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ABSTRACT: Silver-doped cadmium selenide/graphene oxide (GO) (Ag-CdSe/GO)
nanocomposites have been synthesized, loaded in cellulose acetate (CA) to form Ag-
CdSe/GO@CA heterostructure nanofibers, and characterized in terms of structural,
morphological, photocatalytic properties, among others. The photocatalytic degradation
of malachite green (MG) was estimated using cadmium selenide-filled CA (CdSe@
CA), silver-doped cadmium selenide-filled CA (Ag-CdSe@CA), cadmium selenide/
GO-filled CA (CdSe/GO@CA), and silver-doped cadmium selenide/GO-filled CA
(Ag-CdSe/GO@CA) nanocomposite materials. The Ag-CdSe/GO@CA nanocompo-
sites exhibit and retain an enhanced photocatalytic activity for the degradation of MG
dye. This amended performance is associated with the multifunctional supporting
impacts of GO, Ag, and CA on the composite structure and properties. The superior
photocatalytic activity is related to the fact that both Ag and GO can act as electron acceptors that boost the separation efficiency of
photogenerated carriers and the loading of the combined nanocomposite (Ag-CdSe@GO) on CA nanofibers, which can augment
the adsorption of electrons and holes and facilitate the movement of carriers. The stability of Ag-CdSe/GO@CA nanocomposite
photocatalysts demonstrates suitable results even after five recycles. This study establishes an advanced semiconductor-based hybrid
nanocomposite material for efficient photocatalytic degradation of organic dyes.

1. INTRODUCTION
Semiconductor materials display abundant consideration
toward photocatalytic applications because of their ability to

earn the benefit of renewable solar energy to overcome energy
difficulties and related environmental issues.1−10 Photocatalysis,
in particular, is considered one of the clean technologies that
have been used in a variety of medical and environmental
applications. The critical component in photocatalytic reactions

that absorb light energy and transform it into chemical reactions
is semiconducting photocatalyst materials. This is due to the
nanocomposite photocatalysts’ improved charge isolation,
irradiation absorption, and photo and chemical stability.
Nanocomposite materials are frequently used in the field of
photocatalysis. Because photocatalysts have different band gap
widths and band positions, the electron and hole pairs formed
have different oxidation and reduction potentials. However,
there are several intractable issues with nanocomposites, such as
a lack of effective photocatalytic units and a short lifetime of
photogenerated carriers that prevent their widespread use.
Therefore, the investigation of altering or decorating nano-
composites via architecture methodologies for improved
photocatalytic performance is crucial, but it is fraught with
difficulty and obstacles.7−9 The preparation of various promising
nanocomposite photocatalysts can be used to create a practical
photocatalyst pathway. For improving the separation of
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Scheme 1. Suggested Mechanism for the Development of the
Ag-CdSe/GO@CA Nanocomposite Fiber Materialsa

aThe scale bar is 100 nm.

Articlehttp://pubs.acs.org/journal/acsodf

© 2021 The Authors. Published by
American Chemical Society

23129
https://doi.org/10.1021/acsomega.1c02667

ACS Omega 2021, 6, 23129−23138

D
ow

nl
oa

de
d 

vi
a 

U
N

IV
 D

E
L

 P
A

IS
 V

A
SC

O
 o

n 
N

ov
em

be
r 

2,
 2

02
1 

at
 1

9:
04

:1
4 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohamed+K.+Ahmed"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ahmed+Esmail+Shalan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohamed+Afifi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohamed+M.+El-Desoky"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Senentxu+Lanceros-Me%CC%81ndez"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Senentxu+Lanceros-Me%CC%81ndez"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.1c02667&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02667?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02667?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02667?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02667?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02667?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/6/36?ref=pdf
https://pubs.acs.org/toc/acsodf/6/36?ref=pdf
https://pubs.acs.org/toc/acsodf/6/36?ref=pdf
https://pubs.acs.org/toc/acsodf/6/36?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02667?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02667?fig=sch1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.1c02667?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/


electron−hole pairs and increasing the photocatalytic reaction
rate, a variety of advanced materials and approaches have been
proposed.2−8

