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Fully integrated uric acid (UA) and glucose biosensors were fabricated on polydimethylsiloxane/polyi
mide platform by facile one step laser scribed technique. The laser scribed graphene (LSG) on the thin
polyimide film was functionalized using pyrenebutanoic acid, succinimide ester (PBSE) to improve the
electrochemical activity of the biosensors. The LSG was further decorated with platinum nanoparticles
(PtNPs) to promote the electrocatalytic activity towards the oxidation of UA. Glucose oxidase was immo-
bilized on the PtNPs modified surface for selective detection of glucose. The fabricated biosensors were
characterized via scanning electron microscopy (SEM), Energy dispersive X-ray (EDX), X-ray photoelec-
tron spectroscopy (XPS), and electrochemical methods (cyclic voltammetry and amperometry measure-
ments). Outstanding electrocatalytic activities toward oxidation of UA and glucose were demonstrated. A
wide detection range of 5 mM to 480 mM UA with a high sensitivity of 156.56 mA/mMcm2 and a calculated
detection limit (LOD) of 0.018 lM (S/N = 3) were achieved for the UA biosensor. The glucose biosensor
exhibited a detection range of 5 mM to 3200 mM with a sensitivity of 12.64 mA/mMcm2 and an LOD of
2.57 mM (S/N = 3). These integrated biosensors offer great promise for potential applications in wearable
UA and glucose sensing due to their good sensitivity, selectivity, and stability properties.

� 2021 Elsevier B.V. All rights reserved.
1. Introduction

Common metabolites (glucose, lactate, uric acid, etc.) and
electrolytes (chlorine, sodium, etc.) are detected by wearable
devices for non-intrusive, continuous, and noninvasive monitoring
[1–4]. Uric acid (UA) has garnered attention as an endogenous bio-
marker for wound healing assessment [5,6]. In recent years, many
efforts have demonstrated non-healing wounds have elevated
levels of UA, where the UA can diffuse into the sweat glands and
tissues present in the wound proximity [7,8]. Moreover, high glu-
cose levels have been shown to weaken the bactericidal ability of
white blood cells, thereby causing bacteria growth, slow healing,
and infection at the wound site [9,10]. Individuals who experience
poor wound healing associated with diabetes also encounter other
complications, such as heart disease, kidney disease, and eye prob-
lems, etc. [11–15]. Although the detection of glucose is widely
investigated [2,16–19], the assessment of both uric acid and glu-
cose level are rare [20,21]. Flexible and stretchable platform can
be realized through several complex clean room techniques includ-
ing chemical vapor deposition, photolithography, dry etching, and
film transfer [2,22–24]. Recently, laser scribed graphene (LSG) has
attracted much attention due to its ease of fabrication and printing
scalability on flexible and stretchable platform. LSG is a
straightforward fabrication procedure, where CO2 laser burns a
polyimide film (PI) or Kapton tape to create a three-dimensional
(3D) graphene pattern. In the patterned areas, sp3-carbon atoms
are transformed to sp2-carbon atoms via the photothermal process.
However, applying LSG in the fabrication of biosensors is challeng-
ing due to its poor mechanical stability, and electrical and chemical
properties. Since LSG flakes can easily shed from the burnt surface,
a few approaches have been proposed for modifying the LSG. To
increase conductivity, Ye et al. prepared an LSG film with metal
doping of the PI precursor [25]. Another group improved electro-
chemical properties by doping the PI film with boron [26]. To
increase mechanical stability and conductivity, Zahed et al.
sprayed coated PEDOT: PSS on the fabricated LSG [27]. To increase
mechanical stability and conductivity, Park et al. sprayed coated
PEDOT: PSS on the fabricated LSG [28]. Yoon et al. modified LSG
using acetic acid solution to introduce oxygen functional groups
in the LSG film leading to improved electrochemical activity [19].
Functional groups have been demonstrated to improve the anchor-
ing sites for the decoration of nanoparticles and immobilization of
enzyme [28,29]. The functionalization of LSG further enhances the
interaction between LSG and loading materials, which modulates
the tethering of nanomaterials and biomolecules. Due to the out-
standing chemical properties of carboxylic groups-containing
materials, COOH-substituted LSG is expected to have enhanced
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Fig. 1. Illustration of integrated three-electrode biosensor design on (A) polyimide
(PI) and (B) PI taped polydimethylsiloxane (PDMS) coated on the 4-inch silicon
wafer.
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functionalization efficiency compared to a pristine LSG and exhibit
a promising tendency to bind nanomaterials and biological materi-
als without perturbing original structure of carbon-based materials
[30,31].

