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Table S1 - Mg-concentration in the precursor solution [Mgsol] compared to that measured in the 

thin films [MgTF] by energy-dispersive X-ray spectroscopy (EDX) and the corresponding lattice 

parameters determined from XRD. 

[Mgsol]/ % [MgTF] / % c / Å a / Å 

0 0 5.2115 3.2476 

5 5.2 5.2074 3.2538 

10 11.5 5.2034 3.2554 

20 18.1 5.1979 3.2559 

 

 

 

Table S2 - Extrapolated band gaps from Tauc-plots for nanoparticulate and thin film MZO 

depending on the Mg-concentration. 

 Band gap / eV 

Mg-content / % NP TF 

0 3.28 3.27 

5 3.35 3.34 

10 3.42 3.39 

20 3.52 3.50 

 

 

 

Table S3 - Absorbance maximum and the calculated values for the quantum efficiency (QE) 

in the maximum.  

 
NP TF CS 

Mg absmax QEmax / % absmax QEmax / % absmax QEmax / % 

0 0.84 71.4 0.16 97.5 1.1 63.5 

5 0.83 74.2 0.15 114 1.08 62.5 

10 0.83 35.8 0.18 67.9 1.05 56.7 

20 0.86 8.8 0.17 24.6 1.11 39.7 

 



 

Figure S1 - Equivalent electrical circuit used for the fitting of the EIS data. 

 

 

 

 

Figure S2 - XRD of MZO TF samples of varying Mg-concentration. (a) overview of MZO TF 

with 0, 5, 10 and 20% Mg. The typical ZnO wurtzite reflexes are indexed. (b) detail of the (002) 

reflex and the shift upon Mg-doping towards larger angles is indicated by the arrow. 



 

Figure S3 - XRD of MZO CS samples of varying Mg-concentration. (a) overview of MZO CS 

with 0, 5, 10 and 20% Mg. The typical ZnO wurtzite reflexes are indexed. (b) detail of the 

(002) reflex which was found at constant angle because it is dominated by the large amount of 

the undoped ZnO core compared to small contributions by the thin MZO shell. 

 

 

 

Figure S4 - Tauc-plot of the optical absorption spectra of MZO nanoparticles with varying Mg-

concentration with fits to the linear part.  

 

 



 

Figure S5 - SEM images of MZO thin films (TF) including (a) 0% Mg, (b) 5% Mg, (c) 10% 

Mg and (d) 20% Mg at 200k times magnification. 

 

 

 

 



 

Figure S6 - EQE spectra of TF-type photoanodes of varying Mg-concentrations. 

 

Figure S7 - EQE spectra (dots) and fits (lines) of CS-type photoanodes of varying Mg-

concentration. 
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Figure S8 - Comparison between the increase in the band gap ΔEg determined from optical 

spectroscopy and the increase in open-circuit voltage ΔVOC caused by Mg-doping compared to 

pure ZnO. 



 

Figure S9 - Electron lifetimes τn derived from IMVS measurements at various light intensities 

for (a) NP-, (b) TF- and (c) CS-type photoanodes. The experimental data for the 5%, 10% and 

20% MZO photoanodes has been normalized relative to pure ZnO by the increase of the band 

gap ΔEg, as discussed in the text. 



 

Figure S10 - Bi-exponential fits of the measured TRPL spectra for (a1) NP-, (b1) TF- and (c1) 

CS-type photoanodes, as well as the integrated PL spectra for (a2) NP-, (b2) TF- and (c2) CS-

type photoanodes. 


