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1 2 SRAKE L & HE TR A ZnO gk i iR, SR AL A UTRIETE ZnO 442K v i iR 2R T R AL TR ZnO
GURARLANER, H14 T ZnO UK P 19K RLITHER 5 A G5 AT, ol 5 4 25 Bl v B R B R BTt o B 7E T 4K
SATIALHE 7 30 AR IR 2% ZnO AN it MR RE IR 2 A o SR X ST ERATH . IB S T B AR B T
XS RS ZnO 15 I AH 2 R AN T SR AT 3R AE, SR R BH G A ADL a8 A A R U T vl J-V Ol L R
HHZE, JE B A SABAGTRE AT 7 s NS A R . B TCEE R AR AR TE IR R A R b B, K TS ZnO
YK AR B4 # 24 h 19 0.15 mol/L Z/K Z R e IR e v 5 h, FrfS ot i tERe d i, HLJR B r % FE
FFB LR . 37 T R AL R 4 5] 11.26 mA/en?, 0.67 V, 0.60 Fil 4.51%.
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Preparation of Flexible Dye-sensitized Solar Cells Based on
Hierarchical Structure ZnO Nanosheets
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Abstract: ZnO nanosheets/nanoparticles/microspheres composite photoanodes were synthesized in two steps. ZnO
nanosheets photoanodes on Ti foil substrates were first prepared with hydrothermal synthesis method, on which ZnO
nanoparticles and microspheres were deposited by using chemical bath deposition method. The corresponding
photoanodes were assembled into flexible dye-sensitized solar cells (FDSSCs). Effect of Ti foil substrates pretreatment
methods and chemical bath deposition process on the properties of ZnO thin films and devices were mainly studied.
Phase composition and morphology of Ti foil substrates and ZnO films were characterized with XRD, SEM and TEM.
J-V curves of the FDSSCs were tested by solar simulator and Keithley 2400. Electrochemical impedance spectroscopy
(EIS) was adso carried out to analyze the internal electronic transmission. The results show that when the Ti foil sub-

strates were treated by using acid polishing, and the ZnO nanosheets were modified for 5 h by immersing in
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0.15 mol/L methanol solution of zinc acetate after preheat treatment for 24 h, the FDSSCs displayed optimum per-

formance. Its short circuit current density, open circuit voltage, fill factor and photoel ectric conversion efficiency were

11.26 mA/crm?, 0.67 V, 0.60 and 4.51%, respectively.

K ey wor ds: flexible dye-sensitized solar cells; ZnO nanosheets; composite structure ZnO photoanode; performance

1991 4F, Grétzel Z 492K i TiO, Y SR LA
FET S AL A P Gkl B FH - SRk S B g F It
(Dye Sensitized Solar Cells, DSSCs)"', #5737 JtH
#4300 % (Photoel ectric Conversion Efficiency, PCE)™
N 7.1%[F) DSSCs, MILTFFJE T % DSSCs [ 7t #4
. DSSCs [ il #& T2 a1 . sRAE R AN 1 AR
E S R B A R A B L BT ALK B R Lt 2
—. BT, ET RIS E P (Fluorine-Doped Tin
Oxide, FTO) '3 Hi 3 ¥ ff] DSSCs & C. &1k 3|
14.7%2, (NI FTO S 5 . Tk F A
RS SRS T LA DSSCs 8 H o 1 2 T 3%
P 25 G 1) S MR Rk Ak K BH HL ik (Flexible Dye Sen-
sitized Solar Cells, FDSSCs) i T-E & . Al#H174%
WBHIE A AR, TS T S AS 2 B A0 AR 1
X E|KVE. £ FDSSCs H M PHM ZZ O k2 —,
TiO, A& i H I A BHAR AL RE, {2 TiO M KR A%
B, TR EFE, TiOy M H &R & . Zno A
N5 TiO, A M2 %6 B, M H i
B BT AR BRI, XS
ZnO F B AR TiO, k2 —134,

