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A B S T R A C T   

Cadmium selenide (CdSe) semiconductor nanorods are prepared in hydrothermal process using hydrazine hy
drate (N2H4.H2O) and ammonia (NH3.H2O) as reducing agents. The reaction time is increased to 7 h and the 
amount of hydrazine hydrate used is also increased to 15 mL which have resulted in diminished stacking faults in 
the CdSe nanorods prepared. The crystal structure, morphological variations, and size of the prepared CdSe 
nanorods are examined by XRD analysis. The crystalline size of the CdSe nanorods is 20–30 nm in diameter. 
HRTEM images reveal the formation of high order CdSe nanorods of the length about 25–40 nm. The bandgap in 
the CdSe nanoparticles is determined to be 2.17 eV. The peak at 595 nm in photoluminescence (PL) spectrum 
indicates oxygen vacancy defects in the prepared CdSe sample. The variation of dielectric properties with respect 
to temperature and frequency of pelletized CdSe is studied. High photocatalytic efficiency (98%) of catalyst/ 
H2O2 is also achieved for decomposition of Rhodamine-B dye.   

1. Introduction 

Cadmium selenide (CdSe) is a binary and primarily, an ionic com
pound with covalent nature (Cerdeira et al., 1988). The narrow bandgap 
of the CdSe nanoparticles have attracted greater attention in the recent 
times which has led to their applications in fileds of biomedicine (Vibin 
et al., 2011), laser (Agarwal and Lieber, 2006), and solar cells (Arjun
kumar et al., 2020). Preparation of chalcogenides have also become 
prominent in optoelectronic devices. Among the chalcogenides ZnSe, 
CdTe, and CdSe are prevalent for their photocatalytic activities (Manna 
et al., 2002). Extensive studies have been reported on CdSe nanorods 
because of their wider applications in nano-transistors, electrochromic 
materials, and charge coupling devices (Kazes et al., 2002; Shim et al., 
2009; Woggon, 2007). However, to achieve enhanced performance of 
the rod-like CdSe nanoparticles, it is necessary to adapt novel methods 
for controlled growth of CdSe rods with prominent structural di
mensions (Fitzpatrick et al., 1989; Hyugaji and Miura, 1985) reported 
heterostructure CdSe nanorods prepared in solution-liquid-solid (SLS) 
method with 30 nm diameter (Srivatsan, 2012; Manna et al., 2000). Xi 
et al., (2008) reported that AOT controls the length of the nanorods 

whereas reducing agents control diameter of the nanostructures. Murray 
et al., (1993) achieved CdSe quantum dots/rods using Cd(CH3)2. 
Therefore it is observed that the Cd(CH3)2 required to be replaced by 
CdO (Efros et al., 1996). From the environmental viewpoint, sol
vothermal method is a versatile approach for the preparation of chal
cogenide nanorods (Li et al., 1998; Peng and Peng, 2001). 

Safer treatment and disposal of pollutants from various industries 
such as dyes, pesticides, and fertilizers has been an intriguing challenge. 
Treatment of organic pollutants like dyes from industrial effluents can 
be done using simple and economically viable processes such as 
biodegradation, oxidation, absorption, and catalytic wet-oxidation. 
Photocatalytic degradation has explicitly been a feasible method for 
the treatment of organic contaminants. Liu et al., (2013) and Wen et al., 
(2017) reported the degradation of cefalexin with CdSe as photocatalyst. 
Herein, we report the use of hydrothermal method for the preparation of 
CdSe nanoparticles which has gained much attention for its exciting 
advantages in controlling the size, shape, and crystallinity of the nano
structured materials. Increased quantity of hydrazine hydrate is used in 
the synthesis to optimize the surface morphology and stability of CdSe 
nanorods (Tang et al., 2002). 
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The present work reports the effect of reaction time, increased 
amount of reducing and complexing agents, and calcination tempera
ture on the synthesis of CdSe nanomaterial and its structural 
morphology. The application CdSe nanorods as photocatalyst in the 
decomposition of Rhodamine-B dye is also investigated in the presence 
and absence of the oxidant H2O2. This article also explores the charac
teristic changes in the dielectric properties of the CdSe nanomaterials at 
different temperatures and frequencies. 

