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ABSTRACT 

Two computerized spectrophotometric methods: the derivatve 
(D-) method and the derivative under least squares approach 
(D-LS) method: have been described for the assay of two component 
mixture. That mixture has been solved for chlorpheniramine maleate 
(CP) and phenylephrine hydrochloride (PE) existing in a ratio 
range of 1/0.8 to 1/2. Being more versatile and fast, the proposed 
methods supersede the Vierordt's method in dealing with the assay 
of two component mixture since the latter is subjective to many 
limitations. 

INTRODUCTION 

Lately, derivative spectrophotometry has been used €or the 
solution of different pharmaceutical problems 1-3. Examples are 
the drug assays in single component 4 - 6  or multicomponent 7-9 

dosage forms as well as the drug determination in the presence 
10,ll of its degradation products 

Hitherto, the application of such technique in solution of 
problems dealing with multicomponent analycis or spectral 
interferences l2 is still limited. 

The high spectral resolution of derivative spectrophotometry 
could solve the problems involved in the two component mixture 
analysis, when use of Vierordt's method is invalid due to the 

13 limitations provided by Glenn . 
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In  t h e  two component a n a l y s i s  by d e r i v a t i v e  spectrophotometry 

(D-method) two equa t ions  a r e  r equ i r ed  t o  be so lved .  

( D o l l  = C1 dll + C 2 d 2 1  ............. 
( D o ) 2  = C1 o< 12 +- c 2 d 2 2  ............. 

(1) 

( 2 )  

where (Do)l and (Do)2 a r e  the  der iva t ive  

mixture (containing f i r s t  component i n  concentration C 

and second component i n  concentrat ion C 2 )  a t  Al a n d h 2 ,  

respect ively.  Subscr ipt  o denotes de r iva t ive  order 

values of t he  

1 

( f i r s t ,  second, t h i r d ,  ...... e tc) .  dl1 and d,, a r e  the  

" of f i r s t  component 1 a t  h, and A,, respec- cm' 
1% 

t ive ly .  H2, and o(22 are the  (Do), Qn of second component 

2 a t  1, and x,, respec t ive ly .  

In  order  t o  improve the  r e s u l t s  prec is ion  of the  

analyte  concentrat ion the  de r iva t ive  spectrophotometry may 

be u t i l i z e d  under l e a s t  squares approach ''-I7, he rea f t e r  

termed D-LS. I n  such ins tance  the number of source 

equations,  m, m u s t  exceed the  number of mixture components. 

The e r r o r ,  e ,  expectable f o r  t he  corresponding equatior? 

a t  any of the  j t h  wavelength may be accumulated a s  

Minimizing such e r r o r  by p a r t i a l  d i f f e r e n t i a t i o n  with 

respect  t o  C1 and C 2  and equating t o  zero,  we ge t  a 

number of equations equal  t o  the  components'num'ker. 

r e su l t i ng  equat ions could be arranged i n  t h i s  form 

The 
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DERIVATIVE SPECTROPHOTOMETRIC ASSAY 2137 

The above n a t r i x  could be solved18 f o r  C1 and C 2 .  

I n  t h i s  a r t i c l e  a general ized BASIC computer 

program has been designed f o r  the so lu t ion  of t w o  

component mixture. That mixture has b e e n  solved f o r  

chlorpheniramine maleate (CP) and phenylephrine hydro- 

ch lor ide  (PE) i n  commercial syrup using the  proposed D 

and D-LS methods. 

EXPERIMENTAL 

Apparatus. 

A Shimadzu Model UV-120-02 u l t r a v i o l e t / v i s i b l e  spectro- 

photometer with 1-cm quar t z  cuve t t e s ,  an O l i v e t t i  1424 

personal computer, 128 K by te ,  and an Epson HI-80 p l o c t e r  

were used. 

Mater ia ls .  

- Phenylephrine hydrochloride,  Alexandria Co. f o r  Phama- 

ceu t i ca l  and Chemical I n d u s t r i e s ,  Egypt. 

- Chlorpheniramine maleate,  blisr Co. f o r  Pharmaceutical 

Indus t r i e s ,  Xgypt. 

- A l l  o ther  reagents  and solvent  were of ana ly t i ca l  grade. 
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2138 MAHGOUB 

Pharmaceutical preparat ion.  

SINE-UP syrup (Pharco Pharmaceuticals,  Egypt , label led t o  

contain 50 mg of chlorpheniramine maleate and 100 mg of 

phenylephrine hydrochloride per 100 m l  syrup. 

Standard so lu t ions .  

A 100 mg a l i q u o t  of  the  reference drug sample w a s  

accurately weighed and d isso lved  i n  100.0 m l  0.1 N 

hydrochloric acid. 

