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Dye-sensitized solar cells (DSSCs) based on TiO2 as the

nanostructured electrode have achieved an impressive

photo-to-energy conversion efficiency (~11% at 1 sun, AM

1.5) where the electrolyte is organic solvent containing I−/I3
−

as redox couple.1,2 However, the presence of liquid electro-

lytes in the DSSC often requires robust sealing and long-

term stability due to the volatility of organic solvent has

been considered as a practical limitation. Therefore, many

studies have been investigated to overcome the drawbacks

of the liquid electrolyte system by replacing the liquid

electrolyte with solid or quasi-solid state electrolytes,

such as p-type semiconductor,3 hole transporting organic

materials,4 ionic liquids,5 solid polymer electrolytes (SPEs),6

and gel electrolytes.7 

In particular, SPEs have many advantages such as the low

production cost, good mechanical strength and long term

stability. For example, polyethylene oxide (PEO) as a solvent

for SPEs has been most extensively studied owing to its

chemical stability and high solvating ability of salts.8 How-

ever, PEO’s poor ionic conductivity arising from high

crystallinity has been a disadvantage for the application of

DSSCs. Several studies are being attempted to improve its

poor conductivities by using oligomer approach,9 PVDF-

HFP based gel polymer electrolytes (GPEs),10 and modified

nano-clay.11

We have investigated quasi-solid state electrolytes for

DSSCs based on PEO and nonionic surfactant Brij 72

(Figure 1), which is one of the known surfactants that can

solidify the electrolyte. Unlike simple polymers, small mole-

cule, Brij 72 is expected to allow penetration of electro-

lyte molecules into the pores of mesoporous TiO2 film on the

surface of working electrode. In addition, this quasi-solid

state electrolyte is expected to solve the problems related to

the sealing and evaporation of liquid at high working

temperature.

Four quasi-solid state electrolyte solutions were prepared

with PEGDME oligomer and Brij 72 at different weight

ratios (e.q., 100:0 (0 wt %), 95:5 (5 wt %), 90:10 (10 wt %)

and 85:15 (15 wt %)). Prepared solutions were mixed with a

redox couple consisting of 1-methyl-3-propylimidazolium

iodide (MPII) and I2 at 10:1 molar ratio respectively. Figure

2 shows that the electrolyte solution (Figure 2(b)) changes to

a quasi-solid state (Figure 2(a)) when surfactant, Brij 72 is

added at room temperature.

Blocking layers were prepared by spin-coating of 1-

butanol solution containing titanium(IV)iso (ethylaceto-

acetato)diisopropoxide on a FTO glass (Pilkington, ~8 Ω/

cm2), followed by annealing at 450 oC in the air for 30 min.

Two kinds of TiO2 pastes (DSL 18NR-T, particle size 20 nm

and WER2-O reflector, particle size 200 nm, obtained from

Dyesol Ltd.) were deposited on above substrates by the

layer-by-layer deposition using doctor-blade technique,

followed by calcination process at 450 oC in the air for 30

min. After cooling to 80 oC, the prepared TiO2 electrodes

were immersed into 0.3 mM solution of the RuL2(NCS)2: 2

TBA (L = 2,2'-bipyridyl-4,4'-dicarboxylic acid; TBA =

tetrabutylammonium) in ACN:tert-BuOH (1:1 v/v) at 30 oC

for 24 h (Ruthenium sensitizer is known as N719). To

prepare the Pt counter electrode, 5 mM dihydrogen hexa-

chloroplatinate (IV) solution, (e.q., Pt 20%) in isopropanol

was dropped onto the FTO glass substrate and then spin-

coated at 1000 rpm, followed by annealing at 450 oC for 30

min. An open sandwich-type film cell was fabricated in the

air by clamping between working electrode and Pt counter

electrode at 60 oC, in which electrolytes was present inside.

Figure 3 shows the photocurrent-voltage profile of the

DSSCs depending upon concentration of Brij 72 electrolyte

measured under 1 sun condition (AM 1.5 G, 100 mW/cm2).

