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Spectrophotometric determination of Procaine penicillin in pure 

and pharmaceutical formulations using metol 
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Abstract: 
        A simple, accurate and sensitive spectrophotometric method for the determination of 

Procaine penicillin (PP) is described. The method is based on charge-transfer reaction of PP 

with metol (N-methyl-p-hydroxy aniline) in the presence of ferric sulphate to form a purple-

water soluble complex ,which is stable and has a maximum  absorption at 510 nm .A graph of 

absorbance versus concentration shows that Beer’s low is obeyed over the   concentration 

range of 3-80 µg /ml  of PP  (i.e.,3-80 ppm) with a molar absorbativity of 4.945 ×103 L.mol-

1.cm-1 ,Sandell sensitivity of 0.1190 µg cm-2 ,a relative error of (-1.57)-2.79 % and a standard 

deviation of less than 0.59 depending on the concentration of PP.The optimum conditions for 

full colour  development  are described and the proposed method was probably applied 

satisfactorily to pharmaceutical injections containing PP. 
 Key words: Procaine penicillin, Spectrophotometry, metol, charge-transfer reaction  

 

Introduction: 
       Antibiotics that contain the β-Lactam 

(a four-member cyclic amide) ring 

structure constitute the dominant class of 

agents currently employed for the 

chemotherapy of bacterial infections. The 

first antibiotic, which was used in therapy, 

penicillin G (or benzyl penicillin), remains 

the agent of choice for the treatment of 

infections caused by most species of gram-

positive bacteria.                                                                   

     The first widely used amine salt of 

penicillin G was made with procaine. A 

large number of preparations for injections 

of PP are commercially available [1]. 

Various methods have been reported for 

the determination of PP   in 

pharmaceutical preparations .These 

methods are spectrophotometric[2],high 

performance liquid chromatography [3], 

liquid chromatography-mass spectrometry 

[4] and mercurimetric titration [5].Charge-

transfer reactions were used for the 

determination of many drugs such as 

catecholamine [6], diclofenac sodium [7] 

and benzocaine[8]. Aim of research 

 

 

      The objective of the present     

investigation     reported in     this paper       

was to evaluate a spectrophotometric     

method for      the determination of    PP     

based on the charge –transfer reaction    of 

this drug with metol and in the presence of 

ferric  sulphate as oxidizing agent.  

  

EExxppeerriimmeennttaall::  
11  AAppppaarraattuuss  

        All spectra and absorbance 

measurements were carried out on a 

Shimadzu UV-visible  260 digital double 

beam recording spectrophotometer using 

1-cm silica cells.  
 

22  RReeaaggeennttss::  

       All chemicals used were of analytical 

reagent grade and pure Procaine penicillin 

drug sample was kindly provided from 

state company for Drug Industries and 

Medical Appliance,SDI,Samara.Iraq 

.Dosage forms were obtained from 

commercial sources. 
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Procaine penicillin stock solution (1000 

µg ml-1 ) 

       A 0.1000 gm  amount of PP was  

dissolved in  distilled  water   and  the  

solution   was      made up to volume of 

100 ml in  volumetric  flask  with  the   

same   solvent . To obtain PP working 

solution (500  µg ml-1 ) a  50 ml volume  

of the   stock solution   was transferred  

into a 100 ml volumetric flask and made 

up to the mark with distilled water.                                                                                                                                                                                                                               
 

Ferric sulphate solution Fe2(SO4)3.9H2O  

(1×10-2 M) 

   A 0.5617 gm of ferric sulphate was 

dissolved in distilled water and made up to 

100 ml volumetric flask with distilled 

water.      

Metol reagent solution (1×10-2 M) 
    A 0.1230 gm of pure metol was 

dissolved in distilled water and made up to 

100 ml volumetric flask with the same 

solvent. 
 

