
Solid phase spectrometry (SPS) is a methodology
based on the retention (preconcentration) of the analyte
(or its chemical reaction product) on an active solid
phase in combination with its direct measurement on
that by the use of a non-destructive optical device, such
as an UV-Vis spectrophotometric or spectrofluorometric
detector.  This is a relatively recent technique, which
has demonstrated its applicability to a wide variety of
inorganic and organic species in real samples.1,2 It
shows interesting features, such as an improvement in
selectivity and lower detection limits in addition to a
significant increase in sensitivity as compared with the
same procedure in homogeneous solution.  However,
SPS in the UV region has been scarcely exploited.

The integration of SPS with flow injection analysis
(FIA) is also a new technique based on the retention
and detection of the analyte on the active solid support
placed in an appropriate flow cell into the optical detec-
tor.  The retained species are eluted after reaching the
detection zone and the analytical signal is developed,
by the carrier itself or by another appropriate species, in
order to keep the active support ready for the next sam-
ple.  This integration combines the advantages of SPS
(selectivity and sensitivity) and those inherent to a con-
tinuous-flow system: speed, automation, reduction of
reagent and sample consumption, as well as a minor
human participation.3–5

Diclofenac sodium (DS), a phenylacetic acid deriva-
tive, is a non-steroidal anti-inflammatory agent.  This
drug exhibits anti-inflammatory, analgesic and
antipyretic activity.  The exact mechanism has not been
clearly established, but many of the actions appear to

be associated principally with the inhibition of
prostaglandin synthesis.

It has been determined by a variety of analytical tech-
niques, such as colorimetry6,7, ultraviolet8–11 and visi-
ble12–18 spectrophotometry, fluorometry19, gas20–22 and
liquid23–25 chromatography, and flow injection analysis
with spectrophotometric detection.26

Spectrophotometric methods provide practical and
economical advantages over other ones.  In most of
them DS is determined indirectly by means of either
the formation of colored species with reagents (such as
Methylene Blue, Methylene Violet, copper(II) acetate,
iodine, 2,3-dichloro-5,6-dicyanol, 2,4-dichloro-6-nitro-
phenol and ferric chloride/2,2-bipyridine) followed by
extraction12–15,17,26 or via oxidation16,18 (with KBrO3,
ceric ammonium sulfate or potassium ferricyanide).
The sensitivity, precision and accuracy of these spec-
trophotometric methods are similar to those obtained
by chromatographic methods.  Nevertheless, they are
time consuming and usually involve a solvent-extrac-
tion step.

In the present work, we propose a sensor for the
determination of DS in pharmaceutical preparations
combining solid phase UV-spectrophotometry with
flow analysis (FIA).  It is based on the retention of the
analyte on a Sephadex QAE A-25 anion exchanger
(used as solid support) in the flow cell and a direct
measurement of its intrinsic absorbance on the UV
region at 281 nm.  The sensitivity of the proposed sen-
sor is comparable with that obtained by the most sensi-
tive spectrophotometric methods found in the literature.
A series of advantages with respect to the latter have
been found, such as speed, high selectivity and a minor
reagents consumption inherent to the use of flow injec-
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tion analysis (FIA), in addition to the possibility of
applying it to the determination of DS in tablets also
containing paracetamol.

Experimental

Reagents and instrumentation
All chemicals used were of analytical-reagent grade;

doubly distilled water was used for the preparation of
solutions and all dilutions.

A diclofenac stock solution (100 mg l–1 as the sodium
salt) was prepared from diclofenac sodium (Sigma).
The solution was stored at 4˚C.  Working standards
were prepared daily from this solution, as required, by
dilution with water.

Sodium acetate (NaAc)/acetic acid (HAc) buffers (0.1
and 0.4 M, pH 4.8) were prepared from NaAc
(Panreac) and HAc (Panreac) and used as a carrier and
eluent solutions, respectively.

Sephadex QAE A-25 (40 – 120 µm) anion-exchange
resin (Aldrich) was used in the chloride form, without
any preliminary treatment, as a solid support.

