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ABSTRACT

In the present study, a modified Hummer’s method was employed to oxidize natural graphite to
graphite oxide. After ultrasonic exfoliation and post-treatment through hydrazine reduction, the
as-derived reduced graphene oxide possessed several desirable properties, including an ultra-large
surface area, electrical conductivity, optical transparency, and substantial electro-catalytic activity.
Although sodium nitrate is an effective oxidant in the traditional Hummer’s method, it was obsoleted
in the present study due to its ecofriendly synthesis route. The findings of the X-ray diffraction
analysis of the as-synthesized samples revealed that the distance between graphene layers was
enlarged due to intercalation. On the basis of atomic force microscopy results, the thickness of the
as-prepared multilayered graphene was estimated to be 20 layers of the graphitic plane with a sheet
resistance of 280.1 + 4.5 Q/J, a carrier concentration of 4.34 x 10Y, and an electric mobility of 9.5
cm?v st

The as-synthesized graphene was then dispersed in acidic water and coated on an ITO substrate

through electrophoretic deposition( EPD ), serving as a counter electrode for dye-sensitized solar cells.

The photovoltaic characterization indicated that under AM 1.5 G illumination, the cell prepared using
the EPD-graphene counter electrode showed insufficient regeneration activity, leading to a low energy
conversion efficiency of 0.380%, which was only 20% of the conversion efficiency of a standard
platinum film. When a thin layer of sputtered platinum was applied, the performance of the
Pt-decorated EPD-graphene counter electrode was substantially enhanced.

Key Words: graphene, modified Hummer’s method, electrophoretic deposition, dye-sensitized solar

cells, impedance analysis
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#} (two-dimensional nanostructured materials ) o - FRfiREilfz
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GRIGRA TR ER Y BB [14] 0
AN EL AR 5 P T v SR T 12 - LB A AR Y 4y > —
[38] ;7o BB ENH A B0 5300 Wm K™ > A ZRERE I
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SEIEBIRE AT 97%LL E - T HERFH e B SRAK - B HATEA0
kb R ECR NSRS - R R - HE
PESE Y N AL 5 HAME AT LLFEH2%E (doping )
BRI R > SR HAER M (EHERIMEERZ - 4
AIEEFVEIE BN - S0 T EEME  HREARDIA] - B
FEREELAE L] ~ A-BEARERSE [3-4,13] - R 2{EREIREL
BRORE I - RETA ST S B TT R R R PR
AR —HTE -
H Al A S0 0y 8 7 2 F 2R DURE - p i R A
(' mechanical exfoliation) - #NMiEA: 7% (epitaxial growth ) ~
SKAHFEE (chemical vapor deposition, CVD) FI{LE2E]H
72 (chemical reduction of exfoliated graphite oxide ) <% - 2006
fERuoff 5 A [341HEEH A W7 EMEI graphene like materials )
HEEREIRUE - Hiz Ll R gk (exfoliation) St
(graphite oxide ) - J&/ b BE g % B0 g )2 FE 1Y (B0 B0
LRI BB FUABURANT - A
BL Hummer 3£ [18]4F H,SO, ~ HNO; ~ HCIO, 258 & {1y
TERT » sCEALEBEAIERT » &KBEIE A
(intercalation) E{bFA22/E (graphite oxide, GO) - [f§7% »
IR A SEEIN T (BER) ERT » K EHE
fi ik Al p ] DL AR I (exfliation) » PR E AL 0%
(graphene oxide, GrO ) » FiLU#R% (hydrazine hydrate ) »
100°C » FZJfE 24 /NIF - FRECHRIE ~ KIES B - B RIRAE
i BHAESE{E A% (reduced graphene oxide, rGO ) - Hi
RIRyERRAE 1 AR [41] -

