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Synthesis of Cu- and Ag-modified flower-like Ni(OH), nanocomposites
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Abstract. In this report, a simple template-free hydrothermal method was used to synthesise flower-
like Ni(OH): structures modified with Ag and Cu. The Ni(OH)2 microflowers were formed via the self-
assembly of ultrathin nanosheets with a thickness of approximately 2-3 nm. The incorporation of Ag
and Cu at appropriate concentrations preserved the three-dimensional flower-like architecture of
Ni(OH)z. For the Ag-Ni(OH)2 composite, Ag nanoparticles were uniformly dispersed on the Ni(OH)2
nanosheets. In contrast, no Cu(OH)2 phase was detected in the Cu-Ni(OH)2 composite, likely because
of Cu substituting the Ni sites within the Ni(OH): lattice. Owing to their unique three-dimensional
(BD) flower-like structure, large specific surface area, and enhanced physicochemical properties
introduced by metal modification, these materials are potentially suitable for applications in
electrochemical sensing, catalysis, and biomedical fields.
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1 Introduction

Nanomaterials are materials with nanoscale (1-
100 nm)

structures

dimensions or contain nanoscale

within or on their surfaces. A
nanometer corresponds approximately to five
silicon atoms or ten hydrogen atoms aligned in a
row [1]. Such an extremely small scale imparts
nanomaterials with unique properties that are
markedly different from those of bulk materials.
Their ultrafine size results in a large specific
surface area, thereby enhancing chemical and
physical ~ properties,  including  electrical
conductivity, magnetism, optical characteristics,
and catalytic activity. Accordingly, nanomaterials
have attracted significant attention for diverse
applications, such as biomedicine, information
technology, environmental protection, and energy
[2]. To date, their development has been guided

by strategies that include multi-component
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material design [3], morphology control, surface
defect

engineering [5], yielding a variety of novel and

functionalisation [4], and crystal

intriguing properties.

Transition metal oxides, metal oxides, and
hydroxides represent an important class of
materials because of their intriguing properties,
such as magnetic, electrical
[6-8].

hydroxide (Ni(OH)2) has demonstrated significant

optical, and

characteristics Among them, nickel
potential in several key applications, such as
biosensing, energy storage, and catalysis. Ni(OH)2
is considered a promising biosensor material
owing to its low toxicity, cost-effectiveness, high
biocompatibility, and strong interactions with
biomolecules [9]. Rahmati et al. [10] functionalised
screen-printed carbon electrodes with a layer of
Ni(OH): which  enhanced

interactions with the spike protein of SARS-CoV-

nanoparticles,
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2. This biosensor exhibited high sensitivity and
highly
immunodiagnostic approach for detecting SARS-
CoV-2 antibodies. Ni(OH): has also been explored

promising

specificity,  offering a effective

as a electrode  material for
supercapacitors. It has been investigated as a
pseudocapacitive material and remains a key
component in electric vehicles and wearable
electronics because of its unique structure, high
theoretical capacitance, and low cost [11]. Li et al.
[12] demonstrated that amorphous Ni(OH):
nanospheres exhibit excellent electrochemical
performance, making them suitable as advanced
electrode materials for pseudocapacitors with
high specific capacitance, energy density, power
density, and long cycle life. Wu et al. [13] reported
that Ni(OH)2 also shows considerable promise as
an electrocatalyst for the urea oxidation reaction,
applicable in energy conversion devices such as

direct urea fuel cells.

Up to various

nanostructures have been

present, Ni(OH):2
successfully
synthesised with different methods, including
nanorods [14], nanoparticles [15], hexagonal
nanosheets [5], and flower-like architectures [16].
These

enhancements in the Ni(OH): physicochemical

diverse morphologies provide
properties and also serve as attractive precursors

for the fabrication of NiO nanostructures.

