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Fig. S1. Pictures showing the wild-type M13 bacteriophage with Ag particles under different 
concentrations and reducing agents. The resulting electrodes show low transparency.  
 

 



 

S3 

 
 

Fig. S2. Bio-TEM images of the mixture of AgNO3, DMAB, and M13 bacteriophage. 

 
 

 

 

 

 

Fig. S3. Sheet resistance values of virus-templated Au nanowire electrodes under different 
concentrations and reducing agents. 
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Fig. S4. Bio-TEM images showing change according to the type of reducing agent: a) DMAB 
and b) NaBH4. 
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Fig. S5. Bio-TEM images of change with M13 virus conc.: a) 0 v/v %, b) 1 v/v %, and c) 5 
v/v %. 
 

 

 

 

Fig. S6. Bio-TEM images of change with HAuCl4 conc.: a) 0.2 mol L-1, b) 0.5 mol L-1, and c) 
0.7 mol L-1. 
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Fig. S7. Bio-TEM images of Au nanowire made using NaBH4. It has impurities with different 
shapes, mostly cubic. 
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Fig. S8. Reported XRD spectrum of Au. Reproduced with permission.S1 Copyright 2014, 
SpringerOpen. 
 

 

 

 
 

Fig. S9. Reported XRD spectrum of NaCl. Reproduced with permission.S2 Copyright 2017, 
Royal Society of Chemistry. 
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Fig. S10. Reported XRD spectrum of NaBH4. Reproduced with permission.S3 Copyright 2019, 
IOP Publishing. 
 

 

 

 

Fig. S11. XPS measurements of a) Au4f in M13 + HAuCl4 + DMAB (black), M13 + HAuCl4 + 
NaBH4 (red), HAuCl4 + DMAB (blue) and HAuCl4 + NaBH4 (pink), b) Au4f in M13 (black), 
M13+ DMAB (red) and M13 + NaBH4 (blue).  
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Fig. S12. XPS measurements of Cl2p in M13 + HAuCl4 + DMAB (black), M13 + HAuCl4 + 
NaBH4 (red), HAuCl4 + DMAB (blue), and HAuCl4 + NaBH4 (pink). 

 
 
 

 
 
Fig. S13. XPS measurements of a) B1s in M13 + HAuCl4 + DMAB (black), M13 + DMAB 
(blue), and M13 + DMAB (red), b) M13 + HAuCl4 + NaBH4 (black), HAuCl4 + NaBH4 (blue), 
and M13 + NaBH4 (red). 
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Fig. S14. PYS measurement of a) M13 bacteriophage only and DMAB-added virus-templated 
Au nanowires, and b) Au plate. 
 
 
 

 
Fig. S15. AFM images (2 × 2 µm2) of the PTAA-coated virus-templated Au nanowires on PDMS. 
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Fig. S16. Transmittance spectra of a) the virus-templated Au nanowire on glass and PDMS; and 
b) PDMS substrate only. 
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Table S1. Reported metal nanowire electrodes and their properties to date.  

Year Material Type 
Deposition 

Technique 
Transmittance 

(%) 
Sheet 

resistance 
(Ω/sq) 

Reference 

2011 Au N/A 83 49 S4 

2011 Au Lithography 83–95 30 S5 

2013 Au Self-assemble 80 70 S6 

2013 Ag/CNT Membrane filtering 82 4–24 S7 

2015 Au Dip-coating 70 50,  
> 40 MΩ S8 

2015 Ag/CNT/PEDOT:PSS Membrane filtering 86 6.6 S9 

2016 Au Self-assemble 79 N/A S10 

2016 Au Ink/nanoimprint 66 50 S11 

2017 Ag Spin-coating ~87 < 20 S12 

2017 Au/Ag Bar-coating ~80 10 S13 

2018 Ag Aerosol jet printing 72.3 57.68 S14 

2019 Ag/ZnONP Ultrasonic spray 85.5 2.48 S15 

2019 Ag/LGO Spin-coating 81.8 38.5 S16 

2020 Ag/Graphene Spin-coating 86.7 27 S17 

2020 Au/M13 Spin-coating 76.0 158.1 This Work 
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Fig. S17. Plot showing where the optical conductivity of our virus-templated Au nanowire 
electrode stands among the reported metal nanowire electrodes. 
 

 

 

 
Fig. S18. J–V curves of the M13 Au nanowire-based PSCs made under different AA amounts for 
the optimisation. 
 

0.0 0.2 0.4 0.6 0.8 1.0
0

5

10

15

20
 

 

J S
C
 (m

A×
cm

-2
)

Voltage (V)

 AA 0µl
 AA 5µl
 AA 20µl
 AA 30µl
 AA 50µl



 

S14 

 
Fig. S19. Incident photon-to-electron conversion efficiency (IPCE) and integrated JSC of the virus-
templated Au nanowire-based PSCs. 
 

 

 
Fig. S20. Time-evolution of UV-vis absorption spectra of perovskite films on a) ITO and b) M13 
virus-templated Au nanowires (M13AuNW) in humid conditions (RH ~60%).  
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Fig. S21. PCEs of the reported metal nanowire transparent electrode-based PSCs. 
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