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Abstract A simple and sensitive chemiluminescence (CL)
method coupled with flow-injection technique is proposed
to determine naproxen (NAP). The method is based upon
the enhancement of the weak CL signal arising from the
reaction of Ce(IV) and Na2S2O4 with Eu

3+ to form the Eu3+-
Ce(IV)-Na2S2O4 system. The CL intensity was significantly
increased by the introduction of NAP into this system in the
presence of silver nanoparticles (Ag NPs). Examination of
the recorded UV–vis spectra and fluorescence spectra indicated
that the energy of the intermediate SO2*, which originated from
the redox reaction of Ce(IV) and Na2S2O4, was transferred to
Eu3+ via NAP and that the process was accelerated by Ag NPs
due to their catalytic activity. Under the optimum conditions,
the CL intensity was increased with increasing NAP concen-
tration and the correlation was linear (r00.9992) over the NAP
concentration range of 1–420 ng mL−1. The limit of detection
(LOD) was 0.11 ng mL−1 with a relative standard deviation
(RSD) of 1.15% for 5 replicate determinations of 200 ng mL−1

NAP. The method was successfully applied to determine NAP
in pharmaceutical and biological samples.
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Introduction

Naproxen (NAP), (S)-6-methoxy-α-methyl-2-naphtheneace-
tic acid, is a non-steroidal anti-inflammatory drug. Due to an
aryl acetic structure, NAP exhibits analgesic and antipyretic
properties and has been widely used to reduce pain, fever,
inflammation and stiffness. It is commonly used in the treat-
ment of several diseases including rheumatoid arthritis, oste-
oarthritis, degenerative joint disease, ankylosing spondylitis,
acute gout and primary dismenorrea [1]. NAP is associated
with some serious side effects such as gastrointestinal com-
plaints, kidney failure and with minor side effects like head-
ache, drowsiness, vomiting, diarrhea, constipation, decreased
appetite, rash, and dizziness. It is therefore very important to
develop a simple, effective and sensitive method to determine
NAP in pharmaceutical and biological purposes.

Several analytical methods have been reported for deter-
mining NAP including spectrophotometry [2, 3], fluorome-
try [4, 5], synchronous spectrometry [6], phosphorimetry
[7], voltammetry [8, 9], liquid chromatography [10, 11],
capillary electrophoresis [12], high performance liquid chro-
matography (HPLC) [13–15], and chemiluminescence (CL)
[16–20]. Among the above methods, CL coupled with flow
injection offers the advantages of equipment simplicity, high
detection sensitivity, low background noise and good repro-
ducibility. This method has therefore been applied in various
fields.

Electronic supplementary material The online version of this article
(doi:10.1007/s10895-011-1026-9) contains supplementary material,
which is available to authorized users.

M. Kamruzzaman :A.-M. Alam :K. M. Kim : S. H. Lee (*)
Department of Chemistry, Kyungpook National University,
Daegu 702-701, South Korea
e-mail: shlee@knu.ac.kr

Y. H. Kim (*)
Research Institute of Advanced Energy Technology,
Kyungpook National University,
Daegu 702-701, South Korea
e-mail: youngkim@knu.ac.kr

M. Kamruzzaman : S. H. Kim
Korea Basic Science Institute Daegu Center,
Daegu 702-701, South Korea

J Fluoresc (2012) 22:883–890
DOI 10.1007/s10895-011-1026-9

2

http://dx.doi.org/10.1007/s10895-011-1026-9


Enhancing the CL intensity has become critical in order
to increase the sensitivity and expand the range of applica-
tions. Nanoparticles (NPs) have recently attracted strong
research attention because of their unique physical and
chemical properties. Moreover, NPs are used as nanocata-
lysts to enhance a variety of CL reactions [21–26]. With the
development of nanotechnology, researchers demonstrated
that the NPs-catalyzed CL system offered potential applica-
tions in analytical chemistry. Among the metal NPs, silver
NPs (Ag NPs) have attracted particular attention because of
their excellent catalytic and electrocatalytic activities: they
are more sensitive to electrons and photons than gold or
platinum NPs and exhibit better catalytic activities which
enhance the CL intensity [25, 26].

