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Abstract 

A multifactor optimisation technique is successfully applied to develop a new spectrophotometric method in which 
diclofenac sodium is analysed and determined as it's Fe(III) complex. The effect of simultaneously varying the pH, 
ionic strength and concentration of colour reagents in the reaction mixture were studied. A four-variable two-level 
factorial design was used to investigate the significance of each variable and interactions between them. A response 
surface design was used to optimise complex formation and extraction. It was established that diclofenac reacts with 
Fe(III) chloride, in the presence of ammonium thiocyanate, in the pH range 4.2-6.5, forming a red chloroform 
extractable (2:1) complex with maximum absorbance at 481 nm. By applying the methods of Sommer and Job 
involving non-equimolar solutions the conditional stability constant of the complex, at the optimum pH of 6.0 and 
an ionic strength /L = 0,19M, was found to be 1064. Good agreement with Beer's law was found for diclofenac 
concentrations up to mmol 1 ~. The nominal percent recovery of diclofenac was 98.8% (n = 10). The lower limit of 
sensitivity of the method was found to be 14.7 /tg ml '. © 1997 Elsevier Science B.V. 

Keywords: Experimental design; Diclofenac sodium; Fe(III) chloride; Ammonium thiocyanate; Complexometry: 
Spectrophotometry 

1. Introduction 

Diclofenac sodium (Voltaren) 2-(2,6-dichloro- 
anilino) phenyllacetate has been shown to be an 
effective and well tolerated nonsteroidal anti-infl- 
ammatory agent for the treatment of  rheumatoid 
arthritis. It has been determined by a variety of 
analytical techniques, the most common being 
colorimetry [1-3], UV spectrophotometry [4], 
gas [5-~7] and liquid chromatography [8-11]. 
Other methods include thin-layer chromatogra- 
phy [12,13] and NMR [14]. 

* Corresponding author. 

The gas chromatographic methods for the 
analysis of diclofenac are based on the forma- 
tion of  an indolinone, a methyl ester, or an 
acetylated derivative. These compounds are then 
detected by electron capture detection. HPLC 
methods have been developed with a single-step 
extraction and direct UV detection without 
derivatisation. As spectrophotometric assays of- 
fer significant economic advantages over gas and 
liquid chromatography the aim of the present 
investigation was to develop a new, sensitive and 
accurate extractive spectrophotometric method 
for the determination of diclofenac in its dosage 
forms. 

0731-7085/97/$17.00 © 1997 Elsevier Science B.V. All rights reserved. 
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Colorogenic reaction with Fe(III) chloride in 
the presence of ammonium thiocyanate was used 
to modify the spectrum of diclofenac so that it 
could be detected in the visible region, well sepa- 
rated from other interfering components in the 
UV spectrum. The assay was developed using two 
mathematical statistical models: factorial design 
and response surface mapping [15]. These meth- 
ods were used to asses the quality of the complex- 
ation between diclofenac and Fe(III) ion 
quantitatively. Screening experiments were run in 
order to determine the variables to be investigated 
and a two-level factorial design was used to evalu- 
ate the main effects as well as the interactions 
between the factors. The results for pH of reac- 
tion mixture, ionic strength and concentration of 
colour reagents and their interactions are dis- 
cussed below. It is suggested that an experimental 
design can be used to achieve optimum conditions 
by simultaneously optimising the values of the 
variables using response surface mapping. The 
best set of conditions can then be selected for 
further validation of the method. 

2. Experimental 

2.1. Reagents 

Diclofenac sodium bulk drug and Toryxil ® 
tablets (100 mg) were obtained courtesy of Dr 
Baer, KG (Munchen, Germany). Fe(III) chloride, 
ammonium thiocyanate, potassium chloride, 
acetic acid and sodium hydroxide were obtained 
from Merck (Darmstadt, Germany). 

