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The fluorescence characteristic of the yttrium–norfloxacin system
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Abstract

In this paper, a simple, rapid and sensitive spectrofluorimetric method based on the formation of yttrium complexes has been developed for
the determination of norfloxacin (NFLX). The affecting factors of the enhancement were studied in detail. Under optimum conditions, a linear
relationship was obtained between the enhanced fluorescence intensity and the NFLX concentration in the range 1.0× 10−9 to 1.0× 10−5 mol/l
and the detection limit of NFLX was 3.8× 10−11 mol/l (S/N= 3). The method is applied for the determination of NFLX in actual sample
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norfloxcain eye drops), the average recovery is 102.4% (n= 5), and the result obtained is satisfactory.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Norfloxacin (NFLX) is the third generation quinolone syn-
hetic antibiotic, which has the characteristic of broad bac-
erium contradicting, small side-effects and cross-resistance
ith other drugs, so has been widely used for the clinic. It
orks by entering the bacterial cell and inhibiting a chemical
alled DNA-gyrase, which is involved in the production of
enetic material (DNA). This, therefore, prevents the bacte-
ia from reproducing and their growth is stopped. Norfloxacin
eaches high levels in the urine and so is used in the treat-
ent of urinary tract infections. Its structure is shown in the

ollowing:

∗

The reported determination methods of NFLX focu
on: spectrometry[1], polarography[2], HPLC[3] and spec
trofluorimetry[4–5]. Because of the high sensitivity and
lectivity, the spectrofluorimetry has been widely used to
analysis of pharmaceutical. Using rare earth Tb3+ as fluores
cence probe to detect NFLX have been reported[6–9], NFLX
can transfer energy to Tb3+ and enhance Tb3+ fluorescence
The fluorescence of Y3+ itself in solution is not observed, b
after combine with an organic ligand with a chromoph
Y3+ may enhance the fluorescence of the ligand (NFLX
this paper, the Y–NFLX fluorescence system was stu
the Y3+ could form complexes with NFLX, which emitte
the strong fluorescence. The proposed method is simpl
sensitive.

2. Experimental

2.1. Apparatus

All fluorescence intensities were measured on a F-
Corresponding author.
E-mail address:wux@sdu.edu.cn (X. Wu).

spectrofluorimeter (Hitachi, Japan). All pH measurements
were made with a Delta 320-S pH meter (Mettler Toledo). All
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absorption spectra were recorded with U-5100 spectropho-
tometer (Hitachi, Japan).

2.2. Reagents and solutions

Stock standard solution of Y3+ (1.0× 10−2 mol/l) was pre-
pared by dissolving the yttrium oxides (Y2O3, 99.9%, Yue-
long chemical plant, Shanghai, China) in hydrochloric acid
(1:1) and heating until nearly dry then diluting with doubly
distilled water.

Stock solution of NFLX (Sanxing plant, Shandong, China)
(1.0× 10−3 mol/l) was prepared by dissolving the appropri-
ate amount of NFLX with 0.1 mol/l NaOH, and diluted with
doubly distilled water.

A 0.2 mol/l Tris–HCl buffer solution was prepared by dis-
solving 12.12 g Tris in 500 ml volumetric flask with water
and adjusted the pH with HCl.

All the reagents were of analytical grade and doubly dis-
tilled water was used throughout.

2.3. Experimental procedure

To a 25 ml test tube, appropriate amount of NFLX, 1.5 ml
1.0× 10−3 mol/l Y3+ and 2.0 ml of 0.2 mol/l Tris buffer so-
lution were added. The mixture was diluted to 10 ml with
distilled water, shaken and allowed to stand for 10 min. The
fluorescence intensity of the system was measured in a 1 cm
q 276
a slits
w

3

3

N X

Fig. 2. Effect of pH on the fluorescence intensity. Conditions:
1.5× 10−4 mol/l Y3+, 1.0× 10−5 mol/l NFLX, 4.0× 10−2 mol/l Tris.

could emits fluorescence. The wavelengths of the excitation
and emission peaks were at 276.0 and 425.0 nm, respectively.
After adding Y3+ solution, the wavelength of the emission
peak blue shift and the fluorescence intensity was greatly
enhanced. The emission peak shifts to a shorter wavelength
from 440 nm (NFLX system) to 425 nm (NFLX–Y3+ sys-
tem), which indicated that complexes were formed. So the
emission wavelength of 425 nm was selected for the further
experiment.

