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Nickel nanoparticle electrodeposition is studied on flat glassy
carbon (GC) or on nitrogen-doped reduced graphene oxide
(rGO-N) substrates. The effects of a very thin (nominally 16 nm)
layer polymer of intrinsic microporosity (PIM-1) are investigated
(i) on enhancing nickel nanoparticle nucleation and growth
during electrodeposition and (ii) on enhancing hydrogen
evolution electrocatalysis. Beneficial effects are tentatively

assigned to PIM-1 suppressing blocking effects from interfacial
hydrogen bubble formation. Exploratory data suggest that in
aqueous 0.5 M NaCl solution (artificial seawater) nickel nano-
particles grown into a thin film of PIM-1 could be a viable
electrocatalyst with an onset of hydrogen evolution only
slightly negative compared to that observed for platinum
nanoparticles.

1. Introduction

New technologies are required for the development of renew-
able and clean energy carriers, especially hydrogen (H2), as a
substitute for traditional fossil fuels.[1] Photocatalytic and/or
electrocatalytic hydrogen evolution reactions (HER) will play an
important part.[2] Although precious metals (Pt, Pd, Rh, etc.) are
highly efficient HER catalysts, their higher cost and scarcity
hinder their practical/sustainable application.[3] Hence, it is
important to develop alternative catalysts with good efficiency,
low cost and earth abundance. Recently, non-noble transition

metals and their related compounds, including oxides, nitrides,
phosphides, carbides and sulphides, have been investigated
and demonstrated to potentially provide alternative catalysts
for HER depending on the applied reaction conditions.[4,5]

Particularly attractive for hydrogen evolution electrocatalysis
were nickel/nickel sulfide,[6] molybdenum sulfide,[7] nickel
phosphide,[8] and vanadium diselenide.[9]

In addition to exploring new catalytic materials, it is also
possible to explore novel catalytic environments and confined
catalysts. For example, supports or coatings of microporous
materials on electrocatalysts could beneficially affect the
catalytic reaction in terms of catalyst durability and kinetics. The
surface of a hydrogen evolution catalyst causes “triphasic”
conditions[10,11] in which gas j liquid j solid phase systems coexist
and interact. The formation of gas bubbles close to or on the
electrocatalytic interface can be an important factor affecting
catalyst blocking or performance. Materials such as Polymers of
Intrinsic Microporosity (PIMs) have been proposed to benefi-
cially affect triphasic interfacial reactions by suppressing bubble
nucleation and adhesion directly to catalyst surfaces.[12] The
electrogenerated product can permeate through nano-channels
in the PIM to then nucleate outside of the polymer film without
blocking access to the catalyst surface. It is shown here, in a
preliminary investigation, that this effect could be beneficial not
only during the hydrogen evolution reaction with a nano-nickel
catalyst, but also during the catalyst nanoparticle nucleation
and electrodeposition process.

PIMs have been introduced into electrochemistry and
catalysis over the last ten years[13,14,15] and have shown to
provide highly molecular structure-dependent effects. PIMs
have a highly rigid and contorted molecular backbone that
creates poor packing/weak interactions in the solid/glassy state
leaving accessible free volume. PIMs are electrical insulators. In
electrochemical systems they can stabilise interfaces and
change interactions for example with gas bubbles. Furthermore,
PIMs are readily soluble into common solvents such as chloro-

[a] J. Isopi, F. Marken
Department of Chemistry, University of Bath, Claverton Down, Bath BA2
7AY, UK
E-mail: f.marken@bath.ac.uk

[b] J. Isopi, M. Marcaccio
Università di Bologna, Dipartimento Chimica “Giacomo Ciamician”, Via
Selmi 2, I-40126 Bologna, Italy
E-mail: massimo.marcaccio@unibo.it

[c] N. B. McKeown
EaStCHEM, School of Chemistry, University of Edinburgh, Joseph Black
Building, David Brewster Road, Edinburgh, Scotland EH9 3JF, UK

[d] M. Carta
Department of Chemistry, Faculty of Science and Engineering, Swansea
University, Grove Building, Singleton Park, Swansea SA2 8PP, UK

[e] G. Tuci
Institute of Chemistry of Organometallic Compounds, ICCOM-CNR and
INSTM Consortium, Via Madonna del Piano 10, 50019 Sesto Fiorentino
(Florence), Italy

[f] G. Giambastiani
Università di Firenze, Dipartimento Chimica “U. Schiff”, Via della Lastruccia
3–13, I-50019 Sesto F.no (Firenze), Italy

Supporting information for this article is available on the WWW under
https://doi.org/10.1002/celc.202300834

© 2024 The Authors. ChemElectroChem published by Wiley-VCH GmbH. This
is an open access article under the terms of the Creative Commons Attri-
bution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.

