Letters on Materials 10 (2), 2020 pp. 200-205 www.lettersonmaterials.com

https://doi.org/10.22226/2410-3535-2020-2-200-205 PACS: 81.05-t

Preparation of CdSe/RGO-GO composites with the high
performance of adsorption and degradation
J.C. Sun'?, Z.C. Bai', Z.L. Huang’, Z.P. Zhang"!
zpzhang@gzu.edu.cn

!College of Big Data and Information Engineering, Guizhou University, Guiyang City, 550025, P.R. China
2School of Computer and Information Engineering, Anhui Polytechnic University, Wuhu City, 241000, P.R. China
*Guizhou Key Laboratory of Optoelectronic Technology and Application, Guizhou University, Guiyang, 550025, P.R. China

Nowadays, dyes are usually chemically stable, can not be degraded naturally within a short time, and easy to migrate
along with water, which is the main source to influence the health of human beings and to destroy the ecosystem. Based
on that, in this work a high-performance photocatalyst was prepared successfully by an organic synthesis method. The
obtained photocatalyst contained numerous nanoscale heterojunctions, which consisted of CdSe nanoparticles scattered on
the partially reduced graphene oxide (named as CdSe/RGO-GO). The samples were characterized by photoluminescence
spectra (PL), transmission electron microscopy (TEM), and ultraviolet and visible spectrophotometry (UV-vis). The
photocatalytic activity was evaluated by the degradation of organic dyes Rhodamine B (RhB) aqueous solution under
irradiation of visible light and no light. Results show that the degradation efficiency of nanocomposites was 84.4% in
the first 10 minutes under darkness. After 50 minutes of visible light irradiation, the degradation efliciency was 94%.
The high degradation efficiency of photocatalysts attributes to the synergistic effect of graphene oxide adsorption and
heterojunctions catalysis. CdSe/RGO-GO photocatalyst reported in this paper has a series of advantages, such as pollution-
free, recyclability, stability, and insolubility in water. The preparation of CdSe/RGO-GO composites has potential applications
in curbing pollution.
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IToaroroBka koMno3sutoB CdSe/RGO-GO ¢ BbICOKMMMU
MOKa3aTelaMM aficopOIm 1 Jerpagamumn
Cyn Ix. 4.2, ban K. Y.}, Xyanr XK. JI.%, XKanr XK. I1.7

"Komemx GOMBUINX JAHHBIX I MHXXEHEPHOI MHPOPMALNN, YHUBEPCUTET Iyitaxoy, Iyitan, 550025, Kutait
*[Ilxoma KOMIIbIOTEPHOI ¥ MHPOPMALVOHHON NH>KeHepul, [TonmnTexHndeckmit yHuBepcuTeT AHbXOM, YXy, 241000, Kurair
*TyitwKoycKas KiodeBast 1ab0paToplist OITOI/IEKTPOHHBIX TeXHOIOTHUIT 11 IIPUIOXKeHN!I, YHUBepcuTeT [yitwkoy,
Tyitan, 550025, Kuraii