2. Experimental 

2.1. Chemicals and reagents 

Cadmium nitrate Cd(NO3)2.4H2O, sodium selenite Na2SeO3, hydra
zine hydrate N2H4.H2O, and ammonia (NH3.H2O) of analytic grade were 
purchased from Merck. Deionized water is used for preparation of all 
aqueous solutions. 

2.2. Synthesis of CdSe nanorods 

Sufficient amount ammonia was added to cadmium nitrate (0.01 M) 
suspended in 10 mL deionized water to result in the formation of white 
precipitate, Cd(NH3)4

2+ complex. Sodium selenite (0.005 M) stirred for 
5 min with 15 mL hydrazine hydrate was then added to Cd(NH3)4

2+

complex and mixed well. The pH of the mixture was adjusted in to 11 by 
adding 0.1 M NaOH solution. It was then transferred into an autoclave, 
sealed, and kept at 180 ◦C for 7 h. A dark red (maroon) residue formed 
was calcinated at 400 ◦C for 3 h. The schematic diagram of the synthesis 
illustrated in Fig. 1. 

2.3. Characterization techniques 

The X-ray diffraction (XRD) patterns of the CdSe nanorods were 
measured on Philips X’pert PRO X-ray diffractometer (PW3040/60) 

with CuKα radiation (45 Kv, 40 mA) in the region of 2θ = 10–80◦. The 
surface morphology of the prepared CdSe material was characterized by 
TEM (model Philips CM12). Absorption and emission spectra were 
recorded on Shimadzu UV-2550 and PerkinElmer LS-45, respectively. 
Pellets of CdSe were used for the studies of dielectric properties at 
different temperature on HIOKI 3532-51 LCR HITESTER in the fre
quency range 100 Hz - 1 MHz. The dielectric properties were calculated 
using the formula: C = kε0A/D, where C- capacitance; k-dielectric con
stant; ε0-permittivity of free space; and D-separation distance. The 
dielectric constant and the relation between capacitance and dielectric 
thickness is verified from this measurement. 

2.4. Study of photocatalytic efficiency of CdSe nanorods as catalyst 

The catalytic efficiency of the prepared CdSe nanorods in photode
composition of Rhodamine-B under visible light (>400 nm) is studied on 
a UV–Vis spectrophotometer. 100 mL of Rhodamine-B (10 mg/L) solu
tion is blended with 50 mg CdSe. The pH of the mixture was adjusted to 
7.0 and H2O2 also was added to produce the hydroxyl (OH.) radicals and 
the mixture was irradiated with visible light using a photoreactor lamp. 
The absorbance of the sample at every 30 min were recorded on the 
UV–Vis spectrophotometer. The decomposition efficiencies under 
different conditions were estimated from the plot of C/Co vs time of 
irradiation of visible light (Barber et al., 2009; Das et al., 2018; Rayssi 
et al., 2018). A calibration curve was plotted to determine the RhB 
concentration. The colour change from pink to colourless and decreased 
absorbance provided the evidence for complete degradation of RhB dye 
(Maria Magdalane et al., 2018, 2017A, 2017B). The RhB dye photode
composition was observed by using CdSe as catalyst under visible light 
source (400–800 nm). A visible light (A 300 W halogen lamp) was used 
as light source (Padmanaban et al., 2021). 

Fig. 1. Schematic diagram of the preparation of CdSe nanorods.  
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3. Results and discussion 

3.1. HRTEM 

The surface morphology of the prepared CdSe nanorods was pri
marily examined by HRTEM (Fig. 2). The synthesized samples exhibit a 
rod-like structure. The aggregations are similar in the sample with 
uniform length of about 20–30 nm. HRTEM images reveal the consis
tency in grain size and shape of the synthesized CdSe at low magnifi
cation. The effect of concentration of hydrazine hydrate (HH) on the 
morphology of synthesized CdSe nanorods is well documented by 
Manna et al. (2000) and Peng et al. (2000) using the same hydrothermal 
method at the concentration of HH (10 mL) with the reaction time of 2 h 
and 4 h. They also reported the presence of significant number of 
stacking defects in the synthesized CdSe nanorods. However, in the 
present work we used an increased quantity of hydrazine hydrate (15 
mL) and also with an increased reaction time of 7 h and obtained good 
crystalline and stacking free CdSe nanorods. The synthesized CdSe 
nanorods have been observed with mean diameter of 7 nm and length of 
20–30 nm as depicted in Fig. 2a and b. CdSe nanorods have been formed 
with regular shape, with reduced number of stacking defects (Fig. 2b) 
and with lattice fringes at (002) and (100) planes in wurtzite (hexago
nal) geometry as visible in Fig. 2c. The selected area electron diffraction 
(SAED) pattern of CdSe reveals an interplanar distance of 0.3578 nm in 
the inset of Fig. 2c. 

