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Abstract: The objective of this concept article is to develop a new method for synthesizing nickel hydroxides,
with a special interest in nickel oxyhydroxide (NiOx), which is extensively studied as an electrocatalyst for the
alkaline oxygen evolution reaction (OER) in water electrolysis for hydrogen generation. The adoption of hydrogen
economy faces several challenges, but effective OER catalysts can help to generate hydrogen cost-effectively for
energy. We propose using the electrodeposition of NiOx from a redox surfactant microemulsion to create
nanoscale NiOx particles that enhance the material’s electronic and geometric properties, leading to maximum
energy efficiency for the OER. The microemulsion approach is a bottom-up technique that can be performed at
low temperatures, making it a low-cost method. This technique can be used to synthesize other nanoscale materials.

Keywords: nanosized nickel hydroxide, nanosized nickel oxyhydroxide, redox microemulsion, redox surfactant,
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1. Introduction

A recent literature review on nickel hydroxide and related materials [1] shows different methods of
synthesizing nickel hydroxide, with six being the most commonly used. These techniques include chemical
precipitation, electrochemical precipitation, sol-gel synthesis, chemical aging, hydro- and solvothermal synthesis,
and surface layers on nickel. Three key variables in selecting the synthesis method of Ni(OH); are phase (o, v, B),
crystallinity, and product morphology (porosity, nanostructured, etc.). Of all these synthesis methods, the most
popular for the oxygen evolution reaction (OER) in water electrolysis are the electrochemical-derived methods,
such as electrodeposition and electrochemical aging, as these methods allow certain control of the phases y and f.
These phases are associated with the electroactivity of nickel oxyhydroxide (NiOx)-based catalysts for the OER
[2-7].

NiOx is a widely researched material for alkaline OER due to its excellent catalytic activity and earth
abundance. The addition of iron dopant to NiOx resulted in an excellent catalyst for the OER [8-11], making this
a promising area for further research. Most of the published literature [9-18] focuses on bulk electrodeposited
alloys of NiOx, including iron. However, this concept paper aims to improve the geometric factor in addition to
the electronic factor. Developing nanosized particles of NiOx alloys can enhance the geometric factor, but there
is currently no literature on synthesizing nanosized nickel oxyhydroxide alloys. We believe that electrochemical-
derived methods to synthesize nanoparticles of NiOx alloys can produce highly active catalysts for the OER.
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Although our main focus is the OER, this material/method can be tested for fuel cells and batteries. In addition,
this technique can be used to synthesize other chemicals for nanoapplications.

We have developed a derived Watts bath to electrodeposit thin films of FeNiOx (iron as a doping material)
and found highly active combinations for alkaline OER [19-22]. We believe that using a redox surfactant — for
example, the one used by Rosslee [23]. (i.e. used to electrolytically recover chemicals in solution) — as a
microemulsion of a Watts bath in oil can be achieved (i.e. reverse micelles), as shown in Fig. 1. Making nanosized
NiOx alloys with such a microemulsion can make better NiOx-based catalysts. We have worked with Raney NiOx
in the past and proven that a porous substrate [20], such as Raney Ni, enhances the geometric factor of NiOx. It
should be noted that Rosslee also mentions light-activated surfactants [23], and we will consider developing
alternative methods of NiOx synthesis involving such a surfactant in the future.

2. Rationale
2.1 Redox surfactant-based microemulsion

Fig. 1 shows the difference between emulsion and microemulsion. Immiscible liquids, like water and oil, can
make a microemulsion when a surfactant is added, as Fig. 1 illustrates. A surfactant is a long organic molecule
with one end that is hydrophilic and the other hydrophobic, and it acts as an emulsifying agent by reducing the
interfacial tension (y) between two immiscible liquids. A redox surfactant — for instance, 11-
(ferrocenylundecyl)trimethylammonium bromide [23] — can be used to make a Watts bath soluble in oil via
microemulsion. Nanosized aqueous core (refer to Fig. 1) micelles can be coulombically attracted to a charged
electrode for a reaction to occur.

