Fabrication of paper-based substrate for detection

and analysis of pharmaceuticals drugs in water

Present chapter describes the fabrication of a low-cost SERS substrate using print-
ing grade paper as a platform. Characterization techniques like FESEM and TEM
have been used to study the surface morphology of the fabricated SERS platform and
the synthesized nanoparticles. SERS signature of two standard Raman probes MG
and R6G has been investigated. Further this following this SERS analysis of two
commonly used pharmaceuticals drugs paracetamol and aspirin have been investigated

in real water samples.

2.1 Introduction

The quest for designing affordable and sensitive SERS platform has becoming an
attractive field of research in the recent years. The real challenge lies in the devel-
opment of a reliable SERS platform using a simple yet low-cost modality to be used
as a viable alternative to the commercial counterparts. Several low-cost substrate
fabrication routes like Blu-ray DVD [1], filter paper [2], leaf [3, 4], nanofiber [5] based
substrates have been explored with the focus of application in various chemical and
biosensing areas. The printing grade paper serves as a good alternative platform
which could be used as a low-cost SERS platform. The printing grade papers are
identified by the grams per square meter (GSM) which designates the grams of raw
materials (here cellulose) which was used for the fabrication of the paper. The char-
acteristics of paper, such as its grade, thickness, porosity, and roughness, can affect
its surface morphology at a submicro level which means that achieving a uniform
surface on paper is a challenging task. As a result, the diffusion of metal nanopar-
ticles in colloidal form can vary depending on the GSM-grade paper substrate being

used. Due to the appropriate proportion of the in-plane diffusion over the lateral
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Figure 2.1: Schematic of the experimental setup

diffusion, 100 GSM papers substrates are observed to provide enhanced SERS char-
acteristics [6]. In this study, 100 GSM was utilized as a base for development of a
SERS substrate. The usability of the proposed SERS platform has been used for
rapid and accurate detection of pharmaceutical drugs in an aqueous environment.
The schematic representation of the experimental work is depicted in figure 2.1. The
proposed substrate was fabricated by drop-casting a solution of colloidal AgNPs onto
100 GSM paper. After drying at room temperature for approximately 6 hours, this
substrate was employed for detecting R6G and MG test samples.

The presence of pharmaceutical in natural water resources posses serious health
threat to humans as well as aquatic animals. The widely used over the counter drugs

falling into this category are paracetamol and aspirin. So, in the final step of this re-
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search work the fabricated low-cost paper substrate has been employed to detect these
pharmaceuticals in real water samples. Paracetamol, also known as acetaminophen
and 4-hydroxyacetanilide, is a widely used analgesic and antipyretic drug. Like other
pharmaceuticals in its class, it is rapidly absorbed and distributed after oral intake
and is readily excreted in urine [7, 8]. Studies have shown that these pharmaceu-
tical components are not completely eliminated during wastewater treatment nor
entirely biodegraded [9-12]. Conventional water treatment methods such as chlori-
nation can result in the formation of toxic intermediates [13, 14]. Aspirin, another
significant medication, is a widely used nonsteroidal anti-inflammatory drug known
for its antipyretic and analgesic properties [15-17]. It has been identified as a source
of micropollutants in river water and other bodies of water due to various sources of
disposal [18]. Studies have shown that aspirin remains unaffected by chlorination [19].
While low doses of aspirin can prevent cardiovascular disease, prolonged use may lead
to gastrointestinal issues [20]. Chronic ingestion can also result in salicylate poison-
ing due to the accumulation of salicylic acid in the bloodstream [21]. Several groups
have reported SERS-based detection of paracetamol using different substrates such
as colloidal AuNPs drop-cast onto microscopic glass slides [22], dispensed AuNPs on
aluminum foil [23], molecularly imprinted polymers [24], or transparent nanostruc-
tured surfaces produced lithography-free [25]. Similarly, aspirin detection has been
performed on spiked urine samples using an in situ laser-induced photochemical silver
substrate synthesized in a moving flow cell [26], in blood serum utilizing colloidal NP
solutions of silver and gold [27], on silver nets sputtered on porous silicon [28], and
with NP-coated filter paper [29]. The limit of detection (LoD) for both analytes was

observed to be 0.1 mM, surpassing some earlier reported results [22-27].

