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Flow injection chemiluminescence determination of paracetamol
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Abstract

A simple chemiluminometric method using flow injection has been developed for the determination of paracetamol (acetaminophen), based
on the chemiluminescence produced by the reduction of tris(2,2′-bipyridyl)ruthenium(III). The latter is obtained by oxidation of tris(2,2′-
bipyridyl)ruthenium(II) by potassium permanganate in dilute sulphuric acid in the presence of paracetamol. A standard or sample solution was
injected into the ruthenium(II) stream (flow rate 1.5 ml min−1) which was then merged with potassium permanganate in dilute sulphuric acid stream
(flow rate 0.5 ml min−1). The chemiluminescence intensity is enhanced by the presence of manganese(II) ions. Under the optimum conditions, a
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inear calibration graph was obtained over the range of 0.3–50.0 �g ml−1 and the detection limit was 0.2 �g ml−1 (s/n = 3). The relative standard
eviation of the proposed method calculated from 20 replicate injections of 5.0 �g ml−1 paracetamol was 1.1%. The sample throughput was 90 h−1.
he method was successfully applied to the determination of paracetamol in commercial pharmaceutical formulations.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Paracetamol (acetaminophen, N-acetyl-p-aminophenol, 4-
cetamidophenol) is a widely used minor analgesic. The struc-
ure of paracetamol is shown in Fig. 1. Although it has some
yclo-oxygenase inhibiting properties this action is very weak in
he peripheral tissues and it has practically no anti-inflammatory
ction. It is also known that large doses will damage the liver
nd kidneys [1,2]. Numerous methods have been used for the
etermination of paracetamol in pharmaceutical formulations
nd biological fluids including titrimetry [3,4], UV–Vis spec-
rophotometry [5–8], spectrofluorimetry [9], near infrared trans-

ittance spectroscopy [10], electrochemical methods [11,12]
nd chromatography [8,13–17]. Recently, several flow injec-
ion (FI) methods for the determination of paracetamol have
een proposed using an UV–Vis spectrophotometer [18–20],
uorimeter [21], multioptosensor [22], or Fourier transform

nfrared spectrophotometer [23] as a detector. However, some
f these methods are less convenient for the determination of

paracetamol in pharmaceutical formulations because the meth-
ods are based on the hydrolysis of paracetamol sample to 4-
aminophenol, which then produced a coloured complex com-
pound by an appropriate reaction which are time-consuming.
The more rapid FI method is therefore sought. Flow-injection
(FI) with chemiluminescense (CL) seems promising to serve this
purpose.

Chemiluminescence methods provide many advantages
for pharmaceutical determinations such as high sensitiv-
ity, high selectivity, small amount of chemical consump-
tion, cost effectiveness, simple sample preparation and
instrumentation [24–26]. Only three procedures have been
reported in the literature for the determination of parac-
etamol in pharmaceutical formulations or biological fluids
by using flow injection with chemiluminescence detection
[27–29]. The procedures are based on the oxidation of
paracetamol with cerium(IV) [27] and the inhibition of a
luminol–H2O2–Fe(CN)6

3− or luminol–permanganate system
[28,29].

Tris(2,2′-bipyridyl)ruthenium(II) has been used as the basis
of CL detection of a wide range of compounds after oxida-
∗ Corresponding author. Tel.: +66 53 943341; fax: +66 53 892277.
E-mail address: scislwrn@chiangmai.ac.th (S. Liawruangrath).

tion to the ruthenium(III) complex [30]. The analyte inter-
acts with the ruthenium(III) complex reducing it to the ruthe-

039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. The structure of paracetamol.

nium(II) complex in an excited state, which then emits CL
as it returns to the ground state. In the present study, a FI
procedure for paracetamol determination with CL detection
was proposed in which ruthenium(II) was oxidised on-line
by mixing with potassium permanganate solution. Subsequent
reaction with paracetamol produces chemiluminescence. The
intensity is enhanced by the presence of manganese(II) ions.
Similar procedures have been applied to tetracyclines [31] and
cephalosporins [32]. The CL emission intensity depended on
the concentration of the analyte in the FI system. This work
describes a relatively sensitive, rapid and reproducible flow
injection chemiluminescense (FI-CL) method for paracetamol
determination based on tris(2,2′-bipyridyl)ruthenium(II) with-
out sample hydrolysis process. Application of this method to
paracetamol determination in commercial pharmaceutical for-
mulations is performed which will be useful for drug quality
control.