Wiley VCH Dienstag, 23.04.2024

2499 / 350058 [S. 1/10] 1

ChemElectroChem 2024, e202300834 (1 of 9) © 2024 The Authors. ChemElectroChem published by Wiley-VCH GmbH

ChemElectroChem

www.chemelectrochem.org

Research Article
doi.org/10.1002/celc.202300834

http://orcid.org/0000-0001-9032-0742
https://doi.org/10.1002/celc.202300834
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcelc.202300834&domain=pdf&date_stamp=2024-04-23


form and THF. They are readily cast into highly microporous
film structures with typically 1 nm diameter pores and
channels.[16] PIMs with tertiary amines in the backbone are
known to show pH dependent protonation and anionic
conductivity.[17] They have been employed in ionic current
rectifying nano-membranes[18] and used to immobilise catalysts
at electrode surfaces.[19] PIMs with more hydrophobic channels
have been employed in photoelectrochemistry,[20] as a precursor
for porous carbon,[21] in lithium-ion batteries,[22] and in mem-
branes for redox flow systems.[23–25] In this study, the micro-
porous polymer PIM-1 (Scheme 1) is employed, which has been
investigated previously, for example, for the absorption[26] and
permeation/separation of gases.[27]

In this work, the electrodeposition of nickel nanoparticles as
non-noble metal electrocatalyst is investigated. Nickel and
nickel alloys are known to have good catalytic properties for
many applications[28,29] and are appropriate for hydrogen
evolution in aqueous 0.5 M NaCl. Nickel nanoparticles are
formed on either glassy carbon (GC) or on N-doped reduced
graphene oxide (rGO-N). This nickel electrocatalyst is then
investigated in the absence or in the presence of a PIM-1
coating (Scheme 1). Preliminary experiments are performed by
first electrodepositing nano-nickel followed by PIM-1 coating or
by directly electrodepositing nano-nickel into the microporous
PIM-1 film on a carbon substrate. Preliminary data suggest that
the latter approach proves to be more effective for producing
better nickel nanoparticle plating results and more effective for
making an active hydrogen evolution electrocatalyst as long as
the PIM-1 film is very thin.

2. Results and Discussion

2.1. Electrolytic Formation of Platinum and Nickel
Nanoparticle Catalysts

Nanoparticle deposits were produced by cycling the applied
potential. Prior to each nanoparticle growth experiment, the

support was carefully cleaned by polishing (see experimental
section). Figure 1A shows data for the electrodeposition of Ni
nanoparticles (Ni-NPs) on glassy carbon. The nickel deposition
(standard potential Eo(Ni2+/Ni)= � 0.56 V vs. SHE) is accompa-
nied by hydrogen evolution, and both processes are monitored
simultaneously as a process starting at E= � 0.56 V vs. SHE. It
can be inferred that the higher is the population of nano-
particles on the electrode surface (with time/cycles), then the
higher is the electrode hydrogen evolution activity; the current
peak at � 0.89 V vs. SHE corresponds to the hydrogen evolution
signal in this solution. In a similar manner, platinum nano-
particles (Pt-NPs) were successfully grown onto either glassy
carbon (Pt-GC) or on N-doped reduced graphene oxide (Pt-rGO-
N). Figure 1B shows a typical set of cyclic voltammetry data
during Pt-NP growth on bare glassy carbon (standard potential
Eo(PtCl6

2� /Pt)=0.74 V vs. SHE). The magnitude and shape of the
voltammetric signal suggest hydrogen evolution on the freshly
grown platinum catalyst. By cycling the applied potential, the
catalyst activity can be monitored. In addition, a small hydrogen
oxidation signal is observed when reversing the scan direction
to more positive potentials. From a comparison of data sets in
Figure 1, it is evident that both sets of voltammograms are
dominated by the hydrogen evolution. This explains the current
increase that starts at � 0.2 V vs. SHE on Pt-GC and at more
negative potential (� 0.7 V vs. SHE) on Ni-GC.

