3 2 % 3x & (Faraday Efficiency, FE)

3-3-1 - ¥ v & & M(Carbon Monoxide Calibration Curve)

T

B E R KR 0 AP R MG R T RGO PR §
R R A S AR AP R LR - § R
A o

P g 4 BB 09990 F ek s M 0.2 T H

|

»GCor 4ol 3-13 0 - F ALY 4 L8 g IR o £ 0.2

T - § LR (E Blend A 5 187676.0 0 i B S N S A B

2o ded 3D A E L epa- § G WA T AP H B f
Tt 2% Excel (FRI T G- F el ¥ &G

y =923238x + 593.24(® 3-14) > # R i@ 5 0.9990 -

280,000 v TS _Adam CO_UZm_TTeE DATE
260,000
240,000
220,000
200,000
180,000
160,000
140,000
120,000
100,008
80,0002
z
£
60,0004
40,008
4
20,003
3 " s e ey |y T ; : 4 i
2 I ot it W - -
0.5 1 1.5 /
# Narme Tlme[Mm] [ Quantity [ Ared Helght[u\l] \A.ea[uVMm]\ Ayea/[/] ]
| 103 TUNKNOWN 0.01 006
10| UINKNDWN 338 0.01 10520 182 UUOS
[ 111 | UNKNOWN 340 0.01 875.8 13.2 0.007
2 | UNKNOWN 345 0.02 1288.4 364 0.019
UNKNOWN 347 0.01 1057.8 17.8 0.009
14_| UNKNOWN 350 0.01 1405.9 2538 0.013
UNKNOWN 352 0.02 21320 46.2 0.023
»| 116 | UNKNOWN 407 93.93 274311.0 187676.0 93934
7_|UNKNOWN 5.29 0.23 10287.6 4643 0.232
|| 118 | UNKNOWN 533 010 9025.8 2065 0.103
3 | UNKNOWN 536 012 87796 2362 0118
20 | UNKNOWN 5.38 0.08 7348.0 153.0 0.077
21| UNKNOWN 5.41 019 7686.1 3777 0.189
EERIT T can EX) cron Tana aan

B 3-13 0.2 2 eh— 5 it gL » GC #7113l ehg
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CO calibration curve

200000

oot y = 923238x + 593.24
160000 = 0.090

140000 o
120000 -
£ 100000
< 80000 -9

60000 E

40000 o

20000 | @

0
0 0.05 0.1 0.15 0.2 0.25

Volume/ml

B 3-14 - 3 i*penfe & &

% 3-5 iir - § CRLeRAE 2 R

Volume(ml) ~ 0.00 © 002 ~0.04 006 008 01 015 015 0% 02

Area 08067 198376 3TOIL0- ala6 TR0 903263 118930.5-136T36.8 1390432 1876760

3-3-2 & # & i ¢ M(Hydrogen Calibration Curve)

FI* e dRenS EAE F ORI R o
Bo— B R4S 3B~ 09 99%cnd £ 4 48 0.08 F L xsH 1 »
GC» 4Bl 3-15> & § a5~ 5 0.9 448t ¢ IR > 5 0.08 =
Heng § ArE I fF 5 827804.9 0 iR AN S B A BEL S 4otk
3-6 & = Lbtind § F WMHMA T 7 AAH B FH o
gt gL Excel (FRITE AN E F I Y Wiy =10"x+
4522(® 3-16) > # R @& 5 0.9998
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6,000,000 W
5,500,000
£,000,000
4,500,000
4,000,000
3,500,000

2,000,000

2,500,000

20000005
g

1,500,002

1,000,000

500,000

(ZOTET00%-F2-0.0Em ST DATA]

! 3
T

RT [min]