FDSSCs 13 HLFE K 250 v =35 A LR
Y SRR ER. SEERH TS
JEMBIAIE G, JURHE NG, BRSOk
o, —E EmMEHE KT A 5 R B, &8
55 i L B0 &) I B, 2 5314 R & FDSSCs
IR E TERRAR . (H4& 8RR v Ayl i e, P fs il
[ R RG 25 PR 0, IR LA . H BN, 2,
TiO, % FDSSCs (3% k%] 8.6%'Y, 1M zZnO &
FDSSCs i) % i 2% AL A 5.41% ) K % FDSSCs
Kk, $EmBCRE YIRS . AL G FE AR I
() 235 K] 2 B i AR ) B 2T B 6T ZnO 2 FDSSCs,
Y HTROE B 2 G IESR - ZnO 44K #5 (Nano-
rods, NRs)&E & i, XN B —4E NRs B Zkfk
L RE I, PR A A R A B 2 T AR 1
Gk B 1y k18 1410 ST 4 B LA ZnO NRs
5 AR Y FDSSCs [ PCE /N T 4%. K H
VB R RGP e 454 . T BT 2RI —4E ZnO
g2k Fr (Nanosheets, NSs), HF NSs P AN L,
fEAS B LR AR, [FIRE NSs 2 [AIA7ETULAL,
BRIT R )&, 54, NSs 3 H T ALK H

L TAL MR AL T B2 R, BTN FTO &
F 3 38 4 ZnO N Ss 't BH AR 78 5 (1) 1t 380% B = 1A
7] 6.06%!°% . 1] 3 T 4 J& %L ik /1) ZnO NSs % FDSSCs
(R IEEL /L, 2010 4F, Ho 2581 valis 7 5 T4k 98
ff) ZnO NSs & FDSSCs, PA7S7K AR E: Fl IR 2 KK
R, K F7K /G B & G BE ), &t
Bk B A 5T R 1 DR B AT P FE AR 3RS T 5.41%f1)
JEHLEAL %, 2017 4F, Cao 2@ g KA i T 27
BROE bk & B ZnO NSs I, AR R HL I ) ' FE
HRLH N 2.97%.

P SCER T, DLEEE SR =4 ZnO NSs
A G IEAE 6 B AR R B /b, AR SR E SR
KA LR & B TERTE/ ZnO NSs, A5 Rk
SEVRUTRR T VEAE 4 ZnO NSs TR 40K ki (Nan-
oparticles, NPs)flIfiiEk(Microspheres, MSs), MIMiTE
% ZnO NSs/INPs/M Ss & & 5t G BHAR R, %5 & 45
¥ EAHEE ZnO NSs HI45 1, AR T 1115
[ BT ZnO NPs & &, M r) bR AR
T ZnO MSs IR &, Hhn 1 OLBU, mithobrEs
AR ILF] 4.51%.

1 SLIGAE

11 KRR

NIKEWMIREE. KRS JRE . K LEE
FH R SR R 25 R A i, T 25 B A A 2R
AIRAT . N719 ekl (G Aot T IR
AH]) B SN0, T HHIE, JrHtHH 14~15 Q (FTO,
IR G WA ).
12 LIz

(1) %k 78 T4k 21

KRBT N 25 emX 7.5 em K5, I ¢6.5 um
FNg13 um PIRP AT B, SR 54T B i R T A COF
FETK. RAEBMIKLEE-SEER. EREN
ERSER I WA 7 sALHE, L — R, H—
BRI K (Ho0,) A B o B4l > A 1 4K 7 -
W HF D HNOs : HO (AL 1: 4 B)RJIE
BV, KR E BN VR R R B TS S R AR
SR 2B TR T . BRI I AU K A B Ak
AT B O K B RN B AT X4 7K (30Wt%)
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LT, NP A 90°C 4bFE 25 min, [N 45 R
Ja R B K e, SR K A AR TR B e, M
BEIR BN 500°C, FHEESE 2 8°C/min, FRIRET A
30 min.

(2) ZnO NSs JiE [y il %

ZnO NSs R FHK A BE# % o KIE BE
K9 Zn(NO3)»6H,0 FlJRZ /KB, Hrh Zn* K
W 0.20 mol/L, JREFEAMIKFEELL 1: 5.4 120 mL
A KRN 150 mL i R O N S8 T, AR S R Ak 9 T
RN A KW, ¥ RPN, R
BN 90°C, MBI TE N 7 he B 45 B K S Y
A 2B FKse, BT, SRR ERCT S
Ws, BBeiRE N 350°C, f#IR 30 min, JHIE®EE
#& 8°C/min.

(3) ZnO NSS/INPS/M Ss & & & 4 s FH A 1) ] %

¥ ZnO NSs KT T B4 Zn* K E A
0.15 mol/L /K Z e W BV WK e b, 25 3 91
T 60°CHEFEH BL o S B2 PR R, R H A
T, SRIGTE S dpdr i Bee, MBei B 350°C, T
HRE R 8°C/min, IR 30 min.

