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In this work, NPC (nanoporous carbon) is purposely employed to accommodate the semiconductor CdSe QDs (quantum dots) in the absence
of any capping agent to facilitate the visible-light photocatalyst CdSe QDs@NPC composite. CdSe QDs@NPC composite has been achieved
by the facile method of the incipient-wetness deposition, and furthermore characterised by powder X-ray diffraction, inductively coupled
plasma atomic emission spectroscopy, X-ray photoelectron spectroscopy, Brunauer–Emmett–Teller, transmission electron microscopy
(TEM) and high-resolution TEM (HRTEM). The results of TEM and HRTEM show that CdSe QDs are implanted into NPC and bound to
several nanometres. Both X-ray diffraction and HRTEM indicate that the as-synthesised CdSe QDs belong to the cubic phase. The
photocatalytic performance of CdSe QDs@NPC composite has been evaluated by degrading the RhB under visible-light irradiation. NPC
as electron acceptor and transport channel can enhance the synergism of CdSe and NPC by improving the electron–hole separation.
Furthermore, the photocatalytic mechanism exhibits that h+ and O2

−† species are the decisive, active species in the degradation process of RhB.
1. Introduction: It is a promising approach that the direct utilisa-
tion of sunlight drives the chemical reactions to eliminate the envir-
onmental contaminations rising from the social developments and
human activities [1–3]. This is really green and environment-
friendly route because the utilisation of extra chemical reagent in
degradation of contamination would somehow bring out the
second-pollution. At this status, the photocatalytic degradation is
fairly necessitated to be further explored [4–6]. The precious
metals, such as Pt, Pd and so on, are efficiently light-harvesting
materials; however, the reserves in the entire biosphere are too
rare to meet the demands [7, 8]. Hence, more efforts have been
devoted to the cheaper semiconductor materials which can attain
the electron–hole separation under the irradiation with ultraviolet
light and even visible light [9–11]. In spite of the abundance
and cheapness of semiconductor materials, the factors to affect
the catalytic performance are quietly complicated, such as crystal
phase, particle size, forbidden band, dispersity and stability and
so on [12–14]. Among the semiconductor materials, CdSe QD
(quantum dot), as an important member of II–VI semiconductor
family, has been hugely studied as the visible-light photocatalyst
of water-splitting and pollutant treatment because the adsorption
band of CdSe QD can extend to 720 nm (Eg =∼1.7 eV) which
almost covers the whole visible-light spectra [15–19]. The distinct
feature of CdSe QD is size-dependent electronic and optical
properties. However, the small size of CdSe QD prompts the
electron–hole recombination and is easily photo-oxidised as well.
It is proposed that coupling with the second semiconductor is a
way to improve the electron–hole separation and resist the photo-
oxidation [20–24].
The carbon materials have extensively been employed to the

photocatalytic reactions owing to photo-stability, supporting prop-
erties, semiconductor properties, electron acceptor and a transport
channel and so on [25]. The properties of carbon materials are in-
tensely affected by sources and treatments. Recently, a new kind
of NPC (nanoporous carbon) has been fabricated through MOF
materials (metal–organic framework) as the starting materials con-
cerning the virtues of MOF materials, such as three-dimensional
network, high crystalline, big specific surface area and uniformed
pore [26–28]. Xu et al. have illustrated that the NPC made of
ZIF-8 not only possesses the high specific surface area but also is
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implied that the pore size of the NPC is uniformly distributed con-
cerning high crystalline of ZIF-8 [29]. Therefore, besides the inher-
ited merits of carbon materials, the NPC as the supporter would
offer the advantages of high dispersity and high content, especially
the uniformed particle size of a catalyst which is restricted by the
pore size of the NPC. On this account, herein, CdSe QD@NPC
composite has purposely been prepared by the facile method of
the incipient-wetness deposition in the absence of any capping
agent. The photocatalytic performances of CdSe QD@NPC com-
posite are further investigated by the degradation to RhB under
visible-light irradiation.
2. Experimental section
2.1. Synthesis of CdSe QDs@NPC composite by the method
of incipient-wetness deposition: All reagents in this study were
directly used without further purification.