2.2 Experimental

2.2.1 DMaterials

Silver nitrate (AgNOj3) and trisodium citrate (C¢H;NazO7) were obtained from Merck,
India. MG and R6G were purchased from Alpha Aesar, India. Paracetamol (CgHoNO,)
and aspirin (C9HgO4) were procured from Acros Organics. All chemicals were utilized

without any additional processing

2.2.2 Synthesis of colloidal AgNP

Employing the established Lee-Meisel method detailed elsewhere [27], colloidal AgNP
solution was synthesized in the laboratory. In this approach, trisodium citrate func-
tions both as a reducing agent and a stabilizer. Initially, 100 mL of 1 mM AgNOs;

solution was brought to boiling temperature. Subsequently, 4 mL of a 1% trisodium
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Figure 2.2: (a) TEM image of the AgNPs (b) Simulation of LSPR field of magnitude for different
sized AgNPs over the 100 GSM paper substrate assuming incident electric field amplitude as 6.17 x
10* Vm~! (c) Histogram of the TEM image (d) FESEM image of AgNP distribution over the 100
GSM paper substrate (Scale bar is 500 nm) (e) EDX spectra of the 100 GSM substrate showing the
elements present (f) Diffusion of AgNPs on the paper substrate

citrate solution was introduced into the heated AgNOj3 solution. The resultant so-
lution was kept at boiling temperature for 1 hour with continuous stirring. The
transmission electron microscopy (TEM) image of the synthesized AgNPs is illus-
trated in figure 2.2 (a). Figure 2.2 (c) indicates that the average diameter of the

synthesized nanoparticles measured ~ 96 nm.

2.2.3 SERS substrate preparation

Compared to other GSM grade papers, the performance of 100 GSM SERS substrate
is found to be superior in terms of average Raman signal intensities, enhancement
and reproducibility characteristics. Therefore, 100 GSM paper has been selected as
the base for SERS substrate fabrication in the present study. Initially, 10 pL of the
synthesized AgNPs was carefully pipetted onto a paper substrate, resulting in dif-
fusion over an area of approximately 62 mm?. Figure 2.2(f) presents a photograph
depicting the diffused region of AgNPs on the 100 GSM paper substrate. The pa-
per’s pore size and surface morphology significantly influence the diffusion process.
Two primary diffusion modes were observed when pipetting AgNPs onto the paper
substrate: in-plane and lateral diffusion. It has been noted that the laterally diffused
AgNPs contribute more to the enhancement of Raman signals compared to in-plane

diffusion [6]. In higher-grade GSM papers, lateral diffusion predominates over in-



Ag Lal CKal_2

0 Ka1l

Figure 2.3: Elemental mapping of the fabricated substrate indicating the presence of silver, carbon
and oxygen

plane diffusion, while for lower GSM papers, the opposite can be observed. Figure
2.2(d) displays the field emission scanning electron microscopy (FESEM) image of
the 100 GSM paper substrate, revealing a uniform distribution of AgNPs across the
substrate. Figure 2.2(e) presents the energy dispersive x-ray spectroscopy (EDX)
data of the fabricated substrate, confirming the presence of silver in the diffusion
region. Consistency in ambient conditions was maintained during the fabrication
of the SERS substrate on 100 GSM paper. Furthermore, figure 2.3 illustrates the
EDX-elemental mapping of the fabricated SERS substrate, indicating the uniform

deposition of AgNPs over the sensing area.