The objective of this study is development of a novel Ag
NPs-catalyzed and europium(III)-sensitized CL system for
determining NAP. This system was chosen for investigation
because trivalent lanthanide ions, especially europium(III) and
terbium(III) ions have recently been used as powerful CL
sensitizers which offer high sensitivity, wide dynamic range,
large Stocks shift, narrow emission bands and long lumines-
cence lifetime. Li et al. [27, 28] reported that europium(III)
sensitized KMnO4-sulfite CL system for determining ibupro-
fen and atenolol. Wang et al. [29] determined ulifloxacin and
prulifloxacin using the terbium(III)-sensitized KMnO4-
Na2S2O4 CL system. The NAP molecule has an α,β-diketo-
nates group that can form a complex with trivalent europium
ions [20]. In this study, we report a Eu(III)-sensitized Ce(IV)-
Na2S2O4 CL system catalyzed by Ag NPs to determine NAP.
The formation of the Eu(III)-NAP complex enhanced theweak
CL of the Ce(IV)-Na2S2O4 reaction. The introduction of Ag
NPs into the Eu(III)-NAP-Ce(IV)-Na2S2O4 system greatly
enhanced the CL intensity. Based on the above phenomenon,
a sensitive and rapid chemiluminescence method coupled with
flow-injection is developed to determine NAP in pharmaceu-
tical and biological samples. The possible CL reaction mech-
anism of the presented method is also investigated.

Experimental

Reagents and Sample Solutions

All reagents were of analytical reagent grade and were used
without further purification. Double deionized (DI) water
(Millipore, MilliQ Water System, USA) was used throughout
the experiment. NAP, silver nitrate, and Ce(SO4)2 4H2O, were
purchased from Sigma-Aldrich (St. Louis, USA). Sodium
borohydride (NaBH4) was obtained from Merck (Germany).
NAP stock solution (2 mg mL−1) was prepared by dissolving
an appropriate amount of NAP in DI water and was stored in a
refrigerator. The Ce(IV) solution (5 mmol L−1) was prepared
by dissolving the Ce(SO4)2·4H2O in 40 mmol L−1 sulphuric
acid. AgNO3 (1 mmol L−1) and NaBH4 (2 mmol L−1) solu-
tions were prepared by dissolving in DI water. The sodium
hyposulphite solution (1.5 mmol L−1) obtained from Fluka
Chemical Co. (Switzerland) was freshly prepared by dissolving
sodium hyposulphite in DI water. Working solutions of desired
concentrations were freshly prepared by appropriate dilution of
each stock solution with DI water before use.

Apparatus

A schematic diagram of the flow system used in this study is
shown in Fig. 1. Two peristaltic pumps (P1, P2) (Model 404,
Ismatec, Zurich, Switzerland) were used to deliver all solu-
tions. One pump conveyed Eu3+ and Na2S2O4 solutions while
the other delivered NAP, Ce(IV) and colloidal Ag NP solu-
tions. The Eu3+ and Na2S2O4 solutions were injected by a
Rheodyne (Model 7125, Cotati, CA, USA) six-way injection
valve with a loop which was mixed with Ce(IV), NAP and the
colloidal Ag NPs mixture solution streams at the T-piece.
Polytetrafluoroethylene (PTFE) tubing (0.8 mm i.d.) was used
to connect all components in the flow system to carry all
solutions. An F-4500 spectrofluorimeter (Hitachi, Japan)
equipped with a coiled glass flow cell (1.0 mm i.d., 20 mm

Fig. 1 Schematic diagram of
the FIA-CL manifold used for
determining naproxen (NAP).
P1, P2, peristaltic pumps; V,
injection valve; T, Y-pieces;
W, waste

884 J Fluoresc (2012) 22:883–890



total diameter) was used for detecting and recording the CL
intensity of the reaction product. For the CLmeasurement, the
light source of the spectrofluorimeter was switched off. The
high voltage for the photomultiplier tube (PMT) (Model R
928, Hamamatsu, Japan) was set to 950 V. The UV-1800
(Shimadzu, Japan) spectrophotometer was used to record the
absorption spectrum.

