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Abstract

low cost biomedical diagnosis.

N

Ordered and self-organized nano-array structures have been developed by Mn?* doping in TiO, thin films deposition
on conducting substrates by dip coating technique. Mn doped TiO, thin films exhibits better bioactivity for enzyme
immobilization and cyclic voltammetry measurement has been used for qualitative characterization of electrochemical
induction of oxidation-reduction process in TiO, and Mn doped TiO, films. Due to presence of Mn?* ions at film surface,
current voltage characteristic of Mn doped TiO, matrix was enhanced by a factor of ten and it had also reduced the
crystallite size and promoted transformation of anatase to rutile phase of TiO,. Urea concentration in the electrolyte was
determined by observing chronoamperometry response on urease immobilized working electrodes. The urea detection
sensitivity of the Mn doped TiO, thin films base platform was 2.3 pA mM-1 cm-2 which is about 15 times higher from
only TiO, base platforms. Such kind of enzyme-TiO,/Mn nano-array electrode could contribute a potential prospect in
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Introduction

Application of nanoscale materials for electrochemical biosensors
has been grown exponentially due to high sensitivity and fast
response time [1,2]. In these applications, effective immobilization of
biomolecules without altering bioactivity is the key in construction
of stable and well-structured electrode materials for biosensor
platform [3]. These factors eventually controlled by the interaction
effectiveness and determine selectivity and sensitivity of materials for
potential application in the area of biomedical diagnosis [4,5]. This
demonstrates the need of tailoring architecture of electrode materials
to develop heterogeneity which could provide multifunction for
functionalized electrode materials for biological applications [6].

Extensively TiO, and TiO, with different polymer matrixes have
been used for different applications such as DNA biosensor (7],
enzyme immobilized platforms [8,9], detection of Pseudomonas
aeruginosa [10] and detection of toxic compounds [11]. Stability and
usefulness of structural modification for efficient immobilization
of biomolecules in TiO, nanotube arrays based biosensor has been
also discussed [12]. It has been demonstrated that the large surface
area, good chemical stability and nontoxicity of the TiO, have
been achieved with different nanocomposite and 3D macroporous
structures [13,14].

Electrochemical synthesis of titanium oxide nanotubes (TiO,)
in different types of electrolytes and applications for biosensors
applications has showed great interest [15]. The length and pore
diameter of the TiO, layers have been tailored by varying electrolyte
composition, applied potential, pH, and anodizing time [16]. We
report a new strategy for Mn?* induced nano-arrayed structures in
sol-gel derived TiO, platforms for biosensing applications. Previously,
anatase—rutile phase transformation of TiO, in sol-gel method
synthesized has been achieved by various amount of manganese
(Mn) ions [17] and has been reported to be among the most efficient
transition-metal oxide catalysts for catalytic disposal of pollutants
[18]. However, using Mn doping with TiO, for biosensor applications
has not been explored.

As a sensing platform, Mn doped TiO, nano-arrayed structures
has much higher surface area-to-volume ratio, strength and a better

electron transfer characteristic than the ordinary TiO, base electrode
formed by surface coating process. To demonstrate usefulness of these
material as a biosensor platform, urease enzyme-based biosensor has
been developed by employing Mn doped TiO, electrode. SEM, XRD
and FTIR spectrometers were used for surface characterization to
understand the mechanism of bioactive electrodes for biosensors.

Experimental

0.25 mole of HNO, was added to alcoholic solution of 0.5 M
Ti(OBu), in 1:2 molar ratio of HNO,: Ti(OBu),. After that 0.5 mole
water was added to this solution drop wise using dropping funnel
in 1:1 molar ratio of H,0: Ti(OBu),. A clear yellowish, transparent
and stable TiO, colloidal sol was obtained. A stock solution of
0.5M Manganese (II) acetylacetonate (Mn(acac)2) was prepared
in isopropanol. To prepare 5 mole % Mn?* ion doped TiO, sols of
stock solution was added respectively to TiO, sol. After 24 hours, the
above solution used to coat the thin films by dip-coating technique
at constant pulling speed 25cm/min on 2x4cm? ultrasonically cleaned
glass substrates under controlled relative humidity (30-40%) condition
and room temperature. These samples were further dried at 100°C in
electric oven for 60 minutes followed by annealing at 550°C for five
hours in programmable furnace. All chemicals were analytical grade
and purchased from Sigma Aldrich otherwise were specified. The TiO,
and TiO,/Mn electrodes were immersed in 50 g L' urease prepared in
0.1M phosphate buffer solution for 12 h at 4°C. To achieve uniform
surface area of enzyme immobilization a physical mask was placed
on the electrode surface. The enzyme immobilized electrodes were
washed with phosphate buffer solution to remove unbounded sites.
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Autolab PGSTAT 12 Potentiostat/Galvanostat (Eco Chemie,
Netherlands) was used for cyclic voltammetric measurements with
three electrode system in which working electrode was replaced with
Ti02, Mn-TiO2 and enzyme immobilized TiO2 and Mn-TiOZ. Platinum
wire and Ag/AgCl were used as counter and reference electrodes,
respectively. FTIR spectra of the thin films samples in transmission
through reflection mode with an angle 35°and resolution was
predetermined at 4 cm™' recorded on Perkin Elmer Spectrum BX-100
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Figure 1: powder X-ray diffraction patterns of of Mn?* doped and undoped
ksamples annealed at 550°C for five hours.
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Figure 2: Scanning electron microscopy pictures of (a) TiO,, (b) Mn doped TiO,,