2.2.4 Raman Instrument

Raman spectra have been collected using EZ-Raman-N spectrometer (Enwave opto-
electronics, USA). This spectrometer is equipped with a diode laser of wavelength
of 785 nm and having maximum output power of 500 mW. The spectrometer has
a spectral resolution of 1.45 cm™!. In the current investigation, SERS spectra were
captured with the laser output power set at 5 mW. All samples were subjected to an

integration time of 15 second for recording and analysis of the Raman spectra.
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2.2.5 COMSOL Multiphysics simulation

To study the coupled LSPR field generated by surface-deposited AgNPs over the pa-
per SERS substrate, a simulation study was conducted using COMSOL Multiphysics
5.2 simulation software, specifically employing its wave optics module. This simula-
tion software utilizes the finite element method, solving Maxwell’s electromagnetic
equations over infinitesimal regions. To perform the simulation study, the random
distribution of NPs with an average dimension of 96 nm were considered. For an
incident laser at 785 nm, a maximum field amplitude of the order of 107 Vm~! has
been noticed at the hotspot region for the considered AgNPs. Figure 2.2(a) dis-
plays a TEM image showing the synthesized AgNPs, while figure 2.2(b) illustrates
the distribution of AgNPs considered for the present simulation studies, which has
been obtained from the TEM image of AgNPs as shown in figure 2.2(a). In another
simulation study, the sizes of NPs were varied from 50 nm to 90 nm, maintaining a
fixed separation of 5 nm between the particles, depicted in figure 2.4. For these varied
particle sizes, a maximum field amplitude of 10” Vm~! was observed. In the present
simulation study the value of incident field amplitude was taken as 6.17 x 10* Vm 1.
The details of EF, estimated through both simulation and experimental methods,
are described in table 8.16.

2.3 Results and discussion

2.3.1 Characterization of the substrate

The performance of the proposed SERS substrate was initially evaluated using two
standard Raman-active samples MG and R6G respectively. Initially, 10 pL of each
analyte sample, at a concentration of 1 pnM, was carefully pipetted onto the sensing
area of the substrate. Subsequently, the substrates were left to dry for 6 hours under
ambient conditions. Upon drying, the characteristic Raman signals emitted by the
samples were captured using a Raman spectrometer. The distinctive Raman spec-
tra of MG and R6G recorded by the spectrometer are depicted in figures 2.5(a) and
2.5(b), respectively. For MG, the characteristic Raman bands ranging from 850 cm ™!
to 1700 cm~! are observed. The Raman band assignments for MG and R6G have
been illustrated in tabular form in appendix section (table 8.1, table 8.2,). Different
concentrations of MG and R6G have been treated with the proposed paper-based
SERS substrate and the resulting Raman spectra are recorded. Figures 2.5(a) and
(b) show the characteristic spectra of MG and R6G, respectively, recorded by the
Raman spectrometer. Figures 2.5(c) and (d) present regression plots with regression

coefficients R%2= 0.9717 and R? = 0.9401 for ten different concentrations of MG and

R6G, respectively. These figures demonstrate a linear variation in peak intensity of
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Figure 2.4: EM Simulation of two AgNPs seperated by 5 nm when the size of the NPs are (a) 50 nm
(b) 60 nm (c) 70 nm (d) 80 nm (e) 90 nm; with incident electric field amplitude 6.17 x 10* Vm~1

the signature Raman peaks with the samples concentration. The SERS substrate
enables reliable detection of both test samples at a minimum concentration of 1 nM.
These investigations underscore the capability of the fabricated SERS substrate for
both qualitative and quantitative analysis of analyte samples. The Raman signals
scattered from the cellulose of the paper exhibits minimal interference with the ana-

lytes signal, facilitating spectral analysis without the need for additional corrections.