In this study, a fully integrated biosensor system was fabricated
on polyimide platform via a one-step laser scribed technique. LSG
flakes can easily detach from the substrate surface upon shedding
and frequent bending, the shedding may further decrease the elec-
trochemical properties of the LSG based biosensor. Here, the
formed 3D graphene was functionalized using pyrenebutanoic
acid, succinimide ester (PBSE) crosslinker to hold the LSG flakes
intact on the PI surface and prevent the shedding of the LSG flakes
and to improve the electrochemical activity of the LSG film. Since
UA can easily be oxidized at common nonenzymatic biosensor,
the LSG film was decorated with platinum nanoparticles (PtNPs)
due to its outstanding catalytic activity towards biomolecules
[32,33]. The biosensor based on LSG/PBSE/PtNPs exhibited a wide
range concentration with good sensitivity. Additionally, the nanos-
tructured surface provides a suitable microenvironment for
enzyme immobilization and facilitates direct electron transfer
between the active site of the enzyme and the electrode [34].
The as-fabricated functionalized LSG and anchored PtNPs modified
biosensor offered an improved electrochemical activity and a good
platform for enzyme immobilization. PtNPs serve as an inexpen-
sive alternative to uricase enzyme for the determination of UA.
To the best of our knowledge, this is the first report of a novel
LSG functionalization with PBSE strategy to achieve electrochemi-
cally stable platform capable of detecting both uric acid and glu-
cose biomarkers. The physicochemical analyses of the fabricated
biosensors were conducted using field emission scanning electron
microscopy (FESEM), energy dispersive X-ray spectroscopy (EDX),
X-ray photoelectron spectroscopy (XPS), and electrochemical
techniques.
2. Materials and methods

2.1. Chemicals

Potassium tetrachloroplatinate (K2PtCl4), sulphuric acid
(H2SO4), uric acid (UA), glucose, glucose oxidase (GOx), (1-ethyl-
3-(3-dimethylamino) propyl carbodiimide, hydrochloride (EDC),
N-hydroxysuccinimide (NHS), ascorbic acid, sodium chloride, acet-
aminophen, potassium chloride, nafion 5% in H2O were purchased
from Sigma Aldrich Co USA. 1-Pyrenebutanoic acid, succinimidyl
ester (PBSE) was obtained from Anaspec Inc. Polydimethylsiloxane
(PDMS) and Kapton tape or polyimide film (PI, thickness of 50 mm)
were ordered from Amazon Marketplace. The purchased chemicals
were used without further purification. All stock solutions were
prepared using 0.1 M phosphate buffered solution (PBS), and all
other solutions were prepared with milli-Q water (MQ, resistiv-
ity � 18 MX-cm).
2.2. Design and fabrication of integrated LSG three-electrode system

A PDMS mixture solution (10:1 wt%) was prepared and casted
on a 4-inch silicon (Si) wafter followed by soft baking at 80 �C
for 20 min. Upon drying, PI tape (w = 15 mm) was attached to
the surface of the PDMS film. Fig. 1 provides an illustration of the
integrated LSG three-electrode sensor design completed using
AutoCAD software (Autodesk, Inc.) and patterned by a pro-
grammable BOSS Laser machine (BOSS LS-1630) on PI (Fig. 1A)
and PI taped PDMS coated 4-inch silicon wafer (Fig. 1B). Briefly,
CO2 pulsed laser (speed 250 mm/s, pass-1, layer- black, power
max-25%, min power 25%) was applied to the PI film to generate
the 3D graphene pattern. The nonenzymatic uric acid biosensor
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employs LSG/PBSE/PtNPs working electrode and the enzymatic
glucose biosensor employs an LSG/PBSE/PtNPs/GOx/nafion work-
ing electrode. LSG/PBSE/PtNPs and Ag/AgCl paste were used as
the counter and reference electrodes, respectively. The diameter
of the working electrode is 4 mm with a pitch distance of
1.5 mm. The chemical and physical characteristics of the fabricated
biosensors were investigated by high-resolution X-ray photoelec-
tron spectroscopy (PHI VersaProbe III Scanning XPS) and scanning
electron microscopy (Hitachi FE-SEM Su-70). Electrochemical
deposition of PtNPs, amperometry, and cyclic voltammetry (CV)
were performed via BASi Epsilon EClipse electrochemical
workstation.