2. Experimental

2.1. Chemicals

All chemicals were of analytical reagent grade and were used
without further purification. All solutions were prepared with
distilled deionised water.
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Fig. 2. Various types of the FI manifold: R1, Ru(bpy)3
2+; R2, Mn(II); R3,

KMnO4 in H2SO4; P, peristaltic pump; S, sample; C, 160 cm reaction coil;
D, chemiluminescence detector; R, recorder; and W, waste.

2.2. Flow manifold

The flow injection manifold (Fig. 2) consisted of a peri-
staltic pump (Gilson® Minipuls 3, Villiers-le-Bel, France), and
the sample or standard solution was injected via a four way
PTFE rotary valve with a 100 �l sample loop (Rheodyne® model
5020, Cotati, CA). PVC tubing (Elkay, Galway, Ireland) with
2.0 and 1.6 mm i.d. was used as flow lines for the chemilu-
minescence reagent, Ru(bpy)3

2+ and potassium permanganate
solutions, respectively, and a T-shaped connector was used for
merging the reagent streams. A mixing coil was made from
PTFE tubing, 0.5 mm i.d. and 160 cm in length. All other tub-
ings in the system were 0.5 mm i.d. PTFE. The FI peaks were
acquired by using a chemiluminescence detector (Camspec®,
Cambridge, UK), coupled with a chart recorder (Chessell®, Kipp
and Zonen, The Netherlands).

Initially, three FI manifolds were designed as shown in
Fig. 2. The first designed FI manifold was a three channel
FI manifold (Fig. 2(a)) in which the three solutions (tris(2,2′-
bipyridyl)ruthenium(II) (R1), manganese(II) (R2) and acidic
potassium permanganate (R3) solutions were propelled into the
three flow lines. R1 and R2 were merged and passed through
a mixing coil to permit effective mixing. Sample solution was
injected into the merged streams of R1 and R2 which was then
merged with R3 followed by passing through another mixing
coil where the chemical reaction took place and reached the
d

m
(

Paracetamol was purchased from Sigma (Poole, Dorset, UK).
he stock standard solution of paracetamol (500 �g ml−1) was
repared by dissolving 0.5000 g of paracetamol in water and
iluting to 1000 ml with water. Solutions of the desired concen-
rations were obtained by diluting the stock solution to volume
ith water.
The solution of Ru(bpy)3

2+ (6.4 × 10−4 mol l−1) was
btained by dissolving 0.2500 g of tris(2,2′-bipyridyl)ruthe-
ium(II) (Fluka, Gillingham, Dorset, UK) in water and diluting
o 500 ml. Potassium permanganate stock solution was pre-
ared by dissolving an appropriate amount of KMnO4 (Riedel-
e Häen, Gillingham, Dorset, UK) in 0.1 mol l−1 sulphuric
cid (Fisher, Loughborough, UK). A 1.25 × 10−2 mol l−1 man-
anese(II) solution was prepared from 0.2473 g of MnCl2·4H2O
Sigma, Poole, Dorset, UK) dissolved in water and adjusted to
00 ml.

Solutions (2%) of Tween-20, Tween-40, Tween-60, Tween-
0 or Triton X-100 (Lancaster, UK) were prepared by dis-
olving 2.0 g in water and diluting with water to 100 ml; and
.25 × 10−2 mol l−1 cetylpyridinium bromide (CPB, Sigma),
exadecyltrimethylammonium bromide (HTAB) and dodecyl-
enzenesulphonic acid (DBS) (both Fluka) were prepared by
issolving 0.4805, 0.4556 and 0.4356 g, respectively, in water
nd diluting with water to 100 ml.
etector flow cell where measurements were made.
The second designed FI manifold was a double channel FI

anifold (Fig. 2(b)) in which (tris(2,2′-bipyridyl)ruthenium(II)
R1) and manganese(II) (R2) were premixed in the reagent reser-
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voir prior to propelling into the flow system. R1 + R2 solution
and acid potassium permanganate (R3) solution were propelled
into the flow lines. Sample solution was injected into the flow
R1 + R2 stream which was then merged with R3 followed by
passing through a mixing coil where the chemical reaction took
place which was then reached the flow cell of the detector where
the CL intensity was measured.