2.2. Solutions 

For analytical purposes a freshly prepared (2.5 
mg ml ~, 7.85 × 10 -3 M) aqueous solution of 
diclofenac bulk drug was prepared. A sample 
solution containing 2.5 mg ml 1 diclofenac was 
prepared by extracting diclofenac from tablets 
with water. Fe(III) chloride solution (81 mg ml t; 
3 × 10-~ M) was prepared by dissolving 4.055 g 
Fe(III) chloride in 40 ml water with addition of 1 
ml 1 M HC1, followed by diluting the solution up 
to 50 ml with water. Ammonium thiocyanate 

solution (183 mg ml J, 2.4 M) was prepared by 
dissolving 9.13 g ammonium thiocyanate in 50 ml 
water. The ionic strength of the final solution was 
kept constant at 0.2 M by addition of 2 M 
potassium chloride solution. Acetate buffer solu- 
tions covering the pH range 3.6-6.5 were made 
by mixing appropriate volumes of 1 M sodium 
hydroxide and 1 M acetic acid solutions. 

2,3. Apparatus 

The absorption of each solution was recorded 
on a Specord M 40 Carl Zeiss Jena Spectrophoto- 
meter provided with matched 10 mm quartz cells. 
Measurements of pH were carried out on a 'Ra- 
diometer 22' pH-meter. The pH values were deter- 
mined with a saturated calomel-glass electrode 
system. 

2.4. Procedure 

To 2 ml diclofenac sodium solution placed in 
an Erlenmeyer flask fitted with a ground glass 
stopper, 2 ml Fe(III) chloride, 2 ml ammonium 
thiocyanate, 1 ml 2 M potassium chloride and 3 
ml acetate buffer was added. Finally, 5 ml chloro- 
form was added. The Erlenmeyer is stoppered and 
after shaking the reaction mixture for 10 rain, the 
orange-coloured chloroformic layer is separated 
in a separation funnel and the absorbance mea- 
sured at 481 nm against a reagent blank. This 
procedure was employed for measuring the ab- 
sorption spectrum and for determination of di- 
clofenac in bulk drug and tablets. 

A calibration curve was prepared with 10 stan- 
dard solutions over the concentration range 0.5- 
5.0 mg ml - l  (1.57-15.7 mmol 1-1). For each 
solution three experiments were run following the 
procedure described. 

3.  Results and discussion 

3.1. Absorption spectrum o f  diclofenac-Fe(III) 
complex 

The absorption spectrum of the extracted com- 
plex was measured over 400-600 nm. The corn- 
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plex shows maximum absorbance at 481 nm (Fig. 
l) which can therefore be used for analytical 
purposes. Under the same conditions the chloro- 
formic extract of Fe(III) chloride, ammonium 
thiocyanate, potassium chloride and acetate 
buffer solution does not show significant absorp- 
tion in this spectral region. The maximal produc- 
tion and extraction of complex was attained after 
5 min, the colour being stable for 24 h. All other 
measurements were made after for 10 min extract- 
ing. 

Fe(III) chloride and ammonium thiocyanate 
were added in excess. Investigation showed that 
the absorbance increased up to a molar ratio of 
20:1 for Fe(III)-diclofenac, and up to 8:1 for 
ammonium thiocyanate-Fe(III)  chloride. 

3.2. EJ]~,ct of pH and ionic strength on complex 
formation 

--, ~ , , , , i. , ,.~ 1., ~ , i , , ~ i , , , 

..... 

- o 

.... ~ .... ~ .... :.~,~ .... :~..~H :5,2 0,3 

i £.:.." ':::".... ............. 

• , , IInl | 
L 

rl fil 

Fig. 2. T h e  e f fec t  o f  p H  on  c o m p l e x  f o r m a t i o n  a n d  ex t r ac t ion•  

D i c l o f e n a c  c o n c e n t r a t i o n ,  7.85 × 10 3 M:  [ F e ( l l l ) ] = 3 ×  
l 0  t M ;  / t = 0 . 1 9  M .  

This study was carried out to determine the 
optimum pH at which the complex is formed. The 
variation of absorbance with the pH of the reac- 
tion mixture are represented in Fig. 2. The com- 
plex is only produced at pH values above 4.2. The 
general trend observed was a gradual increase in 
absorbance up to pH 5.8 to reach a plateau, 
followed by a steady decrease in absorbance after 

o . ~  . . . . .  . . . . . . . . . .  i . . . . . . . . .  i . . . . . . . . .  i . . . . . .  
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Fig.  1. A b s o r p t i o n  s p e c t r a  o f  d i c l o f e n a c  F e ( I I I )  c o m p l e x  in 

c h l o r o f o r m .  D i c l o f e n a c  c o n c e n t r a t i o n ,  7.85 x 10 - 3  M;  p H  

6 . 0 : I t = 0 . 1 9  M.  

pH 6.2. Therefore the optimum conditions for 
complex formation were found in the pH range 
5.8 6.2. As the shape of the absorption curves 
and positions of the absorption maximum do not 
vary with pH, it was assumed that in this pH 
range only one type of complex was formed. 

