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Investigation of the Overall Order of Reaction between 
Hydrogen Peroxide and Iodide in Acidic Medium  

(A Clock Reaction) 
 

Student Handout 
 

Purposes 

To determine the order of the reaction between H2O2(aq) and I-(aq) in acidic medium 
with respect to  
1. H2O2(aq), 
2. I-(aq) and  
3. H+(aq). 
 
Introduction 

The kinetics of the reaction: 

H2O2(aq) + 2I-(aq) + 2H+(aq) ⎯⎯→ I2(aq) + 2H2O(l) 

can be investigated by the introduction of a small and fixed amount of S2O32-(aq) and 
starch indicator.  
 
    H2O2(aq) + 2I-(aq) + 2H+(aq) ⎯⎯→ I2(aq) + 2H2O(l) ……….. main reaction 

   2S2O32-(aq) + I2(aq) ⎯⎯→ S4O62-(aq) + 2I-(aq) …….monitor reaction 
         Starch solution + I2(aq) ⎯⎯→ blue complex ………… ..indicator reaction 
 
The added S2O32-(aq) ions consume the I2(aq) ions produced from the main reaction. As 
long as there are S2O32-(aq) ions in the reaction mixture, I2(aq) ions formed from the main 
reaction will be instantaneously consumed by the S2O32-(aq) ions and the starch indicator 
will not be affected. However, when all S2O32-(aq) ions are consumed, the I2(aq) ions start 
to build up and will immediately turn the starch indicator to deep blue.  
 
The overall result is that upon mixing different amounts of H2O2(aq), I-(aq), H+(aq), 
S2O32-(aq) and starch indicator, no change will be observed at the start of the experiment, 
but the reaction mixture suddenly changes to deep blue after a period of time. The time 
elapsed before the development of the blue colour depends on the amount of S2O32-(aq) 
used. The greater the amount of S2O32-(aq) is used, the longer will be the time taken for 
the development of colour. Thus the reaction responsible by the S2O32-(aq) is also known 
as the monitor reaction, as it controls the time taken for the development of colour.  
 
Reactions using the above technique are collectively classified as ‘clock reactions’. If 
iodine is used to indicate the reaction time, it is called an iodine clock reaction. Likewise, 
if bromine is used, it is called a bromine clock reaction.  
 
Time elapsed for colour development indicates the time (t) taken for the formation of a 
certain amount of iodine from the main reaction. 1/t would be proportional to the rate of 
formation of this amount of iodine. 1/t would also be proportional to the initial rate of 
decrease in concentration of I-(aq) or H2O2(aq) if the amount of iodine formed is small or 
if the amount of S2O32-(aq) used is small. Hence there is a need to use small amount of 
S2O32-(aq). 
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Order of the reaction w.r.t. I-(aq) will be investigated by keeping the concentrations of 
H2O2(aq) and H+(aq) constant while varying the concentration of I-(aq) in the ratio of 
1 : 2 : 4 : 8. If the rate (1/t) doubles each time, the order of reaction w.r.t. to I-(aq) will be 
determined as 1. If the rate (1/t) remains unchanged, the order can be regarded as zero. 
The experiment is then repeated for determining orders for H2O2(aq) and H+(aq). 
 
Safety  

Avoid skin contact with the chemicals.  
 
Materials and Apparatus  

About 20 cm3 of each of the following solutions in labelled plastic bottles: 

1.50% H2O2(aq) 
 
 

 
 

0.60 M H2SO4(aq), 0.60 M KI(aq), 0.08 M Na2S2O3(aq), starch solution, deionised water. 
 
Two rigid 8-well reaction strips (Fig. 1), micro-tip plastic pipette, stop watch, 
microspatula. 
 
Experimental Procedures 

Part A: Order of reaction w.r.t. iodide ion 

1. Using a fresh and clean micro-tip plastic pipette, transfer 1 drop each of 1.5% 
H2O2(aq), 0.6 M H2SO4(aq) and starch indicator solution to 4 separate wells of a 
8-well reaction strip (call it strip A) so that each well has a total volume of 3 drops. 