Cadmium selenide (CdSe), as inorganic n-type semi-
conductor nanoparticles, is considered a visible-light-motivated
photocatalyst material with a 1.74 eV band gap, reducing organic
pollutants in wastewater via photocatalytic behavior that derives
from the separation between the photogenerated carriers while
irradiated with light.11−15 Thus, CdSe−based materials have
been settled to maximize the nanoparticle photoactive proper-
ties.16−18 One of the possible ways to develop the photocatalytic
activity is by doping using different materials, including noble
metals (e.g., Ag, Au, Pd, and Pt) as well as carbon-based
materials (e.g., graphene, graphene oxide (GO), reduced GO)
to form heterostructures for efficiently detaching photo-
generated carriers.19−23 Silver (Ag) as a noble metal has been
applied extensively to formulate hybrid metal/semiconductor
nanostructures to boost the carrier-separation efficiency.24−27 In
addition, GO characteristics, as carbon-based material with a
large surface area, extended π-electron conjugation, and high
electron conductivity, make it a promising material for
combining with the CdSe semiconductor photocatalyst for
supporting the electron−hole separation process.28−30 Fur-
thermore, cellulose nanofibrous membranes with a tailorable
pore size can blend some particulates to achieve the operative
separation of dyes and wastewater purification. In addition, the
loading of the synthesized semiconductor materials in the
cellulose nanofiber membrane networks through electrospin-
ning allows for increasing the contact area and improve
wastewater treatment applications.
CdSe is considered a significant photoelectric material

because of its auspicious features, including detached energy
levels, appropriate band gap, and considerable photoresistiv-
ity.12 The different applications of CdSe, together with its
electrical, optical, luminescence, and photo-electronics proper-
ties, can be enhanced via doping with heterovalent impurities
such as Ag metals along with GO materials.31−34 CdSe doped
with Ag and GO can show improved charge-carrier character-
istics that can be taken as an advantage in photocatalytic
applications. In this study, we prepared a composite material
containing Ag, CdSe, and GO nanomaterials loaded on cellulose
acetate (CA) nanofiber membranes as a photocatalyst for the
dye removal process.
Herein, we describe the mixture between CdSe nanoparticles

with both Ag nanoparticles and GOmaterials to prepare ternary
hybrids composed of Ag-CdSe/GO heterostructural compo-
sites. The material was prepared via a solvothermal technique to
synthesize uniform CdSe nanoparticles, followed consecutively
by incorporating GO and the decoration of Ag by thermal
reduction and photodeposition, respectively (Scheme 1). After
that, the synthesized composite was loaded onto CA nanofiber
membranes and used as a photocatalyst for the dye removal
process. The development mechanism of Ag-CdSe/GO@CA
composites was anticipated via different characterization
techniques. In addition, the photocatalytic activity of Ag-
CdSe/GO@CA composites was estimated through the
degradation of malachite green (MG) under visible-light
irradiation. The findings in this study prove that the semi-
conductor-based hybrid nanocomposite material is better than
the single-component ones and demonstrate the improved
charge-separation efficiency, strong redox capability, and long-
term stability for efficient photocatalytic degradation of organic
dyes.

