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Graphene/y-AIOOH Hybrids as an Enhanced Sensing Platform for
Ultrasensitive Stripping Voltammetric Detection of Pb(II)
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Abstract The reduced graphene oxide(RGO)/y-AIOOH hybrids with different y-AIOOH contents were successfully
prepared via a facile one-pot hydrothermal method. In these hybrids, RGO acts as a conductive linker for improving
electron transport, and y-AIOOH nanoplatelets help to adsorb the target metal ions on the electrode surface, thus faci-
litating the electrochemical behavior of the hybrids. The sensitivity of as-prepared RGO/y-AIOOH hybrids toward
Pb(II) was tested by square wave anodic stripping voltammograms(SWASV) and the mass ratio of graphene to

y-AlOOH was optimized to improve the sensing performance of RGO/y-AIOOH hybrids. Owing to the superior ab-
sorbability of y-AIOOH for heavy metal ions and excellent electrical conductivity of graphene, the detection limit of
the hybrids for heavy metal ions was found to be as low as 1.5x10™"" mol/L with optimized y-AIOOH content in the
hybrids. The experimental conditions, such as pH value, mass of electrode material, and deposition time were also

investigated and optimized. The as-prepared RGO/y-AIOOH hybrids demonstrate high electrochemical activity and
good sensing performance, which offers an alternative platform for the electrochemical sensors.
Keywords Graphene; y-AIOOH; Hybrid; Heavy metal ion; Electrochemical sensor

1 Introduction

Heavy metal ions, such as cadmium and lead, are regarded
as a kind of the most harmful pollutants and even exposure to
trace amounts of heavy metal ions can result in toxicity!"l.
Therefore, exploring the efficient, rapid and simple analytical
methods for the precise monitoring of heavy metal ions is
urgently needed. Various analytical techniques including solid
phase spectrophotometry(SPS)™,
spectrometry(FASS)F), atomic absorption spectrometry(AAS)™,
surface enhanced Raman spectrometry(SERS)®, inductively
coupled plasma atomic emission spectrometry or mass spec-
trometry(ICP-AES or ICP-MS)™®! are available for the detection
of heavy metal ions. However, these spectrometric methods
often require sophisticated operation and expensive instruments,

which limits their application to laboratory level only. In

flame atomic absorption

contrast, the electrochemical method has attracted a growing
interest of some scientists because of its high sensitivity, porta-
bility, accurateness, fast analysis speed, favorable stability and
low cost’ . Among all the electrochemical methods, anodic
stripping voltammetry(ASV) has been widely recognized as an
effective technique for the quantification of trace metal ions
due to an effective preconcentration step followed by electro-
chemical stripping measurement of the accumulated
analytes!' ™", As is known, its sensing performance is closely
related to the amount of metal ions preconcentrated on the
surface of the electrode, which mainly depends on the electro-

activity and adsorption capacity of the sensing materiall'*"],
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Hence, it is of great interest and importance to develop efficient
electrochemical sensors based on novel materials with excellent
sensing performance.

Graphene, a monolayer of sp® hybridized carbon atoms,
has attracted great attention due to its fascinating physical and
electrochemical properties!'~'%. Especially, it has been widely
applied in electrochemical sensing fields as a promising elec-
trode material, in terms of large surface area, extraordinary
electrical properties and high electrocatalytic activitiest'” "%, It
can exhibit a comparable wide electrochemical potential win-
dow and a lower charge-transfer resistance than glassy carbon
and graphite electrodes’™ *?!. Consequently, an electrochemi-
cal sensor based on Nafion-graphene film has been developed,
which shows a detection limit of 0.1 nmol/L for Pb** in aqueous

solution®,

However, the graphene nanosheets, usually ob-
tained from the reduction of graphene oxide(GO)[“*m, have a
strong tendency to form irreversible aggregation due to van der
Waals interactions and strong z-z stacking, which significantly
limits its intrinsic distinguished properties and inhibits their
application in electrochemical analysis?**).
method to solve this problem is to incorporate nanomaterials

into graphene sheets, which can minimize or prevent the ag-

One effective

gregation of graphene sheets. Consequently, graphene-based
nanocomposites have been studied for electrochemical sensing,
which show significant improvement in properties compared

with conventional composites or pure graphene****. For
example, Wei er al®®! fabricated SnO,/reduced graphene

oxide(RGO) nanocomposite for electrochemical detection of
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Pb(1l), Cd(1l), Hg(Il) and Cu(Il) in drinking water, with detec-
tion limits of 1.8x107'%, 1.0x107", 2.8x107'" and 2.3x10°"
mol/L, respectively. Sun er al.*® used Fe;0,-RGO modified
electrode for Cd** detection, which showed a detection limit of
0.056 pmol/L. Lei ef al.?" realized the determination of hydra-
zine with MnO,/GO composite, which showed a sensitivity of
1.0 mA-L-mmol "-cm ™ and a detection limit of 0.16 pmol/L.

