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Abstract Article Info. 

A metal-assisted chemical etching process employing p-type silicon wafers 

with varied etching durations is used to produce silicon nanowires. Silver 

nanoparticles prepared by chemical deposition are utilized as a catalyst in the 

formation of silicon nanowires. Images from field emission scanning electron 

microscopy confirmed that the diameter of SiNWs grows when the etching 

duration is increased. The photoelectrochemical cell's characteristics were 

investigated using p-type silicon nanowires as working electrodes. Linear sweep 

voltammetry (J-V) measurements on p-SiNWs confirmed that photocurrent density 

rose from 0.20 mA cm
-2

 to 0.92 mA cm
-2

 as the etching duration of prepared 

SiNWs increased from 15 to 30 min. The conversion efficiency (ƞ) was 0.47 for p-

SiNWs prepared with a 15-minute etching time and 0.75 for p-SiNWs prepared 

with a 30-minute etching time. The cyclic voltammetry (CV) experiments 

performed at various scan rates validated the faradic behavior of p-SiNWS 

prepared for 15 and 30 min of etching. Because of the slow ion diffusion and the 

increased scanning rate, the capacitance decreased with increasing scanning rate. 

Mott-Schottky (M-S) investigation showed a significant carriers concentration of 

3.66×10
20 

cm
-3

. According to the results of electrochemical impedance 

spectroscopy (EIS), the SiNWs photocathode prepared by etching for 30 min had a 

charge transfer resistance of 25.27 Ω, which is low enough to enhance interfacial 

charge transfer.  
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1. Introduction 
Providing sufficient energy for the world's population to achieve the required 

level of life is one of the most serious challenges facing humanity in the twenty-first 

century. The present world's population of 7 billion consumes 15 terawatts of energy; 

by 2050, this figure is projected to increase to 9 billion and 30 terawatts [1]. 

Approximately 80% of our energy demands are now supplied by fossil fuels, which 

will not be sufficient to satisfy global energy demand [2]. In addition, the use of fossil 

fuels has continued to increase during the past decade, and this trend is expected to 

continue over the next decade [3]. With the help of solar energy, 

photoelectrochemical (PEC) water splitting is one of the most common techniques for 

producing hydrogen fuel, which can replace traditional fossil fuels in next-generation 

renewable energy applications. A solar-assisted PEC system is often associated with 

the conversion of solar energy into electrical energy via a semiconductors/electrolyte 

interface. When photons with energy higher than the bandgap of a semiconductor are 

absorbed, electron-hole pairs are produced, which are separated when the electrons 

are transferred from the valence band to the conduction band. In addition, the 

appropriate energy positioning of the bands causes a water molecule in contact with 

semiconductors to be reduced to H2 by photoelectron and oxidized to O2 by photo 

holes [4-6].  
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Several critical parameters must be achieved simultaneously for direct 

photoelectrochemical water splitting to occur efficiently and sustainably. When 

irradiated, the semiconductor system must produce enough voltage to split water, and 

the semiconductor band gap must be small enough to absorb most of the sunlight; at 

the surface, the band edge potentials must intersect the hydrogen and oxygen redox 

potentials, and the system [7]. Therefore, efficient photocathodes based on 

combination of semiconductors as a catalyst is required to hydrogen evolution 

reaction (HER) [8]. The photoelectrochemical (PEC) water splitting method 

employing semiconductor materials has grown in popularity as one of the clean, 

environmentally friendly, and low-cost solutions to the energy issue [9, 10].  Suitable 

photoelectrodes for PEC water splitting are cadmium selenides (band gap 1.7 eV), 

cadmium sulphides (band gap 2.4 eV), titanium dioxide (band gap 3.0 eV) and silicon 

(band gap 1.1 eV) [11-14]. Silicon is the perfect photoelectrode because of its low 

bandgap. Si with a narrow bandgap absorbs most of visible light and has a 

comparatively high electrolyte corrosion stability. The edge of its conduction band is 

well above E0(H+/H2). Si would therefore be a suitable photocathode material for the 

hydrogen evolution process (HER)
 

