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Amajor drawback of non-enzymatic approach for phenol detection is surface foulingwhich results from the elec-
trochemical oxidation of phenol to polymeric products, thereby restraining the electrode process to low concen-
trations and limited to single time use. In thiswork,we report a novel approach for stable, non-enzymatic phenol
detection using reduced Graphene Oxide (rGO)-Zinc Oxide (ZnO) composite modified Glassy Carbon Electrode
(GCE) which eliminates the surface fouling effect by allowing precise selection of the sensing peak. Here, the
rGO-ZnO composite was synthesized using a wet chemical method wherein rGO and ZnO were formed in-situ
from GO and Zinc Acetate, respectively. The phenol sensing was investigated by differential pulse voltammetry
(DPV) which yielded two peaks at 0.35 V and 0.94 V. Phenol detection was performed at a lower potential
(0.35 V) as it eliminates the need for surface renewal of the electrode prior to each scan caused due to surface
fouling thus facilitating stable and reproducible detection. The as-fabricated sensor responded linearly to phenol
over two ranges, one in the range 2–15 μM with a ultrahigh sensitivity of 1.79 μA/μM cm2 and the other in the
range 15–40 μM with a sensitivity of 0.389 μA/μM cm2 with good reproducibility, stability, selectivity and a
lower detection limit of 1.94 μM. The sensing ability of rGO-ZnO modified GCE was studied in terms of forward
biased nano Schottky barriers at the rGO-ZnO interface. This composite based sensor provides a low cost, non-
enzymatic and voltammetric detection of phenol in industrial and environmental analyses.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Phenol is a common organic contaminant found in air and water at
very low concentrations. It is introduced into the environment
through the effluents of chemical and industrial activities and its con-
centration in water bodies varies depending on its source (refineries:
0.06–5.3 mM, petrochemical industries: 0.03–13 mM, pulp and paper
industries: 0.001–17 mM, etc.) [1–4]. It is considered as a priority pol-
lutant in the field of environmental research due to its toxicity, bioac-
cumulation, environmental persistence, highly carcinogenic and
mutagenic effects in aquatic organisms and humans causing damage
to lungs, liver, kidney, central nervous system, human tissues and so
on [5–6]. Due to these detrimental effects of phenol, the design and
fabrication of sensors with enhanced sensitivity to detect and accu-
rately quantify phenol at micro molar scale are of utmost importance.

Most common techniques employed for phenol detection include
liquid and gas chromatography, capillary electrophoresis, flow injection
analysis etc. [7–10] Despite their high sensitivity and selectivity, these
techniques are expensive, require sophisticated instrumentation and
time-consuming sample pretreatments, thereby being unsuitable for
in situ and continuous measurements [2–4,11–12]. As a result, electro-
chemical sensors have attracted significant attention for direct detec-
tion of phenol due to their high sensitivity, faster response, low cost
and ability to detect in situ in real time [6].

Electrochemical detection of phenol is performed on both enzymatic
and non-enzymatic platforms. Disadvantages associated with enzymat-
ic sensors include immobilization of enzymes, lack of reproducibility,
and limited working conditions such as temperature, pH and humidity
[2]. In non-enzymatic approach, phenol is detected through its oxida-
tion on suitable electrodes at a positive potential. However, the phenoxy
radicals (obtained due to phenol's oxidation) are further oxidized into
polymeric contaminants which result in surface fouling of the electrode.
As a result, preventing the electrode from deactivation remains a major
challenge. To overcome this issue, novel electrode materials for non-
enzymatic phenol detection have been reported [12–14]. In this work,
we report such a new electrode material i.e., Reduced Graphene Oxide
(rGO)-Zinc Oxide (ZnO) composite modified Glassy Carbon Electrode
(GCE) for non-enzymatic sensing of phenol that simultaneously elimi-
nates the operational challenges faced by conventional electrodes
while offering enhanced sensitivity.

ZnO has been extensively used in electrochemical sensing due to its
wide band gap (∼3.2 eV) and high exciton binding energy (~60 meV),
 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jelechem.2016.12.001&domain=pdf
http://dx.doi.org/10.1016/j.jelechem.2016.12.001
mailto:sbadh@iith.ac.in
Journal logo
http://dx.doi.org/10.1016/j.jelechem.2016.12.001
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/jelechem


Fig. 1. (a) Low and (b) high magnification FESEM images of rGO-ZnO composite.