3 Procedure of pure drug  

     Into a series of 25 ml calibrated flask, 

transfer increasing volumes of PP working 

solution (500 µg.ml-1) to cover the range 

of the calibration graph  75-2000 µg   of 

PP in a final volume of 25 ml .Add 2 ml of 

1×10-2 M metol and 2 ml of 1×10-2 M of 

ferric   sulphate solution and shake well 

.Dilute the solution to the mark with 

distilled water .Shake and allow the 

reaction mixture to stand for 20 min at 

room temperature. Measured the 

absorbance at 521 nm against a reagent 

blank prepared in the same way but 

containing no PP. The color of the formed 

product is stable for 120 min.For 

optimizations of conditions and in all 

subsequent experiments, a solution of 1000 

µg of PP in a final volume of 25 ml (i.e.40 

ppm) was used.                                                                                  
 
 

 

4 Procedure of Procaine penicillin 

injections (400 mg) (300 mg Procaine 

penicillin 100 mg benzyl penicillin) 

       An accurately weighed portion  from 

mixed three vials powder , equivalent to 

about 0.0250 gm of PP , was transferred to 

a 100 ml volumetric flask and was  

dissolved and completed to the mark with 

distilled water . The flask with its content 

was shaked well. A sample of 500 µg  of 

PP in a final volume of 25 ml was taken 

and the measurement was carried out using 

standard additions method.                                                                                                               
 

Results and discussion  
1 Absorption spectra 

           When a   very   dilute    aqueous 

solution   of PP was    mixed with    metol    

reagent in   neutral aqueous   medium and   

oxidized   with   ferric sulphate, an intense 

purple colour forms immediately, which 

became stable after 20 min.   The purple 

product has a maximum absorption at  510 

nm .Fig.1  shows  the spectra of the  purple 

product formed and the reagent blank,  the 

maximum absorption at 510 nm was used 

in all subsequent experiments.                                                                                                           

2 Study of the optimum reaction 

conditions 

    The effects of various parameters on the 

absorption intensity of the formed product 

were studied and the reaction conditions 

were optimized. 

2.1 Effect of oxidant concentration  

    The product formation reached 

maximum with about 2 ml of 1×10-2 M of 

ferric sulphate solution and remained at 

this maximum when 0.3-4.0 ml of the 

oxidant concentration was added to PP,2 

ml volume of oxidizing agent solution was 

therefore used in the procedure since it 

give high sensitivity, minimum blank 

value and ensure a quantitative 

determination at the upper limit of 

calibration graph(Table1).                                                                                                                       

2.2 Effect of reagent concentration  

      When various concentration of metol 

solution were added to a fixed amount of 

PP solution,2 ml of 1×10-2 M solution was 
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found enough to develop the color to its 

full intensity and give a minimum blank 

value and was considered to be optimum 

for the concentration range of  75-2000 

µg/25 ml  of  PP(Table2).     

2.3 Effect of order of addition  

   To obtain optimum results the order of 

addition of reagents should be followed as 

given under the procedure (PP+metol+ 

Fe2(SO4)3.9H2O), otherwise a loss in color 

intensity and stability were observed. 

2.4 Effect of temperature  

         The effect of temperature on the 

color intensity of the product was studied 

.In practice, the same absorbance was 

obtained when the color was  developed at 

room temperature (25C),but when the 

calibrated flask was placed in an ice-bath 

(0C) or in a water-bath at (45C) a loss in 

color intensity and stability were observed 

,It is therefore recommended that the color 

reaction should be carried out at room 

temperature (25C) .                                                                                                

2.5 Effect of reaction time 

     The color intensity reached a maximum 

after PP solution had been reacted with 

metol and ferric sulphate for 20 min, 

therefore 20 min development time was 

selected as optimum in the general 

procedure .The colour obtained was stable 

for 120 min.                                                                        

                                                                                                             

3 Accuracy and precision  

   To determine the accuracy and precision 

of the method, PP was determined at three 

different concentration .The results shown 

in Table (3); indicate that a satisfactory 

precision and accuracy could obtained 

with the proposed method.                                                                                            
 

4 Calibration graph  

      Employing  the   conditions   described   

under   procedure ,  a   linear     calibration   

graph Fig.2   for PP   was   obtained , 

which   shows     that Beer’s law    obeyed   

over  the   concentration   range   of   75-

2000 μg/25 ml  or  3-80 ppm  with a 

correlation coefficient of 0.9998 .  