2.3.2 Estimation of LoD

In the next phase of the study, LoD of the proposed sensing platform has been
estimated. Ten different samples of MG ranging from 10 nM (0.00927 mgL™!) to
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Figure 2.5: (a) Comparison of SERS spectra of MG at four different concentrations (b) Comparison
of SERS spectra of R6G at four different concentrations (¢) Variation of SERS intensity with different
concentrations for MG at a signature Raman peak at 1398 cm~! (d) Variation of SERS intensity
with different concentrations for R6G at a signature Raman peak at 1362 cm~! (e) SERS intensity
variation in random locations of the substrate over an area of 1 mm x 1 mm corresponding to
the Raman peak at 1398 cm~! (f) Normalized SERS signal intensity variation of the MG solution
corresponding to the Raman peak at 1398 cm~! for the concentrations 0.00927 mgL~!'—0.0927
mgL~!; (Error bars are plotted using the standard deviation, calculated from five repetitions for
each sample)
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100 nM (0.0927 mgL~') have been considered , in incremental steps of 10 nM to

evaluate this parameter. Each of these samples has been treated individually with

the fabricated substrates, and the resulting backscattered Raman signal intensities

were recorded. Figure 2.5(f) illustrates the variations in normalized SERS signal

intensity of the signature Raman peak at 1398 cm™!. From the characteristic curve
depicted in the figure, the LoD was determined using the following equation [30]:

3.30
LoD = 5 (2.1)
where, o represents the standard deviation of the y-intercepts, and S denotes the

slope of the linear fitted line. The estimated LoD for the designed substrate was
calculated to be 0.03386 mgL~! (~ 92.7 nM).

2.3.3 Uniformity and reproducibility study

The uniformity of the fabricated SERS substrate was assessed using MG as the an-
alyte. In this investigation, 1 pM of MG was carefully pipetted onto the sensing
region of the substrate of the substrate and the scattered Raman signals were then
recorded across an area of 1 mm x 1 mm. The results are depicted in figure 2.5(e).
To analyze the uniformity characteristics of the SERS substrate, the characteristic
Raman peak of MG at 1398 cm™! has been selected. For the considered sensing
region, a maximum SERS signal variations of 15% has been observed, suggesting a
good degree of uniformity characteristics of the designed SERS platform. Further-
more, the reproducibility of the substrate was assessed using both MG and R6G.
Figure 2.6(a) and (b) illustrates the reproducibility analysis for MG and R6G re-
spectively. Figure 2.6(c) depicts the study on spectral uniformity of the designed
SERS substrate, where 1 ntM of MG sample was applied onto the sensing region, and
spectra were recorded at 21 random points on the same substrate. The Raman probe
records the scattered Raman signal from an area of approximately 14.41 pm? which
implies that the backscattered signals are being recorded from an area that contain
a large number of hotspots regions. Thus, despite the heterogeneous nature of the
synthesized nanoparticles the spectrometer records an average signal intensity from
the sensing region of the SERS substrate and not from the individual hotspot region.

The averaged signal intensity leads to good degree of reproducibility.

2.3.4 Estimation of EF

In the next step of the present work, the EF of the proposed paper-based SERS

substrate was estimated using the following equations:
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Figure 2.6: (a) Reproducibility characteristics of MG for ten different substrates (b) Reproducibility
characteristics of R6G for ten different substrates (¢) Uniformity of the substrate, evaluated by
taking 21 random locations of the substrate; (Error bars are plotted using the standard deviation,
calculated from five repetitions for each sample)

pp - Isers X Nrpr (2.2)

~ Irgr ¥ Nsprs
where, Isgprs and Irppr represent the backscattered Raman signal intensities of the
sample from the SERS substrate and reference substrate, respectively. Similarly,
Nsgers and Nrgr denote the number of molecules present within the laser excitation
area of the SERS substrate and reference substrate, respectively. The value of Ngrgp

and Nggprs was determined using the following equation

Ngpr =VCNy (2.3)
C Vsers AN
Neprg = ZSERS ZERS A (2.4)

where V' and Vsgrs represent the volumes of the analyte solution used for obtaining