Fig. 2. (a) XRD pattern and (b) Raman spectrum of rGO–ZnO composite.

Fig. 3. CV plots of rGO-ZnOmodified GCE in the absence of phenol and presence of 10mM
phenol. The inset shows magnified image of peak I.
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wide electrochemical potential window, non-toxicity, high chemical
stability, and high-electron transfer rate [15,16]. In particular, it has
been used for phenol sensing by dielectric manipulation [17]. Similarly,
graphene and relatedmaterials (such as grapheneoxides) exhibit excel-
lent electrochemical sensing ability [18]. In this case, the rGO-ZnO com-
posite was synthesized and subsequently used for phenol sensing. The
energy difference between ZnO (large band gap) and rGO (small band
gap) was used to form nano-Schottky barriers at the rGO-ZnO junction
which can be modulated by the oxidation or reduction of
electrochemical species. The oxidation of phenol results in the release
of electrons at the electrode surface whose energy is greater than the
Fermi level of rGO. Since, the work function of ZnO is greater than that
of rGO, electrons jump from the conduction band of ZnO to rGO. Due
to the higher mobility in rGO, these electrons are transferred to the
GCE. With the successive addition of phenol, the concentration of elec-
trons increases whichmakes the nano-Schottky barrier forward biased,
thereby, increasing the current. The exhibited higher sensitivity, the
lower limit of detection and reproducibility of the rGO-ZnO modified
electrode towards phenol oxidation are due to the synergistic effects
of rGO and ZnO, in terms of excellent charge separation due to the for-
mation of nano Schottky barrier. The rGO-ZnO composite modified
GCE sensor provides a simple, non-enzymatic, and low cost detection
of phenol in industrial, bio-medical and environmental processes. The
property of excellent charge separation due to the formation of nano
Schottky barrier at rGO-ZnO interface paves the way for the easy fabri-
cation and testing of rGO-ZnO based environmental sensors for the de-
tection of other phenolic compounds such as 2-Chlorophenol, 2-
Nitrophenol, 2,4-Dichlorophenol and other toxic organic pollutants. To
the best of our knowledge, no other studies have been reported on
rGO-ZnO composite based non-enzymatic phenol sensor.
2. Experimental

2.1. Materials

Concentratedsulfuric acid (H2SO4,98%),phenol (C6H5OH),Graphitepow-
der, ethanol (C2H5OH), N, N-dimethylformamide (DMF) ((CH3)2NC(O)H),



Fig. 4. CV plots of rGO-ZnOmodified GCE during cycling in the presence of 10mMphenol.
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andzincacetatedihydrate (ZnAc)(Zn(CH3COO)2·2H2O)wereprocured from
Sigma-Aldrich and used directly in the experiments.

2.2. Synthesis of GO and rGO-ZnO nano composite

GO was synthesized by modified Hummers method as described in
our previous work [19]. The rGO–ZnO composite was synthesized
using a modified in situ wet chemistry method which was previously
reported [20]. In brief, 0.5 wt.% of GO was uniformly dispersed in DMF
whilst 10 wt.% of ZnAc was dissolved in DMF by ultra-sonication for
2 h and 5 min, respectively. Then GO-DMF solution was added to
ZnAc-DMF solution under continuous ultra-sonication. The resultant
solution was then heated for 5 h in an oven at a constant temperature
of 95 °C and then cooled to room temperature. Subsequently, the resul-
tant solution was centrifuged (at 10,000 rpm) to obtain a solid residue
(after discarding the supernatant), which was washed with ethanol
and DI water and then dried at 60 °C for 12 h. In the final step, the
dried solid was calcined at 400 °C for 1 h to obtain the final product.

2.3. Characterization of materials

Morphology of the as-synthesized materials was characterized by
field emission scanning electronmicroscope (FESEM)operated at an ac-
celerating voltage of 5 kV. Crystal structure of the samples was deter-
mined by X-ray diffraction (XRD) whilst the phase information of the
samples was studied by Raman scattering. XRD experiments were per-
formed using Cu Kα (wavelength 1.54 Å) line on X'pert PRO X-ray dif-
fractometer. XRD patterns were recorded in the 2θ range 5–75°, θ
Fig. 5. (a) CVplots of rGO-ZnOmodifiedGCE in thepresence of 0.1mMphenol at various scan rates
being Bragg's diffraction angle. Raman spectra were collected in the
spectral range 500–3000 cm−1 using 532 nm excitation source on
Senterra, Bruker spectrometer.

