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Kinetics of iodination of acetone, catalyzed by HCl and H,SO, -
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ABSTRACT

lodine gives a deep yellowish brown color in aqueous solution. As acetone is iodinated and lodine is converted to
iodide ion, this color sowly fades as iodine is consumed. Thus iodination of acetone can be investigated by the
change in absorbance. In the present investigation, kinetics of this reaction has been studied colorimetrically. The
extent of the reaction has been monitored by measuring the absorbance in the visible region (4. = 470nm) Thereis
a decrease in absorbance indicating the consumption of lodine. H" ion acts as a catalyst in this reaction. Thus, the
kinetics of iodination of acetone has been studied in presence of HCl and H,SO, and the rates have been compared
to determine their relative strength. An attempt has been made to reduce the consumption of chemicals to a very low
level.
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INTRODUCTION
Study of the lodination reaction began in 19th agntvhen it was noticed that yellow color of iodislewly fades
when the solution also contains acetone. Since, tte&ttions involving a reactant containing a antarbonyl
group have become some of the popular organic da&meactions. The iodination of acetone is aldalgaed by
hydrogen ions. The effects of varying the conaitns of acetone, iodine and hydrogen ions haes Istudied
earlier and it has been found that the reacti@eii® order with respect to iodine.

The overall stoichiometric equation for the iodioatis:-
CH;COCH; + I, > CH,COCH,l + HI Q)

If this represented the mechanism of the reacttenrate of reaction would be proportional to biit acetone and
iodine concentrations. This proportionality is fmind.

The following mechanism has been reported in tieedture[1]
CHsCOCH; + H & CH:.C(OH)=CH, + H' (2)
CH;.C(OH)=CH, + I, > CH;.CO.CHl + HI ?3)

Of these steps, (3) is rapid and without influencethe overall rate of iodination, while (2) - tbaolisation of
acetone - is slow and is the rate-determining dtethe presence of excess of acetone and at caristdrogen ion
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concentration, therefore, the iodination shouldcpesl from start to finish at a constant rate. Traie of this
reaction has been found to depend on the conciemtiat acid and acetone.

Study of kinetics of this reaction has been inctudle the undergraduate chemistry curriculum. Thecedure
involves titrating the mixture against standard iSodthiosulphate using starch indicator to measieeamount of
lodine in the mixture [2]However the presence of lodine imparts color tosthlation . The color fades with time as
the reaction proceeds. Thus the reaction can lukestiby colorimetry by measuring the absorbancer afefinite
time intervals. The reaction occurs in the presesfcacid as catalyst. This fact can be utilizedstiody different
acids as catalyst to determine their relative gfitenGenerally, in undergraduate classes, relstnength of the two
acids is determined by studying the hydrolysis efhyl acetate in presence of the two acids. Bstithagain a time
consuming method involving titration of the mixturith standard NaOH after definite time intervd. Also, it
requires large amount of chemicals. Microscale BrpEnts have been suggested earlier for teachibgrddory
courses. [4,5]

Therefore in the present investigation, kinetic#odination of acetone has been studied colorimetsi in presence
of HCl and HSO,and compared. The extent of this reaction is nooeét by measuring the absorbance at 470 nm.

Materials and M ethodol ogy:

The colorimetric investigation of this reaction qmsed chemicals viz., lodine and Acetone manufactiat Pune
Chemical Laboratories (purified before use), HCll &S0, were from A.V.Gandhi and Co.,Pune. Colorimeter
EQ-650A was used for measurement of absorbancegiteaction.

Primarily, the acids were standardized to exaajlyad normalities. The normality of the acids wasrfd to be 0.992
N. These solutions were stored in closed contaireine solution was prepared by the procedurergivn the
literature[6] Standard lodine solution (0.1M) was stored arkd It was diluted to 0.02M before introducingthe

mixture. Freshly prepared 1M acetone was usedliftieexperiments.

Amax Was determined for lodine usimtjstilled water as reference. Kinetic studies weegformed by noting the
absorbance of a mixture of acetone, acid and lodinal of each solution was taken to get 3 ml & thaction

mixture. Thus, the reaction mixture contairee®.33 N acid (HCI), 0.33M acetone and 0.0066 M hediThe whole
reaction mixture was taken in glass cuvette anarélasice of the mixture was noted at 470nm at defitime

interval of 1 min. The procedure was repeated plagng HCI by HSO;,

A graph of Absorbance Vs Time was plotted for bibidn experiments and compared
RESULTSAND DISCUSSION

A graph of Absorbance Vs Wavelength was plotted (Bi s Was found to be 470nm. This filter was chosen for
further experiments.
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Fig.1: Absorbance vs. Wavelength
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Kinetic studies show that the absorbance of a mexéontaining acid, acetone and lodine decreaghsime and
solution becomes colorless after a certain timesoflbance decreases faster in presence of HCI th86yHThis
observation was utilized to determine the relasitrength of the acids. Absorbance of the mixtuas measured
at time interval of 1 min, till the absorbance mital a steady value. It was plotted against timedoh case as
shown in Fig 2 and 3.
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Fig. 2: Absorbance vs. time (in minutes) in presence of HCI
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Fig. 3: Absorbancevs. time (in minutes) in presence of H,SO,

Comparing both the plots, it is observed that tlo¢ for a mixture containing HCI is steeper havinglope of 0.051
whereas a mixture containing$0, has a slope of 0.033. This shows that the rateadtion is higher in presence
of HCI. The ratio of the slopes has been founde@dual to 0.65 which gives the relative strendtihe two acids.

Table 1: Comparison of titration and colorimetric method

Titration method CO:T?;?%”C
Total volume of solution 100 ml 3ml
Chemicalsrequired Acetone, lodine, Acid, Sodium thiosulphate, sodiacetate, potassium iodide & stargh Acetone, lodine,
indicator Acid.
Manual errors More likely Negligible
Timeintervals 3 min 1 min

Generally, titration method is used for studyings theaction. The volume of solutions required foe titration
method is comparatively much more than those fer ¢blorimetric method (Table 1). Also the amounts o
chemicals used for the volumetric method exceedsehased for colorimetric method. As most of the
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experimentation in titration is mechanical, manembrs are more likely, but in colorimetric methasl most of the
experimentation is on the e-device, manual errogsn@inimized. The time intervals are also reduaed greater
extent and can be reduced further if needed.

Acknowledgements
We wish to thank Principal and Head, DepartmenCloémistry, Yashavantrao Chavan Institute of ScieBegara
for providing laboratory facilities.

REFERENCES

[1] K.J.Laidler,Chemical Kinetics®edition Pearson EducatioP004) 392-394

[2] V.D. Athawle, Parul Mathur ; Experimental PhysiCdlemistry, New Age Intl. Pvt. Ltd®2001)79-80;

[3] Findlay's practical physical chemistry @dition revised and edited by B.P. Levitt Longn@rmup Ltd (973)
338-340.

[4] Shriniwas L Kelkar and Dilip D Dhavale Resonanceaber000) 24-31

[5] Prem D. Sattsangi Chem. Educ., 2011, 88 (2), pp 184-188

[6]J. Mendham,R.C.Denney,J.D. Barnes & M.J.K.ThomageVs text book of Quantitative Chemical Analysis
,6th edition ELBS publication 2008)459-60.

229



