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Tuning optical properties by controlling size and shape of the metallic nanoparticles has been of great interest to
design novel bio-sensing techniques. Here, as a first example we illustrate that resonance Rayleigh scattering
(RRS) signal of Au nanoparticles (NPs) can be amplified > 10-fold by growing into Au nanowires (NWs). These
thin and long NWs of ~20—-25 nm diameter and > 1 um length can be achieved by suitably manipulating the
temperature during green synthesis using curcumin. Interestingly, mixture of Au NWs and NPs or shorter NWs
gives a moderate increase in RRS signal suggesting formation of longer NWs is crucial for optimal enhancement
of RRS signal. Curcumin along with CTAB act as capping and stabilizing agent for Au NWs/NPs in different
temperatures, which is confirmed by XRD, TGA, DSC, EDX and FT-IR data. This amplified RRS signal of Au
NWs has been employed to design a new optical biosensor for a-tocopherol (a-TOH), which is among the most
biologically active form of vitamin E. Association of a-TOH with Au NWs further enhances the RRS signal of Au
NWs, ~10 fold through non-covalent interaction. No interference from other antioxidant substances like
ascorbic acid and 6-O-Palmitoyl-L-ascorbic acid is observed. The sensing method is simple, fast and offers
remarkable linear dynamic ranges, 12.8—1004 umol L1, which is larger than reported values. The detection
limit for a-TOH estimation has been found to be 50 nmol L. The biosensor is found to be stable both in the

absence and presence of a-TOH and provides an excellent recovery for synthetic samples.

1. Introduction

Nanoparticles have proven to be the most flexible structures owing
to the synthetic control of their size, shape, composition, structure,
assembly and encapsulation, which result in tuning their optical
properties [1-7]. Optical properties can be tuned by controlling size
and shape of metallic nanoparticles (NPs). Different shapes can be
achieved by using several synthetic methods and by varying multiple
parameters, such as, concentration of the reactants, reaction condi-
tions, temperature and the nature of solvent [8—11]. Au NPs have
shown promises in biomedicine domain, biological imaging, genomics,
clinical chemistry, and diagnostic tests [5,12—15]. Due to their unique
optical properties, colloidal Au NPs present a significant role in
biomedical applications, remarkably in the area of cancer photo-
diagnostics and phototherapy [16]. Recent advances in molecular
specific cancer detection and therapy using Au NPs have led to the
development of new techniques including light scattering imaging [17—
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19], 2-photon luminescence imaging [20-22], surface enhanced
Raman scattering [23-25] and plasmonic photo-thermal therapy
[26-28].

At the same time, new green chemistry strategies to generate Au
NPs without using toxic chemicals are being actively considered for
their biomedical applications [29-38]. Curcumin, a major component
of turmeric, is not toxic and safe. It has shown effective therapeutic
properties as an anti-inflammatory drug [39], chemo-preventive [40],
antioxidant [41], etc. The last two decades have generated much
enthusiasm among researchers to explore application of curcumin for
its beneficial biological and pharmacological activities [42-44]. A
number of reports have shown the ability of curcumin to inhibit free
radical species generation, which is attributed to the abstraction of H
atom from C;» methylene group or from phenolic groups [45,46].
Therefore, in our earlier work we have applied curcumin to prepare Au
NPs or nanorods through a green approach towards biomedical
applications [47-50].
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Tocopherols are the major components of vitamin E [51]. a-
Tocopherol (a-TOH) is the most common group of tocopherols and
is known as vitamin E. a-TOH has been associated with sterility and
reproduction. Recently there has been increased interest in the use of
a-TOH isolated from wheat germ oil as an antioxidant in food
processing. It has been established that a-TOH is essential for the
integrity and optimal function of all mammalian cells [52-54]. a-TOH
has also many important functions and natural phenolic anti-oxidant
properties. It is responsible for many of the healthful properties in
foods, which include vegetable oils, milk, fruits etc. a-TOH has high
nutritional properties and it helps to prevent oxidation of lipids that
would ensure the establishment of undesirable compounds producing
oil deterioration [55]. As a fat-soluble antioxidant, it interrupts the
propagation of reactive oxygen species that spread through biological
membranes or through a fat when its lipid content undergoes oxidation
by reacting with more-reactive lipid radicals to form more stable
products. For this reason, the development of simple and sensitive
methods for the detection of a-TOH has attracted considerable interest.