2. RESULTS AND DISCUSSION
2.1. Analysis of CdSe, Ag-CdSe, CdSe/GO, and Ag-

CdSe/GO Nanocomposite Powders. The X-ray diffraction

(XRD) patterns of the different CdSe, Ag-CdSe, CdSe/GO, and
Ag-CdSe/GO nanocomposite powders and the corresponding
materials loaded in CA nanofiber membranes (CdSe@CA, Ag-
CdSe@CA, CdSe/GO@CA, and Ag-CdSe/GO@CA) are
shown in Figures 1 and 4 to identify the possible phases of the
synthesized materials. It is shown that the crystal phase of CdSe
particles is wurtzite with a lattice constant of 6.077 Å (JCPDS
19-0191) for cubic structures and ICDD no. 00-008-0459 for
the hexagonal symmetry.31−33 CdSe doped with Ag and GO
allows for obtaining Ag-CdSe, CdSe/GO, and Ag-CdSe/GO
nanocomposite powders, the diffraction peaks being indexed to
a mixture of hexagonal wurtzite CdSe and the face-centered-
cubic (fcc) metallic Ag nanoparticles or crystal planes of GO.
The change in the diffraction peaks between bare CdSe and the
doped samples emphasizes that the prepared nanocomposite
materials are formed from the mixture of CdSe and Ag or GO
elements (Figure 1). The prominent peak obtained at around 2θ
= 11° in Ag-CdSe, CdSe/GO, and Ag-CdSe/GO nano-
composite powders with almost the same XRD peaks can be a
consequence of the low loading and/or identical distribution of
GO and Ag in the nanocomposite structure.32,33

The sharp peaks of the obtained CdSe and its derivatives are
accompanied by the high crystallinity of the formed
compositions, which is assigned to the high temperature
through the synthesis process. Furthermore, it could be
mentioned that for modified CdSe, there is a sharp peak around
2θ = 11°, which could be assigned to GO. Furthermore, the
obvious change in the XRD patterns from Ag-CdSe and CdSe/
GO is assigned to the crystallographic transformation of CdSe
from hexagonal symmetry into the cubic one. In other words,

Figure 1. XRD patterns of CdSe, Ag-CdSe, CdSe/GO, and Ag-CdSe/
GO nanocomposite powders (*: GO).
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CdSe and Ag-CdSe are formed in a hexagonal symmetry,
following the ICDD card no. 00-008-0459, while CdSe and Ag-

CdSe/GO are formed in a cubic symmetry, following the ICDD
no. 00-019-0191.

Figure 2. FESEM images of (a) CdSe, (b) Ag-CdSe, (c) CdSe/GO, and (d) Ag-CdSe/GO nanocomposite powders.

Figure 3. AFM surface images of (a) CdSe, (b) Ag-CdSe, (c) CdSe/GO, and (d) Ag-CdSe/GO nanocomposite powders.
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Figure 2a−d shows representative field emission scanning
electron microscopy (FESEM) images of the as-synthesized
photocatalyst powder materials. The morphology of CdSe
nanoparticles shows uniform hexagonal shape wurtzite structure
aggregations with different sizes (Figure 2a). Combining a low
quantity of Ag and CdSe to form Ag-CdSe nanoparticles is
displayed as a mixture of hexagonal wurtzite CdSe and fcc
metallic Ag nanoparticles (Figure 2b). Ag nanoparticles with a

small amount and small crystallite sizes are responsible for
creating nucleation sites for the growth of CdSe clusters, which
is essential in lessening the nucleation hurdle to yield the Ag-
CdSe nanoparticles.34 Furthermore, the addition of the CdSe
nanoparticles to GO shows nonvarying shapemorphology of the
CdSe nanoparticles with uniform distribution on the surface of
GO, establishing thick heterostructure active sites on the
smooth surface (Figure 2c). The amalgamation of the Ag-CdSe
nanoparticles to the GO matrix to form Ag-CdSe/GO
nanocomposite powders shows almost no alteration in the
morphology of the Ag-CdSe nanoparticles. The Ag-CdSe
nanoparticles attach firmly to the surface of the GO nanosheets
(Figure 2d). The contact between the Ag-CdSe nanoparticles
and GO matrix can facilitate the electron transfer from CdSe
nanoparticles to Ag and/or GO, which can support photo-
generated electron−hole pair separation.35
Topographic morphology images of the prepared CdSe, Ag-