2.3. Modification of uric acid biosensor

30 mM PBSE was prepared in dimethyl sulfoxide (DMSO) and
vigorously mixed using a vortex mixer. 10 mL of the prepared PBSE
solution was carefully drop casted on the working and counter
electrodes and allowed to dry in the dark overnight. The PBSE func-
tionalized electrodes were rinse with DMSO followed by PBS rinse
to remove any unbound PBSE and DMSO, respectively and provide
carboxylic functional groups on the surface of the electrodes
(Fig. 2). The electrochemical deposition of PtNPs on the working
and counter electrodes was performed using a three-electrode con-
figuration system via cyclic voltammetry with a potential window
of � 0.2 V to 0.75 V in a precursor solution consisting of 2 mM of
K2PtCl4 and 60 mM H2SO4 for 12 cycles and 20 cycles, respectively.
The electrodes were then rinsed with Milli-Q water and used as the
non-enzymatic LSG/PBSE/PtNPs UA biosensor. To realize the glu-
cose biosensor, glucose oxidase (GOx) was immobilized on a sepa-
rate LSG/PBSE/PtNPs working electrode. The carboxylic functional
groups on the LSG/PBSE/PtNPs were activated via EDC/NHS cou-
pling using 6.5 lL equimolar of EDC/NHS (20 mM) drop casted
on the top of the modified working electrode. After 3 h of incuba-
tion at room temperature, 12.5 lL of GOx enzyme solution pre-
pared from 2.5 mg/mL of GOx completely dissolved in a 1.25 mg/
mL of chitosan–gelatin deionized water mixture was drop casted
on the EDC/NHS treated surface. The biosensor immobilized with
GOx was dried at 4 �C. A final 6.5 lL of nafion in ethanol/deionized
water solution (1:7:1) was applied to the surface of the working
electrode and dried at room temperature for 15 min. The glucose
biosensor was stored at 4 �C for 24 h prior to use.
3. Results and discussion

3.1. Surface morphology and crystal structure characterization of the
fabricated electrodes

The surface morphology of the fabricated electrodes was inves-
tigated using FESEM. The FESEM micrographs of the LSG and the



Fig. 2. Fabrication sequences of uric acid (UA) and glucose biosensors.

Fig. 4. Cyclic voltammogram (CV) of LSG, LSG/PBSE and LSG/PBSE/ PtNPs electrodes
in 0.1 M PBS, pH 7, scan rate 50 mV/s.
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various surface modification are shown in Fig. 3. Fig. 3A shows the
flaky uniform structure observed after laser scribing of the poly-
imide film. This flaked or wrinkled surface structure is typically
expected after surface modification with graphene-based materi-
als. Upon surface functionalization with PBSE, a network structure
is observed on the LSG surface (Fig. 3B), thereby indicating that the
aromatic and reactive ester groups attached to the surface of the
LSG by p- p interaction [35]. The interpenetrating networks
between LSG and PBSE is shown to improve the electrochemical
activity (Fig. 4). PtNPs can be observed dispersed on the walls of
the network structure of LSG/PBSE in Fig. 3C (Insert: Closeup view)
upon electrodeposition. The PtNPs were on average 95 ± 8 nm in
diameter and formed conductive pathways to enable electron
transfer for both non-enzymatic and enzymatic biosensing with
large surface area to enable efficient oxidation of UA molecules
and immobilization of GOx. Furthermore, the decorated surface
creates a favorable microenvironment for enzyme immobilization.
GOx was subsequently immobilized on the PtNPs modified surface
followed by nafion coating as shown in Fig. 3D. The enzyme and
nafion tightly bound to the surface of the electrode and resulted
in a smoother morphology for the sensing layer.

