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The relevance of the work.In the twenty-first century, information technologies,
industry of devices (electronics), and the rapid development of alternative energy
sources and optoelectronics industryare main problems facing the development of
science. One of the main directions for the development of knowledge-based
industries is to spend less expensive material than the highest quality materials and
producing of highly efficient product materials. Nanoscience and nanotechnology
in this regard in the last 20 years, have a number of available advantageous, and
they are studied on the basis of their properties in the development of the industry
that has entered a new stage. Thus, the small size of nanoparticles gave them
different physical properties differ from the bulk materials and opportunity for
using in various fields of engineering and technologies. In this respect, the
interesting field of electrochemical applications of carbon nanotube (including
double layer capacitors, fuel cells, solar cells and electrochemical deposition
process), is growing by the day.

Alternative energy such as solar is one of energy sources which has some
important and useful features. Solar energy is one of renewable energy sources that
are not depleted ecologically. Solar energy can be converted into other type of
energy by using variety of methods. The Convertion of solar energy into electrical
or chemical energy, in the visible light region via semiconductor materials that
have high efficiency is one of the actual problems. To solve this problem, by
synthesis of semiconductor materials that have high photo- effective properties.
The synthesis of semiconductor materials can be achieved by different methods.
For example, chemical deposition, pyrolytic decomposition, vacuum thermal
evaporation and electrochemical methods. The electrochemical method has a great
potential effect for synthesis of nano and thin layers of semiconductors compared
with the other methods. First of all, it should be noted that, the electrochemical
method has very good properties, by changing the electrolyte composition and
electrolysis conditions and parametres, the synthesis of semiconductors can be
easily controlled in the desired and suitable form. For that, the electrochemical
method provides advantages compared with the other methods.

Cadmium sulfide semi-conductor thin and nano films electrochemically
synthstized hashigher photo-efficiency in the visible region of the solar spectrum,
therefore, it still has not lost its relevance. In addition, cadmium sulfide can be
used as a buffer layer in photovoltaic devices, or it can be used widely as window
layers in solar cells with an absorber layer of CdTe, Cu,S, or CulnSe,, and it plays
an indispensable role. It should be noted that, the synthesis of nano and thin layers
of cadmium sulfide is used in solar cells and batteries in different countries of the
world.

The aim of the dissertation. Synthesis of cadmium sulfide thin films and nano -
wires by electrochemical method on different electrodes platinum, nickel, and
multi walled carbon nanotube (MWCNT) from thiosulfate acidic solutions and




studying some thermo-electrical, electrochemical and photo-electrochemical
properties of the produced films is the main aim of the work.

These goals had been achieved, by resolvingthe following problems in the
dissertation;

1. Studing and identification of kinetics and the mechanism of the
electrochemical reduction of thiosulfate anion in acidic solution on Pt and
MWCNT electrodes.

2. Studing and identification of the electrochemical deposition of cadmium
ions in acidic solution on Pt and MWCNT electrodes.

3. Synthesis of cadmium sulfide nano and thin layers by electrochemical
method and studying of kinetics and the mechanism of the
electrodeposition on various electrodes from solutions containing Cd**
and thiosulfate.

4. According to the stepwise characterization and detecting the composition
of the nano and thin films of n-type hexagonal crystalline CdS, theoptimal
electrodeposition conditions have been detected.

5. Studying the thermoelectrical, electro- and photo - electrochemical
properties of the obtained thin films and nano - structure CdS have been
performed.

Scientific novelty. For the first time, from the acidic thiosulphate solutions, CdS
nanoparticles and nanowires on Ni and multi walled carbon nano tubes electrodes
were obtained by electrochemical way. CdS/Ni and CAS/MWCNT hetero-systems
have been investigated through the photo-electrochemical studies.The photo-
activity of these systems have been relatively enhancedin the visible light region.
For the first time, the kinetics and the mechanism of the Cd electrodeposition and
thiosulfate electroreduction processes on MWCNT paste electrode, have been
identified and studied.

The main provisions of the defense:

- Development of the electrochemical synthesis of high-quality pure n-type
hexagonal crystalline semiconductor CdS thin films in the form of nanoparticles
and nano-wires from acidic thiosulfate electrolytesolution on Ni, Pt and
MWCNTelectrodes.

- Cd and S,0;” separately and togetherwere electrochemically reduced, the
kinetics of the electroreduction process were also studied on Pt and MWCNT
electrodes. The electrochemical process was studied for the possible detection of
their mechanisms.

- The properties of the electrodeposition process of semiconductor thin films and
nano-coatings CdS were detected by studying the effects of electrolysis conditions
and electrolyte composition that are useful for practical purposes.

- Studying of some thermo-electrical, electrochemical and photo-electrochemical
properties of thin and nano films structure of CdS.

The practical significance of the dissertationwork.
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The scientific results obtained by the electrochemical synthesis of n-type
hexagonal crystalline CdS thin and nano films can be used for the conversion of
solar energy and chemical energy into electricity and also used for the creation of
heterosystems used for various purposes. The main provisions of the dissertation
may be offered as a subject for electrochemistry of semiconductors and
nanotechnology courses.

The reliability of the results: The experimental part of the dissertation is devoted
to obtain latest model of the structure of high photo-sensitivity, and repeatedly CdS
by the mean of electrochemical devices. Kinetic regularities and some electro-,
photo-electrochemical properties have been determined by different methods. The
results were analyzed in comparison with data from the literature.

Approbation of the work:Materials of the dissertation have been reported and
discussed in the following conferences and symposia. First International
Conference on Chemistry and Chemical Engineering (Baku, 2013), with the
participation of foreign countries. Young scientists, graduate students and students
of VII All-Russian conference "Mendeleev - 2013" (St. Petersburg, 2013).
International Symposium of Material science and Engineering Technology
"ISMET 2013" (China, Guangchu). Academic MFNagiyevin scientific conference
devoted to the 105th anniversary (Baku, 2013).

Published materials: The results of the dissertation work are; 13 scientific
articles (including 9 papers and 4 conference material) have been published. 7
articles were published in scientific international journals in various countries
around the world.

Structure and scope of the dissertation: The dissertation consists of introduction,
4 chapters, main conclusions, 157 cited references, 177 pages, 75 figures and 4
tables.

A brief summary of the work

The work consists of an introduction and four chapters. The introduction
part consists of; the relevance of the work, identify the goals and objectives of the
research, the scientific novelty of the work, the practical value and scientific
significance of the results.

The first chapter provides literature surveys on the electrodeposition of
cadmium sulfide on metal substrates from different media and different
electrochemical methods, as well as electrochemical application of carbon nano
tubes as a substrate.