CdSe, CdSe/GO, and Ag-CdSe/GO nanocomposite powders
were obtained by three-dimensional (3D) atomic force
microscopy (AFM) measurements, as presented in Figure 3a−
d. Various consistently sized CdSe nanoparticles are detected
with the homogeneous distribution of the particles (Figure
3a).36,37 After the addition of Ag nanoparticles and/or GO
materials, there is no noticeable change detected for the particle
distribution, except for some dark parts in the case of the CdSe/
GO nanocomposite materials, illustrating the presence of the
GO matrix in the structure (Figure 3b,c). In the case of Ag-
CdSe/GO nanocomposite powders (Figure 3d), the AFM data
display an excellent attachment of Ag-CdSe with the GO
nanosheets and demonstrate a uniform distribution on the
surface, which can be favorable to progress the efficiency of the
photocatalyst materials. In addition, the synthesized materials
revealed a roughness average of 25, 29, 27, and 36 and root-
mean-square roughness of 33, 38, 35, and 46, while the average
maximum heights of the roughness [(Rtm): (nm)] are 181, 245,
195, and 259 for CdSe, Ag-CdSe, CdSe/GO, and Ag-CdSe/GO
nanocomposite powders, respectively. In addition, Table 1
shows the roughness parameters for the prepared CdSe, Ag-
CdSe, CdSe/GO, and Ag-CdSe/GO nanocomposite powders,
as well as the roughness average, root-mean-square roughness,
maximum roughness valley width, maximum roughness peak
height, and average maximum height of the roughness.

2.2. Microstructural Features. Transmission electron
microscopy (TEM) micrographs show that the modified CdSe
with Ag ions has been formed in an elongated shape with lengths
in the range of 35−70 nm, as shown in Figure 4a. In addition, the
nanoparticles seem to be agglomerated, while their distribution
tends to be homogeneous. Furthermore, the incorporation of
Ag-CdSe through GO nanosheets is illustrated in Figure 4b. The
nanoparticles are sandwiched by GO sheets, which appear in
microdimensions. The encapsulation of modified CdSe nano-
particles through GO plays a significant role in delivering
photogenerated electrons between CdSe and GO, decreasing
the probability of recombination and thus promoting electrical

Table 1. Roughness Parameters of CdSe, Ag-CdSe, CdSe/GO, and Ag-CdSe/GO Nanocomposite Powders

composition

roughness
average (Ra)

(nm)

root-mean-square
roughness (Rq)

(nm)
maximum height of the
roughness (Rt) (nm)

maximum roughness
valley depth (Rv) (nm)

maximum roughness
peak height (Rp) (nm)

average maximum height of
the roughness (Rtm) (nm)

CdSe 25 33 233 114 119 181
Ag-CdSe 29 38 349 165 185 245
CdSe@GO 27 35 282 136 146 195
Ag-CdSe@GO 36 46 384 177 206 259

Figure 4. TEM micrographs of (a) Ag-CdSe and (b) Ag-CdSe/GO
powder compositions.

Figure 5. XRD patterns of CdSe, Ag-CdSe, CdSe/GO, and Ag-CdSe/
GO nanocomposite powder materials loaded in CA nanofiber
membranes (CdSe@CA, Ag-CdSe@CA, CdSe/GO@CA, and Ag-
CdSe/GO@CA).
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Figure 6. FESEM images of (a) CdSe@CA, (b) Ag-CdSe@CA, (c) CdSe/GO@CA, and (d) Ag-CdSe/GO@CA nanocomposite fibers.

Figure 7. 3D AFM images of (a) CdSe@CA, (b) Ag-CdSe@CA, (c) CdSe/GO@CA, and (d) Ag-CdSe/GO@CA nanocomposite fibers.
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conductivity. This scenario is essential for photoelectric-based
applications.
2.3. Analysis of CdSe@CA, Ag-CdSe@CA, CdSe/GO@

