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ABSTRACT: TiO2 NPs powder (titanium oxide nanoparticles powder) is synthesized via anodization in 

0.7 M HClO4 is annealed in N2 at 450°C for 3 hrs to obtain the TiO2 NPs -N2 powder as catalyst support 

to which Au is loaded via photodeposition technique using tetrachloroauric acid (HAuCl4) and 

isopropanol as a sacrificial donor. The physicochemical characterizations of TiO2 NPs arrays powder 

were performed by transmission electron microscopy (TEM). The TEM image suggested that Au 

nanoparticles were circular and there was a tendency of agglomerations. The electro-catalytic activity of 

Au NPs/TiO2-NTs-N2 catalysts in ferrocyanide system, KOH ,and H2SO4 electro-oxidation was examined 

by cyclic voltammetry (CV) and contrasted with a financially accessible polycrystalline gold electrode. 

Au-TiO2 NPs-N2 powder electrode catalyst displays a strikingly high electrocatalytic activity in KOH and 

H2SO4 solutions. The results contribute to Au NPs/TiO2-NTs-N2 catalysts as a potentially useful support 

material to enhance the good electro-catalytic efficiency for acidic and basic oxidation. 

 

1. INTRODUCTION 

Noble metal nanoparticles and nanoclusters 

supported on metal oxides have gained much 

greater attention in recent years as a result of 

their numerous uses in heterogeneous catalysis 

[1]. Applications for metal nanoparticles 

supported on a semiconductor surface of a metal 

oxide include waste water treatment, purification, 
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medicine, photocatalytic synthesis of solar fuel, 

and industrial photocatalysis processes [2]. 

Nanoparticles can considerably improve the 

functionality and stability of semiconductors in 

reactions that are triggered by the absorption of 

light energy, according to Wenderich & Mul 

(2016).Cocatalyst nanoparticles can serve as (i) 

charge-carriers upon photoexcitation, inhibiting 

electron/hole recombination; (ii) active sites for 

processes requiring charge transfer; and (iii) 

stimulated light absorption, especially for gold 

and silver [2]. The use of nanomaterials to 

modify electrodes increases their surface area, 

which boosts the sensitivity of the 

electrochemical (bio)sensor. This is currently 

widely recognized.As a result, an electrode that 

has been changed with a nanomaterial has 

several potential uses, such as energy-conversion 

devices, chemical and biological sensors, and 

catalysis [3-6]. Carbon derivatives (carbon 

nanotubes (CNT), graphene oxide (GO), etc.) [7, 

8], metallic nanoparticles (M NPs) (such as gold, 

silver, and copper) [9, 10], and their hybrids (M 

NPS/CNT, M NPs/GO, etc.) [11–13] are now the 

most commonly employed nanomaterials in this 

context. Due to their electrical, optical, catalytic, 

and magnetic capabilities, gold nanoparticles 

have generated a great deal of attention [14, 15]. 

Au NPs also increase transfer of electrons and 

boost analytical sensitivity [16]. The limitation of 

utilizing Au NPs is that their electrocatalytic 

properties depend on their size and shape. [17–

19], necessitating control over the Au NPs' 

production process and immobilization technique 

on the electrode surface.  

        In the previous studies, the electrocatalyst 

Au NPs/ nano-diamond (ND)/carbon ionic liquid 

electrode (CILE) was characterized 

electrochemically by cyclic voltammetry in 

ferrocyanide system with peak anode current (Ipa) 

equals to (64.18 µA) , peak cathode current (Ipc ) 

equals to (66.53 µA) and the ratio Ipa/ Ipc equals 

to 0.964 [20]. In our work the electrocatalyst Au 

NPs/TiO2 NPs-N2 was characterized 

electrochemically by cyclic voltammetry in 

ferrocyanide system with peak anode current (Ipa) 

equals to (2.751 mA/cm2), peak cathode current 

(Ipc ) equals to   (-2.708 mA/cm2) and the ratio 

Ipa/ Ipc equals to 1.02, that is to say with higher 

current. 

Due to the relatively sluggish kinetics of oxygen 

formation and breakdown on the majority of 

electrodes, oxygen reduction reaction (ORR) 

considerably restricts the wide-ranging uses of 

fuel cells [21].In these applications, platinum and 

its alloys are primarily utilized as anode and 

cathode catalysts, but this metal is expensive and 

has a finite supply [22, 23].As a result, non-

platinum electrocatalyst development has 

recently received significant scientific attention 

[24].  Gold has received less attention in 

electrocatalysis than the platinum-group metals, 

mostly due to its subpar catalytic activity. 

