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ARTICLE DETAILS ABSTRACT
Article History: Heterostructure nanoparticles have excellent photoelectrochemical properties, because of the difference of
heterostructure characteristics will greatly affect the performance of the play. Therefore, the selective growth
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; of heterostructure nanoparticles is an important research content in the design and synthesis of advanced
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materials. In this thesis, the octahedral Cuz0 crystal was used as the research object. By adjusting the reaction
time and the kind and quantity of Surfactant, the nucleation and growth mode of Cu nanoparticles can be
different. So that, Cu nanocrystals can be grown in situ at different positions such as the edges and faces of
the octahedral Cuz0, and the Cu20-Cu heterostructures with different spatial configurations were precisely
constructed. The results showed that the content of Cu particles on the Cu:0 surface also increased with the
increase of reaction time. The addition of surfactant PVP hinders the in-situ growth of Cu nanoparticles on
the Cuz0 surface edge. The addition of CTAB can increase the particle size of Cu nanoparticles. And the
addition of SDS can reduce the particle size of Cu nanoparticles while preferentially growing and aggregating

Accepted 15 August 2024
Available online 19 August 2024

on the octahedral Cu20 edge.
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1. INTRODUCTION

Photocatalysis is a complex process involving steps such as photo trapping,
charge separation, and molecular adsorption activation (Chachvalvutikul
etal, 2021; Li et al, 2024; Gore etal.,, 2024). The light absorption efficiency
and band gap width of photocatalytic materials are crucial in water-
catalyzed reactions (Abd-Elkader and Deraz, 2013; Murzin, 2023; Badry et
al,, 2024). However, due to the limitation of band gap width and other
factors, pure semiconductor catalytic materials cannot respond to the
broad spectrum of sunlight, and the photon yield is low (Balakrishnan et
al, 2024; Liyanaarachchi and Fernando, 2013; Xiong et al, 2011).
Therefore, Cu20 needs to be combined with metal materials to form
heterostructure particles (Kociotek-Balawejder et al., 2023; Hamdani and
Bhaskarwar, 2022).

Nowadays, the photocatalytic efficiency of M-Cu20 heterostructures has a
large gap compared with the theoretical efficiency, and the performance
improvement space is large (Malik et al., 2024; Ozdal and Kavak, 2020;
Kempasiddaiah et al., 2024). The energy state of different positions of the
crystal is different from the energy state of the particle size (Zhao et al,,
2023; Mani et al., 2009). Current studies often unify these variables, thus
ignoring the influence of the check point and particle size on the
photocatalytic performance (Choi and Yoon, 2022; Javaid et al.,, 2015; Yoon
et al, 2022; Uthirakumar et al, 2024). Therefore, this study uses
surfactants to prepare Cu20-Cu heterostructure nanoparticles with
different surface characteristics, and then it is necessary to clarify the
influence of different check points and particle sizes on the photocatalytic
performance.

In this paper, the octahedral Cu20 particles are used as the research object,
the appropriate preparation method is selected, and the nucleation and
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growth mode of nano-Cu particles on the surface of Cu20 are changed by
regulating the reaction time and the type and quality of surfactants. The in-
situ growth of nano-Cu crystals at different positions such as the edges and
planes of Cu20 polyhedral is realized, and the precise construction of
Cu20-Cu heterostructures with different surface characteristics is
completed. At the same time, the phase of the product is characterized by
XRD test, and the particle size, morphology and structure of M-Cu20
heterostructures are characterized and analyzed by SEM. Finally, the
influence of various surfactants on Cu20-Cu heterostructures is clarified.

2. EXPERIMENT
2.1 Experimental raw materials and reagents

The reagents used in the experiment are: copper sulfate pentahydrate
(CuS04-5H20), sodium hydroxide (NaOH), glucose (C6H1206), ethylene
glycol (HOCH2CH20H), anhydrous ethanol (CH3CH20H), hydroquinone
(C6H602), polyvinylpyrrolidone (C6HINO) n, sodium dodecyl sulfate
(C12H2504NaS), cetyltrimethylammonium bromide (C19H42BrN). The
drugs used are all analytically pure and purchased from Shanghai search
banner Reagent Co., Ltd.

2.2 Preparation method

First prepare Cu20 powder: place the copper sulfate solution (0.4994 g/30
ml) in a water bath and heat it to 55 °C, then slowly drop in the NaOH
solution (6.8 g/25 ml) after heating; after 5 mins, add 0.5 g of
hydroquinone powder and continue to react for 1h; the powder of the
mixed solution is centrifuged for multiple times and then used for standby.