— M EABHYIERE ISR SRR S AR Z BRI R
FrEM A A EFIREA SO IR - BENL > it ERE
HIABEHESS » DIATEAE BN AR B RS e iR L - 4
lisgzbys e SaREE b B aE s e W S R =)
B - RS - BB A S AR - IRl PR
{EBIRZFHSE AN - RSB E SR =R (ERER V&
Bz -

(graphene oxide, GrO ) - it

Oxidation

Sonication

FExFE (electrophoretic deposition, EPD) » =—f&EE
FIFIBRG SRS FERT AR LA « SRR A
AR ERER | DB AR P A B T
EHMI— ZRESES | WA E M B E)
T FyEE Kk (electrophoresis) 5 (2) S P8R » Fulifs a1
JUfE (deposition) JifE RN b - W — @R &R - H
MR G - S - EPD BIEEHEAUFRE (electrolytic
deposition, ELD )#T{ll» iz A7 F/ ELD AU 52 T 2R+
KM EGHERE (nanostructured thin films) 5 <22 » EPD ZUf2
TEFI—E RISk » IR RS (nanostructured
thick films ) 5 tEAh > Bk (E H ey Bt T4 EIS IR 5 |
i1 e AR - {E SR A A S F e - 4 8 A S T )0 R
[32] -

BIKIIBAKREIREE T2 HER (DC)
(AC) HIfRAETER (pulse DC) =& - EURBMEH R
Ry idE [2] - DC-EPD Za47 - i B i ] e A 4+ [ 72
fBHE (B SeERY IRt ) ~ B M - A SRR 2
AR T - BRI 2 Sadh IR 2 T - BB A
TREBNAYERIZMREE - 7 B 4 R L - REANEDRE
VKU Ao Rsbe i iAE (cathodic deposition ) Eif5 ) fE
(anodic deposition ) Fife » b5 (AL o AT A 2R iR
WA R EEMREAL - BECRRE 544 - Rt
R TEREA EASER (B8 -
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RIS EE A (dye-sensitized solar cells, DSSC) &5t
1> $fEEfR (counter electrode ) ¥4 e EEHEBSARAVEETT -
PyHEEEAAE - DSSC WEMERIIAER — 1 (1) Ki2kH
TAREMROYEER M RSB T e B g - (2)
2 B MRS Y B -0 A SR -2 R S ( redox couple ) »
R MBI EAYEL (sensitizer) » SERL LAY
4= (regenerative ) - BBV BEMUNVEEF © (1) RIFHVE
ERME AR AR - (2) BREAMLEZEN: - DI E
BRI NS BB LR E - (3) BARERET

( mediator or redox couple ) & {b 2 X JE i T B

(over-potential )» #7142 J5 8 Tt 4a BERAVRE ST - I — 1%
PR DSSCOLE#E>20 mA-cm? VR RIETE: (4)
IR - DISETHH SRR S Y E (F R [27, 30] -

HATEE (£ DSSC HEatiss 2y ME 1 S if
HEEHHRE (platinized conducting glass) - K& [ &2 EM
WEREET (17/15) B - §7RE TN LE 22745 (vacuum
deposition) %5+ [30] - BN O &2 EMAEEE - A
ARAE - LR DSSC $ &Y 575 » bR T i i =
e aEME [11] AHERASEHIARESHE
TKIUE [23]202 LS SHEE( HoPtCle AR 2% [28]
% DI ESE 227888 - SEREiRM B5E A2 [36]
BeFR[21] ~ JEMER [20] ~ FORERE [29] ~ A [9, 17, 40]
L — AR RS EIMAERE T Y ESA R — - hER0E
DABE KU EE B AR B SCam S08E 3R - IR T