ZIF-8. ZIF-8 was prepared under ambient condition and methanol
as the solvent according to [30]. Typically, methanol solutions of
Zn(NO3)2·6H2O (0.2 M, 1 l) and 2-methylimidazole (0.2 M, 1 l)
were mixed under stirring and then allowed to react at room tem-
perature for 24 h without stirring. The product was collected by cen-
trifugation, washed several times with methanol, and vacuum-dried
overnight at 60°C. The yield of ZIF-8 was about 21% (depended on
2-methylimidazole).

NPC. The preparation of NPC was carried out according to [31]. 1 g
of the as-synthesised ZIF-8 was put into the tubular furnace under
N2 as protection gas and calcined at 800°C for 3 h. Zinc was
removed by immersing NPC into 1 M HCl for 6 h. Afterwards,
NPC was washed three times with water and dried at 120°C. The
yield of NPC was about 23% (depended on ZIF-8).

CdSe QDs@NPC. The adsorption capacities of NPC towards water
were firstly investigated. The water was dropwise added to 500 mg
of NPC with an injector till the adsorption saturation. The results
showed that the most adsorption of NPC to water was about
1 ml/g. CdCl2-H2O solutions were prepared by dissolving 100 g
of CdCl2·2.5H2O into 100 ml of water. The CdCl2 solution was
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Fig. 1 PXRD patterns
a Calculated cubic CdSe from cif.file
b NPC
c CdSe QDs prepared under the same condition in the absence of NPC
d As-synthesised CdSe QDs@NPC

Fig. 2 TEM and HRTEM diagram
a TEM diagram of ZIF-8
b TEM diagram of NPC derived from ZIF-8
c TEM diagram of CdSe QDs@NPC
d HRTEM diagram of CdSe QDs@NPC
transferred into the reaction vessel holding 100 mg NPC by the
pipette until the solution was entirely absorbed by NPC. Then,
the reaction vessel was purged by the oxygen with N2 for 0.5 h.
The colourless NaHSe/ethanol solution was prepared by reacting
15.8 mg (0.2 mmol) of Se and 15.1 mg (0.4 mmol) of NaBH4 in
ethanol solution at 50°C for 0.5 h under N2 protection.
Afterwards, 1 mol/l H2SO4 was slowly dropped into the solution
to produce H2Se gas. H2Se gas was transferred into the reaction
vessel with N2 as a carrier. After the reaction was completed, the
product was centrifugally isolated at 5000 rpm and washed three
times using ethanol by the method of dispersing and centrifugation,
and vacuum-dried overnight at 60°C.

2.2. Characterisation techniques: Powder X-ray diffraction (PXRD)
patterns were recorded on a Rigaku D/MAX PC2200 diffractometer
for Cu Kα radiation (λ= 1.5406 Å), with a scan speed of 5°/min.
The morphologies and size of the samples were inspected on a
transmission electron microscope (TEM) (JEOL-2000ex) and high-
resolution TEM (HRTEM) (Tecnai G2 F20S-Twin). X-ray photo-
electron spectrometry (XPS) data was acquired using an X-ray
photoelectron spectrometer with monochromatic Al Kα X-ray
(ESCALABMKLL, VG Co.). N2 isothermal adsorption experi-
ments were performed at 77 K with TriStar II 3020
(Micromeritics Instrument Corporation) apparatus using nitrogen
as the probing gas. The samples were vacuumed for 10 h at 75°C
before the data were collected. UV–vis spectra were recorded at
UV-1901 spectrometer (Youke, China). The CdSe content was
determined by the IRIS Intrepid II ICP instrument (Thermo
Electron Corp.). The CdSe QDs @ UIO-66 was dissolved by the
H2SO4/H2O2 and diluted to an appropriate concentration. The elem-
ental analysis found (%, calcd.) for CdSe: 27% (33%).

2.3. Photocatalytic performance of CdSe QDs@NPC: Typically,
the photocatalytic catalyst (50 mg) was dispersed in an aqueous
solution of RhB (20 ml, 0.02 mmol/l) in a 50 ml round-bottomed
flask. The solution pH was adjusted to 2–3 with 1 mol/l HCl. The
mixture was firstly stirred with a magnetic stirrer in the dark
chamber for 0.5 h to reach complete adsorption equilibrium. After
that, the suspension was irradiated by a 500 W halogen lamp. A
420 nm cutoff filter was placed between the reaction system and
the light source to eliminate the UV. During the entire process, the
solids were kept in suspension by magnetic stirring and air (or
oxygen) was continuously bubbled through the reaction mixture at
a rate of 20 ml/min to maintain dissolved oxygen content. The photo-
catalytic activities of the CdSe QDs@NPC were evaluated by moni-
toring the absorbance of the RhB solution at 554 nm during the
degradation. At every 10 min intervals, 1 ml of the aliquots was
sampled and centrifuged. The dye concentration of the clear super-
natant was then measured with a UV-1901 UV/vis spectrometer.