B macTosjee BpeMs KpacuTenu, KaK IIPaBUIO, XMMUYECKM CTAOVIbHBI, He MOIYT pas/laraTbCsl eCTeCTBEHHBIM IIyTeM
B Te4YeHMe KOPOTKOTO BPEMEHM U MX JIETKO IEPEHOCUTb BMeCTe C BOJOIl, KOTOpas sIB/ISETCSI OCHOBHBIM MCTOYHIKOM
BO3JIEIICTBIA Ha 3JOPOBbeE JIIONEI M pas3pylleHNsA 9KOCUCTeMBI. VIcX0ps U3 9T0ro, B JaHHOI paboTe ObII YCIIEIIHO U3TOTOB/ICH
BBICOKOIIPOU3BOUTENbHBI (POTOKATANIN3aTOP METOLOM OPraHMYecKOro cyuHTe3a. llomydeHHBI (OTOKATAIN3ATOP
cofiep>Kajl MHOTOYVIC/ICHHbIe HaHOpa3MepHble TeTepoIepexobl, KOTopble cocTosmy 13 Hanodactun CdSe, paccesHHBIX
II0 YaCTMYHO BOCCTaHOBIeHHOMY okcupny rpagena (CdSe/RGO-GO). O6pasupl 6bUIM M3yYeHBI ¢ IIOMOLIBIO CIIEKTPOB
¢doromomunectennuyu (OJI), mpocBeunBalomieil aneKTpoHHo Mukpockonuy (TOM) u ynprpadnoneToBoil 1 BUAUMON
criekrpodoroMerpun (YO-susyamusanus). PoTokaTaIuTUYeCcKyl0 aKTUBHOCTb OLIEHVBAMM IO PasIOXEHUIO OpraHu-
YeCKVX KpacuTesIell BOGHBIM pacTBopoM popamuHa B (RhB) npu obmyyenun BupuMbIM cBeTOM 1 6e3 cBeTa. Pedynbrarhl
IIOKa3bIBAIOT, 4TO 9((PeKTUBHOCTD pa3jIoKeHMs HaHOKOMIIO3UTOB cOCTaBisAna 84.4% B IepBble 10 MUHYT B TeMHOTe.
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[Tocrme 50 MMHYT 06/TydYeHNs BULUMBIM CBETOM 3P GEeKTUBHOCTD pasiokeHnsA coctaBuaa 94%. Boicokas aeKTMBHOCTD
merpajjauuyu (GOTOKATaMN3aTOPOB OODBACHAETCA CHHepreTHuecKuM 3¢ deKkToM afcopOym okcuaa rpadeHa U Karammsa
rereporepexoioB. Porokaranusarop CdSe/RGO-GO, o koTopoM coobIaeTcs B 9TOI CTaThe, 00MAfACT PAOM IIPENMY-
I[eCTB, TAKMX KaK OTCYTCTBUE 3arPsA3HEHNIT, BO3MOXXHOCTb BTOPUYHOI NepepaboTKM, CTAOUNIBHOCTD M HEPACTBOPMMOCTD
B Boge. Ilogroroska kommosutoB CdSe/RGO-GO mmeer mnoOTeHIManbHble BO3MOXXHOCTM [yIsg IPefOTBpPAIleHN

3arpsA3HEHNA.

KnroueBble cnoBa: porokaramusarop, CdSe, oxcup rpadena (GO), Boccranosnennslit okcnp rpadena (RGO), HaHoMeTpoBble

TeTepoIepexoabl.

1. Introduction

Environmental pollution has become a serious worldwide
issue threatening the ecological condition and health of
human beings [1,2], and dyes are one of the most important
kinds of pollutants. Various physical and chemical methods
have been developed to deal with these dye pollutants and
achieved great success [3,4]. However, these methods still
suffer from high-cost, enormous energy consumption, and
complex procedures. Now, photocatalytic decomposition by
solar energy has been deemed as an alternative method to
solve dye pollution because it can conquer the drawbacks of
traditional methodologies [5].

Nanoscale semiconductor materials are a promising
photocatalysts [6,7]. However, they still cannot meet the
critical requirements of practical applications, which is mainly
constrained by their low decomposing efficiency for dyes.
Therefore, improving the performance of the nanomaterial
photocatalysts is necessary. Constructing heterojunction is an
important method in the semiconductor field. Photocatalysts
with nanoscale heterojunctions have the advantages of
both nanomaterials and heterojunctions, which have been
developed rapidly in recent years [8]. Due to the special energy
band structure of heterojunctions photocatalysts after being
carefully engineered, the recombination of photogenerated
excitons can be inhibited, which can substantially improve
the internal quantum efficiency. It's worth noting that the
band gap is one of the most important criteria to design high-
performance photocatalysts. Semiconductors with large band
gaps can not efficiently use the broad solar spectrum, but
only a little portion of short wavelengths [9,10]. Fortunately,
CdSe has an appropriate band gap in the range of 1.65 to
1.8 eV, covering the wide wavelength range of the solar
spectrum [11]. Therefore, the nano-heterojunctions with the
CdSe can obtain high-performance photocatalysts.