Figure 2 shows SEM images for Ni-NPs grown on glassy
carbon (A–B), Ni-NPs grown on rGO-N (C–D) and Pt-NPs grown
on glassy carbon (E–F). As an electrodeposition procedure, 18
potential cycles were employed under conditions as shown in
Figure 1. While Ni-NPs on GC have an average diameter of
typically about 80 nm, those grown on rGO<-N have a mean
diameter of typically about 35 nm (see Figure 2).

Figure 3 shows typical hydrogen evolution reaction (HER)
voltammograms for Ni-GC and Ni-rGO-N immersed in a 0.5 M
NaCl aqueous solution. The solution is unbuffered (representing
conditions similar to those in seawater) and therefore hydrogen
evolution is accompanied by hydroxide formation, thus causing
a drift in pH value locally at the electrode surface. As a result,

Scheme 1. Schematic drawing of four routes (A–D) to electrodeposition of nickel nanoparticles catalyst on a carbon surface (either glassy carbon or reduced
N-doped graphene oxide) and embedded into a PIM-1 coating (applied either before or after metal deposition).
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voltammograms are broadened and shifted to more negative
potentials. Moreover, such an increase of local pH during the
Ni2+ ion reduction to form NPs leads to generate an oxide layer
on the Ni NPs themselves.[30] The bare glassy carbon electrode
exhibits hydrogen evolution activity at more negative potentials
(Figure 3A). In the presence of Ni, hydrogen evolution starts at
� 0.61 V vs. SHE for Ni-GC and at � 0.46 V vs. SHE for Ni-rGO-N.
Figure 3B shows data for platinum nanoparticles indicative of a
reversible potential for hydrogen evolution under these con-
ditions close to � 0.61 V vs. SHE. The hydrogen evolution is
shifted negative from the expected value at � 0.41 V vs. SHE for
pH 7 due to unbuffered conditions and local formation of
hydroxide at the working electrode surface.

2.2. The Effect of PIM-1 on Hydrogen Evolution

Next, a volume of 2 μL of PIM-1 (1 mg/mL in chloroform) was
drop-cast on Ni-GC and Ni-rGO-N electrocatalysts (Scheme 2B).
The coated area is approximately 5 mm×5 mm to give an
average film thickness of 80 nm (assuming a polymer density of
approx. 1 gcm� 3).[31] The PIM-1 coating led to a net increase of
HER activity, as shown in Figures 3B. In addition, Figure 3C
clearly shows the presence of a “noisy” current in the absence
of PIM-1 coating on Ni-rGO-N. This behaviour can be explained
as the consequence of interfacial generation of hydrogen
bubbles that interfere with the catalytic process and hence
apparently reduces the catalyst efficiency by partially blocking
access to the surface. It appears that the PIM-1 coating can
prevent bubble adhesion to the surface and blocking of the
electrode or catalyst. Ni-NPs remain in contact with the aqueous
solution phase (via microporous PIM-1) and HER activity is
maintained. The polymer may also beneficially affect adhesion

of the Ni-NPs to the substrate. This result prompted us to
evaluate the opportunity to grow Ni-NPs directly into PIM-1
coated electrodes (see Scheme 2C).

2.3. The Effect of PIM-1 on Electrolytic Nanoparticle Synthesis

Next, the effects of PIM-1 on the nickel electro-deposition were
investigated. PIM-1 was first drop-cast onto GC or onto rGO-N
producing a thicker PIM-1 deposit in the centre and a thinner
PIM-1 film at the edges. Subsequently, the metal electro-
deposition was carried out (Scheme 2C) generating an uneven
nanoparticle film depending on the PIM-1 film thickness. SEM
images (Figure 4) show a preferential area for nanoparticle
growth located in the thinner film regions, hence close to the
PIM-1 edges. Indeed, only a few Ni-NPs were observed outside
of the PIM-1 film region and almost none were detected in the
central thicker PIM-1 coated area. This evidence suggests that
only a very thin deposit of PIM-1 facilitates nickel nucleation/
growth processes. Such a film may also help preventing H2

bubbles from blocking or dislodging the growing nickel nano-
particles. In the case of PIM-1 coated rGO-N, Ni-NP electrosyn-
thesis failed (Figure 4D) likely due to a less controlled overall
thicker PIM-1 deposit obtained on the rougher rGO-N surface.

