Efficiency Enhancement for DSSCs using

Metal lon—doped TiO, Electrodes Analyzed by EIS and ESCA
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The dye sensitization of nanoporous semiconductors
has been intensively investigated since Gratzel and
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volume ratio. As a result, the light harvesting ability of
the dye, adsorbed on nanoporous film, is tremendously
Increased, leading to improved efficiency of solar cells.
However, the back electron transfer, I.e., the charge 10
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Fig. 6. ESCA depth profiles of Zn, Y, Sr in a TiO, particle.

limiting factors to the efficiency of the solar cells. Y 10mV. particle maintains about 33 mol.%. It is

Hence, some proper ways have been employed to demonstrated, three metal ion (Zn?*, Sr?*, Y3%)

suppress the charge recombination, such as, ey _ _ can permeate inside the TiO, particle, then form
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Materials Fig. 1 and 2 show the EIS spectra and three J

parameters of the DSSC fabricated with three metal-ion
(Zn, Y, Sr)-doped TiO, electrodes under identical

e Substrate - glass sheet with the conductive layer of
F-doped SnO, (sheet resistance: 15 Q/square)

experimental conditions, respectively. From this result, It Is demonstrated, small amounts of Sr

®* TIO, suspension (Ti nanoxide-T: colloidal anatase, it is interesting to note that smallest R, R, and Ry, and Y ions doped inside the TiO, particles
particle size of ~20 nm) — applied O”EO CUBEIMUTIE v alues of the DSSC made with Sr-doped TiO, electrode ~ can facilitate the charge transfer in the TiO,
UL R CURE LI LR VRS LNCIC AR CI i achieved. By comparing the intermediate-frequency ~ network due to the higher donor density. In

obtain nanocrystalline layer regime from the Fig. 3, DSSCs made with Sr-doped TiO,  addition, from the results of EIS analysis, the

R VA R VD) RGO R (DRI CERNERCHIETCIDYI clectrode could facilitate the charge transfer because of ~ doping of Sr and Y ions can restrain the
the rich-electron  contributing property under charge recombination between the TiIO,
illumination of 100 mW/cm?2. To be obvious, the charge = working electrode and [I/l;7 redox couple,
resistance can be suppressed by employed the doping  apparently. However, the doping of Zn ion in
& Main Steps of TiO, electrode Preparation of Sr ion in a TiO, particle. Besides, the charge TIO; particles can’t enhance the efficiency of
recombination can be decreased by the use of the Sr or  DSSCs in this work.

Y lon surface modified TiO, electrode, showed Iin Fig. 4.

* Electrolyte - 0.5 M of Lil, 0.05 M of iodine and 0.5 M
4-tert-butylpyridine (TBP) Iin acetonitrile

O The pre-prepared TiO, thin films were dipped
directly into the saturated metal ion solution for
several hours and washed thoroughly with water,
dried, and sintered in air at 500°C for 30 min. The
preparation procedure of the metal-ion doped TiO,
electrode Is following.
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TiO, electrode Saturated Sr(NO,), or 2 :
Y(NO,),-4H,0 or ZnCl, aqueous Sintering observed. The donor density (Np) was also calculated
solution (soaking for 30 min) (450°C/30 min)

from the slope of the Mott-Schottky plot. The value of
the donor density was found to be between 5.51x104! [1] M. Gratzel et al., J. Am. Chem. Soc., 115, 6382
and 18.61x10°'1 cm= at a frequency of 10 kHz. (1993).

Consequently, the Sr-doped TiO, electrode possesses 2] S.F. Wang et al., Appl. Surface Sci., 229
the highest the donor density. 140 (2004). ! ’ ’
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A Study of Photoelectrochemical Kinetics at the TiO, Electrode/Electrolyte

Interface by SECM
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#CV and SECM topographies

Fig. 1 shows the cyclic voltammogram of at a Pt
microdisk electrode in the bulk phase of the solution.
It shows a well-defined oxidation wave for the reaction
31> |+ e due to presence of only Lil, and measures
accurately the concentration of |;- produced from N3-
dye sensitized TiO, surface. Therefore, we assume, as
a simplification, that the bulk solution contains only I
but no |, or I;. SECM topographies, as shown in Fig. 2
(a)-(c), were carried out at a UME potential V = -0.5 V
where a diffusion-controlled reduction of I, took place
and |- was produced. The approach curves to TiO,
electrode surface and the excellent agreement with the
theory for hindered diffusion indicate that this redox
system can be treated with reasonable accuracy by
using the theory developed for a simple redox couple.

