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ABSTRACT

This study introduces a novel composite (RuO,-PtNP-N) for non-enzymatic glucose sensing. RuO,-PtNP-N is fabricated
through electrodeposition of platinum nanoparticles onto a pre-cast RuO,-Nafion composite on a glassy carbon electrode.
The research demonstrates that RuO,-PtNP-N exhibits superior sensitivity compared to RuO,-N and Pt-N composites. This
enhanced performance is attributed to the favorable orientation of PtNPs within the porous RuO, matrix. Various characterization
techniques, including cyclic voltammetry, chronoamperometry, and spectroscopic methods, were employed to analyze the
sensor’s electrochemical properties and surface characteristics. The RuO,-PtNP-N sensor displayed a linear response up to
24 mM glucose with a sensitivity of 0.328 mA mM™' ¢cm™. Furthermore, the sensor exhibited good reproducibility over a
41-day period, indicating excellent surface stability. Additionally, the sensor demonstrated high selectivity for glucose in the
presence of potential interfering species. The determination of glucose in serum samples highlights the sensor’s promising

potential for practical applications.
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INTRODUCTION

The accurate and selective detection of glucose has been
crucial for clinical diagnosis, food industries, pharmacy, and
environmental monitoring for over two decades.!** Numerous
studies have explored enzyme-based catalysts, particularly
glucose oxidase (GOD), for glucose oxidation.” However, the
performance of these sensors is hampered by enzyme instability
under current environmental conditions and the adsorption of
blood proteins. Furthermore, sensor fabrication using GOD
immobilization is susceptible to various environmental factors
like solution pH, humidity, presence of toxic chemicals, and
temperature.® Enzyme-dependent sensors often suffer from
poor reproducibility and inadequate long-term stability due
to enzyme degradation during immobilization.” A significant
drawback of enzyme-based electrodes is the interference from
other oxidizable species in blood samples, such as ascorbic
and uric acids, which significantly affect glucose detection.
In contrast, non-enzymatic electrochemical glucose
sensors, which generate an electrical current by directly
oxidizing glucose on the electrode surface, have attracted

considerable interest.!*!! Recent research has explored various
methods for glucose concentration detection, including
electrochemical, colorimetric, piezoelectric, and thermoelectric
biosensors.'>'® Among these, electrochemical biosensors have
been widely used, but most rely on enzymes.!”2°

Previous studies have reported on the use of various metal
nanoparticles (Au, Pt, Co, Cu, Ni, Co;0,, NiO, WO;, RuO,,
etc.) for direct glucose oxidation 223, Due to the easy corrosion
of Ni, Cu, and Co in highly alkaline media and the conversion
of Pt to poorly conducting oxides, noble metals like Ru and
Ir are preferred for sensing organic compounds due to their
high ohmic conductivity and chemical and thermal stability.>*
RuO,, extensively studied in chlorine evolution for chlor-alkali
industries, also finds applications as a photocatalyst for water
reduction and the electro-oxidation of ethanol, methanol,
benzyl alcohol, and catechol.**” Compared to bulk electrodes,
RuO, electrodes modified with these materials exhibit unique
characteristics such as a high surface area-to-volume ratio,
promoting rapid mass transport, good electrocatalytic activity,
and biocompatibility.?®
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Noble metal nanoparticles (NPs) have emerged as
attractive materials for glucose biosensor development due to
their unique physicochemical properties. These NPs possess
excellent electrical conductivity, facilitating efficient electron
transfer during the biosensing process.?®** Additionally, their
inherent catalytic properties enhance the rate of the enzymatic
reaction between glucose and the biosensor. Notably, the large
surface area offered by NPs provides a superior platform for
biomolecule adsorption, including glucose. Among various
noble metals, platinum nanoparticles (PtNPs) have been
extensively studied and established as prominent candidates
for glucose biosensor applications. PtNPs exhibit exceptional
electrocatalytic behavior towards glucose oxidation, by
providing high electron transfer rate. Furthermore, their
biocompatibility and high conductivity make them suitable
for potential in-vivo applications.?*?

This research introduces a straightforward method for
creating a sensor (RuO,-PtNP-N electrode) that detects
glucose. The technique combines two approaches: drop casting
and electrochemistry. Unlike traditional sensors that use
enzymes, this one relies on a direct chemical reaction between
glucose and the electrode surface at a specific voltage (0.2 V
compared to a silver/silver chloride reference electrode).