[15]. Furthermore, one-dimensional silicon 

nanowires (Si NWs) exhibit superior conductivity in the PEC water splitting process 

compared to bulk silicon due to their faster charge transport track, more effective 

charge collection, greater contact area with the electrolyte, and reduced reflection 

[16]. Enhancing the efficacy of PEC water splitting requires increasing the diameters 

of Si nanostructures, which enhances active sites at the semiconductor/electrolyte 

interface. Even in the absence of a co-catalyst, the diameter of NWs and their surface 

shape have been proven to be important parameters for an efficient photoelectrode 

that increases the overall PEC water splitting process [15, 16].  In the present work, p-

SiNWs photoelectrode were fabricated by the two-step metal-assisted chemical 

etching (MACE) method using a p-Si (100) substrate. The PEC water splitting was 

investigated by studying cyclic voltammetry, current density, electrochemical 

impedance spectroscopy (EIS) of the working electrode/electrolyte interface, and 

Mott-Schottky (M-S) values for measuring internal electronic properties of the 

working electrode and hydrogen gas evolution occurring throughout the process. 

2. Experimental work 
2.1. Preparation SiNWs using MACE Method 

Polished p-type Si(100) wafers with a resistivity of 1-10 Ω.cm were used to 

prepare the silicon nanowires (SiNWs) using the metal-assisted chemical etching 

(MACE) approach. 

Before the etching process, the Si wafer was cut into small pieces of 1×1.5 cm. 

Then, the Si wafers were cleaned by immersing them in a beaker containing distilled 

water (DW) for 10 min in an ultrasound bath. Then, Si wafers were washed using 

acetone and ethanol under sonication, and finally they were washed with DW. The 

SiO2 thin layer is finally removed from the surface by dipping the Si(100) wafers in 

5% diluted HF acid for 1 min. Si(100) substrates were placed into a solution 

containing 0.06 mol/L of AgNO3 and 5M of HF for 30 seconds to deposit Ag 

nanoparticles on the surface, and then SiNWs were grown on them as a catalyst using 

Ag nanoparticles. The prepared Si(100) wafers Ag NPs coated were immersed in a 

solution of 2M H2O2 and 5M HF at room temperature to grow SiNWs with different 

etching times of 15 and 30min. After the etching process was complete, the samples 

were washed with DW and immersed for 30 seconds in a diluted HNO3 solution to 
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remove the Ag particles deposited on the surface of the SiNWs [17]. Fig. 1 depicts the 

preparation steps for SiNWs. 

Figure 1: A diagram illustrating the production of NWs through metal-assisted chemical 

etching (MACE) process. 
 

2.2. PEC Measurements 

Ohmic contact electrodes were done by depositing aluminum (Al) metal on the 

back surface of the grown samples by thermal evaporation method and the back of the 

sample was connected to a copper wire using silver paint.  The backside and edges of 

the samples were coated with epoxy, and the copper wire was enclosed in plastic 

tubes to isolate the electrical contacts from the electrolyte allowing the front side of 

the sample to come into contact with the electrolyte. The PEC tests were carried out in 

a quartz electrochemical cell with a corrTest electrochemical workstation in a 

standard three-electrode setup; the prepared samples served as the working electrodes, 

a platinum plate (1x1 cm) served as a counter electrode, while the Ag/AgCl electrode 

served as the reference electrode. The molarity of the electrolyte was 0.5 M Na2SO4 

solution, and the pH of the electrolyte was 8.62. 