3.2. X-ray diffraction analysis 

The XRD technique is inevitable to investigate the crystallinity of the 
prepared CdSe nanorods. The wurtzite CdSe nanorods were indexed 
belonging to (101), (002), (102), (110), (103, (112), and (207) planes 
(JCPDS Card No.77-2307) (Fig. 3). Highly intense and sharp diffraction 
peaks observed in the XRD analysis confirm the high crystallinity of the 
prepared CdSe nanorods. Debye-Scherrer formula D = 0.9λ/βcosθ was 
employed to calculate the approximate crystallite size (D) of CdSe 
nanorods which is found to be 20 nm by average. Absence of any other 
high intensed additional peaks in the XRD patterns reveal the purity of 
the whole sample and homogeneity of the crystallites (Melnik et al., 
2011; Raevskaya et al., 2010). 

3.3. Optical properties 

The optical properties are significant in screening materials for 
photocatalytic applications. The smaller bandgap of the CdSe nanorods 
is an important criterian for its enhanced photocatalytic activity with 
probable electron-hole recombination. The UV–visible spectra of pre
pared CdSe nanorods (Fig. 4a) is explored to estimate the band gap ΔEg 
= h2/8a2μ, where, μ is the reduced mass of CdSe (me = 0.13m0; mh =

0.3m0), a is the diameter for CdSe nanorod (25 nm) and h is Planck’s 

Fig. 2. TEM images of prepared CdSe nanorods with 15 mL hydrazine hydrate and reaction time 7 h.  

Fig. 3. X-ray diffraction pattern of as prepared CdSe nanorods.  

Fig. 4. (a) UV–Visible and (b) photoluminescence spectra of CdSe nanorods.  
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constant. The absorption band at 570 nm is shifted slightly towards 
lower wavelength indicating a change in the bandgap energy. Photon 
absorption with greater or equal to the bandgap of cadmium selenide 
leads to more photoexcited electrons and reveals the ability of the syn
thesized CdSe rods towards its application as photoctalyst in the 
degradation of organic molecules (Liu et al., 2013). Further, it also 
observed a very small hump around 450 nm in the UV–visible spectrum 
which is due to first (1s–1s) exciton transition during valence and con
duction band (Fendler, 1987) as a consequence of the quantum size ef
fect and threshold wave length of band function of nanoparticle size 
(Wang and Herron, 1991; Pedone et al., 2005). The intensed absorption 
of visible light by CdSe nanorod is observed with a bandgap of 2.17 eV 
which may lead to better photocatalytic performance due to the prob
ably higher charge transfer from bulk to nanoparticle surface. The 
broadening in the bandgap of the catalyst is due to the quantum size 
effect. Smaller size of the CdSe nanorods ascribes to its evolution or 
aggregation since the crystal size is a key factor for photocatalytic pro
cess (Wang et al., 2014). 

3.4. Photoluminescence studies 

The photoluminescence spectrum of the prepared CdSe nanorods 
shows an intense peak at 595 nm (Fig. 4b) which is blue shifted in 
comparison with 716 nm for wurtzite structure sample (Inamdar et al., 
2008; Kucur et al., 2003) indicating the presence of oxygen vacancy 
defects in the prepared CdSe sample (Tongay et al., 2013). The results of 
the photoluminescence study is also supported by the HRTEM images 

which revealed a reduced number of non-stacking faults in synthesized 
nanorods (Amelia et al., 2011). Since, the nanorod structure of the 
prepared CdSe is characterized with larger active surface area, it exhibits 
enhanced photocatalytic performance. Therefore, photoluminescence 
spectra displayed that the peaks at higher wavelength attributed to 
crystalline structure defects like oxygen vacancies. 

