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Abstract—Metal assisted chemical etched Si nanostructures
have been transferred onfflexible sheets (adhesive tape) followed
by deposition of Au/Ag| nanoparticles to make SERS active
platform. 1t shows significant enhancement of Raman signal of
glucose in the vicinity of metal nanoparticles due to its coupling
with the surface plasmon of nanostructures. SERS detection of
glucose is extremely difficult because of its wealk Raman cross
section and poor adsorption to metal NPs. Fabricated SERS
platform was utilized to detect glucose without any label at low
concentration 10 miero molar (uM). The developed cost-cffective
SERS platform has potential applications as a platform device
for non-invasive, label free detection of glucose in human fluid
for point of care applications.
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INTRODUCTION

Since the first attempt of Clark and Lyons in 1962 for the
glucose detection, many analytical methods have been reported
based on reduction of glucose on enzymetic. non-enzymetic
electrodes biosensor viz, viz. electrochemistry [ 1], colorimetry
[2] and fluorescence [3] methods. Till date, electrochemical
methods are considered to be best and are having higher
sensitivity. Electrochemical methods areadopted for regular
monitoring of blood glucose in patient for clinicalpurpose. but
major disadvantage such systems is the nced ol regular
calibrationand it is invasive in nature in the sense that one need
to prick small samples of blood using a “linger-stick™ Other
methods also experience several limitation as they based on
same principle of proteinmediated binding of glucose [4].
Additionally. fluorescence biomolecules similar o glucose can
interfere with actual signal and giving false positive results.
Though. fluorescence technique have physiologically relevant
detection range and is promising technigue [3].

Consequently, it is cssential 1o develop a  faster,
casiermethod  for monitoring of  glucose levels at  high
sensitivity and selectively. Developments of such methods are

important  for socictal applications.Since  the discovery of

Surlace Enhanced Raman Spectroscopy (SERS) in 1970, SERS
has emerged as powerful tool for various applications
including single molecule  detection,  forensic, medical
diagnosis. analytical chemistry and bio-sensing [5-7]. Several

rescarch studies have been demanstrated lor the detection of

glucose using SERS [9-12]. However, sensitivity  and
reproducibility of glucose sensing via SERS still is challenging
as glucose shows a very weak Raman signal and poor
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adsorption of glucose at metal nanoparticles (NPs). Therefore.
surface [unctionalization mechanism on the surface of metal
NPs using self-assembled monolayer is used to capture the
signal of glucose. G. Qi et al. demonstrated glucose sensing
using the turn off mechanism ol SERS, und metal NPs were
labeled with 4-mercaptopyridine [13].

SERS substrates show significant enhancement of Raman
Signal of molecule in the vicinity of metal NPs due to chemical
and electromagnetic enhancement [6-7]. The main contribution
of  Raman intensity enhancement is  electromagnetic
phenomenon by the local ¢lectromagnetic field in the vicinity
metallic surfaces duc to the excitation of localized surface
plasmon [8-9]. To achicve high sensitivity of SERS, many
rescarch groups have explored SERS substrates by fabricating
rough metal surface, nanowires or by nanomaterials [14]. Most
of the SERS substrates are realized on the top of fragile and
SlifT base substrates (silicon. glass and alumina) [14-16].
Although hard SERS platforms are satisfactorily useful in
many sensing applications, traditional rigid SERS platforms
are not suitable for direct adsorption of molecule from curved
surfaces during sample collection.

Recently, flexible platforms such as paper. cotton, and
polymer material emerged as an alternative forflexible SERS
substrale to overcome limitations of  conventional rigid
platforms. Flexible SERS platform can be enfoldedand
swabbed onto curved, irregular and non-planner surface to
collect the analytes by simply covering the targeted samples
surface[15].Additionally, flexible SERSsubstrateoffers non-
destructive and non-invasive detection ol analytes. Various
tvpes ol flexible SERS substrates have been described in
literature  based on the basis of process of plasmonic
nanoparticles on the surface of flexible platforms such as
polvdimethylsiloxane (PDMS). flexible polymer film, paper,
adhesive tapeand ete. J Chen et al. [16] have demonstrated the
flexible SERS based on adhesive tape with activity of Au
nanoparticles which is limited to 2D structures. Adhesive tape
is widely used in daily life as well as in research.

