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Abstract: In this paper, ZnO electrodeposition was studied with the presence of graphene oxide (GO)
exploited as a possible structure-directing agent. The effect of deposition potential and duration on the
morphology and structure of ZnO was analyzed. The morphology and structure of the hybrids was
analyzed by Raman spectroscopy, X-ray diffraction (XRD), and Scanning Electron Microscopy (SEM).
The Raman results indicate a successful modification of ZnO with GO sheets and a hybridization
threshold of 10 mg L−1 by the evolution of the defect related band of ZnO at 580 cm−1 . The morphology
results show that a low GO content only slightly influences the morphology and orientation of ZnO
nanostructures while a high content as 10 mg L−1 changes the morphology in nanoplates and growth
orientation to lateral. The results show that while GO participated in the deposition reaction, it has a
two-fold role, also by structure-controlling ZnO, indicating that the approach is valid for the use of
GO as a structure-directing agent for the fabrication of ZnO nanostructures by electrodeposition with
varying morphologies and orientations.
Keywords: ZnO; graphene oxide; electrodeposition; structure-directing agent

1. Introduction
Zinc oxide (ZnO) is an n-type semiconductor highly employed in different devices, such as sensors,
biosensor, solar cells, supercapacitor and catalysis fields [1–4] thanks to its interesting properties,
including its wide band gap of 3.37 eV [4], resistivity control, high electrochemical stability, good
electron transfer features and transparency in the visible wavelength region [1] in addition to being an
abundant non-toxic and low-cost material.
It is well known that properties of materials at nano-scale are markedly dependent on their
size, shape or morphology; thus, the control of features such as porosity, surface area or specific
orientation has attracted much interest for improving the performance of ZnO-based devices [5].
In this respect, ZnO morphology is highly versatile as it encompasses nanorods, nanowires, nanotubes,
nanowalls, nanocups nanobelts, nanorings, nanosprings, nanobowls, nanoflowers, nanohelices and
nanoparticles [1,6–8]. For example, Wang et al. reported a novel and improved ethanol gas sensor based
on electrodeposited flower-like ZnO microstructures [9], Psychoyios et al. fabricated a ZnO-based
potentiometric cholesterol biosensor with improved adsorption capability by improving the surface
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area to volume ratio of ZnO structures [5], while Marimuthu et al. demonstrated that the efficiency of
ZnO dye sensitized solar cells (DSSCs) was markedly improved for ZnO nanowalls [10].
A large range of techniques such as magnetron sputtering, spray pyrolysis, electrodeposition,
sol-gel, chemical bath deposition, thermal methods pulsed laser ablation in liquid or gas environment
or chemical vapor deposition have been applied for the synthesis of ZnO nanostructures and its
composites [11–16]. Amongst these techniques, electrodeposition represents a great alternative as it
provides excellent coating of varying geometries of substrates, it allows the control of morphology,
thickness and crystallite size and aspect ratio of the deposit by simply varying the electrochemical
parameters, including precursor concentration, bath temperature, deposition time or deposition
potential/current [1,10] and it is a simple and cost- and time-efficient technique which does not
require sophisticated experimental setups [1]. For instance, morphologies such as platelets, nanowalls
and nanorods were reported by adjusting the electrodeposition potential and bath temperature [10].
Furthermore, the use of structure-directing agents during the electrodeposition has been applied to
control the crystal orientation and thus the properties of ZnO materials [17]. For example, Eosin Y was
reported to accelerate the growth process of ZnO and result in a porous film with a high surface area and
enhanced electron transport that improved the ZnO-based dye sensitized solar cell´s efficiency [18–20].
Other examples of structure-directing agents include citric acid [20] and even a combination of agents
such as Eosin Y and Eosin B that were applied to modify the porosity of ZnO to obtain an improved
efficiency for dye-sensitized solar cells [21].
Lately, the use of graphene oxide as a structure-directing agent has attracted great research
interest. Graphene, a two-dimensional carbon allotropic material shows a highly specific surface area
(2630 m2 g−1 ), high mobility (15,000 m2 V−1 s−1 ) along with excellent electrical and mechanical properties
thanks to which its composites exhibit improved performance [4,22–24]. Graphene oxide (GO), a
derivative material of graphene [22] which can be obtained by simple wet chemistry methods [25],
has decorative oxygen functional groups (e.g., hydroxyl, carboxyl and epoxy groups) on its surface
and edges [26,27] which make it amphiphilic [28], a hydrophilic/hydrophobic structure, so that it can
act as a surfactant and has the ability to control some characteristics of the final structure, including
composition, structure and morphology [22,29]. The reports on GO as a shape-directing agent include
carbon aerogels [30], bimetallic nanopowders [28], inorganic nanomaterials [29], heterogeneous 2D
carbon nanostructures [31], carbon-based catalysts [32] or metal-organic frameworks (MOF) [33].