2.4. Sensor fabrication and testing

The calcined sample (i.e., rGO-ZnO composite) was dissolved in
DMF, and the resultant solution was continuously stirred at 750 rpm
for 2 h in order to obtain uniformly dispersed stock solution. 5 μL of
the stock solution was drop-casted onto a clean GCE surface. The drop
casted GCE was then dried for 10 min in an oven at 60 °C to obtain
rGO–ZnO modified GCE, which was used as a phenol sensor. Three
such sensors were fabricated using stock solutions prepared with the
three different composites. Cyclic Voltammetry (CV) and differential
pulse voltammetry (DPV) measurements were performed on a CHI
electrochemical workstation (CHI 660E) at room temperature. Three
electrode cell configuration in which rGO-ZnO composite modified
GCE (3 mm in diameter) as the working electrode, Ag|AgCl electrode
as the reference electrode and Pt wire as the counter electrode was
used whilst 0.1 M H2SO4 solution was used as the electrolyte. The scan
rate was 50 mV/s.

3. Results and discussions

Themorphology of rGO-ZnO composite at differentmagnifications is
shown in Fig. 1. Fig. 1(a) shows features (typical to that of ZnO particles
[21,22]) whose sizes are in the range 250–300 nm. Each of these fea-
tures is constituted by smaller features in the range 10–20 nm as
shown in Fig. 1(b). However, from Fig. 1, any typical features corre-
sponding to rGO could not be identified, which is plausibly due to opti-
mized low amount of GO used during the synthesis. Nonetheless, XRD
(Fig. 2) and Raman scattering analysis confirmed the presence of ZnO
and rGO in the composite.

XRD pattern and Raman spectrum of the rGO-ZnO composite are
shown in Fig. 2(a) and Fig. 2(b), respectively. Very low-intensity XRD
peak at 2θ = 26.5° indicates the presence of rGO in the composite [21,
22]. This implies that at the calcination temperature of 400 °C, GO in
the reaction mixture is transformed into rGO. Other diffraction peaks
in Fig. 2(a) are indexed to crystallographic planes of hexagonalWurtzite
[22,23]. The typical D, G and 2D Raman bands at 1347, 1590 and 2606
cm−1, respectively corresponding to the presence of rGO [21,22] in
the composite could be easily identified in Fig. 2(b). Moreover, the in-
tensity ratio IG/I2D is greater than 1 indicating the few-layered nature
of rGO [24]. Additionally, a Raman band at ~578 cm−1 in Fig. 2(b) is at-
tributed to the presence of ZnO in the composite [21,25].

The electro-catalytic oxidation of phenol using rGO-ZnO composite
modified GCE was determined using CV. As shown in Fig. 3, in the

 

 

in the range20–120mV/s and (b) the linear relationshipbetween log Ip versus log (scan rate). 



Fig. 6. DPV curves at different concentrations of phenol.
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absence of phenol, no well-defined oxidation peaks were identified. In
the presence of 10 mM of phenol, a pair of well-defined oxidation
peaks was observed at 0.42 (named peak I) and 0.96 V (named peak
II), which could be ascribed to the catalytic oxidation of phenol. The
identification of oxidation of phenol at a low potential (i.e., at 0.42 V),
suggests that the rGO-ZnO modified GCE can be an effective sensor for
the detection of phenol. The absence of any reduction peak in CV plots
implies that the electrochemical reaction is irreversible. To check any
surface fouling effect, rGO-ZnO modified GCE was scanned for several
cycles. From Fig. 4, it is clear that the oxidation peak current (at
0.96 V) measured at first cycle is greater than the peak current mea-
sured at 11th cycle. The peak current gradually decreased in subsequent
cycles. Such drop in the oxidation current is attributed to the electrode's
surface fouling. The electro-oxidation of phenol results in the generation
of polymerization products and benzenediol isomers, which get depos-
ited on the surface of the electrode, [12,26] and as a consequence deac-
tivate the electrode and prevent any further oxidation of phenol on the
electrode's surface.