Here, we have demonstrated the 3D Sinanostructures
(NSs) on flexible tape utilizing sticky feature of adhesive tape.
These Si NSs were coated with Au/Ag nanoparticles (NPs) for
SERS operation. Metal NPs on 31> structures provide high
density of hot spots in compare to 2D structures. Further,
glucose sensing at low concentrationwas demonstrated on the
developed flexible SERS platform.
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Fig. 1 (a} Developed Si NSs on water and their transfer on flexible
substrate (h) SEM image of Si NSs on fexible substrate (o) EDS spectra of
transferred S NSs and Au‘Ag NPs on SERS active substrate

I1. FEXPERTIMENTAL DETAIL

Silicon nanostructures  (Si-NSs) were developed using
electroless metal deposition methods based on galvanic cell
process and obtained on the sticky surface ol scotch tape. To
develop Si NSs, p-tvpe Si waler were dipped in solution
containing HF & AgNO: for 3 minutes at room temperature o
deposit Ag nanoparticles (Ag NPs) on Si surface. Further, Ag
NPs coated Siowafers were kept for etching in an etching
solution of HIF and 1102, Etched wafers were transferred in
HNO; acid to dissolve Ag metal present on the etched sample.
Further, Si NSs were obtained on scolch tape: using sticky
nature of the tape. The detail understanding can be obtained
from our previous publication [17]. At last. Au and Ag NPs
were deposited using DC sputtering on transferred Si NSsto
make SERS active platform. To examine the SERS
functionality of developed SERS substrate for glucose sensing
agueous solutions ol D-glucose in concentrations of {10pM.
20pM, 30uM. 40uM and 50 uM) were prepared in DI water.

Surface morphology of all samples was studied by field
scanning electron microscope (Carl Zeiss Sigma series supra-
53). Raman measurements were carried out on a Renishaw
Raman spectroscopy sysiem at room temperature, using 532
am LASER as an excilation source with 13mW power.
Accumulation time was kept 10 seconds during Raman
measurement.

1. RESULTS AND DISCUSSION

Fig. | (a) shows the developed off St NSs on entire waler,
After the development of Si NSs on waler, wafer looks black
in color because of negligible reflection of light from the
surface of wafer. To oblain the Si NSs on flexible sheet, sticky
tape i.c. scotch tape is pressed over the developed Si NSs on
wafer and then slowly removed [rom the surface. Si NSs break
from the wafer and stick to the flexible scotch tape as shown in
Fig. 1(a). The FESEM image in Fig. 1 (b) shows presence of
3D SiNSs on scotch tape. The length of the NSs was the

— (3l Rt = 1 Fort ] d
5 CEC) el B {b)
b2 i 1.0k 5 T
b 1 —~ 2
=2 i =
= v & s
£ e
5 =
o
s Sooon © T o
- E ") e wr
& 2 -
c 3 r
£ § e
: :
r 3
14
o
b . L a0 L . .
300 800 o0 1200 500 1800 1000 1050 g 1950
y 1 2
Raman Shift (cm’} Raman Shift {cm '}

IFig. 2 (a) Raman spectra of powder D-glucose (0.01 mg) (b in-large view
of Raman spectra of glucose in the rage of 1000-1200 em-'

approximate ~10 pm. The scanning electron microscope image
is shown in Fig. 1 (b) and clearly reveals Jong Si NSs at the top
of flexible scotch tape. Energy dispersive spectroscopic (EDS)
analysis of SiNSs in ig. | (c) exposed the presence of AulAg
NPs.

