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Highly sensitive and rapid method for the determination of prulifloxacin (PUFX) has been developed on the

basis of ion association reaction of PUFX, Y(III) and eosin Y (EY). In pH 6.5 BR buffer medium, PUFX re-

acts with Y(III) to form a 2:1 cationic chelate which further reacts with EY to form 2:1 ion-association com-

plex. As a result, not only the spectra of absorption are changed, but quenching of fluorescence and significant

enhancement of resonance Rayleigh scattering (RRS) is observed. Furthermore, a new RRS spectrum would

appear, and the maximum RRS wavelength was located at about 375 nm. The fluorescence quenching (FQ)

and enhanced RRS intensity were directly proportional to the PUFX concentration in the ranges of

1.5 – 7.6 �g mL
–1
and 0.004 – 3.0 �g mL

–1
with detection limits 8.5 ng mL

–1
and 1.1 ng mL

–1
, respectively.

The optimum conditions of RRS method and the effects of coexisting substances on the reaction were investi-

gated. In addition the composition of ion-association complexes, the reaction mechanism, the energy transfer

between absorption, fluorescence and RRS and reasons for RRS enhancement were discussed. The methods

were applied to the determination of PUFX in pharmaceutical samples with satisfactory results.

Keywords: prulifloxacin; resonance Rayleigh scattering enhancement; fluorescence spectrometry; antibiot-

ics.

1. INTRODUCTION

Prulifloxacin (PUFX), or (�)-6-fluoro-1-methyl-7-[4-

(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl-1-piperazinyl]-4-

oxo-4H-[1,3]thiazeto[3, 2-a]quinoline-3-carboxylic acid

(Fig. 1), is the prodrug of ulifloxacin. It belongs to the class

of fourth-generation synthetic fluoroquinolone antibiotics

with broad-spectrum in vitro activity against various

Gram-negative and Gram-positive bacteria, which acts di-

rectly on bacterial DNA gyrase inhibiting cell reproduction

that leads to cell death [1]. PUFX contains a quinolone skele-

ton with a four-member ring in 1,2-position, including a

sulfur atom to increase antibacterial activity and anoxodio-

xolenylmethyl group in the 7-piperazine ring to improve oral

absorption. After oral administration, prulifloxacin is ab-

sorbed in the intestine and enters the circulation, where it is

immediately and quantitatively transformed into its active

metabolite utifloxacin [2], and other metabolites accounting

for 15% of the administered dose [3].

Several methods have been reported for the determina-

tion of PUFX, including HPLC coupled with UV detection

[4], fluorescence detection [5] and mass spectrometry [6],

headspace capillary gas chromatography [7], capillary elec-

trophoresis [8], spectrofluorimetry [9, 10], and chemilumine-

scence [11, 12, 13]. Among these, HPLC has good sensitiv-

ity, accuracy, and precision, but sample processing is compli-

cated, the analytical condition is harsh, and the

instrumentation is expensive. The method of headspace cap-

illary gas chromatography also has some limitations since

running of equipment is costly and life span is short. To over-

come these disadvantages, other methods such as fluorimetry

and chemiluminescence have been developed, but these

methods have somewhat insufficient sensitivity or selectiv-
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ity. The fluorimetric techniques are mainly based on comple-

xation with Al(III), Y(III) and Tb(III). However the sensitiv-

ity is not high enough as the detection limits range from

8.5 � 10
–9

to 2 � 10
–8

M. Therefore, it is necessary to de-

velop new and fast spectral methods with high sensitivity,

good selectivity and simplicity to determine PUFX traces.

Resonance Rayleigh scattering (RRS), as a sensitive and

simple detection technique, has been applied to determine

macromolecules such as nucleic acids [14], proteins [15],

heparin [16], metal ions [17], non-metal ions [18], and or-

ganic compounds [19]. In recent years, RRS has been in-

creasingly used in drug analysis [20 – 22]. To the best of the

authors’ knowledge, the use of resonance Rayleigh scattering

(RRS) technique for determining PUFX has not been re-

ported until now.

