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Abstract: p-Sulphonic phenol-Sulphuric acid-Bromate system is a one the most renowned uncatalysed Bromate 

Oscillator (UBO). This system is extremely sensitive to an increase in temperature and is manifested as changes in its 

various parameters.  It was observed during present work that the temperature increase also changes the various 

parameters viz. induction period, Number of oscillations, time of last oscillation, time for colourisation of reaction 

mixture. Interestingly it was also noted that the period of oscillations has shown a considerable decrease.  
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I. INTRODUCTION 

Chemical oscillating reactions have attracted the attention of researchers for many years because of their challenging 

chemistry and their wealth of dynamic behaviour. 
1-4

Belousov-Zhabotinsky  reaction
 
 is  one  of  the  most  studied 

chemical oscillatory  reactions  which uses  aliphatic (malonic acid, citric acid etc.) or  aromatic  compounds  ( 

polyphenols  and  aniline  derivatives).  The BZ reaction with aliphatic substrate needs a catalyst like cerium, ferroin, 

etc, while BZ reaction with aromatic substrates commonly known as UBOs do not need a catalyst as the role of catalyst 

is taken over by the quinone/semiquinone produced in the reaction mixture during oxidation
5
. But presence of BZ 

catalyst has a pronounced effect on the uncatalysed system. Temperature has a marked effect on the UBOs 
6, 7

.
 

We studied the influence of temperature on the p-Sulphonic phenol-Bromate-Sulphuric acid system without catalyst
8
.  

Experiments were carried out to see the effect of temperature on this system at the optimum concentration conditions 

i.e. at [p-sulphonic phenol] = 0.020 M   , [H2SO4] =   1.44 M   , [BrO3
-
] = 0.032 M

 8
.   The results show that in general 

the induction period (t in), number of oscillations, amplitude of oscillations, total duration of oscillation, period of 

oscillation (tp) vary significantly on changing the temperature. In p-Sulphonic phenol system raising the temperature 

from 303 K caused the induction period, number of oscillations and oscillation period decrease whereas there is no 

significant effect on amplitude of oscillations.  

The details of these effects are as follows: 

 

II. EFFECT OF TEMPERATURE ON INDUCTION PERIOD 

 

The results show that the induction period (t in) depend greatly on temperature. Raising the temperature made the 

induction period decrease (Table 1, Fig 1). For the appearance of first oscillation a critical concentration of bromo 

derivatives is to be accumulated in the reaction mixture. It is the  rate  of  bromination which increases  with  the  

increase  in  temperature  and the critical concentration of bromo derivatives is achieved at an early time thereby 

decreasing  the  induction  period.  Such a decrease in the induction period implies the involvement of the bromo 

derivative as an intermediate in the overall reaction
7, 10-12

.  

 

 

 

 

http://www.ijirset.com/


 

         

        ISSN: 2319-8753                                                                                                                               

International Journal of Innovative Research in Science,  

Engineering and Technology 

(ISO 3297: 2007 Certified Organization) 

Vol. 2, Issue 8, August 2013 

 

Copyright to IJIRSET                                                                          www.ijirset.com                                                                                    3995 

 

 

Table 1 Effect of Temperature on Induction Period at [p-sulphonic phenol] = 0.020 M   , [H2SO4] =   1.44 M   , 

[BrO3
-
] = 0.032 M 

 

 

TEMPERATURE (K) INDUCTION PERIOD 

(SECONDS) 

303 1275 

308 1085 

313 685 

318 415 

323 305 

328 255 

333 175 

338 130 

343 117 

 

 

 

  

III. EFFECT OF TEMPERATURE ON TOTAL NUMBER OF OSCILLATIONS AND TOTAL 

DURATION OF OSCILLATIONS 

 

The number of oscillations and total duration of oscillations to occur decrease with the augmentation in the temperature 

from 303 K to 343 K (Table 2, 3, Fig 2, 3). In this system number of oscillations decreases with the increase of 

temperature and at 70 
o
 c more or less chaotic oscillations were recorded.  At higher temperature the system being 
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closed, is driven more quickly to thermodynamic equilibrium; hence the decrease in the number of oscillations can be 

attributed to the fast consumption of substrate.  

