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Abstract

Core-shell nanoparticles were used in a unique direct UVeVis spectrophotometric technique to detect the S-naproxen
enantiomer. Silver nanoparticles (Ag NPs) covered with sodium alginate (Alg) shell, a naturally occurring biopolymer,
made the core of the nanostructure. To name a few, TEM, FESEM, UVeVisible, DLS, ZP, AFM, XRD, EDX and FT-IR are
among the analytical methods used to analyze the creation of the coreeshell structure. Based on obtained results,
spherical Ag@ Alg NPs with an average size of 27.4 nm (DTEM), hydrolytic size of 46 nm (DDLS) and surface charge of
¡60.9 mV were successfully synthesized. The effect of various reaction time and pH values on determining the s-
naproxen enantiomer by Ag@ Alg NPs was investigated. Determining the maximum S-naproxen enantiomer was at a
reaction time of 8 min and pH 8. According to the international council for the harmonization of technical requirements
for pharmaceuticals for human use (ICH) guidelines, the detection limit and quantitative limit of S-naproxen enantiomer
were determined to be 1.87 £ 10¡4 mol/L and 5.64 £ 10¡4 mol/L. This clearly indicates that the alginate-coated silver
nanoparticle coreeshell can be used to measure S-naproxen enantiomer through green chemistry without using toxic
chemicals.

Keywords: Alginate, S-Naproxen, Silver nanoparticles, UVevis spectrophotometry

1. Introduction

R egarding IUPAC, naproxen d-2-(6-metoxy-
2naphthyl) propionic acid, often known as

naproxen, is a non-steroidal anti-inflammatory
medicine having with a number of medicinal uses
including analgesic, antipyretic, and anti-inflam-
matory drugs [1,2]. The chiral carbon atom in nap-
roxen holds two enantiomers, S-naproxen and R-
naproxen. S-naproxen is one of them which has
pharmaceutical uses in curing illnesses [3]. In-
dicators for assessing the quality of chiral pharma-
ceuticals have been established in accordance with
the guidelines provided by the International Con-
ference on Harmonization of Technical

Requirements for the Registration of Drugs for
Human Use (ICH) [4]. This guideline suggests that
the inactive enantiomer in the drug is an impurity.
Furthermore, it is essential to develop tests that are
able to detect the enantiomers. It is necessary to
provide effective quality control tools to ensure
proper and safe production [5]. In fact, the impu-
rities created in the drug that may be created in
different stages of development, transportation, and
storage should be identified and measured in the
drug. The types of common analytical techniques
used in drug analysis include titrimetric, chroma-
tography, Raman spectroscopy, electrophoretic and
electrochemical. Analytical tools and methods play
an important role in identifying and measuring the
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drug. In this context, spectrophotometry is a well-
known fast and low cost analytical method for
determining the drugs [6,7]. These components
must be made while embracing the adaptable
criteria as listed below. Due to its speed, accessi-
bility, and ease of use, ultravioletevisible spectro-
photometry (UVeVis) is a frequently employed
analytical technique in scientific study. Due to the
development of this technology, UVevis spectrom-
etry is now extensively utilized as a straightforward,
sensitive, trustworthy and affordable method that
enables determining the extremely low quantities of
chemicals and using very tiny sample sizes. It also
provides adaptability and mobility of the tools and
created approaches, which have been also a great
contribution to the long-term usage of UVevis
spectroscopy. Using this analytical technique sub-
jects to generate no residues when using solvents.
So far, various chemicals were detected using
UVeVis spectrophotometry method such as nucleic
acids, amino acids, carbohydrates and protein [8,9].
Although this method was extensively used to
detect Naproxen, their reagent was mostly toxic
chemicals [10,11]. Considering the unique physico-
chemical properties of metal nanoparticles and their
wide range of applications including biomedical and
catalytic activities, they have the chemical replace-
ment potential [12,13]. Combining UVeVis spec-
trophotometric method with nanotechnology using
metal nanoparticles based on their small size and
high surface area could be an efficient approach to
improve the performance of system detecting low
concentration of the desired molecules [14,15]. Since
Ag NPs have strong surface Plasmon resonance
(SPR), they can be used to detect different organic
and mineral compounds using a spectrophotometer
[16,17]. It is indicated that selecting an appropriate
stabilizer for Ag NPs plays a critical role for the
selectivity and sensitivity of Ag-based nano-
structures [10e18]. So far, various biopolymers like
gelatin, chitosan, starch, alginate and cellulose were
used for the surface modification of Ag [19,20].
Hence, spectrophotometric method was practiced to
scrutinize the enantiomers of tryptophan using
chitosan-capped silver nanoparticles [6]. Further-
more, in another study, starch-coated silver nano-
particles were used to detect naproxen. Silver
nanoparticles with starch coating, citrate coating
and bare silver nanoparticles all differently
responded to R- and S-naproxen. Based on the re-
sults of that study, bare Ag NPs and citrate-con-
taining silver cannot detect R- and S-Naproxen,
whereas silver nanoparticles with starch coating are
able to detect them [15]. Yet, no serious research has
been carried out to determine S-naproxen