CA, and Ag-CdSe/GO@CA Nanocomposite Fibers. Fur-
thermore, the different as-prepared powders were loaded in CA
nanofiber membranes to form CdSe@CA, Ag-CdSe@CA,
CdSe/GO@CA, and Ag-CdSe/GO@CA nanocomposite fibers.
XRD confirmed the crystal structure of the synthesized fibers,
and the data display the coexistence of the amorphous structure
of CA with a broad peak at 2θ = 22°, with the other different
peaks related to CdSe, as well as the mixture of CdSe with Ag
and GO (Figure 5). The same is found in the nanocomposite
fibers that show nearly similar XRD peaks in all-fiber samples,
indicating the distribution of GO through the nanocomposite
structure.33

Subsequently, after the preparation of CdSe, Ag-CdSe, CdSe/
GO, and Ag-CdSe/GO nanocomposite powders, the materials
were led in CA to formCdSe@CA, Ag-CdSe@CA, CdSe/GO@
CA, and Ag-CdSe/GO@CA nanocomposite fibers for photo-
catalytic applications. The microstructure and surface morphol-
ogies of the different prepared fiber materials were evaluated
using FESEM images, as presented in Figure 6a−d. The CdSe
particles were loaded in CA nanofiber membranes to form
CdSe@CA randomly oriented nanofibers, with an average
diameter of about 450−650 nm and a smooth surface (Figure
6a). For Ag-CdSe and/or CdSe/GO composites loaded in CA,
both the Ag nanoparticles and GO materials preserve the linear
structures of the obtained fibers, and the outer CdS partials have
sizes from 100 to 200 nm (Figure 6b,c). Similarly, the addition of
the synthesized Ag-CdSe/GO nanocomposites to the CA
nanofibers leads to Ag-CdSe/GO@CA nanocomposite fibers
displaying a similar fiber morphology (Figure 6d).
The equivalent topographic morphologies for the prepared

CdSe@CA, Ag-CdSe@CA, CdSe/GO@CA, and Ag-CdSe/
GO@CA nanocomposite fibers were evaluated by 3D AFM
measurements (Figure 7a−d). The topography of the samples
seems to be almost the same with relatively low variations,
illustrating the homogeneous distribution of the fibers and the
attachment between the powder materials with the CA
nanofiber matrix membrane. In addition, the roughness average

values of the prepared fiber materials are 29, 29, 34, and 35 nm
and the root-mean-square roughness values are 40, 40, 46, and
48, while the averagemaximumheights of the roughness are 278,
269, 327, and 283 for CdSe@CA, Ag-CdSe@CA, CdSe/GO@
CA, and Ag-CdSe/GO@CA nanocomposite fibers, respectively.
The roughness parameters for the prepared nanocomposite
fibers are summarized in Table 2. The development of
roughness parameters upon the change of compositions is
assigned to the crystallographic defects accompanied by the
ionic dopants. Moreover, increasing roughness parameters
facilitates physical adhesion with the surrounding and promotes
interlocking mechanisms between the membranes and the
ambient atmosphere. Thus, chemical interactions among
nanofibrous membranes and neighbored molecules might be
progressed upon the increase in roughness.
Stress−strain measurements appraised the tensile mechanical

properties. In addition, the stress−strain characteristic curves of
CdSe@CA, Ag-CdSe@CA, CdSe/GO@CA, and Ag-CdSe/
GO@CA nanocomposite fibers indicate that the mechanical
performance, as well as the tensile strength, improved
remarkably in the sequence of CdSe@CA > Ag-CdSe@CA >
CdSe/GO@CA > Ag-CdSe/GO@CA after 30%, as shown in
Figure S1, in the Supporting Information. The findings show
that combining different prepared materials with long chains of
CA nanofiber membranes can improve the flexibility and
mechanical strength of nanocomposite fibers, allowing them to
be used as effective photocatalyst materials. Table S1,
Supporting Information summarizes the mechanical properties
of nanofibrous membranes, such as fracture power, tensile
strength, maximum strain at break, and toughness, as a function
of the composition of CdSe@CA, Ag-CdSe@CA, CdSe/GO@
CA, and Ag-CdSe/GO@CA nanocomposite fibers.