Experimental

Materials and Apparatus
N,N-diethyl-N-methyl-N-(2- methoxyethyl)
ammoniumtetrafluoroborate (DEMEBF,) Kanto Chemical
Co, Japan. Absolute ethanol 99.9% was procured from S.D.
Fine-Chemical Limited, India. Zero-grade nitrogen was
obtained from Sigma Gases & Services, India. Ruthenium
(IV) oxide, Potassium hexachloroplatinate (IV), Nafion
perforated solution (5 %), Analytical grade NaOH, NaCl,
KCl, Na,HPO,, NaH,PO,, D-glucose, fructose, L-dopa,
sucrose, catechol, uric acid, ascorbic acid, sulphuric
acid, ferrocene and ethanol were purchased from Sigma
Aldrich, USA. All the experiments were carried out using
De-ionized water of conductivity 0—0.5 S/m purified with
a Glen RO+ system was obtained from Glen India Limited.
Phosphate buffer (0.1 M; pH 7.4) containing NaCl (10 mM),
NaH,PO, (100 mM), and KCI (2.7 mM) was used for glucose
sensing.

The electrochemical measurements were carried out
using Metrohm PSTAT Mini 910 (Switzerland), which has the
potential range from -2 to +2 V. A conventional three-electrode
system from Gamry Instrument USA, consisting of modified
glassy carbon (3mm diameter) as the working, a platinum wire
(1 mm diameter) as the counter and Ag/AgCl, as the reference
electrodes. PANalytical make X-ray diffractometer from
X’Pert PRO that uses source Cu K (2.2 kW max) from UK and
FTIR from Bruker Optic GmbH (model no. Sensor 27) were
utilized for acquiring FTIR spectra, from USA. Micro-Raman
measurements were recorded using imaging spectrograph
STR 500 mm focal length laser Raman spectrometer, from
Japan. Ultraviolet Visible (UV-vis) spectra were measured
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Scheme 1. RuO,- PtNP -Nafion mediated electro oxidation of glucose

using PerkinElmer-Lambda 35 from USA, in the range 190
to 400 nm.

RESULTS AND DISCUSSION

Formation of RuO,-PtNP-Nafion Composite on Glassy
Carbon Electrode

Glassy carbon (GC) surface was polished using emery paper
(no. 800, Carborundum Universal, India) and cleaned with 20%
HCI for 20 minutes and dried. Then 4 mg of RuO, was mixed
in 10 pL of 1% nafion. Uniform distribution was attained by
sonicating the mixture for 30 minutes, 5 pL of the sonicated
mixture was drop casted on the GC surface and dried at room
temperature for 30 minutes. Then the RuO,-nafion modified
electrode was then electrodeposited with PtNPs. Platinum nano
particle was electrodeposited on the GC electrodes by applying
a potential of -2.0 V vs Ag/AgCl in N, saturated DEMEBF,
containing 35 mM K, PtCl,. The PtNPs modified RuO,-Nafion
electrode was then electrochemically cleaned by scanning the
electrode at the potential between -0.2 and +1.5 V vs Ag/AgCl
repeatedly on scan rate of 500 mVs™' for 10 minutes in 0.5 M
H,SO0, aqueous solution under a N, gas atmosphere.**

Characterization of the RuO,—PtNP-N

The XRD, FT-IR, UV, Raman spectra of (curve a) RuO,, (curve
b) PtNPs, (c) RuO,-PtNPs-Nafion are illustrated in Figure 1.
In the XRD (Figure 1 A, a), two major peaks at 26 28.0 and
35.01 are assigned to the diffraction from the (110) and (101)
planes of tetragonal rutile phase for RuO, (JCPDS powder
diffraction pattern: 00-040—1290). The diffraction planes (111)
at 40.00° was observer for PtNPs (Figure 1 A, b). In Figure 1
A, c, the diffraction patterns at (110) 27.90° RuO,, (111) 40.00°
PtNPs, for RuO, indicates the presence of RuO, and PtNPs in
the same composite.

The FTIR (Figure 1 B, a) band at 474 cm™! indicates the
presence of RuO,. For PtNPs a broad hump at 570 cm™ was
observed (Figure 1 B, b). In the case of RuO,-PtNPs-Nafion nano
composite (Figure 1 B, ¢) metallic peaks at 600 and 700 cm ™'
for RuO, and PtNPs were clearly seen. Multiple peaks at 1200
to 1400 cm ! corresponds to the C-OH bending motion and
1618 cm ™' for O-H stretching vibrations are seen due to the
presence of nafion in the nanocomposite.
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Figure 1: (A) XRD, (B) FT-IR (C) UV and (D) Raman spectra data of RuO, (curve a), PtNPs (curve b), RuO,- PtNPs-Nafion (curve c)

The UV absorption peak (Figure 1 C, a) at 462 nm
corresponds to the presence of Ru metal ions. A sharp UV peak
at 200 nm was observer for PtNPs modified electrode (Figure 1
C, B). In the case of RuO,-PtNPs nano composite (Figure 1 C),
a sharp peak at 200 nm for RuO, and a little hump at around
370 nm for PtNPs were observer. It is to note that the peak for
PtNPs was shifted towards the negative direction (Figure 1
C) because of the effective formation of the nano composite.

