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Abstract: Hexavalent chromium (Cr(VI)) compound is useful to various industries but is toxic and carcinogenic. In this research work, we fab-
ricate an amperometric sensor for the determination of Cr(VI), using a titanium dioxide (TiO,)-reduced graphene oxide (rGO) composite as the
sensing element. The composite was synthesized following sol—gel chemistry, yielding TiO, nanoparticles of ~50 nm in size, immobilized on
chemically exfoliated rGO sheets. The composite was employed in a 3-electrode electrochemical cell and operated in an amperometric mode,
exhibiting good responses to the 50 to 500 ppb Cr(VI). Our best result from pH 3 Mcilvane’s buffer medium reveals the sensitivity of 9.12 x
107 ppb ' and a detection limit of 6 ppb with no signal interference from 200 ppm Ca(II), 150 ppm Mg(II), and 50 ppb Pb(II). The excellent
results of the TiO,-rGO sensor can be attributed to synergic effects between TiO, and rGO, resulting from the presence of n-p heterojunctions

and the formation of the TiO, nanoparticles on rGO.

Keywords: photocatalyst; electrochemical sensor; hexavalent chromium; graphene

1. Introduction

Chromium is a heavy metal commonly present in soil,
groundwater, and surface water. Natural oxidative states of
chromium include trivalent chromium (Cr(IlT)) and hexa-
valent chromium (Cr(VI)). While Cr(IIl) is generally re-
garded as harmless, Cr(VI) is known for its toxicity, geno-
toxicity, and carcinogenic properties [1-2]. Cr(VI) com-
pounds are currently used in various industries, including
steel production, leather tanning, and electroplating [2—5].
Wastewater from such industries is treated mainly via chem-
ical treatment or bioremediation and discharged, following
regulations enforced by the local government. The typical
guideline from the US Environmental Protection Agency
(EPA) limits 100 pg/L (~100 ppb) for total chromium con-
centration in drinking water. The term total chromium was
used, considering possible back-and-forth conversion of
Cr(VI) to Cr(Ill) in both the environment and the human
body. The Cr(VI) presence still is the primary concern, and
an electronic device with the ability for real-time monitoring
of Cr(VI) at the desired concentration range is needed.

Several techniques are currently employed to determine
Cr(VI) in water and utilize spectroscopy instruments, such as
UV—Visible spectroscopy and atomic absorption spectro-
scopy [6]. However, these techniques rely heavily on trained
personnel and massive lab equipment, inhibiting on-site and
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real-time monitoring. A good amount of effort has been in-
vested in developing and improving Cr(VI) measurement.
For example, Zazuoa et al. [7] immobilized the tributylphos-
phate ionophore, a Cr(VI) recognition molecule, on the ion-
sensitive field-effect transistor (ISFET). The device exhib-
ited a wide detection range of 107 to 0.5 M Cr(VI) but with
cross-interference against lead and cadmium. Chen et al. [8]
used graphene nanosheets as a graphene quantum dot with
outstanding electrochemiluminescence (ECL) properties.
The graphene was activated via electrochemistry and was
chemically quenched in Cr(VI), creating an ECL signal. Kor-
shoj et al. [9] fabricated an amperometric sensor based on
electrocatalytic reactions between Cr(VI) and methylene
blue. The group reported a detection limit (LOD) in the nM
scale with no significant interference from other heavy metal
ions. Despite such development, there is plenty of room for
developing a fast and straightforward technique that can
provide real-time measurement with high sensitivity and se-
lectivity toward Cr(VI).

Titanium dioxide (TiO,) is a well-known photocatalyst
and is employed widely for environmental-related applica-
tions. Its popularity came from good photocatalytic reliabil-
ity, chemical stability, and commercial availability. A few re-
searchers also demonstrated use of TiO, in photocatalytic re-
duction of Cr(VI) to Cr(Ill) [10—11]. Major concerns exist
over the TiO, photocatalyst regarding its wide energy band
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gap and fast electron-hole recombination rate. The former re-
stricts the uses of TiO, in the absence of ultraviolet light,
while the latter reduces the material’s photocatalytic per-
formances.