The third designed was a double channel FI manifold
(Fig. 2(c)) similar to the second designed manifold but the exper-
imental procedure was different. This manifold was designed
for reverse FIA (rFIA) in which sample solution (S) and
acid potassium permanganate (R3) solution were propelled
into the flow lines, a portion of mixed reagents containing
tris(2,2′-bipyridyl)ruthenium(II) (R1) and manganese(II) (R2)
was injected into the sample stream which was then merged
with the R3 stream followed by passing through a mixing coil
where the chemical reaction occurred which was then reached
the detector where the CL intensity was measured.

2.3. Experimental procedure

2.3.1. Sample preparation
A total of 20 tablets or caplets of paracetamol were accurately

weighed individually, then ground and mixed well. An appro-
priate amount of paracetamol equivalent to one tablet or caplet
(500 mg of paracetamol) was accurately weighed and dissolved
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is optimum to provide effective oxidation of Ru(bpy)3
2+ to

Ru(bpy)3
3+ with a faster reaction rate than the FI manifold in

Fig. 2(a), (4.35 mV). However, the CL intensity produced using
the reverse FI manifold in Fig. 2(c) was very low (6.04 mV)
probably owing to the limitation of the injection volume of the
reagent, Ru(bpy)3

2+. Therefore, the FI-CL manifold as shown
in Fig. 2(b) was selected for subsequent experiment.

3.1.2. Effect of different oxidants
Common oxidants such as concentrated nitric acid, lead

oxide, cerium(IV), chlorine and potassium permanganate
have been used to efficiently produce CL emission with
Ru(bpy)3

2+ [30]. In this study, six soluble oxidants were tested;
3.0 × 10−4 mol l−1 solutions of the following oxidants were
prepared in 0.1 mol l−1 H2SO4: KMnO4, Ce(SO4)2, K2S2O8,
KBrO3 and KIO3, and K3Fe(CN)6 was tested in 0.1 mol l−1

NaOH. Potassium permanganate was the only oxidant that pro-
duced a chemiluminescence signal when an aliquot of parac-
etamol solution was injected into the FI system, thus potassium
permanganate was selected for further use. Paracetamol did not
give any chemiluminescence emission when added to KMnO4
solution alone.

3.1.3. Effect of different acids
The influence of acid media was studied by using
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n water by sonication in a 250 ml volumetric flask and diluting
ith water to 250 ml. The dissolved sample was filtered through
hatman No. 1 filter paper and diluted with water to volume to

btain the appropriate concentration for analysis.

.3.2. Flow injection procedure
Using the two-channel manifold shown in Fig. 2(b), a

00 �l sample or standard solution containing paracetamol
as injected into the reagent stream (R1 + R2) consisting of
.4 × 10−4 mol l−1 Ru(bpy)3

2+ and 1.25 × 10−2 mol l−1 man-
anese(II) in the ratio 100:20 (v/v) at the optimum flow rate of
.5 ml min−1 which was then merged with the oxidant stream
R3) (7.0 × 10−4 mol l−1 KMnO4 in 0.1 mol l−1 H2SO4) with
n optimum flow rate of 0.5 ml min−1. Subsequently, the sam-
le zone was carried through the reaction coil where the CL
eaction took place. The CL emission was monitored by the CL
etector and the FI signal was displayed by the chart recorder.