The second chapter describes the materials and methods for the study of
electrochemical processes in relation to the co-deposition of cadmium and sulfur,
methods of preparation of solutions and electrodes.The methods of elemental
analysis of the cathodic deposits, determination of physical and electrochemical
properties of semiconductor films have been described.

Solutions for the electrodeposition of the Cd-S alloys were prepared as
follow:



A certain amount of CdSO, was dissolved in deionized water containing a
necessary amount of H,SO, to give a clear solution at the required pH, then adding
required amounts of Na,S,0; and thiourea were dissolved in a small amount of
deionized water.

The electrolyte was used in photoelectrochemical studies was a solution of 0.5 M
Na,SO,.

Multi walled carbon nanotube paste electrode can be prepared by mixing
multiwall carbon nanotubes with paraffin oil in a mortar and pestle. The paste was
then packed into a polyethylene tube of a diameter 3 mm. Electrical contact was
made by pushing a copper wire down the tube into the back of the mixture.

The investigation of the conductivity type of the electrodeposited
cadmium sulfide was performed by physical and electrochemical methods in this
work.

The electrodeposits of CdS was investigated and characterized byXRD,
EDX, SEManalysis, the nickel substratewas used due to its availability.

For studying kinetics and mechanism of Cd-S alloy electrodeposition, can
be done by potentiodynamic cyclic and potentiostatic polarization curves. The
polarization curves were recorded by using of IVIUMSTAT electrochemical
interface— computerized potentiostat.

All of electrochemical processes were carried out in a quartz glass three-
electrode electrochemical cell equipped with a jacket of four slots. Silver / silver
chloride electrode was used as a reference electrode. Auxiliary electrode is a
platinum foil, its surface is approximately 100 times greater than the surface of the
working electrode.

The ModuLight-module was used asa light source. The add-on module
operates in combination with the IviumStat. The ModuL.ight, by default, contains 7
LEDs with wavelengths ranging from 460-740 nm.

The chemical composition percent of Cd and S in the electrodeposited
Cd-S was determined by using of JEOL JSX 3222 Element Analyzer with energy-
dispersive X-ray fluorescence spectroscopy (EDXRF), system (JEOL, Japan).

The surface morphology of the modified electrodes with the
electrodeposited CdS was carried out using a JEOL JSM-5500 LV Scanning
Electron Microscope, SEM, (JOEL, Japan). At an acceleration voltage of 15 k eV
and a working distance of about 4-5 mm.

The conductivity type of the electrodeposited CdS layers was determined
by using temperature-conductivity relation and Mott-Schottky method and also
photoelectrochemical measurements.

% Third and fourth chapters contain the following;
1. THE ELECTROCHEMICAL REDUCTION OF THIOSULFATE
AND CADMIUM ON Pt- AND MWCNT ELECTRODES
To obtain a successful electrodeposition of CdS, first it should to study the
mechanism of the electrochemical reduction behavior of both thiosulfate and
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cadmium ions alone. So, it is necessary to recognizeand detect the optimal
conditions of their electroreduction alone to obtain their optimal co-
electrodeposition via the cyclic voltammetric technique.

The voltammetric response of thiosulfate is found to be sensitive to pH,
concentration, temperature as well as of the scan rate potential.
Fig. 1 shows the cyclic voltammogram of the 0.01 M Na,S,05 solution containing
sulfuric acid at pH = 3, room temperature (295 K) and scan rate of 0.02 VV s * on Pt
and MWCNT electrodes.
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Fig.1. Cyclic voltammogram of 0.01-M Na,S,0; at 0.02 Vs on (1) Pt-electrode,
(2) MWCNT electrode at pH =3 and T = 295K.

The cathodic peak (lower peak) is observed at — 0.6 and — 0.49 Von Pt and

MWCNT electrodes respectively. It has an irreversible behavior on Pt electrode but
has some reversibility on MWCNT electrode. Moreover, the reduction peak of
thiosulfate was observed at around — 0.8 V on titanium electrode in other work.
This difference in behavior and potential of reduction peak value may be attributed
to the difference in hydrogen over potential between Ti, Pt and MWCNT
electrodes.
Based on the obtain data, the linear response obtained for the correlation between
the cathodic peak current density and the square root of the potential scan rate (J,°
vs. v'2), the diffusion coefficient (D) of thiosulfate was calculated, by the aid of
Randles-Sevcikeequation to be 1.76 x 107 cm? s™.The diffusion coefficient value
depends on the viscosity and temperature of the electrolyte and not on the electrode
material type.



From the obvious data, the mechanism of the electroreduction of thiosulfate
at the previous mentioned conditions can be deduced. At the lower pH values
(acidic media), the elemental sulfur and hydrogen sulfite (HSO3") ion were released
from the investigated S,05° ion. Consecutive reduction of the colloidal sulfur to
sulfur ion S¥is occurred as follow;

S04 +H' > S+HSO; (a)

S+H"+2e — HS (b)

Therefore, the total reaction apparently proceeds electrochemically as follow:
S,05% +2H" +2e” — HS + HSO; (c)

At more acidic solutions and at longtime electroreduction electrolysis or/and at
very low scan rates, the resulted liberated HSO; ions from the dissociated
thiosulfate in acidic media can be reduced to sulfur then to S** ions and water.

The resultant ions of S from the electrochemical reduction of thiosulfate can be
adsorbed on the surface of the electrode. This will facilitate the production of the
semiconductor (CdS) in the following process.

From the data of the dependence of the cyclic voltammetric behavior on
temperature it can be noted that, by comparison the value of the activation energy
of the electrochemical reduction of thiosulfate ion on platinum electrode and the
activation energy on carbon nanotube electrode, in case of platinum electrode the
activation energy starting from 24.7 kJ/mole at cathodic potential of — 0.468 V to
20.8 kd/mole at — 0.63 V, while the activation energy in case of MWCNT starting
from 20.86 kJ/mole at —0.350V to 20.705 kJ/mole at —0.600V. This confirms that,
incase of platinum the reaction need activation energy more than in case of carbon
nano tube electrode to accomplish the reaction (electrochemical reduction of
thiosulfate) at these conditions. This is due to that, the carbon nano tube has a
catalytic nature more than the platinum at this regard.

The voltammetric response of the investigated cadmium ions is found to
be sensitive to pH, concentration, temperature as well as of the scan rate of
potential.