Micro-Raman spectra of the RuO,-Nafion, PtNPs and
RuO,-PtNPs-Nafion composites are shown in Figure 3 D.

RuO, has a tetragonal structure with 15 modes of optical
phonons, three of which are Raman-active within the range
400 to 800 cm™ .3 As shown from Figure 1 A, Cand D, a
little hump at 200 cm™ followed by noisy humps at 400 cm'™
indicates the presence of RuO,. And for PtNPs a broad hump
at 1000 cm™ and two sharp peaks at 1360 and 1600 cm™ were
observed.?® As seen, the RuO, and characteristic peaks at 200,
1000, 1360 and 1600 cm ™! were observer (Figure 1 C and D)
for RuO,-PtNP-Nafion nano composite.

Electrochemical Cyclic Voltammetric Analysis of RuQO,-
PtNP-Nafion

Comparative CV behaviors of the RuO,-Nafion (curve a and b),
PtNP-Nafion (curve b,c) and RuO,-PtNP-Nafion (curve e and
f) composites in 0.1 M PBS in the presence (solid line) and the
absence of (dotted line) 1-mM glucose are shown in Figure 2.
In the presence of glucose, the RuO,-PtNP-Nafion surface
(Figure 2, curve f) showed large charging (1.035¢-4) current
compared to the RuO,-Nafion (3.656e-5) (Figure 2, curve
B) and PtNP-Nafion (6.672¢-5) (Figure 2, curve d) modified
electrodes. This is related to the large surface area provided
by the RuO,/PtNP through their functional groups such as
hydroxyl, epoxide and carboxyl groups, whereas RuO, possess
only oxide functional groups.
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Figure 2: CV behaviors of the RuO,-Nafion (blue), PtNP (green) and

RuO, — PtNPs-Nafion (rose), in the absence (dotted line) and presence

of (solid line) 1 mM glucose in 0.1 M PBS measured at the scan rate of
50 mVys.

It is to note that the PtNP-Nafion modified also shown
good glucose oxidation current (6.672e-5) compared to the
RuO,-Nafion composite (3.656e-5) (Figure 2, curve d). This
is due to the ability of PtNPs in direct oxidation of glucose
reported by our group.! On the other hand, the high activity
of RuO,-PtNP-Nafion in PBS may be related to the structural
reorganization and stabilization of metal coordination center
due to charge compensation method as presented in Scheme 1.
It is clear from the result that the RuO, provides extra surface
area for the PtNPs to directly react with the glucose molecules.
No prominent oxidation peaks were observer in the absence
of 1-mM glucose on any of the substrates. Thus, the increased
peak current in the presence of 1-mM glucose is directly
related to the glucose oxidation by RuO,-PtNP-Nafion and
PtNP-Nafion substrates.

Performance Test and Stability

The glucose biosensing temperature and pH of RuO,-PtNP-
Nafion modified electrode was studied in the presence of 1-mM
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glucose in PBS 7.4 (Figure 3 A, B). The operational temperature
study experiment was conducted in seven different temperatures
(viz. 20, 25, 30, 35, 40, 45 and 50°C) (Figure 3 A) at fixed pH
(7.4). The solution temperature was controlled (20-50°C) using
arecirculatory. The optimal temperature was observed in the
range between 25 to 40°C (Figure 3 A). Though the sensor’s
biosensing behavior diminished after 45°C. The pH analysis
was also performed with 1 mM glucose prepared at different
pH ranging from 5 to 10 and the RuO,-PtNP-Nafion electrode
is amperometrically characterized at 37°C (Figure 3 B).
The optimal oxidation current was observed at pH 6.5 to 8§,
which is slightly higher than the oxidation current generated
at pH 5 and 8.5. The result shows that the RuO,-PtNP-Nafion
electrode exhibited excellent amperometric performance at
neutral conditions.

Figure 3 C shows the amperometric current behavior of the
RuO,-PtNP-Nafion modified electrode measured for 48 days
in PBS 7.4 containing freshly prepared 1-mM glucose. The
stability experiment was carried out once in 3 days. After every
successful measurement, the RuO,-PtNP-Nafion electrode is
stored in PBS pH 7.4 to avoid surface disorientation/damage.
The glucose catalytic current for consecutive 41 days almost
remained unchanged showing good reproducible behavior
of the RuO,-PtNP-Nafion composite. But the current started
falling down in the subsequent measurements. This shows
that the RuO,-PtNP-Nafion composite electrode is highly
reproducible.