There is a growing interest to develop bio-sensing scheme for a-TOH.
Various methods have been reported for the determination of a-TOH.
These techniques include gas chromatography, HPLC, capillary electro-
phoresis, and electrochemical methods [55-58]. Most of these methods
have major limitations as they need excessive sample pretreatment and
separation procedures. Some of them like GC and HPLC are time
consuming and need solvent extraction, solid-phase extraction or saponi-
fication. Few of them need extraction steps prior to the analysis. HPLC is
also an expensive equipment and considerable skill is required to operate
the technique successfully. In addition, liquid chromatographic methods
necessitate high strength ionic buffered mobile phase that are hazardous for
column efficiency and require prolonged time for column saturation and
washing. Other possible bio-sensing techniques like electrochemical meth-
ods suffer due to poor sensitivity and complex chemical manipulations.
Direct Resonance Rayleigh Scattering (RRS) method can be an alternative
powerful tool to sense a-TOH quickly. But a-TOH scatter light poorly and it
has no fluorescence properties. Therefore, there is little report on develop-
ment of a-TOH using optical properties. Interestingly nanoparticles have
unique chemical and physical properties, which are extremely suitable for
designing new and improved sensing devices, especially optical sensors and
biosensors. Gold nanoparticles have been found to be great sensors in
biosensors and biomedicine applications. The bio-catalytic growth of gold
nanoparticles has been employed in the design of new optical biosensors
based on the enhanced RRS signals [59-61]. RRS signal from Au NPs has
been successfully used for analytical method development [62].

In this work, we have prepared gold nanoparticles and nanowires
through one pot green synthetic procedure using curcumin by manipulating
temperature and shown that RRS signal of Au NPs can be further amplified
by creating Au nanowires (NWs). In this case, temperature during synthesis
of Au particles facilitates to control the size and shape of NWs. The
curcumin capped Au NWs prepared at 45 °C are found to be thin and long
[49], which offers enhanced RRS signal compared to spherical Au NPs
prepared at 30 °C. The RRS signal of curcumin capped Au NWs has been
exploited to develop an easy and fast sensing scheme for the estimation of
a-TOH, where association of a-TOH with Au NWs further boost RRS
signal. To our knowledge, the proposed bio-sensing method is the first of its
kind where RRS technique as well as Au NWs have been successfully used
for the determination of a-TOH. The method gives remarkable linear
dynamic ranges, which is larger than reported values. The biosensor is
found to be stable both in the absence and presence of a-TOH and offers
excellent recovery for synthetic samples.

2. Materials and methods
2.1. Materials

Gold (III) chloride hydrate (99.999% trace metal basis), curcumin and
silver nitrate were obtained from Sigma Aldrich. Cetyltrimethylammonium
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bromide (CTAB) was received from Acros Organics. Similarly, a-tocopherol
was purchased from Sigma Aldrich, ascorbic acid and 6-O-Palmitoyl-L-
ascorbic acid were from Fluka. All the chemicals were used directly without
further purification and were dissolved in double distilled water except for
curcumin, a-tocopherol and 6-O-palmitoyl-L-ascorbic acid, which were
initially dissolved in methanol to prepare stock solutions.

2.2. Synthesis of Au NPs/NWs

The preparation of gold nanoparticles/nanowires was made by
dissolving 0.27g of CTAB in 15 mL of double distilled water heated at
60 °C and the solution was kept for 2min in water at 30 °C.
Subsequently, the solution was kept for 15 min at 30 °C after adding
1 mL of 4 mmol L' AgNOs, which was followed by the incorporation
of the 1mmol L™ gold solution dissolved in 15 mL DDW. The
synthesis was done in basic media for that reason 1 mL of NaOH at
pH=13 was added and stirred for 2 min at 400 rpm as shown in
Scheme 1A. The final solution was kept for 24 h in four different
temperatures, 30, 45, 60 and 75 °C for the preparation of different size
and shape nanoparticles/nanowires, thus, the incubation temperatures
were 30, 45, 60 and 75 °C, respectively. To end up the reaction
procedure, the solution was centrifuged at 1000 rpm for 5 min and
15,000 rpm for 25 min to precipitate the gold particles (see Scheme
1B). For production of nanowires and sensing measurement, incuba-
tion temperature was 45 °C.