Synthesis of Silver Nanoparticles (Ag NPs)

Ag NPs were prepared by chemical reduction of silver
nitrate using sodium borohydride as a reducing agent in
aqueous solution according to the procedure described in
the literature [30] with slight modification. Briefly, 25 mL of
1 mmol L−1 AgNO3 aqueous solution was added to 75 mL
of 2 mmol L−1 NaBH4 aqueous solution dropwise with
vigorous stirring. During the mixing, the mixture was turned
to bright yellow, and this color change indicated that the
reduction of silver ions was completed. After 10 min, 5 mL
aqueous solution of sodium citrate (1% w/w) was added to
the resultant solution to stabilize the Ag NPs. The colloidal
solution of Ag NPs was stirred for another 20 min and
stored for 2 days at 4 °C before use. The prepared Ag NPs
were characterized by a transmission electron microscopic
(TEM) image using a transmission electron microscope
(Hitachi-7100, Japan) with an accelerating voltage of
100 kV. The TEM image of the Ag NPs (Fig. 2) shows the
morphology of the particles, from which their average di-
ameter was calculated as 15±2 nm.

Procedure

The whole experiment for measuring all the CL, FL and
UV–vis spectra was performed at room temperature. As
shown in Fig. 1, the carrier water was pumped into the flow
cell by pump P2 at a flow rate of 3.0 mL min−1. The Eu3+

and Na2S2O4 solutions were injected using a six-way valve

also at a flow rate of 3.0 mL min−1. The Ce(IV) solution and
the mixture of NAP and Ag NP solution were delivered by
pump P2 at a flow rate of 1.5 mL min−1, and mixed with the
Eu3+ and Na2S2O4 solutions at the T-piece before entering
the flow cell. The mixed solution stream was transferred into
the flow cell in the spectrofluorimeter, accompanying the
increase of the CL intensity. The CL signal produced in the
flow cell was recorded by adjusting the PMT and introduced
into the computer for data acquisition.

Results and Discussion

Enhancement of CL Intensity of Eu3+-NAP-Ce(IV)-
Na2S2O4 by Ag NPs

The redox reaction of Ce(IV)-Na2S2O4 produced a weak CL
signal in the acidic medium (shown in Fig. 3, curve a). The CL
intensity was increased when Eu3+ was added into the Ce(IV)-
Na2S2O4 system (Fig. 3, curve b). When NAP was introduced
into the Eu3+-Ce(IV)-Na2S2O4 system, the CL intensity was
enhanced significantly (Fig. 3, curve c). Figure 3 (curve d)
indicated that the CL intensity of the Eu3+-NAP-Ce(IV)-
Na2S2O4 system was markedly enhanced in the presence of
Ag NPs, and hence that the CL intensity of the presented
system was markedly improved with the addition of Ag NPs.

Optimization of Experimental Conditions

Choice of Inorganic Acids

The kind and concentration of the acid used in the reaction
significantly affect the enhancement of the CL intensity.

Fig. 2 TEM image of the prepared Ag NPs

Fig. 3 CL profiles of the Ce(IV)-Na2S2O4-Eu
3+-NAP-Ag NPs system: a

Ce(IV)-Na2S2O4; bCe(IV)-Na2S2O4-Eu
3+; c Ce(IV)-Na2S2O4-Eu

3+-NAP;
and d Ce(IV)-Na2S2O4-Eu

3+-NAP-Ag NPs. Conditions: NAP,
220 ng mL−1; H2SO4, 40 mmol L−1; Ce(IV), 0.13 mmol L−1; Na2S2O4,
0.22 mmol L−1; Eu3+, 0.25 mmol L−1; Ag NPs, 0.7 mmol L−1
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Thus, several inorganic acids such as HCl, HNO3, H3PO4

and H2SO4 were added to the Ce(IV) solution to investigate
the effect of each acid on the CL signal. H2SO4-treated Ce
(IV) exhibited the strongest CL intensity and the most stable
signal. Hence, H2SO4 acid was selected for this experiment.
In investigating the effect of the H2SO4 concentration,
40 mmol L−1 H2SO4 in Ce(IV) solution showed the maxi-
mum CL signal. Hence, 40 mmol L−1 H2SO4 acid was
chosen for further study.

