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Preparation and Photoelectric Performance of Mn-Doped-CdSSe, Quantum
Dots Sensitized Electrode
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Abstract: Sodium sulfide-selenium prepared by adding Se powder into the Na,S methanol-water solution was used
as the anionic precursor, and the methanol-water solution of Cd(NOs), and Mn(CH;COOQ), was used as the cationic
precursor, respectively. Then, cadmium sulfide-selenium quantum dots sensitized TiO, photoanodes (CdSSe,/TiO,)
and Mn* doped cadmium sulfide-selenium quantum dots sensitized TiO, photoanodes (Mn-CdSSey/TiO,) were suc-
cessfully prepared by the successive ionic layer adsorption and reaction (SILAR) for Quantum dots solar cell
(QDSC). The Raman spectrum, XPS were applied to analyze the chemical bonds of the Na,SSe, precursors. EDX
and UV-Vis were investigated the composition and light absorption property of Mn-CdSSe,/TiO, photoanode. J-V
curves and IPCE were used to characterize photovoltaic performance of the as-prepared CdS/TiO,, CdSSey/TiO,
and Mn-CdSSe,/Ti0, photoanodes. The results reveals that the Mn-CdSSe,/TiO, photoanode with enhanced energy
conversion efficiency has been fabricated by SILAR method using the anionic precursors prepared with 0.12 mol -
L™ Se and 0.5 mol-L™" Na,S, the cationic precursor of 0.5 mol-L™" Cd* and 0.3 mol-L™" Mn*. Compared with the
CdSSey/Ti0, and CdS/TiO, photoanodes, the efficiency of the Mn-CdSSe,/TiO, photoanode is increased by 90%
and 247%, separately.
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(a) Na,S+-9H,0 ,(b) Se.(c) 0.5 mol- L' Na,S 5 1 mol- L Se 2 15 2 (19 ] 25 ¥ Hir 3844 Rl (d) 0.5 mol - L' Na,S 5 0.12 mol - L!

Raman spectra of (a) Na,S-9H,0, (b) Se, (c) precursor which was prepared by 0.5 mol-L™" Na,S and 1 mol- L™ selenium and

(d) precursor which was prepared by 0.5 mol-L™ Na,S and 0.125 mol-L™ selenium
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B2 ¥ 0.5 mol-L" CAINOy), ITAF] 0.12 mol- L™ Se 5 0.5 mol- L™ Na,S & W & Z v #5219 [ A& ™ 91 19 XPS .
(a) & T5 1, (b) S 1Y 2p WETE AL, (c) Se 1Y 3d WEIE A, (d) Cd 1Y 4d W55 A
Fig.2 Survey XPS spectra of (a) the solid product which was prepared by 0.5 mol-L™ Na,S, 0.12 mol-L" Se and 0.5 mol - L™
Cd(NOs),. The peaks of (b) S2p, (¢) Se3d and (d) Cd4d

SE B 5 41 BH (SSen)™ 55 B A ) T B (SSey) . B3 RS T

AR BT BB 0.12 mol -L™' Se 5 0.5 mol <L~ [RIHAE A BH B 7 iy S8 44 B 45 21 1) i 7 55019 EDX
Na,S 145 £ 19 BT 25 17 9K AR Fy (SSey) 2 HT 8> fHJE iS5 R i ZAF & AR IER T X & 3a 58 3b
EDX WM £ 0] i & 7F A Lk LB T B EDX SRS R U T 0 SR B SR

Na Cd

0 5 fO 1J5 iO 25 30
Distance / pm
B3 0.5 mol-L" Na,S 3 0.12 mol- L Se 545 E (1 B 25 F 07 95K 119 EDX #4235 1% 18] (a) 5 009 670 AL 59006 BHAR 1) EDX A
S E (b) SEM B 7 (c) 5 47 11 151 (d)
Fig.3 EDS dot scan of sodium sulfide-selenium(a) and cadmium sulfide-selenium photoanode(b). The SEM image (c) and