the SERS and reference Raman spectra, respectively. C' and C'sgrs denote the molar
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concentrations of the analyte employed in the SERS and reference Raman spectra
measurements. A refers to the area of the laser spot, .S is the total surface area covered
by analyte molecules on the substrate, and N, is Avogadros number. A uniform
distribution of analyte molecules across the SERS substrate has been considered.
The value of Nrpr was calculated to be 3.4021 x 107 for a laser spot size with a
diameter of 4.353 pm. The spot size of the laser was calculated using the following

equation
1.22)\

NA

where N A denotes the numerical aperture of the objective lens. To determine the

(2.5)

spot size =

reference Raman signal intensities, 10 mM of MG was dispensed onto a plain 100
GSM paper substrate. Utilizing equation 2.2, the experimental EF was estimated to
be approximately ~ 107. The value of Nggprs was determined considering monolayer
distribution of MG sample over the SERS substrate. The value of Nggrgs can be
obtained by using the following equation [31, 32].

2.3.5 SERS detection of pharmaceutical drugs

Upon noticing reliable performance with standard Raman-active samples, the appli-
cability of the SERS substrate has been realized through detecting pharmaceutical
drugs, specifically paracetamol and aspirin, in water. Both paracetamol and aspirin
exhibit low solubility in water. To prepare a stock solution of 1 mM, 15.1 mg of
paracetamol was dissolved in 100 mL of deionized water (DI water). Additionally,
two different paracetamol samples with concentrations of 0.5 mM and 0.1 mM were
prepared by diluting the stock solution with a proportional amount of DI water. Sub-
sequently, 10 nL each of the prepared sample was pipetted over the SERS substrate
and allowed to dry in room temperature conditions. Figure 2.7(a) displays the Raman
spectra of the SERS substrate in the absence of drugs, while figure 2.7(b) illustrates
the characteristic Raman spectra of the paracetamol sample detected from the paper
substrate. The figure also includes the Raman spectra of other two samples consid-
ered for the present investigation. The band assignment for paracetamol has been
illustrated in the appendix section (table 8.4) [22]. Figure 2.7(d) shows the regression
plot with regression coefficient values R? = 0.959 for ten different concentrations of
paracetamol. Notably, the intensities of the signature Raman peaks exhibit gradual
variations with decreasing concentrations of paracetamol in the solution. In the sub-
sequent step, a stock solution of 1 mM was prepared by dissolving 18.0 mg of aspirin
in DI water. Four different concentrations of aspirin (1 mM, 0.5 mM, 0.3 mM, and
0.1 mM) were prepared by diluting the stock samples accordingly. 10 nL each of
the different aspirin concentration sample was dispensed separately onto the SERS

substrates and the Raman signal analysis was conducted. Figure 2.7(c) shows the
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Figure 2.7: (a) Recorded Raman spectra in the absence of pharmaceutical drugs, relative Raman
signal intensities of different concentrations of (b) paracetamol and (c) aspirin in water, variation of
SERS signal intensity at different concentrations at the signature Raman peak of (d) paracetamol
at 1326 cm ™! and (e) aspirin at 1038 cm ™! and (f) SERS spectra of the mixed analytes of paraceta-
mol and aspirin in three different concentration ratios; (Error bars are plotted using the standard
deviation, calculated from five repetitions for each sample)
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characteristic Raman spectra obtained from the aspirin-treated SERS substrate. Dis-
tinctive Raman peaks of aspirin were observed at 786 cm™!, 1038 cm™?, 1256 cm ™!,
and 1612 cm™!. The characteristics Raman bands for aspirin have been described
in table 8.5 of appendix. [27-29]. Figure 2.7(e) depicts the regression plot with a
regression coefficient value of R? = 0.983 for ten different aspirin concentrations. A
gradual variation in the scattered signal intensity has been observed with the concen-
trations of aspirin in the water medium. These results show that with the proposed
SERS sensing platform quantitative analysis of pharmaceutical drugs in water could
be performed. The LoD for both considered pharmaceutical drug samples was es-
timated and the values were found to be 0.1 mM for each sample. The estimated
LoDs are found to be lower than the values reported elsewhere [22-27]. Table 2.1
summarizes the comparison of LoD values obtained from the present approach with
those reported in previous studies for the two considered pharmaceutical drugs.