Graphene is a two-dimensional nanostructure and an allo-
trope of carbon with high electrical conductivity, large sur-
face-to-volume ratio, and high chemical stability. Since it
was discovered, it has been demonstrated for a broad spec-
trum of applications, such as reinforcing material for poly-
mer, supporting metal oxide-graphene catalysts, and as sens-
itive material for an electrochemical sensor [12—14].
Graphene can be synthesized following a chemical exfoli-
ation method to be electrically insulating graphene oxide
(GO), which contains functional groups, such as carboxyl,
carbonyl, and hydroxyl. The functional groups can be par-
tially removed by introducing the GO to a strong reducing
agent, such as hydrazine or L-ascorbic acid, to create the
semiconducting reduced graphene oxide (rGO). Combina-
tion of the TiO, and graphene creates the TiO,-graphene
composite, which functions as an excellent photocatalyst.
The roles of the graphene here are to provide supporting ma-
terial for the TiO, to immobilize on and yield the TiO,-
graphene interfaces. The interfaces house active radicals,
such as oxygen anions and electrons, which can promote re-
actions. The interfaces also function as n-p heterojunctions,
which help reduce the electron-hole recombination phe-
nomenon [15].

In this work, we synthesized the TiO,-rGO composite and
utilized it as a working electrode for amperometric measure-
ment of Cr(VI). The amperometric sensor showed excellent
responses to Cr(VI) and was tested against different pH val-
ues and selected chemicals and metal ions. The TiO,, rGO,
and TiO,-rGO composite samples were characterized via
transmission electron microscope (TEM), Fourier transform
infrared spectroscopy (FTIR), and UV—Vis for their physical,
chemical, and optical properties, respectively.

2. Experimental
2.1. Materials

All chemical reagents were of analytical grade and used as
received. Graphene flake (natural, 99.9%; metal basis; 10
mesh) was purchased from Alfa Aesar (USA), sulfuric acid
(H,SO,; analytical reagents (AR) grade, 98%), Ethanol (AR
grade, 99.9%) were purchased from RCI Labscan (Thailand).
Titanium butoxide (Ti(OCH,CH,CH,CHs;),, Reagent grade)
and Disodium hydrogen phosphate (Na,HPO,, 99%) were
purchased from Sigma-Aldrich Co., Ltd. Hydrogen peroxide
(30wt% solution) was purchased from Merck (Germany).
Citric acid (C¢HgO-, 99%), calcium chloride (CaCl,, 99%),
and magnesium chloride (MgCl,, 99%) were purchased from
Ajax FineChem (India). Lead(Il) nitrate (Pb(NOs),, 99%)
was purchased from BDH Co., Ltd. All solutions were pre-
pared using deionized (DI) water (Milli-Q water). Mcilvaine’
s buffer solutions were prepared at the desired pH by mixing
0.2 M disodium hydrogen phosphate and 0.1 M critic acid
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solutions.
2.2. Synthesis of GO and rGO

The graphene oxide (GO) was synthesized following a
modified Hummer’s method, proposed by Zhang et al. [16].
Briefly, natural graphite flakes of 2 g were mixed with sodi-
um nitrate of 1 g in a concentrated sulfuric acid solution of 50
mL. 7.3 g of potassium permanganate was slowly added
while the mixture was stirred below 4°C for 2 h. The mixture
was raised to 35°C and stirred for another 2 h. DI water of 90
mL was poured in to dilute the viscous mixture, followed by
the addition of hydrogen peroxide solution (7 mL of 30wt%
H,0, in 55 mL DI water). A brown slurry of GO was fil-
trated from the mixture using a vacuum filtration set with
glass fiber microfilters (GF/C Whatman). The GO was rinsed
several times with a sequence of hydrochloric acid solution
(3vol% HCI in DI water) and DI water. The GO powder was
heated at 60°C in an oven for 12 h and kept under desiccant
for future use.

For the rGO synthesis, GO suspension was prepared by
sonicating GO powder in DI water using an ultrasonic bath
(0.25 mg/mL). L-ascorbic acid (reducing agent) was added to
the mixture at 2.5 mg/mL, converting GO to rGO. The mix-
ture was stirred for 24 h before the rGO powder was ob-
tained via vacuum filtration. The rGO powder was dried at
90°C for 12 h and kept in a desiccator for future uses.