EDS line scans of cadmium sulfide-selenium photoanode(d)
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AR 38% 22% 32% 5 8% ; i IS - 1if B {4
W I B AR S iR 50% 2% 9% (39% , ¥ L
Wk &5 vl LLE W& 7 A 24 2 Mn-
CdSSe,, JIT LAAR SO 7 5 1 R A 2 H 222
/1 CdSSe, % Mn-CdSSe,., Kl 3d & EDX £k ## ik 1A]
M B poa] LA H STLAR 325 BT il 45 1) Mn-CdSSe,
Ak Tio, J6 PR b Ak b R34 5 40 A F 4k

Bl 4 B AE SR TR T A )

BRI
22 EFAEPARAIMESERA

&l 4 ATAE T CdSSe, 1t a5 1 A ALK 5 4l —
FALER ) TEM 3% B N 4a HmT DAURER 31 — A fb gk
LA B 0 A% 2 sl (HZ ) SILAR 4b B )5 | — 44k
BRI S A AR B 2 T A AR T T

U5 () TEM P (i T 2R 258 5 nm)

Fig4 TEM images of bare TiO, (a) and QDs/TiO, (b) (the size of QDs is about 5 nm)

SR A I S PERESR T UV-Vis RAE, Bl 5N
CdS . CdSSe, Fl Mn-CdSSe, 4k 1) TiO, & FH AR (5331l
it A CdS/Ti0,.CdSSey/TiO, Fl Mn-CdSSe,/TiO,) )
UV-Vis i &, B F 0 D18 5 m R AR % W b & 0.5

350 400 450 500 550 600 650 700 750
Wavelength / nm
5 (a)Mn-CdSSey/TiO, . (b)CdSSey/Ti0, 5 (c)CdS/TiO,
GRS UV-Vis 15
Fig.5 UV-Vis absorption spectra of (a) Mn-CdSSe/TiO,,
(b) CdSSey/TiO, and (c) CdS/TiO, photoanodes

mol - L' Na,S F1 0.12 mol - L' Se, K& 5 7] IL , CdSSe,
TiO, Jt B A L CAS/TiO, Y FH A B8 58 iy W D' ¥
Fl, 7£ 450~600 nm 1 E Bl P9 0% % 58 B B I & 1
CdS/TiO, S .
2.3 ETF SBTIRE A kA R Xt BE AR I B8 Y 22
S T WS I B R SRAR I T Se B Y AR Ak
X BHAR PR RE R 52 00 43 3 LA 0.5 mol - L™ Na,S 54~
] ) Jo 1) VR Y Se Sl A% 1 B T i IR A4
Na,SSe, ¥ , Se & #4344 0.0.1.0.12.0.17 .0.25
F1 1 mol -L(BP 58 4= ) B AT A B 0.5 mol L~
Na,SSe,), #&J5 M SILAR J5 #4383l il # 1 CdS/TiO,
H1 CdSSey/TiO, G, F Bl £ OGS Au
Xof A 2 2 L EALR QDSC AT G A b P RE UL, (]
6a AT 0 v e MR SEOLER 1, 4553
T, AT CAS/TION(RP BH B 1 1 SR 140 55 & 0

® 1 CdSSe, KFABER AL FBIEEESH

Table 1 Photovoltaic parameters of QDSCs with CdSSe,

Content of Se / (mol-L™) Jo !/ (mA-em?) Vol V FF n/! %
1.00 3.75 0.383 0.339 0.49
0.17 5.04 0.486 0.384 0.94
0.12 5.14 0.526 0.466 1.26
0.10 5.81 0.516 0.400 1.20
0.00 3.09 0.540 0.420 0.70
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mol - L), QDSC 1 BE it F e 3 R B Wi e 7t S BB 1
FIT O 44 PR 5 B 3R 31 0.12 mol - L' B, QDSC (16 HL
EIRUCRAE IR B K, Se & B ARLLIE K QDSC IWIT
% P RS TR T TS A I L T AR R A TR, G
HN 1 mol- L7 B CdSSey/TiO, MG HL R 2 &
I F CdS/TiO, YePam