Table 2.1: Comparison of the LoDs of previously reported works and the present work on sensing
of paracetamol and aspirin.

’ Analytes \ Substrate used \ Matrices LoD \ Reference ‘

AuNP-chitosen Aqueous medium | 1 mM [22]

Paracetamol .
deposited on glass
substrate
Commercial AuNP | Aqueous medium | 24 mM [23]
at Al foil

Aspirin Colloidal  solution Blood serum 3 mM [26]

AgNP and AuNP
AgNP coated filter Ethanol 0.1 mM [29]
paper

In the next step of the present study, a mixed sample comprising paracetamol
and aspirin have been dissolved in DI water were analysed at three distinct concen-
tration ratios (paracetamol: aspirin, 3:1, 1:1, and 1:3, respectively). The scattered
Raman signals from the sensing region of the substrate for these mixed samples has
been presented in figure 2.7(f). The characteristic Raman peaks of paracetamol and
aspirin at 1326 cm™! and 786 cm™! demonstrate variations corresponding to the ra-
tio of the analytes in the mixture. These variations suggest that the peaks exhibit
intensity changes in response to the variations in the concentration of the analytes.
Specifically, for higher concentrations of paracetamol in the mixture, the character-
istic Raman peaks at 1236 cm™!, 1326 cm™!, and 1376 cm™! gradually vary with its
concentration. Conversely, the signature Raman peaks of aspirin at 786 cm ™, 1038
cm~ !, and 1612 cm~! are found to be varying proportionally with its concentration
in the mixture. The presence of molecules of the second pharmaceutical drug in the
medium perturbs other Raman peaks of both samples. These investigations sug-
gest that with the designed SERS platform detection and quantification of a specific

pharmaceutical drug from a mixed sample can be performed reliably, thus offering
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Figure 2.8: SERS spectra of the field-collected sample (a) with paracetamol (b) with aspirin (c) in
a 1:1 concentration ratio of the mixed solution of paracetamol to aspirin in the ten field-collected
water samples collected from ten different regions

potential applications in the analysis of pharmaceutical drugs.

2.3.6 Real Sample analysis

In the final part of the present sensing study, the practical utility of the proposed
sensing technique has been demonstrated through detection of pharmaceutical drugs
in real water samples collected from various sources. Samples from ten distinct water
resources were obtained for this purpose. No detectable spectra of the target analytes
was observed in field-collected samples. The samples were then spiked with a fixed
concentration of analytes. Prior to dissolving the pharmaceutical drugs, all field-
collected samples were filtered using grade-1 Whatman filter paper. 0.5 mM each of
pharmaceutical drugs has been added to different field-collected water samples. A
mixed solution containing paracetamol and aspirin in 1:1 ratio has been prepared in
the field-collected water samples. Figures 2.8(a)-(c) illustrate the characteristic Ra-
man spectra of paracetamol, aspirin, and the mixed sample, respectively, as recorded
by the Raman spectrometer. The bottom right panel in figure 2.8 presents color-
coded labels representing the various field-collected water samples acquired for this

study. The figure demonstrates a reliable detection of characteristic Raman peaks
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Figure 2.9: Peak intensity variation corresponding to peak at (a) 1326 cm~! for paracetamol and
(b) 1038 cm~! for aspirin (c) Peak intensity variation corresponding to peak at 1326 cm~* for parac-
etamol and 1038 cm ™! for aspirin for 1:1 concentration ratio of the mixed solution of paracetamol
to the aspirin;(Error bars are plotted using the standard deviation, calculated from five repetitions
for each sample)