0 01 02 03 0.4 0.5 06 0.7 08 08 1 11 12 13

1.5 16

Name | Time[Min] |Quantity [% Ared Height[WV] | Area[ubMin] | Area%[%) |

UNKNDWN 0.05 0.02 2807.3 153.0 0.018

UNKNDWN 056 9380 57847036 8279549 99.805

v
wofra|— |3

UNKNDWN 143 018 75432 1467.2 0177

Total 10000 57950540 8294751 100.000

B 3-15 0.08 % = ad 4 i » GC “+ 8 3] 15 #

H, calibration curve

1800000
1600000 °
1400000 y = 1E+07x + 4522
1200000 R2=0.9998
1000000
800000
600000 _—
400000 T
200000 - L

Area

0 0.02 004 006 0.08 0.1 0.12 014 0.16
Volume/ml

Bl 3-16 & # il & &

folue@) 0.00 002 004 006 008 01 015

Area  102670.8 2175642 4203977 630374.0

821604, 9 1025836.6 13011444 1530062, 1
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3-3-3 - § e Yok ¥

HiF 3-3-1 7 L EFEF- §F LRLd & T I S RRL
P E - F PREE P E RS o

E R 4T
it men =1.2 Vovs, SCE& & 0 J5iB 40 & &enT B R AR 18
Bl FAEgph F Mo GCRAFD - & PR TS 5
25819.0 - # 1.2 V.vs. SCE 5 -T Curve Blf1#* & * E L7 &R E
(CHD A 477 @arp = 3@ P %enT £5 15.25 Co
PEAr ] FA ARG S0 FE G- § LW K
25819.0 F » — & “ B QL & A 4230

(25819.0 — 593.24) + 923238 = 0.03024 ml

1 £ § 1875 0.03024% = 2 C0 > AL RREAF 20 = 4 b 5 R4l
25 ELmu L 50 F A e R 50 B o

0.03024 mlx 50 =1.512 ml

o L F A AN PV = nRT > A 01— § PR~ S R
TE @R 5 LA G- § A

P=1 atm; R=10.082 atm-L-mol™t- K1 ; T=(25+273) K -

(1 atm x 1.512 x 1073 L) = (0.082 atm-L-mol~*-K~* x 298 K)
= 6.189 X 10~5 mol
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1945 F B CO, 4+ 2HT +2¢™ - CO + H,018 v | mol eh= § 1 gig

it 1 mol eh— F “ B Z 4L 2 mol end F > Bt EEFFle- §F 1

ARALTAFEE 2R T T Aol P ESET R N7 I B EEL o
6.189 x 10™° mol x 2 =1.2378 x 10~* mol

% CHI &~ I-T Curve BI¥ 84wt =0 g it eig * 9 15,25 C

|~

TR 1 X BT S TR L 96500 Co 8 FAps v v £ 8
FRATF TR

15.25 € +96500 C-mol™* = 1.5803 X 10~* mol

e S A S e . 3
£ R G E R

1.2378 x 10™*

1.5803 x 10~*

“t00 te —1.2 Vovs, SCE T 2T » - § f penit £ 500 % 3

X 100% -

~ F PR S TS

X 100% = 78.33%

78. 33% °

3-3-4 & Fikp oy

- F PRAUED Sl antE 0 B 3-3-2F NEIE F

£

LA T U BREPRRFE D F iR PR F o

PE AT
g it —1.2 Vs, SCE 5 &) » 53 40 » 4807 BIL F 2% (S
W1 F A g FA8 0 GC @RI F g A 5 TTT74.4 - %

-1.2 V vs. SCE 2 I-T Curve BfI* & it § » 45 & B (CHD## » 15
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TE Faopa g R FRDTE S 10.25 Co
FEAr] TAFMEEG ST hd 5 AR B TTTTA 4%
> E KR A AR AR
(77774.4 — 4522) + 107 = 0.007325 ml
1 2 ehg 485 0.007325% 2 el 5P SRR 256 £ 2 4o b F RAY
F2OEFAREZO0FA TR LE0E o
0.007325 ml x50 = 0.36625 ml

o A F M AENPY = nRT > M I & F g ~ 3 A T

AN

28 4 !
]«JT‘E"-,“:;F

CEASE F AN .
P=1 atm:R=0.082 atm:L-mol™* K~ *; T=(25+273) K -

(1 atm X 3.663 X 107* L) = (0.082 atm-L-mol 1K1 x 298 K)
= 1.499 x 10~% mol

T F B\ 2H + 2e- > Hy,@ A 4 1 mol ehd § 2 i) 4 2 mol &
T3 B R EE g F AT B2 R F s s S

