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ABSTRACT
By co-precipitation, cetyltrimethylammonium bromide (CTAB) assisted CdO nanoparticles with different 
CTAB concentrations (0.0M, 0.04M, 0.08M, and 0.12M) have been synthesized and evaluated for potential 
photocatalytic applications. X-Ray Diffraction (XRD) results indicate that crystallite size increases as the 
concentration of CTAB is increased. Field Emission Scanning Electron Microscope (FESEM) exhibits that 
flat sheet-like morphology is changing into a thin needle-like structure with a concentration of surfactant. 
Elemental Dispersive X-ray Spectroscopy (EDS) confirmed the existence of constituents and hence marks 
the purity of prepared samples. The broad peak of Raman spectra is consisting of three bands from 200-
500 cm-1 while Fourier Transform Infrared (FTIR) spectra certify vibration of Cd and O bonds are present 
at 530 cm-1. The optical band gap is found to slightly decrease due to the addition of CTAB. The results 
of the experiment showed that CdO nanoparticles degraded Methylene Blue (MB) up to 83% in UV light, 
and Rose Bengal (RB) dye up to 85% in sunlight within 80 minutes of exposure. 
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INTRODUCTION
Humans are now very concerned about the 

threat posed by water pollution. A solution to this 
issue is being sought by researchers. Our drinking 
water resources are becoming contaminated as a 
result of the increased industrialization and the 
numerous sorts of untreated industrial pollutants 
that are being produced. Water pollution is now 
largely caused by dyes that come from many 
businesses, including the leather, textile, and 
pharmaceutical sectors [1]-[5]. These colors 
are extremely dangerous for aquatic life as 
well as humans and are carcinogenic. For the 
management of dye wastewater, a variety of 
techniques including ion exchange, adsorption, 
filtration, and coagulation have been used. One 
of these techniques, the photocatalytic process, is 

useful in advanced oxidation processes[6]-[8]. In 
this process, mainly electrons and holes take part 
to carry the reaction [9]–[11] as shown in Fig.1.

Due to their physical and chemical differences 
from bulk materials, nanomaterials, particularly 
oxides, are shown to be effective photocatalysts 
for the degradation of dyes [12]. They also have 
a bigger surface area due to their smaller size, 
which results in more electrons and holes coming 
to the surface to participate in chemical reactions. 
This leads to the maximum efficiency in dye 
degradation in the shortest amount of time. The 
first substance employed as a photocatalyst was 
TiO2 nanomaterial, and afterward, numerous 
compounds have been researched [13]. There are 
a variety of factors in the photocatalytic process 
that we can manage to develop the desired 
material for our purposes. CdO nanoparticles 

http://creativecommons.org/licenses/by/4.0/.


D. Singhwal et al. / Influence of CTAB surfactant on the various properties of CdO nanoparticles

J. Water Environ. Nanotechnol., 8(2): 190-205 Spring 2023 191

have become increasingly important in recent 
years for photocatalytic applications. With an 
optical band gap energy of between 2.2 and 2.7 
eV, the N-type nature of the CdO semiconductor 
makes it appropriate for photocatalytic use [14]-
[22]. Because of its narrow optical band gap, 
CdO functions well as a photocatalyst for dye 
degradation in UV and visible light. CdO has 
numerous uses in optoelectronics devices in 
addition to being a photocatalyst. It is a leading 
oxide among transparent conducting oxides [23]-
[27]. CdO is a material that works well in solar 
and photovoltaic cells because of its high electrical 
conductivity and increased carrier mobility 
[28]-[33]. Nanoparticles can be created using a 
variety of techniques, including hydrothermal, 
co-precipitation, and sol-gel. But in this study, 
cadmium oxide nanoparticles are prepared using 
a co-precipitation process. By regulating the pH 
and temperature of the process, this approach 
offers an easy way to create nanoparticles [34]-
[38]. Compared to other methods, it takes 
less time and has a good yield. As we all know, 
the narrow band gap in CdO causes the quick 
recombination of electrons and holes created by 
light source irradiation. The effectiveness of CdO 
in photocatalytic processes is not particularly 
great because abrupt recombination prevents 
electrons and holes from participating in 
chemical reactions. Large-scale research has been 
conducted in the last several years to determine 
the effects of surfactant addition on the various 
characteristics of nanomaterials. But as of right 
present, it's unclear which factors govern how 
nanoparticles develop when surfactants are added. 