3.5. Dielectric measurements 

The dependence of dielectric constant of CdSe nanorod samples on 
the frequency and temperature is illustrated in Fig. 5a–d. Because of the 
bonding and local lattice diffusion between constituents, the CdSe 
sample show higher activation energy (Fig. 5a). Hence, volume diffusion 
through the frequency phase is easier than lattice diffusion through solid 
phase. The domination of volume diffusion through the frequency phase 
has a significant effect in drastically lowering the activation energy of 
CdSe nanocrystals while increasing the frequency. Fig. 5d depicts a 
linear relation between lnsac and 1000/T. The activation energies are 
achieved in the range of 0.005–0.038 eV over 100 Hz to 1 MHz. 

The frequency dependence of dielectric constant of CdSe nano
particles with varying temperature is given in Fig. 5b. Low dielectric 
constant at higher frequencies is suitable for applications in solar cells, 
photonic and electro-optic devices, and photocatalysis (Kamat, 2007; 
Peng et al., 2000). The temperature dependence of dielectric constant of 
CdSe nanoparticles with varying frequencies is given in Fig. 5c. The 
dipoles altered by the applied electric field results in larger dielectric 
constants at low frequencies and at high temperatures (Chawla et al., 

Fig. 5. (a) Frequency vs activation energy, (b) frequency vs dielectric constant, (c) dielectric constant vs temperature, and (d) electrical conductivity vs temperature. 
The parameters for the CdSe nanorods are measured on Hioki 3532-50 LCR Histester instrument. 
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2007). The dielectric loss variation against frequency at different tem
peratures is presented in Fig. 6a–c. The dielectric loss decreases rapidly 
at lower frequencies and is constant at higher frequencies. In terms of 
temperature dependence, dielectric loss is increased because of 
increased mobility of charge carriers caused by rise in polarization 
(Rayssi et al., 2018). At higher frequencies, the observed low dielectric 
loss is enabled by the purity of the CdSe with minor defects. Electrical 
conductivity is a dynamic feature that discloses information about the 
transport phenomenon in semiconductors. A raise in electrical conduc
tivity of CdSe at low-frequency studied by varying temperatures is 
illustrated in Fig. 6c (Das et al., 2018). Nevertheless, at high frequency, 
particularly in 1 MHz region, a sudden increase in conductivity is noted 
which must be related to polaron hopping of charge carriers bound in 
localized states (Barber et al., 2009). 

The photocatalytic mechanism explains the relationship between the 
photocatalytic and the dielectric constant as follows: The larger dielec
tric constant of the photocatalyst having longer the photoelectron life
time. As a result, through stimulated emission and spontaneous 
emission, the transition of photoelectrons from the conduction band to 
the valence band to combine with the holes becomes more difficult, 
facilitating effective production of hydroxyl free radicals via sufficient 
oxidation of hydroxyl ion and water by the holes on the photocatalyst 
surface (Ahmad et al., 2017; Farooq et al., 2019). 

3.6. Photocatalytic degradation of Rhodamine-B dye using CdSe 
nanorods 

Several methods have been practised for decomposing carcinogenic- 
related dyes and pigments. The accumulation of such pollutants become 
a significant primary source for all types of pollution in the environment 
these days. Laatar et al., (2017) used CdSe nanorod/TiO2 to enhance 
solar- and visible-light photocatalytic activity. Liu et al., (2013) has 
explored the CdSe quantum dots for the degradation of Cefalexin. The 
observed degradation was found to be 70 %. Wen et al., (2017) inves
tigated the photo-induced carriers separation efficiency and mechanism 
in vesicle CdSe nano-semiconductor photocatalysts. Nevertheless, in the 
present degradation process, highly carcinogenic Rhodamine-B dye was 
decomposed in CdSe nanorods as a catalyst in visible light irradiation 
(Magdalane et al., 2016). 

In the present work, 100 mL Rhodamine–B (10 mg/L) was blended 
with 50 mg catalyst at pH~7. The sample was placed in the photoreactor 
for visible light irradiation. The absorbance of the sample at every 30 
min were recorded on the UV–Vis spectrophotometer. The decomposi
tion efficiencies under different conditions were estimated from the plot 
of C/Co vs time of irradiation of visible light. The colour change from 
pink to colourless and decreased absorbance provided the evidence for 
complete degradation of RhB dye (Maria Magdalane et al., 2018, 2017A, 

Fig. 6. Plots of (a) dielectric loss vs frequencies at different temperatures, (b) dielectric loss vs termperature at different frequencies, and (c) electrical conductivity vs 
termperature at different frequencies. The parameters for the CdSe nanorods are measured on Hioki 3532-50 LCR Histester instrument. 