2.3. Characterization and spectroscopic analysis

The absorption spectra were recorded at room temperature using a
JASCO V-570 UV-VIS-NIR spectrophotometer. The X-Ray diffraction
(XRD) data were collected using a Bruker d8 discover X-Ray diffract-
ometer equipped with Cu-Ka radiation (A=1.5405 A). The monochro-
mator used was Johansson Type. Scanning electron microscopy (SEM)
analysis was done using Tescan, Vega 3 LMU with Oxford EDX
detector (Inca XmaW20). In short, few drops of gold solution were
deposited on an aluminum stub and coated with carbon conductive
adhesive tape. FT-IR spectra were recorded on a FT-IR-Raman
spectrometer. A Thermo Nicolet 4700 Fourier Transform Infrared
Spectrometer equipped with a Class 1 laser was used for this purpose.
The KBr pellet technique was applied to perform the transmission
experiments in the range between 3200 and 500 cm™. The
Thermogravimetric Analysis (TGA) and Differential Scanning
Calorimetry (DSC) measurements were done using a Netzsch TGA
209 in the temperature range 30-800°C with an increment of
10°Cmin~! in a N, atmosphere. Synchronous fluorescence scan was
measured using Jobin-Yvon-Horiba Fluorolog III fluorometer and the
FluorEssence program. The excitation source was a 100 W Xenon
lamp, and the detector used was R-928 operating at a voltage of 950 V
instrument by keeping the excitation and emission wavelength interval
(AMN) at O nm.

2.4. Sample for bio-sensing

Stock solution of 10 mmol L™ of a-TOH was prepared. For stock
solution, ascorbic acid was dissolved in double distilled water whereas
a-TOH and palmitoyl ascorbic acid were dissolved in methanol. Several
solutions were prepared with known concentration in the range 0-
1 mmol L™ by keeping the concentration of Au NWs constant in a total
volume of 3 mL.

3. Results and discussion

For the preparation of Au NWs/NPs, green synthesis was per-
formed in double distilled water at pH=13 and at an adequate
temperature as shown in Scheme 1. The use of CTAB in green synthesis
had a primary role in the gold reduction from Au®* to Au NPs by



R. El Kurdi, D. Patra

Au NPs

30 °C
24 h

45 °C,
24 h
AuNWs

60 °C
24 h

A
——

Talanta 168 (2017) 82-90

Curcumin
—

Low RRS

Enhanced RRS
High RRS

W
a-TOH
H

—ZL

/\Mcdium RRS
‘Q‘

Au NPs/NWs

Scheme 1. (A) Scheme for general green synthetic procedure during preparation of gold particles by reducing Au®* using curcumin in CTAB media; (B) Illustration of formation of gold
nanowires (Au NWs) and gold nanoparticles (Au NPs) at different temperatures showing low, medium and high Resonance Rayleigh Scattering (RRS) signal. Right hand side in the
scheme shows enhancement of high RRS signal of Au NWs in the presence of a-tocopherol (a-TOH).

curcumin. In addition, CTAB was useful in solubilizing hydrophobic
curcumin. During synthesis, four different temperatures were tested,
such as, 30, 45, 60 and 75 °C. The temperature had a significant
influence on the SPR bands of formed Au particles, where a blue shift
was noticed while going from 30, 60 and 75 °C to 45 °C. Although the
absorption spectrum of curcumin has two strong absorption bands, one
in the visible region with maximum ranging from 410 to 430 nm (Sy—
S; transition) and another band in the UV region with maximum at
265 nm(Sy—S,) region, the absorption maximum of fully deprotonated
(red in color) curcumin in alkaline pH (> pH 10) is at 467 nm [63].
Gold nanoparticles provide strong SPR bands in the visible region, for
example, Au NPs show the SPR band ~520 nm, which is affected by the
particle size due to the fact that at the LSPR wavelength gold
nanoparticles exhibit an enormous electric field enhancement extended
from their surface [64,65]. Therefore, UV-visible spectral measure-
ment was initially applied to confirm synthesis of Au NPs/NWs. When
synthesis was carried out at 45 °C a clear peak was obtained at 546 nm
as shown in Fig. 1A. This peak shifted to 510, 508 and 482 nm at 30, 60
and 75 °C respectively. In fact, increasing particle size blue shifted the
SPR wavelength and also increased the intensity.