Amperometric Determination of Glucose

Concentration dependence glucose oxidation current of
RuO,-PtNP-Nafion modified glassy carbon electrode was
measured using chrono amperometry (Figure 4 A). All the
amperometric measurement was carried out at a fixed potential
of 0.4 V. During the measurement, 3 mM glucose was added
at regular interval (50s) till the sensor attained saturation.
As expected, the peak current increases with increase in the
glucose concentration. After the addition of 24 mM glucose,
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Figure 3: (4) Temperature variation (B) pH variation and (C)
Reproducibility analysis of RuO,-PtNP-Nafion

the RuO,-PtNP-Nafion surface gets saturated and the sensors
behavior is un-altered for the subsequent addition of glucose.
This range pretty much covers blood glucose level for a non-
diabetic to high diabetic person (18—432 mg/dl). In addition,
the time required to reach 95% of the steady state current after
every successful addition of glucose is less than 4 seconds.

A calibration curve was plotted for anodic peak current vs
concentration of glucose as shown in Figure 4 B. The result
shows a linear dependence with a correlation coefficient
of 0.991 in the glucose concentration range of 3 mM to 24
mM. The sensitivity of the RuO,-PtNP-Nafion electrode was
calculated to be 0.328 mA mM ! cm™2.

Interference Effects

The activity of this sensor in the presence of potential interfering
substances was analyzed using chrono amperometry (Figure 5).
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Figure 4: (A) CA behavior of RuO,-PtNP-Nafion and (B) Calibration
curve of the RuO ,-PtNP-Nafion
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Figure 5: Selective behavior of RuO ,-PtNP-Nafion towards glucose in
PBS (pH 7.4, in presence of other dynamic interfering compounds.
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The interference species used in this study are ascorbic acid,
uric acid, fructose, sucrose, starch, mannose and galactose.
In the present study the experiments are carried out by
successive addition of 1-mM glucose and interferent species
in 0.1 M PBS (pH 7.4). Though ascorbic acid (AA) and uric
acid (UA) are normally co-existed interfering compounds other
carbohydrates such as sucrose, fructose, galactose, starch,
sucrose and mannose are also used in this study to ensure its
high selectivity. It is to note that the normal physiological level
of glucose in human blood is about 30 times higher than the
interfering species such as AA or UA and much higher in food
samples. However, it is eliminated from the RuO,-PtNP-Nafion
composite. As seen from Figure 5, the RuO,-PtNP-Nafion
composite electrode showed a clear oxidation current after
the addition of glucose and no oxidation peaks were observer
for other interferant substances. These results confirm high
specificity of the RuO,-PtNP-Nafion to glucose in presence
of common interfering species found in biological and food
samples.

Real Sample Analysis

Figure 6 shows the chrono amperometric glucose oxidation
currents measured at an applied potential of 0.4 V vs Ag/AgCl.
The black square blocks and the red circle each represent
oxidation currents of 1-mM glucose in PBS and 1 mM glucose
spiked in serum. As seen from the results plotted in Figure 6,
a linear current was observer in both samples after every
successful addition of glucose. But the net current in the case of
serum spiked sample is 5% less than that of the glucose in PBS.
Though the current is linear, the negligible loss of current may
be attributed because of presence of blood plasma components
which could partially block the contact between glucose and
RuO,-PtNP metal center. These results still determine that
our RuO,-PtNP-Nafion composite showed efficient glucose
sensing with good recovery in serum sample.

CONCLUSIONS

This work introduces a novel non-enzymatic glucose sensor
comprised of a RuO,-PtNP-Nafion composite. This innovative
electrode design offers exceptional reproducibility in glucose
detection, surpassing conventional methods that often involve
intricate and expensive fabrication processes. Notably, the
proposed fabrication method is significantly simpler and more
cost-effective, eliminating the need for laborious techniques
like chemical reduction, thermolysis, and g-irradiation. The
sensor exhibits impressive performance characteristics,
boasting high sensitivity (0.328 mA mM™' cm2) and
remarkable stability over an extended 41-day testing period.
Furthermore, the sensor demonstrates excellent selectivity,
effectively distinguishing glucose from various interfering
species typically present in real-world samples. This enhanced
selectivity is attributed to the incorporation of a Nafion layer
onto the RuO,-PtNP substrate, which significantly improves
sensor performance. Finally, the sensor’s successful detection
of glucose in spiked serum samples underscores its promising
potential for practical applications, particularly in implantable

devices for continuous glucose monitoring. This advancement
holds significant implications for revolutionizing diabetes
management and personalized healthcare strategies.
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