of the analyzed pharmaceutical drugs using the proposed technique, regardless of
whether they are present individually or in a mixed form. From figure 2.8(c), it
is evident that the characteristic Raman peaks of paracetamol at 1170 cm™!, 1236
cm™t, 1326 cm™!, and 1376 cm ™! are prominently visible. Similarly, for aspirin, the
signature Raman peaks at 786 cm™!, 1038 cm™!, 1256 cm ™!, and 1612 cm™! con-
sistently appear across all field-collected water samples, when they are present in a
mixed form. This study reveals the capability of current sensing technique to detect
pharmaceutical drugs in water samples, even when the drug components are present
mixed form. The variations in Raman signal intensities of the targeted pharmaceuti-
cal drugs in field-collected water samples were further examined and are depicted in
figure 2.9. To assess the variations of the recorded Raman signals, the characteristic
Raman peaks of paracetamol and aspirin at 1326 cm™! and 1038 cm ™, respectively,

were examined. Figures 2.9(a) and 2.9(b) display the fluctuations in Raman signal
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Figure 2.10: Time evaluation study of the fabricated substrate

intensity at these two peaks as recorded by the Raman spectrometer. The relative
standard deviation (RSD) values for the peaks corresponding to paracetamol at 1326

cm~! and aspirin at 1038 cm ™!

are found to be ~ 9% and 12%, respectively, from
their respective mean values. Similarly, for the mixed sample, the signature peaks at
1326 cm~! and 1038 cm~! demonstrate RSD values of 11% and 13%, respectively, as
shown in figure 2.9(c). The low RSD values indicate uniformity in Raman signal in-
tensity across ten different field-collected samples. This study confirms the practical

applicability of the method for sensing pharmaceutical drugs in aqueous media.

2.3.7 Time evaluation study

A temporal evaluation of the proposed SERS platform has been performed to exam-
ine the fluctuations with time. Figure 2.10 presents the results of this time evaluation
study performed on the designed SERS platform for 7 consecutive days. It has been
observed that the intensity of the scattered Raman signal from the analyte sam-
ple remained relatively stable in the initial four days, however a gradual decrement
in the SERS intensity was noted after the fifth day. This observation suggests that

the proposed approach maintains reliability for sensing investigations within approxi-
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mately 100 hours from the time of substrate fabrication. Conversely, SERS substrates
treated with AuNPs are anticipated to exhibit a comparatively prolonged duration
of stable performance. The method yields a favourable signal-to-noise ratio, render-
ing it suitable for detecting and analysing various pharmaceutical drugs and toxic
chemicals in water. The fabrication cost of the proposed SERS substrate is remark-
ably low, approximately INR 5.00 (<$0.067), thus can be used for disposable sensing
studies. With potential for large-scale production, the cost could be further reduced.
Additionally, the fabrication process proposed here is straightforward, allowing to

fabricate SERS substrates within a standard laboratory environment.

2.4 Summary

This present chapter demonstrates a cost-effective yet an acceptably sensitive SERS
substrate fabrication method. The usability of the proposed sensing platform has
been showed to detect two pharmaceutical compounds, namely paracetamol and
aspirin in water. The well-established Lee-Meisel technique has been employed to
synthesize AgNPs in the laboratory, resulting in an average SERS EF of ~ 107.
Subsequently, we devised a paper-based SERS substrate by depositing AgNPs onto
100 GSM grade paper through drop-casting. Notably, the substrate exhibits a good
reproducibility characteristics. The fluctuations in the scattered Raman signal inten-
sity was found to be maximum ~ 15%, indicating a good spectral uniformity across
the substrate. The present study successfully demonstrates the capability of detect-
ing and quantifying both paracetamol and aspirin in diverse aqueous environments,
including DI and field-collected water samples. This technique possesses versatility
beyond pharmaceutical compounds, as the same technique can be also used to detect

other toxic chemicals present in water.
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