’T?_:j_g/}

hesy

=
9 o
/|

1.499 X 107> mol x 2 =2.998 X 10~° mol

. BALF AT T

S

:“ ‘z'l: =5 _& - % 0 o

£ BT RE, Y e 100%
2.998 x 1072 x 100% = 18.97%
1.5803 x 104 0= S50

i f —1.2 Vovs, SCE R =T o # & F ek ok s

18.97% -
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B 3-17 7 R bl F bRlER S TR E KPR
B -1.1V, —1.2 Vs, SCEg =7 » &7 80% %+ > & F® 4%
fOSHRTRBRAEZ)T G TR § N BREEP F TR PR OB 4 F
Sk A 4 > R 1.5 Vvs., SCE ® =7 & § vz
PEF R A% b HIRE T - F R aER T

(34%) > F15 = § AR o I RT S il 4 dp b e 5 B 4

FoRUCARLHI g ol gk A B REER

G A RBR-F R i AE RS Y T -1.5 V vs. SCE -

W 3-18 AT it lmeh- § MRZ & § P2 P F S H o 7
BRI T RN i H- F CREF PR RS - BT A



1.1V, =-1.2Vvs. SCEchg =Tm ® - & 87 80%= % » 4%/

(A) Potential v.s FE (B) Potential v.s FE

100 100
-8 Co B CO
—a- H . H,
80 80
B &
S 60 |
5 § @
2 2
g 5
4 >
Z 40 T 40
o
£ g
£ i
20
20
oA
T T T T T T T 0-
09 -1.0 -11 -1.2 -13 -14 -15 09 -1.0 -1 -12 -13 -14 -15
Potential \V vs. SCE Potential/VV vs. SCE

Bl 3-17 R it ek F 28T = RI(A)F7 SR (B) ok Bl

(A) Potential vs. FE (illumination) (B)

Potential vs. FE (illumination)
100

100
—8-Co = CO
—--H; . H,
80 4 80
= <
& 60 o &
s 5
(] 8
g 5
> 404 >
K & 404
e o
£ £
20 4
20
0
T T T T T T T 0
-0.9 -1.0 11 -12 13 14 15 -09 -1.0 -1.1 1.2 -1.3 -14 -1.5
Potential/V vs. SCE Potential/V vs. SCE

Bl 3-18 % & it i % e 5 4 T =B (AD)ITRE (B 1k B
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3-4 KR E2 A& kAR FHE

3-4-1 & & (Electricity/ C)

L
h_
—xr
flm
N
IRy
R
=
@H
«L¢
Kx‘a
W
T.
=
I
+,
34
=
rﬁ
SN
¥
=3
r@

ved s P %D ]-T Curve BIff 4 I 2 PR R 571 * hR

Il

) X ME T R AT kB (TS 4eR] 3-10 SHTRE > TR 2

OIRECHET R SR & D T

Potential vs. Electric Charge

] T T T T T T T T T T T T T .
60 | —@— Light off D ]
] —4— Lighton ]

50

40

30 -

Electric Charge/C

20 -

10

0 ] T T T T T T T T T T T T T
-09 -1.0 -1.1 -12 -1.3 -14 -1.5

Potential/VV vs. SCE

2

R

%

B 319§t mgr stk
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3-4-2 # € (yields/ pmol-cm™)