Solar illumination with a power of 100 mW/cm
2
 was employed as a light source 

to illuminate the surface of the samples. Using the Nernst equation, the measured 

potential versus Ag/AgCl was converted to the reversible hydrogen electrode 

(   )                               
                                                               ( )          

In this case, ERHE stands for the converted potential vs RHE,         
  which is 

equal to 0.1976 V at RT, and         
  is the empirically observed potential vs the 

reference of Ag/AgCl, as well as the pH of the electrolyte solution in the PEC cell. 
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2.2.1. Electrochemical Performance Measurement 

The performance of the PEC cell was evaluated using a variety of tests, such as 

Cyclic Voltammetry (CV) experiment, which was carried out six times under dark 

conditions using a scan rate of 50, 100, 200, 300, 400, and 500 mV/s. The negative 

and positive potential windows were -1.1 V to +1.1 V vs Ag/AgCl. Linear Sweep 

Voltammetry (LSV) was carried out with a scan rate of 500 mV/s under both dark and 

solar illumination conditions. The scan rate was configured for the photocathode to be 

500 mV/s from -1.2 to 0 V vs Ag/AgCl. The photoconversion efficiency (ƞ) was 

calculated based on the relationship: 

  |   |  (
       

 light 
)                                                                                                       ( )                                                                                                                       

where: Jpc, Vb, and Plight are photocurrent density (mA. cm
-2

), the applied bias 

potential versus hydrogen reference electrode, and the illumination light intensity 

(mW.cm
-2

), respectively. 

2.2.2. Mott-Schottky Measurement 

The Mott–Schottky measurements under dark conditions are done to determine 

the charge carriers’ density (NA) and the flat band potential (VFB) for the 

photoelectrodes. Mott–Schottky theory is used to analysis the interfacial capacitance 

of the semiconductor/electrolyte junction through the following equation [18]: 

 

   
  

  

        A 
(      

  

 
)                                                                                            ( )                                        

where: C, Ɛ0, Ɛr   A
2
, e, V, K, T are the space charge capacitance (F/cm

²
), the vacuum 

permittivity (8.854 x 10
-14

 F/cm), the dielectric constant of the semiconductor (11.7 for 

Si), the electron charge (1.6 x 10
-19

 C), applied potential, Boltzmann constant (1.38 x 

10
-23

 J/K), and the temperature, respectively [19]. The NA was calculated using the 

slope of the Mott– Schottky (M-S) curve using the equation: 

     
 

      
                                                                                                                              ( )                                                                                

where: S is the slope of the M-S plot. Furthermore, the flat-band potential can be 

calculated by extrapolating the M-S plot to the x-axis intersection. At the 

intersection, the following relationship is used to obtain the flat-band potential [20]: 

      
   

 
                                                                                                                          ( )                                                                                                                                                              

2.2.3. Electrochemical Impedance Spectroscopy (EIS) 
The Electrochemical Impedance Spectroscopy (EIS) was carried out to 

determine the electrical characteristics of the Si wafer and SiNWs photocathodes 

prepared by etching for 15- and 30-min. EIS was calculated under dark and solar 

illumination for all electrodes. The AC voltage capacitance was 0.01V and the 

frequency range was 10
5
 Hz - 0.1 Hz. 

3. Results and Discussion 
3.1. Morphology and Optical Properties 

Fig. 3 shows the FESEM images of the SiNWs surface prepared using different 

etching times. The diameter of the prepared SiNWs prepared with 15 min etching 
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time was in the range of 26-304 nm. Whereas increasing the etching time to 30 min 

led to an increase in the diameter of the prepared SiNWs to 53-320nm. The increase 

in the the grown wires diameter with the increase in the etching time could be due to 

NWs being conglomerated together. Rai et al. prepared SiNWs via two-step MACE 

using Ag NPs as catalysts using different etching times of 10, 20, and 30 s, and found 

that the diameters of the deposited SiNWs were 63.94, 55.05, and 88.16 nm, 

respectively [21]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FESEM images of p-SiNWs grown etching time of (a) (Mag. = 10.000 K X), (b) 

(Mag. = 15.000 K X) and (c) (Mag. = 25.000 K X) for 15 min., (d) (Mag. = 10.000 K X) (e) 

(Mag. = 15.000 K X), and (f) (Mag. = 25.000 K X) for 30 min. 