Sima % A [33]fH HE(LEALAR-A £ (graphite
plate) ([5f5) Bl (F2f) - £ 98%*fifi%+ DC 10V &
i 3 735 JEECEE (swollen) A28 - 48808 ~ /K26 » H
2L modified Hummer j£&7% rGO (43HA4dizk ) - DL FTO
FeFEMR (NP1 ) - EPD 28 : DC 3V » JJ(fHFR 60 7 -
SEHUEMLLL Ar FABIREZ - 200°C BREE 5 SriE - ASULH
HAREMN - EIEGMERZE53H7 (Linear voltammetry ) » 3ifi B
{H4E e B R ARELE - SERETT ¢ SERER R LR MR AR (R
M0 S ER - (R EKOBIGEEMTAEL /I3 B8R
BENIAYEFE (cathodic shift of reducing potential for 17/15 ) »
1M HA B2 R ER R SO PR - # a0 - S8 AHE
FMEALEME < Jeon ZE A [7]2A modified Hummer JA48 (L2
JF & R rGO 1% 73 Bl ZE BE/K o B F 0.25% B MR -
BET% > IIAEESE [Mg (NO3) »6H,0] ~ 2B ~ 11 2% %

R FENERES L/NEE - TP EPD $ERFR - RN EESATY
H B2 IR RS T B R0 b - (E AL EE
BIH (FTO) HRl2mBi A e (SUS 304) Ry -
WIRREEREE 0.5 A7) - Bk DC 10V #7481 10 7 - [
B A SEIHIFTO BRRES A E R 200~600°C > 1 774 » /% E
RN o _EHR S I  ABORES B Y 8RR - ETT R
TREEHARASEE 5.69% (AM 1.5) i85 EPD 12 HYFEAF.L)
JRECRER IR » HRIBERARME (/NL 0.1% ) 5 BApE HR ik
= RIS - ZIHZEER S SMEELL EPD AL
BOEME - BESORMRE (SWNT) BLUE A S M-SWNT
composite 5 =fE A [F]4H &S RERVERA Y FTO FEAR(E Ky
DSSC #f&Efix » o e Z 28 [22] - SRER
EPD- S ff ¥ B AT #I{ERY DSSC JTif > BEA Sk
AR (5.87%, AM 1.5) « BFTER Falt B RRAY 2t A
{£ » EPD-f SV EBALERE HLo i s A Y FH Hi e (K -
ER BRI TEE R AT ¢ EPD- A SIGHE = A Ay BT
fHFZ[H T (charge transfer resistance, Ry ) > SFRHEHFHRLF
(YR fi b B = AR 28 JFU R - AR A (FF)
B SR EHASEREE T

G DL B IAT BSORREI R - B N T AT DKL
TERE B S MO REEREAPRH IT AT 3R il - DL DK
DB A EIGE Ry DSSC JTFHyH B RAE 1 BAS v 1T « AU
PR AR B K B 2 RO P ey B R AR A R BT
Fith 2 28 - DURHH R RIE 28 R TR S &=k
DA R E AR 2% -

=~ BRITE

KT BRI EEMED ARG SR ~ BRI
A SIHHER - JEURGEME - a2 E
DSSC JLHH-F DTS - fljilianik :
(—) ARIFREK

AR ERRREAEROES BT RoabasE
Sl [24] BRI ECE Y graphite-core/GrO-shell 454
FERE S (Hummers method ) BUA2 7 i » ST T ETHEA
fb = BA20 seR 28284 (natural graphite ) JyJ50kE - H#E{TTH
A1k - 5 10 s EhREEST (potassium persulfate, K,S,0g) £
10 s H A E &k (phosphorus pentoxide, P,Os) i A 30 ZFf
80°C B R AR - BINGEERET - 47 6 /IR - FHH
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R Harek c FEE - gk - ERIIROSREERE RIEKGEH BRI

