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Improvement of Dye-Hydrogel Based Photovoltaics
via Hydroquinone Electrolyte Mediators
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Abstract >> Besides high-efficient photovoltaics based on silicon, polymers, dye-sensitization and hybrid perovskite
materials, biomimetic solar cells inspired by a leaf in nature has also been actively studied. As one example, a
hydrogel based photovoltaics (HGPV) is a low-cost, environmentally friendly device and requires easy fabrication
process. In this paper, the effect of hydroquinone additive on the performance of the HGPV is discussed. The
photocurrent increases ~14 times upon the addition of hydroquinone into the agarose hydrogel medium. The
photocurrent increase is maximum at the optimum dye concentration, while the photovoltage is barely affected
by the dye concentration. The effect of the agarose content in the hydrogel and the types of dyes on the photocurrent
is also investigated. Finally, it is shown that the photovoltaic performance of HGPV with hydroquinone can be
drastically improved when TiO, film is deposited on the anode electrode.
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Fig. 1 Schematic of the structure of HGPVs with hydroquinone
and the reduction process of dyes by hydroquinone at the
FTO/hydrogel interface. (1) and (2) on the right indicate the
electron transfer processes of photoelectron injection and
dye regeneration, respectively
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Fig. 2 (a) Photocurrent and (b) photovoltage responses of
the HGPVs with or without hydroquinone, upon light
illumination. The [Ru(bpy)3]2+ dye was used. The white and

black arrows indicate the times when light is turned on and
off, respectively
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Fig. 3 Effect of the dye amount on (a) photocurrent and (b)
photovoltage of the HGPVs with hydroquinone. The dotted
lines indicate the values for the reference device with
2.5x10°® mol
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Fig. 4 Effect of the gel composition on photocurrent of the
HGPVs. 0 wt.% means pure water without agarose polymer
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Fig. 5 (a) UV-vis absorption spectra of various dyes used.
(b) Photocurrent of the HGPVs with the dyes

A th3A BES FTO A 9o =

irsto] FAFo 8 ARG, AR7F S 4 e
FHAS St FAl 25 WREE Hade
ZUS Y] T 5= 7] "ol BeFHA e s
S IA AL 5 AP, 95 23T HEA
o} FARE Ft2E 7HA]= HGPVE thg4 TiO, &
< A8t & 459 S 71T 4= Stk Fig. 6
L slo|ER =S x3sl= HGPVY, th3A TiO;
ZFo] BxH FTO HA=E ARSSIolS o J4+,
A @ zmolck FAFE ~50 mA/em’, FHLL
~600 mVE, TiO,7} gl 7290} vlws) & uf 27}
~36Hl, ~Oul] R gholch BjeFdA| 9 e FA
o

7, A, 201 27k ARt AwE A A
(fill factor)?] Fo & et A& 2|47} 27
o2 ¢hthal 7Sk, HGPV AlsS TiO, 34
Al e 32484 S8k Aot

_l

>>

ot

Sk 9 AU} B

-
(=3
=]

=]
(=]
T

Current density (pAlcmz) 8
[=2]
(=]

40

20}

0 L
0 10 20 30 40 50 60

—_
O
~

Time (s)

o

Voltage (mV )
5 A R
[=J (=3
o o

=]
o
o

0 10 20 30 40 50 60
Time (s)

Fig. 6 (a) Photocurrent and (b) photovoltage of HGPVs with
the TiO, porous film deposited on the anode
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