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ABSTRACT 

In present work we have carried out sensitive spectrophotometric method for the determination of sulphur dioxide 

involving ion-pair complexation. The developed spectrophotometric method is based on the red chromogenic ion-

pair formed by the reaction between chloropromozine and iodinemonochloride in hydrochloric acid medium 

followed by its reduction with sulphur dioxide. The system obeys Lambert-Beer’s Law in the concentration range 

0.1904 - 4.9504 μg ml-1 of sulfur dioxide at 520 nm.  Molar absorptivity, correlation coefficient and Sandell’s 

sensitivity values were found to be 3.0871 x 104 L mol-1 cm-1, 0.99 and 0.002 μg cm-2 respectively. Probable 

reaction mechanisms along with experimental stoichiometry of such ion- pair are indicated. Proposed method 

was used for the determination of sulfur dioxide content in dried grape sample as well as in air sample. 
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INTRODUCTION 

Sulfur dioxide is a major pollutant that has been causing environmental concern over recent decades [1]. 
Industrial emissions and other urban air pollutants pose a major threat to human health. Sulfur dioxide, (SO2), is a 
common pollutant of urban air [2].  It is widely used as an antioxidant in the pharmaceutical industry [3-4] as a 
bleaching agent in the paper and pulp industries [5] and also as a food preservative and refrigerant [6-7]. 

As a matter of growing concern for sulfur dioxide as an air pollutant, there appears to be an upsurge in the interest 
of developing various methods [8] for its quantitative determination, such as for example,titrimetry 
[9],spectrophotometry[10],chemiluminescence[11], chromatography[12], fluorimetry[13], flow injection 
analysis[14] and also polarography[15]  which are particularly used  for the determination of sulfur dioxide in air, 
sugar[16], wines[15] and beverages[11]. 

Among such methods, spectrophotometric method [17], rosaline is used as a reagent, which is considered to be 
toxic [18] and also requires the reagent contained in a brown bottle to be stored in a refrigerator.  In one of the 
spectrophotometric method [19] requires extraction step and acidified sulfite solution stabilized by using EDTA. 
Whereas spectrophotometry, fluorimetry and HPLC [20] are disadvantageous in terms of cost and instruments 
used in routine analysis. Some of the methods [21] necessitate strict control of PH (2- 3.5) and also involving 
purging [22]. To overcome the above-mentioned limitations; we carried out detailed investigation and developed 
simple and sensitive spectrophotometric determination of sulfur dioxide through its reaction with 
iodinemonochloride and phenothiazines stabilized through ion-pair formation. The method involving a tested 
reagent [18], chloramine-T with iodine monochloride is considered to be a superior method over the existing 
methods. Since the reagent prepared is stable for more than two weeks, it does not require neither strict control of 
PH, nor storage of it in a refrigerator, therefore, the reagent can be applied effectively for the determination of 
sulfur dioxide. However, the proposed method is a redox reaction and indeed there is interference of the 
reductants, therefore, interference effect of   common air pollutants such as hydrogen sulfide, nitrite and 
formaldehyde on the determination of sulfur dioxide was studied. 
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Phenothiazines are a class of heterocyclic compounds and it is the parent of phenothiazine drugs and thiazine dyes 
[23]. In 1883 Bernthsen synthesized it from diphenyl amine and sulphur [24]. N-alkyl phenothiazines are a class 
of heterocyclic compounds with low toxicity and good pharmacological activity [25] and finds applications as 
anti-cholenergic, antihistaminic, antiamochic and antiematic agents [26]. Phenothiazines in the chemical analysis 
act as electron donors and normally being oxidized to colored radical cations and thiazones [27], would provide a 
convenient basis for their kinetic and spectrophotometric studies in the neutral and acidic media of organic 
solvent systems, involving Ce (IV) and Fe (III) as oxidants [28]. Considering the importance of the 
phenothiazines in the pharmaceutical industry coupled with their interesting redox behaviour, several analytical 
methods have been reported for their determination. In the present work, Iodine-monochloride produced using 
chlormine-T with iodine in acetic acid medium, has been used as an oxidant for the quantitative 
spectrophotometric determination of sulfur dioxide through its reaction with iodinemonochloride and 
phenothiazines stabilized through the ion-pair formation. 

