Preparing Metal Chalcogenide Quantum
Dot (QD) Photosensitizers for
Photoelectrochemical Applications

(ZH 7|5} 8HA

o
O - -1 1 O

Hyo Joong Lee

(Dept. of Chemistry, JBNU)



Scheme 1.

/ SILAR process \

Cd?* Adsorption

Reaction with S2




O
H

~~
Q
N’
o
o

— \
= 0.5

Absorbance (a
o
N

I
|

o
~

©
w

0.0

Cd(NO,), vs Cd

—— 0.05 M Cd(NO),
—— 0.10MCd(NO,),
—— 0.20MCd(NO,),
0.05 M Cd(CH,COO0),
—— 0.10 M Cd(CH,C00),
0.20 M Cd(CH,COO0),

400 500 600 70 800
Wavelength (nm)

SILAR 5

Figure 1(a)

~
O
N’
o
o
I

©
w

o
N

—— 0.1 M Cd(CH,C00),
—— 0.1MCd(NO)),
—— 0.1MCdCl,

0.1 M CdSO,
—— 0.1MCd(CIO)),

50 60 700
Wavelength (nm)

800



M1H and pH
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Dipping time

Figure 3
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Table 1

J-v HIO|e A Me| (/2T HA

). (mA/cm?) V.. (V) FF PCE (%)

(1) 0.1 M Cd(NO,), 410 +026 062 +001  0.55 +0.02 1.39 £ 0.07

(2) 0.1 M Cd(CH;CO0), 741 £041 0.65 £ 0.01 0.51 £ 0.02 249 + 0.27

(3) 0.1 M Cd(CH,COO),

with 1.0 M TEA 10.14 £ 0.25 0.63 £ 0.02 0.51 £ 0.01 3.27 £0.11
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Schematic diagram showing how to make the Sh,S;-sensitized solid-state cell.
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M3 Abs& TiO, H= (Tape 1 layer)
Solution pHS‘;quCtai(t)'r‘]’”'c SILAR (2)
@ 0.1M Zn(ace),-2H,0 in H,O 6.1
@ 0.1M Zn(ace),-2H,0 in H,O/MeOH (v/v=1:1) 5.8
Zn2* &4 | 3 0.1M Zn(ace),-2H,0 + 0.1M TEA in H,0 6.4 (+) (‘% — (@) (Ru)
@ 0.1M Zn(ace),2H,O + 0.2M TEA in H,0O 6.8
60s  60s 60s  60s
® 0.1M Zn(ace),~2H,O + 1.0M TEA in H,O 9~11
Se- & ® 0.1M Na,S-9H,0 in H,O
: Dipping for 5min and
2+ S OH
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= Abs& TiO, = (Tape 1 layer)

pH of cationic

Solution : SILAR (2)
solution
0.1TM Zn(ace),-2H,O + 1.0M TEA in H,O 5 || RO .
2oe- goy [£01M Zntace); 2y 1 aout o | [ 2]/~ 2]
@ 0.TM Zn(NO;),-6H,O + 1.0M TEA in H,O (1)
S2- £ O ® 0.1M Na,S-9H,0 in H,O0/MeOH (v/v=1:1) 60s  60s 10s 60s  60s

Pb2+ A | @ 0.1M Pb(NO3), in H,0O

Dipping for 5min and
washing (H,O—EtOH)

(+)8%
@ | Zn(ace), +1.0M TEA in H,0
@ | Zn(NOy), +1.0M TEA in H,0
OEH=2 FE1, 98H=2 FEot
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Absorbance spectra of PbS films prepared by cation exchange
process between Zn?* and Pb?* after ZnS SILAR process
repeated three times using different Zn?*solutions: (1) 0.1 M
Zn(NO,), in H,0, (2) 0.1 M Zn(CH,COO0), in H,0, (3) 0.1 M
Zn(CH3;C00), in H,0/MeOH, and (4) 0.1 M Zn(NO,), in H,O
with 1.0 M TEA. The inserted picture shows a bare TiO, film
and each corresponding film.
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Sb3+&H Reverse scan with mask
Zns dipping
SILAR time Jsc Eoc FF CE
1 89| 7677 | 04190 | 04156 | 1.337
2 109| 5 min 9.180 | 0.4240 | 0.4240 | 1.650
3 129| 9.256 | 0.4350 | 0.4381 1.764
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7nS Sph3+2 ok Reverse scan with mask
SILAR dipping time Jsc Eoc FF CE
1 5 min 9.036 | 04370 | 0.3980 | 1.572
2 N 10 min 8.529 | 04180 | 04325 | 1.542
3 12 3 min at 40°C | 9.764 | 0.4480 | 0.4330 | 1.894
4 5 min at 40°C | 9.630 | 0.4540 | 0.4527 | 1.979
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XRD pattern of FTO/TiO, and FTO/TiO,/Sb,S; films. The asterisk indicates the main peaks of Sh,S,.
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(@) Changes in efficiency tracked for about one month, (b) J-V curves showing enhanced photovoltaic performance compared to initial

measurements, and (c) IPCE of a Sh,S;-sensitized solid-state cell. The inserted table in part (b) shows (1) initial and (2) enhanced
photovoltaic parameters of the solar cell.
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