Resonance Rayleigh Scattering (RRS) spectrum can be measured by
applying synchronous fluorescence spectroscopy (SFS) by keeping the
wavelength interval (AA) at 0 nm [66]. The RRS spectra of Au NPs
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obtained for the different temperatures are shown in Fig. 1B. The gold
nanoparticles prepared in CTAB media at all the temperatures gave two
major RRS peaks at ~377 nm and ~548 nm. However, for the particles
prepared at 45 °C the intensity of the peak at 548 nm was enhanced, >
10 fold, compared to the particles prepared at 30 °C. The RRS signal
for the particles prepared at 60 and 75 °C was intermediate. This
change in RRS signal can be due to change in the size of the particles,
which was later on confirmed from SEM images. The differences in the
shape of the gold nanoparticles can be easily realized in the SEM
images depicted in Fig. 2. In fact, at 45°C, thin and long gold
nanowires of 20-30 nm diameter and >1 um length were formed
(Fig. 2B), similar to our earlier observation [49], whereas at 30 °C
spherical Au NPs of 20-30 nm diameter were obtained (Fig. 2A).
However, at 60 °C (Fig. 2C) and 75 °C (Fig. 2D) thin and short Au NWs
of 20—-30 nm diameter and 100-200 nm length along with spherical Au
NPs of 20-30 nm diameter were obtained. The RRS signal of the
prepared particles decreased in the following order: 45 °C > 60 °C >
75 °C > 30 °C, which suggests that smaller spherical Au NPs has low
RRS signal, mixture of Au NWs and NPs or shorter NWs has moderate
RRS signal and longer NWs has optimally enhanced RRS signal.
Formation of Au particles was established by EDX. EDX analysis
illustrated the presence of Au peaks and carbon peak as expected due to
capping of CTAB/curcumin and did not show any peak for Ag for all the
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Fig. 1. (A) UV-Vis spectra of curcumin conjugated Au nanoparticles/nanowires prepared in four different temperatures. (B) Synchronous fluorescence spectra at AA=0 nm of curcumin

conjugated Au nanoparticles/nanowires prepared in four different temperatures.
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Fig. 2. SEM images of curcumin conjugated gold nanoparticles/nanowires prepared at 30 °C (A) with the relative EDX (E), 45 °C (B) with the relative EDX (F), 60 °C (C) with the

relative EDX (G) and 75 °C (D) with the relative EDX (H).

fours samples prepared in different temperatures (see Fig. 2E—H). This
concludes that silver nanoparticles were not formed during Au NPs/
NWs formation and the role of silver nitrate was only to facilitate the
formation of Au NPs/NWs. To further establish characteristic of Au
NPs and NWs, the prepared gold nanoparticles were analyzed by X-Ray
Diffraction (XRD) technique (see Fig. 3A). The X-ray diffractograms
were similar for both Au NWs and NPs prepared at four different
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temperatures. The characteristic peaks at 38.269°, 44.600°, 64.678°,
77.549° are assigned to the (111), (200), (220), and (311) reflections of
face centered cubic unit cell, which are typical for Au particles [67,68].
The difference in the peak intensity suggests highly crystalline nature of
the Au NWs compared to the Au NPs, which could be due to the
variation in shape at different temperatures.

Curcumin and CTAB capping with NPs/NWs were studied by FT-
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Fig. 3. (A) X-ray diffraction pattern of curcumin conjugated gold nanoparticles/nanowires prepared at 30, 45, 60 and 75 °C; (B) FT-IR spectra of CTAB, curcumin and curcumin
conjugated gold nanoparticles (Au NPs) and nanowires (Au NWs) prepared at 30, 45, 60 and 75 °C; (C) TGA of CTAB, curcumin, silver nitrate and curcumin conjugated Au NPs and Au
NWs prepared at 30, 45, 60 and 75 °C; (D) DSC curve of CTAB, curcumin, silver nitrate and curcumin conjugated Au NPs and Au NWs prepared at 30, 45, 60 and 75 °C.

