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The study reports the use of oleylamine (OLM), hexadecylamine (HDA) and octadecylamine capped
cadmium sulphide (CdS) quantum dots as photocatalyst for the decomposition of methylene blue (MB)
and methyl red (MR) illuminated by visible light and their electrochemical properties. The effect of
irradiation time and type of nano photocatalysts were investigated on the decomposition efficiency of
both cationic (MB) and anionic (MR) dyes. The degradation efficiency and the chemical oxygen demand
reduction of methylene blue (MB) and methyl red (MR) are 93% and 83% for OLM-CdS, 75% and 48%
for HDA-CdS and 70% and 52% for ODA-CdS respectively. Cyclic Voltagram of the CdS quantum dots
were-used to study the relationship between the electrochemical band energies and the optical band gaps.
Electrochemical band energies were found to be 1.64 V for OLM-CdS 1.92 V for HDA-CdS and 1.90
V for ODA-CdS which are comparable to those obtained from the calculated optical band gaps.
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1. INTRODUCTION

Semiconductor metal sulphide quantum dots have characteristics which are noticeably different
from those of macroparticles due to size confinement, quantum effect, and high surface area to mass
ratio [1, 2]. The size dependent properties of quantum dots rise to numerous applications such as
photocatalysis, photoelectrochemistry, etc. The use of quantum dots as photocatalysts have received
great attention because of their degradation efficiency, major photostability, and high quantum yields [3,
4]. There are reports on the use of semiconductor nanoparticles such as CdS as photocatalyst [5, 6] to
degrade organic compounds such as dyes. Anandan et al. [5] reported that semiconductors nanocatalysts
are better under visible light irradiation to eliminate organic dyes from water effluents [2, 6]. The
photodegradation of organic pollutants is achieved by illuminating semiconductor pollutants solution by
visible light but the energy of the irradiated light must be higher than the energy of the desired band gap
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to produce better results. During illumination, the full valence band (VB) and unoccupied conduction
band (CB) promotes the light redox processes of the semiconductors because they can act as sensitizers
and catalyst due to their electronic properties [5, 7] and the reaction produces electron-hole pair [8-10].
The resulting pair have very high reduction and oxidation ability with, migration of electrons from VB
to CB that result in reduction process [11,12]. These produce free radicals within the system of
oxidoreduction of the substrate. The ensuing free-radicals (-OH) are economical oxidizers of organic
materials [13, 14]. The reduced band gap (Eg = 2.4 eV) of CdS makes materials much less stable than
most wide band-gap semiconductors, particularly with the involvement of surface charge [15, 16].
However, the composition of semiconductor quantum dots determines their electrochemical properties
due to band structure dependent parameters such as, physical phenomenon band edge, valence band edge
and quasiparticle gap and introduction of charge induced phenomena [17, 18]. Thus, the properties of
quantum dots make them useful for the development of devised based primarily on quantum dots.
Numerous methods such as photoelectron spectroscopy (PS) [19], scanning tunnelling microscopy
(STM) [20] and cyclic voltammetry (CV) [21] have been used for the determination of band structure
parameters, however the preferred techniques is cyclic voltammetry [17]. CdS quantum dots display
impact of quantum confinement once prepared with a crystallization size below Bohr exciton radius of
the macroparticles [22]. Quantum confinement effects and electrochemical behaviour result in
distinctive size-dependent electro-optical properties that can be tuned for different, applications [17, 23].
Herein, we report the use of amine capped CdS quantum dots as nanocatalysts for photodecomposition
of methylene blue (MB) and methyl red (MR) using sodium lamp as light source. The electrochemical
properties of the as-prepared CdS quantum dots are also presented.

2. EXPERIMENTAL

2.1. Material and physical characterization

Methylene  blue, methyl red, dichloromethane (DCM), tetrabutylammonium
hexafluorophosphate (TBAPFg), acetone, and ethanol were purchased from Merck and used as obtained
without purification. Cadmium sulphide quantum dots were prepared as reported in our previous work
[24]. Perkin-Elmer Lambda 25 UV-Vis Spectroscopy was utilized to evaluate the decay of the dye, at
664 nm for methylene blue (MB) and 550 nm for methyl red (MR), Auto Lab Potentiostat/Galvanostat
was used for electrochemistry.