In the control experiment, the mechanical mixture of equal
amount of NPC and CdSe QDs was added to the RhB solution.
The blank experiments were also carried out under the same con-
ditions, but no catalyst was added.

3. Results and discussions
3.1. CdSe QDs@NPC characterisation: Seen from the PXRD
pattern (Fig. 1b), the peak shapes of NPC assigned as the graphite
phase also remain the good symmetry for the sake of high crystal-
linity of ZIF-8 [31]. Furthermore, the diffraction peak positions
of the as-synthesised CdSe QDs@NPC conformably match those
of cubic phase CdSe (2θ= 25.3°, 42°). The diffraction peaks of
CdSe QDs in NPC are broadened and weakened, meaning that
the particle size of CdSe QDs is relatively small.

The particle size of CdSe QDs with visible-light activity plays an
important role in photocatalysis. Technically, NPC calcined from
ZIF-8 with high crystallinity and uniformed pore might effectively
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restrict the particle size of CdSe QDs and expand the dispersity as
well. Experimentally, the incipient-wetness deposition has achieved
the purpose in the absence of a capping agent which somehow
affects the photocatalysis. The TEM shows that CdSe QDs are
implanted in the NPC (Fig. 2c). The HRTEM image of CdSe
QDs@NPC displays the particle size of CdSe QDs and meanwhile
gives rise to lattice fringes of CdSe QDs (Fig. 2d ). The particle size
of CdSe QDs in NPC is observed about several nanometres. The
lattice fringe of CdSe QDs is 0.35 nm, which consists of the d
value of (111) facet (2θ= 25.3°) of cubic phase.

The element types, as well as valence state of the as-synthesised
CdSe QDs@NPC, have been inquired by employing X-ray photo-
electron spectrometry. The results indicate that the C, N, O, Se
and Cd are distributed in CdSe QDs@NPC (Fig. 3). The C1s is
assigned to the dissociated carbon (284.6 eV) of NPC. The peak at
398.6 eV is attributed to N1s, coupling with the starting material –
ZIF-8(Zn(mIm)2). The peak at 531.2 eV belongs to O1s. This indi-
cates that NPC derived from ZIF-8 includes an O element in the
form of carboxyl or hydroxyl and N element in the skeleton. The
fitting peaks of Cd3d5 (405.3 eV) and Cd3d3 (411.4 eV) display
that Cd2+ cation exists in CdSe QDs@NPC composition and the
fitting peak of Se 3d (54.1 eV) indicates the existence of Se2−.
3.2. Photocatalysis activity: The photocatalytic procedures all
include two crucial steps: the adsorption towards the reactants
Micro & Nano Letters, 2019, Vol. 14, Iss. 7, pp. 761–764
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and the electron–hole separation triggered by the light irradiation.
The higher the adsorption efficiency is, the faster the reaction rate
will be on the kinetic theory. As we know, the carbon materials
possess powerful adsorption to organic species. Identically, NPC
derived from the ZIF-8 shows the strong adsorption ability.
Besides, the NPC as the electron acceptor can afford the electron
transfer channel, which prompts the electron–hole separation. The
light adsorption range of CdSe QDs extends up to 720 nm, which
almost covers the visible-light zone. In this context, the photocata-
lytic abilities of CdSe QDs@NPC are investigated by the degrad-
ation of RhB under visible-light irradiation.
In the beginning, the adsorption of CdSe QDs@NPC to reactant

RhB is attained to the saturation under the dark chamber. The
results show that the concentration of RhB declines by about 30%
with the addition of pure NPC in 0.5 h. The concentration of RhB
declines by about 18% with the addition of CdSe QDS@NPC in
0.5 h. Thus, the photocatalytic experimental in this context will be
proceeded after be adsorbed for 0.5 h under a dark chamber.
As shown in Fig. 4, after adsorbed in a dark chamber for 0.5 h,