Then the dried Cu20 powder was weighed 20 mg into a conical flask filled
with 30 ml of ethylene glycol, and the surfactant was not added,
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respectively, and PVP, CTAB, and SDS were added. After heating, add NaOH
solution (2 g/10 ml); after 5 mins, pour glucose solution (1.98 g/10 ml) to
obtain the desired sample.

2.3 Test method

The morphology and structure of the samples were characterized by
scanning field emission scanning electron microscopy (SEM), and the
phase analysis was carried out by X-ray diffraction (XRD).

3. RESULTS AND ANALYSIS

3.1 Characterization of octahedral Cu20 and Cu20-Cu

heterostructures

From the SEM diagram of Figure 1, it can be seen that the octahedral Cu20
exposes the (111) crystal plane, the particle size is about 4 um, and the
surface is very smooth with almost no impurities.

In the XRD shown in Figure 2, strong diffraction spikes appear at 20 = 36.42
°,42.31°,61.37°,3.52 °, 77.37 °, and their corresponding crystal planes
are (110), (111), (200), (220), (311), respectively (Ma et al,, 2018). In
addition, no other impurity diffraction peaks appear, indicating that only
Cu20 is generated during the sample preparation process. It is worth
noting that the strongest diffraction peak is the (111) crystal plane, which
is consistent with the growth crystal plane in Figure 1.

Figure 1: SEM images of octahedral Cu20: (a) low-power SEM images, (b)
high-power SEM images
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Figure 2: XRD diagram of octahedral Cu20 reacted at 55 °C for 60 mins

Using the reductivity of glucose, monovalent Cu is reduced to zero-valent
Cu, and then Cu nanoparticles are reduced in situ on the surface of Cu20
particles. The octahedral Cu20-Cu heterostructure shown in Figure 3 still
maintains the intact octahedral structure, and uniformly dispersed
particles appear on the surface of Cu20. After 10 mins of reaction, many Cu
nanoparticles appeared on the surface of Cu20 particles, but the surface of
Cu20 was not yet dense. After 30 mins and 60 mins of reaction, the Cu
nanoparticles on the surface of Cu20 particles have been dense, forming a
core-shell structure.

As shown in Figure 4, the diffraction peaks of Cu20 appear in four places
at 20 =36.42°,42.31°,61.37 °,73.52 °, and Cu diffraction peaks appear at
20 = 43.30 °, 50.43 °, 74.13 °, indicating that the small particles on the
surface of the octahedral Cu20 particles are Cu nanoparticles (Ma et al,,
2018).
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Figure 3: SEM diagrams of the octahedral Cu20-Cu heterostructure: (a-c)
reaction for 10 mins, (d-f) reaction for 30 mins, (g-i) reaction for 60 mins
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Figure 4: XRD diagram of octahedral Cu20-Cu heterostructures reacted
at 60 °C for 60 mins

3.2 Effect of PVP on Cu20-Cu heterostructures

As shown in Figure 5, a surfactant of 0.1 g of PVP was added, and when the
reaction time was controlled for 10 mins, it can be seen from Figure 5 (a-
c) that there are many nano-Cu particles on the (111) crystal plane of
Cu20-Cu heterostructure, but they are not completely wrapped, and there
are some small gaps on the surface of Cu20; then continue the reaction to
30 mins, and Figure 5 (d-f) shows that after the reaction of Cu20-Cu
heterostructure for 30 mins, the Cu nanoparticles on the surface of its
Cu20 particles have become denser than that of 10 mins, and the small
gaps on the surface of the 7Cu20 particles become smaller, indicating that
the Cu nanoparticles on the surface of Cu20 nanoparticles continue to form
at this time, but they are not completely dense; with the further increase of
time to 60 mins, the Cu20-Cu heterostructure is further increased, as
shown in Figure 5. As shown by (g-i), the Cu nanoparticles on the surface
of its Cu20 particles grow more, so that the surface of its Cu20 particles
has been completely dense.

As shown in Figure 6 and Figure 7, after adding 0.5 gand 1.0 g of PVP, there
were Cu nanoparticles on the (111) crystal plane of Cu20 in the Cu20-Cu
heterostructure sample at 10 mins, but the number of distributions was
reduced compared with before, and there was almost no growth at the
edges. Then the reaction continued to 30 mins and 60 mins, and it was
more obvious that there was no distribution of Cu nanoparticles at the
edges. Therefore, for the octahedral Cu20 particles, the addition of PVP
plays a role in the position of the edges, which will hinder the in-situ
reduction of Cu20 to Cu nanoparticles at the position of the octahedral
Cu20 edges.