(4) #J# PLXT K

W EUEA R S VA 5 v I 34 50 b ¥R 7 375 U T
FTO SHiM I, JiE 50°C 4 T4 i E 15 min.
SRIGAE Dy dp b Bbe, 78 400°C A 30 min, 73
F Pt T HLAR

(5) ZnO FDSSCs () #H %

# ZnO YR T 0.5 mmol/L N719 Juk} (7%
FUNAREN 101 BT ), ST
Btk 2 h, SR 5 G RHAR 5 % H b 2H R T s it
FIT P V02 FELA B ) 1 11 BRLUC 4 R VR BB AT PR
AT, BRI AN 0.6 mol/L 1-77 FE-3-F Lk
Ml 5 . 0.06 mol/L Lil. 0.03 mol/L I,. 0.5 mol/L 4-
AT FE kg DL K 0.1 mol/L 5B BRI 1Y) 2 J v W
1.3 MEEEMIRFRIE

K] S-4800 #1749 4 HL 4% (Scanning Elec-
tron Microscope, SEM) M %2 ¢ BH #)2 B 2 55 ;>R A
1200EX 7Y 3% 5 i+ % fl B¢ (Transmission  Electron
Microscope, TEM )l i AH 35 A1 =1 70 9 dl A& 15
K H D8 Advance B! X £ fiT 41X (X-ray diffracto-
meter, XRD)#EATYIAH 4 #T; 1 H 94023A YK [H
BHUEIR, Keithley 2400 B4R, WA HL L J-V
ik, KPFHOEIE Sy AML.5 (100 mW/em?), Ht T AR
0.16 cm?, %A B4k 2% T 15 (Zahner, Zennium) il &
HLAL 22 BB (B1S), TR N 10°~107" Hz,
MEHIRIE N 5 mV, B2, Wik ~N-0.60V.

2 HER5VE

2.1 SRSETIRIES I ZnO NSs SRR FIEE
A RERY R
Tl bl 5 B 96 1 B R RV AFL. AL
BAETZ. BAJFEARBERIEREK—)Z Tioy
JEE, HERTHAR L6, X PR R TR A AR T %ok
FH AR HH R B 2 2RO, AT A B B R .
DR, 75 1) 4% ' BH AR B 75 o6 RSB R AT TAL R, fndT
PE IR VeSS, DL 25 40 8 2 T i S8 Ak W 5 i i 12,
AT AT BER SE R R P R 2T AR B, —
PR TR AL EE, 5 — PN R Il I XU K A 3
B L4 T RACERAR S . BRI AL B 5 K 06 AR
FEIAE KA JEER G XRD B M A AT LA
A, AR AR TE AN A B S K 9 3 S AHI
Ti, Fr3ATSTIE S JICPDS bR R F 44-1249 K
A5 HIST R BRI KA G TERR A Ti 1§
Gh, 16 25°4b L EL T BIERHT A TiO, T IE, 5
JCPDS T ¥r#E & 65-5714 & i SAEX M. Zid g
3l Ak R 4 Y i XUSE K AL B AR 9, R Bk
W AH 1) TiO f7 S W o 39 n, 3% B 45 dt AR A5 B 4o
B2 4 H T RACFRERSE . B b FRAK T A R
6 SR K A BRER S ) SEM R THTI8 o R AR FE 1
ERSE R A5l S0R B2 K298 50 nm ok
YRR TR A B AR 2R TH P, U B R A B S
ERSE R M B 2 BR . BRI I B /K b 2R 4k
TERMIE R T AR B A BEOR B FLIR, X2 s T
BRI ARG B, RIATE YT XRD 45
AT AT TiO,, X P2 H H iy 17 2 i 1 2R ThD RERS %
P 3 25 H T R I Ak BEAEK S R B ' i XU /K
Ab PR B ERSEAE N T BRI, SR FH K G B P i) %

——TiO, . '
—a—Tij - ] .
NUSHUN.. - TNE 5 | e 1 __.l_ =
3 | Acid+H,0, treated Ti foil 1
3 .
£'| Acid polished Ti foil I
g . = | L | L |
:é' | | -
[ ]
Pristine Ti foil J
~— 5 ' r