Fig. 7. UV–Vis absorption spectra for RhB dye recorded at the time interval of 
30 min to monitor the photocatalytic degradation of RhB dye using the pre
pared CdSe nanorods. 

Fig. 8. Irradiation time versus degradation of RhB dye using CdSe nanorods at 
pH 7 with H2O2 and without H2O2. 

G. Ramalingam et al.                                                                                                                                                                                                                          



Environmental Research 203 (2022) 111855

6

2017B). Similar experiment was carried out with 5 mL H2O2, and the 
efficiency is recorded. The photocatalytic degradation efficiency (η) 
plotted against time at neutral pH (7.0) is given in. 

Figs. 7–9. The degradation efficiency of RhB dye is 78% when only 
CdSe is used as the catalyst and the time taken for complete decolouri
zation is 240 min, while degration efficiency is 98% and the time taken 
for decolourization is 180 min for the catalyst/H2O2 combination 
(Fig. 9). A comparative photocatalytic efficiency of the CdSe materials 
used for degradation of Rhodamine-B is presented in Table 1. Interest
ingly, the pure CdSe nanorod form presented in this work exhibits higher 
degradation efficiency. 

3.7. Mechanism of photocatalytic decomposition of RhB with CdSe 
nanorods 

The mechanism involved in the visible light photon-induced catal
ysis of the decomposition of RhB is illustrated in Fig. 10. Hemmatee
nejad et al., (2015) has synthesized starch-capped CdSe with exceptional 
performance and Wen et al., (2017) has explained the vesicular CdSe 
nano-semiconductor and its possible photocatalytic microprocess 
mechanism. However, the CdSe nanorods catalyst consumes highest 
energy photons to generate excitons. The charge transportation on CdSe 
nanorods helps degradation of dye molecules driven by visible-light. 
Valance band (VB) and conduction band (CB) of CdSe nanorods are 
calculated using equations (1) and (2).  

ECB = χ-EC-0.5Eg … ….… … … … … … …                                     (1)  

EVB = ECB + Eg …. …. …. …. …. …. …. …. …. …. ….                     (2) 

where χ - absolute semiconductor electronegativity, EC - free electrons 
energy on NHE (Normal Hydrogen Electrode~4.5 eV). Eg - CdSe 
nanorods energy bandgap. And χ is calculated from the equation:  

χ = [(A)ax(B)bx(C)c]1/(a+b + c) … …. …. …. …. …..                            (3) 

where a, b, and c - number of atoms in compounds. Thus, calculated VB 
and CB edge potentials of the CdSe nanorods are 1.73 and − 0.445 eV, 
respectively. The electrons in the valence band are rapidly photo
generated by captivating energized photons during irradiation of visible 
light and are transported to the conduction band. Panthi et al., (2020), 
Sun et al., (2020) has explored the mechanism on the exposure of visible 
light and Wang et al., (2014) reported the mechanism with CdSe QDs. 
Thus, the synthesized cadmium selenide results in the generation of 
electron-hole pairs on CdSe nanorods surface. The electrons (e− CBCdSe) 
effectively lead to photo-reduction while the holes (h + VBCdSe) facili
tate the photo-oxidation in the decomposition of RhB dye (Wen et al., 
2017). Further, electrons on conduction band take up surface oxygen to 
generate superoxide radicals. Subsequently, the CdSe is greatly excited 
by visible light and results in greater photocatalytic effect on the 
decomposition of organic dye. Initially, the dye molecules are adsorbed 
over the catalyst surface and the holes in the valence band initiate 
oxidation of RhB dye (Maria Magdalane et al., 2018, 2017A). The 
generated hydroxyl radicals (̇OH) and superoxide radicals are highly 
accountable for decomposing organic dyes by yielding water, carbon 
dioxide, etc. as shown in the following equations (4)–(7).  

