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Abstract:  Determination of metabisulphite using photochemical exchange reaction of sodium nitroprusside has 
been investigated. It is an inexpensive, faster and convenient quantitative method. Sodium nitroprusside is a 
photolabile complex which undergoes photochemical ligand exchange reactions rapidly. Some recent efforts 
have been made to utilize such reactions for the estimation of some sulphur containing anions and electron rich 
organic molecules. The progress of the reaction is observed spectrophotometrically. The effects of different 
parameters like pH, change of concentration of sodium nitroprusside, concentration of ligands, light intensity etc. 
on percentage error was investigated. The efforts were made to minimise the percentage error and some optimum 
conditions were obtained. Such reaction can be used for the determination of metabisulphite in the range of 
millimoles to micromoles; hence it is important to know whether such estimations can be done successfully and 
that too with the desired accuracy. 
Keywords:, Metabisulphite, sodium nitroprusside, photochemical exchange reaction, quantitative, percentage 
error, optimum conditions. 
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INTRODUCTION 
Photosensitized reactions are widely used in many 
technical and biological areas. Inorganic chemist may 
seek an improved understanding through the example 
that photochemistry gives the relationship between 

1
reactivity and electronic and molecular structure . 
Photosensitized reactions like copolymerization have 

2been reported by Wayne and Burrows et al. . The 
essential feature of photochemistry is probably the 
way in which the excited states of the atoms or 
molecules play a part in process of interest. It is 
apparent that the absorption or emission of radiation 
to/from these states is the concern of spectroscopists as 
well as the photochemists.  
Photodecomposition of ammonia to dinitrogen and 
dihydrogen on Pt/TiO  nanoparticles in an aqueous 2

3solution was studied by Nemono et al. . Yamazaki et 
4

al.  carried out photodegradation and adsorption of 
1,4-dioxane  on TiO . Photocatalytic degradation and 2

adsorption of di-isopropyl fluorophosphate and 
dimethyl phosphonate over dry and wet rutile TiO  was 2

5 6
studied by Kiselev et al. . Yuan et al.  observed Fe 
assisted photocatalytic degradation of microcystin- 
LR using titanium dioxide. 
Physiochemical and photocatalytic characterization 

7of TiO /Pt nanoparticles has been made by Liu et al. . 2 
8

Otsuka and Udea  used TiO -TiO composite powder 3 2 

for the photocatalytic bleaching of methylene blue. A 
comparison between TiO  and Fenton plus photo-2

Fenton in a solar pilot plant was reported by 
9Maldonado et al. .  Photodegradative treatment of  

waste water by U.V./TiO process was investigated by 2 
10 11Liu et al.  Zhu et al.  reported the effect of inorganic .

anions on the TiO  based photocatalytic oxidation of 2

aqueous ammonia and nitrite. 
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2. EFFECT OF PH  
The photochemical reaction of sodium nitroprusside 
in presence of metabisulphite may be affected by the 
variation in pH value and as such the determination of 
metabisulphite may also be affected accordingly. 
Therefore the effect of pH on quantitative 
determination of metabisulphite was studied at 
different pH range. The results are reported in Table -1 
and graphically shown in Figure- 1.  
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It was observed that the pH required for minimum 
error is 3.5. The disulphurous acid gives monoanion 

– –around this pH i.e. HS O  and not S O  ion. This anion 2 5 2 5
–(HS O ) will acts as a ligand to replace some or the 2 5

other ligand from the coordination sphere of iron and 
–not S O  ion. As it will give maximum complex 2 5

formation, it will result in minimum error at this pH. 
Above pH = 3.5 again the percentage error increases 
which may be due to the fact that concentration of 

– –HS O   ion will start decreasing as compared to S O   2 5 2 5

ion. It will result in to a corresponding increase in the 
percentage error. 
3. EFFECT OF METABISULPHITE 
CONCENTRATION   
The effect of the concentration of metabisulphite on 
the determination was also observed by taking 
different concentration of metabisulphite and keeping 
all other factors identical. The results are reported in 
Table -2 and graphically shown in Figure -2. 

It was observed that the minimum error in the 
determination of metabisulphite is found at 

3metabisulphite concentration 7.88 x 10  M i.e. only 
1.6% which is within permissible limit. 

As the concentration of metabisulphite ion increases 
the complex formation tendency increases and hence 
the percentage error found for the determination of 
metabisulphite is minimum. On increasing the 
concentration of metabisulphite ions above 7.88 x 10 
3
M, the movement of metbisulphite ions may be 

hindered by its own larger concentration. It still not 
permit metabisulphite ion to form the desired complex 
within the limit of exposure and as a consequence, the 
percentage error increases. 
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4. EFFECT OF SODIUM NITROPRUSSIDE 
CONCENTRATION   
The effect of variation of concentration of sodium 
nitroprusside on the quantitative determination of 
metabisulphite ion and percentage error was observed 
by taking different concentration of sodium 
nitroprusside and keeping all other factors identical. 
The results are reported in Table -3 and graphically 
shown in Figure -3. 

It was found that the minimum error in the 
determination of metabisulphite ion is found at sodium 

2nitroprusside concentration 1.17 x 10  M i.e. only 
1.6% which is within permissible limit. 
As the concentration of sodium nitroprusside 
increases the complex formation tendency increases, it 
reaches maximum at  sodium nitroprusside 
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2concentration 1.17 x 10  M but if the 
concentration is further increased it will start acting 
like a internal filter and it will not permit the desired 
light intensity to reach sodium nitroprusside molecule 
in the bulk of the solution, as a consequence only 
limited number of sodium nitroprusside molecule will 
be excited to participate in the complex formation 
resulting into increase in percentage error. 

EFFECT OF LIGHT INTENSITY  
The effect of light intensity on the percentage error in 
the determination of metabisulphite while its 
photochemical reaction with sodium nitroprusside has 
been observed by varying the distance between the 
exposed surface of the reaction mixture and tungsten 
lamp light source. The result for tungsten lamp are 
tabulated in Table -4 and graphically shown in 
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It is observed that the minimum error in the 
determination of metabisulphite is found at tungsten 

2  lamp intensity = 14.0 mWcm i.e. only 1.6% which is 
within permissible limit. 
As the light intensity was increased the number of 
photons striking per unit area per second will also 
increase. As a result the complex formation became 
little bit easier on increasing light intensity, on further 

2 increasing the light intensity beyond 14.0 mWcm the 
error remains almost constant indicating that the 
desired light intensity for maximum (complete) 
formation of complex requires this much intensity and 
any increase will not increase the amount of complex 
formed. This will result into a constant error above this 
intensity. 
6. OPTIMUM CONDITIONS 
The photochemical reaction between sodium 
nitroprusside and metabisulphite ion was carried 
out. It was observed that if the determination of 
metabisulphite is carried out under these given 
conditions the percentage error observed is minimum 
(1.6%) and within permissible limit. 
The optimum conditions are given as below:– 
(i) pH = 3.5 

–2 (ii) [Sodium Nitroprusside] = 1.17 x 10 M 
–3 

(iii) [Metabisulphite] = 7.88 x 10 M 
2(iv) Light Intensity = 14.0 mWcm   
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