To select the optimum rGO-ZnO composition for phenol sensing, an
optimization study was performed by using three different wt% of GO
precursor to synthesize 0.1 wt%, 0.5 wt% and 1 wt% rGO–ZnO compos-
ites followed by performing phenol detection. The maximum value of
current (peak I) was found in 0.5 wt% rGO-ZnO whilst the value of cur-
rent obtained in 0.1wt% rGO-ZnOwas the lowest. It could be ascribed to
the rapid charge separation at the interface which results in an effective
oxidation of phenol at the catalytically active sites of 0.5 wt% rGO-ZnO
modified GCE. Hence, to achieve better sensitivity, a 0.5 wt% rGO-ZnO
composite was chosen for phenol sensing. Figure that shows the value
Fig. 7. (a) Comparative DPV response of ZnO/GCE and 0.5 wt% rGO–ZnO/GCE electrodes in 0.1 M
0.1 M H2SO4 solution containing different concentrations of phenol; scan rate: 50 mv/s.
of current (peak I) measured as a function of different wt% of rGO in
rGO–ZnO composite and the detailed optimization study can be found
in the Supplementary information (SI) (Fig. S1).

Fig. 5(a) shows the CV plots of rGO-ZnO modified GCE at different
scan rates. It is clear from Fig. 5(a) that the two oxidation peak currents
increased with the increasing scan rate. To understand the nature of
phenol oxidation, i.e., to know if the oxidation is controlled by diffusion
or adsorption, the logarithmof peak current (Ip) (here, peak II) has been
plotted against the logarithmof scan rate as shown in Fig. 5(b). From the
fit data (Fig. 5(b), the following linear relationship between the oxida-
tion peak current and the scan rate is obtained:

Log Ip μAð Þ ¼ 0:71 log scan rateð Þ mV=sð Þ−0:406 correlation co−efficient;R2 ¼ 0:987
� �

The value 0.71 of the slope of the linear fit is greater than 0.5 and
close to 1, which clearly indicates that the oxidation of phenol on rGO-
ZnO modified GCE is controlled by surface absorption process [6].
Since the oxidation of phenol is an adsorption controlled reaction, the
by-products of this reactionwere easily deposited on the surface, there-
by causing surface fouling of the electrode. This observation corrobo-
rates well with the decrease in the values of the peak currents with
cycling as shown in Fig. 4.

DPV was used for the non-enzymatic detection of different concen-
trations of phenol using rGO-ZnO modified GCE. Fig. 6 shows the DPV
curves for phenol detection. Two anodic peak currents, peak I at
0.35 V and peak II at 0.94 Vwere clearly observed in Fig. 6. The presence
of peak II at 0.94 V indicates the oxidation of phenol to phenoxy radicals
by the release of one free electron and one proton at the catalytically ac-
tive site of the rGO-ZnO modified GCE. Another oxidation peak (peak
I) at 0.35 V can be regarded as surface confined hydroquinone's redox
species on the surface of the electrode. As shown in Fig. 6, the current
of peak II increased only at lower concentrations of phenol (up to
20 μM) and started decreasing at higher phenol concentrations because
of surface fouling effect. Phenoxy radicals are further oxidized to Hydro-
quinone which would be adsorbed on the electrode surface. Therefore
no further oxidation of phenol is possible [13,14,27]. Herein, the reasons
for choosing peak I for the electrochemical detection of phenol were
a) peak I increased linearly with all concentrations of phenol, b) peaks
I and IIwere not interferingwith each other and c) peak Iwas not affect-
ed by surface fouling.

To compare the electrochemical sensing performances of the elec-
trodes, GCE was modified with pristine ZnO and 0.5 wt% rGO-ZnO re-
spectively. Fig. 7(a) exhibits DPV response of ZnO/GCE and 0.5 wt%
rGO–ZnO/GCE electrodes in 0.1 M H2SO4 solution containing 10 μM
phenol. The current (peak I) of the composite based sensor at 0.35 V is
about 1.35 folds greater than that of pure ZnO based sensor which can
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be ascribed to the synergistic effects of rGO and ZnO, in terms of excel-
lent charge separation due to the formation of nano Schottky barrier.
DPV curves in Fig. 7(b) shows the response of the oxidation peak
(peak I) current towards phenol. The oxidation peak current increased
with increase in phenol concentration. Fig. 8 presents the calibration
plot of DPV curves at different phenol concentrations. Two linear re-
gions were found to occur, i.e., from 2 μM to 15 μM and 15 μM to
40 μM. In the region of 2 μM to 15 μM, the linear regression equation is:

Peak current density Jp (μA/cm2) = 1.79C (μM) + 52.3 (correlation
co-efficient, R2= 0.979)while in the range of 15 μM to 40 μM, peak cur-
rent density Jp (μA/cm2) = 0.389C (μM) + 72 (R2 = 0.987). The limit
of detection (LOD) was calculated using the following formula, LOD =
3 S/m where, S is the standard deviation of the response, estimated by
the standard deviation of y-intercept of the regression line and m is
the slope of the calibration curve. The estimated limit of detection was
1.94 μM. In this work, the sensitivity achievedwas higher in comparison
to previous reports as shown in Table 1.