The ionic strength also plays a significant role 
by its influence on the shape and intensity of the 
recorded peaks. The effect of ionic strength on 
complex formation was followed in the range 
0.1-0.4 M. At an ionic strength of 0,2 M opti- 
mally shaped spectra were recorded. 

3.3. Optimum conditions for complex .]ormation 

The absorbance and stability of the extracted 
complex can be maximised as a function of pH, 
supporting electrolyte concentration and concen- 
tration of colour reagents. In order to investigate 
the effect of each factor and their interactions a 
four variable, two level full factorial design was 
chosen. The variables were pH (A), ionic strength 
(B), concentration of Fe(III) chloride (C) and 
concentration of  ammonium thiocyanate (D) in 
reaction mixture. The design matrix (Table l) 
shows 16 treatment combinations of  low ( - ) and 
high ( + ) level of the factors. From the estimate 
of factor effect (Table 2) it can be seen that each 
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Table 1 

Matrix of experiments for the 24 factorial design for diclofenac-Fe(III) complex 

Trial Factor level (low, - ; high, + ) 

A B C D 

Absorbance 

l . . . .  

2 + - - - 

3 - + - - 

4 + + - - 

5 - - + - 

6 + - + - 

7 - + + - 

8 + + + - 

9 - - - + 

10  + - - + 

11 -- + -- + 
12 + + - + 

13 - - + + 

14  + - + + 

15  - + + + 

16  + + + + 

Low ( - )  and high ( + )  levels of the following factors: 
Factor Value 

L o w  ( - )  

A p H  of reaction mixture 5 . 0  

B ionic strength ( M )  0 .1  

C Fe(III) chloride concentration ( M )  0 . 0 5  

D ammonium thiocyanate concentration ( M )  0 . 2 0  

0 . 1 3 3 2  

0 . 2 1 0 5  

0 . 1 4 7 6  

0 . 2 2 5 3  

0 . 2 2 5 4  

0 . 3 5 6 4  

0 . 2 3 0 6  

0 . 3 8 7 1  

0 . 2 0 8 5  

0 . 4 4 3 1  

0 . 2 9 9 7  

0 . 4 7 3 7  

0 . 2 3 3 8  

0 . 3 7 0 0  

0 . 2 5 5 0  

0 . 4 0 2 2  

High ( + )  

6 . 0  

0 . 2  

0 . 1 0  

0 . 4 0  

variable had a significant effect on the complex 
formation with the buffer exerting the most pow- 
erful effect. The interaction of the concentrations 
of Fe(III) chloride and concentration of ammo- 
nium thiocyanate was greater than the other com- 
binated effect which indicates that the amount of  
the formed complex influenced by the concentra- 

Table 2 

Estimates of factor effects and interactions 

Average = 0 . 2 8 7 6 3 1  D = 0 . 0 9 6 2 3 7  

A = 0 . 1 4 1 8 1 3  AD = 0 . 0 3 1 1 8 7  

B = 0 . 0 3 0 0 3 8  BD = 0 . 0 1 3 7 6 2  

AB = - 0 . 0 0 2 9 6 3  ABD = - 0 . 0 0 9 4 3 7  

C = 0 . 0 3 9 8 6 3  CD = - 0 . 0 8 0 8 6 3  

AC = 0 . 0 0 0 9 1 2  ACD = - 0 . 0 3 2 2 1 2  

BC = - 0 . 0 0 7 7 1 2  BCD = - 0 . 0 0 9 3 8 7  

ABC= 0 . 0 1 2 0 8 7  ABCD = 0 . 0 0 5 8 1 2  

tion of  Fe(III) chloride is dependent on the con- 
centration of  ammonium thiocyanate. 