INRANEOR - DIZABKMRE ~ @I KoKoE - SRR (E -
HEEP MR IE  BEE R R E N FORIRE TR - 1557
AfbaEH) (pre-oxidized graphite) - #:3 Diti R ARG E0E
( modified Hummers method ) &% & {44 85 ( graphite oxide ) »
BRI FIEI0AE - RRATRA LB Z i 15 DIkl
FtHEES (sodium nitrate, NaNOz) Ry& (b7l - B E LT
. (NO, NO,) Hilf&4 iyt T LARSFRAVRIRE [6] - 20 57H
FALABEMIA 460 ZFf 0°C RIGELAR T - 1 60 w2 i=dh
fiz 4 ( Potassium manganite, KMnO, ) €218 Al
IR E VA e 20°C » SERR A 920ml Z&EK - B
yafHRE (35°C) Ri/INEF - SERARIIAKE 0°C JK/KEL 50 2
THEZUK (30%)  FERRARIEE s @ - BRAR AT T4
HEIRAEIR B P BRATRE BRI Y BT 1550k
@ GrO ALK - BN ERFAE  #EREG 1 271 0.5% wt.%
GroO 7kl 24 =27} Dl-water » DIHEZ HES 15 7048 - 15
FH ARy EET (yellow-brown) K& LA SN (graphene
oxide, GrO) &7/ » 4H %y 0.29/L -
(Z) BAIEASFHER

AT 2 ER BRI R £ 4R 40 2 P - LUER &
EHHH(ITO, 10 QI R HEAH BB - S FERERE I 5 2 x 2 cm?
HHER - R LlESER AR S ®EE (Gro) MIFR
Y RS ERE - R ERS 2 REIEELEE 0.5 239y - (EH B
IRBLIERS » eI (R B R L REI ] - RE U 58 AR i
SR I=NN AT ER I

REGULATED ;

3
DC POWER SUPPLY E
Mosei 3010 . Bt
ots
o l ° °

;T-r 0o

1. TCO substrate

2. Pt plate (2cm x 2cm)
3. Pt wire

4. spacer

5. DC power supply

~vours.

/

T

B 2. AT ZEREIRIR RS

(Z) PR BB TR DT
KIFFEEE BRI BN - BfE TAFEM - BULA
(sensitizer) HY;H ~ BEAFHE S 40 RBCELTA4HEE OIS
MR - IR B R a BiSE <~ B A BC 7 BUP BR5E e [26] -
LA {EHY Degussa P25 TiO, F#UgRHRIK - B H 4 A 5¢ TiO,
£1 0.25 /A 5¢rY polyethylene glycol (MW 20,000 Da) > £l
A 20 ZFFHIEEET/KEL 0.2 ZFFHY 2,4-pentanedione - %%
JILA 2~3 Jfry Triton X-100 » FEI30FEE 30 34 2L E > JERIGH
ARHISEREIR > DUE BIRE (pipette) T AL > [ 0.5 cm x 0.5
cm Y FTO HEEHFEAAM (5 Q/0. » FfE e ) - ez it
ZREARFfE]EAE 1200 rpm/10 s » SERIR B IHENRE 70%6Y
FZRRRE T B ARI2EZ > AR R AR 2 2K - HUHH AT e RE R
PEEIBZE AHREE (450°C/30min.) - A& 0.20mM 2
N719 Zutt (EEAE(EER) AKOFIRT 8 /INEF » HUH DLZ&EE
KM% - BERVTRIRENEEZE A © EEE 4R lithium
iodide (0.34 M, Katayama Chemicals) , iodine (0.01 M,
Showa) - L propylene carbonate ( CH3;C,H3;0,CO ) EiAF »
() AsfEtheiEE
BREIASRIEEILL FE-SEM J3AT8iinssitE  (JEOL