Graphene, a flat monolayer of carbon atoms, has the
unique characteristics of electron transportation and charge
mobility [12,13]. It enables fast transport of the catalytically
generated electrons by the semiconductor materials,
promoting the separation of photo-generated excitons.
These active electrons and holes can be used to decompose
dyes. Graphene oxide (GO) is the graphene functionalized
with oxygen-containing groups, which can adsorb organic
pollutants such as Rhodamine and heavy metals [14].
The large surface area of graphene and graphene oxide
facilitates the dispersion of nanomaterials onto their surfaces.
Therefore, both graphene and graphene oxide have been
adopted in photocatalytic fields [15].

In this work, a high-performance CdSe/RGO-GO
photocatalysts, composed of CdSe nanoparticles scattering

onto the partially reduced GO (RGO) was prepared by a
simple organic synthesis method. The preparation process
is simple, low-cost, and free of secondary contamination,
as well as the outstanding photocatalytic performance.
The preparation method has promising applications in the
remediation of environmental pollution.

2. Experiment
2.1. Materials

GO was fabricated by using Hummer’s-Offeman method.
Ethanol (CH,CH,OH, AR, density 0.789-0.791 g/mL) and
methanol (CH,OH, AR, density 0.791-0.793 g/mL) were
purchased from Tianjin Fuyu Fine Chemical Co. Ltd., China.
Acetone (CH,COCH,, AR, density 0.790 g/mL) was bought
from Chongqing Chuandong Chemical Group Co.Ltd,,
China. The selenium powder (Se, AR) was obtained from
Tianjin Jinbei Fine Chemical Co. Ltd., China. The cadmium
oxide powder (CdO, AR) was purchased from Tianjin Comio
Chemical Reagents Co.Ltd., China. The liquid paraffin was
supplied by Jining Baichuan Chemical Co.Ltd., China.
The oleic acid (C H,,0,, AR, density 0.889-0.895 g/mL)
was purchased from Guangdong fine chemical products
Engineering technology research and development center,
China. Rhodamine B (RhB, AR, >99%) was obtained from
the Tianjin Comio chemical reagents development center,
China. All the chemicals were used as received without
turther purifications. Deionized water was used throughout
the experiment.

2.2. Synthesis of CdSe/RGO-GO photocatalysts
2.2.1. Processing of graphene oxide

A certain quality of GO was milled into fine powder in an
agate mortar and put into a beaker, which was then add a
proper amount of deionized water (prepared into 1 mg/mL
GO aqueous solution). Following that, the beaker was put
into the ultrasonic cleaner for two hours to obtain uniformly
dispersed GO aqueous solution. Then the dispersion was
irradiated by an ultraviolet (UV) lamp (xenon-mercury
lamp, model L8878-02) with a power of 200 W for 6 hours
to reduce GO into RGO [10]. At this time, the partially
reduced GO solution was obtained and dried to be powder.
Then, as-prepared 0.005 g reduced GO powder was put into
10 mL anhydrous ethanol to disperse by ultrasound for
30 min. Finally, well-dispersed partially reduced GO ethanol
dispersion with a weight concentration of 0.063 wt.% was
obtained.
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2.2.2. Synthetic method of CdSe/RGO-GO Nano-
Heterojunction