IR. The FT-IR spectra for pure CTAB, Au NWs prepared at different
temperature and pure curcumin are compared in Fig. 3B. In the
spectral region 3200-2500 cm ™, the C—H symmetric (stretching) and
asymmetric (anti-stretching) vibration frequency modes at 2850 and
2919 cm™! were seen for pure CTAB respectively meaning that it is a
crystalline phase, which is distinguished from a micelle conformation.
For pure CTAB, less intense peaks were observed at 3014, 1491 and
1453 cm ™! attributed to the asymmetric and symmetric C-H scissoring
vibrations of CH3-N* moieties and to the CH, scissoring mode. The
region 1300-1680 cm™! also signifies due to CH, scissoring mode of
vibration. All these sharp peaks in pure CTAB were also present or
slightly shifted but with low intensity in the case of the gold nanowires,
which indicates an interaction of CTAB and the Au NWs surface.
Concerning the FT-IR spectrum of curcumin, the strong peak at
1630 ecm™ has a predominantly mixed v(C-C) and v(C™O) character.
Another strong band at 1601 cm™ is attributed to the symmetric
aromatic ring stretching vibrations v(C Cying). The 1519 em™ peak is
assigned to the (C"O). Enol C-O peak was obtained at 1262 cm™?, C-O-
C peak at 1018 ecm™!, benzoate trans-CH vibration at 978 em™! and cis
CH vibration of aromatic ring at 703 cm™'. The bands at 1404 cm™!
represent the in-plane bending of the hydroxyl groups of the phenolic
group. All the three bands (1404, 1262 and 978 cm ™) were completely
absent in the FT-IR spectrum of Au NWs, which suggests the
interaction of HAuCl, at these sites. The bands at 774 cm™! and
1424 cm™ corresponding to the olefinic in-plane bending vibrations
of the heptadiene chain of curcumin were observed in Au NWs
demonstrating the presence of intact curcumin moiety in the Au
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NWs. Thus, it is obvious that in NWs prepared at 45 °C the Au NWs
surface interact more than the gold nanoparticles formed at 30, 60 and
75 °C. The bands at 2926 cm™, 1471 em ™, 1045 cm ™' and 964 cm™
that appeared in Au NWs are due to vibrations of aliphatic C—-H
stretches and mixed vibrations of CHs, aromatic CCC and CCH of
curcumin confirming the action of curcumin as a capping agent
[49,69,70].

Thermogravimetric analysis given in Fig. 3C showed decomposition
of CTAB, curcumin and AgNO; at ~279 °C [71], ~400 °C [72] and
~470 °C [73] respectively, which is consistent with other reported
values. TGA data obtained for particles prepared in all the tempera-
tures illustrated similar degradation pattern. However, for NWs
prepared at 45 °C a significant weight loss of ~50% was found at
~300 °C, which is greater than the other temperatures (weight loss
~40%) indicating that the Au NWs are slightly richer in CTAB capping
compared to NPs. Some of this weight loss could be due to the presence
of curcumin too. Additionally, a ~10% weight loss for Au NPs/NWs
between 300 °C and 400 °C is due to curcumin alone. Besides that, it is
remarkable that no loss of water molecule around 100 °C for NPs/NWs
prepared in 45, 60 and 75 °C which can be assumed that the samples
are dehydrated in contrary to the nanoparticles formed at 30 °C where
a loss of ~10% of water molecule is noticed. However, this also
indicates that the NWs formed at 45 °C are more stable where the
organic compounds are being more degraded and no loss in water is
generated [49]. The DSC curves for the gold nanoparticles prepared at
different temperatures, AgNO3;, CTAB and curcumin are shown in
Fig. 3D. For NWs prepared at 45 °C, three endothermic peaks were
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Fig. 4. (A) Synchronous fluorescence spectra (SFS) at A\=0 nm of curcumin conjugated Au NWs with different concentration of a-tocopherol; (B) Ratio of SFS intensity (I/Io) of Au
NWs for different species where WA (in absence of antioxidant), PAA: 6-O-Palmitoyl-L-ascorbic acid, AA: ascorbic acid, a-TP: a-tocopherol; (C) Linear correlation of SFS intensity of Au
NWs vs. concentration of a-tocopherol; (D) Plot of I/I, of curcumin conjugated nanowires with time in the absence and presence of a-tocopherol.