There is still more to learn about the different 
aspects that influence how nanoparticles grow. 
Whether the surfactant is cationic, anionic, or 
neutral, its nature also matters. Hence, the role of 
CTAB concentrations on the extensive properties 
of CdO nanoparticles has been discussed in 
this supporting work, as well as how CTAB 
concentrations affect the photocatalytic activity 
of CdO nanoparticles. It is important to recognize 
that surfactants play a major role in the synthesis 
of nanoparticles. By using surfactants, particles 
can be prevented from aggregating. There is a 
decrease in the surface energy of a solution when 
surfactants are present [39]. CTAB is a cationic 
surfactant that means positively charged head and 
is hydrophilic as shown in Fig. 2 [40]. 

Cationic surfactants are only 5-6% of the 
production of all types of surfactants still they 
have their importance. The positive charge of the 
cationic surfactant makes them effective because 
they get easily adsorb on the negative charge in 
solid even at neutral pH. In the present work, a 
series of CTAB-assisted CdO nanoparticles have 
been synthesized using the coprecipitation method 
followed by the characterization of synthesized 
samples using X-Ray Diffraction (XRD), Field 
Emission Scanning Electron Microscopy- Energy 
Dispersive X-Ray Spectroscopy (FESEM-EDS), 
Raman Spectroscopy, Fourier Transform Infrared 
Spectroscopy (FTIR) and Diffused Reflectance 
Spectroscopy (DRS). As model pollutants, 
Methylene Blue (MB) dye and Rose Bengal 
(RB) dye have been used to investigate the effect 
of surfactant addition on the photocatalytic 
properties of CdO.
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Fig. 1. Production of superoxide and hydroxyl radicals from electrons and holes.
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EXPERIMENTAL METHOD
Materials

Most of the chemicals used in our research were 
bought from loba chemie and used directly after 
purchase without further purification. Cadmium 
nitrate tetrahydrate [Cd(NO3)2.4H2O] of 99% 
purity was purchased from Merck. From Fisher 
Scientific, MB dye was bought. Water that had been 
twice distilled was used for the entire synthesis. 
Reagents like sodium hydroxide  (NaOH) flakes 
with 98% and cetyltrimethylammonium bromide 
(C19H42BrN) with 99% are classified as an annular 
grade.

Formation of nanoparticles
Cadmium nitrate tetrahydrate [Cd(NO3)2.4H2O] 

with 99% purity in distilled water is used in the 
co-precipitation process to produce pure CdO 
nanoparticles. To increase the pH of the cadmium 
salt solution, 100 ml of freshly made 1M solution of 
NaOH was added drop by drop for a half-hour while 
the solution was continuously stirred at 40 °C. Then 
after one hour of the constant stirring solution was 
placed undisturbed to settle the precipitates. Filters 
were then used to remove precipitates, which were 
subsequently washed with distilled water several 
times. An annealing procedure of four hours at 
400 0C was used for washed samples. The sample so 
prepared was named CC0.

Cd(NO3)2.4H2O + 2NaOH→Cd(OH)2 + 4H2O + 
2NaNO3                                                            (Step 1)

Cd(OH)2→CdO + H2O    After heating       (Step 2)

Similarly, for the synthesis of CTAB-assisted 
CdO nanoparticles with various concentrations of 
CTAB, the same method is adopted. 0.04M, 0.08M, 

and 0.12M solution of surfactant was prepared 
separately. Before the addition of the base, the 
solution of surfactant and the solution of precursor 
were mixed properly with continuous stirring for 
30 minutes. CTAB-assisted CdO nanoparticles 
with different concentrations of CTAB 0.0M, 
0.04M, 0.08M, and 0.12M are named CC0, CC4, 
CC8, and CC12 respectively.        