Effect of Ce(IV) Concentration

The effect of the Ce(IV) concentration on the CL intensity
was investigated in the range of 0.02 to 0.25 mmol L−1. The
CL intensity was increased with increasing Ce(IV) concen-
tration up to 0.13 mmol L−1 (Fig. S1, supplementary mate-
rial). Thus, a Ce(IV) concentration of 0.13 mmol L−1 was
chosen for the subsequent experiments.

Effect of Na2S2O4 Concentration

Na2S2O4 was used as reductant in this CL system and thereby
affected the system sensitivity. The effect of Na2S2O4 concen-
tration on the CL intensity was studied in the range of 0.13–
0.3 mmol L−1. The maximum CL intensity was obtained with
a Na2S2O4 solution concentration of 0.22 mmol L−1 (Fig. S2,
supplementary material).

Effect of Eu3+ Concentration

The effect of Eu3+ concentration on the CL signal was
investigated over the range of 0.02–0.47 mmol L−1. The
CL intensity was increased with increasing Eu3+ concentra-
tion (Fig. S3, supplementary material). By considering the
sensitivity and reagent consumption, 0.25 mmol L−1 Eu3+

was selected for further study.

Effect of Ag NP Concentration

The concentration of colloidal Ag NPs can greatly influence
the CL intensity of the system. The effect of the Ag NP
solution was studied over the concentration range of the
colloidal solution from 0.2 to 1.2 mmol L−1. The CL inten-
sity of the system peaked with 0.7 mmol L−1 colloidal
solutions of Ag NPs (Fig. S4, supplementary material).
When the colloidal solution of Ag NPs was added to the
Eu3+-NAP complex, the local refractive index around the
complex may have been changed, leading to the modifica-
tion of the electric dipole transition rate. The colloidal
solution concentration of more than 0.7 mmol L−1 may have
distorted the local field arising from the self interaction of
plasmon electrons of Ag NPs [31]. This effect may have

resulted in the quenching of luminescence intensity. Hence,
the Ag NP colloidal solution of 0.7 mmol L−1 was selected
in this study in order to maximize the CL signal.

Possible Interaction Mechanism

The reaction of Ce(IV) with S2O4
2− in an acidic medium has

been studied in detail. In an acidic medium, Na2S2O4 can
produce HSO3

−, which can be oxidized by Ce(IV) to pro-
duce the hydrogen sulfite radical HSO3*. The HSO3* radi-
cal then form S2O6

− and excited intermediate product SO2*.
When SO2* relaxes to its ground state, a photon is emitted
[32] in the spectral region of 300 to 450 nm [33]. However,
the CL intensity is weak because of the low luminescence

Scheme 1 Possible reaction mechanism of the Ag NP-enhanced
Eu3+-NAP-Ce(IV)-Na2S2O4 chemiluminescence (CL) system

Fig. 4 UV-visible absorption spectra of the system: a NAP; b Eu3+-
NAP; c Ag NPs; d NAP-Ag NPs; and e Eu3+-NAP-Ag NPs. Condi-
tions; NAP, 220 ng mL−1; Eu3+, 0.25 mmol L−1; Ag NPs, 0.7 mmol L−1
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efficiency of SO2*. The excited SO2* transfers its energy to
a fluorophore with an absorption band at 300~450 nm [34],
which is used to enhance the CL intensity. NAP can form a
chelate with Eu3+ (Eu3+-NAP). When Eu3+ and NAP are
added to the Ce(IV)-Na2S2O4 system, the energy of the
excited SO2* is transferred to Eu3+ through NAP (shown
in Scheme 1). It was assumed that the excited SO2* and
Eu3+-NAP are both adsorbed by AgNPs and the excited SO2*
transfers its energy to the Eu3+-NAP more easily because of
the high electronic sensitivity of the Ag NPs (Scheme 1).
Hence, Eu3+ was well excited with the aid of Ag NPs which
enhanced the CL intensity significantly.

