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Table S1 lists the redox potentials and the maximum open circuit potentials that can be obtained
from these redox couples.

Table S1. Redox potentials of different redox electrolytes and maximum theoretical open-circuit

voltages for titania and tin oxide

Redox electrolyte Redox potential Maximum open- Maximum open-
vs. NHE circuit voltage for circuit voltage for
TiO, SnO,
loidide/Tri-iodide 0.50 VvV 10V 0.60 V
Ferrocene 0.62V 1.12V 0.72V

/Ferrocenium

TEMPO/TEMPO* 0.74 V 1.24V 0.84V

The higher maximum redox potentials that can be achieved with these redox couples
make them promising electrolytes for use in dye-sensitized solar cells (DSCs). It is important to
note that proper energetic alignment between the dye and the redox couple is necessary to
achieve high performance with these redox electrolytes. Specifically, the HOMO level of the dye

should be positive enough such that there is sufficient driving force for the dye regeneration.

Figure S1 compares the current-voltage characteristics of DSCs fabricated with

unpassivated SnO, NWs and TiO, NPs using TEMPO redox electrolyte. The SnO, NWs show
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enhanced current density and voltage when compared with TiO, NPs due to reduced

recombination losses and improved charge transport in SnO, NWs.
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Figure S1. Current-Voltage characteristics of unpassivated tin oxide nanowires and titania
nanoparticles with TEMPO redox couple

The lower values of short-circuit density, open-circuit voltage and fill factor when compared

with ferrocene redox couple (shown in Figure 2a) could be attributed to the faster recombination

kinetics with TEMPO redox couple.

Figure S2b shows the current-voltage characteristics of Al,O3 passivated TiO, NPs and SnO,

NWs coated with a 100 nm shell of TiO, by atomic layer deposition (Figure S2a). The TEMPO

redox couple was used for the experiments.
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Figure S2 (a) SEM image showing SnO, nanowires coating with 100 nm of TiO, by atomic
layer deposition (b) Current-Voltage characteristics of TiO, NPs and SnO; -TiO, core shell NW
architectures(c) Comparison of transport time constants of TiO, NPs and SnO; -TiO, core shell
NW architectures

The enhancement in current density is not as significant as the case of SnO, NWs coated
with anatase TiO, NPs by electrophoretic deposition, where a ten-fold enhancement in current
density. This can explained by considering the poor electron transport and high resistivity of
amorphous TiO,.! The electrophoretic deposition approach described in this work is much
simpler and more effective way to create crystalline shells of titania with good charge transport
properties. Further, the increased surface roughness in the case of electrophoretic deposition

leads to increased surface area for dye adsorption.
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Figure S3 shows the electron transport times and electron lifetimes in rutile TiO, NWs, TiCly
treated rutile NWs and TiO, NPs. The characterization was performed using an iodide redox
electrolyte without any surface passivation of TiO,. There is no difference in the electron
transport between TiO, nanoparticles and single crystal rutile TiO, NWs. The presence of a large
number of Ti*® trap states in TiO, lower the electron mobility and result in slow electron
transport in TiO, NWs.? The electron lifetimes in the rutile TiO; NWs were an order of
magnitude higher than TiO, NPs because of the surface trap state concentration on TiO, NWSs

when compared with TiO, NPs.
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Figure S3. (a) Electron transport and (b) electron lifetimes in rutile TiO, NWs, TiCl, treated

rutile NWs and TiO, NPs characterized using an iodide/triiodide redox couple.

Figure S4 compares the dye adsorption spectrum (in Kubelka-Munk units) for titania NPs and tin
oxide NW hybrid architectures after dye adsorption. The hybrid architectures show a

significantly low dye adsorption due to the low surface area.
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Figure S4. (a) Comparison of absorbance spectrum of the N-719 sensitized TiO, NPs and TiO;
NP-SnO, NW Hybrids (b) picture showing TiO, NPs and TiO, NP-SnO, NW Hybrids after

sensitization with N-719 dye.

To quantify the dye loading on the TiO2 NPs- SnO2 NW hybrid architectures and titania
nanoparticles, dye desorption experiments were performed. The UV-Vis spectrum of N-719 dye

solution of different concentrations were measured to obtain a calibration curve (Figure S5).