Characterization of the materials.
XRD (X-Ray Diffraction)

To determine whether the structure of the 
samples is crystalline or amorphous, X-ray 
diffraction (XRD) was carried out using a Rigaku 
Ultima IV diffractometer (λ = 1.54 Å of Cu-kα 
radiation) at room temperature with a copper anti-
cathode operated at 40 kV and 40 mA. To perform 
diffraction, powder samples were evenly spread out 
on a neutral quartz glass sample holder, exposed to 
a k-alpha radiation source, and scanned between 
10° and 80° angles.

FESEM with EDS
The sample's size, shape, and surface morphology 

were examined under a nova-nano FESEM 450 
(FEI) microscope. For a high-resolution image in 
this equipment, highly accelerated electrons are 
used instead of a light beam. Secondary electrons 
are released and collected by the detector as a result 
of the striking of electrons on the material surface, 
aiding in the analysis of the material's composition.
BET analysis

One of the most crucial measurements for 
describing innovative porous materials is the 
surface area. The most common technique for 
calculating surface areas from nitrogen adsorption 
isotherms is the BET analysis.
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Fig. 2. Structure of CTAB surfactant.
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Raman Spectroscopy
Raman spectroscopy is a spectroscopic method 

for identifying rotational, vibrational, and other 
states in a molecular system that can be used to 
examine the chemical components of materials. 
STR 500 Confocal Micro Raman spectrometer 
having DPSS laser source is used for Raman spectra.
Fourier Transform Infrared Spectroscopy (FTIR)

An analytical method called FTIR is used 
by material analysts to determine the chemical 
constitution of a sample. FTIR spectra of the KBr 
pallets with sample and KBr powder ratio of 5:95 
was recorded with the help of FT-IR Spectrum 2 
Perkin Elmer instrument in wavenumber range 
4000cm-1 to 400 cm-1.
Diffused Reflectance Spectroscopy

To gather molecular spectroscopic data, diffuse 
reflectance, an optical phenomenon, is frequently 
used in the UV-visible, near-infrared (NIR), and 
mid-infrared wavelength ranges. The band gap 
of the semiconducting material can be calculated 
using this technique. Range of 200 nm to 1200 nm 
of Spectrophotometer LAMBDA 750 Perkin Elmer 
UV-Vis NIR is used for diffused reflectance spectra.

Photocatalytic reaction
By applying a 300W UV lamp to process MB 

dye on the samples, the photocatalytic performance 
of the samples was examined. First, a lab-made 
5ppm (5mg/L) MB dye solution was prepared. The 
50 ml of MB dye solution was combined with 50 mg 
of CC0 nanoparticles. The solution was mixed for 
several minutes in the dark to ensure absorption-

desorption equilibrium before exposing to UV 
light. Aliquots of 5 ml from the solution were taken 
every 20 minutes after the UV lamp was turned on. 
The same process was carried out again for CC4, 
CC8, and CC12. The photocatalytic performance 
of the sample is evaluated from absorption spectra 
recorded by the LABINDIA UV 3092 UV-VIS 
Spectrophotometer. Degradation (%) is calculated 
from the formula:

Degradation (%) =  x 100           (1)

Here, A0 represents the absorbance intensity of 
dye before keeping it in UV light, and At symbolizes 
the absorbance intensity of dye at any instant ‘t’ 
after irradiation of the sample [41].  The same 
procedure has been repeated for RB dye but in the 
presence of visible light.     

OUTCOMES AND DISCUSSION
X-Ray Diffraction Analysis

Fig. 3. is showing X-Ray Diffraction pattern of 
prepared samples. Formation of CC0, CC4, CC8, 
and CC12 is confirmed by X-Ray Diffraction peaks 
(111), (200), (220), (311), and (222) which are 
appearing at angles 33.04ᵒ, 38.34ᵒ, 55.32ᵒ, 65.94ᵒ and 
69.30ᵒ respectively. According to JCPDS card no 
05-0640, this diffraction pattern of CdO confirms 
the formation of cubic structure [42]. Calculation 
of Crystallite size (D) is done with the help of 
Debye-Scherrer's equation:

                                                      (2)

Here, D represents crystallite size, k = 0.94 is 
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Fig. 3. XRD pattern for CC0, CC4, CC8 and CC12.
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a constant, λ is the wavelength of X-ray which is 
1.54 Ǻ, β stands for full width at half maximum 
(FWHM) and θ is half of the angle at which peak 
is located [43]. Crystallite sizes for CC0, CC4, CC8, 
and CC12 are found to be 23.89 nm, 30.13 nm, 40.76 
nm, and 47.79 nm respectively. As the surfactant 
concentration rises, the crystallite's size expands. 
As surfactant concentration rises, the amount 
of thermal energy available for recrystallization 
decreases, lowering full-width half maxima [44]. 
The term "critical micelle concentration" (CMC) 
refers to the level of surfactant in a bulk phase 
above which micelles, which are aggregates of 
surfactant molecules, start to form. Surfactants 
have an important characteristic called the CMC. 
The CMC of CTAB is 0.0009 mol/L in water. 
Working at concentrations over CMC may result in 
micelles binding to the surface of the nanoparticles. 
This may cause hydrophobic interactions between 
nanoparticles and agglomeration to take place.  
By increasing the surfactant concentration, 
produced samples exhibit increased crystallinity 
and decreased microstrain due to hydrophobic 
interaction between the surfactant molecules 
rather than host lattice substitution. Because the 
peaks are not shifting, the lattice parameter is also 
the same. Diverse parameters calculated from 
favored orientation (111) are tabulated in Table 1. 
Microstrain (ε) is calculated using the equation:

                                                       (3)

The lattice parameter is evaluated from the 
equation:

                                             (4)  

here d denotes interplanar spacing, a denotes 
lattice parameter and (hkl) represents the miller 
indices.

FESEM-EDS Analysis
FESEM has been used to examine the 

morphology of prepared materials. The FESEM 
images of CC0, CC4, CC8, and CC12 are shown 

in Fig.  4(a-d).   In Fig.  4(a), the nanosheet-like 
structure of CdO is visible, and these nanosheets 
are also forming an arrangement that resembles a 
flower. However, if the surfactant concentration 
is increased, these sheets-like structures begin 
to fragment into smaller pieces (in the shape 
of a needle), as shown in Fig. 4 (b). Due to 
further enhancement in the amount of CTAB, 
agglomeration of particles and growth of needles 
on the surface of the agglomerated particles takes 
place, as shown in Fig. 4(c). At 0.12M concentration 
of CTAB, a clear picture of stronger agglomeration 
along with dense growth of needles can be seen 
in Fig. 4(d). Based on the described results, it is 
observed that increasing the mass of the surfactants 
affects nanoparticle formation. The formation of 
these morphologies is caused by the self-assembly 
of surfactant molecules within micelles. Only when 
the concentration of the surfactant molecules 
surpasses the critical micelle concentration (CMC) 
do they begin to self-assemble into micelles, 
which lowers the solvent/surfactant interface and 
minimizes interactions between the hydrophobic 
and hydrophilic components. This dual nature 
causes them to be both attracted to and repellent to 
the solvent, resulting in the self-assembly process. 
FESEM images conclude that the addition of 
surfactant aligns the nanoparticles in a particular 
direction by forming needles. Energy Dispersive 
X-Ray spectra are also obtained for the detection 
of elemental composition as shown in Fig. 5(a-d). 
From EDS, it is confirmed that Cd and O elements 
are present in good proportion. The presence of 
carbon element is also shown by spectra which is 
due to the carbon grid on which the sample was 
mounted for FESEM. 