CdSe + hν → CdSe (e– + h+)                                                           (4)  

e– (CB CdSe) + O2 → O2
•–                                                              (5)  

h+ (VB CdSe) + H2O → CdSe + H+ + HO•–                                      (6)  

RhB+(O2
•–+h++HO•–) (ROS) → mineralized products→CO2+H2O +

NO2                                                                                              (7) 

Besides, the nanorod catalyst assists in generating a different reactive 
oxygen species by the addition of H2O2 and speeds up electron utiliza
tion and creates more holes for the oxidation of RhB dye molecules.  

H2O2 + e– (CB, CdSe) → -.OH + OH-                                                (8)  

H2O2+hv→ 2 -.OH                                                                          (9)  

-.OH + RhB → CO2+H2O                                                              (10) 

The amount of oxidant is a key factor for the degradation of RhB dye 
solution and influences the catalytic performance of dye degradation. 
Therefore, the photocatalytic reaction needs the oxidant hydrogen 
peroxide that may react with a higher amount of dye solution. The re
sults from the photocatalytic studies also reveal the enhanced catalytic 
performance of the synthesized CdSe nanorods and the significant in
fluence of the hydrogen peroxide in the degradation of RhB dye 

Fig. 9. Plots of degradation vs irradiation time for the photocatalytic degration 
of RhB dye using CdSe nanorods at pH − 7 with H2O2 and without H2O2. 

Table 1 
Efficiency of various CdSe materials in the photocatalytic degradation of RhB.  

Nanomaterial Deg. 
Time 
(min) 

Deg. 
(%) 

Light source Cat 
(mg)/ 
(mg/L) 
Dye, 
mL 
Dye<

Ref. 

CdSe@electrospun 
carbon nanofibers 

90 81 Xenon lamp 
(200 W) 

50/10, 
50 

Panthi 
et al., 
(2020) 

CdSe-graphene 
composite 

150 56 LED Light 0.5/5, 
150 

Ghosh 
et al., 
(2013) 

ZnO/CdSe 
nanocomposites 

180 99 Xenon lamp 
(100 W) 

1.5/10, 
100 

Abbas 
Alshamsi 
et al., 
2021 

CdSe nanorod/TiO2 150 98 Simulated 
solar light 
irradiation 
(5 mW/cm2) 

50/10, 
50 

Laatar 
et al., 
(2017) 

CdSe-Microspheres 300 72 Visible light 50/10, 
50 

Gong 
et al., 
(2019) 

CdSe Nanorods 240 78 Visible light 50/10, 
100 

Present 
Work 

180 98 Visible light 50/10, 
100 
with 
H2O2  
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(Ramalingam et al., 2020).  

H2O2 +
. OH → HO2

. + H2O                                                          (11)  

. OH + HO2
. → O2 + H2O                                                             (12)  

.OH + .OH → H2O2                                                                       (13)  

3.8. Reusability studies 

In photocatalytic studies, the reusability of produced CdSe nanorods 
plays a most important role since it is proficient to contribute for the 
degradation of the dye and diminish the cost of the entire waste water 
treatment. To inspect the stability of the catalyst, four consecutive cycles 
of the degradation of RhB dye were carried out using the same used CdSe 
nanorods catalyst. In each new cycle fresh RhB dye was used. The 
catalyst was removed from the experimental solution by filtrations. The 
observed result from all the four-cycle experiments of the CdSe nanorods 
was depicted in Fig. 11. The overall outcomes showed that there is no 
heavy loss of catalytic amount, which remains constant even at the end 
of the fourth cycle with almost the same photodecomposition dye 

solution, which proves the high stability of CdSe nanorods. 

4. Conclusions 

Highly ordered CdSe nanorods prepared by hydrothermal process. 
CdSe nanorods exhibit blue shift compared to bulk materials which is 
confirmed from both the UV–Vis and PL spectra. The energy band gap is 
2.17 eV from the calculated absorption spectrum. The percentage of dye 
degradation increases with irradiation time, which indicates that the 
synthesized sample can be a promising photocatalyst for pollution 
mitigation. Higher catalytic efficiency (98 %) of the CdSe nanorods is 
demostrated with H2O2 at pH 7.0 in the photodecomposion of RhB dye 
than the catalyst without H2O2 (78%). Also, the synthesized CdSe 
sample exhibits higher stablility on its reusage in the photodegradation 
of organic dye. 