Fig. 2 shows the cyclic voltammogram of the 0.01 M Cd?®* ions solution containing
sulfuric acid at pH = 2.5, room temperature (295K) and scan rate of 0.05 Vs * on Pt
and MWCNT electrodes. It can be observed that, the location of the cathodic peak
potential for the electroreduction of cadmium ions was observed around — 0.85 and
-0.92 V on Pt and MWCNT electrodes respectively. This peak corresponds to the
electroreduction of cadmium ion into cadmium metal (Cd** + 2e” = Cd). Also, the
location of the anodic peak potential is observed at — 0.52 and -0.43 V on Pt and
MWCNT electrodes respectively, which corresponds to the electro-oxidation of the
electrodeposited Cd metal (Cd - 2e” = Cd*"). So the peak potential separation is
equal to AEp> 0.33 V. This means that the process is a quasi-reversible process at
these conditions. Furthermore a pre-adsorbed cathodic weak peak is observed at -
0.65 V on MWCNT electrode. This pre-peak is attributed to the adsorption of
cadmium ions on the surface of multi walled carbon nano tube paste electrode

8



(MWCNT).MWCNT is considered and used as a good adsorbent of heavy metal
ions from its solutions. It is also noted that, at the cathodic branches (lower peaks),
one current crossover was found. This gives an indication to the presence of the
typical nucleation process at these conditions.
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Fig. 2. Cyclic Voltammogram of 0.01-M Cd?** at 0.05 V s, pH = 2.5 on (1) Pt and
(2) MWCNT electrodes at 295K.

By following the Randles—-Sevcik equation and based on the obtained linear
response for the correlation between the cathodic peak current density and the
square root of the potential scan rate (j,° vs. v, it can be concluded that, the
electron transfer process of the electrochemical reduction of cadmium ion on the
particular Pt and MWCNT electrodes is controlled via diffusion phenomena at
these conditions.The diffusion coefficient (D) of cadmium ions was calculated to
be 3.06 x10° cm?s™. This value is larger than the value of thiosulfate at the same
conditions.

Effect of the temperature on the electrochemical reduction of Cd?" ions of
concentration 0.01 M on the platinum and MWCNT electrodes in the range
between 22 and 70 °C, at pH = 2.5 was performed in this work.

Fig.3 shows the scanning electron microscopy photos of the surface
morphology of cadmium electrodeposited on multi walled carbon nanotube paste
electrode, the conditions are mentioned above, potentiostatically deposited.
Homogeneous crystallization was formed at these conditions. The figure shows
that, after the electrodeposition process the average diameter of the
electrodeposited cadmium are in the range of nanometer (20-70 nm). The



electrodeposited cadmium, as seen in the figure, covers all the distances and the
creases (gaps) in between the MWCNTS.

DIM
S5mm 20KV X20000 50 nm

Fig. 3.SEMof(a) MWCNT and (b) electrodeposited cadmium as the conditions are
mentioned in Fig. 2.

2. THE ELECTROCHEMICAL DEPOSITION OF CADMIUM
SULFIDE ON Pt- AND MWCNT ELECTRODES

After knowing the electrochemical behavior of cadmium and thiosulfateat

platinum and carbon nanotube paste electrode (MWCNT), the optimal conditions
for electrodeposition of CdS can be easily detected. Nickel sheet was chosen as a
substrate for further analysis (SEM, XRD and EDX) of the electrodeposited CdS in
this work.
The electrodeposited CdS from thiosulfate acidic solution on platinum and
MWCNT electrodes was characterized and examined electrochemically using
Mott-Schottky method, physically using temperature ohmic resistance test and
photo-electrochemically in sodium thiosulfate solution of concentration 0.5 M.

The cathodic electrodeposition of CdS from aqueous solutions of
cadmium sulfate and sodium thiosulfate S,05°" in acidic media at 313K, has been
achieved using a combination of cyclic voltammetric and potentiostatic techniques
in this work. The aim of the present work is to detect the optimal conditions of the
electrodeposition method of n-type hexagonal crystalline structure of thin film,
nanoparticles and nanowires of CdS on Pt, Ni and MWCNT electrodes of high
photosensitive property.

Fig. 4 shows the cyclic voltammograms of 0.01 M Cd** + 0.1 M S,05”
without and with 0.1 M thiourea (TU)at 313K onPt electrode.

The presence of thiourea as an additive can cause grain refining and
brightening effect extremely smooth the deposits were obtained. The surface
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roughness as well as the mean grain size of the deposits also approached minimum
values above this thiourea concentration.
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Fig.4. Cyclic Voltammogram of 0.01-M Cd** + 0.1 M S,0;* without TU (a) and
with TU (b) at 0.02 V s, pH = 2.5 on Pt- electrode at 313K.
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Fig.5. C.V. of 0.01M Cd** +0.1M S,0:”+ 0.1 M (NH,),CS at 0.02Vs™, at
pH = 2.5 on Pt- electrode at (a) at 295Kand (b) 313K.
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It is found in this work that, the optimum condition for the electrodeposition of
Cds from thiosulfate acidic aqueous solution on Pt electrode (confirmed by XRD
analysis below) as described in Fig. 5(b). Figure 5 shows the cyclic
voltammograms of the Pt electrode in 0.01 M Cd* + 0.1 M S,05° + 0.1 M
thiourea (TU) at room temperature 22 °C (a) and at 40 °C (b).

As seen from the shown data, the increase of temperature leads to an increase of
the height of the cathodic peak current density (rate of the electrodeposition was
accelerated) of the electrodeposition process. But at temperatures higher than 40
°C, it is noted that the electrodeposited cadmium sulfide leaves out the electrode
surface. This may be attributed to, higher temperatures lead the electrodeposited
CdS becomes amorphous material and the adhesion to the electrode decreases at
these conditions.

It is observed that from Fig. 5.2(b), the first cathodic peak (I) at cathodic potential
of about ~ - 0.55 V attributed to the electroreduction of the colloidal sulfur which
produced from the dissociationof thiosulfate at these conditions (acidic). It is also
noted that in in Fig.5 (b), the second cathodic peak potential (Il) is appeared at a
cathodic potential of about ~ - 0.75 V attributed to the electrodeposition of CdS
(confirmed by XRD). At this potential the electroreduced adsorbed sulfur ions
react with the cadmium ions electrochemically on the electrode surface giving
CdS.The resulted CdS is adsorbed on the electrode surface of platinum. The
resulted liberated HSO; ™ ions from the dissociated thiosulfate in acidic media can
be reduced to sulfur then to S?~ ions and water.

The formed sulfur ions can be adsorbed on the electrode surface and react with
cadmium to form CdS;

S%(adsorbed) + Cd** = CdS (adsorbed at the electrode surface)...second peak, II.

Also it can be noted in in Fig.5(b), the third cathodic peak potential, 11, appears at
a potential of ~ - 0.93 V at which the free unreacted Cd?* ions are discharged into
Cd(0). The fourth cathodic peak, IV, in Fig.5(b) appears at potential of ~ -1.15 V
attributed to the electroreduction decomposition of the electrodeposited CdS on the
electrode surface resulting Cd(0) and S?;

CdS +2e'=Cd +S*

The wave potential (11') relates to oxidation of S* to S. At more positive potentials,
sulfur (S) can be oxidized to HSO; in acidic media.