BET analysis
Surfactants cause changes to surface area in 

addition to morphology. Therefore, we used BET 
to analyze our sample and found that the surface 
area (Table 2) had grown from 6.687 m2/g to 37.301 
m2/g. Pore volume is also enhanced. The pores' 
diameter decreases. The specific surface area and 

Ǻ
 𝜀𝜀

 

Table 1. Parameters (D, a,  and Eg) were calculated from the XRD and DRS spectra of the prepared samples.
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Figure 4. 
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(c) (d)

Fig. 4. For structural analyses, FESEM images of (a) CC0 (b) CC4 (c) CC8 (d) CC12.
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Figure 5. 
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(c) (d)

Fig. 5. For quantitative analyses of chemical composition, EDS images of (a) CC0 (b) CC4 (c) CC8 (d) CC12.
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Figure 6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Nitrogen adsorption-desorption isotherms of CC0 and CC12.
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Figure 7. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Barrett-Joyner-Halenda (BJH) pore size distribution plot of CC0 and CC12.

pore size distribution of synthesized materials were 
measured using the BJH (Fig. 7) and BET nitrogen 
adsorption/desorption techniques. According to 
the IUPAC classification, the isotherms (Fig. 6) 
show type IV pore structures, which are typical 
of mesoporous materials. Sample CC0 and CC12 
have been studied through BET and found that the 
surface area of the CC12 has been increased due to 
the addition of surfactant.

Raman spectra
The Raman spectra of CC0, CC4, CC8, and 

CC12 have been shown in Fig. 8(a). From closed 
observation of the obtained spectra, we found 
a wide peak in the range of 200 cm-1 to 500 cm-1 
and a feeble band at around 940 cm-1. Because of 
the asymmetric feature of this broad peak, one can 
easily notice that it is made up of more than one 
Raman band. So Lorentzian function is used for 
fitting the broad peak to find out the Raman Bands 
as shown in Fig. 8(b) and by this Lorentzian fitting 
we found the best fit at 267cm-1, 311cm-1, and 
387cm-1 [45]–[47]. The position of the bands and 
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Fig. 8(a). Raman spectral image of prepared samples. 8(b). Fitted Raman spectra of prepared samples.
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Fig 8. (a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8. (b) 

 

 

 

 

 8  
 

 

 

Fig 8. (a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8. (b) 
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the shift in their positions are shown in Table 3.
 The band centered at 267 cm-1 is allocated 

for 2TA(L) mode and the peaks at 310 cm-1 and 
387 cm-1 are allotted for 2LA overtones of the 
Brillouin zone. The band nearly at 940 cm-1 is 
allocated for 2LO mode. Changes in the modes 
of vibration due to the addition of surfactant 
are compiled in Table 3. The band at 267 cm -1 is 
relocated by 4 cm-1 towards blue. The band at 311 
cm-1 is relocated by 10 cm-1 towards blue. But the 
band at 388 cm-1 shifted blue up to CC8, but again 
it came to the same value. The presence of these 
peaks confirms the longitudinal optical (LO) as 
well as Transverse Optical (TO) modes in cubic 
CdO structures. The Nanoscale of CdO particles 
are responsible for these type of modes [48], [49]. 
These types of modes arise due to the second-
order Raman scattering [47]. Due to the larger 

size of the crystallite, the CC12 peak intensity 
is also increased. The shifting of peaks is due to 
phonon confinement [50].

FTIR analysis
FTIR is a very useful optical technique to find 

out which types of functional groups are present 
in the material. The spectra of FTIR of all the 
prepared particles are revealed in Fig. 9. In FTIR 
spectra, bands are present at ~1740cm-1, ~1370 cm-

1, ~1220 cm-1, ~855 cm-1, ~710 cm-1 and ~530 cm-1. 
The band at ~1740 cm-1 represents the stretching 
of C=O [51], [52]. The band at around 1370 cm-1 
is attributed to C-H stretching vibrations. The 
bands appearing at ~1220 cm-1 and ~855cm-1 are 
allotted to the vibrational bands of  
[53]. Small amounts of CO2 are dissolved in water 
as a result of its presence in the atmosphere. In 
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Fig. 9 FTIR spectra of prepared samples for identification of chemical composition.
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Fig. 10. Diffused Reflectance Spectra of prepared samples.

Table 3. After fitting of Raman spectra, the position of peaks (cm-1) in Raman spectra. 