Two three-mouth flasks named as flask 1 and flask 2 were
washed thoroughly by using deionized water. Firstly, 2 mL of
oleic acid and 8 mL of liquid paraffin plus a magnetic rotor
were put into the flask 1. After that, the flask was sealed and
placed into an oil pot full of simethicone. Then the pot was
heated to 190°C under magnetic stirring and keep constant
temperature. At the same time, 20 mL of paraffin and a
magnetic rotor were put into the flask 2, then sealed and
placed into an oil pot full of simethicone to heat to 200°C
and keep the constant temperature under magnetic stirring.
When the two flasks were kept constant temperature, 0.26 g
CdO powder was added into the flask 1, 0.032 g Se powder
and 1.2 mL of as-prepared 0.063 wt.% RGO absolute ethanol
dispersion solution was put into flask 2. The two flasks were
magnetic stirred and heated continuously. After 1 hour,
the flask 1 stop heating and magnetic stirring. Then 5 mL
solution taken from the flask 1 was put into the flask 2, keep
flask 2 at 200°C for 25 min. Next, a mixture of 46.6 mL of
methanol and 9.4 mL of acetone was put into a beaker as
the quencher for temperature quenching. After the solution
cooled down to room temperature, the supernatant liquid
was removed. The left bottom solution was centrifuged
3 times, the condition set as 5000, 8000, and 5000 rpm
respectively for 5 min. Finally, the oil phase CdSe/RGO nano
heterojunctions were obtained. The synthesized nanometer
heterojunctions material is named CdSe/RGO-GO.

2.3. Characterizations

The morphology and the fine structure of the synthesized
samples were characterized by transmission electron
microscopy (TEM, JEOL, JEM-2100F, Japan). The absorption
spectrum was measured using an ultraviolet (UV)-visible
absorption  spectrophotometer  (UV-2600A, China).
The photoluminescence (PL) spectrum was studied by a
photoluminescence spectrometer (Ocean Optics, QE6500).

2.4. Evaluation of the photocatalytic activity
2.4.1. Quantitative analysis

In the experiment, the CdSe/RGO-GO nano heterojunctions
were synthesized with 0.6, 0.8, 1.2, 1.4, 1.6 and 1.8 mL RGO
absolute ethanol solution respectively. As shown in Fig. 1, the red
shift of photoluminescence fluorescence peaks indicates that
the number of CdSe quantum dots (QDs) and heterojunctions
has increased, and the catalytic performance is strengthened.
It is known that the intensity of PL peaks is higher, the number
of recombined photo-generated electron-hole pairs is greater.
The lifetime of the photo-generated carriers is shorter, and the
ordered structure of graphene is more stable [16]. Therefore,
the fluorescence peak of pure CdSe quantum dots is the
strongest, while the fluorescence peak of nano-heterojunctions
synthesized by 1.2 mL is the weakest, which is the strongest
catalytic performance among all samples. Based on the above
analysis, CdSe/RGO-GO nano-heterojunctions synthesized by
1.2 mL is chosen to degrade RhB.
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Fig. 1. (Color online) Photoluminescence spectra of CdSe and
CdSe/RGO-GO prepared by using different amounts of RGO.

2.4.2. Degradation experiment

150 mL of RhB solution with a concentration of
5x10” mol/L was put into a beaker. 80 mL of the
CdSe/RGO-GO photocatalysts solution with a concentration of
1.19x107° mol/L was put into the same beaker. And then, the
mixture was magnetically stirred at a constant temperature
of 26°C to achieve degradation through the experiment.
Meanwhile, the mixture was stirred for 10 minutes under
no light irradiation, and was stirred for degradation from
10 to 60 min under visible light irradiation. 10 mL of the
samples were extracted at regular intervals of 10, 20, 30,
40, 50, and 60 min, respectively. Each extracted solution
from the degradation solution was centrifuged under
5000 rpm for 5 min to remove the upper oil suspension
every time. Then, the absorption of the aqueous solution
was characterized by the UV-vis absorption spectrometer.
The concentration of the solution was calculated from the
intensity of the absorption spectrum. The degradation
efficiency of the dye solution was calculated from the
concentration evolution of the dye solution as a function of
the degradation time.

