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A novel zinc phthalocyanine/graphene oxide (ZnPh/GO) nanocomposite modified glassy carbon electrode (GCE)
was prepared by using sonochemical approach and simple drop casting method. Urease (Urs) was used as the
Urea specific enzyme for urea detection and was physically immobilized onto the surface of ZnPh/GO nanocomposite.
Bioelectrode The fabricated ZnPh/GO/Urs matrix was successfully characterized by UV-vis-spectroscopy, FT-IR spectroscopy,
gz:ilza::;f:metry scanning electron microscopy (SEM), raman spectrum, thermogravimetric analysis, cyclic voltammetric (CV)

and amperometric techniques. The electrocatalytic performance of the ZnPh/GO/Urs electrode was investigated
by urea biosensor. Our results demonstrate that the modified electrode has excellent electrocatalytic activity
towards the sensing of urea in 0.1 M phosphate buffer solution (PBS, pH 7.2). The biosensor tolerated a wide
linear concentration range for urea from 0.4 to 22 uM (R% = 0.991), with a detection limit of 0.034 uM (S/
N = 3). The ZnPh/GO/Urs bioectrode has several excellent properties, including a fast response time, high
reproducibility and stability.

1. Introduction

Fertilizer plants and animal as well as human urine are supposed to
be responsible for empowering urea in aqueous environment [1].
Higher urea level poses several adverse effect in the body including,
renal failure, obstruction of urinary tract, bleeding issue in stomach and
intestine, dehydration and shock burns while the lower urea level is
responsible for nephritic syndrome, cachexia and hepatic failure [2]. In
view of biological and environmental importance it is highly de-
manding to investigate urea concentration in clinical and environ-
mental samples. Several diagnostic methods have been reported re-
garding urea determination in various types of samples including
potentiometry [3,4], piezoelectricity [5], surface plasmon resonance
[6] and molecularly imprinted polymer [7]. All these mentioned
methods for urea determinations are faced with certain problems like
use of several chemicals, less sensitivity, limited selectivity and ex-
pensive nature of material utilized for sensing application.

Phthalocyanies are aromatic macrocycles with a high electronic
delocalization and an intense absorption in the red to near-IR zone [8].
They possess a great thermal, photochemical stability, electrocatalytic
properties and are very versatile, since it is possible to change the
central atom and to introduce substituents in the peripheral and axial

positions, thus bringing the possibility to tune their physicochemical
and optical properties [9]. In addition to their applications as photo-
sensitizers for photodynamic therapy [10], as liquid crystals, [11]
sensor [12] and in nonlinear optics [13] phthalocyanines have emerged
with force in the field of photovoltaic devices.

Over the past few years, graphene (a one-atom-thick planar sheet of
sp>-bonded carbon atoms that are densely packed in a honeycomb
crystal lattice) has attracted considerable research interest owing to its
unique physical and chemical properties [14-16]. These properties
suggest a wide-range of applications for graphene based materials such
as adsorbents [17], catalyst supports [18], thermal transport media
[19], electrode materials for electrochemical energy-storage devices
(batteries/supercapacitors) [20] and components of biosensors [21].
Furthermore, ultrasound is accomplished due to the distinctive me-
chanisms and reaction pathways leading to a significant tool for
chemistry became serious conditions. Recently, sonochemistry has been
applied in the synthesis of functional nanoparticles and nanostructured
materials. In this technique, the amount of energy is provided to the
system via irradiation of a liquid with elevated intensity ultrasonic
waves to facilitate produce regions of extreme temperature and pres-
sure. Indeed, the sonochemical approach has allowed generating
carbon supported nanoparticles with great uniformity whereas
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conventional preparation techniques do not provide sufficient control
[22].