Stability and reproducibility of the sensor were investigated by
performing the DPVs on the 0.5 wt% rGO-ZnOmodified GCE. The sensor
could be regenerated by washing it with PBS buffer of pH 7.2. The as-
renewed sensor retained 83.1% of its initial conductivity after 3 days
storage at room temperature, as shown in Fig. 9(a). The stability of the
proposed sensor, in the electrolyte containing 5 μM of phenol, was
also verified by performing successive differential pulse voltammo-
grams and after ten measurements the relative standard deviation
(RSD) was found to be very less, 4.47% only as shown in Fig. 9(b).
These results suggest the good stability and reproducibility of the as-
fabricated electrode.

The influence of other toxic organic pollutants such as ethanol and
2-Chlorophenol that possibly occur in wastewater on the detection of
phenol with rGO-ZnO modified electrode was also examined. In the
presence of ethanol and 2-Chlorophenol, the peak currents were ob-
served to increase slightly (as shown in Table 2) because their electro-
active functional groups can be oxidized near the potential of phenol.
The changes in current response upon adding these compounds were
negligible which authenticates superior selectivity of the developed
sensor.

To check of the applicability of the proposed method, the as-
fabricated rGO-ZnO sensor was used to detect phenol contents in the
real sample (potable drinking water). 10 μM and 40 μM phenol were
added to the water sample. The recovery of phenol was estimated
using the calibration curve. The recovery of 98–109.2% (as shown in
Table 3) authenticates the reliability of the developed enzyme-free phe-
nol sensor in real samples.

There have been several reports of phenol sensors. Quynh et al. dem-
onstrated nanoporous gold for phenol detection. Nanoporous gold was
Fig. 8. Calibration curve representing the response of electrodes towards phenol.
synthesized using multi-step, complex synthesis process such as co-
sputtering of Au and Si on n-doped Si substrates and dealloying this
AuSi thin films using electrochemical etching in 3% HF solution [2].
Guix et al. presentedMWCNTs for phenol detectionwherein, it requires
one extra CNTs functionalization step to achieve the well dispersed
CNTs in a suitable solvent, prior to themodification of the bare electrode
with MWCNTs [3]. Beitollahi et al. demonstrated benzoyl ferrocene
(BF)/ionic liquid (IL) modified GO nano-sheets paste electrode for the
determination of phenol which involves complex sensor fabrication
method. To obtain maximum peak current intensity during sensing, a
uniformly wetted paste is required with the optimum ratio of BF, IL
and GO [33]. Negash et al. reported the synthesis of PEDOT/SWCNTs
using two steps which included the electrodeposition of PEDOT on
bare GCE followed by drop casting and drying of SWCNTs dispersion
onto PEDOT modified GCE [30]. In the literature, different strategies
have been used to overcome surface fouling while detecting phenols.
For example, Lu et al. developed poly-pyrrole modified electrodes for
phenol detection at a constant potential of +1 V [34] and to overcome
the surface fouling effect, o-amino-benzesulfonic acid (containing hy-
drophilic groups) was co-electro-polymerized with pyrrole monomer.
More recently, Rana et al. reported a pre-charged graphite pencil elec-
trode (pCGPE) for phenol sensing using sophisticated and complex sen-
sor fabrication techniques which included two steps: (1) charging of
GPE surface in 0.1 M NaOH solution using CV in the potential range of
1.3 V–1.9 V for 50 segments and (2) formation of additional electro-
active layer on the surface of pCGPE using the open-circuit electro-
polymerization of phenol [35]. However, to retain the electro-activity
of the sensor, the electro-polymerization of phenol on the surface of
pCGPE was essential before using the electrode for the sensing of phe-
nol. This work demonstrates phenol sensing at lower potential
(0.35 V) and this aspect can be easily integrated into device level for
real-time low power sensing applications.