Tt mol Hh- F VR Z & F o T RHH g S umol 0 s 4o

3-21 hiTA B > ¥hhi umol/cm? I A Bk s34 6 f (1 cm’) °

Potential vs. yields

—e— co =
1 — -0 —  CO (llumination) / |
150{ —@—— H, 1
1 — -O—  H,(llumination) - / ]
“e 100 1 ]
L _
35
£
=
50 - 1
0 -
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3-4-3 A% 2 i ¥ (Rate/ ymol-h™1-cm™2)

A A A FAM3-3-3 % 3-3-4(K)T Bt = F iR

s
S
It
|
-\*‘r

(e

CEZ & F g A gCR R T ERA L A

FodExiumol-h™ o 5 e MR- § 2§ § LR

2 3T 57wt 2z kg it wenRate » & 3-3-5 R4 3 #

FrmAgL ek g @t en 1.1V, =1.2V vs.SCE eh% =

MEEIT iRt ed 1.2 Vs, SCER =T - 3 it - A4

g E T =11 Vs, SCER =7 #7422 g e 1.5 % ) ik
it {EETT 2R REAFREL 564 0.1 Veng i

BOR)TR Y 7 e g LR S F R E B (B 80k

Fy)r gy b Fg e
Z 3T Rt EBELT BB ELTET AL A S iE K

(Unit: umol/ h)

Rate 9V L0V 108V 11V 12V 13V 14V
0 0 0 30.08 6242 9284 1689 1700
i, 3.069 9374 5991 1241 249 AN 1108
CO(llmnation) 0 0 22 6767 1448 1755 019
Hyillumination) 184 1317 1025 1361 332 5033 1211
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3-5 # & #F & (Turnover Frequency, TOF)

3-5-1 — § (“ RAGHIM & it B

VPEEERTFFAZF AUDTRIEFT IOBERT LG

il cE gk o 0T R wih -1.2 Vovs, SCE G gt

LB ok e o

2% R % 19.32 g/em’s 2R3 B 5 196.97 g/mol -

2
3
X 6.022 x 10%3 mol‘1> = 1.52 X 10 molecule /cm?

19.32 g/cm3
196.97 g/mol

27 1T 2niak F31.52x100° B &R o
F1# 3155 AuD Rt CBEEE e H(ECSA) 3 2 » 4vig T
gt =12 Vys. SCE & 27F e78 2 Au-D & & H ECSA ) %
80.00 cm’ > #-F it 1 T2 2>oenng b § 152X 100 B & RS o %+
B0 B IrZNB0 LT arhies F 5 BERTF o

1.52 x 10*> molecule/cm? x 80 cm? = 1.216 x 10'7 molecule

£ 3-3-3 F Bt R L ks § B R 216,189 X
1075 moleh— % it p > R &y @Bt $ic> TV (Firk 45
- FRAERRD R 80T 28 PG BB ARG R K

T EI - 5 I padE A o
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6.189 x 107> mole X 6.022 x 1023 mol~?!
1.216 x 107 molecule x 2400 s
= 0.1277 CO molecule formation- Au molecule™

1 -1

'S
3-5-2 & § WHIF et ¥

P—F A oty > ug Bt e ~1.2 Vs, SCE
RPRGEE  FARRT AR AR BOEF G as b BB ERT)
PE R4
3337 uiFmprxq itk o3 PRARDB AR R D
1499 x 1075 moléhd § » £ et fp e Bef oo v Fawd %

CREFARRNA S EFEB) LA ARy BB E RS LR FH

1.499 X 1075 mole X 6.022 X 10?® mol~?
1.216 X 1017 molecule x 2400 s
= 0.0309 H, molecule formation-Au molecule™-s™1

3-5-3 - ¥ B2 & F ik ig 5 (TOF)

o 3 LB T RISk BT 0F - Bhik o 73
FHEAE AT TR BEGUF- o AR CHERLEY
A BERINERNSB-FOLRAIAELF AT o

23Q8ETHRIL B LT RN EAEBT T - F PR LG
PR IEAE S o KR 3-22 F MR D A AT L e kT R e

F R EOE ST AR @R AR 0 ) 1.4 V vs,
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SCE eh =7 & & & > 3] —1.5V vs. SCEn§ =7 i A7 %%