. Results and discussions

.1. Optimisation of the flow injection system

.1.1. Manifold design
The performance of the three FI-CL manifolds were tested

or paracetamol determination based on CL signal produced by
he reduction of Ru(bpy)3

3+ by the drug. It is found that the FI
anifold as shown in Fig. 2(b) is suitable because it exhibits the

reatest CL emission intensity (21.64 mV) which is above five
nd four times as much as those obtained by the first (Fig. 2(a))
nd the third (Fig. 2(c)) manifolds, respectively. It is possible
hat the configuration of the second FI manifold (Fig. 2(b))
.0 × 10−4 mol l−1 KMnO4 in 0.1 mol l−1 of each of the fol-
owing acids: H2SO4, HCl, HNO3, H3PO4 and polyphosphoric
cid. The relative CL were 100%, 89%, 58%, 36% and 5%,
espectively. It can be seen that sulphuric acid was the acid that
ave the highest CL. Therefore, sulphuric acid was chosen for
ubsequent studies, probably because KMnO4 in sulphuric gives
ufficient oxidising power to oxidise Ru(bpy)3

2+ to Ru(bpy)3
3+

hich permits the CL reaction to be favoured. In addition,
cidic permanganate especially in sulphuric acid can lead to the
tabilisation of an intermediate species such as manganese(II)
n paracetamol determination. According to Agater and Jews-
ury [33] who examined the influences of various mineral acids
n the CL emission. They found that sulphuric acid provided
he greatest CL intensity which was chosen for their experi-
entals based on acidic permanganate with chemiluminescent

etection. This contrasts somewhat with some other systems,
here polyphophoric acid gave the most intense emission. In

his instance, a polyphosphoric acid system gives a very low
ntensity chemiluminescence.

.1.4. Effect of sensitizers and metals
This study investigated the CL emission when parac-

tamol was injected into a CL reagent stream consisting
f 3.2 × 10−4 mol l−1 Ru(bpy)3

2+ and potential enhancers
n a volume ratio of 100:5 (v/v) which was merged with
.0 × 10−4 mol l−1 KMnO4 in 0.1 mol l−1 H2SO4. Two percent
olutions of Tween-20, Tween-40, Tween-60, Tween-80 and Tri-
on X-100 and 1.25 × 10−2 mol l−1 HTAB, DBS, CPB, Mn2+,
o2+, Ni2+, Zn2+, Cu2+, Mg2+, Ca2+, Al3+, Fe2+, Fe3+and Pb2+

ere tested. The results obtained are shown in Table 1. These
how that most metal ions and non-ionic surfactants had little
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Table 1
Effect of various sensitizers and metals on relative CL intensity (100 �l of
20 �g ml−1 paracetamol with 3.0 × 10−4 mol l−1 KMnO4, 3.2 × 10−4 mol l−1

Ru(bpy)3
2+)

Metal ion Relative CL Sensitizers Relative CL

Mn2+ 100.0 Tween-20 36.4
Co2+ 35.7 Tween-40 31.8
Ni2+ 36.2 Tween-60 36.4
Zn2+ 38.1 Tween-80 49.5
Cu2+ 33.2 Triton X-100 33.2
Mg2+ 39.3 HTABa 12.4
Ca2+ 38.7 DBSb 12.2
Al3+ 38.7 CPBc 19.5
Fe3+ 34.1
Fe2+ 77.1 None 31.0
Pb2+ 34.3

a Hexadecyltrimethylammonium bromide.
b Dodecylbenzene sulfonic acid.
c Cetylpyridinium bromide.

or no effect, but Tween 80 < Fe2+ < Mn2+ gave some enhance-
ment. All three ionic surfactants tested decreased the emission
intensity.

3.1.5. Effect of manganese(II) concentration
As manganese(II) gave appreciable enhancement, as noted in

the tetracycline system [31], its effect on the determination of
paracetamol was studied in more detail. The effect of the volume
ratio of 6.4 × 10−4 mol l−1 Ru(bpy)3

2+: 1.25 × 10−2 mol l−1

Mn2+ showed a maximum at a ratio of 100:20, and was used
for subsequent experiments. The effect of manganese(II) con-
centration on the CL intensity can be seen by comparing the
results (Table 2).