2.4. Photocatalytic Performance of Different Nano-
composite Fibers. As a representative of the rest of the
developed materials, the photocatalytic performance of the Ag-
CdSe/GO nanocomposites as well as the loaded ones in CA
(Ag-CdSe/GO@CA) is evaluated via the photocatalytic
regression of MG under visible-light irradiation. The photo-
catalytic reaction of MG is detected through the ultraviolet−
visible (UV−vis) spectrum in the presence of the nano-
composite materials. Figure 8a,b demonstrates the absorption
photo−removal spectrum of Ag-CdSe/GO and Ag-CdSe/GO@
CA, respectively, over MG dye at different illumination time
periods. The presence of CA nanofiber membranes indicate the
suitable photocatalytic performance of the Ag-CdSe/GO@CA
sample as the nanofiber membranes lead to the excrescent
spreading of Ag-CdSe/GO on the surface, which could improve
the heterojunction structure, resulting in enhanced photo-
catalytic activity.38−40

First-order reaction kinetics allow for describing the chemical
kinetics of the photodegradation rates of MG dye for the
nanocomposite materials. The corresponding C/C0 and the
ln(C/C0) plot show a noticeable linear relationship (Figure
8c,d). The degradation rates of MG are found to be 92, 94, 94,
and 97% in the existence of CdSe@CA, Ag-CdSe@CA, CdSe/
GO@CA, and Ag-CdSe/GO@CA nanocomposite fibers,
respectively (Figure 8c). The results reveal that the Ag-CdSe/
GO@CA nanocomposite fibers have significantly improved the
degradation efficiency. In addition, the photocatalytic reaction
rate constant (Kapp) of MG dye is established to be 3.17, 3.51,
3.45, and 4.07 with correlation coefficients (R2) of 0.964, 0.899,
0.988, and 0.944 for CdSe@CA, Ag-CdSe@CA, CdSe/GO@
CA, and Ag-CdSe/GO@CA nanocomposite fibers, respectively

Table 2. Roughness Parameters of CdSe@CA, Ag-CdSe@CA,
CdSe/GO@CA, and Ag-CdSe/GO@CA Nanocomposite
Fibers

composition
Ra

(nm)
Rq

(nm)
Rt

(nm)
Rv

(nm)
Rp

(nm)
Rtm
(nm)

CdSe@CA 29 40 332 155 176 278
Ag-CdSe@CA 29 40 489 276 213 269
CdSe/GO@CA 34 46 512 223 289 327
Ag-CdSe/GO@CA 35 48 461 265 195 283

Scheme 2. Representation Chart Demonstrating the
Degradation Mechanism of MG over Ag-CdSe/GO@CA
Nanocomposite Fiber Samples
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(Figure 8d). The photocatalytic reaction rate constant of Ag-
CdSe/GO@CA has the highest value, indicating that the
synergetic influence of Ag-CdSe/GO and CA is beneficial to
photocatalytic activity improvements.
The reusability and stability effectiveness of the photocatalyst

is an essential factor toward its commercial use and practical
applications. The cycling experiment was checked to remove
MG dye in the existence of CdSe@CA, Ag-CdSe@CA, CdSe/
GO@CA, and Ag-CdSe/GO@CA nanocomposite fibers for five
different cycles. Figure 8e proves that Ag-CdSe/GO@CA
nanocomposite fibers display a slight decrease in the photo-
catalytic efficiency during the cycling experiment compared to

the other nanocomposite fibers. Consequently, the Ag-CdSe/
GO@CA nanocomposite fibers show improved stability and
reuse efficiency toward the degradation of MG dye.
Based on the acquired results, we anticipated a conceivable

mechanism for photocatalytic degradation of MG over Ag-
CdSe/GO@CA nanocomposite fibers (Scheme 2). The
electrons are excited under visible-light irradiation from the
valence band (VB) of CdSe to its conduction band (CB) to form
photogenerated electron−hole pairs. As the CB edge of CdSe is
more negative than the Fermi level of GO and Ag, the
photogenerated electrons in the CB of CdSe move to Ag and
GO. In addition, GO can work as an electron acceptor toward

