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 A new potentiometric method was adopted for the determination of ascorbic 

acid, malonic acid and resorcinol using iodine (dissolved in glacial acetic acid) as 

oxidant. The liberated iodide was monitored using sulphide and cyanide ion-

selective electrodes compared with platinum electrode. The potential changes were 

sufficiently sharp (in the range of 280-300mV/0.1ml) for establishing the end 

points over a range of 0.001-0.100M of these reductants. The method was found 

accurate for determination of these reductants individually and in their mixtures.  
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Introduction 

Most of the reported methods for using iodine as 

oxidising agent are indirect, such as titrations with 

hypophosphite and phosphite
(1)

, dithionite and 

disulphite
(2)

, and metol and quinol
(3)

. The chemistry, 

metabolism and uses of ascorbic acid was reviewed
(4)

. 

Ascorbic acid can be also determined titrimetrically 

using two N-bromoimides 
(5)

, chloramine T
(6)

, thallium 

(III) nitrate
(7)

 and hexamine cobalt(III) tricarbonate 

cobaltate 
(8)

.Numerous analytical techniques have been 

proposed for ascorbic acid determination such as  

spectrophotometry
(9,10) 

fluorimetry
(11)

, and 

voltametry
(12)

. The reported methods for the 

determination of resorcinol involved oxidation with 

hydrogen peroxide 
(13)

, and iodine at pH=5.7. The 

produced iodide was reacted with excess bromine 

forming IO3
-
 which was determined 

spectrophotometerically 
(14)

 by starch-iodine procedure 

and titrimetrically with 0.1N Ce(NO3)4.  

The reported methods for malonic acid 

determination were chromatography
(16)

 and thallimetry 
(17)

 and the obtained Tl(I) was titrated with standard  

KBrO3 solution. This research aimed to find out the 

possibility of  applying iodine (dissolved in  glacial 

acetic acid) to the indirect potentiometric 

determination of : ascorbic acid, malonic acid and 

resorcinol. The work based on the reaction of slighltly 
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excess of iodine with these reductants and the 

produced iodide was determined potentiometrically 

using cyanide and sulphide ion-selective electrodes 

compared with platinum electrode as indicator 

electrodes relative to Ag\AgCl double junaction 

reference electrode.  

 

Experimental chemicals : 

All chemicals used in this research were of 

highly graded (99.5% purity) imported form Fluka and  

BDH  companies. Double  distilled water was used in 

reagents solutions preparations. Doubled distilled 

water was firstly boiled, cooled and kept in tightly 

closed containers to minimise the traces of dissolved 

oxygen.  

 

Solutions : 

0.1N of iodine : It was prepared by dissolving  

3.172g of  I2 in 25ml  glacial acetic acid (acetic acid – 

iodine is preferred over ethanolic iodine due to 

reducing  effect  of ethanol).The lower concentrated 

solutions of  iodine was prepared by sccussive 

dilutions with glacial acetic acid.These solutions were 

standardised against standard solutions of sodium 

sulphite which  was  prepared in boiled out double 

distilled water. The titration was carried out in the 

presence of starch (1%)  end point indicator.  

0.1N Ascorbic acid : A 0.0881g  appropriate 

weight of ascorbic acid was dissolved in freshly boiled 
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distilled water and standardised against excess of 0.1M 

thallium(III) nitrate at pH=6 followed by titration of 

the excess thallium(III) with 0.1M EDTA using 

xylenol   orange as indicator(18). 

0.1N Resorcinol : It was prepared  by  

dissolving  0.055g in freshly boiled distilled water and 

standaredised spectrophotometrically (15). 

0.1N Malonic acid : It was prepared by 

dissolving 0.052g  of solid malonic acid in freshly 

boiled distilled water and standardised with standard 

sodium hydroxide solution using phenolphthalein as 

indicator (18). The standardisation was confirmed 

thiallimetially(17). 

 

Procedure :   

  A glass cell of three openings were used 

supplied with magnetic stirrer.     

  10ml of ascorbic acid ,resorcinol and malonic 

acid were transferred respectively to the titration cell. 

The solution was diluted to 40ml with distilled water 

(freshly boiled) and titrated with iodine solution. The 

potentiometric titration was followed using cyanid and 

sulphide selective electrodes which responded to the 

produced  iodide  ion concentrations till exceeding the 

equivalence points.The titration was repeated using 

platinum electrode v.s. saturated calomel electrode 

which responded to  oxidation – reduction potentials. 

All measurements were done at room  temperature 

(25C°). 

 

Pharmaccutical determination : 

 A disk of ascorbic acid was weighed (4.5g) and 

dissolved  in 100ml of boiled distilled water in a 

volumetric flask. 10ml of this solution was diluted to 

40ml of distilled water and titrated with iodine solution 

till after end point using the same system of the former 

electrodes against saturated calomel electrode. 

 

Equipments:       

pH/mV_ meter
 
: Ion-analyzer type Digital from 

Mettler_ TOLEDO (China) to follow potential changes 

through potentiometric titerations. The same 

instrument was used for pH measurements during 

titration and calibration modes.  