(c) urease immobilized TiO, and (d) urease immobilized Mn doped TiO,.
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Figure 3: FTIR spectra of (a) TiO, and (b) urease immobilized TiO,.

spectrophotometers. The surface morphology of film studied using
Scanning Electron Microscopy (SEM), 3400N Hitachi, Japan. X-ray
powder diffraction was carried out using a RIGAKU Mini flex II (Cu-Ka
radiation 1.5414 A°).

Result and Discussion

The powder X-ray diffraction patterns of of Mn?* doped and
undoped samples annealed at 550°C for five hours are shown in
Figure 1. 20 values of diffraction peaks observed in XRD spectra
of undoped TiO, were at 25.28, 37.78, 48.02, 53.92, 55.06, 62.72,
68.80, 70.36, and 75.12. These peaks were assigned to reflections
from (101), (004), (200), (105), (211), (204), (116), (220), and (215)
crystal planes, which mainly corresponds to anatase phase of TiO,.
Prominent diffraction peaks of 5 mole % Mn** doped TiO, films 26
values were at 25.41, 27.60, 36.13, 37.80, 39.24, 41.29, 44.13, 48.13,
54.46, 56.79, 62.59, 64.14, 68.79, and 75.12. These peaks were
assigned to reflections from (101A), (110R), (101R) (004A), (200R),
(111R), (210R), (200A), (211R), (220R), (204A), (310R), (116A), (215A)
crystal planes, which corresponds to both anatase and rutile phase of
TiO, and notation ‘A’ and ‘R’ were associated with anatase and rutile.

After Mn** doping in TiO, the mix phase of anatase and rutile
was obtained and a small shift in 26 value was also observed. This
shift could be due to residual stress during films formation. After
Mn** doping XRD peak broadening was also significantly increased;
hence the crystallite sizes have been decreased considerably, which
is a indication of increasing surface energy by doping. For analysis of
particle size from XRD peak broadening, the strongest peak i.e. 101
was chosen and Debye-Scherrer’s equation was used for calculation.
The calculated value of average crystallite size in pure & 5 mole % Mn
doped TiO, samples is 28+2 nm & 20*2 nm respectively.

XRD studies showed decrease in crystallite size induced by the
dopant ion, therefore more surface free energy in case of doped
samples. Secondly, the incorporation of foreign atoms in a lattice of
TiO, can create defects during formation of original crystal lattice.
These results agree with other reported work in literature on effects
of manganese to accelerate anatase-to-rutile transformation [19]. The
most common effect of incorporation of foreign atoms in a lattice
is the defect formation in the original crystal lattice which could
develops regular patterns of nano-structures.

Surface morphology of TiO, and Mn doped TiO, films were obtained
by SEM and images are shown in Figure 2. The most prominent result
was that upto 550°C heating of only TiO, film surface showed very
good uniformity whereas addition of Mn with TiO, had develops well
ordered nano-array structures. The nano-array structures developed
by Mn doping were had about 700 nm diameter pores with very good
surface uniformity. SEM observations after urease immobilization on
Mn doped TiO, also shows similar nano-array patterns with about
500 nm more diameter. There were not significant changes in TiO,
surface morphology after enzyme immobilization. The mechanism
for development of nano-array structures is not well understood but
it could be corresponds to mixed (anatase and rutile) phase of TiO,
transformed due to Mn doping as shown in XRD spectra.

