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Determination of diclofenac in pharmaceutical preparations
by diffuse reflectance photometry
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Abstract

A quantitative analytical method for the determination of diclofenac in pharmaceutical preparations by diffuse reflectance in the visible region
of the spectrum is presented. The color reaction is done directly in the measuring cell immediately after mixing, using small volumes of the
analyte solution, of the reagent and of the buffer solutions. All reflectance measurements were carried out in a home made reflectometer equipped
with a red LED as light source and a LDR as detector. The calibration curves were constructed from 1.0 to 18 mg mL−1 (about 3.0× 10−3 to
5.5× 10−2 mol L−1) of sodium diclofenac or of potassium diclofenac in the analytical solution, with typical correlation coefficients equal to
0 c in
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.999. The detection limit was estimated to be about 0.7 mg mL−1 (2× 10−3 mol L−1). The method was applied to determine diclofena
olid and liquid pharmaceutical preparations. The R.S.D. varied from 2% to 4% depending of the sample. The results were com
hose obtained with the HPLC procedure recommended by the United States Pharmacopoeia using the statistical Student’st-test procedure

2005 Published by Elsevier B.V.
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. Introduction

Diclofenac, 2-[(2,6-dichlorophenyl)amino] benzene
cetate, is a synthetic non steroidal compound that is
ore usually found as sodium or potassium salt[1] with
nti-inflammatory and anti-rheumatic application.

From 1975, with the introduction of the use of diclofenac
n medical treatments, quantitative analytical procedures
ppeared in the literature for its determination in biologi-
al materials[2], but only from 1987 more attention have
een devoted to analytical procedures for pharmaceutical
reparations. Several techniques have been described. For
xample, HPLC[3–8], reverse-phase liquid chromatography
9], fluorimetric [10–13], potentiometric[12–15], capillary
lectrophoresis[16,17], thermal analysis[18], AAS [19],
ow methods[20–24], spectrophotometric UV[25,26], spec-
rophotometric visible[27–37] and gravimetric[38]. How-
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ever, as far we know, there is no any reflectometric me
for the determination of diclofenac related in the lite
ture. Recently reflectometric methods were described
the determination of acetylsalicylic acid in pharmaceu
preparations[39] and of furosemide[40]. Despite the fac
that analytical reflectometric methods in the visible regio
the spectrum are not very common, some have been re
published[38–45]. It is usually considered that they of
low precision and accuracy when compared, for exam
with transmittance procedures. However, diffuse reflect
methods can present some advantages. For example,
tain cases when they admit the presence of solids th
not absorb in the working wavelength, together with the
stance which reflectance is to be measured. Such a situ
in not possible in transmittance measurements. Also,
precision and accuracy can be achieved.

The aim of this work is to develop a simple, rapid
be performed, reliable, precise and accurate reflectom
method for the determination of diclofenac in pharmaceu
preparations. Contrarily to the more usual in reflectom
procedures where reflectance of a solid surface is meas
039-9140/$ – see front matter © 2005 Published by Elsevier B.V.
oi:10.1016/j.talanta.2005.06.015
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the present method will be based on diffuse reflectance mea-
surements of a solid suspended in aqueous solution[41].

2. Experimental

2.1. Apparatus

A HPLC Waters 600 E, with UV–vis 484 detector and
a Microsorb MV C-18 5�m 25 cm× 4.6 mm column,
was used for analytical comparative purposes. For pH
measurements it was used an Analyzer model 300 with a
glass electrode. A HP 8254 A spectrophotometer with the
RSA HP 84 reflectance accessory, was used to obtain the
reflectance spectrum of the copper(II)–diclofenac complex
(Cu(C14H10Cl2NO2)2) suspended in the aqueous solution.
For the reflectometric measurements was used a portable
reflectometer constructed in our laboratory[41] using a red
LED (λ = 635 nm) as light source.

2.2. Reagents

All reagents were of analytical grade excepting diclofenac
that was a pharmaceutical 99.9% certificated product. It was
gently furnished by a pharmaceutical industry. This product
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transfered to a flask and stocked. This material was used to
develop the method.