The instrumentation used included a four-channel
Gilson Milnipuls-3 peristaltic pump with a rate selector,
two Rheodyne Model 5041 injection and selection
valves and a Unicam 8625 UV/Vis microprocessor con-
trolled spectrophotometer.  The latter was equipped
with a Hellma 138-QS flow-cell (1 mm light path and
50 µl inner volume) and was connected to an IBM
Personal System/2 Model 80286 computer running the
8625 Series Rate Software, and to an EPSON EPL-
5200 printer.  Teflon tubing (0.8 mm i.d) was also used.

Procedure
A flow diagram is shown schematically in Fig. 1.  An

aqueous solution containing DS was inserted into the
carrier solution (NaAc/HAc, pH 4.8, 0.1 M) and
pumped at a flow rate of 2 ml min–1 to the flow cell (1
mm light path) where DS was retained on the support.
The retention signal was monitored at 281 nm; when it
reached the maximum height, the concentrated analyte
was eluted with an eluent solution (NaAc/HAc, pH 4.8,
0.4 M), which was pumped to the cell by rotating the

selecting valve, thus restoring the baseline.

Sample preparation
Tablets and capsules powder of DS were accurately

weighed and dissolved in an appropriate amount of
water using an ultrasonic bath for 3 min.  Filtration
through a 0.45 µm membrane filter (Millipore) was
performed to remove any remaining insoluble matter.
The filtrate was transferred into a calibrated flask and
then diluted to volume.  Binary mixtures of DS and
paracetamol were prepared by adding various amounts
of one or another to the pharmaceuticals containing
only paracetamol or DS, respectively, as active princi-
ple.

Results and Discussion

Preliminary study
The spectral features of the analyte in homogeneous

solution and also that retained on a solid sorbent
(Sephadex QAE A-25 anion-exchange) were previous-
ly established.  The maximum absorption of DS sorbed
on the solid support of the sensor appears at 281 nm,
thus showing a bathochromic shift of the maximum of
the spectrum from solution (276 nm).

The signal is about 10-times higher than that obtained
in solution, due to the preconcentration process of DS
in the active sensing microzone into the flow cell of 1
mm optical path.

Level of the packed flow cell
The level of the resin in the flow cell was important.

The optimum height of the packing level was 10 mm
(Fig. 2).  For this resin height, the whole light beam
passed through the resin; with lower levels, the beam
passed through the solution completely or partially and
when the level was above the light beam, the area of
analyte concentration fell outside the detection area.

Influence of pH, nature and concentration of
carrier/eluent solutions

The influence of the nature of the carrier solution as
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Fig. 1 Schematic diagram of the flow system: S, sample; C,
carrier; E, eluent; P, peristaltic pump; V1, selecting valve; V2,
injection valve; D, spectrophotometric detector; FC, flow-
through cell; R, Sephadex QAE A-25; W, waste. Fig. 2 Effect of the level of support in the flow cell.

Diclofenac sodium 20 µg ml–1.  Sample volume of 600 µl.



well as its pH value were studied by using various
buffer solutions: formic acid/formate (pH 3), citric
acid/citrate (pH 4), HAc/NaAc (pH 3.8, 4.8 and 5.5)
and KH2PO4/K2HPO4 (pH 6 and 7).  The results
showed that the HAc/NaAc (pH 4.8) buffer solution
provided higher sensitivity.  The influence of the con-
centration of the carrier solution chosen was studied in
the 0.025 to 0.1 M range, this latter concentration pro-
viding the highest analytical signal.  It could be
checked that the HAc/NaAc (pH 4.8) carrier solution,
itself, eluted the analyte from the resin when its con-
centration was sufficiently high.  Therefore, various
HAc/NaAc solutions with concentrations ranging from
0.1 to 0.5 M were tested as eluent solutions and a 0.4 M
concentration was chosen, because it provided the high-
est sampling rate and a complete achievement of the
baseline.

Effect of sample volume on sensitivity
One of the main advantages of the sensor is a poten-

tial increase in the sensitivity along with an increase in
the sample volume taken for analysis.  The effect of
this variable on the analytical signal could be assessed
by passing through the flow cell different volumes of
solution with the same concentration of analyte.

In Fig. 3, the variation of sensitivity with increasing
sample volume injected (from 300 to 1800 µl) is
shown.  It can be seen that the absorbance increased
linearly up to 1200 µl (A=0.070+5.36×10–4v, r=0.9999)
with increasing injection volume (v, µl).  Higher vol-
umes did not increase the signal.