RhB has basically been degraded in 60 min under the visible-light
irradiation with the presence of CdSe QDs@NPC. The photo-
catalysis obeys the pseudo-first-order kinetic model. To verify the
synergism of CdSe and NPC, a mechanical mixture of equal
amount of CdSe and NPC is used to the photocatalytic degradation
of RhB. The degradation efficiency of the mechanical mixture of
CdSe QDs and NPC to RhB is low below 40%. Also, a blank ex-
periment at the absence of any catalyst is done under the same
Fig. 3 XPS survey and fitting peak
A XPS survey of CdSe QDs@NPC
B Fitting peak of Se2−

C Fitting peak of Cd2+

Fig. 4 Photocatalytic degradation of RhB under visible-light.
Down-pointing triangle indicates the CdSe QDs@NPC; up-pointing tri-
angle indicates the control mixture of CdSe QDs and NPC; white square
indicates the blank experiment
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conditions. The photocatalytic results show that the photo-
degradation of RhB rarely occurs.

3.3. Photocatalytic stability: The photocatalytic stability of CdSe
QDs@NPC is assessed with a comparison to PXRD of reacted
CdSe QDs@NPC. As illustrated in Fig. 5, the intensity and position
of peaks between the as-synthesised CdSe QDs@NPC and used
CdSe QDs@NPC are identical, indicating the stability of CdSe
QDs@NPC. The stability of CdSe QDs@NPC is further studied
by recycling the reacted CdSe QDs@NPC (Fig. 6). After every
cycle, the degradation rate of RhB declines by approximately
about 3%, which probably arises from the loss of CdSe QDs@NPC.

3.4. Photocatalytic mechanism: The hydroxyl radicals (HO†),
superoxide radicals (O2

−†), and holes (h+) are three crucial active
species referred to the photocatalytic oxidation process. To experi-
mentally testify the photocatalytic mechanism of CdSe QDs@NPC
to RhB degradation, isopropyl alcohol (IPA), benzoquinone (BQ),
and ethylenediaminetetraacetic acid (EDTA) are introduced into
the reaction system to entrap HO†, O2

−† and h+, respectively. The
effects of these scavengers as well as of N2 purging on the photo-
catalytic activity of CdSe QDs@NPC are shown in Fig. 7.
Fig. 6 Reuses of CdSe QDs@NPC catalyst

Fig. 5 PXRD patterns of CdSe QDs@NPC before and after the reaction

Fig. 7 Effect of different scavenger and N2 purging on the degradation of
RhB by CdSe QDs@NPC under visible-light irradiation. Up-pointing tri-
angle indicates CdSe QDs@NPC; open circle indicates IPA (0.5 mM);
white square indicates EDTA (1 mM); black square indicates QB 1 mM);
down-pointing triangle indicates N2 purging
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The introduction of IPA virtually has no influences on the
RhB degradation rate, meaning that HO† is not the main active
species. However, the degradation rate decreases significantly
since the introduction of BQ, which can quench O2

−†. Thus, O2
−†

is identified as the major active species for the decomposition of
RhB. Since dissolved O2 is required for the generation of O2

−†,
the role of O2

−† in the degradation process is validated by purging
the dye solution with N2 to decrease the amount of dissolved O2.
The result demonstrates the negative effect of N2 purging on the
degradation rate. Hence, this result further indicates that O2

−† is
an important species. EDTA was added to the system to suppress
h+. The introduction of EDTA significantly lowers the degradation
rate, thereby implying that RhB can also be oxidised by the photo-
generated h+ in CdSe QDs@NPC. Therefore, O2

−† and h+ are the
main active species in the degradation process of RhB by the
CdSe QDs@NPC photocatalyst.

4. Conclusion: In a sum, through the method of the incipient-
wetness deposition, CdSe QDs have purposely been implanted
into NPC derived from ZIF-8 in the absence of any capping
agent. Also, NPC as the electron acceptor and electron transport
channel can improve the electron–hole separation. The synergism
of CdSe and NPC enhances the photocatalytic performance. The
mechanism experiment indicates that the photogenerated h+ and
O2
−† species are responsible for the photocatalytic activity.
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