However, in ORR, bulk gold single-crystal 

electrodes with orientations (111), (110) and 

(100) show promising behavior. As a result, the 

ORR efficiency of an Au(100) electrode in an 

alkaline media is comparable to that of platinum 

[25].  Gold is often disseminated in the form of 

nanoparticles (NPs) and immobilized on a solid 

surface to achieve a high specific surface area 

and, in particular, to minimize the cost [26,27]. 

Semiconductive oxides are of great interest in the 

quest for support materials due to their excellent 

physical-chemical characteristics and high 

stability in acid and alkaline solutions [28]. In 

addition, as observed for the Pt/TiO2 and 

Au/TiO2 interfaces [29–32], noble metal NPs 

supported by semiconductive oxides may 

improve their catalytic activity due to a strong 
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metal support interaction (SMSI) impact. The 

effective oxygen electroreduction in an acidic 

solution on layers of ordered TiO2 nanotubes 

loaded with Au NPs was recently reported by 

Macak et al. [33]. The functionalization of TiO2 

nanoparticle surfaces with metals including Au 

[34], Cu [35], Co [36], and Ag [37] has been 

documented in a number of papers. Noble metal 

nanoparticles at the TiO2 surface that are exposed 

to radiation can take up electrons and stop the 

recombination of photo-generated electron-hole 

pairs [38, 39]. The Au nanoparticles deposited on 

titanium oxide nanoparticles annealed in nitrogen 

(Au NPs/TiO2 NPs-N2) powders were fabricated 

by photodeposition method using 400 W UV. 

The radiation with Ultraviolet (UV) was suitable 

for Au to be reduced and deposited onto the 

surface of titanium oxide nanoparticles annealed 

in nitrogen (i.e.  TiO2 NPs-N2 powder) and 

hence, offered a sustainable synthesis method. 

This was attained during expositing catalyst 

support to 400 W UV, through which free 

electrons holes are produced. The electrons are 

excited into the conduction band (CB) which 

functions as an electron source for the gold 

cations reduction. The photoelectrons produced 

by the dint of titanium oxide nanoparticles 

reduce the Au+3 cation to Au metal nanoparticles. 

In the meantime, the photogenerated holes from 

the valance band (VB) react with isopropanol to 

form aldehyde [40-44]. The whole mechanism 

was shown in Fig. 1. The synthesized TiO2 NPs 

displayed absolutely the anatase phase. On the 

other hand, the UV leads to the reduction and 

fixing of gold nanoparticles onto the surface of 

TiO2 NPs-N2 powder.  

 

 
Figure (1): Mechanism of gold photodeposition (schematic representation for the preparation of Au NPs/TiO2 

NPs-N2 catalyst using UV-400 W lamp photodeposition)
Catalysts made of gold nanoparticles are used 

in numerous chemical reactions. The surface 

of gold nanoparticles can be used for selective 

oxidation or, in some cases, can reduce a 

process. The production of gold nanoparticles 

for use in fuel cell applications has begun. 

These developments would help the auto and 

display sectors [45]. Au NPs are used for a 
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variety of purposes, including medication 

delivery [46], antibacterial [47], anti-cancer 

[48], antioxidant and catalytic activities [49], 

anticancer and anti-inflammatory activity [50], 

and drug delivery.  

In order to compare the results with those of 

industrial polycrystalline gold, this work aims 

to examine the morphology and structure of 

Au NPs supported on TiO2 nanoparticles as 

well as the electrocatalytic performances of 

gold nanoparticles in ferocyanide systems and 

in acidic and alkaline solutions. TiO2 

nanoparticles were coated with gold 

nanoparticles for this purpose. 

 2. EXPERIMENTAL 

2.1. Materials: 

Alfa Aesar Ti foils (>99.5% purity, 0.25 mm 

thick), perchloric acid HClO4 (Perchloric acid 

70 % HClO4 (From MERCK) Made in 

Germany), the precursor tetrachloroauric acid 

(HAuCl4, Sigma-Aldrich, 99.9%+%), 

isopropanol (99.0 %) as sacrificial donor From 

WINLAB, TiO2 nanoparticles powder 

prepared in our lab with surface area 109m²/g, 

Nafion (5 wt %), H2SO4 from Sigma–Aldrich, 

Flakes Extra Pure KOH From LOBA Chemie, 

India, potassium chloride GRG KCl 

(WINLAB), Potassium hexacyanoferrate (II) 

K4[Fe(CN)6] Potassium hexacyanoferrate(III) 

trihydrate K3 [Fe(CN)6].3H2O from MERCK.  