In the present study, a new approach was investigated

and novel, highly sensitive and simple fluorescence quench-

ing (FQ) and RRS methods have been proposed for the deter-

mination of PUFX traces. These methods are based on the

formation of a ternary complex of Y(III), PUFX and EY. In

this work, the spectral characteristics of Y(III)–PUFX–EY

ternary ion-association complexes, optimum reactions, and

related influencing factors have been investigated. The ef-

fects of foreign substances were also examined. In addition,

the composition of the ternary ion-association complex was

investigated, and the structure of the complex and its reaction

mechanisms were considered.

2. EXPERIMENTAL PART

2.1. Instrumentation and Reagents

A Hitachi F-2500 spectrofluorophotometer (Tokyo, Ja-

pan) was used for measuring the RRS intensities with the

slits (Ex/Em) of 5.0/5.0 nm. An Elico-SL-169 double-beam

UV-VIS spectrophotometer was used for recording the ab-

sorption spectra and Elico-LI-120 pH meter was used for

measuring pH.

The concentration of PUFX stock solution (Ranbaxy

Laboratories Ltd.) was 100 �g mL
–1
and the concentration of

working PUFX solution was 40 �g mL
–1
. EY (EV, Gurr),

DIF (MV, Shanghai Specimen and Model Factory, China),

Ery (CV, Chongming Chemistry Reagent Factory, China)

working solutions were all prepared as 2.0 � 10
—4

mol L
–1
.

The solution of Y(III) (2.0 � 10
–2
M) was prepared by dis-

solving Y
2
O

3
(purity, 99.99%) in 1:1 HCl, evaporating the

solution to almost dryness, and final diluting to 100 mL with

water. The working standard solutions were prepared by

making appropriate dilutions with water. Britton–Robinson

(BR) buffer solutions with various pH were prepared by mix-

ing acids (mixture composed of 0.04M H
3
PO

4
, HAc and

H
3
BO

3
) with 0.2M NaOH in necessary proportion. The pH

values were adjusted with the aid of a pH meter. All reagents

were of analytical-grade and doubly distilled water was used

throughout.

2.2. General Procedure

Aliquot (1.0 mL) of pH 6.4 BR solution was placed in a

10.0 mL calibrated flask, followed by 0.2 mL of 1.4 � 10
–4
M

halofluorescein dye, 2 ml of 1 � 10
–5
M Y(III) solution, and

suitable amount of PUFX solution. The mixture was diluted

to the mark with water, shaken thoroughly, and allowed to

stand for 15 min. The RRS spectra of the systems were re-

corded with synchronous scanning as �
ex
= �

em
(��). The

sample and reagent blank scattering intensities (I
RRS

and

I
0

RRs
) were measured spectra of at their own maximum scat-

tering wavelength, �I
RRS =

I
RRS

– I
o

RRS
. The optical absorp-

tion and fluorescence spectra were recorded simultaneously

3. RESULTS AND DISCUSSION

3.1. RRS Spectra

The RRS spectra of Y(III)-PUFX-halofluorescein dye

(HFD) systems are shown in Fig. 2. It can be seen that RRS

intensities of PUFX, HFDs such as diiodofluorescein (DIF),

erythrosine (Ery) and eosin Y (EY) themselves are very

weak, and binary Y(III) – PUFX chelates can only result in

little enhancement of RRS intensities. When these binary

chelates further react with HFD to form ternary complexes,

RRS intensities are enhanced greatly. The three reaction

products have similar spectral characteristics as the maxi-

mum RRS peaks are all at 375 nm and the other smaller

peaks are located at 570 nm. The enhancement of I
RRS

at

375 nm is larger than that at 570; therefore, 375 nm was se-

lected for further research. The intensities of reaction prod-

ucts are different and the order of their intensities is

EY > Ery > DIF. Therefore, EY as the most sensitive probe

was selected for further studies. It can be seen that the en-

hancement in RRS intensity for Y(III)-PUFX-EY system is

proportional to the concentrations of PUFX in a certain range

(Fig. 3). Hence, the RRS method can be applied for the deter-

mination of PUFX.
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Fig. 1. Chemical structure of PUFX.