In order to identify the optimum conditions for 
the analysis, a response surface design was cho- 
sen. Response surface can simultaneously repre- 
sent two independent and one dependent variable. 
When all variables but four are held constant 
more than one response surface is required to 
represent the results. The response surface design 
is an effective means of locating the global opti- 
mum if a mathematical functional relationship 
between variables is known or can be assumed. 
For relationship between Fe(lII) chloride concen- 
tration (Xl), ammonium thiocyanate concentra- 
tion (x2) and absorbance of  extracted complex 
(A), while holding pH and ionic strength of reac- 
tion mixture constant (pH 6.0 and /~ = 0.19 M) 
model fitting methods give the equation: 
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Fig. 3. The absorption response surface of diclofenac Fe(llI) 
complex in chloroform with respect to the Fe(III) chloride 
concentration and NH4SCN concentration. Diclofenac con- 
centration, 7.85x l0 -3 mol dm 3; pH 6.0; /1=0.19 mol 
dm 

A = - 1.0668 + 19.524x I + 4.3725x2 - 77.34(x02 

- 3.2475(x2) 2 - 23.485xlx 2 

Maximum absorbance of extracted complex can 
be obtained with 6 x 10 -2 M concentration of 
Fe(III) chloride and 4.8 x 10 - l  M concentration 
of  ammonium thiocyanate in reaction mixture as 
can be seen from assumed response surface shown 
in Fig. 3. 

For the relationship between pH, ionic strength 
and absorbance while holding concentration of 
colour reagents constant at optimal concentra- 
tions, model fitting methods give the equation: 

A = - 5.3861 + 1.6916z I + 7.79204z 2 - 0.1228z 2 

- 3.2784z~ - 1.0854zlz2 

The equation maximum is obtained at a pH (zl) 
value of 6.08 and/~ (z2) = 0.185 M. The assumed 
response surface is shown in Fig. 4. All further 
measurements were carried out at pH 6.0 with an 
ionic strength 0.19 M and an eight-fold excess of 
ammonium thiocyanate concentration over that 
of Fe(III) chloride concentration. 

3.4. Stoichiometliv o f  the complex 

The composition of the diclofenac-Fe(III)  
complex was determined by applying Job's 

method of continuous variations. The concentra- 
tion of aqueous diclofenac sodium and Fe(III) 
chloride solutions was 10 2 M. Nine solutions 
were used containing diclofenac sodium and ferric 
chloride in various molar ratios, so that their 
volume was constant at 5 ml with addition of 2.0 
ml ammonium thiocyanate solution, 1.0 ml potas- 
sium chloride and 2.0 ml buffer solutions were 
prepared. The extraction was performed with 5 ml 
chloroform and the absorbance measured at 481 
nm. The curve displays a maximum at a molar 
fraction Xma~ = 0.33 (Fig. 5), which indicates the 
formation of a 1:2 complex. The composition of 
the complex was confirmed by the molar ratio 
method. The curve obtained shows a break point 
at a molar ratio of 1:3 for Fe(III) diclofenac. 

3.5. Relative stability o f  the complex 

The relative stability constant of the complex 
has been determined by applying the method of 
Sommer [16] on the basis of results obtained by 
Job's method for the composition of the complex 
and also by the application of  Job's method of 
non-equimolar solutions [17]. By Job's method of 
non-equimolar solutions curves for five-fold and 
ten-fold excess of reagent were obtained (Fig. 6). 
The conditional stability constant was then calcu- 
lated in the following way: 

/ 

6.2 PR 6.6 

0,4 

Fig. 4. The absorption response surface of diclofenac-Fe(lll) 
complex in chloroform with respect to the pH and ionic 
strength of reaction mixture. Diclofenac concentration, 7.85 x 
10 -3M;We(Ill)]=3x 10 ~ M;pH6.0;[NH4SCN ]=2.4M. 
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Fig. 5. Job's curve of equimolar solutions for the diclofenac- 
Fe(III) complex in chloroform. Diclofenac concentration, 
[Fe(IlI)] = 10 .2 M; pH 6.0; ,u =0.19 M. 

K ' =  (P - 1)2(2 - 3Xmax) 

(Cdiclofenac)2p[(2 ÷p)Xrnax  - -  2] 3 

where p = 5 or  10 and Xma x is the projection o f  the 
peak max imum divided by the total volume of  
ch loroform used for extraction in each case (12 
ml). The values obtained by the two different 
methods  are in good  agreement  (Table 3). 