 

2.2. Synthesis of TiO2 nanoparticles powder 

Titanium oxide nanoparticles powder (TiO2 

NPs) was prepared using the anodization 

process. The titanium foils were anodized in an 

aqueous solution containing 0.7 M per chloric 

acid (HClO4) and were of >99.5% purity from 

Alfa Aesar. utilizing a two-electrode 

polypropylene electrochemical cell that 

operates at room temperature and 20V for an 

hour with a cathode made of Pt foil and Ti foil 

as the anode. A centrifuge was used to remove 

the TiO2 NPs powder from the solution, and it 

was then dried overnight at 80°C. The TiO2 

NPs powder was subsequently annealed at 450 

°C under N2 for 3hs with 5 °C min−1 heating 

and cooling rates to obtain the TiO2 NPs-N2 

powder [51]. 

2.3. Au photodeposition supported on catalyst 

supports 

150 mg of catalyst support TiO2 NPs-N2 was 

mixed with 0.3 M of isopropanol and 10 mM 

of HAuCl4 in a glass beaker and then irritated 

using a UV lamp (400W) for 2hrs under 

magnetic stirring. The intensity or power used 

during experiments was measured by Thorlab 

instrument at 380 nm wavelength and the 

power of 39 mW. During the irradiation of the 

solution, in the case of Au photodeposition on  

TiO2 NPs-N2 a color change from yellow to 

white was clearly obvious, indicating the 

adsorption of gold  on the surface of TiO2 NPs 

-N2 powder. 

The Au NPS/TiO2 NPs-N2 powder from the 

photodeposition was separated by centrifuging 

the solution and then the powder collected 

cleaned with deionized water and overnight 

80°C drying. TiO2 NPs-N2 powder with loaded 

Au was used to prepare ink by weighing 50 mg 

of Au NPs/TiO2 NPs-N2 powder and the 

addition of 1ml DI (deionized) water plus 10 

μL of 0.5 wt. % Nafion as a binder and then 

homogenized by using an ultrasonic bath to 

prepare the ink for the electrochemical 

experiments [51]. 
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The electrochemical experiments were 

conducted in a conventional three-electrode 

cell with a solution of  ferocyanide , 2M KOH 

and 1 M H2SO4. The working electrode 

consists of a platinum polycrystalline electrode 

with an area of 0.07 cm2, and the counter 

electrode was platinum foil. 

The saturated calomel electrode (SCE), which 

was connected to the cell via a Luggin 

capillary, served as the reference electrode. 

Using a micropipette, the electro catalyst (Au 

NPs/TiO2 NPs-N2) was loaded onto the 

electrode surface.  

2.4. Physicochemical  Characterizations 

2.4.1. Transmission Electron Microscopy 

(TEM) 

In order to conduct the physicochemical 

characterizations, the following was done: The 

TEM pictures used in our most recent work, 

which was reported elsewhere [51], were taken 

using a JEOL JEM-2100F electron microscope 

running at 200 kV.  

2.5. Electrochemical Investigations: 

Using a computerized potentiostat /galvanostat 

(Autolab, FRA2, AUTOLAB, TYPE III), CV 

was carried out in a typical three-electrode 

single-compartment Pyrex glass cell. SCE and 

pure Pt-foil were used as the reference and 

auxiliary electrodes, respectively. 

Every potential given in the text was based 

only on the SCE electrode. Both a saturated 

calomel reference electrode (SCE) and a Pt 

wire auxiliary electrode were utilized. Also 

3mm Pt polycrystalline working electrode was 

used (with a geometric surface 0.07 cm2).The 

software program used in cyclic voltammetry 

measurements was NOVA 1.9. A consistently 

dispersed suspension ink (i.e. homogenized 

ink) was obtained by ultrasonicate the mixture 

of 50 mg catalyst and 1 mL deionized water 

for 30 min. Consequently, 3µL of the 

suspension product was applied to the Pt 

polycrystalline working electrode's surface (3 

mm diameter, 0.07 cm2). 1µL of Nafion (5 

weight percent) solution was applied to the 

catalyst surface and dried once more at 40 °C. 