In additional experiments, a five-fold dilute solution of PIM-
1 (0.2 mg/mL in chloroform) was prepared and drop-cast to
ensure a thinner PIM-1 deposit on either GC and rGO-N coated
GC. Under these dilute conditions (the average PIM-1 nominal
thickness is only 16 nm) the formation of a much higher nickel
particle density is observed along with a more homogeneous
distribution under the thin PIM-1 coating on both GC or on
rGO-N substrate. Figures 5A, B show SEM images for Ni-NPs
grown into a PIM-1 coated GC electrode. Similarly, Figures 5C

Figure 1. Cyclic voltammetry data (scan rate 50 mVs� 1, T=22 °C) for metal nanoparticles growth. Electrode surface progressive modification followed by
current magnitude changes over subsequent potential cycles. (A) Nano-nickel growth in 70 mM KCl, 30 mM L-ascorbic acid, 1 mM NiCl2 on bare GC. (B) Nano-
platinum growth in 70 mM KCl, 30 mM L-ascorbic acid, 1 mM K2PtCl6 on bare GC.
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and 5D show Ni-NPs grown into a thin PIM-1 film deposited on
the rGO-N coated GC electrode. Note that the Ni-NPs are
relatively big compared to the PIM-1 film thickness and there-
fore it is not known whether Ni-NPs grow through the polymer
film or still have a PIM-1 polymer coating. Perhaps interestingly,
Figure 5A show an apparent radial distribution of the NPs that
can be attributed to the PIM-1 film arrangement on the surface
electrode by drop-casting.

Moreover, Ni-NP electrodeposition into a thin PIM-1 film
gave voltammetric responses consistent with well-performing
hydrogen evolution electrocatalysts. Preliminary voltammetric
data for hydrogen evolution in 0.5 M NaCl are shown in
Figure 6. For Ni-NPs electrodeposited into thin PIM-1 films
(Figure 6A), Ni-NPs on glassy carbon outperformed electrodes
prepared on rGO-N. For Ni-NPs prepared by electrodeposition

into a thin PIM-1 film on glassy carbon, the comparison with
bare electrodeposited Pt-NPs on GC (Figure 6B) shows compet-
itive performance for the nickel electrocatalyst coated electrode
with only a slightly more negative overpotential for hydrogen
evolution. It is worth noting that as currents approach 9–
10 mAcm� 2 the performance of the two electrodes becomes
comparable.

These preliminary data suggest that Ni-NPs grown into a
thin PIM-1 film (nominally 16 nm) coated GC electrode could
generate a competitive HER electrocatalyst potentially appeal-
ing for application such as seawater electrolysis, although much
more work will be required to address catalyst durability under
more realistic conditions. The formation of Ni-NPs during
electrodeposition into a thin PIM-1 film appears more effective
possibly due to (i) enhanced nucleation and/or (ii) less bubble-

Figure 2. (A–B) SEM images of nickel nanoparticles grown on flat glassy carbon. Magnification 25 K (A), 100 K (B). (C–D) SEM images of Ni nanoparticles grown
on rGO-N. Magnification 25 K (C), 100 K (D). (E–F) SEM images of Pt nanoparticles grown on GC. Magnification 25 K (E), 100 K (F). Histograms show particle size
distributions statistics.
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induced removal of nickel nuclei from the electrode surface.
Thin PIM-1 coatings could be effective also for other types of
metal electrodeposition processes.

A combination of nickel nanoparticles with thin PIM-1
coating could be useful to improve NP adhesion to the support,
thus potentially making the system more robust during hydro-

gen evolution. Concerning the stability of the Ni NPs/PIM-1
system, only short term tests have been performed (Figure S1
in the Supporting Information), as Pt counter electrodes should
be avoided or used together with an ion-exchange membrane
to prevent Pt re-deposition during the study of HER catalysis.[32]

Problems due to Pt transfer and interference could arise in a

Figure 3. (A) Cyclic voltammetry data in 0.5 M NaCl aqueous solution (scan rate 50 mVs� 1, T=22 °C) for two Ni-based electrocatalysts (Ni-GC and Ni-rGO-N).
The background for bare glassy carbon is shown for comparison. (B) Cyclic voltammetry data (scan rate 50 mVs� 1) in 0.5 M NaCl with a comparison of catalytic
hydrogen evolution for nickel nanoparticles on rGO-N without PIM-1 (black) and with PIM-1 (red). Data for platinum nanoparticles on GC (orange). (C) Data
showing the effect of the PIM-1 film on nickel nanoparticles on rGO-N when hydrogen bubble formation occurs.

