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ABSTRACT

The present work describes how molecular modelling (DFT approach) can be used to
calculated the H3C-H bond dissociation energy, in a didactical approach that can be employed in

both, undergraduate or graduation courses. [African Journal of Chemical Education—AJCE 9(2),
July 2019]
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INTRODUCTION

In chemistry, the bond dissociation energy is a key parameter. It could be associated, for
example, with the exothermic or endothermic nature of a given reaction, as well as with the higher
or lower reactivity of a given compound.

In the present work it is shown how molecular modelling can be employed to “measure”,
with great accuracy, bond dissociation energy values, using methane as example.

This approach can be used in both, undergraduate or graduation courses.

METHODOLOGY

Methane was modelled by using DFT (M06-2X; 6-311 + G**) approach. The obtained
results (electrostatic charges on carbon and hydrogen and vibrational modes) were employed to
calculate the C-H bond dissociation energy in H3C-H. The obtained result was compared with

those from literature [1].

RESULTS AND DISCUSSION

The H3C-H bond dissociation energy value employed here as reference is that from CRC
Handbook [1]: 439.3 + 0.4 kJmol ™.

Then, the same bond dissociation energy was calculated by using the data obtained by
molecular modelling: the electrostatic charge on carbon and hydrogen, respectively: -0.935e and
+ 0.233¢, as well as the energy associated with the stretching vibrational modes.

Since e%/4neo = 2.3071 x 102 J.m, using the calculated electrostatic charges (as well as the
calculated bond distance: 108.9 pm), and assuming that the ionic component of the bond energy

can be calculated by Coulomb’s law, a value of 277.83 kimol™ is calculated.
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Hence, the second part is to calculate the covalent contribution for the bond energy. The
calculated infrared spectrum for methane is shown in Figure 1.
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Fig. 1. Calculated infrared spectrum for methane.

In such spectrum, only the two most intense bands can be seen. However, a complete set
of vibration bands is provided by the calculation: 3190, 3187, 3183, 3070, 1566, 1565, 1343, 1342
and 1341 cm™. From those vibration bands, only those at 3190, 3187 (this bands, despite its
proximity, are indeed due to two distinct vibration modes; in Figure 1 they are, of course,
superimposed), 3183 and 3070 cm™ are associates with stretching modes (the other ones are
associates with bending, rocking, etc., vibrational modes). Hence, only these four bands will be
employed to calculate the covalent contribution to the bond energy. Such choice is due to the fact
that only the stretching of the chemical bond can be directly associated with the bond constant
force and hence with the bond dissociation energy [2].

Since 1cm™ =0.0119627 kJmol™ [1], to the four considered infrared bands we can calculate
the following values: 38.16, 38.13, 38.08 and 36.73 kJmol™, respectively, and a total of 151.10
kJmol ™,

Hence, a total value of 277.83 + 151.10 = 428.93 kJmol™ for the H3C-H bond dissociation

energy can be calculated, in excellent agreement (-2.4 %) with the reference value.
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A very important (and maybe surprisingly to the undergraduate student) fact must be
pointed out: as can be verified, the ionic contribution is larger than the covalent contribution in the

C-H bond in methane.
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