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05.07 Halogen exchange rate

Principle and tasks
Alkyl halides experience rapid halo-
gen exchange reactions in appropri-
ate solvents. The velocity of these
substitution reactions occurs ac-
cording to an SN2 mechanism. It can
be monitored via conductivity mea-
surements if the number of charge
carriers changes in the course of the
reaction.

The change of conductivity during
the reaction of propyl bromide with
sodium iodide (Finkelstein reaction)
is measured. With the help of a cali-
bration curve, the temporal concen-
tration of sodium iodide can be de-
termined. Based on the experimental
data, the valid order of reaction is
established and the rate constant is
determined.

Concentration-time diagram for the Finkelstein reaction between propyl
bromide and iodide ions.

Conductivity meter 13701.93 1
Conductivity / temperature electrode 13701.01 1
Magnetic heating stirrer 35720.93 1
Electronic temperature control 35721.00 1
Magnetic stirrer bar, l = 25 mm 46300.01 1
Magnetic stirrer bar, l = 50 mm 46299.03 1
Stopwatch, digital, 1/100 s 03071.01 1
Spring balance holder 03065.20 1
Support rod with hole, l = 100 mm 02036.01 1
Support rod, l = 750 mm, M10 thread 02023.20 1
Right angle clamp 37697.00 3
Universal clamp 37715.00 2
Cristallizing dish, 1000 ml 46245.00 1
Round flask, 100 ml, 2� GL 25/12, 1� GL 25/8 35677.15 1
Condenser, Dimroth type GL 25/12 35815.15 1
Glass tubes, straight, l = 80 mm 36701.65 1
Rubber caps 02615.03 1
Laboratory balance, with data output, 620 g 45023.93 1
Graduated cylinder, 100 ml 36629.00 1
Syringe, 1 ml 02593.03 1
Cannula, 0.6�60 mm 02599.04 1
Pasteur pipettes 36590.00 1
Rubber bulbs 39275.03 1
Powder funnel, do = 65 mm 34472.00 1
Glass beaker, 50 ml, tall 36001.00 1
Spoon 33398.00 1
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What you can learn about

� Reaction rate
� First and second order reac-

tion laws
� Conductometry

Rubber tubing, d = 6 mm 39282.00 2
Hose clips, d = 8...12 mm 40996.01 4
N-propyl bromide, 250 ml 31756.25 1
Sodium iodide, 50 g 31634.05 1
Acetone, 250 ml 30004.25 1



Theory and evaluation
The Finkelstein reaction proceeds in accordance with an S N2
mechanism

C3H7Br  +  I- S C3H7I  +  Br-

The velocity of this reaction is a function of the concentration of
the two co-reactants and thus conforms to a second order rate
law.

(1)

where 
k Rate constant of the reaction
cPrBr , cI- Concentrations of propyl bromide and iodide

ions at time t

This simplifies for equal initial concentrations ( cPrBr,0 =  cI-,0), and
thus for the same concentration of the reactants ( cPrBr =  cI-), to

(1.1)

Integration of this differential equation results in

(2)

This correlation allows the graphical proof of the order of the
reaction and the determination of the rate constant as follows.
The specific conductivity k of the reacting system is almost
exclusively determined by the remaining concentration of sodi-
um iodide at time t due to the poor solubility of the sodium bro-
mide, which is being produced, in acetone. The concentration of
sodium iodide in the course of the reaction can therefore be
determined using the calibration curve (Fig. 2).
Since

cPrBr =  cI- =  cNaI (3)

conclusions can be made about the current concentration of
propyl bromide in the solution. This can be plotted as a concen-
tration-time diagram (Fig. 3).
To determine the order of the reaction, plot the reciprocal values
of the concentration of propyl bromide (1/ cPrBr) as a function of
time t.

Data and results
The linear relationship between 1/cPrBr and t illustrated in Fig. 4
confirms the presence of a second order reaction. The slope of
the straight line determined by regression analysis is equal to the
reaction rate constant k = 1.50 á 10-3 l á mol-1 á s-1 (lit. value: k =
1.37 á 10-3 l á mol-1 á s-1 for the reaction in ultrapure acetone at
298 K).
The velocity of the Finkelstein reaction depends to a large
degree on the nature of the solvent (solvation effects). For this
reason, deviations in the values obtained are to be expected
according to the degree of purity of the acetone used.
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Fig. 3: Concentration-time diagram (cPrBr = cI- = cNaI) for the
Finkelstein reaction between propyl bromide and
iodide ions (T = 303 K)

Fig. 3: Determination of the reaction order and the graphic
determination of the reaction rate constant for the
reaction of propyl bromide with iodide ions

Fig. 2: Dependence of the specific conductivity k on the con-
centration of sodium iodide (calibration curve for the
determination of the temporal concentration of sodium
iodide)
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