Table 2. Parameters calculated from BET analyses.
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an equilibrium, carbon dioxide and carbonic acid 
coexist in aqueous solution. Because this acid 
is so weak, only trace amounts of carbonate are 
formed by this chemical equilibrium. Generally, 
bands less than 1000 cm-1 help to find out the 
metal oxide bonds [54]. The weak band at ~710 
cm-1 corresponds to the Cd-O phase [51]. 531 
cm-1 band is the stretching mode of vibration of 
CdO The majority of metal compounds should be 
found in this region [55], [56]. 

Diffused Reflectance Spectroscopy
Surfactant limits the growth of particles by 

adsorption on the surface. Variations in the 
concentration of surfactant will affect the growth 
of particles in a different manner. Along with 
the particle size of CdO, the effects of surfactant 
concentration on the optical properties have been 
studied through Diffused Reflectance Spectra 
(DRS). Diffused Reflectance Spectra of synthesized 
samples have been shown in Fig. 10. It illustrates 
that the concentration of surfactant does not affect 
the reflectance edge of spectra and also reveals that 

the characteristic absorption edge is near 500 nm 
for all samples. Equation (5) is the Kubelka-Munk 
function [9], [57]–[60] which is used to find out 
the optical band gap of material from Diffused 
Reflectance Spectra. 

                                                 (5)

Here R represents reflectance in percentage. A 
Graph between (F(R)hv)n and hv has been plotted. 
Value of n=2 is reserved for the direct allowed band 
gap and n=1/2 is reserved for the indirect allowed 
band gap. h and v stand for their usual meaning 
Planck’s constant and frequency respectively. 
Extending the straight segment of the plot to 
intersect at the x-axis finds the optical band gap 
(Eg) of the prepared samples (as revealed in Fig. 
11). The values of the intersection at the x-axis 
of the optical band gap are compiled in Table 1. 
From Fig. 11 we can see that as we increased the 
concentration of CTAB surfactant, the band gap 
of the material decreased by 0. 05 eV. Increasing 
concentration of CTAB leads to an increase in 
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Fig. 11. Kubelka-Munk plot for calculation of direct band gap for (a) CC0 (b) CC4 (c) CC8 (d) CC12.
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structural disorder and defects. The band gap has 
decreased which may be due to the preparation 
condition and creation of allowed energy states in 
the band gap of the CdO nanoparticles. The values 
of the optical band gap of the CC0 and CC12 are 
2.29 eV and 2.24 eV respectively. 

Photoluminescence Spectra
470 nm was used as the excitation wavelength 

for measuring the photoluminescence spectra of 
the prepared samples. The Spectra of the material 
are shown in Fig. 12. Spectra is found to comprise a 
peak positioned at ~521 nm which is the emission 
peak of recombination of holes produced from 
photon and oxygen vacancy [61]. 521 nm lies in the 
range of green emission which is due to interstitial 
vacancies and oxygen vacancies [62]. From the 
spectra, it has been found that the addition of 
surfactant does not affect the intensity of the peak 
because it is not creating any kind of defects in the 
crystal. Surfactant rather aligns the particles in a 
particular direction instead of creating defects or 
oxygen vacancies in the CdO.

 
PHOTOCATALYTIC ACTIVITY

The photocatalytic ability of the cadmium oxide 
nanoparticles is assessed by the deterioration of 
dye (MB) with the help of a UV light source. The 
absorbance range of MB dye is from wavelength 500 
to 700 nm. From the literature survey, a comparison 
of the photocatalytic performance of cadmium 
oxide has been done and is given in Table 4.

Fig. 13 (a-d) shows the absorbance spectra of 
MB dye with time when treated with CC0, CC4, 

CC8, and CC12 respectively. After analyzing the 
absorption spectra of MB dye in the presence of 
various prepared CTAB-assisted CdO nanoparticles, 
as time progresses, the intensity of MB dye's major 
absorption peak is becoming less and less intense 
at 664 nm. Using the absorption spectra, the % 
breakdown of MB dye has been evaluated using 
equation 1 (given in the experimental section). % 
Degradation is found in the order of 83% with CC0, 
82% with CC4, 70% with CC8, and 74% with CC12 
as shown in Fig. 14. As maximum degradation is 
obtained in the case of pure CdO, degradation of 
Rose Bengal (RB) dye has been studied in presence 
of CdO using visible light. The absorption spectra 
of RB are shown in Fig. 15. From spectra, it is found 
that the Rose Bengal dye degrades up to 85% within 
80 minutes of light illumination.