Figure 8. (a, b) Absorption spectrum of the photo−removal of Ag-CdSe/GO and Ag-CdSe/GO@CA over MG dye, (c, d) pseudo-first-order kinetics
of the removal of MG, and (e) regeneration of five successive cycles of CdSe@CA, Ag-CdSe@CA, CdSe/GO@CA, and Ag-CdSe/GO@CA
nanocomposite fibers.
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electron transfer from CdSe materials.41−43 The presence of CA
nanofiber membranes facilitates the charge separation and
carrier movement, which produce augmentation of the photo-
catalytic reaction. Consequently, the excited electrons in Ag-
CdSe/GO@CA nanocomposite fibers will be surrounded by
means of absorbed O2 to form O2

·‑. In addition, the hazardous
pollutants in wastewater can be oxidized through the collected
holes on the surface of Ag-CdSe/GO@CA nanocomposite
materials. For this reason, the Ag-CdSe/GO@CA nano-
composite fiber photocatalyst presents outstanding performance
toward photodegradation of organic dyes for the wastewater
treatment.
As reported in Table 3, G. Han et al. synthesized CdSe with a

hexagonal symmetry for MG degradation in aqueous solutions.
After 50 min of exposure to visible-light irradiation, 92% of MG
was degraded.47

3. CONCLUSIONS
CdSe materials, together with the doped Ag-CdSe and Ag-
CdSe/GO nanocomposite structures, in addition to the loaded
ones on CA nanofiber membranes (CdSe@CA, Ag-CdSe@CA,
CdSe/GO@CA, and Ag-CdSe/GO@CA), were prepared.
Different characterization techniques together with XRD,
FESEM, and AFM disclose the formation of nanocomposite
fibers with anticipated properties. CdSe doped with Ag and GO
and loaded with CA allow for obtaining different nanocomposite
powders with diffraction peaks that are indexed to a mixture of
hexagonal wurtzite and fcc structure with good roughness as well
as a homogeneous distribution of the fibers with the CA
nanofiber matrix membrane. The photocatalysis results confirm
that the Ag-CdSe/GO@CA heterostructural composites reveal
enhanced photocatalytic activity compared to the other
materials loaded in CA nanofiber membranes owing to the
charge separation in addition to the subsequent OH radicals.
Additionally, the Ag-CdSe/GO@CA nanocomposite fibers
express amended stability, and the photocatalytic activity
remains virtually unaffected after five recycles. Our study
substantiates that the obtained semiconductor-based hybrid
nanocompositematerials show improved photocatalytic activity,
depending on the charge-separation efficiency, strong redox
capability, and long-term stability for efficient photocatalytic
degradation of organic dyes. The degradation effectiveness
deteriorated with the number of cycles because of the

topographical changes that might have occurred from one
cycle to another. The hydrophilic behavior of the compositions
could deteriorate, which leads to a decrease in reaction
probability, thus a lowering of the efficiency.

4. EXPERIMENTAL SECTION
4.1. Synthesis. CdSe modified with Ag ions and GO has

been synthesized bymeans of the hydrothermal process. In brief,

for pure CdSe composition, 0.2 M of cadmium chloride and 0.2
M of sodium selenite have been dissolved using double-distilled
water individually through 50 mL of distilled water; then, they
have been added and introduced into an autoclave of 250 mL for
4 h at a temperature of 120 °C. The obtained solution was then
filtered and washed using ethanol and double-distilled water.
Then, the precipitated gel was dried via a drier furnace at 50−60
°C. The modified composition of Ag-CdSe was obtained as
follows: 0.18 M of cadmium chloride, 0.2 M of sodium selenite,
and 0.02 M of silver nitrate solution was prepared and dissolved
in double-distilled water to be introduced into the autoclave, as
explained previously. Regarding the additional GO composi-
tions, 0.05 g of GO was added for each composition, as
mentioned in Table 4, using the following equation:

+ + → − +AgNO CdCl Na SeO Ag CdSe 2NaCl3 2 2 3

(1)

To produce the nanofibrous membranes, the obtained
powders then were treated with CA as follows: 110 mg of
each powder sample was added to a CA solution (10 wt %)
dissolved in acetone to be introduced into a syringe pump for
membrane preparation by electrospinning. The electrospinning
was carried out at a high voltage of 18 kV, with a 1 mL/h
injection rate and a needle-to-collector distance of 16 cm.

4.2. Characterization. XRD analyses were accompanied to
categorize the phase composition by means of monochromat-
ized Cu kα radiation (λ = 1.5404 Å) at 40 kV with a step size
0.02° and 0.5 s. The surface morphology of the particles and
membranes was considered by FESEM (QUANTA-FEG250,
Netherlands). At this point, the obtained graphs have been
processed with the Gwyddion 2.45 software to study the surface
roughness. Mechanical tests were carried out on nanofibrous
samples using a tensile-compressive tester (LR10K, LLOYD,
USA). Experiments were performed with a 5 mm/min
deformation rate up to the breaking point, following the
ASTM D882 standard.

4.3. Photocatalytic Setup. The photocatalytic properties
of CdSe and its modifications were investigated using the MG
dye as a model. The starting concentration of MG solution in

Table 3. Comparison of Photocatalyst Substances Correlates
to Ag-CdSe@CA and Their Conditions for MB under Visible
Light

composition

adsorbent
conc.

(mg/mL)

dye
conc.
(ppm)

removal
eff. (%)

exposure
time
(min) ref.

GO 10 18 31.47 210 44
CuFe2O4 10 18 62.37 210 44
Cu-Fe2O4/GO 10 18 90.7 210 44
starch-coated CdSe 30 31 98.3 12.5 45
CdSe/TiO2 10 10 99 360 46
hexagonal CdSe 100 8 92 50 47
CdSe@CA 120 5 92 25 this

work
Ag-CdSe@CA 120 5 94 25 this

work
CdSe/GO@CA 120 5 94 25 this

work
Ag-CdSe/GO@CA 120 5 97 25 this

work

Table 4. Contributions of Precursors for the Preparation of
CdSe Modified with Ag Ions and GO, Together with Its
Additions into CA for Nanofiber Phases

composition
CdCl2
(g)

Na2SeO3
(g)

AgNO3
(g)

GO
(g)

CA
(g/mL)

CdSe 3.664 3.458 0.05
Ag-CdSe 3.299 3.458 0.339 0.05
CdSe/GO 3.664 3.458 0.05
Ag-CdSe/GO 3.299 3.458 0.339 0.05
CdSe@CA 3.664 3.458 0.05 1.0
Ag-CdSe@CA 3.299 3.458 0.339 0.05 1.0
CdSe/GO@CA 3.664 3.458 0.05 1.0
Ag-CdSe/GO@CA 3.299 3.458 0.339 0.05 1.0
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water is 5 mg/L, while the CdSe nanofiber dosage is 120 mg. In
order to do so, 120 mg of the matrix (roughly 1.3 x 1.3 cm) was
introduced into a beaker containing 5 mg/L of MG in a total
volume of 30 mL. To obtain well-dispersed solutions, ultra-
sonication was used. The irradiation source was obtained from a
300Wmercury lamp light source (the distance is 15 cm). Before
being exposed to irradiation, the samples were dyed without
being exposed to irradiation in order to test the dye’s efficacy in
the dark. Using a double beam spectrophotometer (Shimadzu
UV-1208 model) and the following expression, the performance
(η %) was calculated spectrophotometrically:

η =
−

×
i
k
jjjjj

y
{
zzzzz

C C
C

(%) 1000 t

0 (2)

where Co and Ct are the initial concentration and the
concentration at the irradiation time (t).
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