The conditional    molar     

absorptivity of the product formed   with   

PP was   found to be 4.945×103 L.mol-

1.cm-1 with reference to the PP and sandell 

sensitivity was 0.1190 μg.cm-2.                                                                                                               
 

5 Analytical application  

Three types of injections 

containing PP have been analyzed .It was 

found that, when the proposed method was 

applied to the determination of PP in 

injections , the % recovery was around 

122% ,this might be due to the interaction 

of the benzyl penicillin that present with 

PP injections. 

Therefore, a standard additions 

method is applied (Fig.3) which I nvolves 

adding  increment volumes (0-6 ml) of  a 

standard  solution of  250 µg.ml-1  of PP  

to a  fixed  volume   sample          (2 ml of 

250 µg.ml-1 of pharmaceutical 

preparations) and employing the 

conditions described under procedure 

.They gave a good accuracy and precision 

(Table 4).The proposed method was 

compared successfully with the British 

pharmacopeia's standard method (Table 5).        
 

Structure of the product 
         The   stoichiometry  of the formed   

charge- transfer complex between each PP 

and metol was investigated  under the   

recommended optimum   conditions and 

applying  molar ratio method .The results 

obtained Fig.4 show that a (1:1) charge–

transfer complex was formed between PP 

and  metol  reagent at 510 nm ,therefore, 

the formation of product probably occurs 

as follows. 
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     The purple colored product can be 

described as charge-transfer complex 

formation that   takes place through a -* 

transition between PP and metol [6].  The 

stability constant of the product in water 

under the described experimental 

conditions was 1.36×104 L.mol-1[9] . 

 

Conclusion:  
   A simple, accurate and sensitive 

spectrophotometric method has been 

developed for the determination of trace 

amount of PP in aqueous solution based on 

charge-transfer complex with metol 

reagent and ferric sulphate . 

    The proposed method does not require 

temperature control or solvent extraction 

step, the method was applied successfully 

to pharmaceutical injections.  A stable-

soluble purple color complex was formed 

which can be measured at 521 nm . The 

method does not require temperature 

control or solvent extraction step and can 

be applied successfully to pharmaceutical 

injections containing PP.  

                      

 

 

 

 

 

 

 

 

 
 

 

 

Fig. (1) Absorption spectra of A ( 60 µg 

ml-1 ) of PP treated as described under 

procedure and measured against blank 

and B the reagent blank measured 

against distilled water. 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

FFiigg((22))  ::CCaalliibbrraattiioonn  ggrraapphh  ooff  PPrrooccaaiinnee  

ppeenniicciilllliinn    

  

  
  

  

  

  

  

  

  

  

  

  
Fig(3): Standard additions method for 

determination of PP  in pharmaceutical 

injections (Series1:PP France-

panpharm,Series2:PP Ajanta-India, 

Series3: PP Alimbca-India).  
 

 

 

 

 

 

 

 

 

 

 
FFiigg  ((44))::  MMoollaarr  rraattiioo  ooff  PPrrooccaaiinnee    

ppeenniicciilllliinn  ttoo  rreeaaggeenntt  ffoorr  tthhee  pprroodduucctt  

ffoorrmmeedd..                        

TThhee  ccoonncceennttrraattiioonnss  ooff  bbootthh  tthhee  ssaammppllee  

aanndd  rreeaaggeenntt  aarree  88..4499××1100--44MM..    

    A  

       
  
 

         

y = 0.0084x - 0.0037

R2 = 0.9998

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 20 40 60 80 100

Conc.of procaine penicillin (ppm)

A
b

s
o

rb
a

n
c

e

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

-60 -40 -20 0 20 40 60 80

Conce. of procaine penicillin (ppm)

A
b

s
o

rb
a
n

c
e

Series1

Series2

Series3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

300 400 500 600 700 800

Wave length(nm)

A
b

s
o

rb
a
n

c
e A 

B 



Um-Salama Science Journal                                                          Vol.5(1)2008 
  

141 

TTaabbllee((11))::EEffffeecctt  ooff  tthhee  vvoolluummee  ooff  ooxxiiddaanntt  

(1×10-2 M) on the absorption of the 

formed product..    