6 II{J 2|0 3I0 4|0 SIO Gb ?::) SI(} 90

20/ (°)
BI1 RAEEERTE . ML AL 32K 0 AR A ' I DU /K A 22
EK$% ) XRD Pl i
Fig. 1 XRD patterns of pristine Ti foil substrate, acid pol-
ished and acid+H,O, treated Ti foil substrate
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K2 () RABEERTE. ()BRIEER AN (C)BR A In XA K A PLEK § 1) SEM 21 [ Fr
Fig. 2 Surface SEM images of (a) pristine Ti foil substrate, (b) acid polished Ti foil substrate and (c) acid+H,0, treated Ti foil substrate

CS00 um

K 3 A-FDSSCsfll AH-FDSSCs [ SEM H& A
Fig. 3 SEM images of A-FDSSCs and AH-FDSSCs
(a) Cross view of A-FDSSCs; (b) Top view of A-FDSSCs; (c) Cross view of AH-FDSSCs; (d) Top view of AH-FDSSCs

1] ZnO NSs J:FHAR I SEM B Ao B Bl e b 3
A AR R A s i LA 7K Ak 3L P K 97 ok % ) FL A
UFRIC N A-FDSSCs Al AH-FDSSCs. M SEM &}
HRRT LR, P 0 B AR ) R — L, AN
B EE K MAR R, (H R K 3(@)f(c), WEE
1| R P ' A B (4K 97 T 1] % 19 ZnO NS s FH AR i
W, WREE 3(b)M(d)F %1, Bk ZnO
NSs #42& H ELAR 2928 20 nm /N BURLZ RL. &] 4 45
1 T A-FDSSCs fll AH-FDSSCs (1] J-V it £k, % 145
H T H R ERES B, A-FDSSCs %8 % FLi
2% [ (Short Circuit Current Density, Jg)F13E 78 K1
(Fill Factor, FF)## T AH-FDSSCs, {H /2 i Hi &
(Open Circuit Voltage, Voo){i T AH-FDSSCs. 731k
9 A-FDSSCs Jt: PHAR JEE Wy i 50 o 8503, R T AR

K, HNME M GREZ, rLOER T2, Fil
S I WMBEE . FF S5 A ARG, o5

8
7
561 —a— AH-FDSSCs
Ts —o— A-FDSSCs
Z4
W
g3
E2
o
1
0 1 1

02 03 04 05 06 07 08

Voltage / V

0 01

4 A-FDSSCs #ll AH-FDSSCs ) J-V i £&
Fig. 4 J-V curves of A-FDSSCs and AH-FDSSCs

S PRI ' BH AR B A b e BB EE /DN, BT BA FFE 3400 B
e IERHT I M FF K, BTl A-FDSSCs [
PCE 4.5 T AH-FDSSCs.
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# 1 A-FDSSCs#1 AH-FDSSCs HIE I RESH
Tablel Photoelectric performance parameters of
A-FDSSCs and AH-FDSSCs

Samples VoV J/(MA-cm™®)  FF PCE/%
A-FDSSCs 0.67 7.46 0.64 3.20
AH-FDSSCs  0.69 3.79 0.46 1.20

2.2 LERITERFIE ZnO NSs/INPSM Ss H:FH
R FOER M BE

N7 PR I R, SR AL IR TR
V0T EH R ' Ak 3 1R BR S P it 4% 1K) ZnO NSs kAT
oott, Hil4%3E T ZnO NSs IR A 45 . 1b 223t
FUEH % ZnO NSs 5 A K FH B Fl A [ % 26 55—
Tl 2 2 s O ) 45 17 119 ZnO NSSJE TN — 7K 2.5
MH B, T 60C T RN 24 h, kMg W5
PR, e T e . MR TR A
A O B W AR i N ZnO NS/NPS/MSs-1 Fll
1-FDSSCs. J3— B2k /2 560 — /K CIREF I BRI R
1E 60°C TS 24 h, Tl W 45 B K s S HY
TN 3 — A BT, S8 5% ZnO NSs JIE TN K B
Wk, FAE60C R 5h, RNMEEHRE, RHEE
TR, SRJEH BB, R 7 AT A I 2 A
AHBFRIC N ZnO NSY/NPS/MSs-2 Fil 2-FDSSCs.
K 5451 T ZnO NSsfi . ZnO NSs/NPs/M Ss-1 A1 ZnO
NSs/NPs/MSs-2 I [ SEM [i& . % EL i & id 1k 2
WU AE, AT LA ) ZnO NSs/INPS/MSs-1 il ZnO
NSs/NPS/MSs-2 JIE [ JE FE 3 I, %A AL 22 DR )
ZnO NSs [E[EEZ) 10 um, 1 ZnO NSs/NPs/ MSs-1 Al
ZnO NSY/NPS/MSs-2 I JE L0817 um. KT
FE R Al B 2 A 3, ZnO NSs/NPS/MSs-1 il ZnO NSs/
NPs/MSs-2 [ i Eb ZnO NSs B N &, M%) kb
ZnO NSs/NPs/MSs-1 1 ZnO NSs/NPs/MSs-2 i,
AMEAE ZnO NSs_E PR T ZnO NPsHl H R K /N2
N 20 nm F/NBUREZH ) ZnO M Ss, 1l ZnO MSs B
%5 50~300 nm. [F]HF£E ZnO NSs 2 [i] if i 7% — L
ZnO MSs, Wi S(hZLAERT~. X&KL ZnO
NSs/NPs/MSs-1 fi ¥ /i ZnO NSs B # it zZnO
NSs/NPs/MSs-2 JiE .