On the other hand, metallophthalocyanine (MPh) and metallopor-
phyrins belong to the classes of organometallic macrocycles, in parti-
cular zinc phthalocyanine has been well studied and showed an ex-
cellent electrocatalytic materials towards several important molecules
such as red graps, carbamate, organophosphate, and various sensor
[23-25]. Moreover, CoPh has also been used as redox mediators for
enzyme based glucose sensors [26]. The ZnPh is not stable on the
electrode surface due to its low conductivity along with poor electro-
chemical activity [27]. Hence the carbon nanomaterials [28], such as
carbon nanotubes (CNTs) and graphene have been used with MPh to
enhance the electrochemical conductivity and electron transfer of MPh
and thus used for many potential applications including electro-
chemical sensors and biosensors [29-32]. Earlier studies revealed that
GO is an ideal carbon nanomaterial to combine with MPh; more stable
on the electrode surface due to the strong ni—r interaction between MPh
and GO [32]. The main aim of the present work is utilization of the
special properties of the ZnPh/GO/Urs and used as an electrocatalyst
for the sensing of urea.

Herein, we propose the sonochemical synthesis of ZnPh/GO nano-
composite modified GCE fabricated by the simple sonochemical and
drop casting technique. This modified glassy carbon electrode have
been further used to immobilize urease for urea detection via cyclic
voltammetry technique. The fabricated bioelectrode showed good sta-
bility, specificity as well as reproducibility. The proposed ZnPh/GO/Urs
biosensor showed a high sensitivity and a good detection limit com-
pared to many other reports.

2. Experimental
2.1. Materials

Graphite powder (1-2 um, synthetic) was obtained from Aldrich.
Urease (urease enzyme, E.C.3.5.1.5 from Jack Bean 100 U mg_l), Urea
(ACS reagent 99.9%), zinc phthalocyanine and all chemicals used in
this project were of analytical grade and purchased from Sigma Aldrich.
The phosphate buffer solution (PBS) 0.1 M with a pH of 7.2 was pre-
pared from Na,HPO, and NaH,PO,. A stock solution of urea was pre-
pared in 0.1 M PBS (pH of 7.2), and stored at 4 °C ultra-pure water was
obtained from a Milli-Q water system.

2.2. Synthesis of graphene oxide

Graphene oxide was prepared using graphite according to the
modified hummer’s method [33] whereby 1 g of graphite powder was
suspended in 2.5 g of K5S,0g and 46 ml of H,SO, and then stirred in a
round bottom flask at 0°C for 15 min. Next, 2.5g of P,Os was added
into the mixture and stirred vigorously for 6 h at 20 °C. On completion,
the mixture was then poured and diluted with 1 L of water and filtered.
Afterward, a 6 g of portion of KMnO,4 and 1 g of NaNOs in 31.2ml of
distilled water were added gradually while being stirred. The tem-
perature of the mixture was controlled to below 20 °C. The reaction
occurred as the mixture was stirred at 35 °C for 2 h, after which 500 ml
of distilled water was added slowly to keep the temperature below
50 °C. After that further reaction was allowed to proceed for 2 h, and
then 250 ml of water and 6 ml of H,O, (30% weight) were added. The
color of the mixture changed to brilliant yellow. Finally, the solid
suspension was washed with a 2 M HCI solution and then washed 3-4
times with ethanol and dried in a vacuum at 60 °C overnight. The
graphite oxide slurry was then dried in vacuum at 60 °C for 48 h before
use.