Zhanga et al. used GO to control the growth and induce the vertical orientation of magnesium
molybdate nanosheets for anodes in a lithium battery [34]. With the help of GO as a structure-directing
agent, the morphology can be tailored and result in an improved photocatalytic activity [33]. In other
example, Lu et al. demonstrated that GO directly influences the growth kinetics and induces a concavity
in the nanocubes of PtPd nanocrystals in its presence [35].
There is special interest in the synthesis of hybrid composites of ZnO nanocrystals with GO in
order to obtain a synergistic effect towards enhanced performance [23] in sensing, energy storage,
catalysis, photovoltaics and pollutant degradation [2,3,36–38]. It has been shown that GO could
be applied as a scaffold in a ZnO/reduced GO hybrid (ZnO/rGO) [1] and contributes to enhanced
performance thanks to attributes such as its high surface area [23]. The ZnO/rGO hybrids can be
fabricated by different methods, including chemical vapor deposition, electrodeposition, hydrothermal
deposition, spray hydrolysis or drop-casting/electrophoretic deposition [1,4,23,39]. Amongst said
methods, the electrodeposition is a great alternative for the synthesis of ZnO/rGO hybrids as it allows
for the control on the doping of ZnO nanostructures [40].
Herein, the synthesis of ZnO/rGO hybrids is reported by a one-step electrodeposition approach
based on a simultaneous deposition of ZnO and electro-reduction of GO. The GO is shown to have
a two-fold role of reagent and a structure-directing agent to control the growth of ZnO crystals.
A systematic study on the effect of GO content and electrodeposition conditions such as potential
and duration on the ZnO nanostructures is presented. The obtained results indicate that GO can be
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successfully applied to control the structure and orientation of ZnO electrodeposited nanostructures
towards improving its performance in varying fields.
2. Materials and Methods
2.1. Materials
The chemicals were reagent grade (Alfa Aesar) and used as received. GO was obtained as
presented previously [41]. All electrolytes were obtained with distilled water. Indium-doped tin oxide
(ITO) coated conducting glass slides (~15 Ω/sq) were cleaned successively in soapy water, distilled
water, acetone and isopropylic alcohol by ultrasonic treatment.
2.2. rGO-Assisted Electrodeposition of ZnO Nanostructured Films
The ZnO nanostructured films were synthesized on indium tin oxide (ITO)substrate from 0.1 M
KCl supporting electrolyte containing 5 mM ZnCl2 and varying GO content up to 10 mg L−1 under
continuous O2 flow. The deposition was performed by applying a constant potential ranging from
−0.8 to −1 V for up to 600 s at 75 ◦ C.
2.3. Characterization
The electrochemical deposition was performed using an Autolab potentiostat in a classical
three-electrode electrochemical cell using ITO slides, Pt plate and saturated Ag/AgCl electrode as the
working electrode, the counter one, and the reference electrode, respectively. X-Ray diffraction (XRD)
spectra were acquired using a diffractometer (Bruker, D2 Phaser, Madrid, Spain) using the Cu Kα
line of 1.54 Å. The morphology was analyzed with a scanning electron microscope (SEM, JSM-820
JEOL, Jeol, Tokyo, Japan) working at 20 kV. Raman spectra were recorded using a (inVia, Renishaw,
Barcelona, Spain) microscope employing a 514-nm laser.
3. Results
Linear sweep voltammetry (LSV) measurements were first performed in order to determine the
evolution of reduction potential with GO addition. Figure 1 depicts the effect of GO content and varying
scan rate on ZnO electrodeposition. As can be observed from the LSV curves in Figure 1A, a reduction
peak appears at about −0.9 V in the absence of GO, while the addition of GO shifts the reduction peak
to a more anodic value. The electrodeposition of ZnO takes place by a reaction mechanism based on
the reduction of oxygen molecules and the formation of Zn(OH)2 which dehydrates at the applied
temperature condition to form ZnO [11] and simultaneous GO reduction according to [42]:
GO + aH+ + be− → rGO + cH2 O

(1)

Figure 1B shows the variation of the reduction peak for ZnO electrodeposition upon addition of
varying GO content in the bath up to 10 mg L−1 . For exemplification, the LSV curves recorded for 2.5
and 10 mg L−1 are presented only. At a low GO content, the reduction current increases and the peak
potential is shifted to more cathodic values while in presence of higher GO content, the peak potential
shifts back to its original position—see exemplification for GO to 10 mg L−1 where the LSV is similar to
the one obtained in the absence of GO.