As a result, the working electrode was made, 

and the specific metal loading at the Pt 

operating electrode surface was around 0.020 

mg (20.0 g) in 3µL of Au NPs/TiO2 NPs-N2 

[51].  Electrochemical tests were performed in 

a ferocyanide system , 2M KOH and 1 M 

H2SO4 solutions. The mass loading in 3 µL of 

Au NPs/TiO2 NPs-N2 crystalline powder 

contains 0.020 mg Au. Then, using cyclic 

voltammetry (CV) in a 2.0 M KOH solution 

saturated with oxygen for 5 min., the 

electrocatalytic activity of the TiO2 and Au 

NPs/TiO2 NPs-N2 electrodes in ORR was 

tested. 

2.6. Material characterization: 

A device for inductively coupled plasma 

spectroscopy was used to determine the mass 

loading of the Au in the produced materials of 

interest (ICPS-7000 ver.2 Shimadzu, 

SEQUENTIAL PLASMA SPECTROMETER). 

Samples were dissolved in aqua regia 

(3HCl:1HNO3) acid using a high-pressure 

microwave digestion system in a Teflon tube 

vessel (MARSX; CEM) at 450K and 170 psi to 

make that determination. The digestive process 

was carried out using the Microwave 

Accelerated Reaction System (MARS) [51].  

3. RESULTS & DISCUSSION: 

3.1. Size and Morphology 

https://jpurnals.su.edu.ye/jast
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In our very recent work published elsewhere 

[51], a typical TEM image of  TiO2 NPs-N2 

and Au NPs/TiO2 NPs-N2 was contained. It is 

evidenced that most TiO2 NPs-N2 are round. 

The nanoparticle average size of TiO2 

annealed in nitrogen particle size from the 

TEM image is 12.01 ±2.39 nm. The TEM 

images approve the formation of Au NPs/TiO2 

NPs-N2 powder catalyst without varying the 

original morphology of TiO2 nanoparticles and 

also confirming the gold nanoparticles size. 

The images prove that most Au-NPs are round 

and uniformly dispersed on the TiO2 

nanoparticles annealed in N2 support with 

agglomerations, confirming that most Au 

NPs/TiO2 NPs-N2 are also round. The average 

size of the Au Nanoparticles in the TEM image 

is 23.18± 4.39 nm. Equation (1) was used to 

determine the typical number of gold atoms in 

each nanoparticle. A spherical form was 

presumed in order to calculate the typical 

amount of gold atoms that are present in a 

nanoparticle. 

This estimate was made using Equation (1). 

 N = 𝜋𝜌 NA D3/ 6 M                         (1) 

Where M is the atomic mass of gold (197 

g/mol), 𝜌 is the density of gold (1.93 x 10-20 

g/nm3), NA is the Avogadro constant of 

element atoms (6.02214179 x 1023), and D is 

the average diameter of nanoparticles in nm 

[52].  

 3.2. Electrochemical Investigations of Au 

NP/TiO2 NPs-N2 catalyst 

3.2.1. Cyclic Voltammetry in Ferrocyanide 

System  

Figure 2. shows the CV profile of 10mM K4 

[Fe (CN) 6] + K3 [Fe (CN)6] + 0.5 M KCl on 

Au NPs/TiO2 NPs-N2 , Au polycrystalline 

working electrode and Pt polycrystalline 

working electrode. For Au polycrystalline 

working electrode, Peak-to-peak separation 

(∆Ep) for the 10 mM Potassium ferrocyanide/ 

ferric cyanide complex (10 mM [Fe(CN)6]
3-/4-) 

was 70 mV at 50 mV/s, which is close to the 

theoretical value of 59/n mV, where n=1. The 

relationship between the backward and 

forward peak currents (Ipa/Ipc) was 0.98, 

meaning that the amount of redox mediator is 

almost the same. All the data proved that the 

characteristic electrochemical behavior of Au 

NPs in potassium ferricyanide solution Fe 

(III)/Fe (II) was realized with an 

approximately reversible process [53]. A 

definite decrease in the current and an increase 

in the (∆Ep) were seen when Au NPs were 

added to the TiO2 NPs-N2 electrode. The 

nanoparticles' impact on the electronic transfer 

makes it more challenging and eliminates the 

couple's ability to reverse the process. It is 

clear from Table 1 that the ratio (Ipa/Ipc) 

remained constant, indicating that the same 

quantity of redox mediator is reduced and 

oxidized. Additionally, it is evident from this 

table that the (∆Ep) declines in the following 

order: Au polycrystalline electrode  < Au 

NPs/TiO2 NPs-N2 < Pt polycrystalline 

electrode. The order follows the same pattern 

as the active surface area, according to Table 

1. Therefore, Au WE has the biggest active 

surface area and the most heterogeneous film. 