Absorbance 
Volume of  

ml)(O2.9H3)4(SO2Fe) 

0.180 0.3 

632.0 630 

632.0 036 

63.06 030 

63.26 236 

63.02 230 

63.00 .36 

6063.  .30 

63.60 .30 

 

TTaabbllee((22))::EEffffeecctt  ooff  tthhee  vvoolluummee  ooff  rreeaaggeenntt  

(1×10-2 M) on the absorption of the  

formed product.  

Absorbance 
Volume of metol 

(ml) 

63006 0.3 

632.2 630 

63.0. 036 

63.00 030 

63.2. 236 

63.00 230 

63.60 .36 

632.0 036 

 

Table (3): Accuracy and precision of the 

proposed method. 

AAmmoouunntt  ooff  PPPP  ((µµgg..mmll--11))  
RReeccoovveerryy%%**  RR..SS..DD  %%**  

PPrreesseenntt  FFoouunndd  

4400..0000  3399..3366  9988..4422  00..221166  

6600..0000  6600..0088  110000..1133  00..228822  

8800..0000  8800..3322  110000..4400  00..222277  

**AAvveerraaggee  ooff  ffoouurr  ddeetteerrmmiinnaattiioonnss..  

  

Table(4): Application of the proposed 

method for the determination of PP in 

pharmaceutical injections using 

standard addition method. 
  

PPPP    iinnjjeeccttiioonn  

SSaammppllee  

WWtt  ooff  

PPPP  

((mmgg))  

PPPP  ((µµgg..mmll--11))  
RR..SS..DD    

%%**  

RReecc..    

%%**  TTaakkeenn  FFoouunndd  

PPrrooccaaiinnee  ppeenniicciilllliinn  

FFrraannccee--PPaannpphhaarrmm  
440000  2200..0000  2200..0000  11..115577  110000..0000  

PPrrooccaaiinnee  ppeenniicciilllliinn  

AAlliimmbbccaa--IInnddiiaa  
440000  2200..0000  1199..9900  00..990055  9999..5500  

PPrrooccaaiinnee  ppeenniicciilllliinn  

AAjjaannttaa--IInnddiiaa  
440000  2200..0000  2200..2200  00..663322  110011..0000  

**  AAvveerraaggee  ooff  ffiivvee  ddeetteerrmmiinnaattiioonnss.. 

                

 

 

Table (5): Comparison of the  proposed 

method with standard   method to    

determination of PP in pharmaceutical 

injections. 
PPrrooccaaiinnee  ppeenniicciilllliinn          

iinnjjeeccttiioonn  

RReeccoovveerryy%%**  

PPrrooppoosseedd  mmeetthhoodd  SSttaannddaarrdd  mmeetthhoodd****  

PPuurree  PPrrooccaaiinnee  ppeenniicciilllliinn  110000..4433  110011..5588  

PPrrooccaaiinnee  ppeenniicciilllliinn  

FFrraannccee--PPaannpphhaarrmm  
110000..0000  110011..5500  

PPrrooccaaiinnee  ppeenniicciilllliinn  

AAlliimmbbccaa--IInnddiiaa  
9999..5500  9999..8822  

PPrrooccaaiinnee  ppeenniicciilllliinn  

AAjjaannttaa--IInnddiiaa  
110011..0000  110000..2255  

**  AAvveerraaggee  ooff  ffiivvee  ddeetteerrmmiinnaattiioonnss.. 

** British Pharmacopoeia standard method[10].  

 

References  
1. Delgado, J.N.; Remers ,W.A. (1991) “ Wilson 

and Griswold's Text book of Organic Medicinal 

and Pharmaceutical chemistry ”  9 th.Ed., 

J.B.Lippincott , Philadelphia ,USA,pp.240.                        

