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Decomposition of �,�’- azobisisobutyronitrile 05.06

LEC 05 Chemical Kinetics

Principle and tasks
In a rate-determining monomolecu-
lar elementary reaction, the thermal
decomposition of �,�’-azobisisobu-
tyronitrile (AIBN) results in the for-
mation of stoichiometric quantities
of nitrogen and isobutyronitrile radi-
cals. The reaction can be kinetically
monitored via the volumetric deter-
mination of the quantity of evolved
gas over time.

The reaction rate constant of the
reaction is determined at several
different temperatures.

Graphical determination of the reaction rate constants for the decomposition
of �,�’-azobisisobutyronitrile at different temperatures.

� Reaction rate
� Rate law for first and higher

order reactions
� Arrhenius equation

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
Digital thermometer 07050.00 1
Thermocouple, NiCr-Ni, sheated 13615.01 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
Support rod, l = 250 mm 02031.00 1
Right angle clamp 37697.00 4
Universal clamp 37715.00 1
Cristallizing dish, 1000 ml 46245.00 1
Round flask, 100 ml, 2� GL 25/12, 1� GL 25/8 35677.15 1
Jointing for connection cap GL 25/8 41242.03 1
Condenser, Dimroth type GL 25/12 35815.15 1
Gas syringe, 100 ml, with three-way cock 02617.00 1
Gas syringe holder with stop 02058.00 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
Weighing dishes, 80�50�14 mm 45019.05 1
Graduated cylinder, 100 ml 36629.00 1
Volumetric flask, 50 ml 36547.00 1
Volumetric pipette, 5 ml 36577.00 1
Volumetric pipette, 50 ml 36581.00 1
Pipettor 36592.00 1
Syringe, 1 ml 02593.03 1
Cannula, 0.6�60 mm 02599.04 1
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Pasteur pipettes 36590.00 1
Rubber bulbs 39275.03 1
Funnel, glass, do = 55 mm 34457.00 1
Bottle, 100 ml, narrow mouth, brown 41111.01 1
Spoon 33398.00 1
Rubber tubing, d = 6 mm 39282.00 2
Hose clips, d = 8...12 mm 40996.01 3
Azoisobutyronitrile, 50 g 30960.05 1
N,N-Dimethylformamide, 1000 ml 31259.70 1
Silicone fluid for heating bath, 500 ml 31849.50 1
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results in the formation of stoichiometric quantities of nitrogen
and isobutyronitrile radicals which are subject to an additional
sequence of rapid reaction steps

NCÐC(CH3)2ÐN=NÐ(CH3)2CÐCN  S 2 (CH3)2CÐCN + N2

For this reason, the decomposition rate complies with a simple
first order rate law (1) and at constant temperature is determined
only by the concentration cAIBN of a,aÕ-azobisisobutyronitrile at
time t and the concentration independent (but temperature
dependent) reaction rate constant k.

(1)

Integration results in the following:

(2)

The concentrations of a,aÕ-azobisisobutyronitrile at time t0
(cAIBN, 0, initial concentration of AIBN) and t (cAIBN) which are con-
tained in equation (2) can be expressed by gas volumes V and
V� present at time t or after complete reaction of the reactants,
respectively.

(2.1)

or

(2.2)

According to this, the plots of the expressions ln [ V� / (V� - V)]
and ln (V� - V) as a function of the time t result in straight lines
with slopes of k and Ðk, respectively. In the evalutation only the
strictly linear segment of the curve (up to approximately 85%
conversion) should be considered. In this range, the selected ini-
tial values of time and gas volumes can be given a value of zero
(normalisation; Fig. 2).
The dependence of the thus-determined rate constant k on the
temperature T is described by the empirically established
Arrhenius equation:

k =  kmax á  e (3)

EA represents the activation energy of the reaction, which is to
be understood as a reaction barrier. The constant kmax is desig-
nated as the frequency factor, the frequency exponent or the
pre-exponential factor, and corresponds to the hypothetical rate
constant at infinite temperature. The universal gas constant is
considered to have a value of R = 8.31441 J á K-1 á mol-1. In
accordance with the correlation obtained by taking the logarithm
of (3)

(3.1)

the activation energy can be determined graphically from the
slope of the linear relationship between ln k and 1/T , if rate con-
stants are available for a number of temperatures (Fig. 3).
In addition, EA can be numerically calculated by use of the fol-
lowing equation, obtained from (3.1) for only two known pairs of
values for the rate constants (k1, k2) and temperature (T1, T2):

(3.2)

Data and results
The linear relationships illustrated in Fig. 2 confirm the adher-
ence to a first order rate law. The slopes determined by regres-
sion analysis of the straight lines correspond to reaction rate
constants of k1 = 5.56 á 10-4 s-1 at T1 = 361.6 K, k2 =
1.26 á 10-3 s-1 at T2 = 366.4 K, k3 = 1.63 á 10-3 s-1 at T3 =
371.0 K, k4 = 3.53 á 10-3 s-1 at T4 = 375.7 K, k5 = 5.47 á 10-3 s-1

at T5 = 380.6 K and k6 = 7.18 á 10-3 s-1 at T6 = 385.2 K.
Their logarithms are plotted as function of the reciprocal
absolute temperature (Fig. 3). An activation energy of EA =
125.8 kJ á mol-1 is obtained from the slope of the graphs, in
accordance with equation (3.1).
The approximation of the photometrically established literature
values, i.e. k = 1.81 á 10-3 min-1 (T = 373.2 K) and EA =
132.9 kJ á mol-1 depends to a great degree on the exactness of
the measurement of the interior temperature and of the volumes.
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Fig. 3: Arrhenius diagram for the determination of the activa-
tion energy (Data from Fig. 2)

Fig. 2: Graphical determination of the reaction rate constants
for the decomposition of a,aÕ-azo-bis-isobutyronitrole
at different temperatures
(� : T = 361.6 K; � : T = 366.4 K; x: T = 371.0 K; €: T =
375.7 K; +: T = 380.6 K; o: T = 385.2 K;
ln Q = ln[V� /(V� -V)], see also text
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