The smallest ΔEp means high electrical 

conductivity. 

As can be seen in Fig. 2, the Au NPs/TiO2 

NPs-N2 electrodes obtained by photo-

deposition showing a typical Nernstian 

behavior. The values of the pertinent 

parameters E0 = 249 mV, ΔEp = 76 mV, and 

iap/icp = 1.02 (n = 1) clearly show that the 
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electrodes' response is repeatable and 

comparable to those of gold electrodes that 

have been constructed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): CVs of 10mM K4 [Fe (CN) 6] + K3 [Fe (CN)6] + 0.5 M KCl, scan rate 50 mV/s, contains Au NPs/TiO2 

NPs-N2 powder , in contrast with Au polycrystalline and Pt polycrystalline electrodes with area 0.07 cm2 , window 

of potential range 0-0.5V. 

Table 1 includes the values of Ipa/Ipc for the 

0.07 cm2 Au and Pt polycrystalline working 

electrodes as well as the Ipa (peak height-

mA/cm2) for the anodic and cathodic paths.

Table 1: Comparison between Au NPs/TiO2 NPs-N2 powder and 0.07 cm2 Au and Pt polycrystalline working 

electrodes in ferrocyanide system. 

Electrode Ipa  (mA/cm2) Ipc (mA/cm2) Ipa/ Ipc 

Au NPs/TiO2 NPs-N2 2.751 - 2.708 1.02 

Au polycrystalline electrode 3.172 - 3.233 0.981 

Pt polycrystalline 2.408 - 2.209 1.09 

 

Table 2: Oxidation and reduction peaks of potentials, reduction/oxidation peaks separation and also G°(kJ) of Au 

NPs/TiO2 NPs-N2 and 0.07 cm2 Au and Pt polycrystalline working electrodes in ferrocyanide system. 

Electrode Epa(V) Epc(V) ΔE (V) ΔE(mV) E°(V) G°(kJ) 

Au NPs/TiO2 NPs-N2 0.287 0.211 0.076 76 0.249 -24.03 

Au polycrystalline electrode with area 0.07 

cm2 
0.284 0.211 0.073 73 0.248 -23.93 

Pt polycrystalline electrode with area 0.07 cm2 0.290 0.210 0.08 80 0.25 -24.12 
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Using [Fe(CN)6]
3-/4- redox probes, the electron 

transfer properties of the surfaces of various 

electrodes were investigated by CV, as shown 

in Figure 2. The Au NPs/TiO2 NPs-N2 

electrode had higher [Fe(CN)6]
3-/4- redox 

currents than the bare Pt polycrystalline 

electrode. Due to TiO2 NPs-N2's excellent  

ability to transfer electrons, the potential 

difference between the [Fe(CN)6]
3-/4- redox 

probe's oxidation and reduction peaks also 

decreased. When compared to bare Pt 

polycrystalline electrodes, the redox currents 

of the redox probes were further increased on 

Au NPs/TiO2 NPs-N2, proving that the Au NPs 

significantly increased the electron transfer 

capabilities [54]. The Au NPs/TiO2 NTs-N2 

samples were evaluated as electrodes using a 

one electron redox couple to make sure that 

there was good electrical contact between the 

gold and the titanium electrode beneath it. 

Voltammetric curves for the reduction of 

K3Fe(CN)6 are shown in Fig. 2 for Au 

NPs/TiO2 NTs-N2 electrodes, Au 

polycrystalline electrodes with an area of 0.07 

cm2, and Pt polycrystalline electrodes with an 

area of 0.07 cm2. The expected reversible 

behavior for the reduction on Pt polycrystalline 

electrode is visible in the voltammogram for 

the Au NPs/TiO2 NTs-N2 electrodes. It implies 

that the titanium and the electrodeposited gold 

sheet have pretty acceptable adhesion and 

electrical contact. In order to compare the 

prepared electrodes with a pure gold electrode 

and to electrochemically characterize the real 

surface of the Au NPs/TiO2 NTs-N2  electrode, 

the surface area of the electrode was 

determined using 10 mM K4Fe(CN)6 in 0.5 M 

KCl by recording the cyclic voltamograms. 