The elemental compositions of the LSG/PBSE/PtNPs electrode
were investigated via EDX to confirm the electrodeposition of
PtNPs. Fig. 3E shows the typical EDX pattern for the LSG/PBSE/
PtNPs with a clear signal of the presence of C, O, and Pt. The weight
percentages of C, O, and PtNPs were 85.23%, 10.2%, and 4.57%,
respectively. This finding further indicates that the PtNPs were
deposited on the LSG/PBSE modified surface. The chemical compo-
sition of LSG and the interaction between LSG and PBSE was
Fig. 3. Scanning electron microsopy (SEM) micrograph of (A) LSG, (B) LSG/PBSE, (C)
dispersive X-ray (EDX) analysis of LSG/PBSE/PtNPs, (F) X-ray photoelectron spectroscopy
PBSE.
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evaluated using X-ray photoelectron spectroscopy (XPS) as
illustrated in Fig. 3F. Both LSG and LSG/PBSE contain of C, O and
Si elements and the presence of organic Si is attributed to the Si
in the PDMS substrate material. No visible peak was observed for
nitrogen and previous study noted that this may be due to the
depth burning of polyimide and elimination of nitrogen from the
surface of the substrate [36]. After functionalizing the LSG surface
with PBSE, the oxygen content increased, whereas the carbon con-
tent decreased indicating successful conjugation of PBSE to LSG. In
the deconvoluted C 1s spectra for the LSG (Fig. 3G), four different
LSG/PBSE/PtNPs, (D) LSG/PBSE/PtNPs/GOx /nafion modified electrodes, (E) Energy
(XPS) survey spectra of LSG and LSG/PBSE, (G) XPS spectra of (G) LSG and (H) LSG/
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carbon states were observed as reported XPS for reduced graphene
oxide (RGO) composite material [37]. The peaks centered at bind-
ing energies of 284.1 eV, 284.72 eV, 286.4 eV, and 290.15 eV. The
two strong signals in the pristine LSG refer to the non-
oxygenated ring C included in C=C to form sp2 hybridized carbon
(green) and the sp3 hybridized carbon and includes the C-C (black).
The broad band further deconvoluted into C–O–C/C-N at 286.4 eV
(pink) that correspond to ether or amine groups, and O-C=O at
290.15 eV (brown) and is associated with carboxylic groups. Five
peaks were observed in the LSG/PBSE XPS spectra (Fig. 3H) at bind-
ing energies 284.7 eV, 285.4 eV, 286.05 eV, 288.6 eV and 290.05 eV.
Although the functional groups of LSG and LSG/PBSE are almost
identical, two new peaks for PBSE conjugated LSG at 288.6 eV
and 290.05 eV were observed to be associated with carbonyl and
ester groups, respectively.

3.2. Electrochemical characterization of LSG/PBSE/PtNPs

Cyclic voltammetry (CV) was performed to investigate the elec-
trocatalytic activity of LSG and modified electrode surfaces. Fig. 4
shows the CV voltammogram of LSG, LSG/PBSE, and LSG/PBSE/
PtNPs electrodes in 0.1 M PBS solution Fig. 4. The bare LSG elec-
trode exhibited the smallest current response, whereas the PBSE
modified LSG electrode displayed a significant current response.
The LSG/PBSE/PtNPs shows an enhanced catalytic current response
with a characteristic peak at ca. �0.2 V for PtNPs in PBS. The elec-
troactive surface area of the bare LSG and the modified LSG elec-
trodes were calculated using Randles-Sevcik equation in 5 mM
K3Fe(CN)6 as the redox probe [36]:

Ip ¼ 2:65� 105AD1=2n3=2v1=2C ð1Þ
where n is the number of electrons (n = 1), A is the effective elec-
troactive surface area (cm2), D is the diffusion coefficient of the
redox probe (6.70 � 106 cm2 s�1), C is the concentration of the elec-
trolyte solution, ʋ is the scan rate (V s�1), and Ip is the peak oxida-
tion current (mA). The calculated electroactive surface area of the
LSG and LSG/PBSE are 12.65� 10�3 cm2 and 7.58� 10-2cm2, respec-
tively. After the electrodeposition PtNPs, the electroactive surface
area was calculated to be 1.1 x10-1 cm2, thereby resulting in an
increased in the electroactive surface area of the electrode.

3.3. Electrochemical performance of LSG/PBSE/PtNPs towards the
oxidation of UA

The electrochemical performance of the LSG-PBSE/PtNPs was
investigated in 0.1 M PBS, pH 7. Fig. 5A shows the CV in the pres-
ence of successive uric acid injection in PBS. A well-defined oxida-
tion peak for the uric acid was observed between 0.35 V and 0.40 V,
wherein the anodic current increased with increasing uric acid
concentration up to 250 mM. The first anodic peak observed in
the voltammogram at �0.2 V is attributed to the presence of PtNPs
in aqueous solution, where oxygen absorbs on the surface of PtNPs
and is subsequently catalyzed to generate hydroxyl radicals via
interaction with H2O. The second peak at 0.35 V is attributed to
the oxidation of uric acid in the presence of catalytic PtNPs. The
oxidizing hydroxyl radicals generated on the surface of PtNPs oxi-
dize the uric acid to produce allantoin, two electrons and two pro-
tons with CO2 as the byproduct (see Fig. 2) at a potential between
0.3 V and 0.4 V [38]. Although the oxidation peak at �0.2 V
increased in the presence of uric acid, it quickly saturated whereas
the peak at 0.35 V linearly increased up to 250 mM uric acid. The
corresponding calibration curves of the oxidation currents
obtained at 0.35 V and 0.40 V exhibited a sensitivity of 25.28 lA/
mM cm2 and 26.24 lA/mM cm2, respectively. Amperometric char-
acterization of the UA biosensor was carried out at the lower
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potential of 0.35 V to reduce the interference effects of
electroactive species. The nanostructured morphology of PtNPs
provides a large surface area with numerous catalytic sites for
the catalytic oxidation of uric acid molecules [32].

Fig. 5B demonstrates the electrocatalytic process of uric acid
(100 lM) at different scan rate (20 mV/s � 120 mV/s). The corre-
sponding anodic and cathodic calibration curves are shown in
Fig. 5C. The anodic and cathodic peak currents exhibit good linear
relationship with the square root of scan rate with a linear correla-
tion coefficient of 0.997 and of 0.996 for the anodic and cathodic
currents, respectively. The fabricated LSG/PBSE/PtNPs exhibited a
diffusion-controlled process. Fig. 5D shows the amperometric
responses of the LSG, LSG/PBSE, and LSG/PBSE/PtNPs electrodes
in the presence of increasing concentration of uric acid. The exper-
imental results shows that the LSG/PBSE/PtNPs electrode demon-
strated the highest current response and sensitivity to uric acid
compared to the bare LSG and LSG/PBSE electrodes. The oxidation
of uric acid occurred rapidly in the presence of PBSE anchored
PtNPs on LSG (Fig. 5D), indicating that anchored PtNPs exhibited
very good catalytic activity toward uric acid. In addition, the LSG/
PBSE/PtNPs nanocomposite provides high edge density per unit
normal area compared to LSG nanostructures, thereby leading to
fast electron transfer process which improve the electroactive
activity, sensitivity, and overall performance of the electrochemical
detection of uric acid. The LSG electrode showed no evident cat-
alytic activity towards the oxidation of uric acid. In contrast, PtNPs
synthesized according to the method reported by Hossain et al. and
Kaur et al, showed lower sensitivity towards the oxidation of uric
acid under the same conditions [32,39]. This further confirm the
improved electrochemical performances of LSG/PBSE/PtNPs uric
acid biosensor.