This study investigated the effect of Ru(bpy)3
2+ concen-

tration on emission intensity for various paracetamol concen-
trations in the presence or absence of manganese(II). The
highest intensity in each instance was obtained with the
highest Ru(bpy)3

2+ concentration tested, 12.8 × 10−4 mol l−1

(Table 2), but the concentration selected for further study was
6.4 × 10−4 mol l−1 because it gave a reasonable intensity but
decreased the consumption of the expensive ruthenium salt. A
comparison of the results in Table 2 showed that the presence of
1.25 × 10−2 mol l−1 manganese(II) increased the intensity for
all concentrations of ruthenium and paracetamol tested. Further
experiment showed that intensity increases with manganese(II)
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oncentration from 2.0 × 10 mol l until reaching a max-
mum value at 1.25 × 10−2 mol l−1, above which the chemilu-
inescence intensity decreased. Therefore, 1.25 × 10−2 mol l−1

anganese(II) was selected as optimum.

.1.6. Effect of H2SO4 concentration
The effect of sulphuric acid concentration on the CL emis-

ion was investigated in the range of 0.01–0.50 mol l−1. It was
ound that the CL emission intensity increased with increas-
ng sulphuric acid concentration and reached a maximum value
t 0.10 mol l−1, above which the chemiluminescence intensity
ecreased gradually. The optimum concentration of sulphuric
cid was thus found to be 0.10 mol l−1. This might be due to
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the fact that the sulphuric acid concentration present in acid per-
manganate solution should be high enough to provide effective
oxidizing power to oxidise Ru(bpy)3

2+ to Ru(bpy)3
3+. Excess of

H+ and MnO4
− solution leading to decrease in oxidizing power

of the acid permanganate solution.

3.1.7. Effect of KMnO4 concentration
The effect of KMnO4 concentration on the CL emission inten-

sity was studied from 1.0 × 10−4 to 1.2 × 10−3 mol l−1. The
CL intensity was found to increase with the increasing con-
centration of KMnO4 from 1.0 × 10−4 to 7.0 × 10−4 mol l−1,
above which the CL intensity decreased slightly. The concen-
tration of MnO4

− in acid permanganate solution should be
sufficient to oxidize Ru(bpy)3

2+ to Ru(bpy)3
3+ which was then

reduced by the analyte to generate CL emitting species. There-
fore, 7.0 × 10−4 mol l−1 KMnO4 was chosen as the optimum
concentration.

3.1.8. Effect of ruthenium complex concentration
This study investigated the effect of Ru(bpy)3

2+ concen-
tration on the emission intensity for various paracetamol
concentrations. The highest intensity in each instance was
obtained with the highest Ru(bpy)3

2+ concentration tested,
12.8 × 10−4 mol l−1 (Table 2). The linear equations obtained
at the two highest Ru(bpy)3

2+ concentrations (6.4 × 10−4 and
12.8 × 10−4 mol l−1), where I = 6.30C − 3.48 (r2 = 0.998) and
I
(
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50.71, 56.26, 56.70, 54.78, 51.37, 48.85, 43.68, and 34.78 mV,
respectively.

It is necessary to optimize the injection volume to achieve the
desired sensitivity. Since the amounts of sample injected into the
FI system should be sufficient to permit effective CL reaction.
The influence of the sample/standard volume on the CL-signal
was investigated by injecting the standard solution with varying
volumes in the range of 50–500 �l of 20 �g ml−1 paracetamol. It
was shown that peak height increased from 48.90 to 51.98 mV
on increasing the injection volume from 50 to 500 �l. It was
found that the peak height increased with the injection volume
up to 100 �l, and the injection volume of 50, 100, 150, 200,
250, 300, 350, 400, 450 and 500 �l produced the peak heights
of 48.90, 57.20, 55.22, 51.04, 51.37, 53.51, 53.79, 52.03, 52.09
and 51.98 mV, respectively. The most suitable mixing coil inner
diameter and length together with the injection loop volume
values at the reasonable sample throughput rate for further use
were 0.5 mm i.d., 160 cm and 100 �l, respectively.

3.1.10. Effect of reagent flow rate
The effect of flow rate of 7.0 × 10−4 mol l−1 KMnO4 (at

1.5 ml min−1 Ru(bpy)3
2+) and 6.4 × 10−4 mol l−1 Ru(bpy)3

2+

(at 0.5 ml min−1 KMnO4) were investigated for paraceta-
mol determination (20 �g ml−1). The intensity increased with
increasing flow rate of each reagent flow rate up to a KMnO4
fl −1 2+ −1

a
K
m

3

e
c

3

3

e
l
o

F
p

= 7.88C − 3.36 (r2 = 0.999), respectively, where I is peak height
mV) and C the paracetamol concentration (�g ml−1). The sen-
itivities (slopes of the regression equations) were 6.30 and 7.88,
espectively. The reagent consumption under the latter condition
as twice that of the former, therefore, as a compromise between

ensitivity, linear range and expensive reagent consumption, the
.4 × 10−4 mol l−1 Ru(bpy)3

2+ solution was chosen for further
se.