To prepare the analytical solutions of the solid samples,
a quantity of the triturated material was weighed in order
to obtain a final solution with about 7.0 mg mL−1 of the
diclofenac salt. Initially, this aliquot was treated, in a tube,
with 6.0 mL of water heated to 85◦C, agitated during 1 min
and maintained at that temperature for 5 min more. The solu-
tion was then centrifuged during 1 min. The supernatant
was filtered directly into a 25.0 mL volumetric flask through
qualitative filter paper. The remaining material in the tube
was treated two times again with hot water according the
procedure already described. Finally, after cooling to room
temperature, water was added to complete the volume of the
volumetric flask that was then agitated in order to homoge-
nize the solution.

In the case of liquid samples the content of five ampoules
was mixed and adequate samples were taken from the total
volume. From this solution a volume was used in order to
prepare an aqueous solutions containing about 7.0 mg mL−1

of the diclofenac salt.

2.6. Analytical procedure and calibration curve

The 310�L of the analytical solution of diclofenac (or
of a standard solution) was mixed with 470�L of copper(II)
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as again analyzed in our laboratory to confirm diclofe
ontent[47] and, after dried in an oven at 110◦C for 3 h, it
as kept in a dissecator over phosphorus pentoxide. W
as distilled in a glass apparatus and then deionized in a
Plus device.

.3. Solutions

Acetic acid 0.1 mol L−1: 6.0 g of glacial acetic acid was d
solved in 1.0 L water.
Copper(II) acetate: 50.0 mg mL−1 (0.25 mol L−1) was
prepared by dissolving Cu(CH3CO2)2·H2O (molar
mass = 199.65 g mol−1) in water with posterior addition o
0.1 mol L−1 acetic acid in the proportion 9:1 (v/v).
Buffer: to obtain the buffer solution (pH 5.3), adequ
volumes of sodium acetate 2.0 mol L−1 and of acetic aci
2.0 mol L−1 solutions were mixed. A standard diclofen
solution (67�L, 7.0 mg mL−1) mixed with the copper(II
acetate solution (100�L) and with the buffer (133�L) was
used to obtain the reflectance spectrum.

.4. Samples

All samples were purchased in the local market.

.5. Samples treatment

To develop this work, groups of 40 tablets of each
f the different used pharmaceutical preparations con

ng diclofenac were triturated, homogenized in a mortar
cetate solution and 620�L of the acetic acid/acetate buff
irectly in the reflectance cell, performing a total volume
400�L (1.40 mL). The mixture was gently agitated with

hin glass rod. The reflectance measurements (�) were
irectly in the reflectometer. The calibration curves were
tructed plotting resistance in ohms versus the diclofena
ontent in the analytical solution from 1.0 to 18.0 mg mL−1

issolving adequate quantities in 25.0 mL of water. The b
olution was simply the cell filled with the buffer and cop
olution, adding water to complete 1.40 mL.

. Results and discussion

Reflectance analytical methods, mainly in the UV–
egion, are not very popular when compared, for ex
le, with those that use transmittance (absorbance), m
egarding pharmaceutical analysis where very few ex
les were found[39–40]. This can be attributed in part

he difficulty in preparing rigorously homogeneous reflec
urfaces, which implies that is difficult to obtain reproduc
nalytical values. Despite this is possible to develop qu

ative reflectometric methods based on solid supports fo
nalyte with quite good results[39–40,42–46]. Also, it is pos
ible to work in solution, measuring the diffuse reflectanc
olids there suspended[41]. This procedure was chosen
he development of the method here proposed.

In diffuse reflectance measurements, the reflectom
eads a signal of the diffused reflected radiation also c
eflectance or reflection power,TR, which is analogous t
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transmittance in transmittance measurements. The optical
density for reflectance measurements isAR =− logTR, sim-
ilarly to absorbance.

The reflecting power,TR, is given by TR = I/I0, whereI0 is
the intensity of the incident radiant energy andI the intensity
that is reflected by the medium.TR obviously lies within the
bounds, 0 <TR < 1. It is proper to considerTR = 1 whenever
the absolute reflecting power can be measured from a stan-
dard of maximum reflectance, usually compressed BaSO4 or
MgO powder. However, for relative measurements, as it is
the case of analytical determinations based on a calibration
curve, the reflecting power can be considered equal to 1 for
the reflecting material considered as the blank.