enantiomer using silver nanoparticles coated with
alginate (Ag@Alg NPs). For the first time, coreeshell
nanoparticles were used to identify S-enantiomer of
naproxen through green chemistry without using
toxic chemical solvents in direct UVeVis spectro-
scopic technique. The core and shell of nano-
structure is composed of silver nanoparticles (Ag
NPs) and alginate (Alg), respectively. The novelty of
this work is to evaluate the relationship between
reaction time and pH to detect the UVeVis spec-
trophotometry of S- naproxen enantiomer using
coreeshell metal NPs.

2. Material and methods

2.1. Material

Sodium borohydride (NaBH4), sodium alginate
(C6H9NaO7), sodium hydroxide (Na OH), sodium
citrate (C6H5Na3O7) and silver nitrate (AgNO3)
were purchased from SigmaeAldrich Company (St.
Louis, Mo, USA). S- Naproxen was supplied by
Tehran Daru Company (Tehran, Iran). Deionized
water was used throughout the experiments. The
phosphate buffer was used for pH range of 4e10.

2.2. Methods

2.2.1. Synthesis of Ag@ Alg NPs
Silver NPs coated with alginate (Ag@ Alg NPs)

were synthesized based on a developed method
reported in literature [21]. 50 mL of sodium alginate
(1.5%) was added to 50 mL of an aqueous solution of
silver nitrate (0.05 m M) to prepare a mixture of
silver nitrate with alginate polysaccharide. Then, the
pH of the prepared solution was adjusted to 11.7
using 1 M Na OH solution. The prepared solution
was stirred by a magnetic stirrer at 60 �C for 15 min.
Finally, the concentration of silver NPs capped by
alginate was calculated using the extinction coeffi-
cient of Ag NPs and Beer's law [15]. In fact, the
alginate acts as a stabilizer; assisted the method to
be a powerful technique as a green synthetic
approach for the synthesis of Ag-NPs. Na OH so-
lution (alkaline pH) is the main reducing agent in
the Ag seed (Ag�) capped by Alginate. For analytical
application, the produced alginate-coated silver
nanoparticles were kept at room temperature.

2.2.2. Preparation of S- naproxen samples and
calibration curve
The pure S-naproxen sample (50 mg) was dis-

solved in 50 mL of methanol. The prepared sample
was diluted up to 100 mL using methanol as solvent.
The calibration plot was prepared using the above

A. Barazandeh et al. / Karbala International Journal of Modern Science 9 (2023) 564e573 565



S-naproxen sample solutions at concentrations
ranging from 0.1 to 1 m mol/ml. The absorption of
naproxen was recorded using UVeVis spectroscopy
at the wavelength of 272 nm. In the S- naproxen
absorption calibration plot, the linear relation was
determined using linear least squares regression.