 

3.2. Photoelectrochemical Properties  

Fig. 3a shows linear sweep voltammetry (J-V) curves of the p-Si(100) wafer 

photocathode in the dark and under solar illumination. A low current was observed in 

the dark, while the photocurrent density under -1.2 V bias voltage was -0.16 mA.cm
-2

 

under solar illumination. The photocurrent density was low under solar illumination 

which is due to the recombination of photo-induced charge carriers. Fig. 3b shows 

linear sweep voltammetry (J-V) curves of the p-SiNWs photocathode prepared by 

etching for 15 min in the dark and under solar illumination.  A low current was 

observed in the dark while the photocurrent density under-1.2 V bias voltage was -

0.20 mA cm
-2

 under solar illumination. Fig. 3c shows linear sweep voltammetry (J-V) 

curves of the p-SiNWs photocathode prepared by etching for 30 min in the dark and 

under illumination.  A low current value was observed in the dark while the 

photocurrent density with -1.2 V bias voltage was -0.92 mA cm
-2

 under solar 

illumination. 

 
 

a b c 

d e f 
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Figure 3: Linear sweep voltammetry (J-V) of Si (100) wafer photocathode and SiNWs 

photocathode prepared by etching time of 15 min and 30 under dark and light conditions. 

 

Fig. 4 shows the ƞ of the p-Si(100) wafer and p-SiNWs prepared with etching 

for 15 min 30 min. High value of ƞ was 0.75% at a potential of -0.23V was obtained 

for the p-SiNWs prepared with 30min of etching time, while the samples prepared 

with 15min had ƞ of 0.47% at a potential of -0.32V. However, the maximum value of 

η for p-Si (100) wafer was 0.1% obtained at a potential of -0.34V. The value of ƞ was 

increased by 7.5 times for SiNWs prepared with an etching time of 30min and 4.7 

times for samples prepared with 15min of etching time.  These results agreed with the 

results of previous research, as shown in Table 1, under solar illumination. 

 

 

 
 

 

 

 

 

 

 

 

 

 
Figure 4:  Photoconversion efficiency (ƞ) as a function of potential for Si (100) wafer, 

and SiNWs prepared using 15min and 30min of etching time. 
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Table 1: Photoconversion efficiency(ƞ) of prepared SiNWs using different durations 

compared with previous works 

Photoelectrode electrolyte Con. (M) P (mW/cm
2
) ƞ% 

VBais 

(v) 

Ref. 

P-Si H2SO4 0.5 100 0.1 0.80 [8]  

P-SiNW H2SO4 0.5 100 0.23 0.80 [8]  

P-Si HClO4 1 100 0.03  [22]  

P-Si HClO4 1 100 0.02  [23]  

P-SiNW HClO4 1 100 0.91  [23]  

P-SiNW Na2SO4 0.5 100 1.1 0.78 [24]  

P-Si Na2SO4 0.5 100 0.1 
-0.34 This 

work 

P-SiNW etching 15min Na2SO4 0.5 100 0.47 
-0.32 This 

work 

P-SiNW etching 30min Na2SO4 0.5 100 0.75 
-0.23 This 

work 

 

The cyclic voltammetry (CV) measurements under dark were repeated 6 times 

using different scan rates of 50, 100, 200, 300, 400, and 500 mv/s for one cycle. Fig. 