2.4.3. Recyclability test

The oil phase CdSe/RGO-GO solution is easily separated
from the Rhodamine aqueous solution due to their
insolubility in water. After separation, it was washed three
times with deionized water, and then the aqueous solution is
drawn off and dried. In order to facilitate the preservation and
reuse, the obtained aqueous solution can be prepared to be
powder as following method. The prepared CdSe/RGO-GO
solution was washed three times with a mixed solution of
methanol and acetone at a ratio of 3:1, and then dispersed
in a mixed solution of n-hexane and absolute ethanol at a
ratio of 1:5, sealed and put into a refrigerator for 8 hours.
It was taken out until the powder precipitates out, then
was filtered with Whatman filter paper (0.7 um pore size,
47 mm diameter). Then it is dried at 70°C in a vacuum oven
for 24 hours until it forms the CdSe/RGO-GO composites
powder. After this the cleaned CdSe/RGO-GO composites
were reused for removing dyes, and the circle experiment
was repeated several times.
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3. Results and discussion
3.1. Optical characterization of CdSe/RGO-GO

The absorption spectrum of CdSe/RGO-GO photocatalyst
shows the absorption peak of CdSe quantum dots at the
wavelength of 502 nm, which is the same as that of pure
CdSe quantum dots (in Fig. 2). That indicates CdSe quantum
dots are successfully produced. No new peaks appear in the
composites, indicating that there is no obvious electronic
interaction between CdSe quantum dots and graphene. Also,
the adhesion of CdSe quantum dots on RGO nanosheets does
not destroy the ordered structure of graphene. The defects
location generated during the reduction process of GO
become traps of electrons, which extends the carrier lifetime
and improves the photocatalytic activity. Furthermore,
the unreduced GO has a strong adsorption ability, and
the CdSe/RGO heterojunctions have the ability to inhibit
the recombination of photogenerated electrons and holes.
Therefore, the photocatalytic activity and quantum efficiency
can be improved under the synergistic effect.

TEM result shows that The CdSe nanoparticles were
scattered on the RGO sheets (Fig. 3a). A distinct contrast
between the CdSe nanoparticles and the RGO nanosheets
can be observed. The contrast of the upper left area is dark,
while the adjacent areas at the bottom are bright. In the bright
field image, under the same thickness, if there is a phase
composed of heavy atoms in the region, the transmission
electron beam is difficult to penetrate the area, shown as a
dark contrast in the image. On the contrary, the region shows
a bright contrast in the image when the phase composed of
light atoms in the region. Combined with the analysis of the
previous energy spectrum, it can be concluded that the phase
in the dark contrast region is CdSe and the bright area is RGO
nanosheets. To further confirm the above conclusion, the
high resolution transmission electron microscopy (HRTEM)
was used to analyze the phase of the interface. Fig. 3b is an
HRTEM photograph at the boundary of the light and the dark
area shown in Fig. 3a. Overall, the atomic arrangement in the
region is random. We can see that the upper part of the image
shows a certain ordered structure. In contrast, the atoms
in the lower part marked by the dotted line are completely
disordered. The Fourier transform (FFT) results in region A
shows that the interplanar distance is 0.329 and 0.351 nm,

2.0

— CdSe
—— CdSe/RGO-GO

502 nm

1.5 1

1.0+

Absorbance (a.u.)

0.5 1

0.0

T T
400 600 700

Wavelength (nm)

Fig. 2. (Color online) UV-vis spectra of the CdSe and CdSe/RGO-GO
nanometer heterojunctions.
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corresponding to the crystal plane distance of (10 —1 1) and
(000 —2) of CdSe with a wurtzite structure. It is confirmed
that the phase of the crystalline region is CdSe. The lattice
fringes are corresponding to the (0 0 0 2) surface of the CdSe
in the structure of six square crystal wurtzite from the region
B shown in Fig. 3b. Therefore, it can be inferred that the
phase of the upper crystalline region A in Fig. 3b is CdSe.
In contrast, the phase in the lower crystalline region is RGO
sheets.

