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The Thiosulfate-Acid Reaction 

Why do this? 

Many chemical reactions proceed so fast that it is very difficult to measure them. There are, fortunately, 

a number of slower reactions that can easily be followed in school science laboratories. The reaction 

between sodium thiosulfate and acid is one such reaction and is mentioned in almost all textbooks.  

However, the reaction produces a toxic product, sulfur dioxide, which has caused many schools to stop 

doing it. In this reduced-scale method, very good results are obtained using only one fifth of the 

volumes used in traditional methods. The production of sulfur dioxide is reduced by using a ‘stop bath’.  

Interestingly, although extensively studied in schools, not a lot is known about this reaction! 

Safety 

CLEAPSS receives many calls about the thiosulfate/acid reaction.  

                                            

The main concern is the emission of sulfur dioxide from the thiosulfate/acid reaction causing breathing 

problems to the pupils when they carry out the procedure and to the technician when they clean the 

equipment. This is a particular problem when the effect of raised temperatures is studied.  

In this reduced-scale method, there are 3 control measures integral to this procedure, in addition to 

the usual personal protective equipment (PPE): 

 using smaller volumes,  

 using a stated maximum temperature (and minimising heating), 

 using a stop bath to neutralise the acid and dissolve sulfur dioxide. 

Equipment 

The method uses the type of plastic containers typically used for microwaving food. The cross is 

marked on the base of the container in permanent black ink.  The holes in the lid are made by using 

very hot wide-diameter cork borers or hot 2p coins which have been heated in a Bunsen burner flame 

(do this in a fume cupboard). The glass vials used hold about 12 to 14 cm
3
 of liquid. (For example, 

Timstar sell them for £39.08 for 162 (VI16982), about 24p each.) 

  
 

Glass vials The equipment! Looking over the top! 
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Investigations 

The procedures for two investigations are described. 

A: Variation of rate of reaction with concentration of thiosulfate  

Wear eye protection. 

Make sure you have the sodium carbonate solution with the indicator added to act as a stop bath. Once 

the colour changes, the carbonate has been used up and you will need to replenish the stop bath. 

1. Place about 10 cm
3
 of 1M hydrochloric acid (or 0.5M sulfuric(VI) acid) in the ‘acid’ vial. 

2. Place this vial into the correct hole in the plastic container (i.e. the one without the cross). 

3. Measure 5 cm
3
 of 0.1M sodium thiosulfate solution into a 10 cm

3
 measuring cylinder.                            

Add 5 ml of water. Pour the solution into a second vial.                                                                                              

Insert this vial into the correct hole in the plastic container (i.e. the one with the cross). 

4. With a stopwatch in one hand, use a plastic pipette to add 1 cm
3
 of the acid to the thiosulfate 

solution. Immediately start timing.  

5. Look down through the vial from above and record the time for the cross to disappear from view. 

6. Now pour the cloudy contents of the vial into the sodium carbonate solution (the ‘stop bath’). 

Repeat the procedure using a different volume of sodium thiosulfate solution and with water added to 

make a total of 10 ml of solution. Use any value between 3 and 10 ml of sodium thiosulfate solution. 

 

Volume of 0.1M 
sodium thiosulfate 

solution (cm
3
) 

Volume of 
water 
(cm

3
) 

Time (s) Rate as 
1/time (s

-1
) 

5 5   

6 4   

7 3   

8 2   

9 1   

10 0   

 

Plot the time taken or 1/time against volume of sodium thiosulfate (x-axis).  

Extension 

Does the rate of reaction alter with respect to the hydrogen ion concentration? 

We can use 1 cm
3
 of 1M sodium thiosulfate solution and vary the concentration of hydrogen ions, 

H
+
(aq), in a similar way to that described above.  

Do not be surprised by the strange results!  
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B: Variation of rate of reaction with temperature  

Wear eye protection. 

Make sure you have the sodium carbonate solution with the indicator added to act as a stop bath. Once 

the colour changes, the carbonate has been used up and you will need to replenish the stop bath. 

1. Place about 10 cm
3
 of 1M hydrochloric acid (or 0.5M sulfuric(VI) acid) in the ‘acid’ vial. 

2. Place this vial into the correct hole in the plastic container (i.e. the one without the cross). 

3. Measure 10 cm
3
 of 0.05M sodium thiosulfate solution (use a 10 cm

3
 measuring cylinder).                        

Pour the solution into a second vial.                                                                                              

Insert this vial into the correct hole in the plastic container (i.e. the one with the cross). 

4. With a stopwatch in one hand, use a plastic pipette to add 1 cm
3
 of the acid to the thiosulfate 

solution. Immediately start timing.  