Unlike most of the methods mentioned above, which involve com-
plex synthesis procedures, sensor fabrication or detection technique,
this method employs a simple, cost effective approach for phenol detec-
tion and more importantly eliminates the surface fouling effect by
allowing precise selection of the sensing peak, thereby ensuring repeat-
ability. The use of this phenol sensor is beneficial because renewing the
surface of the electrode before every scan is not required to achieve re-
producible results during phenol sensing. Also, the as-fabricated sensor
offers a significantly higher sensitivity with an excellent repeatability,
selectivity and stability when compared to the performance of other re-
ported phenol sensors as shown in Table 1. Kane et al. developed phenol

 

 

Comparison in performance of phenol sensors with other reported phenol sensors.

Electrodes Sensitivity LOD

Tyrosinase-MWCNTa/SPEb 1.5 μA/μM cm2 1.35 μM [3]
Poly(zincon) electrode 0.0245 μA/μM cm2 9 μM [6]
NPGc thin film 350 nA/ μM cm2 0.1 μM [2]
Tyrosinase-ZnO nanorods/Au 103.08 nA/μM 0.623 μM [28]
Polyacrylamide microgels/GCE 41.36 mA/M cm2 1.4 μM [29]
MWNT-Nafion-Tyr/GCE 303 μA/mM 0.13 μM [11]
SWCNTd/PEDOT/GCE 0.253 μA/μM cm2 0.094 μM [30]
Boron-doped diamond film – 1.82 μM/L [4]
H2 plasma-pre-treated BDND – 85 μM [31]
Tyrosinase-BiNPse/SPEb 14 nA/μM 62 nM [32]
Ionic liquids/GO nanosheets/CPEf 0.038 μA/μM – [33]
pCGPEg – 4.17 nM [35]
rGO-ZnO NPs 1.79 μA/μM cm2 (2–15 μM) 1.94 μM

0.389 μA/μM cm2 (15–40 μM) This work

a MWNT: multiwall carbon nanotubes.
b SPE: screen-printed electrode.
c Nanoporous gold.
d SWCNT: single wall carbon nanotubes.
e bismuth nanoparticles.
f CPE: carbon paste electrode.
g pCGPE: pre-charged disposable graphite pencil electrode.  



Fig. 9. (a) Peak current of the 0.5 wt% rGO-ZnO modified electrodes measured (1) on day1 and (2) after 3 days storage, showing the stability of the devices; (b) Graph demonstrating
stability study of the peak current of ten successive differential pulse voltammograms of the similar rGO-ZnO modified electrode in the electrolyte containing 5 μM of phenol with RSD
of 4.47% only.

Table 2
Influence of other toxic organic pollutants on the determination of 10 μM phenol in 0.1 M
H2SO4 solution.

Interference Concentration (μM) Change in the peak current (%)

Ethanol 10 +1.51
2-Chlorophenol 10 +3.95

31R. Sha et al. / Journal of Electroanalytical Chemistry 785 (2017) 26–32

 

 

sensor wherein the response of their sensor was decreased by 50% after
3 days storage [36]. The limit of detection of the developed sensor is
1.94 μM which is sufficient for monitoring phenol in industrial, bio-
medical and environmental applications.
4. Conclusions

In summary, a novel, relatively simpler method was developed for
non-enzymatic phenol detection using rGO-ZnO composite modified
GCEwhich eliminates the surface fouling effect by allowing precise selec-
tion of the sensing peak. The proposed sensor has higher sensitivity, sta-
bility, reusability, selectivity and lower limit of detection (1.94 μM). The
use of this phenol sensor is beneficial because renewing the surface of
the electrode before every scan is not required to achieve reproducible re-
sults during phenol sensing. The sensor responded linearly to phenol over
two ranges: one in the range 2–15 μM(R2= 0.979) with a ultrahigh sen-
sitivity of 1.79 μA/μM cm2 and the other in the range 15–40 μM (R2 =
0.987) with a sensitivity of 0.389 μA/μM cm2. These results can be attrib-
uted to excellent charge separation due to the formation of nano Schottky
barrier at rGO-ZnO interface, resulting from the difference in work func-
tion between them. This novel highly-sensitive rGO–ZnO sensor can be
used for a low cost and voltammetric thedetection of other phenolic com-
pounds such as 2-Chlorophenol, 2-Nitrophenol, 2,4-Dichlorophenol and
other hazardous pollutants.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jelechem.2016.12.001.
Table 3
Quantification of phenol in potable drinking water using developed sensor via recovery
method.

Phenol added
(μM)

Phenol recovered
(μM)a

Relative standard
deviation (%)

Recovery
(%)

10 10.92 1% 109.2%
40 39.2 1.68% 98%

a Average of three measurements.
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