To investigate the mechanism, the UV-visible absorption
and fluorescence spectra of NAP, Eu3+, Ag NPs and their
mixture were studied and the results are shown in Figs. 4
and 5. NAP exhibited two absorption peaks at 261 and
273 nm (Fig. 4a). The absorption spectra of NAP were

increased with a red shift from 261 and 273 nm to 268
and 282 nm, respectively, (Fig. 4b) when Eu3+ was added
to NAP solution, indicating the formation of the Eu3+-NAP
complex. Ag NPs showed a notable absorption peak at
399 nm (Fig. 4c), which was red shifted to 435 nm
(Fig. 3d) when NAP was mixed with Ag NPs solution. In
the presence of Ag NPs, the absorption intensity of the Eu3+-
NAP complex was increased (Fig. 4e), indicating that more
energy had been transferred to Eu3+.

The fluorescence spectra of NAP, Ag NPs-NAP, Eu3+,
Eu3+-NAP and Eu3+-NAP-Ag NPs are presented in Fig. 5.
In the fluorescence spectra, NAP exhibited a characteristic
fluorescence signal at about 352 nm (Fig. 5a). When Ag
NPs were added to the NAP solution, the fluorescence signal
was increased (Fig. 5b), indicating that Ag NPs were favor-
able for the excitation of NAP. Eu3+ showed characteristic
fluorescence peaks at 591 and 614 nm (Fig. 5c),
corresponding to the 5D0-

7F1 and 5D0-
7F2 transitions of the

Eu3+ ion, respectively. When NAP was mixed with Eu3+

solution, the fluorescence intensity was increased significantly
(Fig. 5d), which indicated the formation of the Eu3+-NAP
complex. The characteristic fluorescence peak was enhanced
markedly by the introduction of Ag NPs into the Eu3+-NAP
system. This phenomenon indicated that the formation of the
Eu3+-NAP complex enabled more energy to be transferred to
Eu3+ with the aid of Ag NPs. Moreover, according to Förster
theory, there should have some overlaps between the FL
spectrum of the donor and the absorption spectrum of the
acceptor to promote energy transfer efficiently. It can be
illuminated that energy transfer occurred easily between
NAP and Eu3+ because of the strong spectral overlap be-
tween the FL spectra of donor (NAP) and the absorption
spectra of accepter (Eu3+) (Fig. S5, supplementary material).
The above explanation further supports the CL reaction
mechanism.

Fig. 5 Fluorescence emission spectra of the system: a NAP; b NAP-Ag
NPs; c Eu3+; d Eu3+-NAP; and e Eu3+-NAP-Ag NPs. Conditions; NAP,
220 ng mL−1; Eu3+, 0.25 mmol L−1; Ag NPs, 0.7 mmol L−1

Table 1 Merits of comparable
methods for determining NAP

LOD Limit of detection

Methods/reagents Analytical ranges LODs Ref.

Spectrophotometry 500–3,500 ng mL−1 160 ng mL−1 [2]

Spectrofluorimetry 50–200 ng mL−1 30 ng mL−1 [6]

Phosphorimetry 10–400 ng mL−1 2.7 ng mL−1 [8]

HPLC 40–2,000 ng mL−1 16 ng mL−1 [14]

Chemiluminescence
(Ce(IV) in acidic medium)

100–1,000 ng mL−1 15 ng mL−1 [17]

Chemiluminescence
(sulfite-SDBS system in HCl)

1.0–700 ng mL−1 0.9 ng mL−1 [18]

Chemiluminescence
(KMnO4-Na2SO3)

4.0–1,000 ng mL−1 100 ng mL−1 [19]

Chemiluminescence (Eu3+-KIO4-H2O2) 50–5,000 ng mL−1 500 ng mL−1 [21]

Chemiluminescence
(Ce(IV)-Na2S2O4-Eu

3+-NAP-Ag NPs)
1.0–420 ng mL−1 0.11 ng mL−1 Proposed method

J Fluoresc (2012) 22:883–890 887



Analytical Performance

Under the optimum conditions described above, a calibration
graph of the CL intensity versus the NAP concentration was
obtained. The CL intensity was increased with increasing
NAP concentration in the linear range of 1 to 420 ng mL−1,
according to the regression equation of Y06.02CNAP +956
(r00.9992), where CNAP is the NAP concentration and Y the
CL intensity in arbitrary unit (a.u.). The limit of detection
(LOD) as defined by IUPAC, CLOD 0 3 * Sb/m (where Sb is
the standard deviation of the blank signals and m is the slope
of the calibration graph), was 0.11 ng mL−1 and the relative
standard deviation (RSD) was 1.15% for 5 replicate determi-
nations of 20 ng mL−1 NAP. The sensitivity of the presented
method is compared with that of other reported methods in
Table 1: the presented method offered higher sensitivity for
determining trace amounts of NAP.