2.Weiss,P.J.;Taliaferro,B.;Huckins,R.and 

Chastonay,R.(1967).Identical of antibiotics in 

pharmaceutical preparations.I.Penicillin 

types.J.Ass.Off.Analyt.Chem.,50(6):1294-1297. 

3. Rao,R.N.;Nagaraju,V.(2003). An overview of 

the recent trends in development of HPLC methods 

for determination of impurities in 

drugs.J.Pharm.and Biom.Anal., 33(3):335-377.                                                                                    

4.Kerns,E.H.;Di,L.;Petusky,S.;Kleintop,T.;Huryn,

D.;McConnell,O.;Carter,G.(2003).Pharmaceutical 

profiling method for lipophilicity and integrity 

using liguid chromatography-mass spectrometry 

.J.Chromatography,791(1-2):381-388.                                                                                                   
5. Pospisilova,B.;Simkova,M.(1984).Mercurimetric 

determination of penicillins in pyridine medium 

and application to dosage 

forms.Cesk.Farm.,33(5):181-186.                                                   
6.Mayausky,J.S.;McCreecy.R.L.(1983).Spectropho

tometrical examination of charge-transfer between 

chlorpromazine cation radical and 

chatecholamines.Anal.Chem.,55:308-312.                                                              
7.El-

Sadek,M.;Braka,M.;Kheir,A.A.(1988).Determinati

on of diclofenac sodium through the formation of 

charge –transfer complex with 

chloranil.J.Pharm.sci.,29(1-4):367-379.                                                                                                         
 8.Amin , A.S.; El-Didamony , 

A.M.(2003).Chlorimetric determination of 

benzocaine,lignocaine and procaine hydrochloride 

in pure forms and in pharmaceutical preparations 

using p- Benzoquinone., Analy. Sciences, 19:1457-

1459.                                                                                                                  
9. 

Sawyer,D.T;Heineman,W.R.;Beebe,J.M.(1984)"Ch

emistry Experiments For Instrumental 

Methods",Wiley,New York,pp.198-200. 
10.British Pharmacopaeia,(1993),H.M.Stationary 

Office, London.pp.1090-1092. 
 



Um-Salama Science Journal                                                          Vol.5(1)2008 
  

142 

 لين في الاشكال الصيدلانية والنقية بأستخدام الميتوليسيالقدير الطيفي للبروكائين بن
 

 *هند هادي عبدالله
 
  العراق. -الجادرية-جامعة بغداد -قسم الكيمياء –كلية العلوم -مدرس مساعد*
 

 الخلاصة:
كمي للمقاادير الضاليلة مان مستحضار البروكاالين بييسايلين يتضمن البحث تطوير طريقة طيفية سريعة للتقدير ال 

في المحاليل المالية باستخدام الطريقة الطيفية  . تعتمد الطريقة على تفاعل ايتقال الشحية بين البروكالين بييسيلين وكاشا  
اعطااى اعلااى  الميتااول بوجااود العاماال المبكسااد كبريتااا  الحدياادين حيااث يتكااون ياااتا ارجااوايي مسااتقر و الاا  فااي الماااء

يايومتر .يشير الرسم البيايي للامتصاص مقابل التركيزبان قايون بير ييطبق ضمن مدى  015امتصاص عيد طول موجي 
جازء باالمليونو وكايا  قيماة اامتصاصاية  05-3مايكروغرام/مل  من البروكالين بييسيلين )اي ماا يكااف   05-3التركيز 

مع خطا  يسابي  2-مايكروغرام .سم 5.1195وقيمة حساسية سايدل  1-.سم1-لتر.مول 315× 9.0..الموارية مساوية الى  
أعتمااادا علااى مسااتوى التركيااز المااراد تقاادير .تم  دراسااة  5.09وايحاارا  قياسااي يساابي اقاال ماان  % 2.19-و 1.01-)

 سن.يالظرو  المثلى للتفاعل وتطبيق الطريقة على الحقن الحاوية على البروكالين بييسيل

 