FRLE F el 5 F T 3 S R S g o 2
] 1.5 Vvs, SCE# 2~ - § e fdp 5 - iov #P O 3-
3D ATRINNT AR FLF e RT iR i+ SRR
PF AR LAPROE AL o L AF IR 321 KT
2RI EEBRET -5 PR )R G F(FS )i
FoERNT AN w (AR R 4 RT3 A2 Bk (S
BE AR BT FARERE MR - 3 LRl R Sk MG g o
FiEard o LA FZ L6 TRRIROM BB A TR A
R T AR S VRN SR A TEEE ST S
# 3-8 ik @ EtE D =T (02 Hoehid 4 5
TOF 0.9V -1.0V  -1.05V  -11V  -12V 13V -14V  -15V
co 0.0000 0.0000 0.0413 0.0858 0.1277 0.2373 0.2338 0.1757
H, 0.0042 0.0133 | 0.0083 0.0171 00309 0.0575 0.1525 0.2236
CO(illumination) = 0.0000 ~0.0000 0.0418 0.0877 0.1876 0.2401 0.2614 0.2481
H,(illumination) | 0.0239 0.0170 00133 = 0.0176 0.0431 0.0688 0.1567 = 0.3347
TOF
0.35
—e— co |
030 ] —_{— g:](\llummat\un] /
E R — H, (lllumination) D~
'E'N
Q
°
&
=
0.9 1.0 -1‘.1 -1I‘2 -113 -1‘.4 1‘.5
Potential/V vs. SCE
Bl 3-21 % it mgr ke it 2 00 2 Hodd 348 5§ 7 TS E)
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3-6 ik & TRz (k)T B eff 24 (Stability)

WAt HEPIRAP R 3%y 5L 57 5 4
2RI EME S TR T LR R o 3 3-3-5 ¢ St AuD TR
(e)RT Vg = § Loy - § PREZ P 50T 0 £4
RPN L ReE o Ay &FEL 5 aF g =7
fjfa{ —1.2V vs.SCE en3 =T e - % Au-D 7 & (T i o - & >
kT E - PR bR (R)T R gL D3 LR pE A R
40 Q!fé_fj&i#%?ﬁiiféﬁf,ﬁﬁ(%)?fél_i“"‘é’ﬁé%ﬁ: F L RURR YA
tofodyfk i o 38 = en [=T Curve B0 * CHI ## 4~ B~ o = (%)
TWILERETS ST R T EH FA A0 322 2 3-23 - B 3-
23 iR it P UBRBRTT R B EM - F PR RET
A g3A 14 C-15 C =+ W 3-23 5 LR il ¥R
Tahg B3 A018 C~19 C =+ - Rl 3-22 2 3-23 7 1 i@
wAu-D BT B LA DR fERE - F CEER S Aok g 0 W
MR R TR R > F Au-D RHRT A F] S pitg R

B A T 84 AuD HEMET LR o T KR 3-23

g

frig 3-1-4 T Au-D RAR LS 5 5 P BB (S kR
Rkppenk g F s BAF ST A 43 Hkanx

fooigd A FED N AD THEA FF LW R o
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Electric Charge/C

Electricity/C

Stability

-10

-15

0
-5 4
-10 4
-15 4
'20"-'|- r r+r» '+ 1 ¢ o1 ¢+ 1+t 1 v 1 °tvT
0 2000 4000 6000 8000 10000 12000
Time/Sec
B 3-22 @ it mip)E Au-D 1B HE T
Stability (illumination)
0
-5
202+———+—T7TV 7T T+ 7T T T+ T T 77
0 2000 4000 6000 8000 10000 12000