2.2.3. Characterization of Ag@ Alg NPs
The following analytical tools were used to char-

acterize the Ag@ Alg NPs: transmission electron
microscope (TEM, Zeiss EM900 model), scanning
electron microscope (SEM, TESCAN-Mira 3Lmu,
model), Fourier transform infrared spectroscopy
(FT-IR, Thermos Scientific Nicolet 8700 model),
UVeVis spectroscopy (Perkin Elmer Lambda
UVeVis 950 spectrophotometer), dynamic light-s
(Perkin Elmer, model, USA).

2.2.4. Optimal reaction time and pH for detection of
S-naproxen with Ag@ Alg NPs
Finding the minimum reaction time for new Ag @

Alg NPs reagent in the clinical laboratory is an
essential parameter. In order to develop a new Ag @
Alg NPs reagent, it is important that the reaction
between naproxen and Ag @Alg nanoparticles rea-
ches a stable condition in a minimum time, and
remains constant as time drags on. For this purpose,
the effect of reaction time among silver nano-
particles with coating the Alginate and naproxen on
the absorption of S-naproxen within 1e12 min was
investigated. As silver nanoparticles in a pH < 3 are
not stable, buffers in the pH range of 4.0e10.0 have
been used to analyze the effects of pH values on the
absorption process.

3. Results and discussion

3.1. Characterization of Ag@ Alg NPs

To detect naproxen by UVeVis spectrophotom-
etry, alginate was grafted onto Ag nanostructures
via bidentate bridging to form a biodegradable
polymer. A schematic illustration of alginate loaded
on Ag NPs is illustrated in. Fig. 1. The results of
various characterizations of Ag@ Alg NPs are pre-
sented in this section.

3.1.1. Results of UVevis-spectroscopy and XRD
analyzes
UVevisible absorption spectra of Ag@ Alg NPs,

silver nitrate and sodium alginate in the range of
200e700 nm are displayed in Fig. 2. No significant
absorption peaks were observed in the investigated
wavelength in the sodium alginate curve in Fig. 2 (red
line). A strong peak and broader appeared in the

UVeVis spectrum of Ag@ Alg NPs at 415 nm, in-
dicates silver nanoparticles Fig. 2 (black curve), and
validates the formation of Ag-based NPs [21]. The
XRD pattern of Ag@ Alg NPs s is shown in Fig. 3. The
peaks situated at 38.23�,44.30�, 64.58� and 77.45�

ascribed to the diffraction planes of cube silver (111,
200, 220, 311) [22,23]. No extra peak attributed to the
impurity can be observed in XRD spectrum Ag@ Alg
NPs. As a result, this confirms the formation of pure
silver based-NPs with crystalline structure.

3.1.2. Results of TEM, SEM, and AFM analyses
The size, and morphology Ag@ Alg NPs were

characterized using TEM analysis. TEM image of
Ag@ Alg NPs (Fig. 4a) indicates the formation of
spherical NPs. Moreover, the average size of algi-
nate-coated silver nanoparticles was 27.4 nm and

Fig. 1. A Schematic illustration of the alginate Functionalized-Ag NPs.

Fig. 2. UVeVisible spectrum of sodium alginate (red curve), silver ni-
trate (blue curve), and Ag@ Alg NPs (black curve).
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the TEM image of alginate-coated silver nano-
particles was calculated using 35 independent
nanoparticles by Image J software (Fig. 4b).
To further study the size and morphology of Ag@

Alg NPs, AFM analysis was performed. Based on the

results of AFM (Fig. 5a and b), Ag@ Alg NPs are
spherical with the average size of 29 nm ((Fig. 5c),
validating the result of NPs size obtained by TEM
analysis. The results of SEM analysis of Ag@ Alg
NPs at magnification of 135 Kx are shown in Fig. 6.
Moreover, it is concluded that from this figure it is
clear that the synthesized Ag@ Alg NPs were
spherical and formed small aggregates [24].