Interference Study

The effects of the potentially interfering species were exam-
ined in the determination of NAP for application of the
presented method in pharmaceutical and biological samples.
The tolerance level was defined as the amount of foreign
species that produce an error not exceeding 5% in deter-
mining the analytes. The effect of potential interferents was

therefore investigated by preparing a set of solutions, each one
with 100 ng mL−1 of the NAP plus a different concen-
tration of the chemical species to be tested. The results
implied that the foreign species did not interfere in the
determination of NAP at the level of 1,000 fold for K+,
Mg2+,Ca2+, Ni2+, NO3−, and CO3

2−, 800 fold for dex-
trin, urea, uric acid, Zn2+, Ba2+, Cu2+, and Cd2+, 500
fold for starch, glucose, and lactose, 100 fold for Al3+,
Mn2+, Fe2+, Fe3+, and Co2+, 50 fold for mannitol, sorbitol,
and cellulose, and 10 fold for ascorbic acid, and salicylic acid.
These results demonstrated the good selectivity of the pre-
sented method and its potential for successful application to
determine NAP in pharmaceutical and biological samples.

Analytical Application

Determination of NAP in Pharmaceutical Samples

The presented method was applied to assay NAP in commer-
cially available NAP tablets. Ten NAP tablets were weighed
and ground into fine powder by pestle in a mortar. An accu-
rately weighed portion of powder equivalent to 50 mg of NAP
was accurately weighed and dissolved with DI water. The
dissolved solution was filtered through a Millipore membrane
filter paper, diluted appropriately with DI water and deter-
mined by the proposed method. The obtained results are

Table 2 Analytical results of NAP in pharmaceutical samples

Sample Amount (mg) Standard addition method

Active ingredient
label

Found by the proposed
method ± RSDa

Added
(×10−7 g mL−1)

Observed
(×10−7 g mL−1) ± RSDa

Recovery (%)

1 50 51.05±1.11 1.0 1.03±0.82 103

3.0 2.97±1.05 99

5.0 4.91±1.47 98.2

2 50 48.86±1.65 1.0 1.02±1.35 102

3.0 3.11±1.45 103.66

5.0 5.07±1.12 101.4

a Relative standard deviation for five replicate measurements

Table 3 Analytical results of
NAP in urine samples

aRelative standard deviation for
five replicate measurements

Sample Added
(μg mL−1)

Found
(μg mL−1) ± RSDa

Standard addition method

Added
(×10−7 g mL−1)

Found
(×10−7 g mL−1) ± RSDa

Recovery (%)

Urine 1.0 1.04±1.19 2.0 1.98±1.03 99

4.0 4.06±1.71 101.5

6.0 6.02±0.82 100.33

8.0 7.89±1.11 98.62

10.0 10.13±1.23 101.3
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summarized in Table 2 and indicated that the determination of
NAP in the pharmaceutical samples was in good agreement
with the labeled contents. Recoveries were found in the range
of 98.2–103.66% for NAP.

Determination of NAP in Spiked Human Urine

The proposed method was applied to determine NAP in spiked
human urine. Samples of 1.0 mL of urine were collected from a
healthy person. A known amount of NAP standard solution
was added to the prepared spiked urine sample and diluted
within the working range of determination. The results are
listed in Table 3. The recoveries of NAP contents in the urine
sample were 98.62–101.5%, which demonstrated the accuracy
of the proposed method in determining NAP in urine samples.

