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Supplementary Figure S1. Contact angle measurements using pure water droplets on 

metal nitride nanowires grown on a nonplanar Si wafer (a) and a planar Si wafer (b). The 

water contact angle can be greatly reduced by using nonplanar substrates indicating the 

improved hydrophilic property.  
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Supplementary Figure S2. Estimated indium compositions of InGaN nanowires using the 

Vegard’s law with a bowing parameter b of 1.3 and 1.4.  

For InxGa1-xN alloy with varied indium incorporations, the Vegard’s law correlates its 

bandgap and indium composition with the Eqn. S1 below.  

𝐸𝐸𝑔𝑔(𝐼𝐼𝐼𝐼𝑥𝑥𝐺𝐺𝐺𝐺1−𝑥𝑥𝑁𝑁) = 𝑥𝑥 ∙ 𝐸𝐸𝑔𝑔(𝐼𝐼𝐼𝐼𝑁𝑁) + (1 − 𝑥𝑥) ∙ 𝐸𝐸𝑔𝑔(𝐺𝐺𝐺𝐺𝑁𝑁) − 𝑏𝑏 ∙ 𝑥𝑥 ∙ (1 − 𝑥𝑥)             (S1) 

where b is the bowing parameter and its value typically varies between 1.3 and 1.4.1-4  

In this study, the bandgaps of InGaN nanowires have been determined from 

photoluminescence measurements to be ~2.6 eV, ~2.4 eV, and ~2.1 eV, respectively, as 

shown in Figure 2c. Therefore, its indium compositions were estimated to be ~0.2, ~0.27, 

and ~0.35, respectively, using Eqn. S1.  

  



4 
 

 

Supplementary Figure S3. Schematic illustration of cocatalyst nanoparticles deposition 

on InGaN nanowires, wherein (a) Rh deposits on lightly doped surface from reduction 

reaction, and (b) CoOx deposits on heavily doped surface from oxidation reaction. (c) Dark-

field scanning transmission electron microscope (DF-STEM) image of InGaN nanowire 

after cocatalyst deposition. Elemental distribution of Co (d) and Rh (e) using energy-

dispersive X-ray spectroscopy (EDX) in the marked area in (c). (f) Line scanning showing 

the separate deposition of Co and Rh along Arrow 2 marked in (c). 
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Supplementary Figure S4. The theoretical maximum solar-to-hydrogen (STH) 

conversion efficiency for the ideal multi-band photocatalyst system absorbing photons with 

wavelengths up to 580 nm, wherein all the incident photons are assumed to drive water 

splitting reaction.5  
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Supplementary Note S1. Solar-to-hydrogen conversion efficiency calculation 

For overall water splitting, the solar-to-hydrogen (STH) conversion efficiency is 

defined as the chemical energy of generated H2 gas divided by the solar energy of incident 

light. The STH efficiency for photocatalytic water splitting devices can be calculated by 

Eqn. S2 using the Gibbs free energy (237 kJ mol-1) of H2.6 To obtain STH efficiency 

correctly, it is required to demonstrate the stoichiometric H2 and O2 gas evolution, without 

adding any sacrificial reagents. 

 STH =  [𝐻𝐻2 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 �𝑚𝑚𝑚𝑚𝑔𝑔𝑚𝑚 𝑠𝑠−1�×237000 𝐽𝐽 𝑚𝑚𝑔𝑔𝑚𝑚−1

𝐼𝐼𝑔𝑔𝐼𝐼𝑔𝑔𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 𝑠𝑠𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔 𝑝𝑝𝑔𝑔𝑝𝑝𝑔𝑔𝑔𝑔 (𝑚𝑚𝑚𝑚 𝐼𝐼𝑚𝑚−2)×𝐴𝐴𝑔𝑔𝑔𝑔𝑔𝑔 (𝐼𝐼𝑚𝑚2)
]𝐴𝐴𝐴𝐴1.5𝐺𝐺                   (S2) 

The incident solar power from Xenon lamp with AM 1.5G filter was measured to be 2329 

mW cm-2 by a thermopile detector (919P, Newport).  

Quadruple-band InGaN nanowires for pure water splitting 

STH =  [
(1.84/3600 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠−1) × 237000 𝐽𝐽 𝑚𝑚𝑚𝑚𝑚𝑚−1

(2329 𝑚𝑚𝑚𝑚 𝑐𝑐𝑚𝑚−2) × (1 𝑐𝑐𝑚𝑚2)
]𝐴𝐴𝐴𝐴1.5𝐺𝐺 = ~5.2% 
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Supplementary Table S1. STH efficiency and stability of some previously reported 

photocatalyst systems for overall solar water splitting, compared to the multi-band InGaN 

nanowires presented in this work. 

Materials Cocatalyst Electrolyte Light STH 
(%) 

Stability 
(hours) 

Year 
[Ref.] 

Multi-band 
InGaN nanowires 

Rh/CrOx - CoOx Pure water 23 suns 5.2 8 This 
work 

Double-band 
In0.22Ga0.78N/GaN 

Rh/CrOx Pure water 32 suns 3.3 2 2018 [7] 

SrTiO3:Al Rh/CrOx Pure water 300W Xe 
lamp 

0.4 4 2018 [8] 

CDs/CdS-S N/A Seawater One sun <0.1 90 2018 [9] 

Double-band 
In0.25Ga0.75N/GaN 

Rh/CrOx - CoOx Seawater 27 suns  1.9 3 2018 [10] 

MoS2/TiO2 N/A Pure water 
methanol 

One sun <1 21 2018 [11] 

TiO2:Ta/N 
SrTiO3:Rh 

Ru - RuO2 1 mM NaIO3 
1 mM FeCl3 

One sun 0.02 15 2017 [12] 

SrTiO3:La, Rh/C 
/BiVO4:Mo 

Ru - RuOx Pure water One sun 1.2 6 2017 [13] 

Bi4NbO8Cl 
SrTiO3:Rh 

Pt - RuOx Fe3+/Fe2+ 
redox 

300W Xe 
lamp 

<0.4 24 2016 [14] 

SrTiO3:La, Rh/Au 
/BiVO4:Mo 

Ru/Cr2O3/a-TiO2 Pure water One sun 1.1 10 2016 [15] 

GaN nanowires Rh/CrOx Pure water 27 suns <1 22 2015 [16] 

CDots/C3N4 N/A Pure water 1 sun 2 200 days 2015 [17] 

SrTiO3: Rh, Sb 
BiVO4:Mo 

IrO2/CoOx 1 mM H2SO4 300W Xe 
lamp 

0.01 30 2014 [18] 

CoO nanoparticles N/A Pure water One sun 5 0.5 2013 [19] 
Si/TiO2 Pt - IrOx 0.5 M H2SO4 1.5 suns 0.12 4.5 2013 [20] 
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