2.3. Fabrication of urease immobilize ZnPh/GO modified GCE

ZnPh/GO nanocomposite modified electrodes was prepared by

184

Ultrasonics - Sonochemistry 42 (2018) 183-192

using a mixture of a slurry of ZnPh (4.3 mg) in ultra-pure Milli-Q water
(1.5mL) and 3.3 mg/mL suspension of GO that was ultrasonicated (ir-
radiation power 75 W) for 30 min. 2pL of this mixture was dropped on
the GCE electrode and kept to dry for 30 min at 80 °C. The freshly Urs
solutions was prepared in PBS (phosphate buffer solution) and stored at
4 °C when not in use. Schematic illustration 1 provides an overview of
the fabrication process of the urea sensor. Prior to use, covalently im-
mobilize Urs on the as-prepared ZnPh/GO composite modified GCE,
about 3 pl Urs was drop casted and allowed to dry at room temperature.
For the one-step reaction, enzyme specific activity of 620 min~' on
membrane supports was seen to be comparable to solution enzyme
specific activity of 10 min~'. Thus, immobilization of Urs on the ZnPh/
GO is highly favored through the electrostatic interactions. The ob-
tained GC bioelectrode was then few times gently rinsed with doubly
distilled water to remove the loosely bound Urs. The fabricated ZnPh/
GO/Urs bioelectrode was used for further electrochemical experiments.
All the electrochemical experiments were carried out at room tem-
perature. Preparation of GC/GO electrodes without ZnPh was obtained
according to the same procedure, using only functionalized GO
(without mixing with ZnPh). The overall experimental synthesis me-
chanisms are clearly documented in Scheme 1.

2.4. Apparatus

Electrochemical experiments were carried out using a CH-660E
Instruments electrochemical work station (CH Instruments, Texas,
USA). The Three — electrode system consisted of a bare GCE 0.079 cm ~2
geometrical surface area) or ZnPh/GO/Urs bioelectrode as working
electrode, an Ag/AgCl as a reference electrode (saturated KCl) and
platinum wire as a counter electrode. The potentials mentioned in all
experimental results were referred to standard Ag/AgCl (saturated KCI)
reference electrode. SEM measurements were carried out at VEGA3
TESCAN, USA. Raman spectra were measured with a Raman spectro-
meter (Dong woo 500i, Korea) equipped with a charge-coupled de-
tector. TGA of samples was carried out with a TGA-50, SHIMADZU
thermogravimetric analyzer at a heating rate of 10 °Cmin 1 up to 800 °C
under nitrogen. Fourier transform infrared (FT-IR) measurements were
performed using a Perkin Elmer spectrophotometer RXI. Hitachi U-
3300 spectrophotometer was used to carry out UV-visible absorption
spectroscopy measurements. The crystalline structure of the nano-
particles was studied by an X-ray diffraction (XRD; XPERT PRO X-RAY)
with Cu Ka radiation at 25 °C and the structural assignments were made
with reference to the JCPDS power diffraction files (Scheme 2).

3. Results and discussion
3.1. UV-vis-spectroscopy

The UV-vis absorption spectra of GO, ZnPh, ZnPh/GO, and urease
immobilize/ZnPh/GO are displayed in Fig. 1. Absorption spectra of GO
(Fig. 7a) indicated the characteristics absorption band near to 230 nm
due to st — 7 transition of aromatic ring electrons and a small hump
near to 300 nm due to n—xt* of carbonyl groups [33]. As shown in
Fig. 7b, ZnPh exhibit three main characteristic absorption peaks, such
as B band at 320 nm in ultraviolet band, Q bands at 612 nm and 676 nm
in visible region, respectively. This is confirms the formation of ZnPh
[34]. After the addition of ZnPh onto the surface of GO, the absorbance
was shifted from 328 to 678 nm, which is due to Q band absorption of
ZnPh was (Fig. 7c) confirmed by on the surface of GO. Finally, Urs was
further added to on the surface of ZnPh/GO hybrid shows three char-
acteristic absorption bands are observed, such as 322 nm, 621 nm and
682 nm respectively. It was confirmed by successfully fabricate Urs on
the surface of ZnPh/GO nanocomposite (Fig. 7d).
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Scheme 1. Schematic illustration of the preparation of ZnPh/GO/Urs modified GC bioelectrode.