Five serial  d i l u t i o n s  i n  same solvent  were prepared 

within the concent ra t ion  ranges of 2-4 mg per 100 m l  

f o r  chlorpheniramine maleate and 5-10 mg per 100 m l  

for phenylephrine hydrochloride.  

SamDle preparat ion.  

A 5.0 nl a l i q u o t  of the syrup was t r a n s f e r r e d  t o  

a dry 250-ml separa tory  funnel  and 20.0 m l  0.1 N hydro- 

ch lo r i c  a c i d  w a s  added. The so lu t ion  was shaken f o r  

10 minutes with 100 m l  e t h e r  (previously sa tu ra t ed  with 

0.1 N hydrochlor ic  a c i d ) ,  A 5.0 ml por t ion  of the 

aqueous a c i d i c  l a y e r  was d i l u t e d  t o  25.0 ml with 0.1 JX 

hydrochloric acid.  

Spectrophotometric measurements. 

Absorbances w e r e  measured i n  the  range of 300 t o  250 nm 

a t  2 nm i n t e r v a l s  aga ins t  a solvent  blank. Each absorbance 

measurement was t h e  mean of two readings,  each involving 

a p r i o r  r e - se t t i ng  of t h e  wavelength sca le .  Absorbances 

were fed i n t o  the  c o m p t e r  and the f i r s t  de r iva t ive  
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DERIVATIVE SPECTROPHOTOMETRIC ASSAY 2139 

v a l u e s ,  31(= z) , were t h e n  c a l c u l a t e d  u s i n g  t h e  proposed 

computer program. 

RESULTS AND DISCUSSION 

The a b s o r p t i o n  and f i r s t - d e r i v a t i v e  (D1) curves  of 

chlorpheniramine maleate  (CP ) and phenylephrine hydro- 

c h l o r i d e  ( P E )  i n  0.1 N hydrochlor ic  a c i d  are presented  

i n  Fig. 1. The absorp t ion  m a x i m u m  o f  PE i s  obscured by 

t h e  ascending slope of CP. In t h e  v i c i n i t y  of 270 t o  

264 nm, t h e  PE spectrum is descending while  t h a t  of CP i s  

ascending r e s u l t i n g  i n  a prominant D1 maximum of PE a t  

263 nm which i s  separable  from t h e  optimum wavelength 

s e l e c t e d  f o r  CP a t  273 nm. 

T o  q u a n t i f y  t h e  mixture  f o r  i t s  two components, 

absorbances were measured over  t h e  range 300 t o  250 nm 

a t  2 nm i n t e r v a l s  with subsequent c a l c u l a t i o n  of t h e  f i r s t -  
BA d e r i v a t i v e  v a l u e s ,  D1(= -). The concent ra t ion  of b o t h  

components were computed applying (I) V i e r o r d t ' s  method 
d h  

( u s i n g  two absorbance c o e f f i c i e n t s )  where t h e  c o e f f i c i e n t s  

a t  )II = 264 nm and h 2  = 274 ILT f o r  CP a r e  231.67 and 

137.00, r e s p e c t i v e l y  and f o r  PS a r e  59.40 and 88.40, 

r e s p e c t i v e l y ,  (ii) D method ( u s i n g  two D1 c o e f f i c i e n t s )  

where t h e  c o e f f i c i e n t s  a t  / \ = 273 n.n a n d r 2  = 263 nm 

f o r  CP a r e  -9.833 and 1.333, r e s p e c t i v e l y  and f o r  PE a r e  

0.200 and 4.500, r e s p e c t i v e l y ,  and (iii) D-LS method 

u s i n g  twelve 

253 t o  297 nm a t  4 nm i n t e r v a l s .  

D1 c o e f f i c i e n t s  over  t h e  wavelength range 
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FIGURE 1 

Absorption curves  ( a )  and f i r s t - d e r i v a t i v e  curves (b) 

of 3 mg% w/v chlorpheniramine maleate  (-1 and 5 m@ 

w/v phenylephrine hydrochlor ide  (---I 

hydrochlor ic  ac id .  

i n  0.1 N 
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DERIVATIVE SPECTROPHOTOMETRIC ASSAY 2141  

T o  a s ses s  the  a p p l i c a b i l i t y  and v a l i d i t y  of the  

proposed methods, syn the t i c  mixtures and commercial s y r u p  

have been assayed f o r  both CP and PE components. Such 

assay has been performed with the a s s i s t ance  of computer 

program. The proposed program i s  designed t o  be general  

and t o  perform d i f f e r e n t  t a sks  ( V i z  i -s torage of data  

co l l ec t ed  from spectrophotometer, i i - ca l cu la t ion  of 

de r iva t ive  values ,  i i i - s o l u t i o n  of n simultaneous 

equations f o r  n components and iv-appl icat ion of l e a s t  

squares method). 