Conclusion

In the present study, Ag NPs exhibited strong catalytic activity
and markedly enhanced the CL intensity of the Eu3+-NAP-Ce
(IV)-Na2S2O4 system in determining NAP. This was attributed
to the assumed behavior of Ag NPs in enhancing the CL
intensity of the system by accelerating the energy transfer
process from SO2* to NAP and from NAP to Eu3+ in aqueous
solution. This enhancement of CL intensity was proportional
to the NAP concentration, which showed a good linear rela-
tionship over the range of 1–420 ng mL−1 with a low LOD
(0.11 ng mL−1). The presented method displayed good results
in an assay of NAP in tablets and a urine sample. Based on
these experimental results, the introduction of Ag NPs and Eu3
+ to the Ce(IV)-Na2S2O4-NAP system enhanced the CL inten-
sity, thereby demonstrating the potential role of Ag NPs as an
enhancer in the CL system capable of expanding the analytical
applications of nanomaterials and of meliorating the CL
method.

Acknowledgement This work was supported by the Priority Re-
search Centers Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education, Science and Tech-
nology (2009-0093819).

References

1. Boynton CS, Dick CF, Mayer GH (1988) NSAIDs: an overview. J
Clin Pharmacol 28:512–517

2. Gondalia RP, Dharams AP (2010) Spectrophotometric simulta-
neous estimation of naproxen sodium and sumatriptan succinate
in tablet dosage forms. Int J Pharmaceut Biomed Sci 1:24–26

3. Khan IU, Aman T, Ashraf A, Kazi AA (1999) Spectrophotometric
determination of naproxen in pure and pharmaceutical prepara-
tions. Anal Lett 32:2035–2050

4. Damiani P, Bearzotti M, Cabezón MA (2002) Spectrofluorimetric
determination of naproxen in tablets. J Pharm Biomed Anal
29:229–238

5. Damiani PC, Borraccetti MD, Olivieri AC (2002) Direct and
simultaneous spectrofluorimetric determination of naproxen and
salisylate in human serum assisted by chemometric analysis. Anal
Chim Acta 471:87–96

6. Maher HM (2008) Simulteneous determination of naproxen and
diflunisal using synchronous luminescence spectrometry. J Fluo-
resc 18:909–917

7. Zhu G, Ju H (2004) Determination of naproxen with solid substrate
room temperature phosphorimetry based on an orthogonal array
design. Anal Chim Acta 506:177–181

8. Suryanarayanan V, Zhang Y, Yoshihara S, Shirakashi T (2005) Vol-
tametric assay of naproxen in pharmaceutical formulations using
boron dopped diamond electrode. Electroanalysis 17:925–932

9. Adhouma N, Monser L, Toumi M, Boujlel K (2003) Determina-
tion of naproxen in pharmaceuticals by differential pulse voltam-
metry at a platinum electrode. Anal Chim Acta 495:69–75

10. Aresta A, Carbonara T, Palmisano F, Zambonin CG (2006) Profiling
urinary metabolites of naproxen by liquid chromatography-
electrospray mass spectrometry. J Pharm Biomed Anal 41:1312–1316

11. Aresta A, Palmisano F, Zambonin CG (2005) Determination of
naproxen in human urine by solid phase microextraction coupled
to liquid chromatography. J Pharm Biomed Anal 39:643–647

12. Phillips TM, Wellner EF (2006) Measurement of naproxen in
human plasma by chip based immunoaffinity capillary electropho-
resis. Biomed Chromatogr 20:662–667

13. Sun Y, Zhang Z, Xi Z, Shi Z (2009) Determination of naproxen in
human urine by high-performance liquid chromatography with
direct electrogenerated chemiluminescence detection. Talanta
79:676–680

14. Hsu YH, Liou YB, Lee JA, Chen CY, Wu AB (2006) Assay of
naproxen by high performance liquid chromatography and identi-
fication of its photoproducts by LC-ESI MS. Biomed Chromatogr
20:787–793

15. Monser L, Darghouth F (2003) Simultaneous determination of
naproxen and related compounds by HPLC using porous graphitic
carbon column. J Pharm Biomed Anal 32:1087–1092

16. Campiglio A (1998) Determination of naproxen with chemilumi-
nescence detection. Analyst 123:1571–1574

17. Cheng X, Zhao L, Liu M, Lin JM (2006) In vitro monitoring of
nanogram levels of naproxen in human urine using flow injection
chemiluminescence. Anal Chim Acta 558:296–301

18. Li Y, Lu J (2006) Flow injection chemiluminescence determination
of naproxen based on KMnO4-Na2SO3 reaction in neutral aqueous
medium. Anal Chim Acta 577:107–110