.1.9. Effect of mixing tubing internal diameter, length of
ixing coil and injection loop volume
The mixing tubing used as flow lines and the mixing reactor

lays important role on the FI signal because it depends on the
esident time of the sample zone in the tubing with an appropri-
te inner diameter and the length of the tubings used. The inner
iameter of the mixing tubing has to optimize because the dis-
ersion of sample zone increases with mixing tubing diameter
nd the band broadening eventually results in loss of sensitivity
nd lowers the sampling rate. The effects of inner diameter of
he mixing tubing on the CL intensity were examined over the
ange of 0.5–1.3 mm i.d. and the 0.5 mm i.d. tubing was chosen
s optimum because it provided high CL signal. Tubings with
maller inner diameter than 0.5 mm i.d. were not tested because
he 0.5 mm i.d. tubing is the smallest one which was available.

The effect of various mixing coil tubing lengths between
0 and 400 cm, injection loop volumes between 50 and 500 �l
n the reaction produced by 20 �g ml−1 of paracetamol. It was
ound that the peak height increased with the mixing coil length
p to 200 cm, and began to decrease gradually up to 400 cm.
he mixing coil lengths of 40, 80, 120, 160, 200, 240, 280,
20, 360 and 400 cm provided the peak height of 28.13, 45.05,
ow rate of 0.5 ml min and up to a Ru(bpy)3 of 1.5 ml min
bove which the intensity decreased. Thus, 0.5 ml min−1

MnO4 and 1.5 ml min−1 Ru(bpy)3
2+ were regarded as the opti-

um flow rates (Fig. 3).

.1.11. Selected optimum conditions
The univariate optimisation method used above to study the

ffect of variables on CL emission intensity gave the optimum
onditions shown in Table 3.

.2. Analytical application

.2.1. Analytical figures of merit
Under the optimum conditions for the determination of parac-

tamol given in Table 3, the calibration graph was found to be
inear over the range of 0.3–50.0 �g ml−1. The regression plot
btained fitted the equation: I = 5.89C − 0.72 (r = 0.998, n = 7),

ig. 3. Effect flow rate of KMnO4 and CL reagent; [Ru(bpy)3
2+] (20 �g ml−1

aracetamol).
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Table 3
The optimum conditions for determination of paracetamol

Parameters studied Range Optimum

Flow rate Ru(bpy)3
2+ (ml min−1) 0.25–3.0 1.5

Flow rate KMnO4 (ml min−1) 0.25–3.0 0.5
Mixing tubing (mm i.d.) 0.5–1.3 0.5
Injection volume (�l) 50–500 100
Length of reaction coil (cm) 40–400 160
Ru(bpy)3

2+:Mn(II) (v/v) 100:0–100:100 100:20
Mn(II) conc. (mol l−1) 2.0 × 10−5 to 3.12 × 10−1 1.25 × 10−2

Types of acid media HNO3, H2SO4, HCl, H3PO4, polyphosphoric acid H2SO4

H2SO4 conc. (mol l−1) 0.01–0.50 0.10
KMnO4 conc. (mol l−1) 1.0 × 10−4 to 1.2 × 10−3 7.0 × 10−4

Ru(bpy)3
2+ conc. (mol l−1) 0.8 × 10−4 to 12.8 × 10−4 6.4 × 10−4

where I is the peak height (mV) and C the concentration of
paracetamol (�g ml−1). The limit of detection (0.2 �g ml−1 or
1.3 × 10−6 mol l−1) was defined as the lowest concentration
yielding a signal three times the corresponding blank signal
(s/n = 3). The detection limit obtained by the proposed method
(0.2 �g ml−1) was in excellent agreement with that reported
(0.2 �g ml−1) by Criado et al. [20]. But it (0.2 �g ml−1) was
lower than those reported flow injection chemiluminescence
based on cerium(IV) or the luminol–H2O2–Fe(CN)6