Because of high photon-to-electron power
conversion efficiency and low production cost, dye-
sensitized solar cells (DSSCs) have been established as
the promising alternative to silicon solar cells.
Nevertheless, the photoelectrochemical reaction of the
TiO,/dyel/electrolyte Interface Is so complicated and
some pending debates can’t be solved due to lack of
valuable tool to analyze. Scanning electrochemical
microscopy (SECM) has been demonstrated to be a
powerful tool for understanding kinetic processes at
various electrode/electrolyte interfaces [1]. Although
the photoelectrochemical processes at the
semiconductor electrode/electrolyte interface have
drawn much attention in recent years, only few studies
on the photoelectrochemical kinetics at the

nanostructured electrode/electrolyte interface by using from the bulk solution to the UME and a substrate
SECM have been reported [2, 3]. In this study, we report current ig(L) that originates from the conversion
an application of the SECM to study dye-sensitized of the mediator at the sample. irnq(L) is the

nano-crystalline surfaces and estimate the apparent current that results if the reaction at the sample
reaction rate constant, k, under different illuminations. ' Fig. 1 is diffusion controlled. Analytical approximations

. for the individual contributions to Egn (1) which
Expen m ental were used to form an analytical function to which

the individual experimental curves can be fitted
Potentiostat

approach curves were recorded in the dark and
under illumination (10, 50, 100 mW/cm?) in Fig. 4.
The curves are presented In normalized
coordinates i+(L) versus L, where the normalized
current at the UME I; = I{/i;,, where I; = the
current at the UME and i, = the current in the
bulk solution. The normalized distance L is the
distance d in units of the UME radius r.. The
curves agree with the theoretical negative
feedback approach curve to an insulating sample
expected for a UME of this geometry. The exact
curve i-(L) can be described by Eqn (1) for a first-
order reaction at the sample and infinitely fast
reaction at the UME. This equation considers the
contribution ig;,s(L) of hindered diffusion of I
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are taken from Eqgn (2) to Eq. (4). x = k4{/D IS a
normalized, first-order rate constant which can
& be obtained by fitting each curve to the analytical
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o M Bt 3 T T T T T T T e approximations, showed in Table 1. As a result,
| voltage (V) the apparent first-order rate constant Kk
\\ / Fig. 1. Cyclic voltammogram of 0.5M Lil in decreases with increasing the Intensity of
- redox MPN at a Pt UME, scan rate 0.05 V/s illumination.
i e electrode I i I—
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KL KL
* TIO, suspension (Ti nanoxide-T. colloidal anatase, 110 —40L

particle size of ~20 nm) — applied onto a conductive YDayy o 0
glass, sintered for 30 min at 500°C to obtain a

Table 1. Normalized apparent heterogeneous first-order

, _ o _ _ rate k and apparent heterogeneous first-order rate k
Fig. 2. SECM topographies of N3 dye sensitized TiO, under different

nanocrystalline layer illumination intensity (in dark(a); 10 mW/cm? (b); 100 mW/cm?. Scan rate D (10° cm?/s) K Kef (10°cms)
» Sensitizers (dyes) - Ru (I) complexes: N3 (Solaronix) [[ekul In dark 0.175 2.98
. L In Fig. 2 the SECM topographies of the experiments 10 mW/cm?2 0.138 2 34
'(El\l/lepclilr)olyte - 0.5 M of Lil in 3-methoxypropionitrile g plotted: with a potential of -0.5 V, a strong 50 mW/em? 8.5 0113 197
| | reduction current increase can be observed at the UME ;44 \v/emz2 0.07 191
‘}Experlmental details at a distance of 30 pm while illuminating (10 mW/cm?, ' '

100 mW/cm?), supporting the working principle of the
experiment. Furthermore, the higher illumination

OThe electrochemical and photoelectrochemical

experim_ents have been performed in a 3-electrode intefnsity induce_s anore I, from the dye-sensitized TiO, The application of SECM for the

ecbods A B moactode (- 10 m) e v | o e nvestigation of dye-sensitized nano:
. ~ . ; ; crystalline TiO, films was carried out. It is

a5 .V\_/orklng electrode and was placed with a ‘Approachlng studies demonstrated %hat the theoretical modeling

positioner (CH Instruments 900B) close to an In Fig. 3, the increase of the current after the start of SECM can provide the apparent first-order

|IIum|nat.ed dye-sensitized nanocrystalline TIO, film of illumination can be a slow process on a time scale rate constant. In the future we will apply the

(3 um thickness) on a glass substrate. of many seconds. Obviously, the higher photocurrent method to discriminate the redox function of

Induced more of N3 dye-sensitized TiO, electrode  different dyes used in DSSCs.

than that of the blank TiO,. To verify the production of
;- at the surface of dye-sensitized TiO, under
HHlumination, o
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@ The TiO, nano-crystalline films have been made by
“doctor blading” a paste of TiO, onto a microscope
slide followed by drying and heating the film at 500
°C for 30 minutes. The surfaces produced in this
way were then immersed into a 3 mM solution of
the dye-sensitizer N3 (cis-di(thiocyanato)bis(2,2'-

bipyridyl-4,4'-dicarboxylate)ruthenium) in t-butanol

and acetonitrile .
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