A DR T F VR T — /K SRR AEE I Y B i
Wo K CTREFH BT % ZnO, W A
B2 IR B Zns(OH)g(CH3COO0),-2H,0, 7E #t 5 I}
Zns(OH)g(CH3COO0),-2H,0 # ALk ZnOP3. 24—k
LR () R VETRAE 60°C T M 24 h, K Bk
KM, R — PR A ZnO NSs RS AE 7R
L 24 h, BT 50 B0 BT I RE AR, BT DAUA TR
I K Zns(OH)g(CH3COO),-2H,0 1 i i 1 SE T AR

7£ ZnO NSs fiit, {84 i ZnO NSs [ JE 1 hn, 768
F ZnO NSs FIiAR T ZnO NPs, [ # e M B [A] i ZE
K, WS RAN, VR R AR, AR U Y
JERIR ) Zns(OH)g(CH3CO0),-2H,0  Hi % 78 fiE 1 22
TP TSR 45 R ER 4R, ROSIVATR L T# 24 h, SR
BB, BTG R b E I RER 2 Zn,
[ R AR A B R, U BN ZnO NSs i, J&
S [ N 3 S AT 24 R RRAZ BT H BR T B4 SR
TEIERE R, FrBAXT T ZnO NSS/INPS/MSs-2 fiE,
B ZnO NSs i1 E % /T ZnO NSs/INPs/M Ss-1 fi »
HFH RN KA, K ZnO NSYNPs/MSs-1 #1 ZnO
NSs/NPs/M Ss-2 Jig: 1 J& 5 184 Jinl .

# ZnO NSs/NPs/M Ss-2 ik )5 HL B 3 1) R 45 2]
WK, RIGRMARBAT T TEM MR, W 6 451 T A
W TEM & F. K 6@ &4 ZnO NSs 1) itk
FR~FRZ19 20 nm, x5 SEM 45 5% —3, W&
A% 15 B 6(b) T %0, A THIR]FE A 0.26 nm, XK BT
B ZnO AN TT A S5

B 78T =Adin v, Meat=
A BIS 25 3. MM Bt RES B TR 2.
A] LA 3] 1-FDSSCs 1 2-FDSSCs ) HiL i 4 243 5]
IEE] 4.51%F1 4.45%, LA SR LR 5y
WHRE T 40.94%F1 39.06%. —ANHLIBAHLL, Voo 4
[, {HJ& 1-FDSSCs Hil 2-FDSSCs ) FF tt3% A B
MIRAR, AT IA 2 A2 I A0 2538 DR e T 75
() JEE 38 n, I B eyt Y BELYSE 0, BT BA FF BRI TS
{H & 1-FDSSCs Al 2-FDSSCs MM ) Jg LA 24
PERI 2 B3N T 50.93%7F1 49.33%, [Kl 55 PCE
B J S EEA WA E A H— & 1-FDSSCs
FI 2-FDSSCs JE 3N, 49K i KT M#E T NPs,
NSs, REFHEEE M, SHERMHEREEZ, 5
— N i R R Ak S i U ORR S R 3R T 35 R —
20~300 nm [IffEk, IXEEGERII AR 2] T OLHU
4 PRS2 i 7 e, BRIt Jg 3890

