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Abstract

A controlled growth characteristic of CoNiCu nanoalloys on indium tin oxide coated glass (ITO) has
been prepared by alkyl polyglucoside (APG) assisted electrodeposition. The FESEM analysis carried out
on the as-prepared samples found that the morphology of nanoscale Co-Ni-Cu alloy particles was
strongly influenced by the APG surfactant in the reaction. In a typical process, the morphology of Co-Ni-
Cu particles was spherical with excellent size distribution of average size ca. 50 nm. It is in total contrast
with those prepared in the absence of APG, of which is irregular shape particles of size ca. 100 nm as
the dominant product. The composition analysis on the deposits found that the addition of the APG
surfactant in the reaction may modify the ratio of the alloys to some extents, as the change in the co-
electrodeposition potential become improbable in the system without the APG surfactant.
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1. INRODUCTION

CoNiCu alloys have attracted active
attention in materials chemistry synthesis
due to their potential applications for
hydrogen evolution reaction electrocatalyst
[1], non-enzymatic glucose sensor [2] giant
magneto-resistive read heads [3], and
magnetic data storage [4-7]. A relatively
high corrosion resistance of the CoNiCu
[8,9] is known as an advantage which
makes these alloys usable over a long
period of time. For such applications,
CoNiCu properties can be improved by
adjusting their chemical composition and
preparing the alloys as nano-sized particle
[10-12]. In the last two decades, CoNiCu
alloys were synthesized using mechanical
alloying [10], microemulsion [13], spray
pyrolysis [14] and powder metallurgy [15].
These  methods  were  successfully
employed to control chemicals
composition and particles size of Co-Ni-
Cu. However, since most applications
required the alloys to be prepared a thin
layer material on a solid substrate, a

technique that can grow the Co-Ni-Cu
directly on a substrate is highly demanded.
Electrodeposition is one of a prospective
method for growing Co-Ni-Cu film
directly on the surface [16]. This technique
was recognized as a versatile bottom-up
method that can produce films with
controlled morphology, density as well as
chemical composition of which can be
achieved by a simple adjustment in the
electrodeposition parameters, such as
current density and potential [17-20].
However, there is a several major
drawback in the electrodeposition of nano-
particles onto the substrate surface, such as
uncontrolled morphology and composition,
strong morphology-, density-, particles
dispersion-electrodeposition ~ parameters
relationship, etc [1]. Recently, the use of
surfactant is likely one of useful methods
to modify particles growth on electrode
surface [21,22]. As has been well-known,
the surfactant may control the nature of the
metal ions reduction that manifested by the
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change in the reduction rate and the
crystallization characteristic of electro-
deposit on electrode [23]. By simply
adjusting surfactant concentration, nano-
particles with controlled size, density and
dispersion can be obtained [24,25]. These
certainly influence the quality of the
electrodeposited in general. Therefore,
owing to the simplicity of electro-
deposition technique to grow nanosized
particles, the effort to improve the growth
characteristic of the Co-Ni-Cu nanoalloys
using this method in order to produce
excellent particles size  distribution,
dispersion and density should be
continuously demonstrated [24].

In this study, the CoNiCu alloy nano-
particles called nanoalloys were prepared
by electrodeposition technique from the
electrolyte containing alkyl polyglucoside
(APG). APG is a glycolipid surfactant [26]
that exhibits excellent physicochemical
proper-ties and environmental compati-
bility [27, 28]. To modify morphology and
chemical compo-sition of the alloy, the
electrodeposition potential was varied. The
effect of the APG surfactant on
morphology, chemical composition and
structure of the alloy are discussed.

2. MATERIALS AND METHODS

The chemicals wused for sample
preparation were C0S04.7H20,
NiSO4.6H20, CuS04.5H,0 and H3BO3
which were supplied by Sigma-Aldrich.
Alkyl polyglucoside as the surfactant was
purchased from Fluka. The indium-tin
oxide coated glass substrate (ITO) with
diameter of 1.1 cm was supplied by
Praezisions Glas & Optik GmbH. The
sheet resistance of ITO substrate is 10
ohms/square.