3.2. FT-IR

The FT-IR spectra of (a) GO, (b) ZnPh/GO and (c) urease immobilize
ZnPh/GO are shown in Fig. 2. The GO exhibited bands at 3408, 1721,
1620, 1220 and 580 cm ™ due to the stretching mode of O—H, C=O0,
C=C, C—0 and C—O—C bands, respectively which can be clearly ob-
served in the FT-IR spectrum [34]. After the addition of ZnPh on the
surface of GO, the characteristic absorption of C=O stretching vibra-
tion appears at 1646 cm ™ 'of ZnPh can clearly observed in the spectrum
of ZnPh/GO nanocomposite [35]. The FT-IR spectrum after im-
mobilization of urease over ZnPh/GO nanocomposite shows some ad-
ditional bands at 1645cm™! (corresponding to N—H stretching in
amide II) and 999 cm ™} (assigned to C—O stretching) due to presence of
amide bond revealing immobilization of Urs onto nanocomposite. The
results confirmed the effective loading of immobilized urease on the
surface of ZnPh/GO composite matrices by the physical adsorption
technique [36].

3.3. X-ray diffraction

The XRD profiles of GO, ZnPh/GO and urease immobilize ZnPh/GO
composite are shown in Fig. 3. The characteristic diffraction peak of GO
(Fig. 3a) is appeared at 10.8° corresponding to the 001 plane. After
immobilization of ZnPh on the surface of GO, when the peak dis-
appeared and another broad diffraction newly peak 26° (002) ap-
peared is shown in Fig. 3b [35]. Further added Urs on the surface of
ZnPh/GO composite at peak intensity was decreased as shown in
Fig. 3c. This is due to the significant interaction between ZnPh, GO and
Urs respectively. The average crystalline sizes of pure ZnPh/GO com-
posite and urease immobilize ZnPh/GO nanocomposite calculated by
Debye — Scherrer formula were found to be 12 to 20 nm [37].

3.4. Raman spectroscopy

Raman spectroscopy is a powerful method for studies on conjugated

Scheme 2. Schematic of the mechanistic model proposed for electron transfer at ZnPh/GO/Urs biosensor in free urea PBS (pH 7.0) containing 5mM [Fe(CN)¢]® /4",
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Fig. 3. XRD pattern of a) GO, b) ZnPh/GO, and ZnPh/GO/Urs.
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Fig. 4. Raman spectra of a) GO, b) ZnPh/GO, and ZnPh/GO/Urs.

1000

carbon sp?-hybridized bonds as shown in Fig. 4. As cab be seen that GO,
ZnPh/GO nanocomposite and urease immobilize ZnPh/GO composite
of raman signals intense G band and D band located at 1354cm ™%,
1583 cm ™! [36]. The Raman spectral band intensity ratio [Ip/Ig] of GO,
ZnPh/GO and urease immobilize ZnPh/GO composite are observed at
0.89, 1.10 and 1.30, respectively. Herein urease immobilized ZnPh/GO
band intensity ratio was increased when compared to GO, and ZnPh/

GO. This is an agreement with that of XRD results above.

3.5. Thermogravimetric analysis

Supporting evidence for the structure of nanomaterial was sug-
gested by thermal analysis of GO, ZnPh/GO and urease immobilize
ZnPh/GO composite are shown in Fig. 5. The TGA measurement of all
the nanomaterials was performed in air oven at a temperature range of
25-800 °C. On the other hand, the TGA graph of GO, ZnPh/GO and
urease immobilize ZnPh/GO revealed a 41%, 19% and 24% weight loss,
in the temperature range of 200-500 °C, which is attributed to the
thermal decomposition of ZnPh functionally attached to graphene
oxide. The weight loss that occurred above 500 °C is attributed to the
thermal decomposition of defects created at sites where graphene

100 -
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=) 4 GO-ZnPh-Urs|
]
2 40-
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D T T T
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Fig. 5. TGA of GO, ZnPh/GO and ZnPh/GO/Urs.
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Fig. 6. N, adsorption-desorption isotherm and Barrett-Joyner-Halenda (BJH) pore size distribution plot (inset) of Urease modified GO/ZnPh nanocomposite.

functionalization took place [36].