The main contribution to the degradation of 
dye by a photocatalyst is photons. As we know 
when we irradiate the sample with radiation 
having energy equivalent or higher from the band 
gap of the material electron from the valence band 
jump to the conduction band leaving behind a 
hole in the valence band. These e- and h+ react 
with atmospheric oxygen and water molecules 
leading to the formation of oxidant super oxygen 
anionic radical (●O2

-) and hydroxyl radicals (●OH) 
respectively as shown in Fig. 1. These oxidant 
species react with harmful dyes and convert 
them into non-harmful by-products. The band 
gap and absorbency of the nanoparticles affect 
the photocatalytic activity. When a photocatalyst 
shows higher absorbency towards photons, the 
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Fig. 12. PL emission spectra of samples excited at 470 nm.



D. Singhwal et al. / Influence of CTAB surfactant on the various properties of CdO nanoparticles

J. Water Environ. Nanotechnol., 8(2): 190-205 Spring 2023 201

 13  
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(c) (d)

Fig. 13. Degradation of MB dye in the presence of UV light with (a) CC0 (b) CC4 (c) CC8 (d) CC12.
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Fig. 14. Degradation (%) graphs of MB dye by the samples.

Table 4. Comparative results of photocatalytic performance of cadmium oxide nanoparticles through literature survey.
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creation of more electrons and holes takes place. 
Due to more numbers of electron and hole pairs 
photocatalytic efficiency also increases. But 
again, the combination of electrons and holes can 
decrease the efficiency of the nanoparticles. The 
surface area plays a vital role in the photocatalytic 
process. More area on the surface means the 
presence of active sites in greater numbers on the 
surface. These active sites act as trap centers for 
electrons and holes to avoid their recombination 
[28]. The presence of dangling bonds on the 
planes helps in the adsorption of hydroxyl ions 
[-OH] due to the positive charge of the planes and 
the production of hydroxyl free radicals [.OH] 

takes place [63]. These free radicals enhance the 
photocatalytic performance of the nanoparticles. 
But in this work, due to the addition of surfactant 
photocatalytic activity is decreasing because 
the surface area is changing from nanosheets to 
needle-like structure. These needle-like structures 
are very dense so these surface-active sites are 
unable to take part in photocatalytic reactions. 
So pure CdO is showing higher photocatalytic 
activity. The experiment of catalytic cycles 
(Fig.16) of CC0 was performed up to four cycles, 
and it was discovered that the sample can be used 
as an efficient photocatalyst for up to 2 cycles. 15  

 

 

 

 
 
 

Fig. 15. Degradation of RB dye in sunlight with CC0.

Fig. 16. The experiment of catalytic cycles of CC0.
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CONCLUSION
Pure CdO nanoparticles synthesized with a 

feasible co-precipitation method performed highly 
efficiently in comparison to CTAB-assisted CdO 
nanoparticles in the degradation of MB dye in  80 
minutes. XRD confirmed the formation of the well-
crystalline nature of prepared samples. Variation in 
surfactant concentration modified the morphology of 
flat-sheet into thin needle-like structures confirmed 
by FESEM. The presence of functional groups is 
confirmed by FTIR. The effect of the addition of 
surfactant on phonon confinement can be seen in 
Raman spectra. Degradation efficiency decreased 
from 83% to 74% because the flat sheet has more 
trap centers to capture electrons in comparison to 
the thin needle. Hydrophobic interactions between 
surfactant molecules play a vital role in aligning 
the particle in a particular direction.  Therefore, 
this study indicates that surfactants can be used as 
potential material to change the morphology of the 
particles. The prepared CdO nanoparticles are found 
to be a promising photocatalyst in the degradation 
of MB and RB dye with degradation up to 83% and 
85% respectively.
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