3.2. Optimum Reaction Conditions

Effect of pH. The effect of pH on the RRS intensity in

the system is shown in Fig. 4. It can be seen that RRS inten-

sity increases with increasing pH, reached a maximum be-

tween pH 6 and 6.6, and then sharply decreases. Thus, pH

6.4 was selected for subsequent experiments. The decrease in

RRS intensity may be caused by Y(III) ion deposited in a

strong alkaline medium, which blocked the coordination be-

tween PUFX and Y(III) ion. Experiments indicated that the

buffer had a large effect on the RRS intensity. Several buffers

were tested, including the following: HAc–NaAc, bo-

rax–HCl, NaHPO
4
–HCl, KH

2
PO

4
–NaOH, phthalate–NaOH,

and BR. The results indicated that BR was the best buffer of

those tested. Thus, BR buffer (pH 6.4) was selected for the

assay, and the optimum volume of BR buffer was 1.0 mL.

Effect of eosin concentration. The suitable concentra-

tion of EY (Fig. 5) was between 1.2 � 10
–5
mol L

–1
and

3.5 � 10
–5
mol L

–1
. If the concentration of EY was below

1.2 � 10
–5
mol L

–1
, the reaction could be incomplete. On the

contrary, if the EY concentration was higher than

3.5 � 10
–5
mol L

–1
, the RRS intensity could decrease because

of the formation of EY dimers by self-aggregation. Thus,

2.8 � 10
–5
mol L

–1
was chosen as the EY reaction concentra-

tion.

Effect of Y(III) concentration. The effect of Y(III) con-

centration on RRS intensities of Y(III)-PUFX-EY systems is

illustrated in Fig. 6. It can be seen that RRS intensity reached

maximum and remained stable when the concentration of

Y(III) was within 1.5 � 10
–5 –

2.5 � 10
–5

M, and then gradu-

ally decreased with further increase in the Y(III) concentra-

tion
.
Thus, the experimental concentration of Y(III) was

selected at 2 � 10
–5
M.

Effect of ionic strength. The effect of ionic strength on

the RRS intensity was investigated with NaCl solutions. The

results showed that, when the NaCl concentration was below

4.0 � 10
–2
M, I

RRS
kept constant and then gradually decreased

with increasing NaCl concentration. Thus, the ion-associa-

tion reaction should be carried out under a low ionic strength

condition. The results also indicated that the electrostatic in-

teraction was very important factor in this ion-association re-

action. When the concentration of NaCl increases, electro-

static shielding of charges reduces the formation of Y(III)-

PUFX-EY complexes.

Reaction velocity and stability. At room temperature,

the reaction finished in 15 min and the RRS intensity reached

maximum at the same time. Then, the RRS signal remained

constant for 3 h at least.

3.3. Sensitivity of the Proposed Methods

Under the optimum conditions, various concentrations of

PUFX reacted with Y(III) and EY to form ternary complex

and the intensities �I
RRS

and �F were separately measured at

their maximum scattering wavelengths after 15 min. The cal-

ibration graphs of �I
RRS

and �F against the PUFX concentra-

tion were constructed. The linear regression equations, corre-

lation coefficients, linearity ranges, and detection limits are

listed in Table 1. It can be seen from the table that both the

methods have high sensitivity with detection limits (3�)

1.29 ng mL
–1

for RRS and 8.5 ng mL
–1

for FQ. Thus, the
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Fig. 3. RRS spectra of Y(III)–PUFX–EY system with PUFX con-

centrations 0.003, 0.1, 0.8, 1.2, 1.7, 2.8 and 3.6 �g/mL (curves 1 to

7, respectively).Fig. 2. RRS spectra of Y(III)–PUFX–HFD systems: (1) DIF; (2)

ERY; (3) EY; (4) PUFX; (5) Y(III)–PUFX; (6) Y(III)–PUFX–DIF;

(7) Y(III)–PUFX–ERY; (8) Y(III)–PUFX–EY. Concentration:

[PUFX] = 3.5 �g/mL; [DIF, ERY, EY] = 2.8 � 10
–5

M;

[Y(III)] = 2.0 � 10
–5

M.