3.6. BET

The pore structure of ZnPh/GO and urease immobilize ZnPh/GO
composite have been investigated by N, adsorption-desorption iso-
therm at —196 °C. The corresponding pore size distribution and specific
surface area were determined using the BJH method and BET method
respectively. The N,adsorption-desorption isotherm and pore size dis-
tribution curve were shown in Fig. 6. The isotherms (Fig. 6A and B) are
identified as of Type IV. It is characteristic of mesoporous materials
according to the IUPAC classification [37]. A sharp increase in ad-
sorption volume of N, was observed and located in the P/P° is 0.99.
This sharp increase can be attributed to the capillary condensation,
indicating the good homogeneity of the sample and macro size because
the P/P, position of the inflection point is related to the pore size.
Average pore radius of ZnPh/GO composite and urease immobilize
ZnPh/GO composite are shown by pore size distribution curve in the
inset of Fig. 6, are 65 A and 108 A. The pore size distribution on the
sample thus conform the mesoporous structure [38]. Surface area
measurements, made by the BET method, provide the specific surface
area of ZnPh/GO composite and urease immobilize ZnPh/GO bio-
composite are 24.96m?g~! and 35.65m?g~’. The single point ad-
sorption total pore volume of pore < 2525.70 A radius at P/P, = 0.991
is 0.91 cm®/g. Moreover, it has to be emphasized that this type of iso-
therm indicates the presence of mesoporous structure in urease im-
mobilize ZnPh/GO biocomposite.

3.7. Scanning electron microscopy (SEM)

SEM image of GO, ZnPh/GO and urease immobilize ZnPh/GO bio-
composite are displayed in Fig. 7. The surface morphology of bare GO
has a typically folded and sheet like structure, which looks like soft and
thin gauze. An SEM micrograph of the hybrid nanocomposite matrix of
ZnPh/GO looks very similar to that of GO. After immobilization of Urs
on the surface of ZnPh/GO film observed the sheet like structure
changes to regular form.

3.8. Electrochemical behavior of urease immobilized ZnPh/GO modified
electrode

A schematic of the proposed mechanism for electron transfer at the
urease immobilize ZnPh/GO bioelectrode in urea free PBS (pH 7.2)
containing 5 mM [Fe(CN)61®~7*~ redox probe is shown in schematic 2.
Fig. 8A shows CV obtained for (a) bare (b) ZnPh (c) ZnPh/GO and

urease immobilized ZnPh/GO bioelectrode in urea free PBS (pH 7.2)
containing 5mM [Fe(CN)s]®> 7%~ redox probe at a scan rate of
0.1 Vs~ L. The anodic potential (a—d) shifts towards a higher current and
the cathodic peak potential shifts in the opposite direction. In reference
to the ZnPh/GC electrode surface, oxidation and reduction peaks are
obtained at 0.41 and —0.31 V, respectively (curve b), which is found to
be increased when compared to that of the bare GCE (curve a). This
increase is a result of the cationic characteristics of ZnPh, which accepts
electrons from the medium and transfer them to the electrode [39]. The
magnitude of the response current is increased for the ZnPh/GO/Urs
bioelectrode (curve d) is compared to other modified electrode (curve
a—c); which is due to redox properties of the synergistic effect of Urs
with ZnPh/GO [40].

Cyclic voltammograms at the scan of 0.1 Vs~ ! obtained for (a) bare
GCE (b) ZnPh/GCE (c) ZnPh/GO/GCE (d) ZnPh/GO/Urs/GCE in PBS
(pH 7.2) containing 10 mg L™! urea in the absence of 5mM [Fe
(CN)6]3~7*~ are shown in Fig. 8B. By comparing curve ‘a and b’, it can
be observed that an anodic peak is appeared to ZnPh modified GCE in
the presence of urea, which is due the partial hydrolysis of urea at the
ZnPh/GCE. The magnitude of anodic peak current responses is increase
greatly by ZnPh/GO/Urs bioelectrode (curve d) compared to others
[41,42].