The results show that as concentration of Brij 72 was raised,

photocurrent density increases and voltage of the cell

decreases. More interesting observation is that the dark

current is inversely dependent on the concentration of Brij

Figure 1. Chemical structures of (a) Brij®72 and (b) PEGDME.

Figure 2. Phase condition of (a) PEGDME with Brij 72 and (b)
PEGDME without Brij 72.
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72. These behaviors are presumably due to the result of the

decrease in the concentration of I3
− near the TiO2 surface

arising from amphiphilic Brij 72, that is, hydroxyl moiety of

that is directed toward TiO2 and alkyl chain moiety toward

electrolyte side.

The photovoltaic properties and ionic conductivity as a

function of concentration of Brij 72 are listed in Table 1. The

results show that conductivity patterns were dramatically

decreased even when small amount of Brij 72 was present.

However, JSC was slightly increased regardless of ionic

conductivity due to the blocking of recombination arising by

amphiphilic Brij 72 near the surface of dyed TiO2. In addi-

tion, as opposed to the VOC and fill factor (FF), JSC showed a

maximum at 5 wt % Brij 72 content, resulting in maximum

energy conversion efficiency (3.46%) at the condition of 100

mW/cm2, 5 wt % of Brij72, and MPII+I2.

The influences of the concentration of Brij72 in the

amphiphilic electrolyte were explored by using interfacial

resistance-characteristics of DSSCs via EIS measurements.

Figure 4 shows the Nyquist plots of quasi-solid state DSSCs

depending upon the concentration of Brij 72 at 100 mW/cm2

illumination. The charge transfer resistance at the interface

of Pt surface and the electrolyte of DSSCs, Rct1, were almost

the same regardless of any concentration of Brij 72. How-

ever, the charge resistance at the interface of dyed TiO2 film

and the electrolyte, Rct2, varied considerably owing to differ-

ent resistance in the amphiphilic composite electrolytes. The

smallest Rct2 of the DSSCs was observed when 5 wt % Brij

72 was used.

In conclusion, the effects of the usage of Brij 72 in the

electrolyte on the photovoltaic properties of DSSCs were

investigated. Even though increment of the concentration of

Brij 72 in electrolytes brought about decrease in fill factor,

ionic conductivity and photovoltage, surface recombination

and interfacial resistance were fallen down. In addition,

when over 5 wt % of Brij 72 and MPII + I2 were used

together, the electrolytes turned into quasi-solid state even at

room temperature and the DSSC at the condition of 5 wt %

of Brij 72 exhibited smallest charge transfer resistance and

dark current, resulting in higher energy conversion effici-

ency (3.42 %) at 100 mW/cm2 illumination.
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Figure 3. J-V curves of the DSSCs fabricated with amphiphilic
electrolyte (Brij 72) and PEGDME electrolyte under AM 1.5 (100
mW/cm2) and in dark : 0 wt % (square), 5 wt % (round), 10 wt %
(left triangle) and 15 wt % Brij 72 (diamond) in the electrolytes.

Table 1. Photoelectrochemical data of the DSSCs fabricated by
varying Brij 72 concentration in the amphiphilic composite
electrolytes and ionic conductivity of the electrolytes

Brij 72

content

JSC

(mA cm−2)

VOC

(mV)

η

(%)

FF

(%)

σ

(10−5 S cm−1)

0 wt % 9.56 600 3.37 58.8 6.62

5 wt % 10.56 593 3.46 55.2 0.49

10 wt % 9.95 587 3.27 54.3 0.31

15 wt % 10.21 592 3.18 52.5 0.26

Figure 4. Electrochemical impedance spectra for quasi-solid state
DSSCs using amphiphilic composite electrolytes: 0 wt % Brij 72
(square), 5 wt % Brij 72 (round), 10 wt % Brij 72 (triangle) and 15
wt % Brij 72 (star) in the electrolytes.