As shown in Figure 8, the XRD diffraction peak did not change significantly
after the addition of PVP, indicating that the addition of surfactant PVP did
not generate new substances, and still reduced Cu20 to Cu nanoparticles
in situ.
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, i Figure 8: XRD diagram of Cu20-Cu heterostructures prepared by adding
il different amounts of PVP and reacted at 60 °C for 60 mins
Figure 5: SEM images of Cu20-Cu heterostructure particles prepared by 3.3 Effect of CTAB on Cu20-Cu heterostructures
adding 0.1 g PVP: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g- o
i) reaction for 60 mins As shown in Figure 9, when 0.1 g of CTAB surfactant was added, the

number of surface particles on the sample prepared by the reaction for 10
mins decreased compared with no surfactant, but after the reaction time
increased to 30 mins and 60 mins, the particle size of Cu nanoparticles
became significantly larger. However, as shown in Figure 10 and Figure 11,
when the addition amount of CTAB was increased to 0.5 g and 1.0 g, the
particle size of Cu nanoparticles became smaller again, which was
‘ consistent with the performance without CTAB. Therefore, the addition of
lpm J0rn a small amount of CTAB can increase the particle size of Cu nanoparticles
g in the Cu20-Cu heterostructure. The XRD results shown in Figure 12 also
show that the addition of CTAB does not change the phase of the product.
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Figure 6: SEM images of Cu20-Cu heterostructures prepared by adding
0.5 g PVP: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g-i)
reaction for 60 mins
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Figure 9: SEM images of Cu20-Cu heterostructures prepared by adding
0.1 g CTAB: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g-i)
reaction for 60 mins

Figure 7: SEM diagram of Cu20-Cu heterostructure prepared by adding 1
g PVP: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g-i) reaction
for 60 mins

Figure 10: SEM images of Cu20-Cu heterostructures prepared by adding
0.5 g CTAB: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g-i)
reaction for 60 mins
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Figure 11: SEM diagrams of Cu20-Cu heterostructures prepared by
adding 1 g CTAB: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g-
i) reaction for 60 mins

Figure 14: SEM images of Cu20-Cu heterostructures with 0.5 g SDS: (a-c)
reaction for 10 mins, (d-f) reaction for 30 mins, (g-i) reaction for 60 mins
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Figure 12: XRD diagram of Cu20-Cu heterostructures prepared by

adding different amounts of CTAB and reacting at 60 °C for 60 mins Figure 15: SEM images of Cu20-Cu heterostructures prepared by adding

3.4 Effect of SDS on Cu20-Cu heterostructures 1 g SDS: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g-i)

reaction for 60 mins
As shown in Figure 13 and Figure 14, after adding 0.1 gand 0.5 g of anionic
surfactant SDS, the Cu nanoparticles on the surface of the Cu-Cu20
heterostructure become finer and more uniform than when no active agent
was added, and the wrapping property also becomes better. As shown in
Figure 15, when the dose of SDS is increased to 1.0 g, in the Cu-Cu20
heterostructure reacted for 10 mins, the particle size of the Cu
nanoparticles is further reduced, and almost has shown a dense state, and
when the reaction time is increased to 30 mins and 60 mins, the shell layer
of Cu particles formed also appears denser and uniform. As shown in
Figure 16, the XRD detection results also show that the addition of
surfactant SDS does not generate new substances, but still reduces Cu20
to Cu nanoparticles in situ.

G 529

500nm
; Figure 16: XRD diagram of Cu20-Cu heterostructures prepared by
adding different amounts of SDS and reacting at 60 °C for 60 mins

4. CONCLUSION

In this paper, the Cu20 powder was prepared first, the monovalent Cu was
reduced to zero-valent Cu by the reduction of glucose. Then different

Figure 13: SEM images of Cu20-Cu heterostructures prepared by adding amounts of surfactants PVP, CTAB, and SDS were added to achieve the
0.1 g SDS: (a-c) reaction for 10 mins, (d-f) reaction for 30 mins, (g-i) preferential growth of nano-Cu at different positions of octahedral Cu20.
reaction for 60 mins The addition of PVP has the main effect on the edge position of the
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octahedral Cu20 particles, which will hinder the in-situ reduction reaction
of Cu20 to Cu nanoparticles at the edge position of the octahedral Cu20
particles, so that there is almost no in-situ growth of Cu particles at the
edge of the Cu20-Cu heterostructure. The addition of CTAB does not
significantly change the distribution of Cu particles, but it will increase the
particle size of Cu particles. The addition effect of SDS is the opposite of the
former two, not only will the particle size of nano-Cu in the Cu20-Cu
heterostructure be smaller, but also it will grow preferentially and
aggregate on the octahedral Cu20 edge.
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