As reported previously, it was found that y-AIOOH
(boehmite) has a high adsorption capacity toward heavy metal
ions, such as Pb(II) and Cd(I1)"**. However, its electrochemical
activity is greatly inhibited by its low electrical conductivity. To
solve this problem, Gao et al.*” synthesized the y-AlOOH-
RGO nanocomposites which combined the advantages of ex-
cellent electrical conductivity of graphene and the superior
absorbability of y-AIOOH. The nanocomposites show a detec-
tion limit of 9.3x10™"" mol/L for Pb(II) and 3.5x10™"" mol/L for
Cd(1), respectively. Herein, we tried to further improve the
sensing performance of RGO/y-AIOOH hybrids by optimizing
the mass ratio of graphene to y-AIOOH. The RGO/y-AIOOH
hybrids with different y-AIOOH contents[i.e., 30%(mass frac-
tion), 51% and 72% in our case] have been successfully syn-
thesized via a facile one-pot hydrothermal method. Through the
hydrothermal reaction, y-AIOOH nanoplatelets are homoge-
neously precipitated on GO surface and GO can be reduced
to graphene(i.e., RGO) simultaneously. TEM images of
RGO/y-AlIOOH hybrids show the morphology diversity as the
y-AlIOOH content changes. And the RGO/y-AIOOH hybrid
with 51% y-AlOOH nanoplatelets shows a superior sensitivity
toward Pb(II) with a detection limit as low as 1.5x10™"" mol/L.
Therefore, the RGO/y-AIOOH hybrids thus prepared with
excellent sensitivity, reproducibility and stability, offer an
alternative platform for heavy metal ions detection in terms of
electrochemical sensing.

2 Experimental

2.1 Materials

Natural graphite powder(325 meshes) was supplied by
Alfa-Aesar. Aluminium(III) chloride (AICl;), uera, and ethanol
were purchased from China Medicine Co. All the chemicals
were used as received without further treatment. Deionized
water was used throughout all the experiments.

2.2 Synthesis of GO

GO was synthesized from natural graphite powder via a
modified Hummers method*”). The resulting GO solid was
dispersed in water by ultrasonication under ambient conditions
for 30 min to make a homogeneous GO aqueous dispersion.

2.3 Fabrication of RGO/y-AIOOH Hybrids

RGO/y-AIOOH hybrids were synthesized with a hydro-
thermal method. Typically, different amounts of AICI; and urea
were added to 0.5 mg/mL GO aqueous suspension. Subse-
quently, the mixed suspension was ultrasonicated for 30 min
followed by transferring into a 100 mL Teflon-lined stainless
steel autoclave and maintained at 180 °C for 3 h. After the

autoclave was cooled down to room temperature, the resulting
product was isolated by centrifugation, washed several times
with water and ethanol, respectively, followed by drying at
60 °C under vacuum. The as-prepared RGO/y-AIOOH hybrids
with different y-AIOOH contents(30%, 51% and 72%) were
denoted as GA-1, GA-2 and GA-3, respectively. All the prepa-
ration processes are illustrated in Scheme 1. For comparison,
y-AlOOH or RGO was prepared by the same procedure without
adding GO dispersion or AlCl; and urea.

HOOC
HO-56:
HOOC. 505

RGO/y-AIQOH hybrid

Scheme 1 Schematic illustration of preparation
process for RGO/y-AIOOH hybrids

2.4 Characterization

X-Ray diffraction(XRD) patterns were obtained on an
X’Pert Pro X-ray diffractometer with Cu Ka radiation
(4=0.1542 nm) at a voltage of 40 kV and a current of 40 mA.
Morphology of the sample was investigated under transmission
electron microscope(TEM, JEOL 2100) at an accelerating
voltage of 200 kV. Thermogravimetric analysis(TGA, Pyris 1)
was carried out under air flow from 100 °C to 800 °C at a
heating rate of 10 °C/min. X-Ray photoelectron spectroscopy
(XPS) measurement was carried out on an RBD upgraded
PHI-5000C ESCA system(Perkin Elmer) with a monochroma-
tic Al Ka radiation(hv=1486.6 ¢V). All the XPS spectra were
corrected with the C, line at 284.6 eV.