EXPERIMENTAL 

Materials and Methods 

From Sigma-Aldrich Chemicals we were purchased and all the reagents used for the synthesis were of analytical 
reagent (AR) grade and employed as such until unless specified and water used here refers to distilled water. 
Spectrophotometer Elico SL 171 (Elico Co India), UV – VIS spectrophotometer (Jena Germany) with 1 cm quartz 
cells were used for absorbance measurements. High volume air sampler (Micro Netal India) was used for sucking 
air. 

Standard Sodium Meta-bisulfite Solution: Weighed amount, 0.1g of sodium metabisulfite was transferred into 
a 500 ml volumetric flask. It was dissolved and diluted up to the mark with distilled water.  Solution was 
standardized iodometrically and the sulfur dioxide content of the solution was found to be 120 µg ml-1 

Chloramine – T: 1.3868 g of substance was dissolved in 30 ml acetic acid taken in a dry beaker. And 0.3764 g of 
iodine was taken in a beaker and dissolved it in about 30 ml of acetic acid. Both of these solutions were 
transferred into a 100 ml volumetric flask and diluted the resulting solution to the mark with acetic acid. When the 
flask was shaken well a homogeneous yellow solution was obtained, which was further diluted 10 times with 
acetic acid to use that for the determination of sulfur dioxide. 

Chlorpromazine hydrochloride: its solution was prepared by dissolving about 0.026 g of the substance initially 
by adding a few drops of dilute hydrochloric acid and diluted later to 10 ml with water. 

Procedure 

A series of labeled 10 ml volumetric flasks were arranged. To each flask 0.4 ml of 0.004289 M chlorpromazine 
hydrochloride solution, 0.2 ml of 0.0048436 M iodine monochloride reagent was added. Aliquots (0.1-2.6 ml) of 
sulfur dioxide solution containing about 0.1904-4.9504 µg ml-1were also transferred, followed by 5 ml of 
concentrated hydrochloric acid. Then, the solution of each flask was diluted to the mark with water. Absorbance 
of each test   solution and the blank, which was same as that of test solution but not containing sulfur dioxide, 
were measured against water at 520 nm. 

Determination of Sulfur Dioxide in Dried Grape Sample 

In a round-bottomed flask, a known amount of dried grape, 50g, 300 ml of water, 50 ml of 4 M hydrochloric acid 
were transferred. The condenser was assembled and connected as it was described in an AOAC method [17]. 
When the solution was started boiling, the heating rate was adjusted to slow boiling and allowed to boil for about 
1h. Distilled sulfur dioxide was condensed into the flask, containing 30 ml of water. The total volume of solution 
so obtained was 380 ml. From that 1 ml aliquot of the solution per trial was examined for sulfur dioxide by the 
proposed method as well as the official method. 
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Determination of Sulfur Dioxide in Air Sample 

A 35 ml of 1.5% triethanolamine solution was transferred into the flask of air sampling apparatus. Air from out 
side the room was pumped through the flask for four hour at the flow rate of 1.3 m3min-1. After the termination of 
the sampling, any loss of trapping solution due to the evaporation was restored to 35 ml by adding 1.5% TEA 
solution. From that, 1ml aliquot of the air trapped sample solution, 2 ml of 0.5% sulphamic acid [29] were 
transferred into a 10 ml labeled volumetric flask and sulfur dioxide content of the flask solution was determined 
as described in the procedure. 