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013

a b.
4 3.5
—0.3mM s
321 A —0.15 mM l
s I\ . y5d ¥= 10.769x
. / \ ~—0.08mM . R*=0.9927
s 251/ —0.04 mM § 2 1
= Fd .
8,. 2 - . A G"‘u —0.02 mM 8 1.5 -
> £
s s 1
£ e
3 g 0.5 -
2 =
- < 0 T
0 0.2 0.4
350 450 550 650
Concentration of N-719 dye, mM
Wavelength,nm

Figure S5 (a) UV-Vis spectra of different concentration of N-719 dye in ethanol and (b)
calibration curve obtained from part (a).The absorbance at 531 nm was used to obtain the

calibration curve.

The dye desorption experiments were performed by soaking the N-719 sensitized
electrodes in 6 mL of 0.1 M NaOH solution for 1h. Table S2 shows the dye loading
characteristics and surface area of the different samples. For calculating the surface area, the area
of single N-719 dye molecule is taken as 1.6 x 10™® m.*® In addition the BET surface area of the

electrodes was also determined (Micromeritics Tristar 3000).
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Table S2. Dye loading characteristics and surface area measurements of different electrodes

Sample Dye loading, Surface area, m’/g, (from dye | BET surface area,
moles.cm™ of desorption experiments) m?/g
substrate
TiO, NPs 3.8x 10" 82.9 89.4
TiO, NP-SnO, 1.5x 107 40.2 33.3
NW hybrids
SnO; NWs 0.8 x 10 12.1 10.1
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Table S3. Photovoltaic characteristics for different electrolytes used with organic dyes

Electrolyte Dye Voo, | Jsc w 1 Dye Electrolyte redox | Ref.
(1
V | mAlcm? HOMO, potential,
Vvs. SHE | Vvs. SHE
3
Br/Bry EOSIN-Y | 0.81 4.63 2.6 1.2 1.1
Z
[Fe(CN)sI* /> MK-2 0.73 546 | 2.99 0.9 0.42 i
[Co(dtb)s]** D35 0.7 8.5 3.0 1.1 0.6
5
[Co(phen)s]**"* D35 0.92 8.2 4.5 1.1 0.6
5
[Co(dmb)J*"** D35 0.75 105| 4.7 1.1 0.4
6
TEMPO/TEMPO® | D-149 0.83 9.4 5.4 1.1 0.8
5
[Co(bpy)s]*** D35 0.92 10.5 58 1.1 0.6
Carbz- 7
PAHTDT
Fc/Fc' T 0.84 12.2 7.5 0.9 0.63
8
[Co(bpy-pz).]*"?* | Y-123 0.99 13.06 | 10.1 1.1 0.9
9
I-/I5 CYC-B11 | 0.74 20.1| 11.5 1.0 0.5
YD2-0- 10
Co*”* tris(bpy) c8 0.96 17.3| 12.3 0.8 0.5
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Table S4. Photovoltaic characteristics for different electrolytes used with ruthenium dyes

Electrolyte Dye Voo, | Jsc w 1 Dye Electrolyte redox | Ref.
(1
V | mAlcm? HOMO, potential,
Vvs.SHE | Vvs. SHE

I
[Cu(phen)2]** N-719 0.57 0.48 0.12 1.12 0.1

7
Fc/Fc’ N-719 0.55 1.0 0.33 1.12 0.63

7
[Fe(CN)sJ*"* 7-907 0.65 1.79 | 0.79 0.98 0.42

3
Br/Brs N-719 0.55 3.51 1.05 1.12 1.1

I
[Cu(SP)(mmt)]”" | N-719 0.66 4.4 1.3 1.12 0.49

T
[Cu(dmp)2]*'* N-719 0.79 3.2 14 1.12 0.86
[Ni- 17
bis(dicarbodillide)
191 N-719 0.64 3.76 1.5 1.12 0.49

13
Difsulfide/thiolate | Z-907 0.68 16.18 6.44 0.98 0.485

4
/15 N-719 0.78 16.25 9.1 1.12 0.5
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