2.3. Synthesis of the TiO,-rGO composite

The TiO,-rGO composite was synthesized using a sol—gel
method. The process started by suspending rGO in a 20 mL
mixture of water and ethanol (1:1 in volume ratio) at a 5
mg/mL concentration, followed by a dropwise addition of ti-
tanium butoxide solution (2 mL titanium butoxide in 8 mL
ethanol). The mixture was stirred for 1 h and further heated to
90°C to evaporate water and ethanol. The solid residual was
calcined at 600°C for 1 h to obtain the TiO,-rGO composite
powder. The pristine TiO, nanoparticles were prepared in the
same manner with no rGO powder.

2.4. Sample characterizations

The TiO,-rGO and graphene samples were characterized
for physical and chemical properties. The composite’s phys-
ical morphology was observed using the transmission elec-
tron microscope (TEM; FEI TECNAI T20 G2) at an acceler-
ating voltage of 200 kV and an electron beam energy of 100
keV. The UV—Vis spectra (T60 UV—Visible Spectrophoto-
meter, PG Instruments) were obtained by scanning
wavelengths in the range of 200—800 nm on the aqueous sus-
pension of either TiO,-rGO composite, rGO, or TiO,
particles. Optical band gaps were determined from the Tauc’s
relation (Eq. (1)), the plot of light absorbance (4) and photon
energy (hv), in which

(ahv)'" = C(hv - E,,) (1)
where a = 2.3034/t, A is the light absorbance, ¢ is the quartz

cell thickness (1 cm), /v is the photon energy (eV), hv (eV) =
1240/[wavelength (nm)], C is the arbitrary constant, £, is the
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energy band gap (eV), n is the power factor of the transition
mode (n =2 for direct band gap energy).

The linear range of the plot of (@hv)™ versus hv was ex-
tended to the abscissa to obtain the E, value. The FTIR spec-
trophotometer (Nicolet 6700, Thermo Fisher Scientific) was
operated in transmittance mode and wavenumber range of
400—4000 cm". The rGO, TiO,-rGO, and TiO, samples were
also characterized by X-ray diffraction (Miniflex II, Rigaku)
with the Cu K, wavelength of 0.154 nm.

1/n

2.5. Fabrication of the TiO,-rGO composite amperomet-
ric sensor

The glassy carbon electrode (GCE) was polished using 1,
0.3, and 0.05 pm alumina powder on separated pads of pol-
ishing cloth. The GCE was rinsed with water and ethanol be-
fore drying in a nitrogen stream. A suspension of 1 mg/mL
Ti0,-rGO composite in DI water was cast on the GCE at 10
uL drop size to realize a mass to surface area of 5.65 pg/mm?,
creating a uniform composite film of TiO,-rGO on the elec-
trode. The rGO and TiO, sensors were produced in the same
manner as the composite sensor, replacing the TiO,-rGO with
rGO and TiO,, respectively.

2.6. Electrochemical experiments

All electrochemical experiments were performed on the
electrochemistry workstation (CHI 1206B, CHI instrument).
The GCE was employed as a working electrode (WE) in a 3-
electrode electrochemical cell. The Ag/AgCl electrode and
platinum wire were used as a reference electrode (RE) and a
counter electrode (CE). In a cyclic voltammogram analysis
(CV), scanning potential was applied in —1 to 1 V window at
a scanning rate of 50 mV-s™. In the amperometric sensing
experiment, the TiO,-rGO on GCE was operated under a
constant potential of —0.4 V in Mcilvaines’ buffers (pH 3, 4,
or 5). Potassium dichromate (K,Cr,O,) solution was added to
the buffer to create 50 to 500 ppb Cr(VI) for amperometric
sensing. A standard UV—Vis spectroscopy test, the method
7196A, was conducted to provide comparison measurements
on the Cr(VI) concentrations. The selectivity of the sensor
was investigated by testing the sensor against metal ions, in-
cluding Cr(VI), Ca(II), Mg(II), and Pb(II).

The standard method 7196A is a popular procedure for the
determination of Cr(VI), which relies on the light adsorption
characteristics of the product from the reaction of Cr(VI) and
diphenyl carbazide. In brief, 2 mL of diphenyl carbazide in
acetone (5 mg/mL) was added to 95 mL of Cr(VI) solution in
a 100 mL volumetric flask. The mixture was titrated to pH
2 + 0.5 using sulfuric acid solution and diluted to 100 mL
with DI water. Then, the light-absorbing spectra were gener-
ated using the UV—Visible spectrophotometer (T60 UV—
Visible Spectrophotometer, PG Instruments) at 540 nm. The
stock Cr(VI) solution was prepared by dissolving 141.1 mg
of potassium dichromate to 1 L. DI water, and the standard
Cr(VI) solution was prepared by diluting the stock Cr(VI)
solution to the desired Cr(VI) concentration.