2.2. Photocatalytic decomposition of methylene blue and methyl red dyes

Aqueous solution containing 10-ppm methylene blue dye was prepared and stirred in the dark
for 15 min to reach equilibrium. Cadmium sulphide quantum dot was then added to the dye solution to
catalyse the photocatalytic degradation. The solution with the CdS nanocatalyst was stirred in the dark
for 15 min to reach equilibrium so that the loss of compound due to adsorption can be considered. It was
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then irradiated with OSRAM VIALOX (65600 lumens) high-pressure sodium lamp. The degradation
process was continued for 3 h to achieve complete degradation. Samples were removed at regular time
intervals of 30 min to measure any decrease in dye concentration. The absorbance and concentration of
the sample were monitored using a UV-Visible spectrophotometer at the maximum wavelength of the
dye. The experiment was repeated using methyl red solution prepared with 6:4 ratio of alcohol to water
[25, 26].

2.3. Electrochemical properties of the CdS quantum dots

The electrochemical properties of the CdS quantum dots were studied by Auto Lab
Potentiostat/Galvanostat (with Nova 3.2 software). The measurements were carried out by three-
electrode system, glassy carbon working electrode (GCWE), Ag/AgCl reference electrode and platinum
counter electrode. Activation of the working electrode was performed by 2 mM solution of the CdS
quantum dots and the supporting electrode was prepared using 0.1 M of the electrolyte
(tetrabutylammonium  hexafluorophosphate (TBAPF6)), both solutions were prepared in
dichloromethane (DCM). After the electrodeposition the electrochemical properties were studied using
the cyclic voltammetry (CV), using five different scan rates [17, 27].

3. RESULTS AND DISCUSSION
3.1. Influence of CdS photocatalysts and time on the photodegradation of methylene blue (MB) and

methyl red (MR) dyes

The photocatalytic activities of the as-prepared CdS quantum dots were assessed by degrading
organic cationic methylene blue (MB) and organic anionic methyl red (MR) in aqueous solutions under
visible light irradiation, respectively. The evaluation of the photocatalytic activity of as-synthesized CdS
photocatalysts on both dyes is presented in Fig. 1. Fig. 1a(i), b(i), and c(i) showed the absorption spectra
of MB, the absorption peak corresponding to methylene blue at 664 nm diminished gradually during the
illumination [28]. The organic dye decomposition technique is more complimentary under
photochemical condition. Correspondingly, the photocatalyst utilized impacts the decomposition
procedure, the photocatalytic procedure is affected by the energy measurements, (3 mg) was the best
concentration of the CdS quantum dot catalyst for the study. The longer the irradiation time the higher
the decomposition. It has been established that the band gap of semiconductor quantum dot photocatalyst
influences their response to visible light and the narrower the band gap the higher the ability to absorb
light [29]. The percentage photocatalytic degradation (Fig. 2 a, b, and c) of MB was found to be 93% for
OLM-CdS, 75% for HDA-CdS and 70% for ODA-CdS after 180 min. From the results, it is suggested
that the higher the photo-degradation, the slower the recombination of electron-hole pair [30]. The
irradiation with visible light produces electron-hole pair at the tail states of the conduction and valence
bands. Methylene blue (MB) is a cationic dye, thus the electrons generated are transferred upon the
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adsorption of MB molecules on the surface of the quantum dots. The excited electrons disrupt MB
conjugated coordination which then leads to the decomposition of the dye [31, 32]. The absorption
spectra of methyl red (MR) Fig. 1a(ii), b(ii), and c(ii) indicate that the concentration of MR decreases as
the irradiation time increases due to radiolysis. However, the position of absorption maxima changes in
the optical absorption spectrum from 510 to 450 nm in the presence of the CdS quantum dots catalysts
due to shifts in pH to the basic region [26]. The percentage degradation of MR dye is 83% for OLM-
CdS (Fig. 2a), 48% for HDA-CdS (Fig. 2b) and 52% for ODA-CdS (Fig. 2c) after 180 min. The
degradation demonstrates that the number of photons consumed, and the number of dye particles
adsorbed increases with the amount of CdS quantum dots photocatalyst consumed
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Figure 1. Photocatalytic degradation of both methylene blue (i) and methyl red (ii) dye using 3 mg of
nana catalyst (a(i), a(ii) for OLM-CdS, b (i), b (ii) for HDA-CdS and c(i), c(ii) for ODA-CdS
quantum dots.
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Figure 2. Percentage degradation efficiency of MB and MR dye under light irradiation (a- OLM-CdS,
b-HDA-CdS and c-ODA-CdS) quantum dots.

Increase in the concentration of the irradiated atom increases the rate of degradation. When the
concentration of the dye reaches the induced level, the dye molecules available are not enough for

adsorption [33]. The OLM-CdS catalyst changes the concentration of the dye, it turned out that the
absorbance of the dye increased with time of UV-photoreaction.
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Figure 3. Photocatalytic degradation selectivity by MB (a) and MR (b) under light using as-prepared
OLM-CdS, HDA-CdS and ODA-CdS quantum dots.