The wave potential (111) relates to the oxidation of the electrodeposited cadmium
sulfide on the platinum electrode surface;

CdS =Cd* + S +2¢

The separation of the anodic and cathodic waves AE,, depending on the rate of the
applied potential scan rate, this indicates that, the process dealing with a quasi-
reversible processes.
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After knowing the suitable deposition potential for cadmium sulfide from

cyclic  voltammetric  measurements and the optimum  conditions,
chronoamperometric method can be used for the electrodeposition of CdS.
Potential step chronoamperometry is an important and useful experimental
techniqueachieved by stepping the potential (E; = - 0.8 V, in between peak Il and
peak Il as in Fig.5b)from one point on a voltammetric wave to another and
monitoring the current response.
During the chronoamperometric deposition process of cadmium sulfide and by
passing the time, the current is decreased but not sharply, moves to more positive
direction, this due to the formation of well adsorbed cadmium sulfide layers on the
platinum electrode surface, this blocks the electrode surface, hence its
electrochemical activitydecreases. Furthermore the formed layers of cadmium
sulfide (semiconductor material) are less conductive than the platinum itself.

The heterostructure composite of MWCNTs and a semiconductorbecomes very
important if MWCNTs are employed in optoelectronic devices. CdS has been
synthesized electrochemically on multi walled carbon nanotubes paste electrode
(MWCNT) from aqueous solutions consists of Cd** and S,05> at 313K, using
potentiostatic technique in this work. Cyclic voltammetric response of thiosulfate
and Cd?* together has been investigated. The optimum conditions of CdS
electrodeposition were determined on MWCNT electrode.
Fig. 6 shows the cyclic voltammograms of the MWCNT electrode in a solution
consists of 0.01 M Cd** + 0.1 M S,05% + 0.1 M (NH,),CS at pH = 2.5, temperature
of 313K and potential scan rate of 0.02 Vs™. It is observed from the figure that, the
cathodic peak potential of Cd®* and S,05> in mixture is shifted to more negative
potential compared with the cathodic potential peaks of cadmium ions and
thiosulfate alone. This shift may be attributed to the formation of cadmium sulfide.
The first cathodic peak (1) (Figure 6) is appeared at a potential of about ~ -
0.55 V attributed to the electroreduction of the colloidal sulfur which dissociated
from thiosulfate at these conditions converting into sulfide ions that adsorbed on
the electrode surface of carbon nano tubes. Moreover the colloidal sulfur can be
resulted from hydrogen sulfite (the second product of the dissociation of thiosulfate
in acidic media);
The second cathodic peak potential (1) is a slight peak and appeared at a potential
of about ~ - 0.85 V. This peak is attributed to the electrodeposition of cadmium
sulfide and was confirmed by XRD analysis;

S (colloidal)+2e” — S* (adsorbed at the electrode surface, first peak, 1) €)
S%(adsorbed)+Cd?* = CdS (adsorbed at the electrode surface, second peak, I1)  (b)

At the third cathodic peak potential 111, was observed at potential of ~ - 0.93 V,a
crossover takes place indicating to presence of a nucleation process. At this peak
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the free un-reacted Cd** ions are discharged into cadmium metal Cd(0) and
adsorbed into the electrode surface of carbon nano tubes which have high
adsorbability.

The wave potential (1) relates to oxidation of S* to S. At more positive potentials,
Sulfur (S) can be oxidized to HSO;  in acidic media.

The oxidation wave potential (11') relates to the oxidation and dissociation of the
electrodeposited cadmium sulfide on the MWCNT paste electrode surface;
CdS=Cd™ +S +2¢°

The oxidation wave potential (I11') relates to oxidation of the electrodeposited
adsorbed free unreacted cadmium metal to cadmium metal ion Cd?".
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Fig. 6. Cyclic Voltammogram of 0.01-M Cd** + 0.1 S,0;* M + 0.1 M (NH,),CS at
0.02 Vs at pH = 2.5 on MWCNT- electrode at 313K.

Chronoamperometric method was used for the electrodeposition of CdS on
MWCNT in this work. The condition of chronoampermertic method for the
electrodeposition of CdS on multi walled carbon nanotube paste electrode is; 0.01
M Cd** + 0.1 M S,05% + 0.1 M thiourea, (NH,),CS and sulfuric acid at pH = 2.5.
The applied constant potential is E = - 0.8 V, the temperature of the
electrodeposition bath is 313 K and the time of the electrodeposition duration is
7200 second under stirring conditions.
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Because of Ni is more available and cheaper than the platinum and carbon
nanotubes, so it can be introduced as a substrate for the analysis such as SEM,
XRD....etc.

Before the analysis step it should be done, at first a cyclic voltammetric experiment
at the Nickel substrate as an electrode to investigate its behavior in the
electrodeposition process of cadmium sulfide, CdS.

Fig. 7 shows the cyclic voltammetry of Ni electrode in a solution consists of 0.01
M Cd* + 0.1 M S,05* at pH = 2.5 and at a temperature of 40 °C. This behavior
seems to look like the behavior on Pt electrode at the same conditions. For that
reason, nickel can be used as a substrate for the electrodeposition of cadmium
sulfide, CdS and further analysis.
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Fig. 7. Cyclic Voltammogram of 0.01-M Cd** + 0.1 S,05* + 0.1M (NH,),CS
at 0.02 V s*, at pH = 2.5 on Ni- electrode at 313K.

The XRD patterns of the electrodeposited cadmium sulfide film deposited
via chronoamperometric method at fixed potential of - 0.80 V (the potential at
which pure cadmium sulfide film only is electrodeposited) for two hours from
solution contains of 0.1 M S,05% + 0.01 M Cd** + 0.1 M (NH,),CS on Ni substrate
at pH = 2.5 and temperature of 313Kwas performed. The XRD data reveals that, at
these conditions polycrystalline hexagonal CdS thin film is obtained. The XRD
data is listed in Table 1.

From XRD data, it is also illustrated that when the deposition potential is fixed at a
potential of - 0.80 V (second cathodic peak I, Fig. 5b), pure CdS is only deposited
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on the electrode surface. But when the deposition potential is fixed at a potential of
-1.2 V (fourth cathodic peak 1V) cadmium sulfide and cadmium metal Cd(0) are
electrodeposited as confirmed from the XRD data. Also, it was found that, when the
deposition potential is fixed at potential less than — 0.6 V, the electrodeposited CdS
and sulfur are obtained, this also was confirmed by EDX analysis.

Table 1. Experimental XRD data related to CdS films.