−3 reaction
[27,28] which were 1.0 �g ml−1 [27] and 2.5 �g ml−1 [28]. In
comparison with the results from other methods, for examples,
spectrofluorimetry [9] the detection limit was 0.01 �g ml−1; IC
with a detection limit of 0.06 �g ml−1 [16]; FI-fluorimetry [21]
based reaction with a detection limit of 0.1 �g ml−1; FI-CL by
luminol–permanganate based reaction [29] with a detection limit
of 1.0 × 10−8 mol l−1 or 0.001 �g ml−1; FI spectrophotometry
[34] with a detection limit of 0.01 �g ml−1; and FI using inhib-
ited luminol–dimethylsulfoxide–NaOH–EDTA chemilumines-
cence [35] with a detection limit of 1.9 × 10−10 g ml−1 which
are far more lower than that obtained by the proposed FI-CL
procedure. Although the proposed method was not as sensitive
as the above cited methods the proposed method was simple
and rapid. The advantage of the proposed FI system over the
current ones is no need to hydrolysis the sample prior to deter-
mination of paracetamol. The aim of this research is to develop a
fairly sensitive and rapid FI system for determining paracetamol
i
a
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b
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d
f
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5
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p
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After measurement of the CL intensity, the recovery of each
spiked standard was calculated. The results are shown in Table 4.
The percentage recoveries were found to be between 99.2% and
101.6%. The mean recoveries (±S.D.) for paracetamol tablets
and caplets were found to be 100.5 ± 1.6% and 101.2 ± 0.9%,
respectively. It can be seen that the proposed method provided
accurate results.

3.2.3. Interference study
The effects of some possible excipients (glucose, sucrose, lac-

tose, citric acid, starch and sorbitol) were investigated, together
with these of ascorbic acid, saccharin sodium, salicylic acid
and caffeine. Synthetic sample solutions containing 5.0 �g ml−1

paracetamol and different concentrations of the other com-
pounds were tested, and the peak heights obtained were mea-
sured. Table 5 shows the maximum tolerable concentrations of
the various compounds. It can be seen that glucose, sucrose,
lactose, caffeine, saccharin sodium and starch have no signif-
icant effect on the determination of paracetamol even when
they are present up to 50 to 1000 times the weight ratio of
paracetamol. Sorbitol, citric acid and ascorbic acid interfered
at concentrations above 20, 7.5 and 2.0 �g ml−1, respectively.
The most serious interference was from salicylic acid which
gave a response greater than paracetamol.

It was found that citric acid and sorbitol depressed CL inten-
s
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M

n commercial pharmaceutical formulations only which will be
dopted to use for drug (paracetamol) quality control. Therefore,
n this circumstance, high sensitivity is not needed as provided
y other methods [9,16,21,29,34,35]. Further development of
he FI-CL system to achieve the high sensitivity for this drug
etermination and application to biological samples will be per-
ormed. The relative standard deviation of the proposed method
peak height in mV) calculated from 20 replicate injections of
.0 �g ml−1 paracetamol was 1.1% with a sample throughput
ate of 90 h−1.

.2.2. Recovery study
A standard addition procedure was carried out with real sam-

les in order to test the recovery of the proposed method. Thus,
aracetamol concentrations of 50.0 and 200.0 �g ml−1 were
dded to known samples (50 �g ml−1) of tablets and caplets.
ity. The structures of citric acid and sorbitol include the oxygen

able 4
ecovery of paracetamol in pharmaceutical samples (n = 5)

harmaceutical
ormulations

Concentration of
paracetamol
added (�g ml−1)

Concentration of
paracetamol found
(�g ml−1)

Recoverya (%)

ablets 0 50.5 101.0
50.0 99.6 99.2

200.0 252.5 101.2
eanb (±S.D., %) 100.5 ± 1.6

aplets 0 50.5 101.0
50.0 100.8 101.6

200.0 251.9 101.0
eanb (±S.D., %) 101.2 ± 0.9

a Average from five determinations.
b Average from 15 determinations.
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Table 5
Maximum tolerable concentration of some excipients