The electrochemical impedance spectroscopy (EIS) date obtained
for a) bare b) ZnPh/GO/Urs modified GC bioelectrode in free urea
containing 0.1 M PBS presence of 5mM [Fe(CN)G]S’/ 4= (pH 7.2) as
shown in Fig. 9. The charge transport process of the ZnPh/GO/Urs
modified GC bioelectrode was studied by monitoring charge transfer
resistance (Rct) at the electrode/electrolyte interface. The R, value was
obtained by randles equivalent circuit [Rs(Qcpr (Ree W)1, where Rg is
the solution resistance, W is the warburg impedance and Qcpg, is the
constant phase element (CPE). The R, values for bare GCE (curve a)
and ZnPh/GO/Urs (curve b) bioelectrode have been estimated as 1386
and 21,689 Q/cm? respectively.

The effect of the scan rate on the redox currents of Urea for the
ZnPh/GO/Urs bioelectrode is shown Fig. 10 (10 mM L~! urea in the
absence of 5mM [Fe(CN)g]3~747). It can be observed that the redox
peak currents both increased at higher scan rates, and the response
current was linearly proportional to the scan rate in the range of 10 to
100 mV-!. The linear regression equation for the cathodic peak current
was Ic (A) = 1.947x + 18.423 (mVs™1), with a correlation coefficient
of R2=10.9912, and for the anodic peak current it was Ip,
(uA) = —1.967x — 12.423 (mVs ™~ 1), with a correlation coefficient of
R? = 0.9922. This indicates that the contribution of adsorption played a
key role in the electrode reaction, owing to the fact that the affinity and
the surface accumulation process of urea was slow on the ZnPh/GO/Urs
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Fig. 7. SEM image of a) GO b) ZnPh/GO and ZnPh/GO/Urs.

bioelectrode. The suggest that the overall oxidation and reduction of
urea at ZnPh/GO/Urs bioelectrode is controlled by an adsorption
phenomenon.

Fig. 11 shows the CV response of the ZnPh/GO/Urs bioelectrode
upon the successive addition of urea in the PBS (pH 7.2) solution. It can
be seen that the oxidation Hence, the catalytic oxidation of urea by the
immobilized urease involves gain or loss of electrons thus completing a
redox reaction and the observed increase in the oxidation peak current
with increasing concentration of urea is attributed to the increase in the
number of released electrons during oxidation current of the bioelec-
trode increases linearly range from 71 pA to 125 pA with increasing
urea concentration from 1mg to 12mgdL™' (inset Fig. 11) with a
correlation coefficient (R) of 0.99, indicating good electrocatalytic be-
havior of the ZnPh matrix.

Fig. 12 shows the amperometric response of the ZnPh/GO/Urs
bioelectrode to successive step-wise additions of urea to 0.1 M PBS. A
significant increase in peak current was observed when urea was added
to the stirred 0.1 M PBS solution. The electrode exhibited a rapid re-
sponse to the urea, reaching a plateau within 10s. Fig. 12 inset shows
the calibration curve for the measurement of the urea. The electrode
showed a linear relationship with the concentration (0.4-22 uM) using

188

a regression equation of I(mA) = 0.370x + 0.2338 C. The detection
limits (DL) for the bioelectrode have been calculated using the fol-
lowing expression [42].

DL = (3 x SD)/S

where SD is the standard deviation in peak oxidation current and S is
the sensitivity of the electrode towards urea. The detection limit of urea
is found to be 0.034puM, response time is 10s and sensitivity is
4453uAmM ™. Finally, based on the enzyme electrostatic im-
mobilization strategy, the response characteristics of the ZnPh/GO/Urs
bioelectrode with the other reported urea biosensors was compared and
summarized in Table 1.

The value of the Michaelis—-Menten constant (km) has been obtained
as 3.2 mg/dL using Lineweaver-Burke plot. The observed low K, value
reveals the higher affinity of ZnPh/GO/Urs bioelectrode and is attrib-
uted to favorable orientation of Urs and higher loading of Urs provided
by the microenvironment of ZnPh/GO nanocomposite [43].

3.9. Sensing mechanism

The mechanism of urea sensing can be explained based on the two
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Table 1
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A comparative table describing the urea sensing characteristics of the ZnPh/GO/Urs modified GC bioelectrode along with some other reported in the literature.