Figure 1C,D depicts the evolution of LSV curves for ZnO electrodeposition with a scan rate at a a
GO content of 2.5 mg L−1 and 10 mg L−1 , respectively. It is shown that upon low GO addition, the
reduction potential is shifted negatively as the scan rate is increased. The deposition current increases,
as indicated in the inset in Figure 1C. On the other hand, a GO content as high as 10 mg L−1 shows
very little variation in the reduction potential and current for ZnO/rGO hybrid electrodeposition.
Furthermore, the current transients corresponding to the potentiostatic electrodeposition of ZnO
with GO addition and at varying deposition potentials were studied, as depicted in Figure 2. As it can
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be seen, the chronoamperometric curves exhibit a similar trend, independently of the electrodeposition
conditions.
current decreases with the GO content, as shown in Figure 42A,
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The typical band of wurtzite ZnO at 440 cm−1 corresponding to non-polar optical phonon E2H
The typical band of wurtzite ZnO at 440 cm−1 corresponding to non-polar optical phonon E2H
mode is observed to increase in intensity while the band located at 580 cm−1−1 associated with bulk
mode is observed to increase in intensity while the band located at 580 cm associated with bulk
defects, including oxygen vacancies, zinc interstitials or defect complexes comprising both of them [45]
defects, including oxygen vacancies, zinc interstitials or defect complexes comprising both of them
appears unaffected by the cathodic potential. On the other hand, in the higher wavenumber range,
[45] appears unaffected by the cathodic potential. On the other hand, in the higher wavenumber
the bands at 1370 and 1602 cm−1 represent
the typical D and G bands of GO which correspond to
range, the bands at 1370 and 1602 cm−1 represent the typical D and G bands of GO which correspond
the disorder-induced mode in the hexagonal graphitic layer and sp2 carbons,2 respectively [44,46,47].
to the disorder-induced mode in the hexagonal graphitic layer and sp carbons, respectively
The intensity of D and G bands of GO increase with the applied deposition potential.
[44,46,47]. The intensity of D and G bands of GO increase with the applied deposition potential.
SEM analysis was further performed in order to determine the morphological changes and growth
SEM analysis was further performed in order to determine the morphological changes and
directions of the ZnO nanostructures upon modification with GO as direct-structure agent. Given the
growth directions of the ZnO nanostructures upon modification with GO as direct-structure agent.
importance of the deposition potential on the structure as well as the nucleation on the growth of ZnO,
Given the importance of the deposition potential on the structure as well as the nucleation on the
the combined effect of GO content with the electrodeposition potential and duration was analyzed.
growth of ZnO, the combined effect of GO content with the electrodeposition potential and duration
The result of the first stage of the deposition process −1 V for up to 120 s is presented in Figure 4. It can
was analyzed. The result of the first stage of the deposition process −1 V for up to 120 s is presented
be seen that the density of ZnO nanostructures slightly diminished while their lateral size increases
in Figure 4. It can be seen that the density of ZnO nanostructures slightly diminished while their
upon the addition of GO. The growth along the c-axis of ZnO nanostructures is observed to be affected
lateral size increases upon the addition of GO. The growth along the c-axis of ZnO nanostructures is
at a higher GO content than 2.5 mg L−1 . No significant change in
the vertical orientation is observed at
observed to be affected at a higher GO content than 2.5 mg L−1. No significant change in the vertical
a low GO content (see GO sheets as indicated by the arrow in Figure 4B), while a high GO content
orientation is observed at a low GO content (see GO sheets as indicated by the arrow in figure 4b),
results in the loss of preferred vertical orientation. The addition of GO appears to induce a rougher
while a high GO content results in the loss of preferred vertical orientation. The addition of GO
surface of ZnO [48] while the nanostructures change from nanorod to nanoplate morphology.