RESULTS AND DISCUSSION 

Chemical oxidation of phenothiazines is a well known reaction62 that has been used extensively for their 
determination [30]. Phenothiazine, chlorpromazine hydrochloride used in the proposed method has produced 
color radical with the reagent, iodinemonochloride in the hydrochloric acid medium. The radical cation of the 
chlorpromazine, Ph+, is appeared to be associated with a part of the unreacted iodine monochloride [31]   in the 
form of ion – pair, [Ph+] [ICl2

-]. Addition of sulfur dioxide decreases the color, produced by chlorpromazine with 
iodine-monochloride [32] system. Decrease in color intensity of the system is found to be a linear function of 
increasing concentration of sulfur dioxide. This is considered to be due to an electron gain by chlorpromazine 
radical cation the linear decrease in absorbance of the system was measured at 520 nm. The system obeys 
Lambert–Beer’s law, Fig.1, for the determination of sulfur dioxide in the concentration range 0.1904-4.9504 µg 
ml-1. The system produced a straight line with slope,-0.136 and intercept 0.95. Molar absorbtivity, correlation 
coefficient and Sandell’s sensitivity values were found to be 3.0871x104 L mol-1 cm-1,  0.99 and 0.00207519 µg 
cm-2 respectively. 

The proposed method is based on the ion-pair formation between chlorpromazine and iodine monochloride in 
hydrochloric acid medium producing red color followed by its reduction with sulphur dioxide. Stoichiometric 
composition of chlorpromazine to iodine monochloride was determined by Job’s modified method and the 
experimental procedure that was followed is as indicated in Table 1. The graphical representations of those results 
are shown in Fig. 2, which are accounting for 1:2 stoichiometry between chlorpromazine and iodine 
monochloride. The stability constant value was also calculated, Table 1, for the system by Turner and Anderson’s 
method and it was found to be 1.58487x105 mol-1 L. 

The amount of sulfur dioxide present in dried grape, air samples and sodium metabisulfite solutions was 
determined.  Results obtained were reproducible with standard deviation 0.01-0.058 and relative standard 
deviation 0.09-3.21%. For a comparison of results, the sulfur dioxide contents in those samples were also 
determined separately following the AOAC method [AOAC method involves sodium metabisulfite, sodium tetra-
chloromercurate, rosaniline and formaldehyde solution. Measures absorbance at 550 nm. The results so obtained 
by both the methods agree with one another. 
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Reaction Mechanism 



ISSN: 2633-4828  Vol. 4 No.2, September, 2022  

 

International Journal of Applied Engineering & Technology 
 

 

Copyrights @ Roman Science Publications Ins.  Vol. 4 No.2, September, 2022 

 International Journal of Applied Engineering & Technology 

 

 187 

 

0

0.2

0.4

0.6

0.8

1

0 2 4 6

sulfur dioxide in ppm

a
b

s
o

rb
a
n

c
e

Series1

 

Fig.1. Calibration graph 

*Absorbance = Absorbance of blank solution-Absorbance of test solution 

Table 1: Job’s modified method for phenothiazine- iodine monochloride complex 
Vol.of 0.001M 
chlorpromazine 
solution  in   ml 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Vol. of 0.001M 
iodinemonochl
oride solution  

in ml 

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 

Absorbance 0.453 1.229 1.823 1.920 1.958 1.795 1.508 1.267 0.829 

1. Here 10 ml volumetric flasks were used and the solutions were diluted to mark with concentrated hydrochloric 
acid and absorbance was measured at 520 nm. 

Table 2: Job’s modified method for phenothiazine- iodine monochloride complex 
Vol.of 0.001M 
chlorpromazine 
solution  in   ml 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Vo..of 0.001M 
iodinemonochlori

-de in ml 

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 

Absorbance 0.111 0.428 0.600 0.688 0.690 0.609 0.469 0.370 0.301 

2. Here 25 ml volumetric flasks were used and the solutions were diluted to mark with concentrated hydrochloric 
acid and absorbance was measured at 520 nm. 
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Fig. 2. Determination of stoichiometry and stability constant by Job’s method 

Table 3: Determination of sulfur dioxide in different samples of dried grape and air sample. 
Samples Concentration of Sulfur Dioxide** t-test*** F- test*** 

Proposed method  

µgml-1 (± SD) 

Official 

method in µgml-1 

(± SD) 

Dried grape 0.27(± 0.27) 
 

0.29(± 0.28) 1.76 1.07 

Air sample 1.75(± 0.05) 1.78(±0.04) 1.14 2.32 
* Dried grape from local market. 