This could be due to the concentration of the catalyst versus saturation of the dye, however
another catalyst only changed the pH of the dye, thus with OLM-CdS, it decomposes after long exposure
to light and again it still has better decomposition efficiency. The results suggest that the as-obtained
CdS quantum dots exhibit outstanding photocatalytic activity for both the dyes. To determine the
selectivity of the dyes by the CdS quantum dots, the plot of In(C/Co) vs Time (Fig. 3) shows that MB
(Fig. 3a) has comparable degradation efficiency to MR (Fig. 3b) when using CdS quantum dots. HDA-
CdS and ODA-CdS quantum dots photocatalyst have comparable degradation of MR because their
optical band gaps are comparable as well.

3.2. Electrochemical properties of the CdS quantum dots

Table 3.1. Relationship between the Optical and electrochemical band gaps for fractions 0.25-1.25 mV/s

scan rate
compounds | 1.25 mV/s —-0.25 mV/S | the band gap (eV) [24] Size (nm)
OLM-CdS 1.64 1.59 5.70
HDA-CdS 1.92 1.65 5.96
ODA-CdS 1.90 1.62 5.83

Electrochemical measurements of CdS quantum dots were carried out using cyclic voltammetry
(CV). The CV was obtained with a glass electrode to determine the electronic band gap between anodic
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and cathodic electrode to validate Brus model [17]. The results show that the three CdS quantum dots
displays similar features. Clear oxidation (C1) and reduction (A1) peaks appeared at different regions
depending on the CdS quantum dots used. The oxidation peak appeared between ~ 0.92-2.12 V and
reduction process was observed between ~ -0.34 to -1.34 V. Additional peaks were observed only on
scan reversal after traversing either from oxidation to reduction (Fig. 4(a), (b), and (c)). The resulting
peaks are from solution diffusion of CdS quantum dots to the electrode resulting in response to redox
reaction. During the reduction process, the prospective scan moves towards the cathodic direction and
the other scan moves towards the anodic direction. At the point when the decay of the clusters happens,
the multi-electron moves to an environment where they are consumed, during this procedure electron
move and charge move were pursued by chemical response (EC) system.

The physical separation between the oxidation and reduction peaks is identified with an
electrochemical band gap, and the qualities attained for the three CdS quantum dots studied are presented
in Table 3.1. The band gaps were comparable to those obtained from the absorption studies [24] but still
higher. The band gap results proved that the band gap increases with increase in particle size, the origin
of this difference can be due to the fast-following reactions which cause the peaks to shift to less extreme
potential. As expected, the smaller nanocrystals are oxidized at increasingly positive possibilities and
diminished at progressively negative possibilities, because the highest point of the valence band is moved
in the direction of lower energies and the base of the conduction band shifts to the opposite direction
with decreasing particle size. However, the outcomes repudiate the usual meaning. In addition, the
charge moves to CdS quantum dots were viewed, at that point the electrons are disbursed by quick
coupled substance reaction due to decay of the group [17, 34]. The increase in the scan rate decreases
the reduction peak (Fig. 5). Fig. 5(c) showed the disappearance of reduction peak with the increase of
the scan rate.
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Figure 4. Cyclic voltammogram of OLM-CdS (a), HDA-CdS (b), and ODA-CdS (c) quantum dots at
the scan rate of 1.25 mV/s at room temperature.
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Figure 5. Cyclic voltammetry curves at various scan rate from 0.25-1.25 mV/s of OLM-CdS (a), HDA-
CdS (b), and ODA-CdS (c) electrodes.

4. CONCLUSION

The photocatalytic degradation efficiency of methylene blue and methyl red was 93% and 83%
for OLM-CdS, 75% and 48% for HDA-CdS and 70% and 52% for ODA-CdS respectively. From these
results, we can conclude that the CdS quantum dots have high photocatalytic efficiency and the cationic
dye, methylene blue is degraded better than anionic dye, methyl red by the CdS quantum dots. The
predominant photocatalytic decomposition efficiency of the CdS quantum dots is ascribed to significant
decrease in the recombination of electron-hole sets. The CdS quantum dots showed exceptional stability,
reusability, and recyclability towards the photo decay of MB and MR. Electrochemical band energies
were found to be 1.64 V for OLM-CdS, 1.92 V for HDA-CdS and 1.90 V. The band gaps are comparable,
and this makes them more suitable for other applications such as fabrication of solar cells. The
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electrochemical properties of the CdS quantum dots display typical behavior expected with, oxidation
peak of CdS anodic dissolution and a reduction peak showing the cathodic reduction of Cd?*. However,
the cyclic voltammograms indicated the capping agents influences the chemical reaction related to the
charged CdS quantum dots. Fluctuation in the quantum dots not only influences the location of the
HOMO and LUMO energy levels but also influences estimation of Eg,
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