3.1.3. Results of DLS and zeta potential analyzes
The results of DLS of Ag @Alg nanoparticles at

two different pH values are presented in Fig. 7.
Based on this analysis, the average hydrodynamic
diameter of Ag @Alg nanoparticles for pH 7 and 10
was 82.6 nm (PDI: 0.4) and 107 nm (PDI: 0.599) for
pH values 7 and 10, respectively. These values
indicated that the structure of Ag @Ag nanoparticles
at pH 7 is more stable than at pH 10.The result of
zeta potential analysis of Ag@ Alg NPs is indicated
in Fig. 8. Ag@ Alg NPs were found to have a mean
surface charge of �60.9 mV at pH 7, which suggests
that the highly negative charge coreeshell NPs were
formed. According to the American Society for
Testing and Materials (ASTM), moderate stability
can be indicated for the stability of NPs suspension
if the value of Zeta potential is between 30 and
40 mV, either positive or negative. On the other
hand, the zeta potential value more than 40 mV
refers to the high stable NPs suspension [25].
Therefore, based on DLS and zeta potential ana-
lyzes, it can be concluded that the synthesized Ag@
Alg NPs possess desirable stability at neutral pH. As
a result, NPs are suitable for analytical applications
without any additional buffer.

3.1.4. Results of FT-IR analyses
FT-IR analysis was performed to determine the

functional groups of Ag@ Alg NPs. Fig. 9 (red) dis-
plays the FT-IR spectrum of sodium alginate
comprising the broad peak of OH groups at 3500,
characteristic peaks at 2927 cm�1 and 2355 cm�1

attributed to the carbonyl functional groups and the
peak at 1639 cm�1 related to stretching of C]C alkene
groups. The peak positioned at 1405 cm�1 is related to
CeO vibration of the alginate backbone [26,27]. The
same peaks appeared in the FT-IR spectrum of Ag@
Alg NP, validating the formation of coreeshell nano-
structure using alginate polymer (Fig. 9 (black)). In
comparison with the FT-IR spectrum of sodium algi-
nate (Fig. 9 (red)), the intensity of peaks at 3473 cm�1

and 1600 cm�1 increased in the spectrum of Ag@ Alg
NPs (Fig. 9 (black)), which could be on account of the
participation of carboxyl groups (COOH) and hy-
droxyl groups (OH) in the conjugation of alginate on
the surface of silver NPs. Validating the formation of

Fig. 3. X-ray diffraction pattern of Ag@ Alg NPs.

Fig. 4. TEM image (a) and size distribution (b).
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coreeshell nanostructure using alginate polymer.
Compare to FT-IR spectrum of sodium alginate (Fig. 9
(red)), the intensity of peaks at 3473 cm-1 and
1600 cm�1 increased in the spectrum of Ag@ Alg NPs
(Fig. 9 (black)), which could be attributed to the
participation of carboxyl groups (COOH) and hy-
droxyl groups (OH) in the conjugation of alginate on
the surface of silver NPs.

3.1.5. Results of EDX analyses
Energy-dispersive X-ray analysis (EDX) was used

to evaluate the chemical composition of the silver
nanoparticles coated with alginate. The presence of
peaks related to Ag, Na and O elements in silver

Fig. 5. AFM surface topography(a) & (b) and (c) size distribution of Ag@
Alg NPs using AFM analysis.

Fig. 6. SEM image.

Fig. 7. Hydrodynamic diameter of Ag@ Alg NPs at two pH values of 7
(red) and 10 (black).
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nanoparticles (NPs Ag) coated with sodium alginate
(Alg) is shown in Fig. 10.