Effect of flow-rate
Figure 4 shows the influence of the flow-rate on the

measurement of 20 µg ml–1 DS solution using a 600 µl
injection volume.  As can be seen, a change in the
flow-rate from 1 – 2.4 ml min–1 decreased the analytical
signal and the elution time and, consequently, allowed a
higher sampling frequency.  A flow-rate of 2 ml min–1

was adopted as a compromise (the signal decreases
11% against 40% in the elution time, in comparison
with those for 1 ml min–1).

Features of the proposed method
The analytical figures of advantage of the proposed

sensor for three different sample volumes (300, 600 and
1200 µl) are given in Table 1.  The sensitivity of the
proposed method (FIA ion-exchange resin phase
absorptiometry) has been compared with that of FIA
solution phase absorptiometry under the same condi-
tions, but without using a solid support.  The SPS-FIA
method’s sensitivity is more than 10-times higher than
that of the corresponding solution method for a 600 µl
injection volume.  The sensitivity is, moreover, compa-
rable to that from the most sensitive spectrophotometric
methods described in bibliography7,10,12 (all of them
based in a derivative reaction usually followed by sol-
vent extraction).  In addition, the proposed method is
speeder and cheaper because there is no need of both a
derivative reaction and a solvent extraction.  The preci-
sion of the method, expressed as RSD, was studied for
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Fig. 3 Effect of the sample volume for 10 µg ml–1 of
diclofenac sodium.

Table 1 Analytical features of the method

Injected volume/µl Linear dynamic range/µg ml–1 Equation (r) RSD, % Detection limit/µg ml–1 Sampling frequency/h–1

300 2.0 – 40.0 A=0.018+0.0208c 1.05 0.44 12
(r=0.9991)

600 1.0 – 22.0 A=0.015+0.0382c 1.16 0.24 11
(r=0.9991)

1200 0.5 – 14.0 A=0.026+0.0612c 1.53 0.13 9
(r=0.9992)

A=absorbance; c=concentration of DS; r=regression coefficient.

Fig. 4 Effect of the flow-rate in the absorbance and elution
time: diclofenac sodium, 20 µg ml–1; sample volume, 600 µl.



each sample volume injected using ten replicated injec-
tions of solutions containing 40, 20 and 15 µg ml–1 of
DS for 300, 600 and 1200 ml of sample volume,
respectively.  The detection limit was calculated by
using the 3σ recommendation.  The sampling through-
put decreased lightly as the injection volume increased.

Effect of foreign species
The interference of those species commonly accom-

panying DS in pharmaceuticals was studied.  Table 2
gives the tolerance limits (expressed as w/w ratio), for
the species studied on the determination of 20 µg ml–1

of DS for an injection volume of 600 µl.  The maxi-
mum level tolerated was taken as that causing a differ-
ence in the signal not larger than 5%.  As can be seen,
the common excipients and other species found in the
preparations will not interfere with the method, because
the amounts tolerated are much higher than those usual-
ly present in pharmaceuticals.

Diclofenac is usually supplied alone as active princi-
ple or, at the most, associated with paracetamol, being
this latter a serious interferent in its spectrophotometric
determination.9,21 It should be emphasized that there is
a high tolerance level of the method to the presence of
paracetamol: the same FIA UV spectrophotometric pro-
cedure in a homogeneous solution tolerates only a 0.67
(w/w) ratio paracetamol/DS against a 25 (w/w) ratio in
the proposed method, that is, about 40-times higher.
This fact allows the determination of DS in pharmaceu-
ticals also containing paracetamol.

It should also be noted that a higher tolerance level
exists to the presence of vitamins B1, B6 and B12, as
compared with the same FIA UV spectrophotometric
procedure in a homogeneous solution without using a
solid support in the flow cell.  In the latter, the toler-
ance limits (w/w) to these vitamins were 0.07, 0.07 and
0.3, respectively.  Therefore, the tolerance level to these
vitamins in the SPS-FIA method here developed is
respectively about 4, 30 and 4 times higher than that in
the solution method.