Time/Sec
Bl 3-23 kT i wipliE Au-D § RO
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3-7 k¥ F #i P %k »cF (Rasing Efficiency)

3-6-1 ERHF L scFend

AN
(‘v,\
Cr.')
Llw
DO
gl
N
B
(ﬂ}
é_.
&3
f"-\?l\-
o
N
EIS
Wa
L)
S
=1
—*
bl
3
=
(ﬂ

Flo dp e BLEEIL - F VR TG A2 - §F R
T B RHE A S (1,05 V~—1.5 V vs. SCE) o BBk ik B 28 3K Bl
HH 31l g ARy - HIEE R oW 2B A Bk AF
25 4~ 48~ 30 ~ 482 3D A 4B Rk (4] 3-24) 0 X A= B ETR 0 Bk
~ AR A ABL S EXE kT IEE 5 A4 o

PEREAF st e N 327 HY [ A BAERERFN BB
CUPIIT R DI 2 R TR o - B il

Rasing(%) = (—2) x100%  (3-2)

-l _ III <
lamp At 1500s, 1800s, 2100s ]amp

F Open the shutter '




3-6-2 #& = % (Rasing Efficiency/ %)

Bl 3-25 A K13 & 2 F e [-T Curve Bldp+e - B 3-26 # =

fof BT 1500 £~ 1800 45 % 2100 #3057 BRI F & B gk

G S SURURIES S FES T IE £ S L

W1 3-27-F1 3-32 5 & R F ek dandl 2 1 5

% 3-6-3 AT 392 KR o

Current/mA

-20

-30 -

-40

i-t curve Au on CFP light on/off

— 1.1V
— = .2V
—_— 1.3V
— -1.4V
—_— 1.5V

T T T T
0 500 1000 1500 2000 2500

Time/Sec

o RFE

B 3-25 =1.05 V~=1.5 V vs. SCE &% = »x %2 [-T Curve B

Current/mA

B 3-26 —1.05

-20 4

-25

T T T
1600 1800 2000 2200

Time/Sec

V~=1.5 V vs. SCE et = »z5 2. [-T Curve 4 FlH
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(A) i-t curve Au on CFP (B)

—_— 105V
20 20m (1) ) (3)
Light on 21
E 25 2.2 4
5
E 23+
(9]
3.0 Light off 4]
254
35 T T T T 26 Lo T T .
0 500 1000 1500 2000 2500 1500 1800 2100

Time/Sec

B 3-27 (A) -1.05 V vs. SCE#& = 2xF 2 [-T Curve BI(B)# ¥ H

Current/mA

(2. 545 — 1.994) o 21 o
) 2.545 ‘Sl
2 (2' i 2'026) x 100% = 21.28%

) 2.574 g

<2. 602 — 2.082) R W o

X = .
@) 2.082 0 0
(A) i-t curve Au on CFP (B)
0 500 1000Time/sec1500 2000 2500 1500 1800 2100

B 3-28 (A) 1.1 V vs. SCE# = »c& 2 I-T Curve B (B)# & #

# 3-9 -1.1 Vvs. SCE T ehq /i & % A »cF

First Second Third
Al (mA) 0.787 0.777 0.769
Rasing % 22 .46% 22.01% 21.80%
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(A) i-t curve Au on CFP (B)

4.5
—_— 12V
54
50

6
<
£ 5.5
=
f=
2
5 71
(6] 604

84 65

9 T T 70 T T

0 500 1000 1500 2000 2500 1500 1800 2100

Time/Sec

B 3-29 (A) -1.2 V vs. SCE#& = 2xZ 2 [-T Curve B (B)# ¥ F

# 3-10 =1.2 V vs. SCE T e jnsg it & 2 $& = 2

Current/mA

First Second Third
Al (mA) 1.559 1.553 1.561
Rasing % 23.25% 23.60% 24.08%
(A) i-t curve Au on CFP (B)