** Sulfur dioxide µg ml-1 is a mean value of five determinations. 

*** Tabulated values 95% confidence limit is (2.776) and (6.59) for t and F- tested respectively. 

Effect of Acids on the Color Stability of the Chlorpromazine 

In an attempt to understand the effect of acids on the color stability of the chlorpromazine with iodine 
monochloride system, 0.4 ml chloropromazine hydrochloride (4.289x10-3M) was pipetted into a 10 ml volumetric 
flask. To that flask a measured volume, 0.2 ml iodine monochloride reagent was added. The resulting solution 
was diluted to the mark with 5 M sulfuric acid, or 3 M hydrochloric acid, or acetic acid (Glacial), or 20 M sulfuric 
acid or 11 M hydrochloric acid. The solutions of chloropromazine hydrochloride have produced color with the 
iodine monochloride reagent but the color intensities of the solutions were found to increase upon their dilution 
with the acids. The color intensities of the solutions which were diluted with 5 M H2SO4 ,3M HCl and acetic acid 
were observed to be having lower intensities (5 M H2SO4 0.707x 103, 3 M HCl 1.09x 103 and CH3 COOH 
0.778x103), but the solutions that were diluted with 20 M H2SO4 and  11 M HCl were found to be having higher 
intensities (20M H2SO4  6.12x103, 11M HCl 4.85x103 L Mol–1 cm-1). The color intensities of the solutions which 
were diluted with first three acids were observed to be decreasing gradually with time and finally discharged their 
color completely in about 2h. But color intensities of the solutions which were diluted with last two acids were 
found to be of equal and their color persisted even after 24h. Therefore, the reaction mixtures of the 
chloropromazine were diluted with concentrated hydrochloric acid while determining sulphur dioxide present in 
the various samples analyzed. 
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Interference Effect 

Tolerance limit of the common air pollutants namely, hydrogen sulfide, nitrite and formaldehyde on experimental 
solution containing 1.14 µg ml-1 of sulfur dioxide was tested by studying the effect of those on the absorbance of 
the experimental solution. The maximum tolerance limit values which were observed are given in the Table 3. 
Nitrite was found to be not interfering up to 0.334 µg ml-1 concentration. At a higher level of its concentration, 
there was found to be a decrease in absorbance values. However, its interference up to 10.672 µg ml-1 had 
effectively overcome, Table 3, by the addition of 0.5 ml of 0.5% sulfamic acid to the sample solution before its 
analysis for sulphur dioxide. 

Table 4. Effect of interference on the determination of sulfur dioxide 
Interferant added Tolerance Limit µg ml-1 

H2S(Na2S) 0.6572 

NO2
- (NaNO2 ) 0.334 

HCHO 100.0 

APPLICATION 

The Proposed method was used for the determination of sulfur dioxide content in dried grape sample as well as air 
sample. The respective average sulfur dioxide contents in those samples were found to be 26.6 mg kg-1 and 1.56 
mg ml.-1 

CONCLUSIONS 

Described method is simple, rapid and found to be sensitive for the determination of sulfur dioxide.  Under the 
specified experimental condition and at fixed concentrations of chloro-promazine and iodine-monochloride, the 
amount of sulfur dioxide present in the samples was found to be directly proportional to the decrease in color 
intensity of the ion-pair system. A simple, sufficiently stable, highly sensitive and most affordable colorimetric 
method for the determination of sulphur dioxide through its reaction with iodine monochloride and phenothiazine 
stabilized through ion-pair formation in the dried grape sample as well as air sample is described successfully. 
Therefore, the present method could be an alternative or a complementary one to an official method for the 
determination of sulfur dioxide. 
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