3. Results and discussion
3.1. Sample characterizations

Physical morphology of the TiO,-rGO was observed by
the TEM (Fig. 1(a)), in which TiO, nanoparticles are ~50 nm
in size and are distributed on the graphene sheet. The optical
characteristic of the rGO, TiO, particles, and TiO,-rGO com-
posite were revealed via the UV—Vis spectra (Fig. 1(b)). The
rGO exhibits a light absorption peak at ~230 nm and par-
tially absorbs visible light, while the TiO, shows only a
strong light absorption peak in the UV region. On the other
hand, the TiO,-rGO displays a broad absorption peak at 340
nm, covering UV and visible light regions. Optical band gap
energies, obtained from the Tauc plot (inset in Fig. 1(b)),
were determined as 2.2, 3.4, and 2.8 eV for the rGO, TiO,,
and TiO,-rGO composite, respectively. The band gap ener-
gies here were comparable to those from the literature
[6,17—18], and support our hypothesis that the TiO,-rGO
composite would yield enhanced photocatalytic perform-
ances.

Crystal structures of the TiO, rGO, and TiO,-rGO com-
posite were characterized by XRD. The TiO, (Fig. 1(c),
middle line) exhibits X-ray diffraction peaks at 26 of 26°,
38°, 48°, 56°, and 63°, which can be indicated to the 101,
004, 200, 106, and 215 planes of TiO, anatase [19]. The rGO
reveals XRD diffraction peaks at 15° and 25°, which repres-
ent (001) and (002) planes of graphitic structures (Fig. 1(c),
bottom line). The XRD spectra of the TiO,-rGO composite
(Fig. 1(c), top line) display a similar crystallographic pattern
to that of the TiO, particles. The graphene diffraction peak
does not appear in the composite spectra, which resulted
from the relatively low diffraction intensity of the rGO [16].

The FTIR spectra of rGO (Fig. 1(d)) reveal the transmit-
tance peak of hydroxyl stretching (—~OH) at ~3400 cm ',
which can be appointed to a water hydroxyl and a carboxylic
hydroxyl group. Small peaks at ~3000 and 1400 cm™' could
be assigned to the methylene group (=C—H) and methyl
group (—C—H) of the graphene’s edges. The sharp peak at
~1727 cm™ can be attributed to the carbonyl (—-C=0) part of
the carboxyl group (—COOH), while the other peak at ~1100
cm' represents the alkene group (—C=C-) of the graphene
[16]. For the TiO, samples, the FTIR spectra exhibit a sharp
peak of Ti—O—Ti vibration at 400-900 cm™ [6] and a hy-
droxyl peak at ~3400 cm™'. The TiO,-rGO composite shows
IR adsorption peaks for the carboxyl (~3400 cm™), carbonyl
(~1700 cm™), and alkene groups (~1100 cm™"). The broad
peak at 400—900 cm ' was either attributed to the vibration of
the Ti—O—C bond or the Ti—O—Ti bond [6]. The broad peak
here is evidence that TiO, nanoparticles may either chemic-
ally bond via Ti—O—C interactions or physically attach to the
rGO sheet.

3.2. Electrochemical experiments

The CV curves (Fig. 2) present the electroactivity of the
GO, TiO,, and TiO,-rGO composite. The composite (Fig.
2(a)) exhibits an anodic current curve starting from —0.4 to
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(a) TEM image showing TiO, nanoparticles immobilized on rGO sheet; (b) UV—Vis spectra of TiO,, TiO,-rGO composite,

and rGO and (inset) Tauc’s plot exhibiting energy band gap on the abscissa; (¢) XRD spectra of rGO, TiO,-rGO, and TiO, samples,
indicating presence of the anatase TiO,; (d) FTIR spectra of TiO,, TiO,-rGO composite, and rGO samples.

—1.0 V, corresponding to the reduction of Cr(VI) to Cr(Ill).
The result agreed well with data from Lee and his team [19],
reporting the reduction potential for Cr(VI) in the range of
—0.35 to —0.5 V. Reduction currents (Fig. 2(a) (Inset)) cor-
responding to the background medium of 0 and 500 ppb
Cr(VI) are —2.03 x 107 and —2.50 x 107 A, respectively. On
the other hand, the TiO, (Fig. 2(b)) and rGO (Fig. 2(b)
(Inset)) showed no significant responses to the Cr(VI), which
could be attributed to TiO, having low surface activity and
rGO lacking affinity to Cr(VI) analyte.