In addition, doping or integrating Ni(OH).
with functional materials has emerged as an
effective strategy to create advanced hybrid
materials. Shakir et al. [17] demonstrated that a
Ni(OH)2-based nanohybrid

carbon nanotubes exhibits superior electrical

incorporating 5%

conductivity and specific capacitance compared
with pristine Ni(OH),, while also showing
reduced charge-transfer resistance. Owing to
these characteristics, the 3-Ni(OH)2@CNT hybrid
is considered a highly promising material for

positive electrode in next-generation energy

24

storage devices. Xu et al. [18] suggested that the
crystallinity, morphology, and electronic structure
of Ni(OH)2/TisC2Tx electrodes can be tuned
through electrochemical activation, leading to
improved conductivity and enhanced redox
activity. Bao et al. [19] further found that
Ag/Ni(OH): exhibit
excellent catalytic activity for the reduction of 4-
nitrophenol by NaBHa4. In this hybrid, Ni(OH)2

serves as a crucial supporting matrix for the

nanosheet  composites

formation of Ag nanoparticles, functioning not
only as an efficient adsorbent for Ag*ions but also
as a source of OH- groups that accelerate the
Therefore, the

modification of Ni(OH)2 nanostructures with

reaction. synthesis  and
functional materials, particularly those containing
semiconducting and noble metals with superior
catalytic  or  electrochemical  performance,
represent an important and ongoing research

direction.

In this study, we used a simple template-
method to

flower-like

free hydrothermal successfully

synthesise micro/nanostructured
Ni(OH).. The three-dimensional structure of
Ni(OH)z, formed through the self-assembly of thin
nanosheets, could be modified with functional
components such as Ag and Cu. This modification
can be conducted simultaneously during the
synthesis of Ni(OH): by adding an appropriate
amount of Cu salt into the reaction solution, or it
can be performed after the Ni(OH): structure has
been successfully synthesised by decorating Ag
nanoparticles onto the nanosheet surfaces. While
Cu atoms substitute Ni sites within the Ni(OH)2
crystal lattice, the Ag—Ni(OH)2 composite exhibits
well-dispersed Ag nanoparticles anchored onto
the Ni(OH):2 nanosheets. Owing to their unique
hierarchical 3D spherical structures, the intriguing
physicochemical characteristics of Ni(OH)2, and
the incorporation of Ag and Cu nanoparticles,

these composites exhibit great potential for
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applications in biosensing, electrocatalysis, and

biomedical materials.

2 Experimental

2.1 Materials

All the reagents were of analytical grade and used
further purification. Ni(NOs)2:6H20,
AgNOs, and Cu(NOs)2:3H20 were purchased from

Sigma-Aldrich, and urea was purchased from

without

Guangzhou, China.

2.2 Synthesis and characterisations

Synthesis of flower-like Ni(OH):

nano/microstructures

Ni(OH), nano/microstructures were synthesised
following our previous report [16] with minor
modifications. First, 1.24 g of Ni(NOs)2:6H20 and
13.5 g of urea were dissolved in 435 mL of water.
The mixture was stirred for 15 min with a
magnetic stirrer, transferred into a Teflon-lined
autoclave, and hydrothermally treated at 60 °C for
12 h. It was then further treated at 90 °C for an
additional 8 h. After the hydrothermal process,
the autoclave was allowed to cool naturally to
ambient temperature. The solid product was
collected by centrifugation, washed with water
and ethanol, and dried at 60 °C for 24 h to obtain
the Ni(OH)2 nanomaterial.

Synthesis of Ag-modified flower-like Ni(OH):
nanocomposite

An amount of 0.3 g of the as-synthesised Ni(OH)2
was dispersed in 100 mL of water and stirred at
70 °C for 15 min. Subsequently, x mL of a 1%
AgNO:s solution (x = 0.5, 1, 2, 3 mL) was added,
followed by the rapid addition of 2 mL of freshly
prepared 2% NaBHas. The mixture was maintained
at 70 °C and stirred for 1 h, then cooled naturally
to ambient temperature. It was subsequently

centrifuged, washed with water and ethanol, and
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dried at 60 °C for 24 h to obtain Ag-modified
Ni(OH), nanocomposites. The resulting samples
are denoted as xAg-Ni(OH)2, where x represents
the volume of the 1% AgNOs solution added.