JSM-7401F ); 517 BE{#%( atomic force micrscopr, AFM )
FR LI BAKE RS T - HLEs Veeco CP-II » |
FRAERALRTFREt (SigN, cantilevers) FEfif - R AIECRH
(tapping mode) 53t - Raman REZE G MhAT &AL (3D
Nanometer Scale Raman PL Micro-spectrometer,
Instruments ) ; DL FgEal (ESCA) 7M1 ERE
(ULVAC-PHI 5000) > Al (Ka, 1486.6 €V ) £y X-ray &HfJf »
EAEWRIE 3KV > T 24.9W « HifRIEEE DL UV-VIS SEaEEE
53#fr (Shimadzu UV-1800) - IR SLEYEE T - RIFREEIHAR
(resistivity, p), % (mobility, p) DUKE T (carrier

concentration, N) DL JEE G &0 M (the Hall-effect

Tokyo

measurement system, ECOPIA HMS-2000 in Van der Pauw

four-point probe configuration. ) -

I

=~ GEREERY

AWFEE R G S - ERImPHAE 3 Frr - 4
SRFEMREEHRER IR SRS EEELEE TR
HE(LaEE (Gro) Rl B e RVEHEIVI - wkE 3
(b) B E =& v A B CAE R B A (b n 2
(GrO) » kR &t - HE— P ViR B R - (H5 7

|
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SEASHIBHEGHITIZL « 0 3 (C) » BFLEITRTaRATH BT BRI DR SIS T HESUSE RS TR
S (8] - WATHEBGHSHEERET | FEEINE AR - G0 BUUBHESRITATN GO BB SETH
SR » JMBUSIE (apparent thickness) 51456 nm > B @GRATERR » A5ANIE 4 FTT -

PRGN HE TR [ B (B H 200 SR 3R 1 S B SRS AI 1] LUE RN 2B AE 20 = 24 5 AT 3R —(
M > EPD SRS HIRE Ry B GrO HEREFTTS - EIREHTAER (002) FifElE - SRIAIEG 2GSRI R &

HYZERIHESI 53524 > b Bragg J7REaAtEL - (BB
B335 A« EULTRK (Gr0) KL - BBV 2 40k
RS [FACHTER (002) FfioN2: » FREREIIA
B 884K ARG » (5 20=10° fEAR(LTR
FRS 0 - SOBRSBITREER 1GO Bl » RIS
BTG BN (365 A) > LA REE ORI
[19]

BT HE— SRR LEBIFU AR £ A BB
R > BT EREE E AFM [T 2 H75
REEAVEER - 400 5 P - SEETIAETR - RAGRBAER
G 17um » AT T4 (LETK B SRR Y
ST HPARER 13.7820m - DUHAG BIBE S
Bl 3. A RGBS SEM 0.48nm - SERVBAIFA s L5 (555 » 405 20 FBLL 9%

(a) RAGE : (b) &GRS (Gro); (o) BES(LG  EH2NF &M% (graphene platelets) o BURACATAGFEE
BYE (rGO); (d) BokTTAEE BIRAE S E B (kR - 72 10 JERYE L 20 - FREUCER B HIEERARATReR -
5V, 60s) SRt TR O RIS TR ATERIF T3
GEREIRIES © TAIPTRFRAE SR - GrO BB & R PR LAY
rGO Hpfatinn - 3 Raman Szl (fEAYETR 488nm &4

" SR ) SEEAIE 6 TR - ErhU AL 1350 om T
7% 3D ‘245 T REREAYEEELEE AT (defect and disorder )
0.5 4

WMM - DAL 2 (L5 B PP » 2 RS ANG » 4R bt
' ™ SEIERZR » 1GO bHE AR B i B D - WAL,

o
~ o ©
P B |

[N
1

S Gro

Intensity (x 10° counts s7)

-
w
1

—-
o
1

3]
1

Graphite |1 ot

Lt Sample 11 Vertical dislance (nm)
W W

A GrO 13782

[

o

A B e R B ma B o, ‘
10 15 20 25 30 35 40 45 :jNWGF;w

nm 2 4 6 8 10 12 pm

B 4. SRARIHEMLAY XRD G
5 &{bm@fE (Gro) Ry AFM BEfNESIEE
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R Harek c FEE - gk - ERIIROSREERE RIEKGEH BRI