The electrochemical experiments were
carried out in a three-electrode cell with
the ITO substrate, a platinum wire and a
saturated calomel electrode (SCE) acted as
working electrode, counter electrode and
reference electrode, respectively. The ITO
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substrate was firstly cleaned using
ultrasonic cleaner in acetone and then
rinsed by a copious amount of de-ionized
water. The cyclic voltammetry measure-
ments were conducted in an electrolyte
containing CoSO4, NiSO4, CuSO4 of 0.20
M and HsBOz of 0.4 M. The CoNiCu
nanoparticles were prepared from the
electrolyte by potentio-static technique
performed using a GAMRY PCl4
potentiostat that controlled with DC105
software. In the preparation process, we
studied the Co-Ni-Cu nanoalloys electro-
deposition in the absence and in the
presence of 325 wt% of alkyl
polyglucoside. In typical procedure, a pure
argon gas flow was purged into the
electrolyte for 15 minutes to remove any
oxygen content before performing the
sample preparation.

Structural ~ characterization of the
sample was carried out by a Bruker D8
Advance X-ray diffractometer (XRD) with
grazing incidence configuration (GIXRD).
Morphological analysis was examined
using a SUPRA 55VP field emission
scanning electron microscope (FESEM).
The elemental mapping and chemicals
composition of the deposits were examined
using an Oxford energy dispersive X-ray
spectrometer (EDX) which is attached to
the FESEM.

3. RESULTS AND DISCUSSION

Figure 1 shows potentiostatic current
transients for electrodeposition of cobalt,
nickel and copper at co-deposition
potential of -950 mV vs SCE for 150
seconds, both in the absence and in the
presence of the surfactant. Without APG,
the nucleation was found to occur in the
system as shown by the significant
increase of the current at the first 20
seconds that followed by a diffusion
process as indicated by a drastic decrease
in the current density after reaching the
maximum value [29]. From the curve, it
can also be understood that the growth and
the stability characteristics of the nuclei are
excellent of which indicated by presence of
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a steady linear increase in current density
of the system up to a maximum value [30].
In contrast to the system without APG, the
current transient obtained from the
electrolyte that contains APG indicated a
slower nuclei formation. This could be
probably due to a successful adsorption of
the surfactant molecules onto the ITO
surface that covered the active area of the
substrate [24,31]. This in turn may result in
the inhibition of ions transfer from the
electrolyte onto the electrode surface [32]
and certainly decreased the metal ions
reduction on the surface. Hence, a low
current density was recorded from the
electrolyte containing the surfactant.
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Figure 1. Potentiostatic current transients

recorded in the electrolytes containing 0.2

M of Co?", Ni** and Cu?* both in the

absence and in the presence of alkyl

polyglucoside.

FESEM micrograph of the Co-Ni-Cu
nanoparticles prepared with with different
concentration of surfactant are shown in
Figure 2. The micrograph shows that the
Co-Ni-Cu nanoalloys prepared without the
surfactant exhibits the formation of
irregular  shape  nanoparticles  that
agglomerated and formed a dense deposit
(Figure 2a). However, characteristics of
the CoNiCu particle found to be different
when the APG surfactant was introduced
into the electrolyte. In this case, the
particles shape was much uniform
compared to those without surfactant,
namely  spherical  with  size  of

approximately 20-50 nm. Interestingly, no
particles agglomeration was found on the
surface (Figure 2b). This result could be
attributed to the surfactant adsorption on
the particles surface that protected them
from agglomeration with other particles
[24].

Cu nanoalloys prepared at potential of -
950 mV vs SCE (a) in the absence and (b)
in the presence of APG surfactant.

Moreover, the adsorption of the surfactant
on the substrate could provide a template
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Figure 3. FESEM micrographs of Co-Ni-Cu nanoalloys particles obtained from electrolyte
containing APG surfactant at different electrodeposition potential (a) -850, (b) -875, (c) -900,
(d) 925, (e) -950 and (f) -975 mV vs SCE.
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[33] that modified the particle growth
characteristic that can be assumed to play a
role in the formation of spherical shape
and well-dispersion nanoparticles on the
surface. The present result is in good
agreement with the previous study [34]
which reported such benefit of surfactant
in controlling the shape and growth
characteristic of the electrodeposited
nanoparticles.

a 5i sn

_+__ 3
Spectrum 4

ket

Figure 4. (a) EDX spectrum obtained from
Co-Ni-Cu  nanoalloys prepared at
electrodeposition potential of -925 mv vs
SCE, (b) EDX point analysis.