Synthesis of Cu-modified flower-like Ni(OH),
nanocomposites

The synthesis procedure was identical to that of
pure flower-like Ni(OH): structures. A defined
amount of Cu(NOs)»3H20 was added to the
precursor mixture at an x% molar ratio relative to
Ni(NOs)2:6H20, where x = 1, 3, 5, and 7%. The
resulting Cu-modified
as x%Cu-Ni(OH)z.

samples are denoted

Material characterisation

The «crystal phases of the samples were
characterised by means of X-ray diffraction (XRD,
Bruker D8 Advance) with Cu-Ka radiation
(1.54056 A). Scanning electron microscopy (SEM,
JSM-5300LV) and

spectroscopy (EDX) were employed to analyse the

energy-dispersive  X-ray
morphology and elemental composition of the

samples, respectively. Transmission electron
microscopy (TEM) was performed with a JEOL
JEM 1230 instrument. The specific surface area
was determined via Brunauer-Emmett-Teller
(BET) analysis based on nitrogen adsorption-
desorption isotherms (Micromeritics Tristar 3030),
while the pore size distribution of the
nanomaterials was calculated with the Barrett—

Joyner-Halenda (BJH) method.

3 Results and discussion

Fig. 1 presents the characteristic SEM, TEM, and
XRD analysis results of the single-phase Ni(OH)2
material. As shown in Fig. la, the material
exhibits a flower-like spherical morphology with
a porous, mesh-like surface. The higher-resolution
SEM image that the 3D

architecture is constructed from interwoven

reveals spherical
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nanosheets with a thickness of approximately 2-3
nm. In addition, the TEM image provides a more
precise visualisation of the ultrathin Ni(OH):
nanosheets, where a low contrast arises from the
insufficient sheet thickness to strongly scatter the
electron beam, resulting in brighter regions in the

TEM micrograph.

The XRD pattern exhibits diffraction peaks
at 20 = 119, 2430, 3325 and 59.44°
corresponding to the (003), (006), (101), and (110)
crystal planes of a-Ni(OH)2 (JCPDS No. 38-0715).
No diffraction peaks associated with impurities or
the 3-Ni(OH)2 phase are observed, confirming the
high purity of the synthesised material.

Intensity (a.u.)

10 20 30 _40 50 60 70 8
2-Theta (deg.)

Fig.1. SEM images (a, b); TEM image (c);
XRD pattern (d) of the flower-like Ni(OH)2
architecture

Fig. 2 shows the SEM images of flower-like
Ni(OH)2 materials modified with varying Cu
contents ranging from 1 to 7%. The results
indicate that Cu modification significantly
changes the morphology compared with the
pristine Ni(OH). For the 1% Cu sample, the SEM
images in Figs. 2a and 2b show that the flower-
like structure similar to pristine Ni(OH)2 is still
maintained. When the Cu content increases to 3%,
the flower-like morphology gradually collapses,
as shown in Figs. 2c and 2d. For samples with
higher Cu contents (5% Cu and 7% Cu, Figs. 2e-

2h), the flower-like structure is completely
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disrupted, and the material forms interconnected
nanosheets. This phenomenon can be attributed to
the fact that the modification process often alters
the crystal structure of the host material and
introduces defects into the lattice [20].

Fig. 2. SEM images of the 1%Cu-Ni(OH): (a, b); 3%Cu-
Ni(OH): (¢, d); 5%Cu-Ni(OH): (e, ); 7%Cu-Ni(OH)»
(g, h) samples

The phase composition of the Cu-doped
Ni(OH): materials was characterised by using
XRD. The results are presented in Fig. 3. Fig. 3a
shows that the Ni(OH): samples doped with
different Cu contents exhibit the characteristic
peaks of single-phase Ni(OH)2, with no peaks
corresponding to Cu-related compounds. This
may be attributed to the incorporation of Cu
atoms into the Ni(OH): lattice through isomorphic
addition, the
diffraction peaks of Ni(OH): gradually decreases

substitution. In intensity  of
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as the initial Cu doping content increases,
indicating that the Ni(OH): crystal lattice is
significantly altered when Ni sites are substituted
by Cu. The diffraction peak position of the (003)
crystal plane for the 5%Cu-Ni(OH):2 and 7%Cu-
Ni(OH)2 samples shows a slight shift toward
higher angles, confirming that the doping process
modifies the Ni(OH): lattice structure, particularly
at high Cu concentrations. This observation is

consistent with the SEM results shown in Fig. 2.