The assay r e s u l t s  f o r  CP and PE i n  syn the t i c  

mixtures  and commercial s y r u p  a r e  presented  i n  

Table 1 . S i x  two-component mixtures (CP i n  P E )  have 

been prepared i n  a r a t i o  range of 1: 0.8 t o  1: 2 (Table 1). 

The r e s u l t s  of CP using the D and D-LS methods a r e  

comparable t o  those of Vierordt ' s method. Neanwhile 

using Vie ro rd t ' s  method P E  e x h i b i t s  negative systematic 

e r r o r .  This i s  a t t r i b u t e d  most probably t o  the low 

abso rp t iv i ty  of PE compared w i t h  the  coexis t ing component 

CP. Xith D and D-LS methods such e r r o r  has been corrected 

and more accurate  r e s u l t s  ( t - tes t )  have been obtained, 

I n  syrup assay,  however, the presence of add i t ives  

l i k e  preserva t ives ,  sweetening agents ,  s t a b i l i z e r s  and 

co lor ing  matters  may e x h i b i t  s e r ious  in t e r f e rence  during 

spectrophotornetric measurement. To decrease such i n t e r -  

ference a simple clean-up procedure'' has been adopted 

p r i o r  t o  syrup assay. Kevertheless the r e s u l t s  of 

V ie ro rd t ' s  method a r e  s t i l l  su f fe r ing  from negative 
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TABLE 1 

MAHGOUB 

Spectrophotometric determination of chlorpheniramine maleate (CP) 
and phenylephrine hydrochloride ( P E )  in synthetic mixtures and 
commercial syrup using different methods 

Mean % Recovery 

CP PE 

Vierordt s D D-LS Vierordt's D D-LS 

method method method method method method 

a Synthetic Mixtures 

Mean 100.93 101.64 101.49 97.42 100.27 99.07 

+, S.D 0.97 0.27 0.32 1.09 1.07 0.86 
t-Va 1 ue 
F-Value 

1.73 1 . 3 4  4.57 2.91 
b 
b 

12.91 9.19 1.04 1.61 

Commercial Syrup 

MeanC 94.66 99.75 100.78 95.41 99-06 97.94 
2 S.D 1.83 1.16 0.79 1.25 1.04 0.41 

2.49 5.37 1.44 9-30 
t-Value d 6.22 8.12 5.94 5 . 0 9  

d F-Value 

a - Six mixtures are prepared in which component conc. (mg $ )  are 

b - t-and F-values are calculated with respect to viero;dt's method. 
(2,2,2,2,2.5 6 2.5)CP and(2,2.5,3,4,4 & 2)PE . 
The corresponding theoretical values are 2.228 ( w = 0.05) and 
5.05 (5% level ) respectively. 

c - Mean for seven experiments . 
d - t-and F-values are calculated with respect to Vierordt's method. 

The corresponding theoretical values are 2.179 ( o< = 0 . 0 5 )  and 

4.28 ( 5% level), respectively. 
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systematic  e r r o r  f o r  both CP and PE components. Again 

such e r r o r  has  been cor rec ted  using the  proposed D and 

D-LS methods. I n  t h e  presence of in t e r f e rences  ( i .e.  

i n  syrup assay)  t h e  D-LS method of fered  more reproducible 

r e s u l t s  (F-test) than Vie ro rd t ' s  method. Meanwhile D method gave 

r e s u l t s  of equal  r ep roduc ib i l i t y  l i k e  Vie ro rd t ' s  method. 

Accordingly use of  least  squares  approach amend the  

r e s u l t s  reproducib i l i ty .  

I n  conclusion,  t he  use  of the  proposed D and D-LS methods 

i n  two-component mixture assay is  considered super ior  

compared with Vie ro rd t ' s  method s ince  t h e  u t i l i t y  of the 

l a t t e r  i s  o f t e n l y  subjected t o  many l i m i t a t i o n s  a s  out- 

l i n e d  by Glenn . 
t h e  use of t h e  proposed methods more v e r s a t i l e , f a s t  and 

render them of wide use  s p e c i a l l y  i n  automated rout ine  

ana lys i s .  I t  should be emphasized t h a t  these  computer- 

a s s i s t e d  spectrophotometric ( 2  and D-LS) methods could Se 

used i n  so lv ing  mixtures cons i s t ing  of more than two 

components. Such proposal i s  c u r r e n t l y  under invest iga-  

t i o n  i n  our labora tory  and using o the r  de r iva t ive  orders .  

-------------- 

The designed computer program make 13 

The au thor  would l i k e  t o  thank Prof .  D r .  1.i. Abdel- 

Hady Elsayed Prof ,  of Pharm. Anal. Chemistry f o r  h i s  

i n t e r e s t ,  encouragement a n d  consultance.  
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