1580 cm AT {7 2D B4R - =L rGO (9 G-band
i (B 7 AT A G LA S I G B R & A —ELL
{517y D-band = I fE fir s 2700 cm fit 47 ({2210 S e Al 22
H. basal “PEJTRIAVARENE [15, 25] - AWFERTEpEY Gro
B rGO 45111 2D IE(H BRI KRG 2 - BUREGS AR
HEB AN SR RS -

3.0
25
2.0
I‘\15_
0 GO
0 104
&
C
2 T T T T
@]
O
= 124
S
=
» 1.1
c Gro
(]
=
E T T T T T
1.8
G
1.6 4
1.4 -
il D
124 f\ Graphite

" {500 2000 2500 3000 3500
Raman shift(cm™)
B 6. SEARSFEERLEY Raman St

R 5

Lo

7. GEFERN TEM EIES : (a) RAGE 5 A6
&2 Gro (b) B rGO, (c)-

_bift Raman S TAVEEIR - HEsm N SRR SIEAR 2
A SRR R AR M - AT DA 2R AU ER (TEM)
IrATER R PR E - [8 7 BUR © GrO B rGO iy TEM
R EREERY  THESLREG R P2 TR
[REHBR RS R EGE T 2 eaRIF IR -
& @ R PR EE - RIS T SRR R - ISR
) TEM ST BT 2% SORRPr 3 =& 07T [5, 16] - Ihsh
7 JREEEARWIZE AT & Y SRR RO TE A HARE
RIRE » HRSFERSFAESTH7E 500nm x 500nm YRR - &
ETREEKITHEIE -

AEGEA RIFVEEN - R T HETERRER
15000 cm? V'is™ » @A ORI ¢ AR 4T 10° Qem
ELSREEAE - Ky H At EBRH AR S NOTRTIE o BfE A0S BARISR
T aE GRS - [ 2D IR} - RS a R ERE
5 Wi AEREEEE M - Ruoff %2 A [116H78 LB KIIT
f&/% (Electrophoretic Deposition, EPD ) Bl & LGB

(graphene oxide, GrO) §Efi » 455REDR  EPD SRR
E7EE (overlapped ) Bl ( stacked ) FNHIR# ( platelets ) o
ItE51 EPD-GrO SHIfHE BAHREAY &4 & (B S
B DUSHRETIEET B GrO JHRE - EEAy &S BHENZK
H 78 kAR B o 38 28 - o0 1R R | Ik IR 5 4 2 R I

( Simultaneous Anodic Reduction ) > {# GrO FHE KBHEEE
HIR S & A E AR » Skl (LR LER S S A ) -
3§ GroO BT EMEE - BRI TIRIE T B AR FEHRAE
£ Kolbe reaction - F T #E—5 gt EPD o st ff AT E
{EERERE > TP ELi s FAH [F) R R A B Vo SR kA R B
QOB A A SIFERR R TRE T L2 W 8 Fis -
{LER g 4E RERR 7 2 B B R 71 AV 7E F o i 23 BUE (R
o DR SR Cls BRI = » MifERE Iy 2B N
IRATSEARRE DL XPSPeak 4.1 8BS i1 LL 471 deconvolution ) »
FHEALLSTRL 4 S ERSRIE - 7Y 284.5 eV, 286.4eV, 287.9 eV
LAKe 289.0 eV > 3 HIR AL IFEH#ESRE (non-oxygenated
ring CORJBRERH 5~ C-O FRFHATHR 5+~ HEL( carbonyl, C=0)
Bk B ER AL (carboxylate, O-C=0) HyBJ5 T~ [35] - AI5T
RTINS » 3530 OB AR AR A PTG 0 28 M i 2 BB 1
TERTAERCEERSRAIEEE By 52.38% © 2 2 KU S b
Fi 2 B R S - A iR ERSRAYEL 3 fy 66.51% o b ftsh 5
io B DUV R A BRI A S 2 A Ry D BRVHAESR
JEF o IEASIRER Ruoff & AFTiS&ESRAHTT -
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2