The relation betweenTR and sample concentration,C,
is given by the Kubelka–Munk equation,f(TR) = (1 −TR)2/2
TR = εC/S, whereε is the molar absorptivity andS the scat-
tering coefficient. For correct application of this equation the
absolute reflectance of the reference material is needed.

For quantitative analysis many different calibrations plots
can be proposed analogous to transmittance measurements,
for example, in the reflectance case the correlationAR = kC
can be used and, in the proposed method, it fitted well the
experimental data of the calibration curve.k is a constant
related to the molar absorptivity and to other characteristics
of the reflecting material.

For the home-made reflectance device used in this work it
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Fig. 1. Reflectance (AR =− logTR) spectrum of the copper(II)–diclofenac
complex suspended in aqueous solution.

R =−1.1 + 20.9CNa (R is the resistance in ohms andCNa
the concentration of the sodium diclofenac, in mg mL−1,
in the analytical solution), with correlation coefficient equal
to 0.9997; R = 7.3 + 7.7CK (R is the resistance in ohms
and CK is the concentration of the potassium diclofenac,
in mg mL−1, in the analytical solution), with correlation
coefficient equal to 0.9988. The differences in the param-
eters of the analytical curves of the two diclofenac salts are
mainly consequence of different adjustment of the reflec-
tometer. In the first case the detection limit is estimated to
be 0.4 mg mL−1 (1× 10−3 mol L−1) and in the second case
it is 0.9 mg mL−1 (3× 10−3 mol L−1). As a mean situation
the detection limit can be assumed to be about 0.7 mg mL−1

(2× 10−3 mol L−1).
To test the intrinsic precision of the proposed method,

samples of pure sodium diclofenac and of potassium
diclofenac were analyzed in four different days, performing
four determinations per salt each day accordingTable 1.
It is ease to note that the value of the resistance of the
detector increases with the increase of the diclofenac
concentration. It is also observed that the mean of the
estimate of the standard deviation,sNa and sK, can be
considered constant (2 k�). The experiments with sodium
and of potassium salts of diclofenac were done in different
occasions. The reflectometer was adjusted in order to give
resistance values, for potassium diclofenac analysis, in a
p ined
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as shown that the resistance of the LDR is directly pro
ional to the reflected light and, therefore, to the concentr
f the reflecting material[41].

Diclofenac forms with ions Cu2+ a light-green 2:1 com
lex (Cu(C14H10Cl2NO2)2), soluble in organic solvents b

nsoluble in water. This property was used in the pre
ork to develop the reflectometric method showed be
he method is based on the supposition that the diff
eflection of the light incident on the precipitated comp
uspended in aqueous solution is proportional to its
entration. To guarantee the quantitative precipitatio
he complex a molar ratio 20:1 (copper(II):diclofenac)
sed.

The proposed method was also confronted with
PLC procedure recommended by the United States
acopoeia[48] whose obtained R.S.D. was about 4%.
Fig. 1 shows the reflectance spectrum of the copper

iclofenac complex dispersed in aqueous solution. It ca
asily observed that the red LED used in the experimen

ight source (λ= 635 nm) is quite adequate for the propo
ethod.
The resistance of the light detector (LDR) in the refl

ometer increases as the radiation intensity that reach
urface decreases, leading to higher values of the resis
n ohms. Therefore, it could be expected more absorp
f the red light as more complex is suspended in the a
us solution in the reflectometric cell, allowing a correla
etween concentration and resistance values.

Typical calibrations curves constructed using conce
ions from 1.0 to 18.0 mg mL−1 of the diclofenac salt ar
roportion of 2:1, in relation of the resistances obta
hen used sodium diclofenac (RNa÷ RK ∼= 2), correspond

ng to 5.0 mg mL−1 in both cases, in order to verify t
nfluence of the resistance range used on the precision
nalytical results. It is observed that the R.S.D. incre
ith the decreasing of the resistance value. This behav
bvious as the estimate of the standard deviation is con
evertheless, the R.S.D. obtained in all cases in
atisfactory for the analysis of diclofenac in pharmaceu
reparations.

