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Figure S1. XRD analysis of the TiO, nanocrystallites after the hydrolysis of TiCl,



Figure S2. SEM images of the annealed virus-templated photoanodes (A) without (B)

with the TiO, nucleation by (NH4),TiF¢/H;BOj3 solution.



Figure S3. SEM images of the annealed virus-templated photoanodes nucleated in
different concentration of the TiCls solution. (A) 0.04 M. (B) 0.1 M. (C) 0.2 M. (D) 0.4
M. All of the films are also nucleated with (NH4),TiF¢/H3BO;3 solution subsequently. The

scale bar is 4 um.



Calculation of Diffusion Length (L,) from Electrochemical Impedance Spectra (EIS)

The electron diffusion length, L,, can be calculated from L, = LX(RREC/RT)” 2, where L is
the film thickness, Rggc is electron recombination resistance, and Ry is electron transport
resistance. Rrgc and Rt were obtained by fitting the measured electrochemical impedance
spectra to the transmission line model (shown in Figure S5) with the Z-view software
(v3.2b, Scribner Associates Inc). The transmission line component (Zrio; in Figure S5)
in an equivalent circuit is often used to represent the interface resistance and capacitance
for a porous structure, which is the case for the photoanodes of DSSCs. During fitting the
electrochemical impedance spectra to the transmission line model, the resistance and
capacitance at the substrate/TiO; interface, and the substrate/electrolyte interface were
assumed negligible due to good contact between substrate and TiO, and blocking layer of
TiO,. In Figure S4, electrochemical impedance spectra from each of three types of
DSSCs, measured at 625 mV, are shown in symbols. The fitted results are shown as solid
lines. For more detailed information about fitting electrochemical impedance spectra to
the transmission line model and extracting electron diffusion length from fitted

L 1-5
electrochemical impedance spectra, refer references.
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Figure S4. Nyquist diagrams of the EIS obtained under dark condition for different

devices at 625 mV. Both data and fitted lines are shown.

Experimental data are presented by symbols, and fitted results using the equivalent circuit
in Figure S4 are shown as solid lines. The bias applied to all the devices during

measurement is 625 mV. For the virus-templated TiO,-only DSSCs, Rrgc=2212.2, Rt =

31.4, thus L,/L = 8.4; for the virus-templated Au@TiO, DSSCs, Rrpc = 2646.9, Rt

51.9, thus L,/L = 7.1; for nanoparticle DSSCs, Rggc = 330, Rt = 105, thus L,/L = 1.8.



Figure S5. Equivalent circuit impedance model (transmission model) of DSSCs. Rg:
Ohmic series resistance of the cell. Rco and Cco: Contact resistance and capacitance at
the interface between the conducting substrate and the TiO, photoanode film. Rgy and
Csu: Charge transfer resistance and double layer capacitance at the substrate/electrolyte
interface. Rp; and Cpi: Charge transfer resistance and double layer capacitance at the
counter electrode-electrolyte interface. Zrtiop: transmission line impedance of the TiO,
photoanode film consisting of the elements Ry (resistivity of electron transport in the
photoanode film), Rrpc (charge recombination resistance at the TiO,/dye/electrolyte
interface), and C, (chemical capacitance of the photoanode film). Zgicciolyte: mass

transport impedance at the counter electrode.

Calculation of Electron Collection Efficiency (77co1) from Electron Diffusion Length

(L./L)

The electron collection efficiency is,’:

y [—La cosh (%) + sinh (%) + Lae-ad] La
NcoL = (1 —e~)-[1 — L2a?] cosh (%)

where d is the thickness of the TiO; film, L is the electron diffusion length, and a is the

extinction coefficient of dye sensitized TiO, film. (The notation is different from that we



used in the manuscript: we used L for the thickness of the TiO, film and L, for the
electron diffusion length.) For the calculation, we assume od equals to 1, indicating 90%
of the incident light is absorbed. For the virus-templated TiO,-only DSSCs, L/d = 8.4,
NcoL = 99.6%; for the virus-templated Au@TiO, DSSCs, L/d = 7.1, ncor =99.4%; for
nanoparticle DSSCs, L/d = 1.8, ncorL = 92.0% (all L/d values were taken at a bias value of

625 mV, as shown in Figure 4(A) and Table 1).

Figure S6. SEM image of the annealed virus-templated Au@TiO, photoanodes.

N
=)

[ Ve U
o N A O ©
T T T

Percentage (%)
°

o

L)

@ 06|

Mas
e o
N S
LA

1 i L i 1 i 1 i L i 1 i
200 400 600 800 1000 1200 1400
Film Depth (nm)

o
o

o

Figure S7. XPS measurement of the Au@TiO, virus-templated photoanode. The average

concentration of AuNPs in the photoanodes is 1.03 wt%.
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