CV analysis was also performed on the TiO,-rGO com-

100
— Ti0,-rGO: Cr(VI), 0 ppb @
---- TiO,-rGO: Cr(VI), 500 ppb

50

0 L
<::L —50 H 80 | — TiO,-rGO:Cr(VI), 0 ppb
= < - - -+ Ti0,-1GO: Cr(VI), 500 ppb
5 —100 = a0} “\\\
E 5 S
O —150 25: 0 S ]
-200 wl T
Z950 b 08 06 04 02
Potential / V

=300 . - . . - - - - -
-1.0-08-0.6-04-02 0 02 04 0.6 0.8 1.0
Potential / V

Fig. 2.

posite to observe effects from the light source on the electro-
chemical activity of the composite. A mercury lamp (Phillips,
160 W) and a fluorescent lamp (Visible light, Phillips, 14 W)
were used as the light source in a closed chamber. It is worth
noting that the mercury lamp emits light in both UV and vis-
ible regions, while the fluorescent lamp emits light in the vis-
ible region. Normalized reduction currents were determined
by dividing the reduction current at —0.4 V of 5 ppm Cr(VI)
response with that of the 0 ppm (Background). The normal-
ized reduction currents are 1.06, 1.21, and 1.23 in the dark,
visible, and ultraviolet light sources, respectively. The TiO,-

40
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20r -~ Ti0,: Cr(VI), 500 ppb
0 L
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(a) Cyclic voltammograms showing electroactivity of TiO,-rGO as corresponding to Cr(VI), and (inset) zoom-in of the cyclic

voltammograms; (b) cyclic voltammograms of TiO, and (inset) rGO samples as corresponding to Cr(VI).
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rGO composite exhibits stronger electrochemical activity un-
der UV light (Fig. 3(a)) compared to that of the visible light
(Fig. 3(b)). The composite shows no response to the Cr(VI)
when kept in the dark environment (Fig. 3(b) (Inset)) since
the TiO, remains photocatalytically inactive in the dark en-
vironment [20].

The amperometric sensing of Cr(VI) was performed us-
ing TiO,-rGO composite on GCE as the WE. The GCE (WE)
was employed in the electrochemical cell along with CE and
RE in a background medium of pH 3 Mcllvaine buffer. The
constant potential of —0.4 V was applied to the WE versus the
RE in the amperometric mode, in which changes in electro-
chemical current were monitored as sensing responses (Fig.
4(a)). The electrochemical current rises as introduced to the
Cr(VI), which indicates electron transfer from WE to active
radicals in the medium. The TiO,-rGO composite sensor
provides much larger responses than those of the rGO sensor
(Fig. 4(b)), stating involvement of the photocatalytic reaction
to the reduction of Cr(VI) to Cr(IlT) [15]. Roles of the TiO,
can be explained since the photoactivation on TiO, nano-
particles causes electrons to jump from the valence band to
the conductive band and generates active electrons that re-
duce the Cr(VI) [19]. A calibration plot was generated by

Current / A
&

—— Mercury lamp, TiO,-rGO: Cr(VI), 0 ppm
---- Mercury lamp, TiO,-rGO: Cr(VI), 5 ppm

-0.7 -0.6 0.5 -04 -03 -02 -0.1 O 0.1
Potential / V

Fig. 3.

plotting a ratio of electrochemical current (/) as correspond-
ing to a Cr(VI) concentration and baseline current (/;) with
the Cr(VI) concentration (Fig. 4(b)). In the buffer solution of
pH 3, the composite sensor provided the linear response win-
dow of 50 to 500 ppb (R* = 0.99, n = 5), while its sensitivity
was determined from the calibration plot’s slope to be 9.12 x
10" ppb". The detection limit was determined to be 6 ppb,
relying on a signal-to-noise ratio of 3.