Table 2shows the diclofenac (sodium and potassium s
ontent in tablets and in ampoules (solution), using aliq
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Table 1
Study of the intra day and inter day precision of the reflectometric method proposed for sodium and for diclofenac salts

Day C (mg mL−1) Intra day

RNa (k�) sNa (k�) R.S.D. (%) RK (k�) sK (k�) R.S.D. (%)

First 5.0 92 2 2.2 47 1 2.1
Second 96 2 2.1 49 2 4.1
Third 99 2 2.0 46 2 4.3
Fourth 93 2 2.2 46 2 4.3
Mean inter day 95 2 2.1 47 2 3.7

First 10.0 202 1 0.5 91 2 2.2
Second 202 2 1.0 87 2 2.3
Third 202 1 0.5 91 2 2.2
Fourth 202 2 1.0 90 3 3.3
Mean inter day 202 2 0.8 90 2 2.5
First 15.0 310 3 1.0 120 2 1.7
Second 311 2 0.6 117 1 0.9
Third 313 2 0.6 114 2 1.8
Fourth 312 2 0.6 116 4 3.4

Mean inter day 312 2 0.7 117 2 2.0

Mean R.S.D. (%) 1.2 2.7

C is the Concentration of the diclofenac salt, of sodium or of potassium;RNa andRK, mean resistance in k�(N = 5 measurements) for sodium diclofenac and
potassium diclofenac, respectively;sNa andsK, estimate of the standard deviation for sodium diclofenac and for potassium diclofenac, respectively; R.S.D.,
estimate of the relative standard deviation.

Table 2
Determination of sodium diclofenac and of potassium diclofenac in tablets and in solutions

Samples Na+-diclofenac content±S.D. K+-diclofenac content±S.D. Nominal content (mg)

Reflectometric (mg) HPLC (mg) t calc. Reflectometric (mg) HPLC (mg) t calc.

Tablets 48± 1a 48± 2a 0.0 50± 2b 48± 2b 1.2 50
Ampoules 74± 1c 76± 3c 1.2 71± 2c 74± 3c 1.5 75

Comparison of the results obtained with the proposed reflectometric method with those obtained using the method recommended by the United States
Pharmacopoeia[48] (HPLC), using the statistical Student’st-test[49]. Number of determinations:N = 5 for the reflectometric method andN = 3 for the HPLC
method. Confidence level 95%. The tabulated criticalt-value is 2.57.

a Sample also contains: polyvinylpyrrolidone, lactose, microcrystalline cellulose, corn starch, sodium starch glycolate, silicon dioxide, magnesium stearate,
metacrilic acid, polyethyleneglycol, titanium dioxide, talc, 6-hydroxy-5-((4-sulfophenyl)azo)-2-naphthalenesulfonic acid disodium salt (FD and C Yellow No.
6), Sicovit Brown 75 E 172.

b Sample also contains: lactose, corn starch, microcrystalline cellulose, silicon dioxide, magnesium stearate, titanium dioxide, polyethyleneglycol, blue dye,
red dye, yellow dye, sodium starch glycolate, sodium croscarmelose, opadry clear, polyvinylpyrrolidone.

c Samples also contain: mannitol, sodium metabisulfite, benzyl alcohol, propylene glycol, sodium hydroxide and water.

with about the same nominal content per tablet or ampoule,
compared with the results obtained with the reference HPLC
method. The statistical Student’st-test was applied to com-
pare the results obtained by the two analytical methods[49].
Considering that for the degree of freedom (ν) 4 the tab-
ulated t-value is 2.78 (α= 0.05), no significant differences
were observed between the results obtained by the two meth-
ods at 95% confidence level. InTable 2are also described
the excipients of the related four preparations. In all cases
agreement was observed, between the limits of the S.D. of
the proposed method.

4. Conclusion

According to the results above presented, the reflecto-
metric method here proposed is reliable and of very simple
procedure. Also, the precision and the accuracy are quite
satisfactory for the quantitative analysis of diclofenac in phar-

maceutical preparations. Therefore, it can be recommended
for the quantitative analysis of diclofenac in pharmaceutical
preparations.

Also, the method here described clearly shows that diffuse
reflectance photometry in the visible region of the spectrum,
for quantitative analysis, is quite feasible even when the mea-
sured form of the analyte is a solid suspended in water.
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