Credit author statement 

G. Ramalingam: Supervision, C. Maria Magdalane: Methodology, B. 
Arjun Kumar: Writing – original draft, R. Yuvakkumar: Supervision, G. 
Ravi: Conceptualization, A. Irudaya Jothi: Investigation, Naresh Kumar 
Rotte: Validation, Antony Ananth: Methodology, G. Murugadoss: 
Conceptualization. 

Declaration of competing interest 

All authors hereby declare that there is no conflicts of interest. 

Acknowledgement 

The corresponding author, Dr. G. Ramalingam acknowledges the 
financial support from MHRD-SPARC (ID:890/2019) and RUSA2.0 grant 
No.F.24-51/2014-U, Policy (TN Multi-Gen) Govt. of India projects. 

References 

Abbas Alshamsi, H., Abbas Al Bedairy, M., Hussein Alwan, S., 2021. Visible light assisted 
photocatalytic degradation of Rhodamine B dye on CdSe-ZnO nanocomposite: 
characterization and kinetic studies. IOP Conf. Ser. Earth Environ. Sci. 722 https:// 
doi.org/10.1088/1755-1315/722/1/012005. 

Agarwal, R., Lieber, C.M., 2006. Semiconductor nanowires: optics and optoelectronics. 
Appl. Phys. A 85, 209–215. https://doi.org/10.1007/s00339-006-3720-z. 

Ahmad, T., Phul, R., Alam, P., Lone, I.H., Shahazad, M., Ahmed, et al., 2017. Dielectric, 
optical and enhanced photocatalytic properties of CuCrO 2 nanoparticles. RSC Adv. 
7 (44), 27549–27557. https://doi.org/10.1039/C6RA26888A. 

Fig. 10. Plausible mechanism of photodegradation of RhB using CdSe nanorods as catalyst using H2O2.  

Fig. 11. Reusability of CdSe nanorods as photocatalyst on the degradation of 
RhB dye. 

G. Ramalingam et al.                                                                                                                                                                                                                          

https://doi.org/10.1088/1755-1315/722/1/012005
https://doi.org/10.1088/1755-1315/722/1/012005
https://doi.org/10.1007/s00339-006-3720-z
https://doi.org/10.1039/C6RA26888A


Environmental Research 203 (2022) 111855

8

Amelia, M., Avellini, T., Monaco, S., Impellizzeri, S., Yildiz, I., Raymo, F.M., Credi, A., 
2011. Redox properties of CdSe and CdSe-ZnS quantum dots in solution. Pure Appl. 
Chem. 83, 1–8. https://doi.org/10.1351/PAC-CON-10-08-10. 

Arjunkumar, B., Ramalingam, G., Ramesh, M., Ponraj, J.S., Rao, K.V., 2020. Investigation 
of uni-directional nanorods composed microspheres and branched TiO2 nanorods 
towards solar cell application. Mater. Lett. 273, 127900. https://doi.org/10.1016/j. 
matlet.2020.127900. 

Barber, P., Balasubramanian, S., Anguchamy, Y., Gong, S., Wibowo, A., Gao, H., 
Ploehn, H., Zur Loye, H.-C., 2009. Polymer composite and nanocomposite dielectric 
materials for pulse power energy storage. Materials 2, 1697–1733. https://doi.org/ 
10.3390/ma2041697. 

Cerdeira, F., Torriani, I., Motisuke, P., Lemos, V., Decker, F., 1988. Optical and structural 
properties of polycrystalline CdSe deposited on titanium substrates. Appl. Phys. A 
Solids Surfaces 46, 107–112. https://doi.org/10.1007/BF00615917. 

Chawla, A.K., Kaur, D., Chandra, R., 2007. Structural and optical characterization of ZnO 
nanocrystalline films deposited by sputtering. Opt. Mater. 29, 995–998. https://doi. 
org/10.1016/j.optmat.2006.02.020. 

Das, S., Banerjee, S., Bandyopadhyay, S., Sinha, T.P., 2018. Magnetic and dielectric study 
of Fe-doped CdSe nanoparticles. Electron. Mater. Lett. 14, 52–58. https://doi.org/ 
10.1007/s13391-017-6265-8. 