5a shows the CV curves for the Si wafer photocathode with different scan rates. The 

CV curve of pristine p-Si electrode shows a quasi-rectangular  behavior and 

symmetrically shaped curve without redox peaks that infer that the capacitance is 

stored by an accumulation of charges between the electrode/electrolyte interfaces, 

indicating the electrical double layer capacitive behavior [25]. However, the area of 

CV curves and the value of the current increased with the scan rate, which indicates 

rapid charge–discharge reversibility. Fig. 5b shows the CV curves for the SiNWs 

photocathode prepared by etching for 15 min with different scan rates. The CV curve 

of the SiNWs electrode shows symmetric behavior with the appearance of oxidation 

peak, indicating the presence of faradic behavior leading to pseudocapacitance and 

electric double-layer capacitance [26]. However, under 50, 100, 300, 400, and 500 

mV/s, the curves exhibited anodic peaks nearest from -0.14 V vs Ag/AgCl in the 

negative potential. Fig. 5c shows the CV curves for the SiNWs photocathode prepared 

by etching for 30 min with different scan rates. The CV curve of the SiNWs electrode 

shows asymmetric behavior with a reduction peak, indicating the presence of faradic 

behavior. However, under 400 and 500 mV/s, the curves exhibited anodic peaks 

nearest from -0.12 V vs Ag/AgCl in the negative potential. 

The areal capacitance is calculated according to the following equation [27]: 

   
   

     
                                                                                                                            ( )           

Where: Cs , ∫Idv  , s, v, ∆v are the specific capacity (F/cm
2
), the area under the curve, 

area of the electrode surface, scan rate, and potential window of the electrolyte, 

respectively. 
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Figure 5: Cyclic voltammetry (cv) of (a) the Si(100) wafer photocathode, (b) SiNWs 

photocathode prepared by etching for 15 min, and (c) the SiNWs photocathode prepared by 

etching for 30 min. 

 

Fig. 6 shows the areal capacitance reduction with scan rate values increasing 

from 50 to 500 mv/s for p-Si wafer and for p-SiNWs etched for15 min and 30 min. 

The maximum specific capacitance (Cs) was achieved at a scan rate of 50 mv/s, while 

for p-Si wafer, it was 2.6 µF/cm
2
 and for p-SiNWs etched for 15 min, and 30 min 

were 13.3 µF/cm
2
 and 60.06 µF/cm

2
, respectively. 

Increasing the scan rate produces a fast decrease in the concentration of 

electrical ions on the electrode surface. Additionally, the area of the lower surface of 

the electrode is involved in electrochemical processes at a fast scan rate. This means 

that the area of the inner surface of the electrode plays a significant part in this 

process [28]. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Areal capacitance of p-Si wafer, p- SiNWs etching 15 min, and p-SiNWs etching 

30 min. 
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Mott–Schottky (M-S) measurements of Si(100) wafer and SiNWs electrodes 

prepared with etching times of 15 min and 30 min were carried out using different 

frequencies of 100, 1000, and 10000 HZ. The results of the M-S measurements are 

shown in Figs. 7,8 and 9, where the M-S Equation 3 is plotted as a function of the 

applied bias voltage. Fig. 7a-c shows M-S measurements of p-Si(100) wafer and 

SiNWs photocathode prepared with etching times of 15 and 30min under a frequency 

of 100 Hz.  The flat band potential (VFB) was determined by projecting the 

interception of the straight line to the axis of applied potential.  The VFB values were 

0.73 ,0.46, and 0.24V for p-Si(100) wafer, SiNWs photocathode prepared with an 

etching time of 15 min and those prepared with etching time of 30 min, respectively. 

These obtained values of VFB are in good agreement with  that those of Meng et al. 

their VFB  was 0.24 [29]. 

The acceptor density (NA) of p-Si(100), SiNWs photocathode prepared with 

15min and 30min of etching time were 5.88×10
17

, 2.53×10
19

, 3.66×10
20

cm
-3

, 

respectively. Qiao et al. [30] found NA equal 5.52x10
21

 cm
-
³ for p-SiNWs prepared by 

Metal catalyzed electroless etching (MCEE). Further, the negative Mott-Schottky 

slope indicates that the semiconductor is p-type [31]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Mott-Schottky plots at frequency of 100Hz in the dark of the (a) p-Si(100), (b) 

SiNWs photocathode prepared by etching time of 15 min and (c) SiNWs photocathode 

prepared by etching 30 min. 