RRS method has much higher sensitivity than other common

analytical techniques (Table 2).

3.4. Structure of Complexes and Reaction Mechanism

The composition ratio of binary chelate for the

Y(III)-PUFX system and ternary complex for Y(III)-

PUFX-EY system was established by using Job’s method of

continuous variation. It is shown that the composition ratio is

1:2 for Y(III)-PUFX and 2:4:1 for Y(III)-PUFX-EY that is,

the composition of ternary ion-association complex is

[Y�PUFX
2
]
2
EY. The structure of the complex and reaction

mechanism is as follows:

Thus, Y(III) can reacts with PUFX to form 1:2 cationic

chelate [Y�PUFX
2
]
+
.

There are two types of coordinating atoms in the mole-

cule of PUFX: nitrogen and oxygen. The oxygen atom tends

to form a stable complex with rare-earth element, due to its

strong ability of coordination to rare earths. On the other

hand, the stability of a complex formed by nitrogen atom and

a rare earth is relatively poor. Usually, oxygen atoms in an

organic ligand coordinate with the rare earth in two ways, the

negatively charged oxygen atom forming a stable ionic bond

with the rare-earth ion and the electroneutral oxygen atom

forming coordinate bonds with the rare-earth ion [23]. Based

on the above discussion, a structure of the formed complex

has been proposed that is shown in Fig. 7.

In aqueous solutions, EY exists in the form of species

such as H
3
L
+
, H

2
L
+
, HL

–
and L

2–
. According to the dissocia-

tion constant of EY (pK
a =

2.10, pK
a2 =

2.85, pK
a3
= 4.95)

[24], the dominant species of EY at pH 6.4, is L
2–
, which can

react with [Y�PUFX
2
]
+
to form a ternary ion-association

complex through electrostatic attraction and hydrophobic

forces. The structure of [Y�PUFX
2
]
2
EY is shown in Fig. 7.

3.5. Effect of the Ion-Association Reaction on Spectral

Characteristics of Complexes

Effect on absorption spectra. It can be seen that PUFX

has a maximum absorption peak (�
max

) at 280 nm (Fig. 8).

When Y(III) was added, the maximum absorption peak of

PUFX underwent a blue shift from 280 nm to 275 nm with

an appreciable increase in absorbance and a new peak is ap-

peared at 350 nm with molar absorptivity 4.4 � 10
4
L mol

–1

cm
–1
indicating the formation of Y(III)–PUFX complex. This

signal could not be used for the determination of PUFX by

spectrophotometry. When this binary complex further reacts

with EY to form ternary ion-association complex, a new ab-

sorption peak appears at about 530 nm, but the sensitivity is

still not high with molar absorptivitiy 4.4 � 10
4
L mol

–1

cm
–1
. Therefore it is not advantageous to determine PUFX

by spectrophotometry.

Effect on fluorescence spectra. EY has strong fluores-

cence at maximum excitation (�
ex
) and emission (�

em
) wave-

lengths of 515 nm and 540 nm, respectively. When EY reacts

with [Y. PUFX
2
]
+
, the dissociative EY concentration de-

creases that leads to the FQ and the quenching intensity is di-

rectly proportional to the concentration of PUFX in a certain

range (Fig. 9). The FQ method is highly sensitive. The detec-

tion limit is 8.5 ng mL
–1
, which is lower than that of existing

fluorimetric techniques [9 – 11]. Therefore, the reaction of

ternary ion-association can be applied to determine PUFX by

the proposed FQ method.