Application of the method
The proposed sensor was applied to the determination

of DS in pharmaceuticals using the direct calibration
method proposed for an injection volume of 600 µl.  As
can be seen in Table 3, the results found for this method
are in accordance with the theoretical content of DS
given by the manufacturers, thus confirming the validi-
ty of the sensor proposed in this paper.  In some phar-
maceuticals, DS is accompanied by paracetamol, but
they are not available in Spanish Pharmacopoeia.
Thus, semi-synthetic pharmaceuticals were prepared by
adding known amounts of either paracetamol or DS to
commercial preparations containing respectively, the
other active principle.  Results, shown in Table 4, indi-
cate that it is possible to determine satisfactorily DS in
pharmaceuticals in the presence of paracetamol by
using the UV spectrophotometric sensor.  This is due to
the selective retention and concentration of DS in the
active solid phase.  Paracetamol does not originate any
analytical signal, because at the working pH its phenol
group is not dissociated, and therefore the anion
exchanger cannot retain it.

The UV spectrophotometric flow-through sensor for
DS developed in this paper by means of a SPS-FIA
integration brings together the advantages of both
methodologies: selectivity and sensitivity (from SPS)
and speed, reduction of sample consumption and minor
human participation (from FIA).  The use of the solid
phase in the unsegmented continuous-flow system pro-
vides a very important increase in selectivity (in addi-
tion to that of sensitivity).  This allows the determina-
tion of DS in the presence of serious interferents
(species such as paracetamol) in conventional spec-
trophotometric procedures (either in batch or in auto-
matic modes) in spite of the UV spectrophotometric
nature of the method.  In addition, the absence of any
derivative reaction makes the method very simple and
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Table 2 Effect of foreign species on the determination of 20 
µg ml–1 of diclofenac

Tolerance
(µg ml–1 interferent/µg ml–1 diclofenac)

Lactose >250
Saccharose 50
Paracetamol (acetaminophen) 25
Bencylic alcohol 5
Saccharine 1.25
Vitamin B1 0.25
Vitamin B6 2
Vitamin B12 1

Foreign species

Table 3 Determination of diclofenac in pharmaceutical prep-
arations

Pharmaceutical
 preparation

Diclofenac
content/mg

Diclofenac found
by the proposed 

methoda (mg±SD) 

Recoverya,
 %

DiclofenacoDi- 100 97 (±2)      97.4
Retardb

Diclofenaco 75 75.2 (±0.8) 100.3
Llorensc

Voltarend 50 49 (±1)      98
Diclofenaco- 50 48.5 (±0.2) 97

Leporie

a. Data are based on the average obtained from three determina-
tions.
b. Tablets (from Llorens, Ltd., Barcelona, Spain) containing di-
clofenac sodium 100 mg and excip. q.s.
c. Ampoules (from Llorens, Ltd., Barcelona, Spain) containing 
diclofenac sodium 75 mg and bencylic alcohol 120 mg.
d. Tablets (from CIBA-GEIGY, Ltd., Barcelona, Spain) contain-
ing diclofenac sodium 50 mg, lactose and excip. q.s.
e. Capsules (from Farma-Lepori, Ltd., Barcelona, Spain) contain-
ing diclofenac sodium 50 mg and excip. q.s.



inexpensive, thus being very appropriate for routine
analytical control of pharmaceuticals.
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Table 4 Determination of diclofenac in semi-synthetic phar-
maceutical preparations

Diclofenac found
by the proposed 

methoda (mg±SD) 

Voltarenb    50:50 48.7 (±0.2) 97.4
  50:500 49.4 (±0.8) 98.8

Diclofenaco   75:75 73 (±1)      97.3
  Llorensc   75:500 75.8 (±0.5) 101
Duorold 100:500 100.3 (±0.6)  100.3
Termalgine   50:500 49.5 (±0.2) 99

a. Data are based on the average obtained from three determina-
tions.
b. Tablets (from CIBA-GEIGY, Ltd., Barcelona, Spain) contain-
ing diclofenac sodium 50 mg, lactose and excip. q.s.
c. Ampoules (from Llorens, Ltd., Barcelona, Spain) containing 
diclofenac sodium 75 mg and bencylic alcohol 120 mg.
d. Tablets (from Antibioticos Farma, Ltd., Madrid, Spain) con-
taining paracetamol 500 mg and excip. q.s.
e. Tablets (from Sandoz-Pharma, Ltd., Barcelona, Spain) contain-
ing paracetamol 500 mg and excip. q.s.

Pharmaceutical
preparation

Diclofenac:
Paracetamol

Recoverya,
%