3.2. Naproxen detection using Ag@ Alg NPs

3.2.1. Results of UVeVis spectroscopy
Fig. 11 llustrates the UVeVis spectra of pure

S-naproxen and mixture of S-naproxen and Ag@
Alg NPs. Compared with the mixture of S-naproxen
and Ag@ Alg NPs (Fig. 11 (black)), no absorption
peak can be detected in the UVeVis spectrum of
pure S-naproxen at the wavelength of 414 nm
(Fig. 11 (red)). Furthermore, a peak at 272 nm can be
observed in the spectrum of pure S-naproxen
(Fig. 11 (red)), which was appeared in the UVeVis
spectrum of mixture of S-naproxen and Ag@ Alg
NPs (Fig. 11 (black)). Consequently, UV-VIS spec-
trophotometers can detect S-naproxen using Ag@
Alg NPs at 272 nm. Fig. 12 shows the detection of
S-naproxen in the concentration range of

0.1e1 mmol/mL with Ag@ Alg NPs at the wave-
length of 272 nm using UVeVis spectrophotometer.
Based on our experimental results, it was indicated
that the empty silver nanoparticles couldn't detect
S-naproxen in the range of 0.1e1 mmol/mL, never-
theless silver nanoparticles with alginate coating
could detect naproxen.

3.2.2. Results of calibration curve
As shown in Fig. 13, under the optimum condi-

tion, the absorption spectra of Alg @ Ag NPs were
recorded in the presence of different amounts of S-
naproxen enantiomer.The calibration curve for the
S-naproxen enantiomer under optimal conditions,
with a correlation coefficient of 0.993 in the con-
centration range of 0.1e1 mmol/mL was linear.

3.2.3. Effect of reaction time and pH on S- naproxen
detection
The results of the pH reaction on the detection of

S-naproxen were presented in Fig. 14. In this
research, it was concluded that the detection of S-
naproxen using Ag@ Alg NPs was low at acidic pH
levels because NP precipitation occurred at low
pH. In fact, it reduces the contact area between S-
naproxen and the Ag@ Alg NPs. As observed in
Fig. 14, the absorption of S-naproxen increased at
pH 8 as the pH of the solution was raised (by
adding 0.1 M NaOH solution). Meanwhile, the
absorption of S-naproxen decreased at high alka-
line conditions,. It could be explained by the
repulsion force between S-naproxen molecules at
high pH values subjected to a low interaction be-
tween the drug and the surface of Ag@ Alg
NPs.The effect of reaction time in the range of
1e12 min on the detection of S-naproxen using
Ag@ Alg NPs was investigated. As shown in
Fig. 15, the absorption of S-naproxen was approx-
imately constant within 2 min, then increased up to
4min, and the maximum absorption was observed
for 8 min. After that, increasing the reaction time

Fig. 8. Zeta potential of Ag@ Alg NPs at pH 7.

Fig. 9. FT-IR spectra of sodium alginate (red) and Ag@ Alg NPs (black).

Fig. 10. EDX spectrum.
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had negative effect on the detection of S-naproxen.
So, the reaction time of 8 min was considered as
the desired time for S-naproxen detection. The rest
of experimental were conducted at the modified
reaction time of 8 min.

3.2.4. Determination of naproxen
Different naproxen concentrations were found

and analyzed using coated-silver nanoparticles
coreeshell as a reagent by a spectrophotometer with
variations of 20 mg per liter and an estimated relative
error of 1%. The obtained results and recovery
values are summarized in Table 1.

3.3. Validation method

According to the International Union of Pure and
Applied Chemistry (IUPAC), the limit of detection

Fig. 11. UVeVis spectra of pure naproxen (red) and combination of
naproxen and Ag@ Alg NPs (black).

Fig. 12. UVeVis spectra pure Ag@ Alg NPs (black color) and combi-
nation of naproxen concentration range of 0.1e1 mmolL-1 and Ag@ Alg
NPs.

Fig. 13. Calibration plot of naproxen loaded on Alg @ Ag NPs.

Fig. 14. Effect of reaction time on the detection of naproxen using Ag@
Alg NPs.