19. Zisiou EP, Pinto PCAG, Saraiva MLMFS, Siquet C, Lima JLFC
(2005) Sensitive sequential injection determination of naproxen
based on interaction with β-cyclodextrin. Talanta 68:226–230

20. Du J, Li D, Lu J (2010) Chemiluminescence determination of
naproxen based on europium (III)-sensitized KIO4-H2O2 reaction.
Lumines 25:76–80

21. Xu SL, Cui H (2007) Luminol chemiluminescence catalysed by
colloidal platinum nanoparticles. Lumines 22:77–87

22. Wang L, Yang P, Li Y, Chen H, Li M, Luo F (2007) A flow
injection chemiluminescence method for the determination of flu-
oroquinolone derivative using the reaction of luminal and hydro-
gen peroxide catalyzed by gold nanoparticles. Talanta 72:1066–
1072

23. Yu X, Bao J (2009) Determination of norfloxacin using gold
nanopartilces catalyzed cerium(IV)-sodium sulfite chemilumines-
cence. J Lumines 129:973–978

24. Sheng Z, Han H, Yang G (2011) A novel method for sensing of
methimazole using gold-nanoparticles catalyzed chemiluminescent
reaction. Lumines 26:196–201

J Fluoresc (2012) 22:883–890 889



25. Guo JZ, Cui H, Zhou W, Wang W (2008) Ag nanoprticles-
sensitized chemiluminescent reaction between luminal and hydro-
gen peroxide. J Photochem Photobiol Chem 193:89–96

26. Haghighi B, Bozorgzadeh S (2010) Flow injection chemilumines-
cence determination of isoniazid using luminol and silver nano-
particles. Microchem J 95:192–197

27. Li D, Du J, Lu J (2008) Europium(III)-sensitized chemilumines-
cence determination of ibuprofen in pharmaceutical preparations
and biological fluids. Anal Lett 41:1366–1374

28. Li D, Du J, Lu J (2008) Chemiluminescence determination of
atenolol in biological fluids by a europium-sensitized
permanganate-sulfite system. Microchim Acta 161:169–173

29. Wang XL, Li AY, Zhao HC, Jin LP (2009) Lanthanide sensitized
chemiluminescence method of flow injection for the determination
of ulifloxacin and prulifloxacin. J Anal Chem 64:75–81

30. Solomon SD, Bahadory M, Jeyarajasingam AV, Rutkowsky SA,
Boritz C (2007) Synthesis and study of silver nanoparticles. J
Chem Educ 8:322–324

31. Wang Y, Zhou J, Zong R, Shi S, Wang T, Li B (2006) Enhance-
ment effect of terbium complex luminescence by binding to silver
nanoparticles in the solution. Optoelectron Lett 2:316–319

32. Paulls DA, Townshend A (1996) Enhancement by cycloal-
kanes of the chemiluminescent oxidation of sulfite. Analyst
121:831–834

33. Chen SL, Liu Y, Zhao HC, Jin LP, Zhang ZL, Zheng YZ (2006)
Determination of norfloxacin using a terbium-sensitized electro-
generated chemiluminescence method. Lumines 21:20–25

34. Huang Y, Zhang C, Zhang X, Zhang Z (1999) Chemiluminescence
of sulfite based on auto-oxidation sensitized by rhodamine 6G.
Anal Chim Acta 391:95–100

890 J Fluoresc (2012) 22:883–890


	Silver...
	Abstract
	Introduction
	Experimental
	Reagents and Sample Solutions
	Apparatus
	Synthesis of Silver Nanoparticles (Ag NPs)
	Procedure

	Results and Discussion
	Enhancement of CL Intensity of Eu3+-NAP-Ce(IV)-Na2S2O4 by Ag NPs
	Optimization of Experimental Conditions
	Choice of Inorganic Acids
	Effect of Ce(IV) Concentration
	Effect of Na2S2O4 Concentration
	Effect of Eu3+ Concentration
	Effect of Ag NP Concentration


	Possible Interaction Mechanism
	Analytical Performance
	Interference Study
	Analytical Application
	Determination of NAP in Pharmaceutical Samples
	Determination of NAP in Spiked Human Urine

	Conclusion
	References