2.5 Electrochemical Measurement

The hybrid sample was dripped onto a glassy carbon elec-
trode(GCE, ¢=3 mm) surface that served as the working elec-
trode. Typically, 5 pL of 1.0 mg/mL dispersion of RGO/
y-AlOOH hybrid was casted onto the GCE surface, followed by
drying naturally at room temperature to get the hybrid sample
modified GCE.

Electrochemical tests were carried out on a CHI 660C
electrochemical workstation(Chenhua Instruments Co., Shang-
hai, China). A three-clectrode system was used, consisted of the
sample modified GCE as the working electrode, Ag/AgCl elec-
trode as the reference electrode, and platinum as the counter
electrode. Square wave anodic stripping voltammetry(SWASV)
was used for the detection of Pb(II) with optimized parameters.
Pb was accumulated at a potential of —1.1 V for 120 s by the
reduction of Pb(Il) in 0.1 mol/L NaAc-HAc. The anodic strip-
ping of electrodeposited Pb was performed in a potential range
of—1.3 Vto 0.5 V at a frequency of 15 Hz and an amplitude of



592 Chem. Res. Chin. Univ. Vol.31

25 mV.

3 Results and Discussion

3.1 Morphological and Structural Characteriza-
tion of RGO/y-AlI0OH Hybrids

RGO/y-AIOOH hybrids were synthesized directly from
GO and AICI; in the presence of urea by the hydrothermal
method, as schematically illustrated in Scheme 1. Firstly, AI**
ions were absorbed on the surface of GO nanosheets through
electrostatic interaction between positively charged A" ions
and negatively charged oxygen-containing functional groups
(—OH or —COOH) on GO. Under heating conditions, urea
could release CO, and OH™, which would react with A" ions
to form Al(OH); on the surface of GO nanosheets. The relevant
reactions for the formation of y-AIOOH are listed as follows:

CO(NH,),+3H,0—>2NH,+CO,+20H" 1)
AP*+30H  —> Al(OH), ®)
Al(OH);—>AIOOH+H,0 3)

At the same time, pristine GO nanosheets were simulta-
neously reduced to RGO after the hydrothermal reaction. Under
hydrothermal conditions, supercritical water can play the role
of reducing agent and allow the catalysis of a variety of hete-
rolytic(ionic) bond cleavage reactions in water. Therefore, both
intramolecular as well as intermolecular dehydration can occur
on the edges or basal planes of GO in the presence of super-
critical water under hydrothermal conditions!*?. In addition,
the y-AlOOH inserted in the graphene nanosheets could prevent
RGO from restacking during reduction effectively. Thus, the
as-prepared RGO/y-AlOOH hybrids with a high active surface
area can contribute to better electrochemical performance,
which will be proved in later sections.

Fig.1 displays the representative XRD patterns of the
as-obtained samples. GO displays a typical diffraction peak at
20=10.6° corresponding to an much larger interlayer distance
of 0.81 nm than graphite does(0.34 nm) owing to the abundant
oxygenated functional groups introduced on graphene sheets.
In contrast, the peak at 26=10.6° disappears and a broad peak
at 20=24.8° appears for RGO, indicating that GO was suc-
cessfully reduced after hydrothermal treatment. The XRD pat-
tern of y-AIOOH containing 4 sharp peaks, which represent the
(020), (120), (031) and (200) crystal planes, is consistent with
the standard XRD patterns of orthorhombic AIOOH(JCPDS No.
01-074-1895). GA-2 hybrid shows a diffraction pattern similar
to that of y-AIOOH with an additional characteristic (002) peak
of graphene, indicating the coexistence of y-AIOOH and gra-
phene in the hybrid. In addition, the reduction of GO is also
confirmed by Raman spectra. As shown in Fig.2, GO displays
two prominent peaks at 1340 and 1597 cm, corresponding to
the well-documented D and G bands, respectively ). Although
the Raman spectrum of RGO also exhibits both D and G bands,
the intensity ratio of D/G increases from 1.21 for GO to 1.34
for RGO, implying a decreased size of the sp* domains for GO
upon hydrothermal reduction™*!.