From the cyclic voltammetric peak current and 

the diffusion coefficient of hexacyanoferrate, 

the surface area of the electrode was calculated 

by using the Randles-Sevcik equation (2) [55-

57]: 

ipa = (2.69 × 105) n3/2 A Do
1/2  ν1/2 Co       (2) 

A = ipa /(2.69 × 105) n3/2 Do
1/2  ν1/2 Co      (3) 

where ipa is the peak current of anode in mA, 

the number of electrons transported, or n, is 1, 

the electrode's surface area is A, the diffusion 

coefficient, or Do, is 9.382 10-6 cm2 s-1, the 

scan rate, or v, is 50 mV•s-1, and the 

concentration of electroactive species, or Co, is 

expressed in moles/cm3 (0.5 M KCl). The 

surface area (geometric area) of the three 

electrodes calculated using the Randles-Sevcik 

equation was approximately close to the 

surface area of the three electrodes that were 

found practically (0.07 cm2). 

3.2.2. Cyclic Voltammetry in 2 M KOH 

System 

Cyclic voltammograms of commercial Au disk 

(Au working electrode) and Au NPs/TiO2 NPs-

N2 electrodes in alkaline supporting electrolyte 

were conducted and shown in Figure 3. The 

voltammograms of an Au disk electrode and 

Au NPs/TiO2 NPs-N2 recorded in 2.0 M KOH 

under N2 saturation displayed three regions 

according to the applied potential (Figure 3). 

The regions in Figure 3 are: (I) is the oxidation 

peak of Au catalyst; (II) is oxygen evolution, 

(III) is the reduction peak of Au catalyst and 

(IV) is oxygen reduction, The adsorption 

(oxidation peaks) and desorption (reduction 

peak) of oxygenated species at the electrode 

surface are visible in region (IV) at higher 

potentials. Small currents connected to the 
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charge and discharge of the double-layer 

capacity are characteristic of the double-layer 

region (V), where no net electrochemical 

reaction occurs [58,59]. The hydrogen region 

vanished in the Au electrode's case. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): CV of 3 mm Au working electrode, Au NPs/TiO2 NPs-N2  powder all in 2 M KOH purged in saturated 

N2 for 3 min at a scan rate of 50 mV/s. 

Two oxidation and one reduction reactions are 

seen when the  nanosized gold electrode is 

cycled in an alkaline solution (Figure 3). The 

creation of the oxide layer Au-O and the 

anodic peaks at 0.2 and 0.6 V are typically 

attributed to each other [60, 61] and are 

followed by reduction of Au-O at -0.02 V in 

the cathodic scan [61]. In both acidic and 

alkaline liquids, the polycrystalline 

commercial electrode exhibits qualitatively 

identical curves.  

A CV scan was carried out in 2.0 M KOH 

from (-0.8-0.7 V) at 50 mVs-1 to determine the 

electrochemical active surface area (ECSA-

ECSA) of the Au NPs-TiO2 NPs-N2 catalyst as 

it had been constructed. The final cycle is 

shown in Fig. 3. The creation and reduction of 

a monolayer of Au oxide are attributed to the 

anodic peak on the forward scan and the 

cathodic peak on the backward scan, 

respectively [69].  The ECSA of Au NPs-TiO2 

NPs-N2 catalyst is 19.05cm2 mg-1 and for Au 

polycrystalline working electrode is  15.90cm2 

mg-1, which were calculated using a double 

layer correction and a charge density of 0.386 

mC cm-2 [62] from the reduction peak at -

0.0114V and -0.0237V, respectively.  

The equations (4) and (5), which are 

mentioned in our most recent work that was 

published elsewhere [63], were used to 

determine the electrochemical active surface 

area (ECSA-ECSA) of the Au NPs-TiO2 NPs-

N2 catalyst as it had been produced in 2 M 

KOH.  