Mn> 145 7% i X Mn-CdSSey/TiO, I BH % ' o4
AE Y 52 A WL 6b, 1232505 A 0.12 mol - L il 75 4
) B B TSR AR % W ,0.1,0.2,0.3,0.4 mol <L~
Mn(CHCOO), % & I FH &S F AT Bk AR W, R 2 AR

Tr a Content of Se
2) (1)0.00 mol-L"
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)4 BS - 2 1 1) Min-CdSSe,/TiO, I B 119 ) H 14 B
Z4, WNERTEIE T LR I B AL & Mo 8 11
Mn-CdSSey/TiO, Y FHM | H1 F 46 25 F 2l 4E 1 fE
B O RO B AR R L Y MBS T A
it 0.3 mol- L™ I, 7EA FRAY Ti0, E1H Cd*5 Mn*
) 58 S I B 25 2 B CdSSe, 1T A0S, DT 2
QDSC JeA ML T K, FIH] SILAR ¥ 45 19 Mn-
CdSSe, QDSC 11 fiw = M BE 5% ¥ 20RO 2.43% ,
CdSSey/TiO, Fl CAS/TiO, J6BHA 43 3 #2& = T 90% F1
247% .,

b

—
(S}
T

Content of Mn**

—
(=}
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(2) 0.2mol L

@
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O N A O ®
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P 6 (a)VA AT AN [ i 2 TG £ B 2 3 10 KA BT 6 6 9 CdSSey/TiO, SEFHAR Y JoV Il 2 (b) AT AN [] ¥ BE s 15 7 A PR 8 7 1T

SRR BT ) 2% 1Y Mn-CdSSe/TiO, YEFHML 1) -V 28
Fig.6

(a) J-V curves of QDSCs with CdSSe,/TiO, which is prepared by different concentration of Se in anionic precursors;

b) J-V curves of QDSCs with Mn-CdSSe,/Ti0, which is prepared by different concentration of Mn* in cationic precursors
( prep Y P

% 2 Mn-CdSSe, QDSC HIF B EBE S &
Table 2 Photovoltaic parameters of QDSC with Mn-CdSSe,

Content of Mn* / (mol - L") Jo !/ (mA-cm?) Vel V FF n/! %
1.81
0.4 8.07 0.563 0.398 )
243
0.3 9.76 0.579 0.430 3
1.68
0.2 7.74 0.524 0.414 g
1.26
0.0 5.14 0.526 0.466 6

Bl 7 J&XF QDSC (38 I BT I A 25 1 | 8] 7a 2
ANTA] Se & 1t (19 B B 5 15 5K 4K 1 W 4 19 CdSSey
TiO, Y6 B 1Y Nyquist 12k, &l 7b /&K ] 0.12 mol -
LG 55 55 1 ] 88 F T 3KAR R 0.3 mol - L™ 4 25 1 &
2t 14 BH B 17 B AR V5 W 1 45 9 Min-CdSSey/TiO, St FH
) Nyquist f1ZE#E 1 Hz~100 kHz 8 N, Nyquist
ISP B] I B v R DX A X
% 1] FRL Ar 7 B RS AR /N TR 22133 g ply 200K
ASCRS el v 0 DX AT — S 08 PR 3 B, A
S X BH AR (4 BT BT 40 BT . BT LA Nyquist 335 B