20 | d(°A) | hKI 20 | d(°A) | hKI
2481 | 359 | 63 100 | 5458 | 1.68 5 004
2651 | 336 | 94 | 002 | 58.28 | 1.58 3 202
2818 | 3.16 | 105 | 101 | 60.84 | 152 3 104

36.62 2.45 30 102 66.77 1.40 14 203

43.68 2.07 50 110 69.26 1.36 5 210
47.84 1.90 51 103 70.86 1.33 7 211
50.88 1.79 10 200 72.40 1.30 4 114
51.83 1.76 30 112 75.48 1.26 8 105

52.80 1.73 16 201

EDX elemental analysis is used for studying the chemical composition
and percent of Cd and S in the electrodeposited CdS. The effect of
electrodeposition time and electrodeposition potential on the percent ratio of
cadmium and sulfur in the electrodeposited CdS films were studied.

Fig. 8 shows the relation between the electrodeposition time and the cadmium
mass percent at fixed deposition potential of - 0.8 V, conditions as in Fig. 7. From
Figure8 it can be noted that, at 15 minutes the mass present of cadmium in the
electrodeposited CdS (45.7 %) is less than the mass present of sulfur (54.3%). This
means that at this time the rate of the electrodeposition of sulfur is higher than the
rate of deposition of cadmium at the mentioned conditions, i.e. sulfur is firstly
deposited. When the electrodeposition time is exceeded to be 30 minutes the
percent of cadmium is sharply increased from 45.7 to 57.84 %. This means that the
rate of the electrodeposition of cadmium became more than the rate of the
electrodeposition of S at this time. This confirms that, the colloidal sulfur is firstly
reduced to the electrode surface converting into sulfur ions S, these ions cover the
electrode surface and attract cadmium ions of the opposite charges in addition, the
negative charge of the polarized electrode surface. After that, the percent of
electrodeposited cadmium in the electrodeposited CdS is increased slightly from
57.84 % to 61.28 % at the time range from 30 to 90 minutes. The percent of
cadmium again increased sharply from 61.28 % to 74 % at 120 minutes to reach

16



the theoretical percent value of cadmium in CdS (77.8%).This agrees with the
results of XRD analysis. Where, when the electrodeposition of CdS was performed
at potential of — 0.8 V and electrodeposition time of 2 hours, the XRD analysis
results show a pure CdS.
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Fig.8. Relation between the electrodeposition time and the Cd mass %in the
electrodeposited CdS at E4 = -0.8V, conditions as in Fig.7.
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Fig. 9. Relation between the E4 and the cadmium mass % at deposition time
of two hours, conditions as in Fig. 7.
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Fig. 9 shows the relation between the electrodeposition potential ranged from — 0.5
to — 0.9 V and the cadmium mass percent at fixed deposition time (two hours),
conditions as in Fig. 7. From Figure 9 it can be noted that, at the electrodeposition
potential of - 0.5 V the mass present of cadmium in the electrodeposited CdS
(65.42 %) is more than the mass present of sulfur (43.58 %). This due to, this
potential is sufficient to reduce the sulfur but not completely sufficient for reducing
all cadmium ions on the electrode surface. When the deposition potential is
increased to be — 0.6 V the cadmium percent in the electrodeposited film of CdS
increased to be 63.28 %, but this value still lower than that of the theoretical value
of cadmium content in the CdS. And so on, the cadmium percent increases by
increasing the applied electrodeposition potential.

At the electrodeposition potential of — 0.8 V the cadmium mass percent in
CdS reached to be 74 %, this value is close to the theoretical value. The mass
percent of cadmium in CdS reached to be 86.73 % when the applied
electrodeposition potential was — 0.9 V.

So, from the previous results, it can be deduced that, the suitable
electrodeposition potential is - 0.8 V. This means that, pure CdS can be obtained at
electrodeposition potential of — 0.8 V and at electrodeposition time of two hours,
these conditions described in Fig. 7. Also it was confirmed by XRD analysis as
explained previously.

Typical SEM images of the CdS electrodeposited onto Ni substrate and
MWCNT paste electrode under different operating conditions were performed.

The SEM images were taken for the electrodeposited chrono-
amperometrically CdS from a solution consists of 0.01 M Cd* + 0.1 M S,0,” at
pH = 2.5, temperature = 313K on Ni substrate at fixed certain potential at different
electrodeposition certain times (Fig.10). Form the obtained results it can be noted
that, the shape and the morphology of the images of the electrodeposition of CdS
depend on the time and the deposition potential values at these conditions.

By increasing the electrodeposition time, the electrodeposited CdS
arranged in a crystalline hexagonal shape and the alloying process is enhanced at
this condition. Image (1), at which the electrodeposition potential is two hours,
shows a layer of thin film of the electrodeposited material (gray color) surmounted
white-colored crystalline materials. The corresponding EDX analysis for image (1)
shows a better percent between sulfur and cadmium of the electrodeposited CdS.
The best one as shown in image (1) at potential -0.8 V at these conditions was
observed. But when the potential is increased to be -0.9 V (image (2)) the cadmium
sulfide is deposited with a high percentage of cadmium metal as confirmed with
XRD and EDX analysis, also cadmium is appeared clearly in this image as a black
particles.
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Fig.10. SEM images of the electrodeposited CdS on Ni (1, 2); (1) atE=-0.9V, (2)
at E =-0.8 V and MWCNT (3, 4), substrate (1) without AAO template
(2) with AAOQ template (conditions as described in Fig.7).

The SEM images of the electrodeposited chrono-amperometrically CdS from a
solution consists of 0.01 M Cd?* + 0.1 M S,05> at pH = 2.5, temperature = 313K
on MWCNT paste electrode at electrodeposition time (two hours) at fixed
electrodeposition potential of - 0.8 V (optimum condition), with and without the
template (anodized aluminum oxide, AAO) were taken. It can be noted that, the
electrodeposited particles of CdS are in the range of nanometer of average size 15-
20 nm without using AAO template, depending on the substrate material
(MWCNT) and formed with the shape of the substrate material. Image (4), after
using the AAO as a template, shows the electrodeposited CdS in the form of nano
wires in the range of about 200 nanometer in long and 15-18 nanometer in
diameter.
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3. SOME PHYSICAL PROPERTIES OF THE
ELECTRODEPOSITED CADMIUM SULFIDE ON Pt-, Ni AND
CARBON NANO TUBE PASTE ELECTRODES

The electrical resistivity measurements with temperature were made for
thin film of the electrodeposited Cd-S alloy on nickel electrode, because of its
availability more than Pt and MWCNT. Moreover, these measurements depend on
the CdS semiconductor not on the substrate. Such measurements were done for
films of electrodeposited CdS alloy containing (1) 74 wt% Cd, 26 wt% S (pure
CdS) and (2) 54.3 wt% Cd, 45.7 wt% S (impure CdS). The resistivity of the
investigated film at room temperature was in the range (1-1.5)x102 ohm cm.