appears to induce a rougher surface of ZnO [48] while the nanostructures change from nanorod to
Furthermore, the growth of nanostructures was studied with time, as presented in Figure 5. For
nanoplate morphology.
exemple, the duration of 600 s is considered sufficient to evidence changes in the morphology of ZnO
Furthermore, the growth of nanostructures was studied with time, as presented in Figure 5. For
nanostructures due to the presence of GO. As expected, a larger diameter is observed in all cases, in
exemple, the duration of 600 s is considered sufficient to evidence changes in the morphology of
agreement with Skompska et al. [49] and Arslan et al. [50]. The vertical growth of ZnO nanostructures
ZnO nanostructures due to the presence of GO. As expected, a larger diameter is observed in all
is maintained at a low GO content up to 2.5 mg L−1 while a higher GO content shifts it to lateral and
cases, in agreement with Skompska et al. [49] and Arslan et al. [50]. The vertical growth of ZnO
the morphology changes from nanorods to nanoplates, as shown for
the shorter duration. The hybrids
nanostructures is maintained at a low GO content up to 2.5 mg L−1 while a higher GO content shifts it
deposited at a high cathodic potential show thin GO sheets at the top of the ZnO nanostructures
to lateral and the morphology changes from nanorods to nanoplates, as shown for the shorter
at a low GO content, as evidenced by the arrow in Figure 4B while at a higher content, the sheets
duration. The hybrids deposited at a high cathodic potential show thin GO sheets at the top of the
are apparently missing. However, the images obtained for a longer deposition duration confirm the
ZnO nanostructures at a low GO content, as evidenced by the arrow in Figure 4b while at a higher
presence of agglomerated crumpled rGO sheets surrounding the ZnO nanostructures, as indicated by
content, the sheets are apparently missing. However, the images obtained for a longer deposition
the arrows in Figure 5D.
duration confirm the presence of agglomerated crumpled rGO sheets surrounding the ZnO
nanostructures, as indicated by the arrows in Figure 5d.

for 600 s with the GO content. Figure 6a shows a ZnO film constituted of dense nanorods without a
clear definition of boundaries. As the ZnO nanostructures are not well defined at a lower deposition
potential and the GO sheets are better allowed to migrate to the electrode, their effect on the
morphology of ZnO at a high GO content is more evident. The morphology of ZnO changes from
nanorods
to nanoplates
even at a low GO content—see Figure 6b and nanocontainers, upon increasing
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the GO content up to 10 mg L−1—see Figure 6d. At −0.8 V, all the films show a random orientation.
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The influence of GO as a structure-directing agent for ZnO electrodeposition was analyzed by
XRD. Figure 7a shows the evolution of XRD spectra of the pure ZnO with the applied deposition
potentials in the absence of GO. As can be seen in Figure 7a, the typical peaks for the hexagonal
wurtzite structure of ZnO (JCPDS card no. 36-1451) are identified beside the peaks corresponding to
the substrate, that is, the diffraction peaks located at (100), (002), (101), (102) and (110) [37,51,52]. It
can be observed that the preferred orientation towards c-axis growth increases with the cathodic
potential, in agreement with the SEM images in Figures 5a and 6a [51]. Upon the addition of GO, the
ZnO/rGO hybrids presented similar diffraction peaks as the non-modified ZnO (not shown), in
agreement with other reports [46].

−1 ) at −1 V for 600 s:
Figure5.5.SEM
SEMimages
imagesof
ofZnO
ZnOelectrodeposited
electrodeposited as
as aa function
function of
of GO
GO content
content (mg L−1
Figure
) at −1 V for 600 s:
0
(A),
2.5
(B),
7.5
(C),
10
(D).
0 (A), 2.5 (B), 7.5 (C), 10 (D).

Although a lower cathodic deposition potential is known to result in lower quality crystalline
structures, the morphology of GO-modified ZnO nanostructures could be exploited to develop
synergetic properties. Figure 6 shows the SEM evolution of ZnO nanostructures obtained at −0.8 V
for 600 s with the GO content. Figure 6A shows a ZnO film constituted of dense nanorods without a
clear definition of boundaries. As the ZnO nanostructures are not well defined at a lower deposition
potential and the GO sheets are better allowed to migrate to the electrode, their effect on the morphology
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of ZnO at a high GO content is more evident. The morphology of ZnO changes from nanorods to
Figure 5.even
SEM at
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s: GO
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Figure
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GO
at
s: 0 (A), 2.5 (B), 7.5 (C), 10 (D). SEM image of ZnO electrodeposited in the presence of 10 mg L−1 GO at
−0.7 V for 600 s (E).
