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In a previous communication, Venugo-
palan and George1) suggested the utility of 
the instantaneous and complete reaction 

5Br-+BrO3-+6H+=3Br2+3H2O (i) 

for a quantitative oxidation of red phos-
phorus to phosphoric acid bromometri-
cally. Various substances react quanti-
tatively with an excess of bromine, and 
acid solutions of bromine of exactly known 
concentration can readily be obtained from 
a standard potassium bromate solution by 
adding acid and an excess of bromide. In 
this reaction one mole of bromate yields 
six atoms of bromine and hence the equi-
valent weight is identical with that of 
potassium bromate alone. Bromine is 
very volatile and hence the experiments 
are carried out at as low a temperature 
as possible and in Erlenmeyer flasks pro-
vided with ground glass stoppers. The 
excess of bromine is determined iodometri-
cally and from the reacted bromine the 
amount of phosphorus can be calculated. 

Earlier workers2) have shown that bro-
mine reacts with red phosphorus at a very 
rapid rate at the ordinary temperature; 
but the reaction could proceed with a 
measurable speed at low temperatures 
and hence, it was of interest to undertake 
a kinetic study of the oxidation process. 

Experimental 

Solutions of bromide and bromate were pre-
pared in the proportions given in equation (i) so 
that when mixed together in presence of an acid 
(H2SO4) both bromide and bromate react together 
instantaneously and completely to give a known 
amount of bromine. 

Pure dry red phosphorus was weighed into a 
ground-glss stoppered Erlenmeyer flask. Equal 
volumes (40 cc.) of bromide and bromate solutions 
were added, followed by 20ml. of 1N sulphuric 
acid so that the overall normality of the system 
was maintained at or about 0.2N H2SO4. The 
phosphorus dissolved in the evolved bromine in 
solution, thereby indicating that the initial reac-

tion is very rapid and almost instantaneous. The 

system was maintained at a desired constant 

temperature for a few minutes prior to the addi-

tion of the oxidant and also during the course 

of subsequent observations in an ice-cooled water 

bath provided with an accurate thermometer. 

The contents of the flask were swirled from time 

to time and an aliquot portion (5ml.) of the clear 

solution was pippetted out carefully at different 

time intervals and titrated iodometrically with 

standard thiosulphate3). Experiments were car-

ried out at different temperatures, viz., 5, 10, 15, 

20•Ž using the same concentration and by vary-

ing the concentration of the oxidant. 

Results and Discussion 

The order of the reaction was calculated 

by the integration method from the initial 

titre value of bromide bromide-bromate 

mixture and that obtained at various time 

intervals during the course of the oxidation, 

applying the equation

where Co-initial concentration of bromide-

bromate mixture

Ct-concentration at time t

C∞-concentration at time ∞

and t-time in minutes

A representative group of results is shown 

in Table I. These results therefore show

TABLE I

Temperature: 20℃

Reaction Mixture: 5ml.

Weight of P: 0.02g.

Strength of KBr-KBrO3 Mixture: N/35

solution

1) M. Venugopalan and K.J. George, Bull. Chem. Soc. 

Japan, 29 (3), 350-353, (1956). 
2) J.W. Mellor, "A comprehensive Treatise on 

Inorganic and Theoretical Chemistry", Vol. VIII, Long-
mans Green & Co. (1928). p. 785.

3) A.I. Vogel, "Text Book of Quantitative Inorganic 
Analysis", Longmans Green & Co., London (1953). 
p. 369.
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that the oxidation of red phosphorus by 
bromide-bromate mixture is an overall 
bimolecular reaction. 

The influence of temperature on the 
velocity constant K, when the concentra-
tions of the reactant are kept constant are 
given in Table II. The above results show 

TABLE II 

Weight of P Taken: 0.02g. 
Strength of Bromide-bromate Mixture: N/35 
Normality of Thiosulphate: N/40

that the velocity constant K increases with

a rise in temperature; the values of

1og10 Ct(Co-C∞)-C
o(Ct-C∞) plotted against time t for

different temperatures, at which the reac-

tion has been studied are represented

graphically in Fig. 2.

Fig. 1. Variation of log10 Ct(Co-C C•‡)-Co(Ct-C•‡) with 

time t for different initial concentrations 

of bromide-bromate mixture at the same 

temperature. 

Fig. 2. Variation of log10 Ct(Co-C•‡)-Co(Ct-C•‡) with 

time t for different temperatures. 

Fig. 3. Variation of log10K with 1/T.

Variation of the velocity constant K for 
different initial concentrations of the reac-
tants has been studied by varying the con-
centration of bromide-bromate mixture and 
keeping the weight of phosphorus constant 
in all the experiments.

TABLE III

Temperature: 5℃

Weight of Phosphorus Taken: 0.02g.

Normality of Thiosulphate: x/30

Fig. 1 represents graphically the varia-

tion of log10 Ct(Co
-C∞)Co(Ct-C∞)with time for dif-

ferent concentrations of the oxidant (bro-
mide-bromate mixture) at the same tem-
perature. 

The temperature coefficient and energy 
of activation were calculated from the 
values obtained for K at different tem-
peratures T1 and T2 and are given below:

TABLE IV

The variation of log10K with 1/T is shown 
in Table V; the results are plotted in Fig. 3_

TABLE V

The linear relationship between log10K 
and 1/T (Fig. 3) is in accord with the 
Arrhenius equation4) which expresses the 
influence of temperature on reaction 
velocity. 

Bromometric Determination of 
Red Phosphorus 

A series of experiments was carried out 
in which the difference in the quantity of 
bromide-bromate mixture added initially 

4) S. Arrhenius, Z. Phys. Chem. 4, 226 (1889) 
Trans. Farad Soc.. 33, 72 (1937).
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to a given weight of phosphorus and that 
left over after its complete disappearance 
i.e. the titre value at infinite time served 
as a measure of the quantity of bromide-
bromate mixture required for the oxidation 
reaction. Hence a knowledge of the quan-
tity of bromide-bromate mixture utilized 
in the reaction is useful for the direct 
determination of red phosphorus bromo-
metrically. A. typical set of results of such 
determinations are given in Table VI.

TABLE VI

* Weight of P calculated from reacted bro-
mine according to the equations: 

5Br-+BrO3-+6H+=3Br23H2O 
and 2P+5Br2+8H2O=12H++10Br-+2H2PO4-

Mechanism of the Reaction 

Since the interaction of bromide-bromate 
mixture is instantaneous and complete 

5Br-+BrO3-+6H+=3Br2+3H2O 

bromine is quantitatively liberated. This

bromine oxidizes phosphorus to phosphoric 
acid according as 

2P+3Br2+6H2O=6H++6Br-+2H3PO3 

H3PO3+Br2+H2O=3H++2Br-+H2PO4-

The former reaction is quite rapid, 
whereas the tatter one is slow and depends 
on the H+ ion concentration. It appears 
that the oxidation of phosphorus acid by 
bromine (obtained from acid bromide-
bromate mixture) determines the rate of 
reaction as a whole.

Summary

Bromometric oxidation of red phosphorus 
using an acid solution of bromide-bromate 
mixture has been studied and applied in 
the volumetric determination of red phos-

phorus. The kinetics of the oxidation 
process show that the reaction is of the 
second order. The influence of temperature 
and concentration of the reactants, have 
been investigated and the energy of acti-
vation calculated. Further the applicability 
of this procedure for a bromometric deter-
mination of red phosphorus is emphasized 
and such determinations can be carried 
out over a period of three to four hours. 
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