
Journal of Pharmaceutical & Biomedical Analysis 
Vol. 8, Nos 8-12, pp. 739-742, 1990 
Printed in Great Britain 

0731-7085/90 $3.00 + 0.00 
~) 1990 Pergamon Press plc 

Investigation of penbutolol-iron(III) complex and its 
spectrophotometric determination in tablets* 

D. RADULOVIt~, t  D. PE(~ANAC, Lj. ZIVANOVIC and S. AGATONOVIt2-KUgTRIN 

Institute of Pharmaceutical Chemistry, Faculty of Pharmacy, dr Subotida 8, 11000 Belgrade, P.O. Box 146, 
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Abstract: It has been established that penbutolol  reacts with iron(III) chloride in the presence of a m m o n i u m  thiocyanate 
to form a pink complex (2:1) that is soluble in chloroform with a max imum absorbance at 478 nm. By application of the 
me thods  of Sommer  and Job involving non-equimolar  solutions, the conditional stability constant  (log k ' )  of  the complex 
at the op t imum pH of 1.5 + 0.02 and an ionic strength of (p.) 0.14 M, was found to be 5.769. The molar absorptivity at 
478 nm was 136 1 mol -~ cm -t  at pH 1.5 _ 0.02. The  validity of  Beer ' s  law has been tested in the concentration range 3-18 
× 10 -4 M; the relative s tandard deviation (n = 8) was 1.52-3.21%. The  proposed method  was found to be suitable for 
the accurate,  simple and rapid analysis of  penbutolol  in the bulk drug and in tablets. 
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Introduction 

Penbutolol,l-(2-cyclopentylphenoxy)-3-[(1,1- 
dimethylethyl)amino]-2-propanol is one of the 
beta-adrenergic blockers. A number of 
analytical methods for the determination of the 
beta-adrenergic blockers have been described. 
A few reports have been published on re- 
actions in which a coloured ion-pair is formed, 
the ion-pair is subsequently extracted by a 
suitable solvent and determined by spectro- 
photometry [1-7]; TLC-spectrophotometry [8] 
and gas chromatography (GC) [9-13] have 
been used for the drug in biological fluids. 
TLC, GC [14] and HPLC [15-19] methods 
have also been described for penbutolol. The 
aim of the present work was to study the 
reaction between penbutolol and Fe(III) ions 
as a basis for its determination in pharma- 
ceutical preparations. This work is a continu- 
ation of the author's systematic studies on the 
behaviour of complexes of beta-adrenergic 
blockers with Fe(III) ions [20]. 

Experimental 

Reagents 
Penbutolol sulphate (Hoechst), Fe(III) 

chloride, ammonium thiocyanate, hydrochloric 
acid and chloroform were used. All chemicals 

were of analytical grade (Merck); double- 
distilled water was used. 

Solutions 
For analytical purposes a freshly prepared 5 

x 10 -3 M solution of pure penbutolol sulphate 
in 0.1 M HCI was used as the stock solution. 
Potassium chloride (1.0 M), 0.5 M Fe(III) 
chloride in 0.1 M hydrochloric acid, 1.0 M 
ammonium thiocyanate and 1 x 10 -3 M HC1 
were prepared. The ionic strength (~) of the 
final solution for spectrophotometric determi- 
nation was kept constant by the addition of 
1 M potassium chloride. 

Apparatus 
A spectrophotometer (Specord M 40, Carl 

Zeiss) with 10-mm quartz cells was used. A 
pH-meter (Beckman Zeromatic SS-3), calib- 
rated with appropriate standard buffer sol- 
utions, was employed. 

Procedure 
To 2 ml of penbutolol sulphate solution in 

0.1 M HC1 (or an extract of penbutolol sulph- 
ate from tablets) was added 1 ml of potassium 
chloride solution, 1 ml of Fe(III) chloride 
solution in 0.1 M HCI and 2 ml of ammonium 
thiocyanate solution in an Erlenmeyer flask 
fitted with a ground-glass stopper. Finally, 
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5 ml of chloroform and 1 ml of 10 -3 M HCI 
were added. The Er lenmeyer  flask was closed 
and the reaction mixture was gently shaken by 
means of a shaking machine for 10 min. The 
pink chloroformic layer was separated in a 
separating funnel and its absorbance was 
measured at 478 nm against chloroform as a 
blank. All measurements  were made at room 
tempera ture  (25 + 0.5 C). 

Preparation of  calibration curve 
A calibration curve was prepared with eight 

standard solutions of concentration 3-18 x 
1 0  - 4  M penbutolol sulphate in 0.1 M HCI. For 
each solution three measurements  were made 
at 478 nm against chloroform. 

Results and Discussion 

It was found that penbutolol  reacts with 
Fe(I I I )  chloride in the presence of ammonium 
thiocyanate at p H  1.5 + 0.02 to produce a pink 
complex that is soluble in chloroform. Absorp- 
tion spectra were recorded over  the wave- 
length range 380-660 nm. The complex 
showed an absorbance maximum at 478 nm 
(Fig. 1, curve 1) which was therefore used for 
the analytical determinations. 

All measurements  were per formed against a 
reagent blank, with an appropriate  correction 
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F i g u r e  1 
A b s o r p t i o n  spec t ra  of  p e n b u t o l o I - F e ( l l I )  complex .  [Pen- 
buto lo l ]  = 4 x 10 -3 M; pH = 1.5 + 0.02; I~ = 0.14 M. 

for the cell blank, pH 1.5 ___ 0.02 was used as 
the working pH.  The shape of the absorption 
spectrum and the position of the absorption 
maximum of the complex formed did not vary 
with pH;  this result indicates that only one type 
of complex is formed.  

