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1. Characterization of the Ag2S/ZnO NRs photoelectrode  

Figure S1 shows a typical X-ray diffraction pattern of ZnO nanowire arrays (blue line) 

and ZnO nanowires covered with Ag2S QDs (red line) for comparison. The X-ray 

diffraction peaks can be indexed as monoclinic Ag2S structure (JCPDS file No. 00-014-

0072). It can be appreciated that the obtained Ag2S QDs/ZnO nanowires arrays share the 

structural characters of both ZnO and Ag2S because no any other diffraction peaks besides 

SnO2 which comes from the FTO substrate were detected. 
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Figure S1. X-ray diffraction pattern of (a) ZnO sensitized Ag2S QDs (JCPDS 14-0072) 

and (b) ZnO nanowire. Diffraction planes are indicated for ZnO and Ag2S. (*, indicates 

the peaks originated from the SnO2:F substrate). 

 



On the other hand, five diffraction peaks at 29º, 31.5º, 37.7º, 40.7º and 43.3º 

corresponding to the (111), (-112), (-103), (031) and (200) planes respectively, of the 

acanthite crystal of Ag2S, can be appreciated. The diffraction peak intensity of ZnO shows 

a little decrease after depositing Ag2S QDs due to the ZnO NRs were completely covered 

with Ag2S. 

 

2. Characterization of the [HEMIM][BF4]/PVP electrolyte. 

The ionic conductivity of electrolytes depends on the number of mobile charge species 

and their mobility along with polymer chain mobility. The room-temperature ionic 

conductivity of [HEMIm][BF4]/PVP electrolyte is σ = 1.5 10-3 S cm-1, which is 

comparable to the neat [HEMIm][BF4] ionic liquid that is 4.6 10-3 S cm-1 at 25 ºC.1,2 

However, pure PVP is highly resistive with σ < 10-9 S cm-1.3 

The dependence between temperature and ionic conductivity is represented in Fig. S2. As 

can be observed in Fig. S2 (a), the ionic conductivity increases exponentially with 

temperature. This behavior is similar for other ionic liquids studied in literature.4 Figure 

S2 (b) shows the natural logarithm of σ versus the inverse of absolute temperature, i.e., ln 

σ versus 1/T. If the electrolyte under study would follow a Vogel-Tamman-Fulcher (VTF) 

type equation, the data of Fig. S2 (b) had to form a curvature.5,6 However, lnσ has a linear 

relationship with reciprocal temperature, following an Arrhenius relation, which can be 

written as:7 

σ = σ0exp �− 𝐸𝐸𝐸𝐸
𝑘𝑘𝐵𝐵𝑇𝑇

�    (eq. S1) 

where , σ0 is the maximum electrical conductivity (that it would have at infinite 

temperature), Ea is the activation energy for electrical conduction, that indicates the 



energy needed for an ion to hop to a free hole, kB is the Boltzmann constant and T is the 

absolute temperature. 

The increment of conductivity according to the temperature may be due to the reduction 

of viscosity and enhancement mobility of polymer chains. This linear behavior between 

conductivity and temperature is in agreement with the J. Tang et al.8 research and it can 

be explained due to the free volume and the hopping of charge carriers between localized 

sites.9 The crystallinity of the polymer at low temperatures is high and this succeed 

hinders the motion of ions, producing a decrease in the overall ionic conductivity. As the 

temperature rises, the amorphicity of the polymer increases gradually producing a 

segmental mobility of the polymer chains.10,11 This amorphicity can promote inter and 

intra-chain ion hopping movements, leading to an increase in ionic conductivity.12  

Red lines in Fig. S2 shows the best fitting, and from the linear fitting (Fig. S2 (b)) has 

been obtained the parameters of Arrhenius equation; σ0 = 110.38 S cm-1 and Ea=0.28 eV. 

This low value of activation energy for ionic conduction is desirable for photo-

supercapacitor applications.13  

 

Figure S2 (a) Ionic conductivity, σ, as a function of absolute temperature and (b) 

Logarithm of the ionic conductivity versus the inverse of the absolute temperature for 

the PVP/[HEMIm][BF4] electrolyte. Red lines are the best fit of the data. 



 

3. Overall efficiency (ƞoverall) and storage effciciency (ηstorage) of the photocapacitor 

The ƞoverall of the photocapacitor was calculated according to the equation eq. S2,14 where 

Esp is the specific energy, Elight the incident light power density (100 mW cm-2) multiplied 

by the photocharge time and Aphotocap. the area of the photocapacitor (0.25 cm2). 

ƞ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
𝐸𝐸𝑠𝑠𝑠𝑠

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 · 𝐴𝐴𝑝𝑝ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜.
                                  (𝑒𝑒𝑒𝑒. 𝑆𝑆2) 

On the other hand, the maximum storage efficiency ηstorage of the photocapacitor was 
calculated following the equation eq. S3,15  

µ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = µ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
µ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

    (eq. S3) 

where µ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is the photovoltaic conversion efficiency that can be measured as 
follows. 

µ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑉𝑉𝑜𝑜𝑜𝑜𝐽𝐽𝑠𝑠𝑠𝑠𝐹𝐹𝐹𝐹
𝑃𝑃𝑖𝑖𝑖𝑖

    (eq. S4) 

where 𝑉𝑉𝑜𝑜𝑜𝑜, 𝐽𝐽𝑠𝑠𝑠𝑠, 𝐹𝐹𝐹𝐹 and Pin are the open circuit voltage, short-circuit current density, fill 
factor and incident light power density, respectively. 
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