Scheme 2. (A) Schematic representation of the experimental procedure for Ni-NPs deposit on either flat glassy carbon (GC) or rGO-N coated glassy carbon. (B)
The nickel-electrocatalysts are coated with a thin film of PIM-1. (C) The thin film of PIM-1 is applied before the electrodeposition of Ni-NPs.
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long term catalyst test. More work will be required on the
durability and performance of these types of catalytic films (in
view of reports on PIMs employed in fuel cell catalysis[33]) under
more realistic conditions (higher currents, long term testing,
higher areas, etc.). The adhesion/degradation of PIM-1 films
under the harsh conditions of electrolytic hydrogen gas
evolution will need to be studied more carefully on a wider
range of substrates and over prolonged time. Finally, improved
(molecularly designed) polymers of intrinsic microporosity
materials could be developed in the future to provide not only
triphasic gas permeation properties, but also good adhesion
and long-term stable catalytic performance.

3. Conclusions

It has been shown that well-defined nickel nanoparticles
electrodeposits (typically 100 nm diameter) can be formed by
electrodeposition directly into a very thin coating of PIM-1
(nominally 16 nm thickness). The resulting hydrogen evolution
catalyst was shown to be improved by the PIM-1 coating
(probably due to suppression of interfacial gas bubble
formation/adhesion and the resulting blocking of the catalyst).
This type of electrode was shown to be at least qualitatively

competitive (at higher current densities and for short durations)
when compared to platinum NP-based hydrogen evolution
electrocatalyst on the same substrate. The thickness of the PIM-
1 film coating proved to be a critical parameter, as thicker
deposits of PIM-1 suppressed nickel electrodeposition. A thin
PIM-1 coating, however, enhanced nickel nanoparticle electro-
deposition compared to the case of a bare glassy carbon
electrode. Effects of thin PIM-1 films could be beneficial on
processes in larger scale electrolyser systems and for higher
current densities, but still need to be investigated. For larger
scale, the chemical strategy for electrode production needs to
be more sustainable.

Under these conditions, there was no further beneficial
effect from employing r-GO-N and therefore simple glassy
carbon support materials are sufficient. The effect of PIM-1
coatings on suppressing interfacial gas bubble nucleation/
adhesion close to the electrode/catalyst surface could be
beneficial (e.g. for mechanically stabilising the nanoparticle
decorated interface) in other areas of electrochemical technol-
ogy such as water splitting and fuel cell systems. Even just
preventing bubble nucleation at the catalyst surface could be
beneficial by avoiding mechanical stresses. A wider range of
molecularly designed PIM materials could be synthesised and
tested for specific catalytic gas evolution applications.

Figure 4. (A,B,C) SEM images of Ni nanoparticles grown under the PIM-1 film. The area with highest nanoparticle density is near the edge of the PIM-1 film in
a thinner region. Magnification 500 (A), 5 K (B), 100 K (C). (D) No visible nanoparticles growth on rGO-N under PIM-1. Histogram shows particle size distribution
statistics.
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Figure 5. (A,B) SEM images for PIM-1 coated Ni-GC for electrolytic Ni growth into a thin PIM-1 film. By reducing the PIM film thickness NPs deposit uniformly.
Magnification 1 K (A), 25 K (B). (C,D) SEM images for PIM-1 coated Ni-rGO-N for electrolytic Ni growth into a thin PIM-1 film. With a thinner film NPs
electrodeposit successfully on rGO-N. Magnification 25 K (A), 100 K (B). Histograms show particle size distribution statistics.

Figure 6. (A) Cyclic voltammetry data (two potential cycles, scan rate 50 mVs� 1, T=22 °C) in 0.5 M NaCl showing the catalytic hydrogen evolution efficiency
for Ni NPs grown into a PIM-1 film on GC or on rGO-N. (B) As before, but comparing Ni NPs on GC (grey), Ni NPs electrodeposited into PIM-1 on GC (black),
and Pt NPs on GC (orange).
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Experimental Section
Chemical Reagents. L-ascorbic acid (C6H8O6,�99%), KCl (� 99%),
NiCl2 (98%), K2PtCl6 (98%), N2H4 ·H2O (98%), chloroform (� 99.5%),
acetone (99.5%), isopropyl alcohol (�98%), dichloromethane (�
99.8%), dimethylformamide (DMF�99.9%), ethanol (96%), and
NaCl (�99.5%) were obtained from Sigma-Aldrich and used with-
out further purification. PIM-1 was synthesised following a literature
procedure reported elsewhere.[34] Argon (Pureshield, BOC) was
employed to de-aerate electrolyte solutions. Aqueous solutions
were prepared with ultra-pure water of resistivity not less than
18.2 MΩcm (at 20 °C) from a Thermo Scientific water purification
system.