3.6. Validation 

The method  was tested for  specificity, linearity, 

~ l l , l i l i i , i  i l l l  , , , i  l l i l r i i ~ l l r l l  

0.~F . . . .  J . . . .  i . . . .  , . . . .  i . . . .  i . . . .  I . . . .  J , , ,  
0 1 ,! 3 4 5 6 ? 

ml ~e{II i )  ~;Mcri@e 

Fig. 6. Job's curve of non-equimolar solutions at 481 nm. 
Diclofenac concentration, 5 x 10 -~ M; pH 6.0; ,u =0.19 M. 

Table 3 
Conditional stability constant of the diclofenac-Fe(lll) com- 
plex ~ 

Job's method of non-equimolar solutions a 

[Fe(III)] p Xma x log K' 

2.5 x 10 _2 5 0.333 6.54 
5 x 10 -2 10 0.208 6.56 

Mean: 6.55 

Sommer's method a 

log K' log Kmi n log Kma× S . D .  R.S.D. (%) 

6.356 6.164 6.442 0.08 1.67 

a Conditions: pH 6.0; l~ = 0.19; t = 25 _+ 0.5°C. 

precision and reproducibility. The specificity o f  
the method  was investigated by observing any 
interference by other  compounds  f rom the tablet 
mass. Complete  visible spectra o f  the d ic lofenac-  
Fe(III)  complex with diclofenac obtained f rom 
sample solutions and s tandard solutions were ob- 
tained. In all cases the spectra were found to be 
identical. Al though  the effect o f  degradat ion 
products  o f  diclofenac was not  assessed, provided 
that this is less than 1% then this should not  
significantly affect the accuracy o f  the method.  

The calibration graph used for the spectropho- 
tometric determinat ion o f  diclofenac showed that  
Beer's low is obeyed over the range 0 .1 -1 .0  mg 
m l -  ': A4s, = a + bC, where C is the concentra t ion 
o f  diclofenac in mg m l - '  (calculated in the final 
solution for extraction), a = - 0 . 0 0 1 8 6  and b = 
0.9774; the regression coefficient R ' = 0 . 9 9 9  for 
n = 1 0 .  

The precision o f  the method  was checked at 
three different concentrat ions.  The R.S.D. varied 
f rom 2.85 to 1.06% for  concentra t ions  o f  diclofe- 
nac sodium from 1.25-2.50 mg ml '. 

The applicability o f  the proposed  method for 
the assay o f  simple dosage forms was examined 
by analysing Toryxil ® tablets. The recovery was 
98.8% with R.S.D.  o f  1.52% (n = 10). The statisti- 
cal data  for the results obtained in the determina- 
t ion o f  diclofenac as a pure c o m p o u n d  and in 
dosage forms are shown in Table 4. 
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Table 4 
Recovery and R.S.D. data for diclofenac sodium in bulk drug and tablet forms 

153 

Sample (n = 10) Concentration of solutions (mg Found (rag ml ~) S.D. (lag) R.S.D. (%) S, Recovery (%) 
ml t) 

Diclofenac sodium 1.25 1.25 35.6 2.85 0.013 100.0 
bulk drug 

Toryxil '~ tablet 
(100 mg) 

250 2.50 24.3 0.97 0.009 100.0 
3.75 3.75 39.8 1.06 0.015 10(}.0 
2.50 2.47 37.5 1.52 0.012 98.8 

T h e  c o l o r i m e t r i c  p r o c e d u r e ,  ba sed  on  r e a c t i o n  

o f  d i c l o f e n a c  s o d i u m  wi th  F e ( I I I )  ch lo r ide  in the  

p re sence  o f  a m m o n i u m  t h i o c y a n a t e  and  ex t rac -  

t ion  o f  the  c o m p l e x  f o r m e d  is s imple ,  r ap id  and  

q u a n t i t a t i v e .  T h e  l imi t  o f  d e t e c t i o n  ( S N R =  2) 

was  14.7 ~tg ml  1. T h e  m e t h o d  is su i tab le  for  the  

ana lys i s  o f  d i c lo f enac  s o d i u m  in c o m m e r c i a l  for -  

mu la t i ons .  
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