10 — 13V

T T T T T T T
0 500 1000 1500 2000 2500 1500 1800 2100

Time/Sec

B 3-30 (A) 1.3 V vs. SCE#& # 2z 2 [-T Curve B (B)# & @

% 3-11 =1.3 V vs. SCE T e3 J& %Tbiﬁ;}{tﬂ;}ij

First Second Third
Al (mA) 2.910 2910 2.840
Rasing % 21.04% 20.65% 20.03%
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Current/mA

20

22

(A) i-t curve Au on CFP (B)
1 —av
14
-15 4
16
A7 4
18
T T T T : ! T
0 500 1000 1500 2000 2500 1500 1800 2100
Time/Sec

B 3-31 (A) -1.4 V vs. SCE# = 2xF 2 [-T Curve BI(B) 4 Fl R

403-12=1.4 V vs, SCE T chfjns it £ 2 42 2 »ck

First Second Third
Al (mA) 3.710 3.560 3.380
Rasing % 20.53% 19.94% 19.20%
(A) i-t curve Au on CFP
op ] =15V 20 (B)
E 25 o 21 (/

T I T T 24 T T
500 1000 1500 2000 2500 1500 1800 2100

Time/Sec

B 3-32 (A) —1.5 V vs. SCE # = »z5 2 [-T Curve Bl (B)# & ®

% 3-13 —1.5 Vvs., SCE™ ehd im& it £ 2 322 s

First Second Third
Al (mA) 3.150 3310 3.370
Rasing % 13.40% 14.05% 14.36%
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3-6-3 # Ak g ingi € (Rasing % and AI/ mA)

»4 3 6 9 r‘rJ“'KA,\“‘L g )/é'?.f:—r Eﬁ:}’%:‘[ 7\’("_‘% y {v\%;jz,__ﬂ j’gg\;%\,

3-14 % 3-14¢ z 23 TEHEXBFRPTAFCREA-1))% &2 2%

% (Rasing %) ¥ MREF Gl - T T 25 - LR R4
PLAES  RAFE TR ET Mo SR S TR

T XA EFLZREBEDTERPEIEY 75 RELH - » A EX

Bk Au-D % B R it 7 24 R g o A 3-14 £ T T R

—_

T XS EF

oy

% BT E AR 1S S 4oiF] 3233 UR 3-33 7 115 3

FAF ot e (d Mt = F5h) e —1.06 V- -1.4 V vs. SCE

37 -1.5 Vm’ﬂ’éjfr_"f}i‘?,f.“ézzh BAp LAY 1, 4Vmﬂ_,/n=§zl[“ Bk
Mol tg TR R F] 1 Ve T BT Ak Bkt o AT

B RS E K T A L5 VR T LR i

=H

B4R b -15 VR T2 R A 2 ki R LA
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dge s o5 LA R

THEOH e @ R P AT o JRU 4ok Au-D T 4R

L EEERE R TH LR AR K

H

THARS N RARAE > H L RE i R

HERERM P A E AR g

B SRR R EE A SR EF gy 2P o
£ 03-14 2R ETERDAKFETRRE
\ -1.05V -1.1V 1.2V -1.3V 1.4V -1.5V
First 21.65% 22 46% 23.25% 21.04% 20.53% 13.40%
Al(mA) 0.551 0.787 1.559 2.910 3.710 3.150
Second 21.28% 22.01% 23.60% 20.65% 19.94% 14.05%
Al(mA) 0.548 0.777 1.553 2.910 3.560 3310
Third 24.98% 21.80% 24.08% 20.03% 19.20% 14.36%
Al(mA) 0.520 0.769 1.561 2.840 3.380 3370
2 - 4.0
—8— Rasing % [
24 —— Al - 35
- 3.0
22 :
- 25
R 20 A -
A <
=) Lo0 £
(2]} [ b
r 18 [ =
- 1.5
16 - f
- 1.0
14 9 L 05
12 : : ; : ; : : . : - 0.0
1.0 44 1.2 1.3 1.4 15