Instrumentation. Electrochemical experiments were performed in a
glass cell (custom-made), with a platinum wire as counter electrode
(CE, used here as an inert counter electrode, at least under mild
conditions, for short measurement times, and for low current
densities[35]), a KCl-saturated calomel electrode (SCE) as reference
electrode (RE), and with an Ivium Compactstat potentiostat (Ivium,
Netherlands). The working electrode (WE) was prepared from glassy
carbon (Tokaicarbon.com, fine carbon SA-1). Electrochemical char-
acterization was carried out in a 0.5 M NaCl solution. All current
data were scaled to give a current density assuming a 5 mm ×5
mm electrode area. Potential data were calibrated to the standard
hydrogen electrode (SHE) by shifting data by � 241 mV (assuming
approx. 25 °C conditions[36]). Scanning Electron Microscopy (SEM)
images were obtained using a field-emission scanning electron
microscope (FESEM, JEOL JSM-6301F) after keeping samples in
vacuum for 24 hours and with an applied 10 nm chromium coating.
SEM images were processed and analyzed by using the software
ImageJ (release 1.54 h) to obtain the NPs size distribution statistics.

Sample preparation procedures. Nickel nanoparticles (Ni-NPs)
were formed by electrodeposition on a flat glassy carbon electrode
(GC, Tokai Carbon). The electrode was approx. 10 mm ×5 mm cut
with a diamond blade and reused after cleaning and polishing.
Before every experiment the GC slab was polished manually with a
cloth (Buehler microcloth) and 0.3 micron alumina (Buehler, UK).
After rinsing with distilled water, the polished electrode was
sonicated for 5 min in acetone and for 15 min in isopropanol.
Finally, rinsing with dichloromethane completed the last washing
step. The back side of the GC was insulated with Kapton polymer
tape. Two chloroform solutions of the PIM-1 polymer were
prepared with concentrations of 1 mg/mL and 0.2 mg/mL. A single
2 μL drop cast onto the surface was sufficient for the PIM-1 film
formation over a 5 mm×5 mm surface.

For the preparation of rGO-N coated electrodes, an amount of
40 μg of rGO-N (from a DMF/EtOH 1/1 ratio 1 mg/mL suspension; 8
portions of 5 μL) was deposited on the GC electrode before the
nanoparticle electrodeposition. N-doped reduced graphene oxide
(rGO-N) was synthesized following a slightly modified literature
procedure.[37,38] An amount of 40 mg of GO prepared with a
modified Hummers’ method[39] was suspended in 40 mL of distilled
water and sonicated for 30 minutes. Next, N2H4 ·H2O (0.015 mL) was
added dropwise and the suspension stirred at 80 °C for 20 hours.
After cooling to room temperature, the mixture was filtered
through a PTFE membrane filter (0.2 μm), the solid recovered,
suspended in distilled water and purified by dialysis. Finally, the
suspension was filtered again and dried to constant weight.

Nanoparticle electrodeposition. Nanoparticles (NPs) were depos-
ited onto an electrode substrate via electrodeposition of either
1 mM NiCl2 for Ni-NPs or 1 mM K2PtCl6 for Pt-NPs from a solution
containing 70 mM KCl and 30 mM L-ascorbic acid. Ascorbic acid is
employed here as a capping agent to give well-defined nano-
particle deposits. Deposition of nickel was accomplished by cyclic

voltammetry in the potential range from � 0.8 V to � 1.4 V vs. SCE
by a total of 18 potential cycles at a scan rate of 50 mVs� 1. Platinum
was electrodeposited in the potential range from � 0.2 V to � 0.8 V
vs. SCE. As shown in Scheme 2, Ni-NP electrodeposition was carried
out on two different supports: a flat glassy carbon (GC) or a rougher
N-doped, reduced graphene oxide (rGO-N) coated GC. In addition, a
thin coating of PIM-1 was deposited over the electrode surfaces
(Scheme 2B). Alternatively, the PIM-1 film was applied first before
Ni-NP electrodeposition as a microporous host matrix for metal
nanoparticles to grow into (Scheme 2C).
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porosity (PIM-1) coating yields well-
defined metal nanoparticles, resulting
in an enhanced catalytic hydrogen
evolution by suppressing the gas-

bubble blocking effects. With respect
to platinum based-nanoparticles, on
the same substrate, such an electroca-
talyst has a comparable onset value
for hydrogen evolution.
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