As can be seen from Fig. 11, the temperature dependence of the logarithm of
conductivity has a linear plot. It can be noted that, the conductivity at relatively
low temperatures increases slightly with increasing the temperature. After that, by
increasing the temperature, the conductivity is relatively sharply increases. AE for
samples 1 and 2 of semiconductor conductivity (intrinsic conduction) are 0.14 and
0.10 eV, respectively. B,(temperature coefficient) was calculated, it is used to give
an indication for the sensitivity and characterizing the physical properties of the
investigated substance. o was calculated as the temperature coefficient of the
resistivity. a decrease from 0.0223 to 0.0171 with increasing the temperature from
350 to 400 K for sample 1 and from 0.0257 to 0.0197 for sample 2, as seen in table
2.

As can be seen from the table, the electrodeposited films of CdS have small values
of a and AE. These are some of the parameters determining and show the practical
application of these layers in the manufactory of the photosensitive devices.

Table2.Constants  for  the  semiconductor CdS from  conductivity-
temp.measurements:

AE o x107
No. | Composition of the film, mas. % eV’ B, K
(1350, K—l (1400, K—l
1 74 Cd+26S 0.10 | 2728 2.23 1.71
2 543 Cd+45.7S 0.14 | 3153 2.57 1.97

20




26 , . . ; . : , . , ;
£
S 24 i
]
[}
Lo
22 i
204 4
1
184 B TP
-«.E,Nuﬂ
1.6 i
T T T T T T T T T T T
22 24 26 28 30 32
(mx 10,k

Fig.11. Dependence of the logarithm of electrical conductivity on the temperature
invers of the electrodeposited CdS of composition of (1) 74 wt% Cd and
26 wt% S and (2) 54.3 wt% Cd and 45.7 wt S%.

3.2. Electrochemical Impedance measurements (Mott-Schottky plots) of the
electrodeposited CdS

Mott-Schottky analysis is a powerful tool to probe the semi-conductive
properties of the electrodeposited films on metals substrates, by which the
thickness of spacecharge layer, donor or acceptor density and flat-band potential
for the these films can be calculated and obtained.

Figure 12 exhibits the Mott-schottky plot for the electrodeposited CdS
thin film prepared at the optimum conditions on Pt, Ni and MWCNT electrodes.
The capacitance measurement was carried out at 1000 Hz within the potential
range from + 0.4 to - 0.8 V in the cathodic direction. The nature of the plots
indicates that, the electrodeposited semi-conductor CdS is of n-type behavior.
Extrapolation of the plot to the potential axis gives a flat band potential Vg, of -1.1,
1.18 and 1.22 V (vs. Ag/AgCI) for CdS on Pt, Ni and MWCNT respectively. That
value accurately reflects the thermodynamic ability of CdS n-type semiconductor
to reduce water to hydrogen at these conditions. The values of the carrier density
(Np) were calculated and listed in table 3 below.These values indicate that the
electrodeposited CdS deposited on Pt, Ni and MWCNT electrodes at these
conditions is suitable for using as a photo anode in the solar cell systems. The
thickness &scvalues of the space-charger layer were calculated and listed in the
table at the mentioned conditions.
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Table3.Capacitance measurements data for the electrodeposited CdS on Pt, Ni and

MWCNT substrates.

No. | Electrode type s, °A Npx 10Y", ecm?® Vi, V
1. CdS/Pt 0.23 1.42 -1.10
2. CdS/Ni 0.15 1.04 -1.18
3 CdS/MWCNT 0.43 2.30 -1.22

w

From table 3 it can be noted that, the density carriers Np, The thickness 8¢ of the
space-charger layer and the flat band potential for CdS electrodeposited on
MWCNT electrodes deviate from the values of CdS on Ni and Pt. The deviation is
most probably due to the action of surface states in the nano polycrystalline CdS
that capturing and immobilizing the carriers. This also reflects the electrochemical
properties of the electrodeposited CdS become more enhanced when deposited at
the surface of MWCNT electrode.
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Fig. 12. Mott-Schottky plot of the electrodeposited CdS on Pt, Ni and MWCNT
substrate, condition as described previously, immersed in 0.5 M Na,SO,.
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3.3. Photoelectrochemical properties of the electrodeposited CdS

The study of photoelectrochemical properties of n-type hexagonal polycrystalline
electrodeposited CdS on Ni, Pt and MWCNT were performed in a solution of 0.5
M Na,SO,. CdS was electrodeposited and prepared on Ni, Pt and MWCNT at the
optimum conditions.

From the obtained data it can be noted that, the photocurrent of n-CdS/IMWCNT
appears higher than n-CdS/Ni and n-CdS/Pt at the selected potential range(-0.3 to
1.2 V). Furthermore, the photocurrent increases from 0.0 to 0.8 V, and the anodic
current at the system of CAS/MWCNT is slightly higher than CdS/Ni and on Pt.
This may be due to the transformation of the generated carriers in the
electrodeposited CdS into MWCNT accelerates the process.

The spectral dependence of the photocurrent on the anodes of n-CdS/Pt, n-CdS/Ni
and n-CdS/MWCNT are shown in Fig. 13. As can be seen from the figure, the n-
CdS/Pt electrode absorbs light of a wavelength ranging from 580 to 660 nm, the n-
CdS/MWCNT electrode absorbs light of a wavelength ranging from 500 to 620
nm, and the n-CdS/Pt electrode absorbs light of a wavelength ranging from 460 to
630 nm. This means that the last electrode is relativelythe most suitable for the
solar cell system and for hydrogen production.
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Fig. 13. Plot of photocurrent vs. A for n-CdS/Pt electrodes (1), n-CdS/Ni (2) and
(3) n-CdS/IMWCNT under conditions of the interaction of light with a
spectral composition range of 740>\ > 450 (visible light region).

The hetero-system of CdS/IMWCNT, as of the other electrodes in this work,
absorbs the light in a wider wavelength region than that of the other electrodes
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listed in this work. It covers a broader spectral sensitivity, i.e. the spectral
sensitivity of the hetero-system shifted to lower values of wavelengths than the
other electrodes.

The values of energy gap (E,) for each electrode system can be calculated from the
value of the maximum photocurrent corresponding to the Ama, from the well-
known Planck equation; E = hc / A, where h is the Planck's constant (4.14><10715
eV. s) and c is the velocity of light in vacuum (3x10° m.s™).

The E4 value for CAS/MWCNT electrode is more suitable for solar cell system
than the other electrodes, where the efficiency could be further improved by using
the MWCNT as a substrate for the electrodeposited CdS.