3.2. Optimization of the general procedure

3.2.1. Effects of pH and buffers solution
Fig. 2shows the effect of pH on the fluorescence intensity

of the system. The maximum fluorescence intensity obtained
in the range of pH 5.8–6.5. Fixing pH 6.2, the effects of
different kinds of buffers on the fluorescence intensity of the
system are shown inTable 1, which indicates that Tris–HCl
is the best of the buffers tested, so the Tris–HCl buffer was
chosen for assay and the optimum volume of buffer is 2.0 ml.

F a (= 425
N X, 4.0×
uartz cell with excitation and emission wavelengths of
nd 425 nm, respectively. The excitation and emission
ere both 5 nm.

. Results and discussion

.1. Fluorescence spectrum

Excitation and emission spectra of Y3+ (1), NFLX (2) and
FLX–Y3+ (3) are shown inFig. 1. It can be seen that NFL

ig. 1. Fluorescence spectra of Y–NFLX system: (a) excitation spectrλem

FLX–Y3+ –Tris. Conditions: 1.5× 10−4 mol/l Y3+, 1.0× 10−5 mol/l NFL

nm); (b) emission spectra (λex = 276 nm). (1) Y3+–Tris, (2) NFLX–Tris, (3)

10−2 mol/l Tris, pH 6.2.
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Table 1
Effects of buffer solutions
aIf (%) Buffers

37.4 NH4Ac–HAc
35.2 Citric acid–citrate

100 Tris–HCl
91.2 HMTA–HCl
36.1 KH2PO4–NaOH
a The data relative to the Tris–HCl values.

3.2.2. Effect of Y3+ concentration
The effect of the Y3+ concentration on the fluorescence

intensity of the systems was studied with constant concen-
tration of NFLX (1.0× 10−5 mol/l) (Fig. 3). FromFig. 3, it
can be seen that when the concentration of Y3+ was lower
than 1.2× 10−4 mol/l, the fluorescence intensity enhanced
with the increase of Y3+ concentration, then the fluorescence
intensity reached a maximum and remained stable. So in
further experiments, the concentration of Y3+ was fixed at
1.5× 10−4 mol/l.

3.2.3. Effect of addition order
The effect of addition order on the fluorescence intensity

of the system was studied. The results show that the addition
order of NFLX–Y3+–Tris is the best.

3.2.4. Stability test
The experiments indicated that at room temperature the

fluorescence intensity of NFLX–Y system reached a maxi-
mum after 10 min and remained stable at least for 3 days.

3.2.5. Effect of foreign iron
On the optimum experimental conditions, the effects of

substances including the familiar metal ions and rare earth
irons on the fluorescence intensity of the system were tested,
a
h caus-

F
4

Table 2
Interfere test

Foreign substance Coexistance concentration
(10−6 mol/l))

Changed of
�If (%)

K+Cl− 60 −4.7
Al3+NO3

− 2.0 +4.3
Mg2+SO4

2− 1.0 +4.6
Na+CO3

2− 30 −4.7
Ba2+Cl− 480 −4.6
Mn2+SO4

2− 20 −4.4
Zn2+SO4

2− 20 −4.0
Fe3+Cl− 10 −4.7
Na+Cl− 300 −4.8
Fe3+SO4

2− 0.3 −5.2
Al3+Cl− 80 +4.9
NH4

+Cl− 200 −3.9
Na+SO4

2− 600 −4.8
Ca2+Cl− 300 −2.2
Tb3+ 3.5 −4.7
Gd3+ 3.8 +4.4
Dy3+ 2.0 −3.9
Sc3+ 5.0 −4.6
La3+ 4.0 −3.3
Lu3+ 2.0 −4.6
Tm3+ 1.0 −4.5
Sm3+ 3.0 −4.6
Nd3+ 3.0 −4.3
Eu3+ 4.0 −3.0
Er3+ 2.0 −4.3

Condition: 1.5× 10−4mol/l Y3+, 1.0× 10−7 mol/l NFLX, 4.0× 10−2 mol/l
Tris, pH 6.2.

ing a±5% relative error in the fluorescence intensity of the
system were shown inTable 2.