Figure 5. Elemental mapping of cobalt,
nickel and copper electrodeposited at
potential of -925 mV vs SCE (a) in the
absence and (b) in the presence of APG
surfactant.

To further understand the particle
growth characteristic in the presence of
APG, the CoNiCu electrodeposition were
performed at different deposition potential,
namely from -850 to -975 mV vs SCE. The
results are shown in Figure 3. The FESEM
micrographs show that the nanoparticle
characteristics, such as morphology,
density and dispersion, indicated the strong
dependency on the applied deposition
potential. For example, at lower potential, -
850 mV vs SCE, scarce and bigger
particles growth on the surface was
obtained from the system. However, the
size of particles significantly decreased
when the applied potential increased.
Meanwhile, for the case of density, the
nanoalloys particles density underwent a
significant increase with the enhancement
of applied deposition potential. At high

International Journal of Nanoscience and Nanotechnology 107



potential, deposits that composed by high
density nanoparticles were obtained. Based
on this result, in the presence of APG, the
applied potentials also played a key
function in controlling the deposit
characteristic of the Co-Ni-Cu nanoalloys.
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Figure 6. Composition of cobalt, nickel
and copper in deposited films in the
absence (......) and in the presence (—) of
APG surfactant.

Figure 4 shows EDX spectra that
confirm the existence of cobalt, nickel and
copper. Other signals come from some
elements of ITO substrate and glass plate
since the Co-Ni-Cu deposits formed on the
substrate is quite thin. The point analysis
was also performed on a particle of the
same sample to confirm the CoNiCu alloy
formation. The result shown in Figure 4b
indicated the existence of the three
elements in the prepared nanoparticle. To
further confirm the element distribution in
the particles’, elemental mapping analysis
was carried out using EDX. Figure 5
presents the distribution of cobalt, nickel
and copper which are indicated with the
red, green and blue dots, respectively. It is
found that all the three metal components
were found to be homogenously
distributed throughout the electrodeposited
nanoparticles, reflecting the formation of
CoNiCu alloy.

Figure 6 shows the average composi-
tions of the CoNiCu alloy which were
prepared at different potentials in the
absence and the presence of the APG
surfactant. For the results obtained without
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surfactant, there was no significant change
observed on the cobalt content if the
reduction potential increased. While in the
presence of surfactant, the content of
nickel was found to increase, while copper
decreased with the increasing of the
applied potential. This could be associated
to increase of co-deposition overpotential
in the presence of surfactant (Q. Wang,
Wang, Wang, & Xu, 2019) that reduced
the deposition rate of the copper which has
lower reduction potential compared to that
of nickel and cobalt.
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Figure 7. GIXRD patterns Co-Ni-Cu
nanoalloys deposits obtained (a) in the
absence and (b) in presence of APG
surfactant.

To further confirm the formation of
CoNiCu alloy, the samples were analyzed
using grazing incidence X-ray
diffractometer technique. The XRD
patterns are shown in Figure 7. For the
case of the sample prepared in the absence
of APG, the peaks at 20 44.53° and 51.62°
were observed. These peaks could be
assigned to the (1 1 1) and (2 0 0) planes of
CoNiCu alloy  structure  [36-38],
respectively. In the presence of surfactant,
the pattern exhibits a strong peak at (2 0 0)
instead of (1 1 1) plane. This certainly
reflected a prefer orientation of the (2 0 0).
This result implies that the APG surfactant
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not only modified the composition of the
alloy, but also altered the crystal growth
orientation.