EIS & R 75 FDSSCs A 5 1) L T A& 5 55 i,
FOHE B E G PR 2 AR, 78 JC B AR/ H A/
YRl S AL 38, H 70 X AR/ A R T T PR AR
SEFRA PR R R I HUE DL . B 8 NTERE S
A, HIB Nyquist B AT Bode El. Nyquist K
W 8(a) Tz, 78 X il I ff A8 BE 6 B T i 49X f R
BCHLPH, RRAB T SHIIE AR IHEDT(d A
Rs), Rs 55 FLIEHE (1) HE FH 3 A0 B TR S Pk e A K,
JHH % FDSSCs H Rs M {EER R B (1. 55— AF
[ BICH 87 T w40 X 455, (10°~10° Hz), 8% Pt X} Bk
R S THD FELART S S I BEAL(OEA Ry), Ry MBS
Pt LR AL M RE . HLAAE BT TP 13 HH R R
P Ok, H AN F TR  rRO X 38 (1~10° HZ),
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10.0 um

3
T

KI5 ZnO #JEH SEM My
Fig. 5 SEM images of ZnO films

(a) The cross view of ZnO NSs; (b) and (c) The top view of ZnO NSs; (d) The cross view of ZnO NSs/INPs/MSs-1; (e) and (f) The top view of ZnO
NSs/NPsS/MSs-1; (g) The cross view of ZnO NSs/NPs/MSs-2; (h) and (i) The top view of ZnO NS/NPS/M Ss-2

K16 ZnO NSYNPSMSs-2 [t TEM H A (a) il i 40 i i b 15
Kl (b)

Fig. 6 TEM image (8) and HRTEM image (b) of ZnO NS¢/
NPs/MSs-2

ARER B & S BH B/ Gkl /o i i 5 T 1) FE 7 R A BT
(1L A Ry), R 5 G BHAR BRI TSR ghha . B & shBi Al
PR B FENER, BT Ty HER A
5126270 A X (1071 Hz) (4 B 470 o A 0 1),
S 3B FAE AR Y BUE BT IX 3. 7E EIS &5
R, Ry K, RIH TR AP, [FR i
HETFEA/D, B SBkir. = AMERH
R {E %1 T3 2, 2-FDSSCsH¥E il i) Ry K o i 1 ] 8(b)

—=— 1-FDSSCS
—o— A-FDSSCs
—a— 2-FDSSCs

Current density / (mA-cm™?)
E = [=,1

[o5]
T

0 L I 1 L
0 01 02 03 04 05
Voltage / V

06 07 08

K 7 A-FDSSCs. 1-FDSSCs Al 2-FDSSCs (] J-V Hli £
Fig. 7 J-V curves of A-FDSSCs, 1-FDSSCs and 2-FDSSCs

H bode K AT AL H R A X 35k 5 K AH AL A KR ) g
AR, LA ()T U AR, FDSSCs [fHL T
F i w43 N 12.30. 11.70 1 8.60 ms.
T0=1/27f (1)
AL TR S () IR B R RUR N 4.51%, KT
SCHR BT S R, AT A e R A AR A
WAL R . (R TEK7E FDSSCs H, T 21
ANt N el xf ik, B4 B
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-90
(@ —a— A-FDSSCs b 1 —=— A-FDSSCs
~300 - o 1-FDSSCs | 80 ® 2 —=— 1-FDSSCs
I 2-FDSSCs -70 3 = 2-FDSSCs
-250 -
L =60 |
-200 - = sl
F 2
;CE ~150 | = 8 -or
N =30
-100 + / 20k
-50 4 -10 |
0 f:j- 1 Il N L i Il . L " 1 0 i | L 1 ! 5 J
0 100 200 300 400 500 600 10 10° 10! 10? 10° 104 10*
Z'Q Frequency / Hz
8 A-FDSSCs. 1-FDSSCs il 2-FDSSCs [ Nyquist [l (a) F14H 5 (1) Bode 1 (b)
Fig. 8 The Nyquist plots (a) and corresponding Bode plots (b) of A-FDSSCs, 1-FDSSCs and 2-FDSSCs
#& 2 A-FDSSCs, 1-FDSSCs #1 2-FDSSCs BB M aE S %
Table2 Photoelectric performance of A-FDSSCs, 1-FDSSCs and 2-FDSSCs
Samples VoV Jo/(MA-cm™) FF PCE/% R/Q /ms
A-FDSScs 0.67 7.46 0.64 3.20 277.2 8.60
1-FDSSCs 0.67 11.14 0.60 4.45 3717 11.70
2-FDSSCs 0.67 11.26 0.60 451 547.4 12.30
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