Qh = 
Peak area (mA.V)

Scan rate (
V

s
)

                                         (4) 

ECSA = Qh in mC / q (constant in mC/cm2)     (5) 

3.2.3. Cyclic Voltammetry in 1 M H2SO4 

System 

Overlap between the oxidation peaks of Au 

working electrode and the Au NPs-TiO2 NPs-

N2 powder was observed , therefore Au 
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catalyst  could not be loaded on Au working 

electrode. From Figure  4 , Peak (a) is the 

anodic oxidation peak of gold polycrystalline 

working electrode and Au NPs-TiO2 NPs-N2 

powder crystalline, peak (b) is oxygen 

evolution, (c) is the cathodic reduction peak of 

gold surface oxide and Au NPs-TiO2 NPs-N2 

powder crystalline, peak (d) is the desorption 

of chloride traces that result from HAuCl4 and 

the peak (e) is the adsorption of chloride traces 

that result from HAuCl4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  (4) : CV of  Au polycrystalline working electrode and  photodeposition of 3 microliter Au NPs-

TiO2 NPs-N2 powder crystalline was loaded on 3 mm Pt polycrystalline working electrode , all in 1 M 

H2SO4 at a scan rate of 50 mV/s. 

Figure 5 shows the anodic peak (a) and 

cathodic peak (c), that are assigned to the 

oxidation of gold and reduction of gold surface 

oxide, respectively. Peak (b) is oxygen 

evolution while adsorption of protons occurs in 

the region (d) i.e. oxygen reduction and region 

to the left of d is hydrogen evolution. 

Figure 5 shows a cyclic voltammogram of a 3 

mm Au polycrystalline working electrode at 

potentials of 0 V to 1.5 V set at a scan rate of 

50 mV/s. The oxidative peaks, a and b, are 

related to the evolution of oxygen and the 

oxidation of deposited gold to Au(III), 

respectively.  

The reduction of gold surface oxide (at 0.88 

V), the reduction of protons, and hydrogen 

evolution, respectively, are attributed to the 

reductive peaks c, d, and e [64–66]. The 

reduction peak in the second cycle, as shown 

in Figure 5, has moved to a higher positive 

potential, facilitating the electrodeposition of 

gold on the gold nuclei that have already been 

deposited [67]. Golden-colored deposits can be 

seen when the potential is cycled from 0.0 V to 

1.5 V, especially at greater concentrations of 

the gold deposition solutions and during longer 

deposition durations. More gold is put onto the 

substrate over a longer period of time, 

although some electrodeposited particles are 
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not spherical, which may have led to 

aggregation formation.  

Figure 5 illustrates how the 

activation/stabilization CV scans of Nano-

sized electrode material on a Pt polycrystalline 

electrode demonstrate the well-known 

behavior of gold when used in a strongly 

acidic solution [68]. The creation of a thin 

oxide layer on the gold surface is what causes 

the oxidation process to occur at high potential 

(1.3 V); the layer is subsequently reduced 

during the cathodic sweep at potentials about 

0.896 V. 

After 15 cycles, no discernible variations 

between two subsequent scans were found. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): CV of 3 mm Au polycrystalline working electrode in 1 M H2SO4 at a scan rate of 50 mV/s. 

 

A CV scan was carried out in 1.0 M H2SO4 

from 0 -1.6 V at 50 mV s-1 to determine the 

electrochemical active surface area (ECSA-

ECSA) of the Au NPs-TiO2 NPs-N2 catalyst as 

it had been constructed. The final cycle is 

shown in Fig. 4. The creation and reduction of 

a monolayer of Au oxide are attributed to the 

anodic peak on the forward scan and the 

cathodic peak on the backward scan. With a 

double layer correction and a charge density of 

0.386 mC cm-2, the ECSA of the Au NPs-TiO2 

NPs-N2 catalyst was calculated to be 14.0 cm2 

mg-1.  

Based on the generated cyclic voltammograms, 

the total charge of the hydrogen desorption 

area (QH) with the correction of the double 

layer region as shown in Eq.6 could be used to 

calculate the real surface area (Ar) or 

electrochemical active surface area (EASA-

ECSA) of the Au NPs-TiO2 NPs-N2 electrode. 

During the experiment, the theoretical charge 

of 0.386 mC/cm2 (Qm), which corresponds to 

the desorption of monolayer hydrogen on 

smooth Au [69], was taken into account. 

                                                    (6) 
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where I is the current density (mAcm-2) and 

Vb is the scan rate, and dE is the potential 

(mV) (mV.s-1). Thus, the following formulas 

can be used to get the real surface area (Ar) 

and roughness factors (Rf) of the final 

electrode: 

 Ar (EASA-ECSA) = QH/Qm         (7) 

Rf = Ar (EASA-ECSA)/Ag            (8)  

where Ag is the prepared electrode's geometric 

area, which is equal to 0.07 cm2. 