Efros, A.L., Rosen, M., Kuno, M., Nirmal, M., Norris, D., Bawendi, M., 1996. Band-edge 
exciton in quantum dots of semiconductors with a degenerate valence band: dark 
and bright exciton states. Phys. Rev. B Condens. Matter 54, 4843–4856. https://doi. 
org/10.1103/Phys.Rev.B.54.4843. 

Farooq, U., Phul, R., Alshehri, S.M., Ahmed, J., Ahmad, T., 2019. Electrocatalytic and 
enhanced photocatalytic applications of sodium niobate nanoparticles developed by 
citrate precursor route. Sci. Rep. 9 (1), 1–17. https://doi.org/10.1038/s41598-019- 
40745-w. 

Fendler, J.H., 1987. Atomic and molecular clusters in membrane mimetic chemistry. 
Chem. Rev. 87 (5), 877–899. 

Fitzpatrick, B.J., McGill, T.C., Torres, C.M.S., Gebhardt, W., 1989. Growth and Optics 
Properties of Wide Gap II-VI Low-Dimensional Semiconductor. Springer, Newyork.  

Ghosh, T., Lee, J.H., Meng, Z. Da, Ullah, K., Park, C.Y., Nikam, V., Oh, W.C., 2013. 
Graphene oxide based CdSe photocatalysts: synthesis, characterization and 
comparative photocatalytic efficiency of rhodamine B and industrial dye. Mater. Res. 
Bull. 48, 1268–1274. https://doi.org/10.1016/j.materresbull.2012.12.023. 

Gong, J., Li, L., Xue, S., Xie, P., Hou, X., Feng, H., Wei, X., Liu, Z., Xu, Z., Huang, J., 2019. 
The preparation and photocatalytic performance research of CdSe and wool ball-like 
GO/CdSe microspheres. J. Alloys Compd. 779, 962–970. https://doi.org/10.1016/j. 
jallcom.2018.11.278. 

Ramalingam, Gopal, Chinnapan, M.M., Bojarajan, A.K., Rotte, N.K., Ponraj, J.S., 
Ganesan, R., Atanas, I., Nadarajah, M., Manavalan, R.K., Gaspar, J., 2020. Facile 
synthesis and defect optimization of 2D-layered MoS2 on TiO2 heterostructure for 
industrial effluent, wastewater treatments. Sci. Rep. 10, 21625. https://doi.org/ 
10.1038/s41598-020-78268-4. 

Hemmateenejad, B., Shadabipour, P., Khosousi, T., Shamsipur, M., 2015. Chemometrics 
investigation of the light-free degradation of methyl green and malachite green by 
starch-coated CdSe quantum dots. J. Ind. Eng. Chem. 27, 384–390. https://doi.org/ 
10.1016/j.jiec.2015.01.018. 

Hyugaji, M., Miura, T., 1985. formation of polycrystalline CdSe films using separate 
sources by molecular-beam deposition. Jpn. J. Appl. Phys. 24, 950–954. https://doi. 
org/10.1143/JJAP.24.1575. 

Inamdar, S.N., Ingole, P.P., Haram, S.K., 2008. Determination of band structure 
parameters and the quasi-particle gap of CdSe quantum dots by cyclic voltammetry. 
ChemPhysChem 9, 2574–2579. https://doi.org/10.1002/cphc.200800482. 

Kamat, P.V., 2007. Meeting the clean energy demand: nanostructure architectures for 
solar energy conversion. J. Phys. Chem. C 111, 2834–2860. https://doi.org/ 
10.1021/jp066952u. 

Kazes, M., Lewis, D.Y., Ebenstein, Y., Mokari, T., Banin, U., 2002. Lasing from 
semiconductor quantum rods in a cylindrical microcavity. Adv. Mater. 14, 317. 
https://doi.org/10.1002/1521-4095(20020219)14:4<317::AID-ADMA317>3.3.CO; 
2-L. 

Kucur, E., Riegler, J., Urban, G.A., Nann, T., 2003. Determination of quantum 
confinement in CdSe nanocrystals by cyclic voltammetry. J. Chem. Phys. 119, 
2333–2337. https://doi.org/10.1063/1.1582834. 

Laatar, Fakher, Moussa, Hatem, Alem, Halima, Balan, Lavinia, Girot, Emilien, 
Medjahdi, Ghouti, Ezzaouia, Hatem, Schneider, Raphaël, 2017. CdSe nanorod/TiO2 
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