1) Ni(OH),
2) 1%Cu-Ni

g g
(3) 3%Cu-Ni
(
(

OH),
OH),
OH),
OH),

4) 5%Cu-Ni
5) 7%Cu-Nil

(006)
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=
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Fig. 3. (a) XRD patterns of Ni(OH), and Cu-doped
Ni(OH): with different Cu contents; (b) XRD peak
positions of the (003) crystal plane for the samples

The elemental composition of the Ni(OH),
and Cu-doped  Ni(OH):

characterised by means of EDX, and the results

samples  was

are presented in Fig. 4 and Table 1. As shown in
Fig. 4a, the single-phase Ni(OH), sample contains
two elements, Ni and O, with an O/Ni ratio of
approximately 2. In contrast, the Cu-doped
Ni(OH)2 nanomaterials contain three elements:
Ni, O, and Cu. As the initial Cu content used for

DOI: 10.26459 /hueunijns.v134i1D.8175

doping increases, the intensity of the Cu peak in
the  EDX

pronounced. This result is consistent with the

digractogram  becomes  more
elemental contents presented in Table 1, which
shows that the Cu content increases linearly from
the 1%Cu-Ni(OH)2 sample to the 7%Cu-Ni(OH)2
sample. In addition, the atomic ratio of Ni/Cu is
fairly consistent with the initial ratio of the

precursor salts used.

Fig. 4. EDX spectra of (a) Ni(OH)z; (b) 1%Cu-Ni(OH);
(¢) 3%Cu-Ni(OH)z; (d) 5%Cu-Ni(OH); (e) 7%Cu-
Ni(OH):

The Ag-modified micro/nano spherical
Ni(OH)2 materials were also characterised by
using SEM, TEM, XRD, and EDX. Fig. 5 shows the
SEM images of the Ag-Ni(OH): microspheres
with different Ag contents (controlled by varying
the amount of 1% AgNO:s solution added during
the synthesis). The results indicate that the
original spherical structure of Ni(OH): is well
preserved despite changes in the Ag doping
content. This may be attributed to the two-step
synthesis process. In the first stage, the
micro/nano spherical Ni(OH): structure formed
stably. In the second stage, Ag modification
occurs only on the material surface, causing
minimal impact on the crystal structure of
Ni(OH)2. Higher-resolution SEM images show the
formation of Ag nanoparticles on the Ni(OH)2
surface. As the initial Ag doping content
increases, the number of Ag nanoparticles formed

on the Ni(OH): surface also increases.
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Fig. 5. SEM images of the 0.5Ag-Ni(OH): (a, b); 1Ag-
Ni(OH): (¢, d); 2Ag-Ni(OH): (e, f); 3Ag-Ni(OH)2 (g, h)

samples

The XRD patterns of the Ag-modified
Ni(OH)2 materials shown in Fig. 6 reveal that, in
addition to the characteristic peaks of Ni(OH), a
diffraction peak appears at approximately 20 ~
38.20°, corresponding to the (111) crystal plane of
Ag. Notably, the intensity of this peak increases
initial Ag
confirming the successful modification of Ag on
the Ni(OH): surface.

progressively with the content,

To further confirm the successful
modification of Ag on the Ni(OH): surface, the
materials were additionally characterised by
means of EDX, and the results are presented in
Fig. 7 and Table 2. The results show that, in
addition to Ni and O—the main elements of
Ni(OH):—the element Ag also appears in all
samples. The data in Table 2 indicate that the

percentage of Ag in the samples increases

28

correspondingly with the initial amount of Ag
added. The combined XRD and EDX results
demonstrate that Ag can be successfully
incorporated onto the surface of Ni(OH): at

different concentrations.