 

Figs. 8a-c shows M-S measurements of p-Si(100) wafer and SiNWs 

photocathode prepared with etching times of 15 and 30min under a frequency of 1000 

Hz. The VFB values were 0.67, 0.44, and 0.23V for p-Si(100) wafer, SiNWs 

photocathode prepared with an etching time of 15 min, and 30 min, respectively. The 

NA of P-Si(100), SiNWs photocathode prepared using 15min and 30min of etching 

time were 5.8×10
17

, 1.27×10
19

, 1.22×10
20

cm
-3

, respectively. 
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Figure 8: Mott-Schottky plots at a frequency of 1000 Hz in the dark of the (a) p-Si(100), (b) 

SiNWs photocathode prepared by etching 15 min, and (c) SiNWs photocathode prepared by 

etching 30 min. 

 

Figs. 9 a-c shows M-S measurements under a frequency of 10000 Hz for p-

Si(100) wafer and SiNWs photocathode prepared with etching times of 15 and 30min.  

The VFB values were 0.59, 0.44, and 0.23V for p-Si(100) wafer and SiNWs 

photocathode prepared with etching times of 15 min, and 30 min, respectively. The 

NA of p-Si(100) and SiNWs photocathode prepared with 15min and 30min etching 

times were 1.4×10
17

, 6.28×10
18

, 1.02×10
20

cm
-3

, respectively. 

The Mott–Schottky results confirmed the capacitance decreased with increasing 

frequency, while as frequency increased, the flat-band potential decreased. This 

decrease is attributed to the wide band gap of the SiNWs structures compared to 

Si(100) wafer [32]. All values of VFB were less positive for the prepared SiNWs 

indicating better performance of the photocathode electrode in capturing and rapidly 

transferring photogenerated electrons between the semiconductor and electrolyte 

interfaces [30]. The NA value decreased when the frequency was increased for all 

samples. SiNWs photocathode prepared with 30 min etching time has the highest 

carrier concentration, which improves electronic conductivity and results in faster 

charge transfer [36]. The high value of NA could be referred to the increase the 

hydrogen vacancies inside the crystalline structure formed at deposition nanowires 

(NWs) and which act as a hole acceptor. However, higher values of NA at low 

frequencies refers to some contribution from surface states of capacitance data as 

pointed by Riveros et al. [33]. 
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Figure 9: Mott-Schottky at a frequency of 10000 Hz in the dark plots of the (a) p-Si(100), 

(b) SiNWs photocathode prepared by etching 15 min, and (c) SiNWs photocathode 

prepared by etching 30 min. 

 

The electrochemical impedance spectra (Nyquist plot) p-Si(100) wafer and p-

SiNWs electrodes prepared with etching times of 15 min and 30 min are shown in 

Fig. 10. Fig. 10a depicts the Nyquist plot for the p-Si(100) wafer under solar 

illumination and in the dark. Fig. 10b shows a magnification for high-frequency 

region (0-200 Ω). The spectrum displays two semicircular arcs in the high- and low-

frequency regions. The intercept of the linear portion on the real axis (Z') indicates 

equivalent series resistance (Rs), which reflects the overall series resistance combining 

electrolyte solution resistance and electrode internal resistance. The determined Rs for 

the p-Si(100) wafer was  16.8Ω. However, the diameter of semicircular arc located at 

the middle section of z' axis indicates that the charge transfer resistance (Rct) of the 

electrode was 136.8 Ω. At high- frequency region, the appearance of a large semi-

circle was noted indicating slower transfer of charges, where the first semi-circle arc 

at high frequency of 100 kHz corresponds to the process of charge-transfer resistance 