The photo response of CdS/Pt, CdS/Ni and CdS/MWCNT under a bias
volt of (amplitude) 50 mV and at light illumination at Ana fOr each system was
performed. It can be noted that, as the incident light turned on and off, the device
current changed between a high and low state for all electrode systems. It is also
observed that, the number of signals (on- off) for the CAS/MWCNT is higher that
of the other electrodes at the same conditions, this means that the CAS/MWCNT is
more sensitive than the other electrodes.Based on the above data of the
spectrophotometric analysis, it can be concluded that the application of the
MWCNT as a substrate for the electrodeposition of CdS enhance the photo-
sensitivity of the system.

THE MAIN CONCLUSIONS

1. The experimental results demonstrate that, the electroreduction of thiosulfate
on the platinum and MWCNT electrodes were optimized and achieved easily
and studied in a comparative way in our work. The electroreduction of
thiosulfate on MWCNT paste electrode was found to be easier than in case of
platinum electrode in this work. Thiosulfate dissociates in acidic media to give
colloidal sulfur and sulfite ion that can be electroreduced into sulfur ions S2,
the resulted sulfide ions adsorbed on the MWCNT surface more than the
platinum electrode.

2. The diffusion coefficient value (D) of the thiosulfate ion was calculated from
sweep voltammetric method (Randles—Sevcik equation) and amperometric
method (Cottrell's equation) on platinum and MWCNT paste electrode, it was
found to be (all methods and electrodes) ~1.77 x 10”7 cm? s™. This means that
D value depends only on the nature of the electrolyte (conc., temp., density)
and not on the electrode type. This value was used for further calculations for
knowing the kinetic parameters of the electrode process.

3. The mechanistic analysis by cyclic voltammetry and potentiostatic I-t transients
clearly show that, the electrodeposition of cadmium is a diffusion-controlled
process on carbon nanotube (for the first time, electrodeposition of cadmium on
MWCNT was performed) and platinum electrodes. The optimum conditions for
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the electrodeposition of cadmium, suitable for our work, are: 0.01 M Cd?*,
pH=2.5 andT = 313 K. SEM analysis shows that the electrodeposited cadmium
is in the range of nanometer in diameter. And it has a homogeneous
crystallization at these conditions.

. For the first time,pure n-type hexagonal crystalline CdS thin and nano films
were electrodeposited on Ni and MWCNT electrodes by means of cyclic
voltammetric and chronoamperometric techniques. This can be accomplished by
applying the optimal conditions at fixed electrodeposition potential of - 0.8 V
vs, Ag/AgCI/KCI (sat.) for two hours in a bath contains 0.1 M S,05> + 0.01 M
Cd* + 0.1 M (NH,),CS at pH = 2.5 and temperature = 313K under stirring
conditions. The obtained CdS of different forms confirmed by SEM, XRD and
EDXanalysis

. From the data of the electro-conductivity measurements versus temperature of
the electrodeposited CdS reveal that, by increasing the temperature the
electrical resistivity decreases slightly, going through a point at 340 K and then
decreases more sharply, this behavior is characteristic for n-type semiconductor
materials. It is also noted that, the electrical resistivity of the film which
contains (1) 74 wt% Cd and 26 wt% S is lower than the film which contains
54.3 wt% Cd and 45.7 wt% S. This due to the sulfur content in the later one is
higher than the first electrodeposited CdS film. In addition, this indicates to
that, the pure crystalline film (1) has lower electrical resistivity than the impure
and non-crystalline film (2). The electrodeposited alloy films of CdS have
small values of o and AE.

. The nature the Mott- Schottky plots behavior for the electrodeposited CdS on
the investigated substrates indicates that, the electrodeposited semiconductor
CdS is of n-type semiconductor. Form these plots flat band potentials Vg, were
determined for the electrodeposited n-CdS on Ni, Pt and MWCNT. The value
of the carrier density (Np) was also determined for the mentioned electrodes.
The Np values were found to be in order of 10* ¢cm™. it can be noted that, the
density carriers Np, The thickness 8sc Of the space-charger layer and the flat
band potential for CdS electrodeposited on MWCNT electrodes deviate from
that were obtained for CdS on Ni and Pt. This also reflects the electrochemical
properties of the electrodeposited CdS became more enhanced when deposited
at the surface of MWCNT electrode.

. The electrodeposited photo-anodes of CdS on Pt, Ni and MWCNT show
different anodic dark currents are much lower than the currents during
irradiation. The photocurrent increases with the anode electrode polarization
from 0.0 to 0.8 V, and the anode current at the system of CAS/IMWCNT slightly
higher than CdS/Ni and on Pt substrate. From the i-t curves and the values Ay
and Eg, one can conclude that, the electrodeposited CdS on MWCNT is much
stable and suitable than the electrodeposited CdS on Ni and Pt substrates for
solar cell system.
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Mahmoud Elrouby Mohammed Mahmoud

DJIeKTPOXUMUYECKH I CHHTE3 TOHKMX H HAHO IVIEHOK CYJb(uAa KagiMus u3
THOCYJIb(ATHBIXPACTBOPOB Ha pa3an4HbIX diekTpoaax (Ni, Pr u MWCNT) n
Ucclie/IoBaHHE HEKOTOPBIX UX CBOICTB
Pe3lome

JuccepTanys mocBsiieHa pa3padoTKe HAYYHO-TEXHHYECKUX OCHOB TMOJTYyYCHUS
cynbduma KaaMusi N-TUMA MPOBOJAUMOCTH B BUJAC TOHKHUX IUICHOK, HAHOYACTHUI[ U
HAHOIPOBOJIOK MyTEM JJICKTPOXUMHUYCCKOTO CHHTE3a M3 KHCIBIX THOCYJIb()ATHBIX
pactBopoB Ha stekTpoaax u3 Ni, Pt uMWNCT, a takxke n3ydeHHIO KX HEKOTOPBIX
3MEKTPOGU3NICCKUX, DICKTPOXUMHUICCKUAX U (POTOIIECKTPOXUMHUUCCKHUX CBOHCTB.