Intensity (a.u.)
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Fig. 6. XRD patterns of 0.5Ag-Ni(OH): (a); 1Ag-Ni(OH)2
(b); 2Ag-Ni(OH)2 (c); 3Ag-Ni(OH): (d)

Fig. 7. EDX spectra of the 0.5Ag-Ni(OH): (a); 1Ag-
Ni(OH)2 (b); 2Ag-Ni(OH)2 (c); 3Ag-Ni(OH):2 (d) samples
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Fig. 8. N2 adsorption/desorption isotherms and
corresponding BJH pore size distribution curves of the
3%Cu-Ni(OH): (a, b); 1Ag-Ni(OH)2 (¢, d) materials

To determine the porous structure of the
materials, we analysed the N2
adsorption/desorption isotherms of the 3%Cu-
Ni(OH)2 and 1Ag-Ni(OH)2

(representative samples with intermediate doping

samples

levels that still maintain a well-defined 3D

spherical structure), as shown in Fig. 8. The

results reveal that both materials exhibit type IV
isotherms according to IUPAC classification, with
H3 hysteresis loops, characteristic of mesoporous
materials. The 3%Cu-Ni(OH)2 and 1Ag-Ni(OH)2
samples exhibit a large specific surface area of 53
m?/g and 37 m?/g, respectively. The formation of
Ag nanoparticles on the Ni(OH), surface may
partially block the pore system of the 3D spherical
structure, resulting in a smaller specific surface
area for 1Ag-Ni(OH): compared with 3%Cu-
Ni(OH)a.

The pore size distribution curves of the two
materials are also quite similar, with pore systems
falling within the mesoporous range. These
functional materials possess larger specific surface
areas than the micro-flower Ni(OH): structure
previously reported by us [16], and other Ni(OH)2
nanostructures such as hexagonal nanosheets [21],
nanocones, and nanoflowers [22]. In addition,
with their mesoporous networks, these materials
show great potential for applications in catalysis,

adsorption, sensing, and biomedicine.

Table 1. Elemental composition of Ni(OH)2 and Cu-doped Ni(OH): with different doping levels

Sample
Element Ni(OH): 1%Cu-Ni(OH)2 3%Cu-Ni(OH): 5%Cu-Ni(OH): 7%Cu-Ni(OH):2
Wt. (%)  At. (%) Wt (%) At (%) Wt (%) At. (%) Wt (%) At (%) Wt (%) At (%)
(@) 35.19 66.58 38.16 69.38 39.09 70.23 40.03 71.08 41.81 72.59
Ni 64.81 33.42 61.12 30.29 59.06 28.93 57.18 27.68 54.43 25.76
Cu 0 0 0.72 0.33 1.85 0.84 2.79 1.24 3.76 1.65
Table 2. Elemental composition of Ag-modified Ni(OH): with different Ag contents
Sample
Element 0.5Ag-Ni(OH)2 1Ag-Ni(OH)2 2Ag-Ni(OH)2 3Ag-Ni(OH)2
Wt. (%) At. (%) Wt. (%) At. (%) Wt. (%) At. (%) Wt. (%) At. (%)
(@) 314 62.87 37.77 69.46 35.85 67.86 36.25 68.3
Ni 67.36 36.76 59.39 29.76 60.12 31.01 59.3 30.45
Ag 1.24 0.37 2.85 0.78 4.04 1.13 445 1.24
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4 Conclusions

In this report, we successfully synthesised two
functional nanocomposite materials, Cu-Ni(OH)2
and Ag-Ni(OH)2. The materials exhibit a unique
spherical architecture constructed primarily from
nanosheets. Characteristic results reveal that Cu
substitutes Ni through isomorphic substitution
within the Ni(OH): crystal lattice, whereas Ag
nanoparticles are dispersed on the surface of
Ni(OH)z. With low Cu doping levels (1% and 3%),
the 3D structure of Ni(OH): is
preserved. Meanwhile, Ag is introduced onto a
pre-formed and stable 3D Ni(OH):2 structure;

therefore, even with varying Ag contents, the

spherical

spherical morphology of Ni(OH): remains well
maintained.

With
properties and large specific surface areas, the Cu-

Ni(OH)2 and Ag-Ni(OH)2 nanocomposites exhibit

great potential for various applications such as

their ~unique physicochemical

catalysis, biosensing, and biomedical fields.
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