At this moment, exact function of APG
in modifying the deposition characteristic
of the Co-Ni-Cu nanoalloys, such as
morphology, composition, etc, is not yet
well-understood. However, the following
assumptions can be considered: firstly, the
APG might effectively attach onto the
crystallite deposits and control the growth
orientation of the nanoalloys particles. The
{1 0 0} crystallographic planes are likely
the preferred surface for the APG to be
adsorbed. It is indicated by the strong X-
ray diffraction by this plane as shown in
the XRD pattern. Secondly, the APG
attached onto the nanoparticles surface is
also effectively control the nucleation
process of the metallic atoms onto specific
crystallographic plane. This is resulted in
the slowing the nanocrystal growth.
Consequently, large numbers of new
crystallites were formed and in turn
produced a high density smaller nanoalloys
particle. Thirdly, the APG surfactant
adsorption on the electrode surface was
also occurred on the metal ions species.
This may cause the increased in the
overpotential of the electrodeposition
process. As the results, the chemical
composition of the nanoalloys particles
will be modified compared to those
obtained without APG. The formation of
template by the APG surfactant can also be
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APG molecules on the crystal surface as
well as metallic ion species. Thus modify
the growth characteristic.

ACKNOWLEDGEMENT

The authors thank LPPM Universitas
Negeri Jakarta and Kemenristek-BRIN for
supporting this work through PTUPT
research scheme with contract no.
41/SP2H/DRPM/LPPM/I11/2020.

CONFLICT OF INTEREST

The author declares that there is no
conflict of interest regarding this
publication.

1.

Wang, C,, Li, W., Lu, X., Xie, S., Xiao, F., Liu, P., Tong, Y., "Facile synthesis of porous 3D CoNiCu nano-
network structure and their activity towards hydrogen evolution reaction™, Int. J. Hydrogen Energy, 37
(2012) 18688-18693. https://doi.org/10.1016/j.ijhydene.2012.09.149.

Gong, Y., Gu, F., Zhang, Z., Liu, Y., Li, G., Chen, B., Wang, X., "High-performance non-enzymatic glucose
sensors based on CoNiCu alloy nanotubes arrays prepared by electrodeposition™, Front. Mater., 6 (2019) 1-

Cooper, K. N., Vyas, N. J., Steinke, D. M., Love, C. J.,, Kinane, C. H. W., Barnes, J. F. K., "Neutron
reflectivity of electrodeposited thin magnetic films", Electrochim. Act,. 138 (2014) 56-61.

Takata, P. T. A., Sumodjo, F. M., "Electrodeposition of magnetic CoPd thin films: Influence of plating

Andricacos, N., Robertson, P. C., "Future directions in electroplated materials for thin-film recording

2.
9. https://doi.org/10.3389/fmats.2019.00003.
3.
https://doi.org/10.1016/j.electacta.2014.06.086.
4,
condition", Electrochim. Acta, 52 (2007) 6089 — 6096. https://doi.org/10.1016/j.electacta.2007.03.048.
5.
heads", IBM J. Res. Dev., 42 (1998) 671-680. https://doi.org/10.1147/rd.425.0671.
6.

Kim, D., Park, B. Y., Yoo, P. T. A., Sumodjo, N. V., Myung, D., "Magnetic properties of nanocrystalline
iron group thin film alloys electrodeposited from sulfate and chloride baths", Electrochim. Acta, 48 (2003)
819-830.

International Journal of Nanoscience and Nanotechnology 109



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

Peiravi, M. M., Ashabi, A., "Magneto Effects on Fe304 Nanoparticles through the Triangular and
Rectangular Baffles on Thread Stretching Surface for Rotary Seals in Computer Hardware", Int. J. Nanosci.
Nanotechnol., 18 (2022) 143-156.

Gomez, S., Pané, E., Vallés, E., "Electrodeposition of Co-Ni and Co-Ni-Cu systems in sulphate-citrate
medium", Electrochim. Acta, 51 (2005) 146-153. https://doi.org/10.1016/j.electacta.2005.04.010.
Esfandiarpour, M. N., Nasrabadi, E., "Vacancy formation energy in CuNiCo equimolar alloy and CuNiCoFe
high entropy alloy: ab initio based study”, Calphad Comput. Coupling Phase Diagrams Thermochem, 66
(2019) 101634. https://doi.org/10.1016/j.calphad.2019.101634.

Wen, Q. Y., Liu, Y. F., Wang, Y. Z.,, Zhu, Q. S., Wu, M., "Positive microemulsion synthesis and magnetic
property of amorphous multicomponent Co-, Ni- and Cu-based alloy nanoparticles”, Colloids Surfaces A
Physicochem. Eng. Asp, 318 (2008) 238-244. https://doi.org/10.1016/j.colsurfa.2007.12.041.