5. Look down through the vial from above and record the time for the cross to disappear from view. 

6. Record the temperature of the reaction mixture. 

7. Now pour the cloudy contents of the vial into the sodium carbonate solution (the ‘stop bath’). 

8. Now add water from a very hot water tap (or kettle) to the plastic container.                                                  

The water should be no hotter than 60 
o
C. 

9. Measure 10 cm
3
 of 0.05M sodium thiosulfate solution into a clean vial.                                                   

Insert this vial into the correct hole in the plastic container (i.e. the one with the cross)*. 

10. Leave the vial to warm up for 3 minutes*. 

11. Repeat steps 4 to 7 above. 

12. Repeat to obtain results for at least 5 different temperatures*. 

 

*The plastic container can be adapted to hold several vials which can each be filled with 10 cm
3
 

thiosulfate solution (as in step 3). As the temperature of the water in the plastic container cools, more 

readings can be taken. To lower the temperature further, cold water can be added to the container. 

The reciprocal of the time in seconds can be used as a measure of the rate of the reaction. 

Temperature  
(
o
C) 

Time  
(s) 

Rate as 
1/time (s

–1
) 

   

   

   

   

   

   

Plot a graph of 1/time against temperature (x-axis). 

See also ‘Exemplar results’ for an extension using the same results. 
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Exemplar results and extensions 

A: Variation of rate of reaction with concentration of thiosulfate  

 

Volume of thiosulfate  
(cm

3
) 

Volume of water  
(cm

3
) 

Time  
(s) 

1/time 
(s

–1
) 

Temperature  
(
o
C) 

0 10 0 0.0000 
 5 5 122 0.0082 20 

6 4 89 0.0112 20 

7 3 81 0.0123 20 

8 2 65 0.0154 20 

9 1 59 0.0169 20 

10 0 52 0.0192 20 

 

 

This shows a direct relationship between the rate of reaction and the concentration of sodium 

thiosulfate. Although this reaction is often done in school science, it has not been extensively 

researched.  

When the concentration of hydrogen ion is varied, it is clear that the kinetics of the reaction are not at all 

straightforward. This means that the reaction mechanism is very complex with competing mechanisms 

and equilibria involved. Think about it! The sulfur atoms are inserted into a chain which then breaks 

down to give a precipitate of sulfur and sulfur dioxide. This must involve rearrangement reactions! 

Many technicians (when clearing up) have stated they can small hydrogen sulfide! Is hydrogen sulfide 

produced?  

Another conundrum is “what percentage of the reaction is completed when the time is taken?”  Is it 

possible to quench the reaction with sodium carbonate solution and then measure the concentration of 

sodium thiosulfate left? 

Catalysts 

There do not appear to be any established catalysts for this reaction. Ammonium molybdate has been 

mentioned but there is no data on this. Can one be found? 
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B: Variation of rate of reaction with temperature 

Temperature  
(C) 

Time 
(s) 

1/time  
(s

–1
) 

Temperature  
(K) 

1/T  
(K

-1
) 

loget 

17.5 100 1.00E-02 290.5 3.44E-03 4.605 

20.5 85 1.18E-02 293.5 3.41E-03 4.443 

25.0 60 1.67E-02 298.0 3.36E-03 4.094 

27.0 51 1.96E-02 300.0 3.33E-03 3.932 

28.0 49 2.04E-02 301.0 3.32E-03 3.892 

33.0 36 2.78E-02 306.0 3.27E-03 3.584 

35.0 32 3.13E-02 308.0 3.25E-03 3.466 

36.0 29 3.45E-02 309.0 3.24E-03 3.367 

40.0 25 4.00E-02 313.0 3.19E-03 3.219 

45.0 18 5.56E-02 318.0 3.14E-03 2.890 

53.0 12 8.33E-02 326.0 3.07E-03 2.485 

There are three graphs which can be drawn using these results: 

1. Variation of time taken with temperature. 2. Variation of initial rate with temperature  

 
 

3. An Arrhenius plot (which indicates activation energy of ~ 47 kJ mol
–1

). 

 

 

Here are some results 

taken in the space of 

45 minutes! 



 

ASE 01/13                                                                                     ©CLEAPSS®, The Gardiner Building, Brunel Science Park, Kingston Lane, Uxbridge UB8 3PQ 
Page 6 of 6                                                              Tel: 01895 251496; Fax: 01895 814372; E-mail: science@cleapss.org.uk; Web site: www.cleapss.org.uk 

 

 

 

Temperature ( oC) 

10 20 30 50 40 60 

    0.020 

    0.030 

  0.010 

    0.040 

    0.050 

    0.060 

    0.070 

    0.080 

Rate of reaction 

(s–1) 

 0 

Rate of reaction 
(s–1) 

  0.010 

  0.020 

  0.080 

  0.060 

  0.050 

  0.040 

  0.030 

2 8 6 4 10 12 

Volume of thiosulfate solution (cm3) 