obtained, ~106 °C and ~250 °C were similar to NPs obtained in other
temperatures and an additional one at ~146 °C. These peaks were
compared with that of CTAB and curcumin. DSC curve for CTAB
showed a peak at ~106 °C similar with the peak obtained for the Au
NWs indicating a solid-solid transition [71] and it's due to the melting
temperature of CTAB tails in consequence of transition from order to
disorder state [74]. The second peak at ~270 °C is attributed to
decomposition of CTAB molecules, thus, the peaks at ~250 °C might
be due to decomposition of CTAB molecules from the Au surfaces.
Curcumin did not show any phase transition in this temperature range
except an endothermic peak at 178 °C, which is as per reported
literature [72]. The endothermic peak at ~146 °C for the procedure
prepared at 45 °C can be due to desorption of free and uncomplexed
CTAB/curcumin molecules. Finally, DSC curve for AgNO3; gave an
endothermic peak at ~210 °C which is unique for Ag and not found in
the DSC curves relative to the AuNPs/AuNWs. This, further verified
earlier EDX observation that role of AgNOs; is only to facilitate
formation of Au NWs/NPs.

At present, gold nanoparticles can be used as probes or biochemical
sensors only if they are modified chemically with organic compounds
[75]. In fact, as probes, gold nanoparticles should respond to the
changes of their molecular environment, and as essential parts of the
sensors, they should be coupled to recognition units and respond to
target binding by the change of parameters of their resonance Rayleigh
scattering. Ideally, this response should be independent of their
concentration, and the valuable information should be derived from
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the concentration independent change of their RRS parameters [76]. In
the field of nanoparticles research and analytical chemistry, RRS
spectra are recently being utilized [66,77]. The principle behind these
phenomena is elastic scattering. RRS is produced when the wavelength
of Rayleigh scattering is located at or close to the molecular absorption
band [77]. When the analyte interacts with the probe, the intensity of
RRS is greatly increased. This is a simple technique and has been
successfully used for nanoparticles earlier [62,66,78,79].

Since optimum enhancement of RRS signal is crucial for higher
sensitivity during bio-sensing, Au nanowires prepared at 45 °C was
chosen for sensing a-tocopherol, which is the predominant vitamin E
form in tissues and is the least catabolized [80]. Excitingly, addition of
a-tocopherol remarkably, about 10-fold, changed the RRS signal of Au
NWs as shown in Fig. 4A. However, the spectral shape and RRS
wavelength maximum remained constant. This appreciable change in
RRS signal could be due to complexation of a-tocopherol with Au NWs
through a non-covalent interaction. To test it further, other potential
anti-oxidant interference from various substances was tested. Ascorbic
acid and 6-O-palmitoyl-L-ascorbic acid could interfere during estima-
tion of a-tocopherol. As confirmed from Fig. 4B, 30 umol L™! of
ascorbic acid or 6-O-palmitoyl-L-ascorbic acid did not alter the RRS
signal of Au NWs unlike ~9-fold increase observed for same concerta-
tion of a-tocopherol. The boost in RRS signal of Au NWs in the
presence of a-tocopherol indicates larger complex formation by
association of Au NWs with a-tocopherol, this could be similar to
complexation of Au NPs with DNA in the presence of AI** [48], which
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Table 1
Recovery results of the method.

Theoretical Experimental Recovery (%)
Concentration Concentration
(umol L™1) (umol L~ 1)

Unknown 1 200 192.5+1.8 96.3

Unknown 2 100 98.1+2.2 98.1

Unknown 3 50 46+ 1.6 92

is further facilitated by curcumin conjugation at the surface of Au NWs
through hydrophobic interaction. However, presence of glutathione
and cysteine in the samples may interfere due to formation of Au-S
bond, nevertheless, these interfering chemicals are often not found
along with a-tocopherol.