Peak Position (eV) FWIM Area

5000 4 1 2845 1.62 6314

— 2 286.3 172 3882
0

@ 4000 3 287.8 216 1521
c 4 289.0 132 335
=]

o

(&)

=

> 3000

=

7]

c

[)

=

£

2000

1000

T
290 285 280

Binding energy (eV)

(b)

Peak Position (eV) FWITM Area
8000
| 284.5 1.50 12924
i 2 286.5 1.35 4579
-
2 60004 3 2877 1.87 1521
g 4 2889 1.30 407
o
(&)
-~
., 4000 -
=
(2]
c
)
C 2000

T T T T T T - T T
290 285 280

Binding energy (eV)

B 8. REMKFETFLRER : () RABREGSHE
(b) B RNE AR

Ry T WA [E Bk S B B M 28 » FrMEL L
X e LS N RN S | FN S O R 7 - Kl wb i
Hya S ER R S ACE R (LB R R ((EH rGO &%
) A LAVURERR SIS %R A #E0H (sheet resistance ) »
GEFRAIFR 1 PR - GRS R iR F R R Bl R (R ]
FILAS EER B MR - DL UV-vis Jeatb ot it
TLAYYEERZEER (optical transmittance ) > HY 400~800nm 7
EEHYSE M - S SR [EI SRR R » Bk R F SRR s, »
PSR 89 i R SR S 15 9 4H B -
EEREERE 10V » JURRIFE] 60 POIF - FT{SEE KU A S
SR B iR RN R Ay 280.1 £ 4.5 QI » SEEDE
ELTEIETTAE 28.3% o DUE B S IS Ak TR f 4.34 x
10" em™® ; R By 569.5 cm?Vis o LB {EHE AT SCBRED
# [37]-

WA THE B A Y —4H EPD #2/F2:4 (10V, 60s) -
E R el (EPD-rGO) » BUELBURIGEM T - #E

TTYERME - M EURARATSE O S B B (FREER
15mA, JESEIFR 90s) L o JeUHIEETR » DL EPD-rGO
BEMRATEIERY DSSC TR EAR - N2 F LSRR
HI7EZ% [40] - 17> EPD-rGO KiH - Mg/ D& H& (HRFER
15mA, IR 30s) » BIZH R GREAFTEUE < YR
GEOLANNE 9 BiFk 2 AU o (EATEBERISEIR (AMLSG, 7%
BERHE ), TAFEBMELL FTO HEBIFEEM - fEidkii A
{b#k (Degussa P25) #ER T ZF @R » =g - FEER
4.2+0.3um ; HUEZLER N719 (5B EALER ) » EREH
ML RSB BE [26] 0 HEMASRRAS RE 2 Migmi
2R ATk RS EcH TIFEMmEE » SlgSfEE
FHRCREIFR B - [FIFRFER FI 2 sE#L (A polypropylene
carbonate - 5 L ( Acetonitrile ) JZ LT AEYE B AR -
AT EE AR R B R -

* 1. FEEXRESBH O STUREEENNPE

VU, s

EEE, V
10 30 60
5 584.6 + 6.2 478.1+1.2 436.7+2.3
7 487.0+5.1 4242 +3.3 349.4+58
10 366.2+4.5 2940+ 3.6 280.1+45
B - Q0
40
35
g 3.0
<
E 25+
2
‘2 20
L
o
2 154
(5}
=
3 1.0+
0.5
0.0 T T T S e T
00 01 02 03 04 05 06 07 08
Voltage (V)