Fig.3(A) illustrates the typical TEM image of GO,
revealing a few micrometers in size and slightly crumpled and
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Fig.1 XRD patterns of GO(a), RGO(b), y-AIOOH(c)
and GA-2 hybrid(d)
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Fig.2 Raman spectra of GO(a) and RGO(b)
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Fig.3 TEM images of GO(A), y-AIOOH(B), GA-1
hybrid(C), GA-2 hybrid(D), GA-3 hybrid(E),
and the corresponding image at high magnifi-
cation(F), high-resolution TEM image(G) and
SAED pattern(H) of GA-2 hybrid
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rippled on sheet edges. Fig.3(B) presents neat y-AIOOH
nanoplatelets with a length of about 400—500 nm and these
nanoplatelets tend to be closely packed into flower-like archi-
tectures. In contrast, for RGO/y-AIOOH hybrids as shown in
Fig.3(C)—(F), y-AIOOH nanoplatelets are evenly immobilized
on both the sides of the two-dimensional RGO sheets. Gra-
phene can afford an effective substrate to prevent y-AIOOH
from agglomeration and enable a uniform dispersion and dis-
tribution of y-AIOOH nanoplatelets over its support. Different
from pure y-AIOOH nanoplatelets, the y-AIOOH nanoplatelets
grown on RGO nanosheets exhibit much thinner and loose
lamellar structures, as shown in the high magnification TEM
image[Fig.3(F)]. Conversely, y-AIOOH nanoplatelets inserted
between graphene layers also greatly prevent RGO nanosheets
from restacking, ensuring the effective utilization of active
surface area. Furthermore, most of RGO nanosheets are deco-
rated with y-AlIOOH nanoplatelets, and even no individual
y-AIOOH nanoplatelets are observed outside the graphene
sheets. For GA-1 sample[Fig.3(C)], there is still some blank
area on RGO nanosheets. With the increase of mass fraction of
y-AlOOH, much more y-AIOOH nanoplatelets can be observed.
And almost a monolayer of y-AIOOH nanoplatelets covers
uniformly on RGO nanosheets[Fig.3(D)]. Further increasing
the y-AIOOH content leads to some aggregates formed on the
RGO nanosheets, as shown in Fig.3(E), which will reduce the
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effective surface area. Besides, the high-resolution TEM
image[Fig.3(G)] and selected area electron diffraction(SAED)
pattern[Fig.3(H)] of GA-2 hybrid show the high crystallinity of
y-AlOOH. As indexed in Fig.3(G), the interatomic distances
were determined to be 0.18 and 0.23 nm, respectively, corres-
ponding to the (200) and (031) planes, and they match well
with the XRD results.

Fig.4 exihibits the XPS spectra of GO, y-AIOOH and
GA-2 hybrid. It can be seen that compared with that of GO,
there are two extra peaks located at 118.7 and 74.1 eV in the
XPS spectrum of GA-2 hybrid, which correspond to Al,, and
A12p[45]. Such peaks could confirm that y-AIOOH does exist in
the hybrid. Fig.4(B) displays the high-resolution Al,, spectrum
of the hybrid. The C;, spectra of GO[Fig.4(C)] present five
different peaks observed at 284.5, 285.6, 286.7, 287.8, and
288.8 eV, which can be attributed to spZC, sp3C, —C—O0,
—C==0, and COO" groups, respectively. Compared with those
of GO, the intensities of the C,, peaks of the —C—0O, —C=0
and COO™ groups of GA-2 hybrid decrease dramatically,
indicating the successful removal of the oxygen-containing
functional groups and the well-restored conjugated graphene
sheets after the hydrothermal process. The removal of oxygen-
containing functional groups could ensure the good electrical
conductivity of RGO sheets, which can form conductive net-
works between adjacent y-AlIOOH nanoplatelets.
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Fig.4 XPS spectra of GO(a), y-AIOOH(b) and GA-2 hybrid(c)(A), high-resolution Al,, spectrum of GA-2
hybrid(B) and Cy, spectra of GO(C) and GA-2 hybrid(D), respectively
(C) and (D) a. Sum; b. sp°C; c. sp°C; d. —C—O; e. —C=0; f. COO".