3.6. Reasons for RRS Intensity Enhancement

Effect of absorption spectra on RRS. Resonance-en-

hanced Rayleigh scattering is related to scattering located at

the molecular absorption band. A comparison between RRS
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Y(III) + 2PUFX

[Y PUFX2]
+
+ [Y PUFX2]2EYEY

2-

[Y PUFX2]
+

2

TABLE 1. Analytical Parameters for the Determination of PUFX

Method System
Linearity range

(�g mL
–1
)

Regression equation:

C, �g mL
–1

Correlation

coefficient (r)

Detection limit 3�,

(ng mL
–1
)

RRS Y(III)–PUFX–EY 0.004 – 3.0 �I =1020.6 + 1803.2C 0.9989 1.1

FQ Y(III)–PUFX–EY 1.5 – 7.6 �I = –271.57 + 2743.9C 0.9987 8.5

Fig. 4. Effect of pH on I
RRS

in Y(III)–PUFX–EY systems at

375 nm. Concentrations: [PUFX] = 3.0 �gml
–1
; [Y(III)] = 2.0 �

10
–5
M; [EY] = 2.8 � 10

–5
M.



spectra and absorption spectra reveals that the RRS peaks oc-

cur on the red side of the absorption band of

Y(III)-PUFX-EY system and RRS peaks correspond to ab-

sorption peaks. The RRS peaks located at 375 nm and

570 nm correspond to absorption peaks located at 350 nm

and 530 nm. Although there is some space between RRS

peak and absorption peak, the RRS band is still located

nearby the absorption band. The probable reasons might be

that, when scattering molecules absorb the light energy at

350 nm and 530 nm, the absorption-rescattering process

takes place. A small loss of energy during this process im-

parts the RRS peak a red shift from 350 nm to 375 nm and

from 530 nm to 570 nm. As RRS is a special scattering when

Rayleigh scattering takes place at or near the absorption band

of the scattering molecules, the intensity increases by several

orders of magnitude and no longer follows the Rayleigh Law

of I � 1/�
4
[25]. So, the resonance Rayleigh scattering is an

important factor in RRS.
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TABLE 2. Comparison of Sensitivities of the RRS and Other Methods for the Determination of PUFX

Method
Analytical

reagent

Medium

condition
Linearity range �max(nm) LOD Ref.

LC–MS – Methanol:water:formic

acid (70:30:0.2)

0.025 – 5.0 �g mL
–1

– 0.025 �g mL
–1

[6]

CE-CL Ce(IV)–sulfite–Tb(III) pH 6.1 0.4 – 80 �g mL
–1

0.084 �g mL
–1

[8]

SF Tb (III) pH 6.5 0.032 to 22.56 �g mL
–1

� = 545 nm 1.54 ng mL
–1

[9]

SF PUFX–Tb
3+

3.0 � 10
–9
to

1.0 � 10
–6
g/mL

�ex/�em 345/545 2.1 � 10
–9
g/mL [10]

CL Cerium(IV)–sul-

fite–fluoroquinolone-

Tb(III)

pH 6.1 0.4–80 gm L
–1

�ex/�em290/545 0.084 �g mL
–1

[11]

CL-FI KMnO4-Na2S2O4-

Tb(III

pH 5.8 9.0 � 10
–9
– 5.0 � 10

–6

M

�em 545 7.0 � 10
–9
M [12]

FQ Y(III)–EY pH 6.4 1.5 – 7.6 �g mL
–1

�ex/�em 515/540 8.5 ng mL
–1

This work

RRS Y(III)–EY pH 6.4 0.004 – 3 �g mL
–1

375 0.73 ng ml
–1

This work

SF: spectrofluorimetry; CL-FI: chemiluminescence–flow injection; CE-CL: capillary electrophoresis-chemiluminescence; LC-MS: liquid chro-

matography-tandem mass spectrometry; FQ: fluorescence quenching.

Fig. 6. Effect of Y(III) concentration on I
RRS

in Y(III)–PUFX–EY

system at 375 nm. Concentrations: [PUFX] = 3.0 �g mL
–1
; [EY] =

2.8 � 10
–5

M.