3.2. Adsorption and photocatalytic degradation of RhB

It can be observed from Fig. 4 that the adsorption and
degradation process of the RhB solution is related to the
light radiation conditions and duration. The absorbance of
RhB solution is about 0.95 at the beginning, while rapidly
reduce to be about 0.15 under no light irradiation for
10 minutes during magnetic stirring with CdSe/RGO-GO
photocatalysts, which is better than the previously prepared
CdSe/RGO catalysts at the report [17]. In addition, the
degradation degree of Rhodamine solution under different
light conditions and time intervals can be obtained. With the
increase of degradation time, the degradation concentration
of Rhodamine solution gradually decreased. After the
whole degradation process, the intensity of the ultraviolet
absorption spectra of the solution reaches about 0.06.

i
e

FET of A

Fig. 3. BFTEM (a) and HRTEM (b) images of the CdSe/RGO-GO nanometer heterojunctions.
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The calculation of photocatalytic reduction efficiency
results shows that the concentration of RhB solution decrease
by 4.2x10° mol/L in 10 minutes and the degradation
efficiency is 94% in 60 minutes, which is much better than
earlier reports [17 -20].

The mechanism of the CdSe/RGO photocatalysts is
shown in Fig. 5. The narrow band gap of CdSe nanoparticles
enables the electron-hole pairs generated even under visible
light irradiation. These electron-hole pairs are prone to be
separated by GO, which results in the formation of active
electrons and holes. Electrons can be transported by RGO,
which leaves active holes or participates in the photocatalytic
reactions. Meanwhile, CdSe is a semiconductor with a
narrow band gap, a number of electrons (e”) and holes (h*)
can be produced in CdSe even under no light irradiation.
CdSe produces a self-degradation property, which leads
to the degradation of RhB. And RGO nanosheets transfer
electrons (e”) to the conduction band of CdSe, which
increases the number of electrons as well as the rate of
electron-induced redox reactions [17,18,21]. The positive
charge hole (h*) can react with OH™ derived from H,O to form
hydroxyl radicals (OH*). The generated electrons (e”) react
with dissolved oxygen molecules and produce superoxide
radical (O;"). At the same time, Rhodamine adsorbed on
the surface of the catalysts is easier to be catalyzed, which
increases the concentration of reaction substrate in the
catalysts. That can accelerate the interaction between reaction
substrate and photo-generated species such as the electron,
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hole, hydroxyl radical, superoxide radical, and enhances
the catalytic activity of graphene semiconductor composite
photocatalyst. Therefore, RhB can be degraded even under
no light by CdSe/RGO photocatalysts with numerous nano-
heterojunctions. If electron acceptors (O,) are absent, the
electron-hole recombination is possible. The presence of
oxygen molecules prevents the recombination of the trapped
electrons through the formation of superoxide radical anions.
As it is shown in Fig. 5b, the possible catalytic reactions are
the follows:

H,0+h*=OH*+H* (1)
0,+e=0;" (2)
RhB+OH*+0; - CO,+H,0+NO; +NH;. (3)

4. Conclusion

In summary, a simple method has been developed to prepare
CdSe/RGO-GO photocatalysts, which has an outstanding
photocatalytic performance. The CdSe nanoparticles
distributed on the partial CdSe/RGO-GO nanosheets
to form numerous nano-heterojunctions. Synergistic
effect of adsorption and photocatalytic degradation is
attribute to the strong adsorption ability of GO and the
inhibitory effect of photogenerated electrons and holes.
The photocatalytic performance of the CdSe/RGO-GO
nanometer heterojunctions is better than previously
prepared CdSe/RGO photocatalysts.
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Fig. 4. (Color online) UV-Vis absorption spectra of RhB after being photocatalytically decomposed using the CdSe/RGO-GO nanometer
heterojunctions at different time intervals (a). Magnified observation in the marked rectangle region of Fig. 4a (b).
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Fig. 5. (Color online) Schematic structure of the CdSe/RGO-GO photocatalysts (a). Photocatalytic degradation process (b).
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