Maximum absorbance was observed after 10 
min. Thus measurements  were made at 10 min; 
the ionic strength was 0.14 M. The com- 
position and conditional stability constant of 
the complex were determined by Job 's  method 
of equimolar  solutions; the curves obtained 
displayed a maximum at a molar  fraction of 
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F i g u r e  2 
Job ' s  curve  of e q u i m o l a r  so lu t ions  at  478 nm.  [Pen- 
buto lo l ]  = [Fe(I I I ) ]  = 1.2 x 10 -9 M,  p H  = 1.5 + 0.02; 

= 0.14 M. 

T a b l e  1 
C o n d i t i o n a l  s t ab i l i ty  cons tan t  of the  p e n b u t o l o l - F e ( I I I )  
complex*  ca lcu la t ed  by  S o m m e r ' s  m e t h o d  

log  K '  log K'mi n log K'max SD R S D  ( % )  

5.57 5.42 5.76 0.174 3.12 

* C o n d i t i o n s :  p H  = 1.5 + 0.02; I~ = 0.14 M; T =25  + 
0.5°C;  n = 6. 
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F i g u r e  3 
Job ' s  curve  of n o n - e q u i m o l a r  so lu t ions  at  478 nm. 
[Fe(I I I ) ]  = 4 × 10 -2 M;  p = 5 (curve  1); p = 10 (curve 2). 
pH  = 1.5 _+ 0.02; Ix = 0.14 M. 
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Table 2 
Conditional stability constant of the penbutoloI-Fe(IIl) 
complex* calculated by Job's method for non-equimolar 
solutions 

[Fe(IIl)] p Xma x log K't  

4 X 10 -2 5 0.333 6.13 
4 X 10 -2 10 0.250 5.80 

*Conditions: pH = 1.5 ___ 0.02; i~ = 0.14 M; T =25 + 
0.5°C. 

tMean value of log K' = 5.965. 

Table 3 
Results of the spectrophotometric determination of penbutolol bulk drug and penbutolol in "Paginol" tablets 

Concentration Found RSD Recovery 
Sample (mg m1-1) (rag ml 1) SD (%) Sx (%) 

Penbutolol bulk drug 0.680 0.680 0.003 1.52 0.0012 100.0 
"Paginol" tablets 40 mg 0.680 0.669 0.007 3.21 0.025 98.5 

Xmax = 0.33 which  ind ica tes  the  f o r m a t i o n  of  a 
p e n b u t o l o l - F e ( I I I )  complex  in a ra t io  2:1 (Fig.  
2). 

T h e  cond i t i ona l  s tabi l i ty  cons tan t  of  the  
c o m p l e x  was ca lcu la t ed  by  the  m e t h o d  of  
S o m m e r  by  using J o b ' s  curves  of  e q u i m o l a r  
so lu t ions .  

T h e  resul ts  a re  p r e s e n t e d  in Tab le  1. By 
using J o b ' s  m e t h o d  of  n o n - e q u i m o l a r  sol- 
u t ions ,  the  curves  o b t a i n e d  for  a f ive-fold  and a 
10-fold excess  of  r e agen t  (p; Fig.  3) gave  a 
va lue  for  Xmax; this va lue  was o b t a i n e d  by  
p r o j e c t i n g  the  p e a k  m a x i m u m  on to  the  
abscissa  and  d iv id ing  it by the  to ta l  vo lume  of  
so lu t ion  used  in each  case (12 ml) .  T h e  con-  
d i t iona l  s tabi l i ty  cons tan t  was then  ca lcu la t ed  
f rom the  equa t ion :  

g '  = (P -- 1)2(2 -- 3Smax) 

(Cpe,butoloO2p[(2 + p ) S m a x - 2 ]  3 ' 

w h e r e  p = 5 o r  10, and  CFe(III)cmoride = 4 X 
10 -2 M. T h e  va lues  of  l o g K '  a re  p r e s e n t e d  in 
T a b l e  2. 

Quan t i f i ca t ion  a n d  l inearity o f  the cal ibrat ion 

curve  
B e e r ' s  law was ver i f ied  at  p H  = 1.5 + 0.02. 

A l inea r  r e l a t ionsh ip  b e t w e e n  a b s o r b a n c e  and  
c o n c e n t r a t i o n  was e s t ab l i shed  ove r  the  range  
3 - 1 8  x 10 -4  M. T h e  m o l a r  absorp t iv i ty  of  the  
c o m p l e x  was 136 1 mo1-1 cm - l .  T h e  regress ion  
e q u a t i o n  was y = - 0 . 0 0 5 9 3  + 0.02076x; the  
c o r r e l a t i o n  coeff ic ient  (r)  was 0.9986 (n = 8), 
ind ica t ing  exce l l en t  l inear i ty .  The  re la t ive  s tan-  

d a r d  dev ia t i on  (n = 7) va r i ed  f rom 1.52 to  
3 .22%.  

A p p l i c a t i o n  to a d o s a g e - f o r m  

T h e  app l i cab i l i ty  of  the  m e t h o d  for  the  assay 
o f  a s imple  d o s a g e - f o r m  was e x a m i n e d  by  
ana lys ing  Pag ino l  ( J G R / H O E )  table ts .  The  
r e c o v e r y  was 98 .47% (n = 7). The  resul ts  
conf i rm the  su i tab i l i ty  of  the  p r o p o s e d  m e t h o d  
for  the  accu ra t e  and  sensi t ive analysis  of  
p e n b u t o l o l  b o t h  in the  bu lk  drug  and  in a 
d o s a g e - f o r m  (Tab le  3). 
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