−0.7 V for 600 s (E).

The influence of GO as a structure-directing agent for ZnO electrodeposition was analyzed by
XRD. Figure 7A shows the evolution of XRD spectra of the pure ZnO with the applied deposition
potentials in the absence of GO. As can be seen in Figure 7A, the typical peaks for the hexagonal
wurtzite structure of ZnO (JCPDS card no. 36-1451) are identified beside the peaks corresponding to
the substrate, that is, the diffraction peaks located at (100), (002), (101), (102) and (110) [37,51,52]. It can
be observed that the preferred orientation towards c-axis growth increases with the cathodic potential,
in agreement with the SEM images in Figures 5A and 6A [51]. Upon the addition of GO, the ZnO/rGO
hybrids presented similar diffraction peaks as the non-modified ZnO (not shown), in agreement with
other reports [46].

preference for (002) plane in the absence of GO [50] which it is maintained upon the addition of low
GO content of 2.5 mg mL−1 while a high GO content of 10 mg L−1 results in the loss of preferential
orientation, in agreement with Figure 4 and the XRD spectra in figure 7. On the other hand, at lower
cathodic deposition potential, the ZnO nanostructures do not show a preferential growth
orientation. It can be observed that TC along (002) gradually decreases while that for other planes
Materials 2020, 13, 365
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such as (100) and (110) increase with the GO content.

Figure7.7. (A)
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Furthermore, the preferential growth was determined by calculating the texture coefficient TC
4. Discussion
P
by using the equation [49,50]: TC = (I(hkl) /I0(hkl) )/(N−1 n I(hkl) /I0(hkl) ), where I and I0 are the measured
The LSV curves in Figure 1a indicate that the presence of GO shifts the reduction potential,
relative intensity and standard intensity from the JCPDS file, respectively, for a plane (hkl), N is the
which is attributed to the reduction of GO sheets simultaneously with ZnO electrodeposition. The
reflection number in the difractogramm. A random orientation of the crystals is achieved when TC ≈ 1
addition of low GO content to the electrolytic bath results in an increased reduction current, as can
and a preferential one when TC > 1. Figure 7B,C show the texture coefficient (TC) evolution for ZnO
be observed in Figure 1b, which could be attributed to the GO acting as a scaffold and its decorating
electrodeposited in the presence of varying GO content and applied deposition potential. The obtained
oxygen groups as a nucleation center for growing ZnO [37]. The reduction peak evolution with the
TC values indicate that the ZnO nanostructures obtained at −1 V exhibit a growth preference for
scan rate depicted in Figure 1c indicates a linear increase in the deposition current along with a shift
(002) plane in the absence of GO [50] which it is maintained upon the addition of low GO content
to more cathodic potential in the presence of low GO content, indicating an increasing deposition
of 2.5 mg mL−1 while a high GO content of 10 mg L−1 results in the loss of preferential orientation,
rate as the oxygen functional groups in GO are exposed and used as a scaffold to assist the growth of
in agreement with Figure 4 and the XRD spectra in Figure 7. On the other hand, at lower cathodic
ZnO. On the other hand, a higher GO content in the electrolytic bath resulted in a negligible shift in
deposition potential, the ZnO nanostructures do not show a preferential growth orientation. It can be
the reduction peak current and potential with respect to the ZnO electrodeposition in the absence of
observed that TC along (002) gradually decreases while that for other planes such as (100) and (110)
GO, which is due to the increased density of GO sheets in the electrolytic bath that result in an
increase with the GO content.
agglomeration and thus, in the exposure of less oxygen groups that could be used for ZnO growth.
The chronoamperometric curves in Figure 2 show more stable deposition current at a GO
4. Discussion
content of 10 mg L−1 which is attributed to the homogeneous exposure of oxygen functional groups
The LSV curves in Figure 1A indicate that the presence of GO shifts the reduction potential, which
is attributed to the reduction of GO sheets simultaneously with ZnO electrodeposition. The addition of
low GO content to the electrolytic bath results in an increased reduction current, as can be observed in
Figure 1B, which could be attributed to the GO acting as a scaffold and its decorating oxygen groups as
a nucleation center for growing ZnO [37]. The reduction peak evolution with the scan rate depicted
in Figure 1C indicates a linear increase in the deposition current along with a shift to more cathodic
potential in the presence of low GO content, indicating an increasing deposition rate as the oxygen
functional groups in GO are exposed and used as a scaffold to assist the growth of ZnO. On the other
hand, a higher GO content in the electrolytic bath resulted in a negligible shift in the reduction peak
current and potential with respect to the ZnO electrodeposition in the absence of GO, which is due to
the increased density of GO sheets in the electrolytic bath that result in an agglomeration and thus, in
the exposure of less oxygen groups that could be used for ZnO growth.