Potential/V vs. SCE

B 3-33 & % T enT ok A E AT R B T AN
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3-6-4 & * % < »cF (Maximum Rasing Efficiency)

B12-27 5 7@ LKA L PFOURTIER T Kps o Rk
a0 B DA AT RRsE AN 1.5;‘/,%’##%",% B H
power meter B & #7 * ki B L 140 mW/cem’ 3 Au-D T &% %
KA B Focpenfler @ IR E I ety o 4 3-3-5 7
—1.2 V vs. SCE 6N =7 F fadF cofdds = § * gl ¥ fpt 30
-LLIVEg#H AT B3 » 23-6-3~- RITAR L ETFLT =
A AH A HE AR E 1.4 Vg =7 > A7 =g
M x| AFERHY 1.2V~ 1.4 ViEs &R -

B 3-34~3-36 » &5 1.2V~ 1.3 V2 1.4 V=%
[-T Curve B » #3E@ ™ * 2 HH{R A»cFert 82 a8 @(4
3-10~3-12) ° %8 3-34~3-36 ¥ M ELZ |58 £ g 2 #r g nFl
PR H AT ED T 9400 0 AP R ok 0 21T 18%
S % o B 3-3T(A)™ - =1.2 V ks 4k 2 2% o1 [-T Curve Bl
—1.2 VE#sc sk 2 2eF en [-T Curve BlApfp » LB D Bit § i *
K2 g P PR T(FER)E R AR Emrgd 17 nd iR
A2 B =+ o Bl 3-3T(BRI A #1780 #52 1880 F)3x ~ &

AT - FRERE

=

B ART KRB BT ARAEE

Xl B A o PRV iEAREY REREERAMAGER TS B
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g - HRTIEFFES S a3 R OKREE T PERT

(8 7ot DS - 23 8> 2 PP LK

(A) i-t curve Au on CFP . (B)

— 1,2V without AM 1.5 filter and water filter

Current/mA
&

T T T T - T T T
0 500 1000 1500 2000 1500 1800 2100

Time/Sec

B 3-34 4% kiR HA s ¢ (A) ~1.2 V vs. SCE# %2

[-T Curve ¥l(B) 4 [ &

315 fFeloRBR R Y 12 VT SRR L EE Rk

First Second Third

Al (mA) 3.304 3.444 3.219

Rasing % 40.25% 42.50% 40.68%
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nt/mA

(A) i-t curve Au on CFP (B)
r) &
— -1.3V without AM 1.5 filter and water filter
8 E
-8
10
-8
12 4
10
14 4
-1
-16 T T T =12 T T
0 500 1000 1500 2000 1500 1800 2100
Time/Sec

B 3-35 47 Kt et (A) —1.3 V vs. SCE #& = »x 5 2

2 316 fprpkihaEE RE L3 VTSI i E 2 s

[-T Curve Bl (B)# & &

e

First Second Third

AT (mA)

4527 4317 4.269

Rasing %

38.04% 37.67% 38.18%
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(A) i-t curve Au on CFP

. (B)
-9
12 4
-12
<
E
=
16
E
]
[&]
15 |
20 4
—— -1.4V without AM 1.5 filter and water filter
24 T T T T -18 T T
0 500 1000 1500 2000 1500 1800 2100

Time/Sec

B 3-36 4% Kik4L A k¥ (A) 1.4V vs. SCE # = »ef 2

I=T Curve B (B)# &l &

2317 ok kRBE RS 1A VT ORI EL TR P

First

Second Third

AL (mA) 7.340

1.733 7.240

Rasing % 43.61%

43.74% 42.27%

Current/mA

(A) i-t curve Au on CFP

54
Iy
7
8
9
—— -1.2V with AM 1.5 filter and water filter
—— -1.2V without AM 1.5 filter and water filter
-10 T T T T
0 500 1000 1500 2000

Time/Sec

(B) i-t curve Auon CFP

Current/mA

T T T T
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