Electrode Linear Range Detection limits Stability Detection method Response time (s) Ref.
Graphene based FET 1-1000 pum 1uM - Amperometric 1 [49]
ITO/SG-PANI/Urs 0.12-12.3 mM 0.050 mM 15 days Amperometric 5 [50]
Full-U/SPE 3 1.2-0.042 mM 5x 10" *M 5 months Potentiometric 1 [51]
UCPHM GCE 1.55-1000 uM 60 nM 4 weeks DPV 10 [52]
Graphite and platinum composite electrode 10-250 p M 3uM 3 months Amperometric 3 [53]
Urs-GLDH/MLG/ITO 10-100 3.9uM 2 months Cyclic Voltammetry 10 [54]
FTO/ZnO polymer/Urs 5-125mg 3mg 4 month Amperometric 3 [45]
FTO/ZnO/Urs 8-110 mg 5mg 3 weeks Amperometric 10 [55]
NiCo,04/3D graphene/ITO 0.06-0.30 mM 5.0 yM 4 months Amperometric 1 [56]
Urs-GLDH/GOS/ITO 3.3-19.9 mM 2.1 mM 5 weeks Cyclic Voltammetry - [57]
ZnPh/GO/Urs/GC 0.4-22 yM 0.034 uM 8 weeks Amperometric 10 This work

reactions viz. (i) catalytic reaction and (ii) oxidation/reduction of
carbon based nanomaterilas; same as that of solid state gas sensors. The
catalytic reaction of urea-urease is well known which produces three
ions i.e. two NH,* and CO;~ from uncharged urea [44]. These pro-
duced ions increase the conductivity of the host material by providing
excess electron to the conduction band of the material.

The second process for the oxidation/reduction of metal oxides,
which occurs due to the adsorbed oxygen and the catalytically pro-
duced excess ions, can be explained as below. Many researchers clarify
the modification in the electrical conductance of a highly porous
semiconducting material sensor in the presence of toxic gases due to the
reactions occurring on the surface. Fig. 13 shows the mechanism at
first, atmospheric oxygen molecules are physisorbed on the surface
sites, which get ionized by extracting an electron from the conduction
band while moving from one site to another, and are thus ionosorbed
on the surface as O,4s . This leads to a decrease in the conductance of
the transducer, as indicated by an increase in potential barrier at the
grain boundaries as illustrated in Fig. 13a.

Upon exposing ZnPh/GO/Urs bioelectrode to urea, an enzymatic
reaction takes places between Urs and urea which can be represented as
Fig. 13b [44-47].

Urs + -
NH,CONH, + 2H,0—NHZ + CO? 4

)

As indicated in Eq. (4), NH," ion, which reacts with the surface
adsorbed oxygen (O,qs ) and thereby release the trapped electron to
the conduction band of ZnPh/GO as indicated by the decrease of po-
tential barrier at grain boundary as shown in Fig. 13c. Further, when
reducing gas (R) molecules (ammonia in the present case) react with
pre-adsorbed negatively charged oxygen adsorbates, the trapped elec-
trons are given back to conduction band of the material. The energy
released during the decomposition of adsorbed ammonia molecules
would be sufficient for the electrons jumping up into the conduction
band so as to increase conductivity of the biosensor.

The strength and performance of the enzyme on the matrix surface
powerfully depends on the immobilization and surface chemistry.
Among the several immobilization techniques, covalent attachment of
the biomolecule to the substrate is one of the most stylish im-
mobilization methods. The optimum buffer pH for hydrolysis of urea by
Urs was considered as 7.2 at which Urs enzyme retains its maximum
activity and natural structure that is required to improve detection limit
and sensitivity for urea detection. Subsequently during this reaction the
urease gets reduced. The activity of urease is due to the presence of SH
groups on its active site that can be oxidized as well as reduced by the
biochemical reactions. Hence, the reduced urease loses electrons and
gets oxidized [40,48].