(Rct.sc) process in the depletion layer of the semiconductors (working electrode), while 

the second semi-circle in the low-frequency corresponds to the charge transfer 

resistance (Rct.dl) between the working electrode/electrolyte interface. This resistance 

is attributed to charge transfer processes or to the diffusion of ions in the Helmholtz 

layer. Moreover, under illumination, the p-Si(100) wafer sample had the smallest arc 

radius in the low-frequency and high-frequency range indication fast charge transfer 

and separation due to the formation of the heterojunction. These results are consistent 

with the research of L.Qiao et al. [30] where the values of Rs and Rct.sc for p-Si wafer 

were equal 15.83 Ω and132.5Ω, respectively. Fig. 10c shows the Nyquist plot for the 

p- SiNWs electrode prepared by etching for 30 min in the dark and under solar 

illumination. Fig. 10d shows a magnification for high-frequency region (0-120 Ω).   
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The Rs for the p- SiNWs prepared by etching for 15 min was determined to be 

23.27Ω. However, the diameter of semicircular arc located at the middle section of z' 

axis indicates that the electrode charge transfer resistance (Rct) is equal to 72.64 Ω. 

At low-frequency region, the p- SiNWs electrode prepared with etching time of 15 

min was with a smaller semi-circle than that of the n-Si(100) indicating the fast 

transfer of charges. Moreover, under illumination the p- SiNWs prepared by etching 

for 15 min showed the smallest arc radius in the low-frequency and high-frequency 

range indicating the fast charge transfer and separation due to the formation of 

heterojunction. These results are consistent with that of Qiao et al. who found Rs and 

Rct.sc for p-SiNWs prepared by Metal catalyzed electroless etching (MCEE) to be 

equal to 20.38 Ω and123.2 Ω, respectively [30]. Fig. 10e shows the Nyquist plot for 

the p- SiNWs electrode prepared by etching for 30 min in the dark and under solar 

illumination. Fig. 10f shows a magnification for the high-frequency region (0-120 Ω). 

The Rs for the p-SiNWs prepared by etching for 30 min was 25.27Ω. However, the 

diameter of semicircular arc located at the middle section of z' axis indicates that the 

electrode charge transfer resistance (Rct) was 69.95 Ω. At low-frequency region, the 

p-SiNWs electrode prepared with etching time of 30 min was with a smaller semi-

circle than that of p-Si(100) indicating fast transfer of charges. Moreover, under 

illumination p-SiNWs prepared by etching for 30 min showed the smallest arc radius 

in the low-frequency and high-frequency range indication to the fast charge transfer 

and separation due to the formation of the heterojunction. 
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Figure 10: The impedance spectra of (a) p-Si, (b) magnification for high-frequency region 

for p-Si, (c) p- SiNWs prepared by etching 15 min, (d) magnification for high-frequency 

region for p-SiNWs prepared by etching 15 min, (e) p- SiNWs prepared by etching 30 min, 

(f) magnification for high-frequency region for p- SiNWs prepared by etching 30 min. 

 

4. Conclusions 
Silicon nanowires (SiNWs) were prepared by the MACE method using an Ag 

catalyst and different etching times for photoelectrochemical water splitting. The as-

prepared SiNWs photocathode by etching for 30 min showed a marked photocurrent 

density of -0.92 mA cm
-2

 at -1.2 (vs Ag/AgCl) together with photoconversion 

efficiency(ƞ) of 0.75%. The cyclic voltammetry (CV) measurements under dark were 

repeated 6 times using different scan rates of 50, 100, 200, 300,400, and 500 mv/s for 

one cycle. p-Si, p-SiNWs prepared by etching for various times, electrodes exhibited 

faradaic behavior. Mott–Schottky (M-S) measurements of p-Si(100) wafer and p-

SiNWs electrodes prepared by etching for 15 min and 30 min were done using the 

different frequencies of 100, 1000, and 10000 HZ. Through these measurements, it 

was observed that the values of VFB were less positive for the prepared SiNWs 

indicating better performance of the photocathode electrode in capturing and rapidly 

transferring photogenerated electrons between the semiconductor and electrolyte 

interfaces. The acceptor density (NA) of photocathodes p-Si (100) wafer and p-SiNWs 

prepared by etching for 15 min and 30 min at 100 Hz were greater than those at 1000 

Hz and 10000 Hz. Results of Nyquist plot were confirmed that all prepared p-SiNWs 

photocathodes displays two semicircular arcs in the high- and low-frequency regions. 