Normally, electrocatalyst performance is 

assessed using the electrochemical active 

surface area (EASA-ECSA). The roughness 

factor is directly proportional to 

electrochemical active surface area i.e. 

increasing of roughness factor indicating to 

increase of electrochemical active surface area. 

According to the reduction peak charge and 

ICP analysis, Table 3 shows the 

electrochemical active surface area, roughness 

factors (Rf), and mass loading of Au NPs 

catalysts. However, the Au NPs-TiO2 NPs-N2 

shows lower roughness factor than that for Au 

polycrystalline working electrode  as shown in 

Table 3. 

 

Table 3: Electrochemical active surface area (ECSA) and roughness factors (Rf) of Au polycrystalline working 

electrode  and Au NPs/TiO2 NPs-N2 powder in 1 M H2SO4. 

 

The Au polycrystalline electrode had an 

electrochemical active surface area (EASA-

ECSA) of 0.29 cm2, while the Au NPs/TiO2 

NTs-N2 electrode had a lower EASA-ECSA of 

0.28 cm2.  

Au NPs-TiO2 NPs-N2 powder electrode can be 

used as chloride sensors in acidic solution (1 

M H2SO4). We note that desorption and 

adsorption of chloride take place on TiO2 NPs-

N2 powder during photo deposition of  HAuCl4  

and in cyclic voltammetry of  Au NPs-TiO2 

NPs-N2 in acidic medium (1 M H2SO4) the 

peaks of chloride appear, i.e. the desorption of 

chloride  traces  that result from HAuCl3 (d) 

and adsorption of chloride traces that result 

from HAuCl4 (e).To remove these peaks we 

must make treatment the powder of Au NPs-

TiO2 NPs-N2 with 0.1 M KOH i.e. washing the 

powder of Au NPs-TiO2 NPs-N2 with 0.1 M 

KOH to remove chloride where OH– replaces 

Cl –. 

KOH + Cl–      KCl + OH–         (9) 

 

Catalysts 

 

QH (charge 

density), mC 

Surface area (cm2 ) 

(ECSA) 

Rf 

 

Mass loading   

(g/cm2) 

Au polycrystalline working 

electrode 
0.113 0.29 4.1 -------------- 

Au NPs/TiO2 NPs-N2 powder 0.108 0.28 4.0 2.86 x 10-4 
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Figure (6): CV for photodeposition of Au NPs-TiO2 NPs-N2 powder on 3 mm Au working electrode in 1 

M H2SO4 at a scan rate was 50 mV/s (effect of scan). 

 

In 1 M HClO4 at 50 mV/s with a potential 

domain between -500 and 1700 mV, the Au 

polycrystalline working electrode and Au NPs-

TiO2 NPs-N2 powder electrodes were 

subjected to cyclic voltammetry tests. 

Voltammograms typically reveal a clean gold 

surface, as shown in Fig. 7. 

 

 

 

 

 

 

 

 

 

Figure (7): CV for Au polycrystalline working electrode and photodeposition of Au NPs/TiO2 NPs-N2 

powder 10 𝜇L loaded on 3 mm Pt working electrode all in 1 M HClO4 at a scan rate was 50mV/s 

(potential range from -0.5 V to 1.5 V). 
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The cyclic voltammograms of 10µL saturated KCl on 3 mm Au electrode  were performed in 1 M 

HClO4  at 50 mV/s and a potential domain between 0 and 1500 mV as in Figure 8. 

 

 

 

 

 

 

 

 

Figure (8): Saturated KCl on 3 mm Au electrode in 1 M HClO4 at scan rate was 50 mVs-1, 10µL. 

 

4. CONCLUSIONS:  

Using tetrachloroauric acid (HAuCl4) and 

isopropanol as sacrificial donors, a gold 

nanoparticle electrode was created by 

photodepositing gold metal onto TiO2 

nanoparticles that had been annealed in a N2 

electrode. The circular shape of the particles 

could be seen in the TEM image of the Au 

NPs/TiO2 NPs-N2. In KOH and H2SO4 

solutions, the gold nanoparticles outperform 

commercially available polycrystalline 

electrodes in terms of electrocatalytic 

characteristics. In the ferro cyanide system, the 

Au-NPs/TiO2-NTs electrode displayed 

significantly greater currents than the Pt 

polycrystalline electrode. Chloride sensors in 

acidic solutions can be made from Au NPs-

TiO2 NPs-N2 powder electrodes (1 M H2SO4). 
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