R+ Oy—RO + ¢~

3.10. Reproducibility, stability and specificity

The ZnPh/GO/Urs modified GC bioelectrode for urea biosensor has
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been checked for its accountability by different tests such as reprodu-
cibility, specificity and stability measurements (Fig. 14). The reprodu-
cibility of ZnPh/GO/Urs bioelectrode has been determined by mon-
itoring the maximum peak current response for the five similar
electrodes made using the same protocol. It is found that there is no
major change in the peak current response (see Fig. 14a) and conforms
the reproducibility of the ZnPh/GO/Urs bioelectrode as a reliable urea
biosensor. The stability of the biosensor was monitored for a period of
eight weeks at an interval of one week to see the peak current response
change with respect to aging. There was only ~ 6% decrease even after
the eight week period when stored under refrigerated conditions (4°C)
(Fig. 14b). Further the ZnPh/GO/Urs bioelectrode urea biosensor’s
specificity towards urea has been measured to see the response with
other analytes. For this, the interference monitored by checking the
peak current response of ZnPh/GO/Urs bioelectrode in comparison
with other interferants such as urea, glucose, cholesterol, uric acid,
ascorbic acid and lactic acid. The absence of similar peak current re-
sponse as in the case of urea is an indication of the high specificity of
the ZnPh/GO/Urs bioelectrode towards urea (Fig. 14c).

Several assays were made on blood serum to test the precision of the
ZnPh/GO/Urs bioelectrode. The urea concentration was determined by
the calibration curve (Table 2). Corresponding experiments were car-
ried out with a spectrophotometric method by a local hospital. The
results exhibited good consistent and precision between the two
methods confirmed the proposed method is useful for application in
real samples with good precision and accuracy.

Our results of using a drop casting ZnPh/GO/Urs bioelectrode based
urea biosensor (this work) compared with the electrostatic adsorption
based biosensors showed adequate efficiency of the semiconductor
based biosensors with respect to the other types of used substrates. It
can be postulated that the semiconductor substrate showed good linear
range, low detection limit, and fast response time. The fast response
time can be related to the faster electron transfer at the electrode sur-
face as explained in the proposed mechanism.

4. Conclusion

In summary, ZnPh/GO nanocomposite modified GC electrode has
been used to immobilize Urs fabricate electrochemical urea biosensor.
ZnPh/GO/Urs bioelectrode displays excellent catalytic property to urea
due to increased active site of nanocomposite by GO and provides
friendly microenvironment for high loading of Urs resulting in en-
hanced electron transport between analyte and ZnPh/GO/Urs bioelec-
trode surface. ZnPh/GO/Urs bioelectrode exhibits sensing character-
istics such as shows linearity of 0.4-22mM, lower detection limit of
0.034mM, response time of 10s and sensitivity of 44.53 yA mM 1.
Efforts should be made to fabricate other biosensors based on this in-
teresting nanocomposite. Moreover, the platform was highly regener-
able and could be used 5 times without requiring any substantial al-
teration to the measurements. Measurements on such platforms were
also found to be advantageous in many respects as they were very
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NH,CONH, +2H,0 "5 2NH," +CO;*"

R+ 0y —>RO +e”

Fig. 13. a) Different ZnPh/GO/Urs modified GC bioelectrode fabricated via the condi-
tions applied to conduct the reproducibility test. (b) Stability studies of the ZnPh/GO/Urs
bioelectrode measured at a regular interval of one week up to eight weeks. (c) specificity
plot describing the CV response of the ZnPh/GO/Urs modified GC bioelectrode in the
presence of urea, cholesterol, glucose, uric acid, ascorbic acid and lactic acid.

simple, reproducible, and reliable. The development of such a platform
was advancement with regard to the development of a new generation
of sensors
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Table 2
Determination of urea level in blood serum.

Method Sample number

1 2 3 4 5
Determined by spectrophotometry (mM dL.™') 2.97 4.65 3.12 1.56 5.34
ZnPh/GO/Urs modified GC bioelectrode 295 460 311 153 531
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