2.2 Redox microemulsion-assisted electrodeposition

Fig. 2 shows a three-electrode setup for electrodeposition (top left), pulse and continuous electrodeposition
regimes (top right), and the role that the redox surfactant plays during the electrodeposition of nanosized particles
of NiOx alloys (bottom). A Watts-derived media and oil microemulsion are employed as the solution for the
electrodeposition of nanosized NiOx alloys. A few technical considerations must be highlighted: a pulse voltage
or continuous current as the method of electrodeposition is determined empirically, and the oil background
electrolyte for the electrodeposition requires an inert supporting salt to make it conductive.

2.3 OER mechanism on NiOx-based electrocatalysts

Fig. 3 shows typical cyclic voltammograms (CVs) of NiOx electrocatalysts for the OER [9-18]. The
oxidation and reduction peaks of the [1/07 system are shown (i.e. Ni (111/11)), including the oxygen evolution region.
Three CVs are drawn: the common or typical CV found in most literature, a highly efficient CV found in a few
publications, and a poorly efficient CV, which is also found in some publications and interpreted as highly efficient
occasionally. We have developed a method to synthesize NiOx-based catalysts [19] that exhibit a CV similar to
that found in highly efficient OER electrocatalysts, and we use this method in combination with redox surfactants
to synthesize better OER catalysts (refer to Fig. 2).

There is a debate in the electrochemical community about the suitable mechanism for the OER on NiOx,
with some publications claiming that the [1-NiOx phase is active while others argue in favor of the [1-NiOx phase
[2-7]. We recognize the importance of describing the OER mechanism and know these conflicts in the literature.
The similarity in properties between [J- and [1-NiOx phases has made it difficult to reach a consensus [18,24,25].
We will consider these factors when interpreting and developing our methods and results.

Fig. 3 also indicates the challenge in reproducing results for amorphous NiOx-based catalysts [8]. At the
I2CNER seminar [26], Berlinguette explained the difference between amorphous and crystalline NiOx, the
importance of Ni(IV) in the OER mechanism, and a new method to make crystalline NiOx films via
photochemistry. Berlinguette mentioned that amorphous NiOx is generally more active than its crystalline version.
He achieved reproducibility but was not able to produce highly efficient OER catalysts.
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Figure 1. Description of a microemulsion.
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Figure 2. Surfactant-assisted electrodeposition of (y, B) FeNiOx.
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Figure 3. Common cyclic voltammograms found for electromade NiOx-based catalysts (i and V are current and potential, respectively).
3. Experimental Setup/Project Description

Fig. 2 (top left) shows a three-electrode setup (plating station) to synthesize nanosized NiOx-based
electrocatalysts. Fig. 1 explains how the microemulsion (i.e. plating bath) is made. In the rationale section, we
illustrate the potential materials to be used as redox surfactants: a nickel-plating bath and an oil with an inert salt.
The deposition mechanism is illustrated in Fig. 2 (bottom) in which the consumed reverse micelle becomes a
monomer as it is oxidized/reduced depending on the electric charge of the working electrode. The deposited nano-
NiOx is then tested electrochemically by cyclic and liner voltammetry to determine its OER efficiency.
Electrochemical impedance, Raman spectroscopy, and scanning electron microscopy equipped with energy-
dispersive X-ray spectroscopy are additional techniques considered for further testing of the developed samples.
These techniques can help us understand the source of activity of the developed material.

4. Expectations/Goals

New synthesis methods for nickel hydroxides can lead to improved materials with higher efficiency and
lower cost for batteries and electrocatalysts. Our research aims to develop nanosized NiOx alloys that can improve
the overpotential of the OER by several tens of millivolts, which is significant because the cost [27] of hydrogen
generation is highly dependent on the overpotential of the reaction. Future work can include using porous catalyst
carriers to explore further improvements of the developed NiOx-based electrocatalyst.
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