Fig. 5. Effect of EY concentration on I
RRS

in Y(III)–PUFX–EY

system at 375 nm;. Concentrations: [PUFX] = 3.0 �g mL
–1
;

[Y(III)] = 2.0 � 10
–5

M.



Effect of hydrophobic surface formation. Before the

reaction, EY is doubly negative-charged, while Y(III)–PUFX

chelate is cation with one positive charge, and they both are

well water-soluble and can form hydrates easily in water.

The scattering intensities are very weak under this condition.

When they react with each other to form an ion-association

complex, their charges are neutralized and they lose

hydrophilicity. Therefore, hydrophobic interface forms be-

tween the hydrophobic aryl framework of the ion-association

complex and aqueous phase. The formation of this hydro-

phobic interface is favorable factor for the enhancement of

scattering [26].

Effect of increased molecular volume. It is known that

the bigger the molecular volume, the higher the RRS inten-

sity. Since the molecular volume is not easy to calculate, it

can be substituted by molecular weight, i.e., I = KCMI
0
[27],

where I is the resonance Rayleigh scattering intensity, I
0
is

the incident light intensity, C is the solution concentration, K

is the proportional coefficient, and M is the molecular

weight. Therefore, when K, C, and I
0
are constant, then I is
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TABLE 3. Effect of Coexisting Substances ([PUFX]= 2.0 �g mL
–1
)

Coexisting substances Concentration (�g mL
–1
) Change in IRRS (%) Coexisting substances Concentration (�g mL

–1
) Change in IRRS (%)

Na
+

190 1.14 Fe2O3 210 9.20

K
+

310 1.36 �-Alanine 320 –2.45

Ca
2+

100 –4.83 Glycine 55 –2.18

NH4

+
110 –2.51 Vit B1 40 2.14

NO
3–

90 –3.55 �-Cyclodextrin 320 –2.42

Cl
–

320 –19.9 Sucrose 480 –1.67

Magnesium stearate 140 3.42 Propylene glycol 50 4.52

Al
3+

60 2.73 Glucose 280 –1.87

Ni
2+

150 1.45 Amorphous SiO2 270 –3.91

Pb
2+

90 2.91 Lactose Monohydrate 310 –1.80

Zn
+2

80 3.93 Powdered TiO2 240 –2.18

Cu
2+

130 –1.17 Hypromellose 220 1.82

N

O

C

S

CH3

N

F

N

O O

O

H C3

O

O

N

O

C

S

CH3

N

F

N

OO

O

CH3

O

O

Y

+

2

O
O

Br

Br

Br

–O

Br

–
OOC

Fig. 7. Possible structures of ternary ion-association complex of PUFX with Y(III) and EY
2-
.



proportional to M. When the binary chelate [Y�PUFX
2
]
+
re-

acts with EY
2–
to form the ternary complex [Y�PUFX

2
]
2
EY,

the molecular weights increases from 1011.82 to 2715.54.

The increment of the molecular volume (or weight) is a sig-

nificant factor for the enhancement of RRS intensity.

Energy transfer between absorption, fluorescence

and RRS. It can be seen that there is a relationship of ‘as one

falls, another rises’ type between the absorbance, fluores-

cence and RRS intensity. On moving from pure PUFX to ter-

nary ion-association complex of Y(III) and EY, the

absorbance decreases and the fluorescence intensity

quenches, but RRS enhances notably (Fig. 9). Resonance

Rayleigh scattering is a resonance-enhanced scattering pro-

duced by the resonance between Rayleigh scattering and ab-
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TABLE 4. Evolution of Accuracy and Precision of Proposed RRS and FQ Methods

Method Added (�g mL
–1
) Found � SD

a
(�g mL

–1
) % Er

b
(%) RSD

c
(%) Recovery

RRS 0.005 0.004 � 1.1 � 10
–4

0.64 2.20 99.36

0.08 0.07 � 1.15 � 10
–3

0.40 1.44 99.60

0.50 0.50 � 1.3 � 10
–2

0.62 2.65 100.8

FQ 0.01 0.010 � 2.7 � 10
–4

0.79 2.75 100.8

1.50 1.50 � 3.6 � 10
–2

0.26 2.42 100.3

3.20 3.23 � 7.9 � 10
–2

0.26 2.46 100.9

a
Mean � S. D. (for five determinations);

b
Percentage relative error;

c
percentage relative standard deviation.