Fig. 5E provides the amperometric response of the LSG/PBSE/
PtNPs upon successive injection of different concentration of uric
acid at an applied potential of 0.35 V and corresponding calibration
curve is depicted in Fig. 5E. The current increased instantly with
each addition of uric acid aliquot and rapidly reached 95% steady
state with a fast response time of 5 s. A linear detection range of
5 mM to 480 mM uric acid with a sensitivity of 156.56 lA/mM
cm2 (r2 = 0.997) were observed. This linear range covers the normal
range of UA level (155 lM to 428 lM) in serum and elevated levels
of UA have been demonstrated to correlate with disease [7–10,40].
The calculated limit of detection of the fabricated biosensor was
determined to be 0.18 lM (S/N = 3), which is well below the nor-
mal UA level. The performance of the uric acid biosensor was com-
pared to other recent reports as shown in Table 1. The enhanced
sensitivity of the nonenzymatic LSG/PBSE/PtNPs UA biosensor is
higher than those reported for non-enzymatic PtNPs based UA
biosensors [32,39], graphene-PtNPs UA biosensors [41], enzyme-
based biosensor, and bare graphene UA biosensors [8,21]. The
enhanced sensitivity can be ascribed to the large surface area
and the synergistic effect of PtNPs on the electrocatalytic activity
towards uric acid.

3.4. Electrochemical performance of LSG/PBSE/PtNPs/GOx/Nafion

The enzymatic glucose biosensor was prepared using GOx
enzyme tethered to the PtNPs modified working electrode.
Fig. 6A shows the CV of the glucose biosensor in the presence
(red curve) and absence of glucose (black curve – PBS only). In
the presence of 0.3 mM glucose, the biosensor exhibited an oxida-
tion peak at ca. 0.5 V. The amperometric measurements were car-
ried out at the onset (0.4 V) and peak oxidation potentials (0.5 V
and 0.55 V) in 0.1 M PBS upon successive addition of different con-
centrations of glucose (Fig. 6B). The highest sensitivity of 12.64 lA/
mMcm2 was achieved with an applied potential of 0.5 V. Fig. 6C
shows the amperometric response of the biosensor in PBS solution



Fig. 5. CV of LSG-PBSE/PtNPs in PBS at (A) different concentrations of uric acid (0–250 lM), scan rate 50 mV/s, (B) 100 lM uric acid at different scan rates (20 mV/s – 120 mV/
s), (C) Linear plot of anodic and cathodic peak currents, (D) Current-time curves of different LSG and LSG modified electrodes in 0.1 M PBS, pH 7 to different concentration of
UA at 0.35 V, (E) Amperometric responses of LSG-PBSE/PtNPs in PBS to the successive injection of different concentration of UA at 0.35 V, and (F) Corresponding calibration
curve with error bar (triplicates).

Table 1
Comparison of different uric acids sensors.

Electrode material Response time (s) LOD (mM) Detection techniques Linear range (mM) Sensitivity (lA/mM cm2) Ref

Au/CG/PDDA/PtNPs 5 0.25 Amperometric 0.001–6.2 88.11 [32]
CNT/Au/HRP /UOx – 9.91 CV 50–650 35.71 [8]
LEG-CS 0.74 DPV – 3.50 [21]
GCE/RGO/PtNPs – 0.45 DPV 10–130 – [39]
PtNPs/ RG – 0.22 DPV 0.0005–0.180 – [41]
LSG/PBSE/PtNPs 5 0.18 Amperometric 0.005–0.480 156.56 This work

Fig. 6. (A) CV of glucose biosensor in with PBS and 0.3 mM glucose solution, scan rate 50 mV/s, (B) Current-time curves of the fabricated glucose sensor in 0.1 M PBS, pH 7
with different concentration of glucose at different potentials, (C) Amperometric current responses of glucose sensor in 0.1 M PBS to the successive addition of different
concentration of glucose at 0.35 V, (D) Corresponding calibration curve with error bar (triplicates) and (E) CV of the LSG/PBSE/PtNPs before and after bending at 135� bend
angle.
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Table 2
Comparison of different glucose sensors.