2.  Take another 8-well reaction strip (call it strip B), again using a fresh and clean 
micro-tip plastic pipette, transfer 1 drop of 0.08 M Na2S2O3(aq) to each of the first 4 
wells. 

3. In strip B, add 1 drop of 0.6 M KI(aq) to the first well, 2 drops to the second, 4 
drops to the third and 8 drops to the fourth. Add 7 drops of deionised water to the 
first well, 6 drops to the second and 4 drops to the third so that the total volume of 
reactant mixture in each of the 4 wells of strip B is 9 drops. (see Table A) 

4. Stir the solution mixture in each of the wells of strip B with a microspatula.  

5.   Invert strip B and stack it atop strip A so that the first 4 wells of strip B is directly 
above the first 4 wells of strip A. 

6. Hold the two strips firmly together by means of two small pieces of rubber tubing, 
one at each end. Lower the strip combination suddenly (“shake-down” technique) 
so that the two solution mixtures mix thoroughly (see Fig. 2). Start the stop watch 
at the same time.  

7. Turn the strip combination upside down repeatedly and look for the sudden 
appearance of a deep blue colour. Record the time taken. Record the time until all 
the 4 wells have developed colour in the correct sequence. 

8. Clean the reaction strips thoroughly with deionised water and empty the water in 
the wells. 

 

IRRITANT 

EYE PROTECTION
MUST BE WORN
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Fig. 1 Fig. 2 

 
Table A 

Number of drops 
 

Strip A Strip B 

Well H2O2(aq) H2SO4(aq) Starch 
solution I-(aq) H2O(l) 0.08M 

S2O32-(aq) 
1 1 7 
2 2 6 
3 4 4 
4 

1 1 1 

8 0 

1 

 
Part B: Order of reaction w.r.t. H2O2(aq) 

9. Repeat steps (1) to (8) according to Table B. 
 

Table B 
Number of drops 

 
Strip A Strip B 

Well I-(aq) 0.08 M 
S2O32-(aq) 

Starch 
solution H2O2(aq) H2O(l) H2SO4(aq) 

1 1 7 
2 2 6 
3 4 4 
4 

1 1 1 

8 0 

1 

 
Part C: Order of reaction w.r.t. H+(aq) 

10. Repeat steps (1) to (8) according to Table C. 
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Table C 
Number of drops 

 
Strip A Strip B 

Well I-(aq) 0.08M 
S2O32-(aq) 

Starch 
solution H2SO4(aq) H2O(l) H2O2(aq) 

1 1 7 
2 2 6 
3 4 4 
4 

1 1 1 

8 0 

1 

 
Results 

 

 

Note: If initial rate doubles when the concentration of a species is doubled, the reaction 
is first order with respect to that species.  

 
Discussion Questions  

1. With the help of an appropriate sketch, illustrate the meaning of “initial rate”. 

2. Why is it assumed that in order to obtain initial rate, time (t) has to be small? 

3. Why are initial rate preferred to rates at other times of a reaction, i.e. instantaneous 
rates? 

4. Explain why the amount of S2O32-(aq) added to the reaction mixture has to be small. 

5. From the deduced order w.r.t. each reactant, give a rate equation for the reaction. 

6. A proposed mechanism for the reaction consists of the following three elementary 
steps: 

                H2O2(aq) + I-(aq) ⎯⎯→ X + H2O(l) ………. (slow) 
                      H+(aq) + X ⎯⎯→ Y …………………. (fast) 

   Y + H+(aq) + I-(aq) ⎯⎯→ I2(aq) + H2O(l) …... (fast) 
 
     Suggest species for X and Y in the above elementary reactions so that the rate 

expression for the rate determining step fits with the experimental rate equation. 

Variable Relative 
concentration t (s) Rel. initial 

rate, 1/t (s-1) 
Deduced 

order 

1   
2   
4   

[I-(aq)] 

8   

 

1   
2   
4   

[H2O2(aq)] 

8   

 

1   
2   
4   [H+(aq)] 

8   

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


