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Figure S1. (A) TEM, (B) HRTEM and (C) SEM images of Au/TiO2 nanocomposite before and (D) after 14 

scans of electrochemical cycling in 0.1 M sulfuric acid; scan range 0 V to 1.5 V (Ag/AgCl, 3 M KCl); scan rate 

0.05 Vs-1. Arrows mark the Au NPs exemplarily. 



 

Figure S2. Histogram of the Au NPs distribution in: (A) Au/TiO2 nanocomposite and (B) Au NPs. 

 

Supporting information to section 3.2. It was also shown that the silver NPs on electrodes are more 

prone to oxidation than to reduction.1 In the case of 12 nm gold NPs on the thin-film gold (bulk) electrodes (Figures 

S2 (B) and S5) without a nanoporous semiconductor matrix of TiO2, we observed a negative (cathodic) shift of 

the reduction potential of the Au+/Au0 reaction during electrochemical redox cycling of about - 40 mV (Figure S7) 

compared to a thin-film gold electrode with a bulk value of the redox potential (~0.875 V against Ag/AgCl 3 M 

KCl), respectively. We assumed a symmetric shift of the oxidation (Ea) and reduction (Ec) potentials of the reaction 

Au+ + e → Au0 and a reversible metal/metal ion redox potential E′ = (Ea + Ec)/2.2 The calculated shifts (eq. (3)) of 

the redox potential of about -0.033 V for the gold NPs of 12 nm diameter and of the peak oxidation potentials Epa 

from 275 mV to 354 mV for the progressively increasing (diameter of 8–30 nm) citrate-stabilized Ag NPs attached 

to the ITO electrode via aminosilane3 which were also calculated using eq. (3), corresponded well with the 

experimental values. However, in most cases, the effects were demonstrated for anodic stripping (oxidation 

potential) of silver NPs, which exhibited high reactivity and easy oxidation. The differences in electrochemical 

behavior in oxidation experiments using arrays of silver NPs on conductive surfaces were also studied for NPs 

with diameters greater than 25 nm under the assumption that these particles have the “bulk” value of the standard 

potential, E0, of silver taking into account the size-dependent diffusion profile.4 

Li et al. observed a negative (cathodic) shift of the reduction peak potential of a single Au NP electrode 

in comparison to the bulk value,5 which the authors supposed was also due to the size effect. Cathodic potentials 

were shown to shift in the electrochemical deposition of gold NPs.6-8 The effect observed here in the first scan is 

probably due to electrodeposition on different surfaces. During subsequent growth, which occurred on the gold 

sites, a further shift of the reduction potential to positive (bulk) values was observed. This could be due to 

increasing particle sizes, as discussed above. 



 

Figure S3. Cyclic voltammogramms of ITO/TiO2-Au in 0.1 M sulfuric acid; scan range 0 V to 1.5 V (Ag/AgCl 

3 M KCl); scan rate 0.05 Vs-1. 

Further studies may be required to explain some features of the voltamogramms of the nanocomposites. 

In particular, peak broadening and the distribution of redox potential values might be influenced by different 

weights of the exposed plane gold surfaces, defects and edges of the nanostructures, some dispersion in the 

nanoparticle size distribution, different potential drops in a nanoporous semiconductor matrix. Further factors, 

which may influence the voltammograms, are interaction of the electrical double layers of the nanoparticles, 

catalytic activity of the nanoparticles in the anodic region, local pH changes, microelectrode-type behavior, and 

electrical effects, such as the formation of the Schottky barrier at the TiO2/Au boundary. Some of these effects 

should be also taken into the account in the case of Figure S6 and S7. 

 

 

Figure S4. SEM images of ITO electrode modified with Au NPs (A) before and (B) after electrochemical 

cycling in 0.1 M sulfuric acid; scan range 0 V to 1.5 V (Ag/AgCl 3 M KCl); scan rate 0.05 Vs-1. 



 

Figure S5. SEM images of thin-film gold electrode modified with Au NPs (A) before and (B) after 

electrochemical cycling in 0.1 M sulfuric acid. The indentations on the thin-film surface are visible where the 

particles were detached from the surface during electrochemical cycling. Scan range 0 V to 1.5 V (Ag/AgCl 3 M 

KCl); scan rate 0.05 Vs-1. (C) SEM image of the electrode area outside the electrochemical cell. 

 

 

Figure S6. SEM images of Si/SiO2 electrode modified with gold NWs (A,B) before and (C) after 

electrochemical cycling in 0.1 M sulfuric acid; scan range 0 V to 1.5 V (Ag/AgCl 3 M KCl); scan rate 0.05 Vs-1.  



 

 

Figure S7. CVs of (a) bare thin-film gold electrode and (b) gold electrode modified with Au NPs in 0.1 M 

sulfuric acid; scan range 0 V to 1.5 V (Ag/AgCl 3 M KCl); scan rate 0.05 Vs-1. 

 

 

 

 

Figure S8. SEM image of the Au/TiO2 nanocomposites on ITO after immersion in the growth solution for 9 

weeks. Arrows mark the aggregated Au NPs. 

 

 

 



 

 

Figure S9. SEM image of Au/TiO2 nanocomposites in 0.1 M sulfuric acid without applied potential under light 

for 4 days. 

 

Figure S10 SEM image of Au/TiO2 nanocomposites in 0.1 M sulfuric acid without applied potential and light 

for 4 days. 

 

SI-Note (1) The concept of electrochemical potential of electron in the solution was developed by Reiss 1985,9 

Gerischer and Eckardt in 1983,10 Bockris and Khan in 1987.11 Although, there are no free electrons in the solutions 

as they are bound to ions, the application of this concept to electrochemical systems is accepted. 



 

SI-Note (2) The electrochemical potential of electrons in a phase (1), ҇µe
(1) is also referred to as Fermi energy (level) 

and corresponds to an electron energy EF
(1) representing an average energy of available electrons in phase (1), or 

more exactly, the energy where the occupation probability is 0.5 in the Fermi-Dirac distribution of electrons among 

the energy levels.12 

 

SI-Note (3) Under the assumption that the mass and the surface charge density are kept constant during the 

dispersion process and neglecting the variation of  ( is the surface tension) on the potential, (dγ/dE)T,p,N=qm, 

Lippman equation for the excess charge on the interface qm.13 
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