Electrode matrix Responsetime (s) LOD (mM) Potential (V) Linear range (mM) Sensitivity (lA/mM cm2) Ref

PET/Au/PB/CS/GOx 5 – 0 0.0–0.2 2.35 [2]
PDMS/Ti/Au/PB/GOx – 9.91 – 0.06–1 26.31 [42]
Porous Au/PB/GOx/nafion <10 – 0.01–1 3.50 [16]
LSG/PBSE/PtNPs/Gox/nafion 6 2.35 0.5 0.0025–2.5 12.64 This work

Fig. 7. Amperometric response of (A) UA and B) glucose biosensor to interfering analyte.
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upon successive addition of different concentration of glucose at
0.5 V with the corresponding calibration curve shown in Fig. 6D.
The biosensor responded very quickly and reach steady state
within 6 s. A linear dynamic range of 25 lM to 3.2 mM with a lin-
ear correlation coefficient of 0.998 and a calculated limit of detec-
tion of 2.57 lM glucose was observed to cover the hypoglycemic
range. Our fabricated glucose biosensor demonstrates an extended
linear dynamic range and LOD than previously reported glucose
biosensors [2,16,42]. The deformation of the flexible LSG/PBSE/
PtNPs/GOx/Nafion when bent at 135� was examined in 0.3 mM
glucose via cyclic voltammetry. Although no detrimental signal
was observed in the voltammograms after bending, the oxidation
current decreased after bending (black curve). This indicates that
the electrode can generate adequate electrochemical signal while
tolerating up to 135� bend angle. Table 2 provides the comparative
performance of the fabricated glucose biosensor to reported flexi-
ble glucose biosensors.
3.5. Anti-interference and stability of biosensor

Fig. 7A and 7B show the amperometric responses of the UA and
glucose biosensors, respectively. In the presence of 32 lM UA and
common interfering species, ascorbic acid (0.1 mM AA), lactic acid
(3 mM LA) and acetaminophen (0.1 mM AP), the UA biosensor
exhibited good selectivity towards UA sensing, wherein insignifi-
cant current responses were observed in the presence of AA and
AP at an applied potential of 0.35 V. However, the addition of
3 mM LA resulted in a reduction current that impacted the selectiv-
ity of the as-fabricated UA biosensor. To investigate the selectivity
of the glucose biosensor, all the four interfering species exhibited
little or no significant impact on the amperometric current
response at the applied potential of 0.5 V. These results indicate
that the fabricated biosensors are selective towards UA and glu-
cose. Five identically fabricated UA and glucose biosensors were
exposed to successive addition of 2 lM UA and 0.2 mM glucose
in triplicates, respectively. Relative standard deviation (RSD) of
5.4% and 4.8% were observed in the amperometric responses for
UA and glucose, respectively. Thereby indicating acceptable repro-
ducibility of the fabricated biosensors. The stability of the
6

biosensors was also investigated for a period of 7 weeks by
monitoring the peak oxidation current response in the presence
of the target analyte. 6.5% and 5.7% decreased in the sensitivities
of the UA and glucose biosensors were observed over that period,
respectively. Thereby indicating good stability for the biosensors.
4. Conclusions

UA and glucose biosensors have been successfully fabricated on
flexible polyimide thin film laminated PDMS substrate. The fabri-
cated biosensors exhibited excellent catalytic activity towards oxi-
dation of UA over a wide linear range of 5 mM to 480 mM with a
sensitivity of 156.56 mA/mMcm2 UA. After immobilization of GOx
on the PtNPs modified working electrode, a glucose biosensor
was realized. The fabricated glucose biosensor exhibited good elec-
trocatalytic activity towards oxidation of glucose with a sensitivity
of 12.74 mA/mMcm2 and a wide linear range of 5 mM to 3200 mM.
The biosensors demonstrated good anti-interference ability and
stability for detection of the target analytes. These results demon-
strate that PtNPs integrated on LSG provides a high surface area
with good electrocatalytic activity towards UA and when coupled
with glucose specific enzyme serves as a good biosensing platform.
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