Mulyadi Afrizal, M., "The Effects of Deposition Time on Phase and Structure of FeCoNi Films", Chem.
Mater, 1 (2022) 40—44. https://doi.org/10.56425/cma.v1i2.23.

Turmiasaputri, A. 1. N., Handoko, E., Budi, S., "The Effect of Temperature and pH on FeCoNi Film
Electrodeposition”, Chem. Mater., 1 (2022) 61-65. https://doi.org/10.56425/cma.v1i2.25.

Zhanbo, Z., Yaomin, L., Xiaoyuan, S., Xiaoping, S., "Compositions, magnetic properties and GMR
performances of melt-spun Cu-Co-Ni ribbons", J. Magn. Magn. Mater., 269 (2004) 341-345.
https://doi.org/10.1016/S0304-8853(03)00629-2.

Singh, B., Katariya, N., Ganesan, V., Shrivastava, S. B., "Synthesis and structural studies of nickel doped
cobalt ferrite thin films", Int. J. Nanosci. Nanotechnol., 16 (2020) 67—72.

Li, L., Meng, Z., Yuan, X., Zhang, A., "Research on microstructures and properties of CoNiCr and CoNiCu
medium-entropy  alloys”, J. Phys. Conf. Ser., 2044 (2021). https://doi.org/10.1088/1742-
6596/2044/1/012063.

El-Deab, M. S., "On the preferential crystallographic orientation of Au nanoparticles: Effect of
electrodeposition  time", Electrochim. Acta, 54 (2009) 3720-3725. https://doi.org/10.1016/
j.electacta.2009.01.054.

Murakami, Y., Maeda, A., Kitada, K., Murase, K., Fukami, Y., "Electrodeposition of a CoNiCu medium-
entropy alloy in a water-in-oil emulsion”, Electrochem. Commun., 128 (2021) 107057.
https://doi.org/10.1016/j.elecom.2021.107057.

Budi, S., Tawwabin, R. A., Cahyana, U., Paristiowati, M., "Saccharin-assisted Galvanostatic
Electrodeposition of Nanocrystalline FeCo Films on a Flexible Substrate”, Int. J. Electrochem. Sci., 15
(2020) 6682-6694. https://doi.org/10.20964/2020.07.74.

Budi, S., Muhab, S., Purwanto, A., Kurniawan, B., Manaf, A., "Effect of the electrodeposition potential on
the magnetic properties of FeCoNi films", Mater. Sci. Pol., 37 (2019) 389-394. https://doi.org/10.2478/msp-
2019-0044.

Sabella, A., Reyhan Syifa, N. A., "The Effect of Deposition Potential on the Electrodeposition of Platinum
Nanoparticles for Ethanol Electrooxidation”, Chem. Mater., 1 (2022) 88-92. https://doi.org/10.56425/
cma.vli3.46.

Wang, M., Hu, Q., Wang, L., Li, Z., "Efficient and sustainable photocatalytic degradation of dye in
wastewater with porous and recyclable wood foam@V205 photocatalysts”, J. Clean. Prod., 332 (2022)
130054. https://doi.org/10.1016/J.JCLEPRO.2021.130054.

Ahmadi, R., Razzaghian, A., Eivazi, Z., Shahidi, K., "Synthesis of Cu-CuO and Cu-Cu20 Nanoparticles via
Electro-Explosion of Wire Method", Int. J. Nanosci. Nanotechnol., 14 (2018) 93-99.

Onabuta, Y., Kunimoto, M., Ono, F., Fukunaka, Y., Nakai, H., Zangari, G., Homma, T., "Analysis of the
behavior of Zn atoms with a Pb additive on the surface during Zn electrodeposition”, Electrochem.
Commun., 138 (2022) 107291. https://doi.org/10.1016/j.elecom.2022.107291.

Budi, S., Daud, A. R., Radiman, S., Umar, A. A., "Effective electrodeposition of Co-Ni-Cu alloys
nanoparticles in the presence of alkyl polyglucoside surfactant”, Appl. Surf. Sci., 257 (2010) 1027-1033.
https://doi.org/10.1016/j.apsusc.2010.07.103.