Electrodes : Two ion-selective electrodes were 

used to monitor potential difference during titration 

and calibration relative to Calomel reference electrode 

with a precision of ±0.1 mV as mentioned on the 

electrodes. These two electrodes were cyanide and 

sulphide solid_state membranes from Mettler_ 

TOLEDO company. The third type is the platinum 

electrode in a ring shape with conductive wire to 

mV_meter from EIL  company to record the oxidation 

– reduction potentials. Acombined glass electrode 

from Mettler-TOLEDO company was used to measure 

solutions pH through calibration and titration with a 

precision of ±0.01 pH unit as clarified by the company. 

The Ag \ AgCl double junaction reference electrode of 

constant potential was from Mettler_TOLEDO 

containing  1M  KNO3 in its external compartment to 

avoid chloride ion interferences. 

Magnetic stirrer: from minJank and kunkel 

company for stirring the solutions through calibration 

and titration processes. 

Titration cell : It is a glass cell with cover of 

three openings ; two to introduce indicator and calomel 

reference electrodes and the third for introduction the 

end of the burette. The cell possesses two side 

openings for internal and external water from water 

bath for temperature adjustment with a precision of ± 

0.1°C  as written on the instrument.(Fig.1). 

Results and Discussion: 

  Table(1)  shows some physical and chemical 

properties of the reductants in addition to iodine used 

in this research. The reduction potential of iodine to 

iodide (0.5535 V) is higher than reduction potentials of 

the reductants under determination. Therefore, iodine 

was used as oxidising agents to determine these 

reductants potentiometrically by iodometric technique 

and the released iodide was monitored by cyanide and 

sulphide ion-selective electrodes in addition to 

platinum electrode 
(18)

 which responds to oxidation-

reduction potentials. Iodine is slightly water soluble, 

therefore potassium iodide solution was used to 

increase solubility. 

Because of iodide ions interference, iodine was 

prepared in glacial acetic acid which was proved to be 

suitable as oxidising agent in determination of some 

sulphur reducing agents 
(19)

. Table(2) exhibits the 

results obtained (triplicate runs) by the adopted 

procedure. The data indicated reasonable precision and 

accuracy. In most cases, the obtained potential changes 

were of large order of magnitude, ranging from 200 to 

300 mV\0.1 ml of titrant with s-shaped titration curves 

for the  response of the  three electrodes, thus allowing 

easy and accurate determination of end points . It is 

also found from the results that the oxidation of these 

reductants by iodine involved two electrons transfer 
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for ascorbic acid and 1electron for malonic acid and 

resorcinol. 

I2 + C6H8O6                 C6H6O6 + 2HI 
(20) 

 The little deviations from actual values were 

ascribed to experimental errors.This procedure was 

applied to pharmaceuticals for determination of the 

content of ascorbic acid in a drug. The results showed 

successful determination with suitable accuracy (Table 

3). The little difference from actual value was 

attributed to experimental errors. 

 

Conclusions:  

It is concluded from this research the successful 

use of glacial acetic acid as a solvent for iodine instead 

of water and ethanol. Both cyanide and sulphide ion-

selective electrodes have offered an accurate results 

compared with pt electrode. 
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Fig.1 Schematic diagram for the potentiometric 

titration cell 

 
  

Table(1) Some physical and chemical properties of 

ascorbic acid,resorcinol and malonic acid  
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Table (2) : Amount of the reductants determined by 

potentiometric iodometric titration technique. 
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The standard deviation of the measurements were in the range 

of0.602 – 1.905. 

 

Table(3) Determination of ascorbic acid in a drug by 

potentiometric iodometric titration technique. 

Sample 

No. 

%Ascorbic 

acid 
%Actual %error 

1 5.79 6.00 -3.50 

2 5.80 6.00 -3.33 

3 5.84 6.00 -2.67 

The standard deviation of the measurements was 0.4385 andthe 

variance = 0.1923 
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التقدير الجهدي لحامض الاسكوربيك وحامض المالونيك والريسورسينول باستعمال قطبي الكبريتيد 
 .لاتينوالسيانيد الانتقائيين مقارنة بقطب الب

 اسماعيل خميل الهيتي  و نغم خيري كريم 

 

 :الخلاصة

لاس وقخليةم وقللجة   طبقت طريقة جهديةة جديةدل قدقةدير ضةالاس وربةك ربيم  ضةالاس وقلااق ليةم  وقريب ربةيل ا بابةددلااا وقية د  وقلاة و   ة  ضةا
 – 082 كةةاب وقدريةةر  ةة  وقجهةةد   ةة  وقلاةةد  .قةةةدر وقي ديةةد وقلادضةةرر بابةةددلااا قطبةة  وقكبريديةةد  وقبةةياليد ورلدقةةا ييب لاقارلةةة بقطةة  وقب دةةيب .كدالاةةا لاسكبةةد

كالةت  .قدروكية   ذة ا وقد ولاةا وقلاخد قةة لاة رر    2,220 – 2,022   ة  وقلاةد   لاللدر  ضادوً بصة رل كا يةة قلادابدةة لقةاط ولدهةاف وقدفا ةا2,0\لاللف قت022
  .وقطريقة دقيقة قدقدير ذ ا وقد ولاا وقلاخد قة لالفردل    لاضاقيلها أ     لا و ج لاضاقيلها