Fig. 8. Absorption spectra of PUFX in various systems. In all spec-

tra, the background absorption was subtracted by using a reference

solution (except PUFX, which is being evaluated): (1) PUFX; (2)

PUFX–Y(III); (3) Y(III) –PUFX–EY. Concentrations: [PUFX] =

3.0 �g mL
–1
; [Y(III)] = 2.0 � 10

–5
M; [EY] = 2.8 � 10

–5
M.

Fig. 9. Relationships between the RRS, fluorescence and

absorbance: as the value of �IRRS increases, the fluorescence and

absorbance values are decreasing.



sorption at the same frequency. During this process, scatter-

ing enhances because it absorbs the light energy and part of it

is transferred to scattering through the resonance effect.

Therefore, as RRS is enhanced, the absorbance decreases.

There is a relation between the energy released and energy

absorbed. The absorbed light energy (E
A
) is equal to the sum

of the energy of light emitted (fluorescence) (E
L
), resonance

scattering (E
RRS

) and non-radiation (E
N
):

E
A
= E

L
+ E

RRS
+ E

N
.

The resonance scattering in transparent solutions of

small molecular systems has been seldom studied but the ex-

istence of resonance scattering in the large molecule or

ion-association systems cannot be ignored. The RRS spec-

trum lies in its fluorescence band, there would be an energy

transfer from fluorescence to resonance scattering. The fluo-

rescence quenching can not be only considered as transfer of

the radiation to non-radiation energy, but also as transfer be-

tween the fluorescence and resonance scattering. A part of

radiant fluorescence is transferred to the resonance scattering

through the resonance effect to produce a resonant light scat-

tering. The synchronous change of FQs quenching and RRS

enhancement can be seen from Fig. 9. It is a very common

phenomenon that FQ can be observed in the study of RRS of

fluorescence systems. It is believed that the enhancement of

RRS is the consequence of the energy transfer from light ab-

sorption and light emission to the scattering [28].

3.7. Selectivity of RRS Method and Its Analytical

Application

Effects of coexisting substances. Under optimum con-

ditions, we investigated the effects of some coexisting sub-

stances associated with PUFX in the pure form and its for-

mulations using the RRS method developed for the determi-

nation of PUFX (Table 3). The influence of foreign

coexisting substances, such as metal ions, non-mental ions,

amino acids and saccharides, on the determination of

2 �g/mL PUFX was examined. As shown in Table 1, the

RRS method can be employed to determine PUFX directly in

samples on highly interfering background. So, the RRS

method has a good selectivity.

Analytical applications. For determining PUFX in

pharmaceutical formulations, various aliquots of PUFX were

transferred into 10.0 mL volumetric flasks according to the

general procedure. The accuracy and precision of the pro-

posed methods were evaluated by five replicate determina-

tions of PUFX at three different concentrations (Table 4).

The results showed that % recovery was in the range of

98.36 – 100.8 and 100.3 – 100.9 with % relative error rang-

ing within 0.402 – 0.644 and 0.266 – 0.928 (for RRS and FQ

respectively) reflecting the high accuracy of the proposed

procedures, in addition to the high precision as indicated by

very low values of % R. S. D. The two methods are therefore

recommended for the determination of PUFX in pharmaceu-

tical formulation (Table 5).

4. CONCLUSION

Two new methods for the determination of PUFX were

proposed based on the formation of ternary ion-association

complex which resulted in enhancement of RRS and quench-

ing fluorescence intensities. The proposed methods are sim-

ple, rapid, and highly sensitive and were successfully applied

for the determination of PUFX in pharmaceutical samples

with satisfactory results. These techniques may also be a

valuable approach for the development of PUFX detection in

serum and urine samples.
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