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The chronoamperometric curves in Figure 2 show more stable deposition current at a GO content of
10 mg L−1 which is attributed to the homogeneous exposure of oxygen functional groups to easily react
with Zn2+ ions due to denser GO sheets in the electrolytic bath [37]. The GO use as a direct-structure
agent was reported to allow the synthesis of homogenous layers [35]. By employing a high GO content,
the chrono-amperometric curves show a steady homogenous growth at −0.8 and −0.9 V, while at
a higher cathodic potential of −1 V, a steep current slope is observed that is attributed to the faster
formation of nuclei [2].
Raman spectroscopy is a very sensitive to the electronic structure. The typical Raman peak of
wurtzite ZnO located at 440 cm−1 increases in intensity with the cathodic potential, indicating the
improved crystallinity of ZnO in the ZnO/rGO hybrids with cathodic potential. The band associated
with defects in ZnO (e.g., oxygen vacancies) at 580 cm−1 indicates the hybridization of ZnO with GO
and shows that at a higher GO content (i.e., 10 mg L−1 ), the hybridization reaches a limitation as it did
not change in location or full width half maximum. The peaks corresponding to GO indicate that the
ID /IG ratio is relatively higher at −1.0 V than lower applied deposition potentials, which is attributed to
an increased reduction degree [23,28,47,53–55].
As the electrochemical results indicate, the participation of GO sheets to the electrodeposition
process, the GO sheets are expected to be found in the hybrid deposit. The morphology analysis shows
that the addition of GO during electrodeposition of ZnO induces changes in morphology towards
nanoplates, as well as in the growth direction from vertical to lateral, both at low and high cathodic
potential, which could be attributed to the incorporation of GO sheets [56,57] where the oxygen
groups in GO further react with Zn2+ ions [22]. As evidenced in the SEM images in Figures 4–6, the
nanostructures increase in terms of density and disorder with the GO content, and the morphology
turns to concave nanostructures, suggesting that GO sheets are adsorbed on (001) planes of ZnO
through their oxygen groups, resulting in stacks of platelets standing on the substrate, similarly to
other reports on electrodeposition of ZnO in the presence of dye or surfactant molecules [58]. The
nanocontainers obtained at a low potential of −0.8 V indicate an impeded growth of the polar facet of
ZnO, which is associated with the presence of GO [48]. Thus, as long as the GO sheets only reversibly
adsorb to the surface, they cannot be detected in the deposited films in certain potential and GO content
conditions. Such a growth mechanism is further supported by the image of ZnO deposited at an even
lower potential, depicted in Figure 6E where the ZnO morphology gets to concave spherical structures.
The XRD results indicate that the resulting ZnO possesses a high crystallinity [37], with a
preferential growth orientation at a low GO content and high potential and loss of preferred orientation
upon an increased GO content and at a low deposition potential. The results obtained indicate that the
GO could be employed as a structure-directing agent for the electrodeposition of ZnO towards the
fabrication of novel materials with synergetic properties.
5. Conclusions
ZnO nanostructures were obtained by electrochemical deposition. Graphene oxide was exploited
as a structure-directing for ZnO by employing the GO as a surfactant during the electrodeposition of
ZnO. Both the electrodeposition of ZnO and electro-reduction of GO take place simultaneously. The
effect of deposition potential and duration on the morphology and structure of ZnO was analyzed.
The Raman spectroscopy results indicate a successful modification of ZnO with GO sheets with the
appearance of typical bands of both components. A hybridization threshold of 10 mg L−1 is indicated
by the evolution of the defect-related band of ZnO at 580 cm−1 . The morphology analysis shows that a
low GO content preserves the morphology and orientation of ZnO nanostructures while a high content
such as 10 mg L−1 changes the morphology in nanoplates and growth orientation to lateral. The results
indicate that the approach is valid for the use of GO as a structure-directing agent for the fabrication of
ZnO nanostructures by electrodeposition with varying morphologies and orientations.
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