Prior to examine the SERS functionality of developed
SERS substrate for fow concentration of glucose in aqueous
solution (DI water): it is necessary 10 understand the various
mode ol glucose Lo interpret the results. Therefore first of all.
Raman spectra of powder glucose (0.01 mg) were studied.
Understanding of various vibration mode of powder glucose
molecule could provide a reference point and help us to
correlate Raman signal of glucose in agueous solution by
monitoring wave number i.c. Raman shift and change
inintensity counts corresponding 1o various vibration mode of
glucose molecules.

Fig. 2 (a) shows various Raman peaks corresponding to
different functional group and mode of d-glucose.  In the
Raman spectra ol glucose several peaks below 1500 em are
distinet explicitly 1324 em. 1122 em’’, 1070 em™, 910 em™',
330 em™ and 415 em™ attributed 1o various vibration mode of
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Fig. 3.Raman spectra of various glucose concentrations (10uM to S0uM}
i D1 water on SERS substrate
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Fig.4 Intensity variation of prominent SERS peak 1065 e of glucose as
a function of glucose concentration

C-H and C-C and C-O atom in glucose [18]. The peak 1324
cm' could be assigned Lo wagging mode of CH: in d-glucose
[9. 18-19]. The most study and identily peaks 1020 cem'. 1060
em and 1122 cm! are used by various groups 1o detect and
calculate the  glucose concentration in human  fluid and
consider as relerence peaks  for bio-sample  analysis.
Therefore, these peaks are shown enlarge view of Raman Shilt
from 1000 cm™! to 1200 ¢m™'in the Fig. 2 (b). Raman peak 1122
is attributed o the bending of C-O-H vibration mode while
peaks 1020cm™ and 1070 cm-' could be assign to the C-0
stretching mode of d-glucose.

Now developed SERS substrates were incubated  with
glucose solution tor 1 minute followed by the drying of sample
al room lemperature. Raman measurement was performed on
dry sample 10 suppress (the Raman signature corresponding o
water molecules. The recorded Raman  spectra ol various
glucose concentrations on the SERS platform are shown in Fig.
3. The most prominent peaks ol glucose on SERS platform is
corresponding to 1065 em™' was observed for all concentration
and might correspond o 1074 cm' as recorded in powder
glucose signature  as represented  in Fig. 2(b). As the
concentration of glucose increases from 10 pM to 30 M, other
peaks corresponds to various vibrations mode of powder
glucose sample were also observed in the Raman spectra (see
Fig. 3). One notable discrepancy in the spectra is the absence
ol sharpness in the peaks and their shifting rather intense
Raman spectra ol powder glucose. This can be assign 10
formation of hydrogen bond which in turn reduces the
frequency shift of CHz vibrations. Shifling ot glucose peaks
was also observed with increasing concentration o [ glucose in
the aqueous solution [18]. The notable peaks 910 em', 1000
em-' and 1063 e were clearly observed in glucose sample at
concentration of 50 pM.

The variation in intensity counts ol prominent peak 1065

em-! under SERS mode is shown in Fig. 4 as a function of

glucose concentration. It can be noted that the intensity value
of the peak lollows almost lincar relation w the concentration
of the glucose. The experimental conditions were kept very
straight forward without any Jabeling to capture the glucose on
the metal NPs. Developed SERS platform is sensitive Lo low

concentration of glucose and respond to change in intensity of

Raman peaks ofglucoseas a function of concentration which
can be directly monitored.

1V,  CONCLUSION

This work demonstrates 4 novel approach to realize flexible
SERS substrate. Fabrication process is comparatively cheap
and feasiblechoice for mass production of SERS platform.
Further, a label free direct detection of glucose at low
concentration usingflexible SERS platform is very significant
as glucose has modest Raman cross section. This method could
be significant to develop invasive point-of-care monitoring of
glucose in diabetic patients.
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