9. KiGEMBREN (I-V i)

R 2. FRAEKRFSBH AE RSB E

ID  Electrode/ITO  Voc, V

Jsc, MAlcm?  FF M, %

a EPD-rGO 0.67 1.58 0.180 0.380
b Pt 0.75 3.55 0.623  1.668
c Pt/EPD-rGO 0.74 2.37 0.410 0573
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FH =1 AR E S E AT EER DSSC &t SR
(J-VO & s S HHE TR b A RAFHERTTHRE -
R R RS IRREBRAG - BEE s I SR A
MRl - EEPRTRANEEE (Prx) @ CEREEAH
BN -t eR - BURILTAR R BAFHY T ARESAERE
FIEFEA T2 0.623 SEEEHACR = F K m - AHET S
18 DABE VK Ao 2B M R U R B A A A S B AR @ > HORRFF M
(3-V) dhéx E ISR S s I REREH#EES - BUroTlf:
BAMRKRINEIEST [12] - 4154 EPD-GrO J#sE R sk
—SHEY H < RIATBIBACE N PP TR Y BAEL - & 9
i€ ¢ BURH & 2R SnyE R LR - (EEEAY R
BUETRNFHARHETT - BRI S A 2mEA BRI 1
AERTHHAER » VRS HIGEATA LSRR AHR - ATRE

B HRALI SRR -
PR R P B A A UK P A B L 2R M 2RAM

o E = HEA [F ¥ R AR P L A5y DSSC Jeff - TR LERRE DT
43471 ( CH Instriment, CHI 608B > [F52 )7 #88) +10mV at Voc
% 107 ~ 6.4 x 10* Hz )» HUS S LL ZView® #E{TH4UE
43 #r (equivalent circuit analysis ) o 5-FI] 88 (b2 [H i 5%

(electrochemical impedance spectroscopy ) #1f&E] 10 fiiow » &
RYERREIIATEE R - FIRER 3 o BRI ORI BB (LA
Pl & = EEEI RFRR SR hE 10 AR EEE )
K P s 3t BB MR B T (F BE AR Ay BE (o7 (AR FH 70 (charge transfer
resistance ) BilZE iR S EEFH T (mass transfer resistance ) ;
HEERNTSER 3 OVERIESR - Hb R KB
FAELSMNETERBEHTARAT 5 Ry B Ry 73 IR B Bl T B A
HYEEREE (BEFH) 5 Rp RIBLRAHEE T2 T8 (drift) B
BB ESEARE [39] - B 10 B0 S HEmEA 5 N
BBALERRHST - kAR B RREIRH U AR AT - &
RERRE AR O BAGHUE - WY Sy B (T [ TR 2 6 5 2
% AR EEIHEE Dy W E A IR - SRR
Higm b =EEMA TIFEMRHERE - Ry BEEZ 8T
BoTEERAIREA BRIt 2 BTV E L+ BUR
EEMUASHE P o R 2

g ~ &cm
AWM EEREFA SR ARG > /HT RS RAE
B(SehEY) ) BRI Z1T graphite-core/GrO-shell 454 -
1EMSEE (Hummers method ) BUF2 > R » 2eifefTTESAL

37-5'_ CPE1 CcPE2

T — ———
0 12.5 25 150 37.5 62.5

Z"(Q2 -cm?)

B 10. =REF RIS EBBIF DSSC LB LEHbiG

* 3. FEHEBREN DSSC LA-E(LEHT T

Electrode R (Q-cm® Ry (Qcm?) Rp(Q-cm?) Ry(Q-cm?)
a 6.94 7.38 10.6 40.8
b 3.09 1.26 4.39 18.68
c 459 3.95 6.18 30.1

WL W] 3 00 o I I » (RS BAR 5 Ry Zr = BERAR - Pk
HEEAEETE - SEE S HEE 20 B L A #E
HE M B ROGEBREE - DU R KER
DUEDRER VKR AT B S BB R BT i SR R A - 28
TRERL TR > EURUERVKIURTA SRR EIN - % S0 SR 0
TH R IS A E AR B R R ERASE - I — L SRR R
AEMELIENE > LA R A ORIt B - DUREAERSE
FOEINGES > DU DSSC TR 2 e 0 & Hkik Ay
20% - QIRFTARIER RS —EE 0 5 > 1 DUKE RS
EERRAIENE - b — P G BB LR P U AT AS AR -
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