Fig. 15. Effect of solution pH on the detection of naproxen using Ag@
Alg NPs.
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(LOD) is the smallest amount of analyte required to
produce a signal that can be discriminated from a
blank sample in terms of magnitude [29]. The lowest
concentration of analyte at which analyte can be
measured is known as the limit of quantification
(LOQ) [30]. Considering the importance of LOD and
LOQ parameters for the validation of an analytical
method; we further measured the values of these
two parameters. Based on the international council
for the harmonization of technical requirements for
pharmaceuticals for human use (ICH) guidelines,
the equations of LOD ¼ 3.3s/s and LOQ ¼ 10s/s
were used to calculate LOD and LOQ. In the
aforementioned equations, s is the standard devia-
tion and S is the slope of the regression line. LOD
and LOQ of naproxen incorporated in above equa-
tions were determined as 1.87 � 10�4 mol/L and
5.64 � 10�4 mol/L, respectively. The relative error of
current method (1%) was obtained which is lower
than the values reported in the literature, 1.4% [15]
and 3.5% [28] and similar to 1% [32]. Based on ob-
tained results, the method developed in this study is
quite reliable. Table 2 summarized the comparative
analyses for the detection of S-naproxen by HPLC
and spectroscopy methods. This table reveals the
rate of relative error and linear coefficient of anal-
ysis of S-naproxen determination in naproxen tab-
lets with the developed method compared to the
methods that determining naproxen. The rate of the
relative error in the analysis of determining S-nap-
roxen in the present naproxen samples with the
developed method indicates the accuracy and pre-
cision of the present method. In comparison with
other methods, the accuracy of the method devel-
oped in the analysis of determining S-naproxen in
naproxen samples indicates the efficiency of that
method in diagnosis.
The relative error and linear coefficient of present

method were 1% and 0.993, respectively. A quick
and inexpensive analytical approach for naproxen
determining separates the current method from
HPLC. As well, the present method detected nap-
roxen with a lower relative error compared to
similar methods. The changes in the linear dynamic
range, accuracy, and analysis of determining S-
naproxen in naproxen drug samples developed by

this method indicate that the cultivars are well
comparable to many of the reported methods for
determining naproxen (Table 2).

4. Conclusion

Holistically, Ag@ Alg coreeshell NPs were in-situ
synthesized and characterized using various
analytical methods. Based on obtained results, Ag@
Alg NPs possess a crystalline structure with uniform
size distribution. Ag@ Alg NPs presented potential
application in the detection of S-naproxen drug in
pharmaceutical formulations. The capability of the
Ag@ Alg NPs in the detection of S-naproxen was
evaluated under different pH values and reaction
time. According to the findings of this research, the
produced coreeshell nanostructure can detect S-
naproxen in near-alkaline settings with a relative
error of 1% when assessing naproxen concentration.
With the use of UVeVis spectrophotometry, which
is a quick and affordable analytical technique, this
research could successfully present effort created a
novel detection approach for chiral pharmaceuti-
cals. The findings this study suggest that naproxen
dosage detection in blood serum during clinical
trials and quality control testing in the naproxen
pharmaceutical industry may both be accomplished
using silver nanoparticles with an alginate coating.
The stability of the synthesized materials is durable
and does not lose its properties under normal
temperature conditions which is biodegradable and
non-toxic.

Conflicts of interest

The authors declare that they have no competing
interests.

Acknowledgment

We would like to appreciate the support of the
Department of Chemical Engineering at the Faculty
of Engineering, Central Tehran Branch Islamic Azad
University, and Professor Najafpour's Biotechnology
Laboratory at Noshirvan University of Technology,
Iran, for this research.

Table 1. Determination of naproxen using proposed method.

Method Naproxen
(mg mL�1)

Found
(mg mL�1)

Recovery
(%)

Spectroscopy 100 99.60 99.670
Spectroscopy 120 119.37 99.475

140 138.43 98.878
160 158.57 99.106

Table 2. Comparison of the results of naproxen detection using various
methods.

Method R2 RE (%) Ref.

HPLC 0.999 e [31]
Spectroscopy 0.998 3.5 [28]

0.999 1.4 [15]
0.995 1 [32]
0.993 1 This work
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