JIJiss MOCTYDKEHMsI 3TOW IEJIM HCIONB30BaIH 3JICKTPOXUMUYCCKUE U (DU3UKO-
XUMHUYECKHE METO/IBI HCCIIeJOBaHMS, ObLT omnpeencH xXapakrtep
MOJISIPU3AIMOHHBIX KPUBBIX MPHU OCAXKICHUHM KaJIMHs, CEpbl, a TaKkxke Cyibbuma
kaaMusi. CHATHEM HUKINYECKUX MOTEHIMOIMHAMUYECKUX KPUBBIX OIMPEICICHBI
KAHETUKA M MEXaHHU3M COBMECTHOTO OCAXKICHHsS KaJMHUS C CEPOil, OMpEeAeieHbI
o0JlaCTH  MOTEHIMAJIOB, TPH  KOTOPBIX  OCAXKIAIMCh  TOHKHE  IJICHKH
CTEXHOMETPHUUYECKOTO COCTaBa, YCTAHOBICHBI ONTHMAIBHBINA COCTAB AJIEKTPOIHUTA
U YCIOBHS 3JICKTPOJH3a, TPH KOTOPBIX MOJYYaHCh YAOBICTBOPUTEIbHBIC
MOKpBITUs. MccnenoBaHo BIMSIHUE PAa3IHYHBIX (PAKTOPOB HAa COCTaB C CBOWCTBA
OCaXIaCMbIX TMOKPBITHIA, TaKUX KaK KOHIICHTPAIlUS KOMIIOHCHTOB JJICKTPOJINTA,
TEeMIIepaTypa, CKOPOCTh PAa3BEPTKH IIOTCHIMANA, BpeMs 3JekTpoiuza, pH
pacTBopa.

BriepBbie OBUIM CHSTHI IHUKIHYECKHE BOJIbTAMIICPHBIC KPUBBIC OCAXKICHHUS
KaJMHs, CePhl B OTACITBHOCTH, a TakKe UX coBMecTHOro ocaxaeranss Ha MWNCT
JNEKTPOJIC, ONpECICHbl KMHETHKA M MEXaHHM3M HX DIICKTPOBOCCTAHOBIICHUS HA
3TOM BJIEKTPO/IE.

[Mocne onpexaeneHus 00IACTH MOTSHIUAIOB COBMECTHOT'O OCAXKACHHS KaJIMUS C
cepol, MOTEHI[HOCTATHIECKUM MeTOM0oM ObutM monydeHsl miaeHkd CdAS B Bume
MOJIMKPUCTATUTHYECKUX T€KCArOHAIBHBIX TOHKHMX IUIEHOK U HAHOTIPOBOJIOK.

CTpyKTypa, XMMHYECKHN COCTaB, pasMep HAHOYACTHI[ DJICKTPOOCAKICHHOTO
cyabduma kaaMus ObLTH onpeaecHs merogamu POA, EXA u SEM.

Bbut pa3paboTaH ONTHMANIBHBIA COCTaB 3JICKTPOJIUTA M YCIOBHS DJICKTPOJIHU3A
JUIS  OCAXICHHWSI TEeKCarOHAIBHBIX IMOJUKPHCTAUITMYCCKHX TOHKHX IUICHOK U
HAHOIPOBOJIOK  Cyinbbuaa KagMmusi, 00JaJaroIuXN-THIIOM MPOBOJAUMOCTH.
HUcnonp3ys Meton Motra-llIoTTku U Ipyrue METOABI OMpelelicHa 3aBHCHMOCTh
anekTponpoBogHocti oT Temneparypbl Ha CAS/(Ni, Pt, MWCNT) u Hekotopsie
noynpoBogHuKOBbIe KOHCTaHThI (Viy, Np,0, B, AE).

DOTOINEKTPOXUMUIECKHAE CBOMCTBA 3JIEKTPOOCAKACHHBIX Cyibduaa KaaMmus Ha
Ni, Pt u MWCNT osnexrponax Obiim usydensl B pactsope 0.5M Na,SO4B TeMHOTE

1 TP OCBCIICHUU.
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MAHMOUD ELROUBY MOHAMMED MAHMOUD

Miixraif Elektrodlarda (Ni, Pt, MWCNT) Tiosulfat Mahlullarindan
Kadmium-Sulfdin Nazik va Nano Tabagslarinin Elektokimyavi Sintezi,
Onlarin Bazi Xassslarinin Tadqiqi

xUlasa

Dissertasiya igi elektrokimyavi yolla n-tip cadmium sulfidin  nazik
tobagalorin, nanonagillorinin turs tiosulfit moahlullarindan miixtslif elektrodlarda
(Ni, Pt, vo MWNCT) sintezinin elmi-texniki osaslarimin islonib hazirlanmasina
hosr olunmusdur. Alinmus cadmium sulfidin elektrofiziki, elektrokimyavi vo
fotoelektrokimyavi xassalori todqiq edilmisdir. Bu mogsadls isdo elektrokimyavi
vo fiziki kimyavi metodlardan istifado etmoklo stexiometrik torkibo uygun
cadmium sulfidin sintezi Gg¢lin prosesin kinetika mezxanizmi miayyon edilmis,
elektrolitik birgo ¢okma potensiali toyin edilmis, elektrolitin torkibi va elektrolizin
optimal soraiti miayyanlogdirilmisdir.

Ik dofo olaraq elektrodlarda tsiklik voltampermetrik iisulla kadmium vo
sulfit ionlarinin ayriliqda vo onlarin birgoe ¢6kme prosesinin kinetika vo mexanizmi
Oyronilmigdir. Birgo ¢O6kmo potensiali miioyyan edildikdon sonar hamin
potensialda potensiostatik tsulla elektroliz prosesi aparilmisdir. Elektrosintez
prosesindo alinan Cd-S orintisinin torkibino mixtslif faktorlarm o ctimlodon
elektrolitdoki maddolorin qatiliginin, temperaturun, pH-1n, ¢6kma potensialinin vo
¢cokdirms middatinin tosiri dyronilmisdir.

Elektrosintez Usulu ilo muxtoslif elektrodlarda alinmis cadmium sulfidin
qurulusu, element kimyavi torkibi vo alinmis nanohissaciklorinin  6lgllori RFA,
EKA vo SEM analiz metodlar vasitaSilo toyin edilmisdir. Istifado olunmus bu
tisullarin komayi ilo stexiometrik torkibs uygun n-tip heksaqonal qurulusa malik
polikristallik cadmium sulfidin, nazik tebagalor vo nanonagillar soklinds alinmasi
ti¢iin optimal sorait mioyyanlogdirilmisdir.

Metto-Sotki vo bagqa metodlardan istifads edorok CdS/(Ni, Pt, MWCNT)
—in elektrik kegiriciliyinin temperaturdan asililigi, Np, Vg toyin edilmis,
yarimkegiricilik xassasini gostoron bir sira parametrlor hesablanmigdir (a, B, AE).
Ni, Pt vo MWCNT elektrodlarda optimal soraitds elektrolitik yolla ¢okdiiriilmiis
n-tip CdS-in nazik va nanotobagslarinin elektrokimyavi vo fotoelektrokimyavi
xassalari 0,5 M Na,SO, mohlulunda qaranliqda ve isiqda tadqiq edilmisdir.
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