Figure 3 and Figure 4 shows FTIR characteristics peak of surface
functional groups before and after immobilization of urease onto
the undoped and Mn doped TiO, films, respectively. FTIR spectra of
pure TiO, samples shows absorption peak in the spectra at 3400 cm
possibly attributed to the OH group (molecular water). Ti-O-Ti bands
appear in the range 500-900 cm™. Additionally the bands at 2936,
2856 and 1400 cm™ were assigned to C-H vibrations. The C-H could
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Figure 4: FTIR spectra of (a) Mn doped TiO, and (b) urease immobilized Mn
doped TiO,.
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Figure 5: Cyclic voltammetry response of TiO, and Mn doped TiO, on ITO
substrates.
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Figure 6: Linear response of urease immobilized electrode surfaces at
different concentration of urea in electrolyte. Ipo is peak current of urease
immobilized electrode without urea in electrolyte and Ipx is peak current of

urease immobilized electrode at ‘X’ concentration of urea added in electrolyte.
. J

be attributed to the organic residue, which remains in the TiO, even
after calcinations. The wave number of 1110 cm™ is the band of the
Si-O-Si band. In FTIR spectrum, the presence of the small absorption
peak at ~955 cm™ was assigned to Ti-O-Si functional group to confirm
formation of covalent bond between the film and the substrate.

In enzyme immobilized FTIR, appearance of a carbonyl absorption
peak of amide known as amide I of the enzyme immobilized samples
sheen around 1650 cm’ and to confirm enzyme presence at the
surface. Primary amides display NH (amide II) stretching frequencies

of NH stretching vibrations. Onto enzyme immobilized undoped
and Mn doped TiO, spectra, NH bands were observed near 1600-
1640 cm™ due to hydrogen bonding. In the case of undoped TiO,
there was not much significant of urease enzyme loading, while
crystalline nanopore of Mn doped TiO, platform showed significant
enhancement to load the enzyme with the Mn doped TiO, matrix
support. We observed that Mn doped TiO, has shown significant
tendency to immobilize the urease enzyme because amide linkage
prominent peat was observed in the case of Mn doped TiO, while
tracing signal of amide linkage are able to get in case of undoped
TiO, urease immobilized FTIR spectra.

Cyclic voltammetric (CV) measurements were performed to
characterize the effects of Mn doping in TiO, thin films develop for
electrochemical biosensors on the conducting electrodes and shown
in Figure 5. TiO, and Mn doped TiO, deposited electrodes were
immersed in PBS (50mM, pH 7.4, 0.9% NaCl) and CV was recorded at
constant 30mVs'scan-rate. The redox current peaks centered roughly
at 0.6 V in CV of Mn doped TiO, with about 10 fold enhancement
in current relative to only TiO,. These observations suggest that
possibly doping of Mn** ions in TiO, thin films enhance the electron
transportation for better electrochemical response of this matrix for
biosensor application.

Electrochemical measurement of urease immobilized electrode
has been carried out by varying urea concentration (from 0 to 6.5
mg/mL) in the electrolyte. Electrochemical response of molecule
when it undergoes oxidation at the electrode surface has been used
to determine the concentration of molecules in the solution by
detecting relative changes in magnitude of the current. Using this
phenomenon, we have used chronoamperometric method in which
the current profile has been recorded at different urea concentrations
in electrolyte. Relative change in peak current has been plotted
in Figure 6 to determine sensitivity of biosensor platform for urea
detection.

Result showed linear response of urea detection upto 1mg / mL
and reached at a saturation value for further increase in urea on Mn
doped TiO, surfaces. Whereas, in case of only TiO, the response of
urea detection was very poor and no linear range has been observed.
Mn ion doping has attributed to have high surface-to-volume ratio
of nano-arrayed surfaces for higher level of enzyme immobilization
and hence to enhance electrochemical response of electrode for
biosensor applications. Our observations showed urea detection
sensitivity on Mn** doped TiO, thin film surfaces was 2.3 uA mM"!
cm?. The sensitivity of Mn doped TiO, base biosensor was about
15 times higher in compare with only TiO, base urea biosensors.
Previously Ti/urease-imprinted TiO, has used for potentiometric urea
biosensor for selective and quantitative determination of urea [20]
and amperometric response of catalytic electrode materials has been
investigated for biosensors [21]. Nano-particle added conducting
polymer base platforms for biosensor can exhibit higher sensitivity,
however these cannot be used for in-vivo monitoring of urea. Whereas
Mn doped TiO, thin film base platform have very good temperature
and chemical stability; hence have potential for in-vivo monitoring of
concentration of bio-molecules [22].

Conclusion

Mn induced nano-arrayed structured TiO, platform has been
developed by simple sol-gel process and dip coating techniques. Such
types of platforms has demonstrated usefulness for biosensor which
could provide more effective interaction areas and more feasible
electron transfer interfaces to support amperometric response of
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electrode. On the base of enzyme catalysis and electrochemical
reduction reaction under a potentiostatic condition, the biosensing
application was achieved by applying the uresae-TiO/Mn electrode.
This biosensor exhibited a very high sensitivity and low detection
limit for urea detection. Such kind of enzyme-TiO/Mn nanotube
array electrode could contribute a potential prospect in low cost
biomedical diagnosis.
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