 

Table 2 Effect of Temperature on Total number of Oscillations at [p-sulphonic phenol] = 0.020 M   , [H2SO4] =   1.44 

M   , [BrO3
-
] = 0.032 M 

 

TEMPERATURE 

(K) 

TOTAL NUMBER OF 

OSCILLATIONS 

303 22 

308 21 

313 19 

318 16 

323 14 

328 13 

333 11 

338 11 

343 9 
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Table 3 Effect of Temperature on Total time for Oscillations at [p-sulphonic phenol] = 0.020 M   , [H2SO4] =   

1.44 M   , [BrO3
-
] = 0.032 M 

 

TEMPERATURE (K) TOTAL DURATION FOR 

OSCILLATION (SECONDS) 

303 
1210 

308 
880 

313 
760 

318 
550 

323 
385 

328 
280 

333 
200 

338 
150 

343 
90 

 

 

 

 

IV. EFFECT OF TEMPERATURE ON COLOUR OF SOLUTION 

 

Bromate imparts colour to the system by forming bromo derivatives of the substrate which subsequently releases 

bromide ions on oxidation of bromo derivatives. It is evident from a gradual colour change as reported.  (Table 4, Fig 4, 

5, 6).  It is interesting to observe that Bromate solution is the last constituent added to the reaction mixture and 

bromination of substrate start very quickly. Major portion of substrate gets brominated before the commencement of 
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first oscillation
5, 6

.  Progressively the colour of the reaction mixture becomes orange from light yellow, dark yellow, 

light brown and dark brown. In the present system longest time taken by the system to become orange is at 308 K. 

while temperatures above and below this temperature it takes lesser time. From  the  mechanistic  point  of  view,  the  

FKN  mechanism  seems  to  be  satisfactorily  consistent with our system 
13,14

.   

 

Table 4 Effect of Temperature on Colour of the solution at [p-sulphonic phenol] = 0.020 M   , [H2SO4] =   1.44 M   

, [BrO3
-
] = 0.032 M 

 

 

TEMPERATURE 

(K) 

TIME TO 

BECOME LIGHT 

YELLOW 

SOLUTION  

(SECONDS) 

TIME TO 

BECOME DARK  

YELLOW  

SOLUTION 

(SECONDS) 

TIME TO 

BECOME BROWN  

SOLUTION 

(SECONDS) 

TIME TO 

BECOME 

ORANGE  

SOLUTION 

(SECONDS) 

303 15 45 115 520 

308 15 60 120 545 

313 10 45 140 460 

318 10 50 115 210 

323 10 30 45 200 

328 10  40 120 

333 10  35 90 

338 10  35 60 

343 10  35 70 
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V. CALCULATION OF ENERGY OF ACTIVATION 

 

apparent energy of activation is calculated from the slope of the graph between 1/T vs log 1/t where ‘T’ is the temp on 

absolute scale and ‘t’ is the Induction period , time for a fixed number of oscillations (nine oscillations) and total time 

of oscillations. (Table 5, 6, 7, Fig 7,8,9) 

 

Table 5 Calculation of Apparent Energy of Activation (Induction Period) at [p-sulphonic phenol] = 0.020 M   , [H2SO4] 

=   1.44 M   , [BrO3
-
] = 0.032 M 

1/T log 1/t (ip) 

0.00330033 -3.105510185 

0.003246753 -3.035429738 

0.003194888 -2.835690571 

0.003144654 -2.618048097 

0.003095975 -2.484299839 

0.00304878 -2.40654018 

0.003003003 -2.243038049 

0.00295858 -2.113943352 

0.002915452 -2.068185862 
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Table 6 Calculation of Apparent Energy of Activation (for first nine oscillations) at [p-sulphonic phenol] = 0.020 M   , 

[H2SO4] =   1.44 M   , [BrO3
-
] = 0.032 M 

 

 

 

 

 

 

 

 

 

 

Table 7 Calculation of Apparent Energy of Activation (for all oscillations) at [p-sulphonic phenol] = 0.020 M   , 

[H2SO4] =   1.44 M   , [BrO3
-
] = 0.032 M 

1/T Log 1/t 

0.00330033 -3.08278537 

0.003246753 -2.944482672 

0.003194888 -2.880813592 

0.003144654 -2.740362689 

0.003095975 -2.58546073 

0.00304878 -2.447158031 

0.003003003 -2.301029996 

0.00295858 -2.176091259 

0.002915452 -1.954242509 

1/T log 1/t 9 

0.00330033 -2.69019608 

0.003246753 -2.752048448 

0.003194888 -2.648360011 

0.003144654 -2.591064607 

0.003095975 -2.477121255 

0.00304878 -2.389166084 

0.003003003 -2.190331698 

0.00295858 -2.130333768 
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The apparent activation energy Ea(induction period)  was calculated from slope of the curve and is found to be 55.287 

kJ mol
-1

, and that of oscillation period for total oscillations Ea(Total oscillations) was 54.705 kJ mol
-1 

,
 
while

 
the 

apparent energy of activation for first 9 oscillations was found to be 
 
35.303k J mol

-1
. This data shows that the apparent 

energy of activation for induction period is slightly higher than the overall apparent energy of activation,
 
although they 

could explain the difficulty degree of overall elementary reactions, Ea (induction) is comparable to Ea (Total 

oscillations) , they could illustrate the induction reaction is no more easier than that oscillation reaction which could be 

due to the presence of –sulphonic acid group at the para position. However the Ea value for first 9 oscillations is quite 

less.  
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