3.3. Analytical application

3.3.1. Calibration curve and detection limit
Under optimum condition, there was a satisfac-

tory linear relationship between enhanced fluores-
cence intensity and NFLX concentration in the range
1.0× 10−9 to 1.0× 10−5 mol/l, the linear equation is
I = 7.34× 108C+ 145.6, the correlation coefficient was
0.9937 and the detection limit was 3.8× 10−11 mol/l
(S/N= 3). The relative standard derivation calculated from
nine determinations at 1.0× 10−7 and 1.0× 10−6 g/ml
NFLX were 1.18 and 1.36%, respectively.

3.3.2. Recovery test and sample determination
Considering the effects of tolerance ions on the fluores-

cence intensity of the system, the standard addition method
was used for determination of NFLX in actual samples. The
results obtained are satisfactory. This method can be ap-
plied for the determination of norfloxcain eye drops (Shan-
dong Lukang Cisen Pharmaceutical Co. Ltd.), the recovery
of NFLX in actual samples is 102.4 and 111.3% as shown in
Table 3. In comparison with the results of ultraviolet spec-
t hod
a

t 1.0× 10−7 mol/l NFLX and 1.5× 10−4 mol/l Y3+, the
ighest permissible molar excesses of the tolerance iron

ig. 3. Effect of Y3+ concentration. Conditions: 1.0× 10−5 mol/l NFLX,
.0× 10−2 mol/l Tris, pH 6.2.
rophotometry[1], it can be seen that the results of the met
re satisfactory.
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Table 3
Sample test

Determination method NFLX sample (10−6 mol/l) NFLX founded (10−6 mol/l) Average recovery (%) R.S.D. (%)

Proposed
method

0.94 1.08, 1.01, 1.03, 1.02, 1.09 111.3 2.98
1.88 1.94, 1.97, 1.92, 1. 91, 1.89 102.4 1.58

UV 9.4 13.2, 12.3, 11.8, 12.5, 12.6 132.8 4.06

Table 4
Comparison with common fluorescence methods for NFLX

Fluorescence method Determination wavelength (nm) LOD (ng/ml) Reference

Tb3+ 545 50a [10]
Sc3+–SDS 430 0.6a [5]
Tb3+–TOPO–cetylpyridinium chloride 546 200a [7]
SDS 435 200 [11]
Sodium bis(2-ethylhexyl)sulfosuccinate (AOT)–water–octane 436 3.2 [12]
Zr, Mo, V or W 423–430 1.214–2.046 [4]
This method 425 0.038

a Units in nM.

Fig. 4. Absorption spectra. (1) Y3+–Tris, (2) NFLX–Tris, (3)
NFLX–Y3+–Tris. Conditions: 1.5× 10−4 mol/l Y3+, 1.0× 10−5 mol/l
NFLX, 4.0× 10−2 mol/l Tris, pH 6.2.

3.4. Luminescence mechanism

The absorption spectra (Fig. 4) showed that the absorption
peak of the NFLX–Y system shifts to a longer wavelength
than that of NFLX system. FromFig. 1, it can be seen that
after adding Y3+ to the system of NFLX, the fluorescence
spectrum of the system changed in wavelength shift and the
fluorescence intensity was enhanced. This indicated that the
fluorescence of this system belong to Y3+ perturbed fluores-
cence of ligand or L* –L luminescence.

4. Conclusion

It is found that NFLX and Y3+ can form complexes, which
emit strong fluorescence. Based on the formation of yttrium

complexes, a new method for determination NFLX is pro-
posed. The detection limits is 3.8× 10−11 mol/l (S/N= 3).
This method is used for the determination of NFLX in actual
sample, and the result obtained is satisfactory. This method
is sensitive comparison with other methods (Table 4).
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