Excipients Maximum tolerable
concentration (�g ml−1)

Error (%)

Starch 5000 −0.8
Caffeine 1500 −0.7
Saccharin sodium 1000 1.6
Glucose 250 −2.9
Sucrose 250 −2.6
Lactose 250 −2.6
Sorbitol 20 −2.8

Citric acid 7.5 −2.2
(10.0) (−8.0)
(20.0) (−18.1)

Ascorbic acid 2.0 3.0
(3.0) (10.1)

(10.0) (24.3)

Salicylic acid 0.05 3.9
(0.075) (9.2)
(0.10) (12.5)

Tested solutions containing 5.0 �g ml−1 paracetamol, n = 5.

groups and lacking of aromatic or certain multiple conjugated
double bond which might lead to quenching effect. Quenching
of the luminescence intensity is a possible type of interference
[36].

Ascorbic acid and salicylic acid increased CL intensity.
Luminescence was expected to increase in molecules that con-
tained multiple conjugated double bond portions with a high
degree of resonance stability. The substituents that delocal-
ize the �-electron, such as OH, NH and OCH3 groups,
often enhance luminescence. They tend to increase the tran-
sition probability between the lowest excited singlet state and
the ground state [37]. In addition, ascorbic acid and salicylic
acid may involve in the direct oxidation with potassium per-
mangante in dilute sulphuric acid and the resulting CL emis-
sion can be obtained from this proposed reaction. These com-
pounds increased the reduction efficiency of [Ru(bpy)3

3+] to
[Ru(bpy)3

2+]* and followed with the increasing of the CL inten-
sity. This feature led to the method development for determina-
tion of ascorbic acid and salicylic acid with the direct oxidation
with acidic potassium permanganate [33,38].

3.2.4. Application
The proposed method has been applied to the determina-

tion of paracetamol in commercial pharmaceutical formulations.
Paracetamol was determined in two different pharmaceutical
f

1

2

m

cial method of the British Pharmacopoeia [39] (titration of
sample with ammonium cerium(IV) sulphate, ferroin indica-
tor). The drug contents were found to be 497.7 ± 2.5 and
496.1 ± 2.0 mg/tablet by using this proposed method and the
official method, respectively. The results for the caplets were
498.9 ± 2.6 and 496.9 ± 1.7 mg/caplet, respectively.

4. Conclusions

The proposed FI chemiluminescence detection method has
proved to be simple, rapid and sensitive for paracetamol deter-
mination. The linearity of the calibration graph is in the useful
concentration range for quatitation of the drug in pharmaceuti-
cal preparations. The detection limit of the method was lower
than those reported for batch wise absorption spectrophotometry
[6,7], chromatography [10,13–15], flow injection analysis [22]
and flow injection chemiluminescence based on inhibition of
the luminol–H2O2–Fe(CN)6

3− reaction [28]. The method devel-
oped is fast and reasonably cost effective, providing a good
sample frequency of 90 h−1, and should be useful for routine
analysis for paracetamol in pharmaceutical formulations. How-
ever, the detection limit of the proposed method is poorer than a
number of previously reported methods [9,16,21,29,34,35], the
main advantage of this method do not require the use of hydrol-
ysis. For pharmaceutical product control, the high sensitivity is
n
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[
[

ormulations (n = 5):

. Paracetamol (Tablets, The Boots Company, Nottingham,
UK), paracetamol: 500 mg/tablet.

. Paracetamol Plus (Caplets, Wrafton Laboratory Ltd., Braun-
ton, Devon, UK), paracetamol: 500 mg/caplet and caffeine
65 mg/caplet.

The results were compared with those declared on the for-
ulation labels and with those obtained by using the offi-
ot needed.
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Fernández de Córdova, A. Molina-Dı́az, J. Pharm. Biomed. Anal. 22
(2000) 59.

[19] Z. Bouhsain, S. Garrigues, A. Morales-Rubio, M. de la Guardia, Anal.
Chim. Acta 330 (1996) 59.

[20] A. Criado, S. Cárdenas, M. Gallego, M. Valcárcel, Talanta 53 (2000)
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