AF R (A ASH0L P 8% PR AN 15 4 2R 01 B A 1 £ I P BEL 1
R., JGBAM S5 Ha i I 22 () B L 2 Coe LA A
HLBH R,

# 3K M 7 VIEW B4 7a Nyquist H1 £k
PELEEE R, 3 3 BB R W], CdSSe, b CdS HH
T A (r) B B TS T TRV T Se B
o GBI E G HE R, 5 Cop B/ | X E
WA I s Y L AR T A A I LR
K2 LA TS L CdSSe, 7 i FIA>EE ) CdS BIAF
FEXTHE B T A O ERE R 2R, XS AR S
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a  Rs Re Content of Se 3000F o
(1) 0.00 mol-L" L
3000 W (2)0.10 mol-L"! ((12))13(; mol‘.ll_‘.‘
S ti:‘;:j"‘:t a2 000 T
P . .17 mol-L"! = = a
92 000 R e \"\ (5) 1.00 mol-L! < o
R ' /A/‘ A * N\ ‘/ . .
N ",)v Vv v: A .(2) “ 1000 "_! \\' @
1000 &% @ v, s Y, (1) K y
N v . .
por ES ' O
& v,
0 . | . . ' \ 0 , . ) . .
0 1 2 3 4 5

zZ'Q

7 (a)i AT A [ v BE A 1 B B 5 i KA i 1 45 1 CdSSen/Ti0, Y6 PR Y Nyquist f1Zk; (b))% A 0 5 0.3 mol - L7 i 25 111
FF 5 ¥ Hir 9544 BT 1 4 19 Min-CdSSey/TiO, Y6 FHR 19 Nyquist 1 £&
Fig.7 (a) Nyquist curves of QDSCs with CdSSe,/TiO, which is prepared by different concentration of Se in anionic precursors;

b) Nyquist curves of QDSCs with Mn-CdSSe,/TiO, which is prepared by 0 and 0.3 mol-L™" Mn? in cationic precursors
Yq prep y p

% 3 CdSSe, QDSC KX i FEHT I & 1B
Table 3 Electrochemical impedance results of QDSCs with CdSSe,

Content of Se / (mol - L) R/Q Com | WF 7/ ms
1.00 1 657 0.87 1.45
0.25 3165 1.28 4.05
0.12 3 604 1.24 448
0.10 4093 1.29 529
0.00 5 445 1.37 747

5 ZEAMAT LGS 518 6 1Y J-v 2 i i g 45 R —
EXQEN

# 4R 7 VIEW X B 7h Nyquist 12k
PG 25 3 4 R R RS T Rr R o A
0.3 mol-L™" ) Mn>*#& T J& ,Mn-CdSSe,/TiO, 't FH %
MBS G B R, FIHLZY Cop 3K, SGBHIR 1Y HL T
TR HEMIEN T R TR SRR E A LR,
X2 id B Mn2 (45 44 406 B A M BB 75 LA B35 1Y E
BLFH Z —0,

Bl 8 f& CdS/TiO,.CdSSey/TiO, Fl Mn-CdSSe,/
TiO, YeBH# 9 TPCE T 25

IPCE & B W7, 76 7] WOGYE A, CAS/TiO, Mt
FHAR . R 0.12 mol - L™ Al & & 19 91 85+ Hi 3K {4 i
WA ) CdSSe,/Ti0, YeBHM: % 0.3 mol -1 # FH
5T KA I D 4 1) Mn-CdSSey/TiO, J FH % 1)

IPCE IEAE 5510 10% 20% 1 45% ., X 54 CE
5 AT ILETE | Bl 6 1 v MTZ | &1 7 1Y Nyquist
oy £ ) & R — B0

400 450 500 550 600 650 700 750
Wavelength / nm

K18 (a)Mn-CdSSe,/TiO, . (b)CdSSe/TiO, 5 (c)Mn-CdS/
TiO, Y6 1Y IPCE 3%
Fig.8 IPCE spectra of the (a) Mn-CdSSe,/TiO,,(b)
CdSSey/TiO, and (¢) Mn-CdS/TiO, photoanode

%z 4 Mn-CdSSe, QDSC B % ik BEHT A & £ 48
Table 4 Electrochemical impedance results of QDSCs with Mn-CdSSe,

Content of Mn* / (mol - L) R.1Q Cepp | F 7/ ms
0 3604 1.24 44.8
0.3 4955 1.92 95.1
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