The compositions of GA-1, GA-2 and GA-3 hybrids were
further investigated by TGA. As shown in Fig.5, GO displays a
two-step mass loss in air. The first stage is from 200 °C to
300 °C, attributing to the removal oxygen-containing functional
groups on the surface. The second stage is assigned to the com-
plete decomposition of carbon skeleton, starting at about
550 °CH. In contrast, RGO shows only a one-step mass loss
and the decomposition temperature is 70 °C higher than that of

GO, indicating an improved thermal stability. This further
proves the successful reduction of GO during the hydrothermal
process. y-AlIOOH shows a slight mass loss when heated to
800 °C, which can be attributed to its decomposition into Al,O;
and water™®”, From the TGA results, the y-AlOOH contents of
GA-1, GA-2 and GA-3 hybrids are estimated to be 30%, 51%
and 72%, respectively.
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Fig.5 TGA curves of GO(a), RGO(b), y-AIOOH(c),
and GA-1(d), GA-2(e) and GA-3(f) hybrids
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3.2  Experimental Condition Optimization of
RGO/y-A100H Hybrids Based Electrode for Pb(II)
Detection

RGO/y-AIOOH hybrids prepared above combine the ad-
vantages of graphene with those of y-AlIOOH, resulting in im-
proved electrical conductivity and high adsorption capacity of
them for metal ions. These merits thus offer the opportunity to

utilize the hybrid material for electrochemical sensing with
high sensitivity and stability. The sensing behavior of the
as-prepared RGO/y-AIOOH hybrid-based electrode toward
trace metal ions, such as Pb(Il), in aqueous solution, was stu-
died in detail as follows by the technique of SWASV.

In order to get the maximum sensing performance, the
experimental conditions, such as the mass of the electrode ma-
terial, deposition time and pH value were then optimized.
Fig.6(A) shows the effect of the mass of loaded GA-2 hybrid
on SWASV response in the presence of 0.5 umol/L Pb(Il) in
0.1 mol/L NaAc-HAc(pH=5.0). Well-defined peak at a poten-
tial of —0.52 V was observed and the highest stripping current
was found as 5 pg of hybrid was used. The stripping current
decreased with further increasing the mass of GA-2 hybrid on
the electrode. This may tentatively be attributed to worse film
stability and a reduced electrical connectivity within the thicker
film. Decreasing the mass of GA-2 hybrid beyond 5 pg results
in a lower adsorption amount of Pb(Il) and a dramatical reduc-
tion of the sensitivity in response to Pb(Il). Therefore, unless
otherwise stated, 5 ug of hybrid material was used throughout.

Fig.6(B) depicts the effect of the deposition time for Pb(II)
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Fig.6 Effects of mass of loaded GA-2 hybrid(A), deposition time for Pb(II)(B)

and pH(C) on SWASYV re-

sponse in the presence of 0.5 pmol/L Pb(II) in 0.1 mol/L NaAc-HAc

on voltammetric response. As shown above, stripping peak
current increases with the extending of the deposition time
varying from 10 s to 130 s. However, increasing deposition
time will cause the decrease of the upper detection limit due to
the surface saturation. As a result, to pursue a balance between
the sensitivity and the detection limit, an optimal deposition
time of 120 s was chosen in our condition.

In the stripping analysis, pH value also has an effect on the
stripping current and thus affects the detection limit and sensi-
tivity. Fig.6(C) depicts the relationship between pH value and
stripping peak current. As shown in Fig.6(C), when the pH
value increases from 3.0 to 5.0, the peak current increases, and

then decreases as the pH value further increases from 5.0 to 7.0.

It was previously reported that the adsorption capacity of
y-AlIOOH almost reached maximum as the pH value was about
4.0—>5.08%. Thus, at this pH value, the GA-2 hybrid can much
easier capture Pb(II) and subsequently collect it on the elec-
trode surface. Therefore, pH=5.0 in NaAc/HAc buffer solution
was chosen as the optimal pH for the stripping tests.