At low-frequency region, the p- SiNWs electrode prepared by etching for 30 min was 

smaller than the of p-Si(100) semi-circle indicating faster transfer of charges. Under 

illumination, all prepared electrodes showed the smallest arc radius in the low-

frequency and high-frequency range indicating fast charge transfer and separation due 

to the formation of heterojunction. 
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عهً اظىك ٌُةص

7
يٓذي ياصٌ عًَٕٔ  

7 

7
 لسى انفٍضٌاء، كهٍح انعهٕو، خايعح انثصشج، انعشاق

 الملخص
يع فرشاخ حفش يرُٕعح لإَراج  p انكًٍٍائً تًساعذج انًعذٌ ٔانرً ذسرخذو سلائك انسٍهٍكٌٕ يٍ انُٕع حفشذى اسرخذاو عًهٍح ان

ذسُرخذو اندسًٍاخ انُإٌَح انفضٍح انًحضشج تانرشسٍة انكًٍٍائً كعايم يساعذ فً ذكٌٍٕ أسلان انسٍهٍكٌٕ أسلان انسٍهٍكٌٕ انُإٌَح. 

. حفشًٌُٕ عُذيا ذضداد يذج ان SiNWs انُإٌَح. أكذخ انصٕس انًأخٕرج يٍ انفحص انًدٓشي الإنكرشًَٔ نلاَثعاثاخ انًٍذاٍَح أٌ لطش

كذخ لٍاساخ لٍاط اندٓذ ا ئٍح تاسرخذاو أسلان انسٍهٍكٌٕ كألطاب كٓشتائٍح عايهح. ذى فحص خصائص انخهٍح انكٓشٔكًٍٍائٍح انضٕ

يههً أيثٍش سى  7.77أٌ كثافح انرٍاس انضٕئً اسذفعد يٍ  p-SiNWs عهى (JV) انكٓشتً انخطً
-7

حٍث  7يههً أيثٍش سى  7.67إنى  

انًحضشج تٕلد حفش  p-SiNWs نـ 0.47 (ƞ) رحٌٕمدلٍمح. كاَد كفاءج ان 77إنى  77انًحضشج يٍ  SINWs صادخ يذج انحفش نـ

انرً أخشٌد  (CV) دلٍمح. أثثرد ذداسب لٍاط اندٓذ انذٔسي 77انًحضشج تٕلد َمش يذذّ  p-SiNWs نـ 7.67ٔدلٍمح  77يذذّ 

ء نلإٌَٔاخ دلٍمح يٍ انحفش. تسثة الاَرشاس انثطً 77ٔ 77انًحضش نًذج  p-SiNWS دي نـساتًعذلاخ يسح يخرهفح صحح انسهٕن انفا

ذشكٍضًا كثٍشًا نهحايلاخ تًمذاس  Mott-Schottky (M-S) اَخفضد انسعح تضٌادج يعذل انًسح. أظٓش ذحمٍك انًسح،ٔصٌادج يعذل 

7.66  ×77
77

سى  
-7

انزي ذى ذحضٍشِ  SiNWs ، فإٌ انكاثٕد انضٕئً(EIS) . ٔفماً نُرائح انرحهٍم انطٍفً نهًمأيح انكٓشٔكًٍٍائٍح

 .، ْٕٔ يُخفض تذسخح كافٍح نرعضٌض َمم انشحُح انثٍٍُحΩ 77.76دلٍمح كاٌ نّ يمأيح َمم شحُح ذثهغ  77تانحفش نًذج 

 