Imanian Ghazanlou, A. H. S., Farhood, S., Hosouli, S., Ahmadiyeh, A., Rasooli, S., "Pulse and direct
electrodeposition of Ni—Co/micro and nanosized SiO2 particles”, (2018). https://doi.org/10.1080/
10426914.2017.1364748.

Siddig, S., Radiman, S. V., Muniandy, L. S., Jan, M. A., "Structure of cubic phases in ternary systems
Glucopone/water/hydrocarbon”, Colloids Surfaces A Physicochem. Eng. Asp., 236 (2004) 57-67.
https://doi.org/10.1016/j.colsurfa.2004.01.023.

Vakh, S., Kasper, Y., Kovalchuk, E., Safonova, A., Bulatov, C., "Alkyl polyglucoside-based supramolecular
solvent formation in liquid-phase microextraction”, Anal. Chim. Acta, 1228 (2022) 340304.
https://doi.org/10.1016/j.aca.2022.340304.

llic, M., Cvetkovic, M., Tasic-Kostov, D., "Emulsions with alkyl polyglucosides as carriers for off-label
topical spironolactone—safety and stability evaluation”, Pharm. Dev. Technol., 26 (2021) 373-379.

110 Budi



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

https://doi.org/10.1080/10837450.2021.1874011.

Trejo, H., Ruiz, R. O., Borges, Y., Meas, G., "Influence of polyethoxylated additives on zinc
electrodeposition  from acidic  solutions”, J.  Appl. Electrochem, 31 (2001) 685-692.
https://doi.org/10.1023/A:1017580025961.

Alvarez, D. R., Salinas, A. E., "Nucleation and growth of Zn on HOPG in the presence of gelatine as
additive", J. Electroanal. Chem., 566 (2004) 393-400. https://doi.org/10.1016/j.jelechem.2003.11.051.
Pané, E., Goémez, J., Garcia-Amoros, D., Velasco, E., Vallés, S., "Modulation of the magnetic properties of
CoNi coatings by electrodeposition in the presence of a redox cationic surfactant”, Appl. Surf. Sci., 253
(2006) 2964-2968. https://doi.org/10.1016/j.apsusc.2006.06.040.

Rusling, J. F., "Molecular aspects of electron transfer at electrodes in micellar solutions”, Colloids Surfaces
A Physicochem. Eng. Asp., 123 (1997) 81-88. https://doi.org/10.1016/S0927-7757(96)03789-2.

Manne, S., Cleveland, H. E., Gaub, G. D., Stucky, P. K., Hansma, J. P., "Direct Visualization of Surfactant
Hemimicelles by Force Microscopy of the Electrical Double Layer”, Langmuir, 10 (1994) 4409-4413.
https://doi.org/10.1021/1a00024a003.

Joseph, G. J., Phatak, S., "Effect of surfactant on the bath stability and electrodeposition of Sn-Ag-Cu
films", Surf. Coatings Technol., 202 (2008) 3023-3028. https://doi.org/10.1016/j.surfcoat.2007.11.002.
Wang, D., Wang, H., Wang, C., Xu, Q., "Influence of alkyl polyglucoside and fatty alcohol ether sulfate on
the foaming and wetting properties of sodium dodecyl benzene sulfonate for mine dust control”, Powder
Technol., 345 (2019) 91-98. https://doi.org/10.1016/j.powtec.2018.12.084.

Sogiit, C., Donik, G., Apaydin, O. F., Bakkaloglu, O., "Examination of CoNiCu thin films by using XRF
and XRD", Can. J. Phys., 92 (2014) 435-439. https://doi.org/10.1139/cjp-2012-0538.

Mondal, A., Basumallick, P. P., Chattopadhyay, B. N., "Magnetic behavior of nanocrystalline Cu-Ni-Co
alloys prepared by mechanical alloying and isothermal annealing”, J. Alloys Compd., 457 (2008) 10-14.
https://doi.org/10.1016/j.jallcom.2007.02.139.

Castafio, J. B., de Campos, I. G., Sol6rzano-Naranjo, E., de A. Brocchi, E. P. M., "Characterization of
ternary cunico metallic nanoparticles produced by hydrogen reduction", Materials (Basel) 14 (2021) 1-13.
https://doi.org/10.3390/ma14206006.

International Journal of Nanoscience and Nanotechnology 111