Comprehending the significance of Au NWs for selective sensing of
a-tocopherol, the calibration curve was made by measuring RRS single
of Au NWs in different concentration of a-tocopherol. The RRS spectra
of Au NWs in the presence of different concentrations of a-tocopherol
is shown in Fig. 4A, at very low concentration of 12.8 pmol L™ to high
concentration of 1.00 mmol L™! there was no change in the shape of
RRS spectra of Au NWs, however, the RRS signal continuously
increased with the concentration of a-tocopherol. The RRS signal
alteration of Au NWs with a-tocopherol concentration is plotted in
Fig. 4C. As can be seen in the plot, in a wide range of concentration
range, the curve showed linear change. This linear increase was very
well fitted with a linear equation, Y=2.41x10°+2.87x107 with
R?=0.998. Such a good correlation justifies the applicability of the
present method for the determination of a-tocopherol in the given
concentration range. The detection limit was estimated to be 50 nmol
L~1. Most of the available methods for a-tocopherol estimation work in
lower concentration range. Brabcova et al. [81] and Korchazhkina et al.
[82] have reported a linear dynamic range of 117-700 pmol L™ and
16.7-65 umol L™}, giving a limit of detection equal to 1.35 and
1.51 pmol L™! respectively using high performance liquid chromato-
graphy. Xinlei et al. [83] have reported a linear dynamic range of 117-
583 pmol L', Sadilek et al. [84] have found a linear dynamic range of
3-50 umol L™!. However, majority of the reported methods are based
on separation technique like HPLC, electrophoresis or GC and the one
without any separation method reported is using electrochemical
method, which works in the range 0.5-90 umol L' [55]. However,
the present method showed a wider linear dynamic range between
12.8-1004 pmol L' with lowest limit of detection equal to
50 nmol L. For testing applicability, synthetic samples of a-tocopher-
ol were prepared and the concentrations were estimated using calibra-
tion curve obtained from this developed method. The obtained results
in the form of percentage of recovery (% of recovery) are summarized
in Table 1, which is quite acceptable. The stability of Au NWs is
illustrated in Fig. 4D. When RRS signal of Au NWs was recorded in the
absence and presence of a-tocopherol for one hour, the signal was
found to be remarkably stable indicating the current sensor is quite
stable during measurement time.

4. Conclusion

Curcumin capped gold nanowires was prepared using a green
method where Au®* ions were reduced to Au® in presence of curcumin
in CTAB micelle. The synthesis was carried out at different tempera-
tures and temperature could able to manipulate size and shape of Au
particles during green synthesis. Interestingly, thin and long NWs of
~20 nm to 25 nm diameter and > 1 um length could be prepared at
45 °C, however, decreasing synthesis temperature to 30 °C did not
form any nanowires rather than smaller spherical nanoparticles.
Increasing the synthesis temperature to 60 or 75 °C formed broken
nanowires and spherical nanoparticles. Curcumin along with CTAB
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acted as capping and stabilizing agent for Au NWs/NPs. Resonance
Rayleigh scattering signal could be amplified by forming into longer Au
nanowires instead of spherical nanoparticles. Mixture of Au NWs and
NPs or shorter NWs did not show any enhancement in the signal
indicating formation of longer NWs is crucial for optimal enhancement
of RRS signal. The amplified RRS signal of Au NWs could be
successfully exploited to design an optical biosensor for a-tocopherol.
Binding of a-tocopherol with Au NWs further boosted the RRS signal of
Au NWs, this enhancement was ~10 fold through a non-covalent
interaction that is encouraged by curcumin conjugation at the surface
of Au NWs. There was no interference from other antioxidant
substances like ascorbic acid and 6-O-Palmitoyl-L-ascorbic acid even
at concentration of 30 pmol L™!. The proposed sensing method offered
remarkable linear dynamic ranges, 12.8-1004 umol L™}, which is
larger than reported values. The detection limit for a-TOH estimation
was 50 nmol L', The proposed biosensor was stable both in the
absence and presence of a-TOH and gave an excellent recovery for
synthetic samples, thus, RRS signal can be tuned by controlling size
and shape of the metallic nanoparticles to design novel bio-sensing
techniques, which are simple, fast and sensitive.
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