For the effect of medium pH, the amperometric sensing
was performed in a buffer solution of pH 4 and 5 (Fig. 4(b)).
The results stated strong dependence of sensing perform-
ances on the solution pH as the sensitivity to Cr(VI) was de-
termined as 3.26 x 10 and 1.02 x 10 ppb ' in the buffer
solutions of pH 4 and 5, respectively. Higher sensitivity at
lower pH solutions can be attributed to the equilibrium of
chromate (CrO3") and dichromate (Cr,0%¥) (Eq. (2)). The
chromate form is the prime species in an alkali solution,
while the dichromate is dominant in an acid solution [21].
The lower the pH, the more the dichromate species. The di-
chromate undergoes the electrooxidation reaction, yielding
electrochemical current for the sensing signal (Eq. (3)), and
produces trivalent chromium (Cr(IIT)) and water molecules.

2Cr0; +2H* = Cr,07 + H,0 ®))

(b) — Fluorescent lamp, TiO,-rGO: Cr(VI), 0 ppm
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(a) Cyclic voltammograms displaying electroactivity of TiO,-rGO as corresponding to 5 ppm Cr(VI) in presence of mercury

lamp; (b) Cyclic voltammograms of TiO,-rGO showing response to 5 ppm Cr(VI) in presence of fluorescent lamp and (inset) in pres-

ence of dark environment.
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(a) Amperometric sensing curve showing responses of TiO,-rGO sensor to Cr(VI) in 50-500 ppb concentration window; (b)

calibration plot of sensing responses versus Cr(VI) concentrations of rGO (pH 3), TiO,-rGO (pH 3), TiO,-rGO (pH 4), and TiO,-

rGO (pH 5).
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Cr,03™ + 14H" + 6e~ — 2Cr(TII) + 7H,0 3)

3.3. Comparison of the sensor readout and the UV—Vis-
ible standard method

Sensing signals of the TiO,-rGO provided readouts for
Cr(VID) concentrations. The sensing readout values were
compared to those from the UV—Vis Method 7196A, while
the concentration values of the prepared solution were used
as the standard. For the composite sensor, the deviations were

500
(@)
77 UV—Visible

400 TiO,-rGO

348 344

Cr(VI) concentration readout / ppb

300 F
250
200 F %
149 146 /
L 777 e 77
7 W
150 250 350

Cr(VI) concentration readout / ppb
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determined to be 2.67%, 1.60%, and 1.71% (Fig. 5(a)), cor-
responding to the concentrations of 150, 250, and 350 ppb,
respectively. For Method 7196A, the deviations of 0.67%, 0,
and 0.57% were determined. Results from the sensor meas-
urement and Method 7196A state that the composite-based
amperometric sensor provides relatively lower accuracy than
that of UV—Vis method. However, the composite sensor still
is a valuable platform that yields fast readout for Cr(VI) con-
centrations and can be developed for a portable device.
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(a) Bar charts exhibiting comparison of sensing responses from the TiO,-rGO sensor and the UV—Vis Method 7196A; (b)

amperometric sensing curve showing responses of the TiO,-rGO sensor to 50 ppb Cr(VI), 200 ppm Ca(II), 150 ppm Mg(II), and 50

ppb Pb(II).

3.4. Interferences

The sensor was tested in pH 3 buffer solution against oth-
er chemicals, including 200 ppm calcium (Ca(ll) from
CaCl,), 150 ppm magnesium (Mg(Il) from MgCl,), and 50
ppb lead (Pb(IT) from Pb(I1)(NOs),) to demonstrate the prac-
ticality of the composite sensor. A certain concentration of a
chemical was created by adding the stock solutions to the
electrochemical cell. The sensor exhibited no significant re-
sponse to the Ca(I), Mg(Il), and Pb(Il) in the concentration
range that we tested (Fig. 5(b)), proving only a sensing signal
to 50 ppb of Cr(VI).

4. Conclusion

We synthesized TiO,-rGO composite using a sol—gel
method that yields the anatase phase TiO, as the main crys-
tallographic structure. The composite was coated on a glassy
carbon working electrode and used in the amperometric
sensor for Cr(VI) detection. The linear responses were ob-
served upon exposing the sensor to 50—500 ppb of Cr(VI)
while the limit of detection was determined to be 6 ppb (sig-
nal to noise ratio = 3) at pH 3. An increase in solution pH
leads to a significant reduction in sensor response intensity.
No significant responses were spotted during the introduc-
tion of Pb(I), Ca(Il), and Mg(I) to the sensor. Results from
the sensor were cross-checked with those from the standard
method for Cr(VI) detection. The results showed a less than
2.54% deviation in Cr(VI) concentration readout.
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