33 Stripping Behaviour Toward Pb(II) of
RGO/y-AI0OOH Hybrids

Fig.7 displays the SWASV response of bare GCE, RGO,
y-AlOOH, and GA-1, GA-2 and GA-3 hybrids modified GCE

in a solution containing 0.5 umol/L Pb(II). As observed from
Fig.7, there was almost no response for bare GCE(curve a) in a
voltage range from —1.3 V to +0.5 V. As for RGO(curve b) and
y-AlOOH nanoplatelets(curve ¢) modified GCE, there was only
one weak peak of Pb(II) located at a potential of —0.52 V,
which could be attributed to the high conductivity but inferior
absorbability of RGO and the low conductivity but superior
absorbability of y-AIOOH. Nevertheless, all the three
RGO/y-AlIOOH hybrids show a much sharper and higher peak
of Pb(Il) compared to the individual components. This is
mainly due to the synergistic effect of the high conductivity of
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Fig.7 SWASYV response of bare GCE(a), RGO(b),
7-AIOOH(c¢), and GA-1(d), GA-2(e¢) and

GA-3(f) hybrids modified GCE
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graphene and superior absorbability of y-AIOOH. It should be
noted that GA-2 hybrid shows the most significant response to
Pb(II) among the three hybrid samples, which can be attributed
to an optimized amount of y-AIOOH homogeneously dispersed
on the RGO sheets. With less y-AIOOH content, the GA-1
hybrid exhibits weaker adsorption ability toward the target
heavy metal ions. However, further increasing the y-AlIOOH
content results in aggregates[Fig.3(E)], which will hinder the
effective surface area. Therefore, the GA-2 hybrid was selected
for further electrochemical experiments.

Fig.8(A) shows the SWASV response and the correspon-
ding calibration curve of GA-2 hybrid/GCE electrode toward
Pb(Il) at different concentrations[inset in Fig.8(A)]. The
well-defined peak of Pb(Il) was observed at a potential of ap-
proximately —0.52 V. And the stripping peak current increases
with the concentration increase of Pb(I) obviously from 0.01
umol/L to 1 pmol/L. The calibration curve displays a linear
relationship with a correlation coefficient of 0.998. The calcu-
lated limit of detection(LOD) is about 1.5x107"" mol/L(36 me-
thod), which is greatly lower in comparison with those of other
carbonaceous materials in terms of heavy metal ions detec-
tion®”. The obtained LODs are much lower than that of the
guideline(10 pg/L, 4.8x10™ mol/L) given by the World Health
Organization(WHO). The reproducibility of the proposed
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Fig.8 SWASYV response of GA-2 electrode toward
Pb(II) at different concentrations in 0.1 mol/L
NaAc-HAc(pH=5.0)(A) and the stability of
repetitive measurements 15 times of SWASV
response toward 0.5 pmol/L Pb(II) on the
GA-2 hybrid modified GCE(B)
c[Pb(ID]/(umol-L™"): a. 1; b. 0.8; ¢. 0.6; d. 0.4; e. 0.2;
£.0.1; g. 0.08; A. 0.06; i. 0.04; . 0.02; k. 0.01. The inset of
(A) is plot of current versus Pb(II) concentration. The
inset of (B) is the SWASV response of 15 different
stripping times.

sensor was also investigated, as shown in Fig.8(B). The relative
standard deviation(RSD) in response to the electrochemical
sensing of Pb(II) is approximately 2.4%, showing a reasonable
reproducible signal. Therefore, the RGO/y-AIOOH hybrid
modified electrode manifests an excellent stability and
reproducibility for repetitive electrochemical detection of metal
ions.

4 Conclusions

In this study, the RGO/y-AIOOH hybrids were successful-
ly synthesized via a green and facile hydrothermal method. By
combining the excellent electrical conductivity of graphene
with the high adsorption capacity of p-AlOOH, the
RGO/y-AlIOOH hybrids become promising electrode materials
for heavy metal ions detection. Furthermore, the sensing per-
formance of the hybrids is optimized by controlling the amount
of »-AlIOOH nanoplatelets on RGO nanosheets. The
RGO/y-AIOOH hybrid with 51% 9-AIOOH nanoplatelets
shows superior sensitivity toward Pb(II) with a detection limit
as low as 1.5x107"" mol/L. These results demonstrate that the
loaded amount has great influences on the sensing performance
of the hybrids, indicating that proper nano-engineering of the
hybrid structure is the key to realize its full performance.
Therefore, this work highlights the great potential of using
RGO/y-AIOOH hybrids with excellent sensitivity, reproducibi-
lity and stability as an alternative platform for electrochemical
sensing in terms of heavy metal ions detection.
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