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Introduction

Group Interaction Modelling (GIM) is a simple model developed to predict

the properties of polymers based upon the interaction of a potential function

between two adjacent molecules, and a thermodynamic energy balance

relating the various energy contributions to an ensemble of molecular units.

GIM has seen some successful application to predicting the properties of

explosives, but has not previously been applied to PETN; as a result the

required GIM parameters to model PETN have not been measured or

derived. Here we use single point measurements of a number of PETN

properties to fit the GIM parameters, and then validate this fitting process by

predicting the temperature dependent response of PETN, and comparing

these results to experimental data from the literature.
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GIM parameters vs EoS relevant properties at 300 K

Conclusions

Single state GIM fitting of PETN has produced a mixture of successes and

failures. The majority of parameters are well matched at 300 K. The 300 K

isotherm is extremely well fit, the specific heat reasonably well fit, the thermal

expansion is correct to an order of magnitude, and the thermal conductivity has

the wrong functional form.

It is possible to produce a Grüneisen equation of state using GIM, and the results

appear to be acceptable when used to predict the shock Hugoniot of single crystal

PETN.

Selected GIM properties versus experimental results
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Experiment GIM Ratio

Density (g.cm-3) 1.778 1.778 1

Tmelt (K) 416 417 1

BT  (GPa) 8.3 8.3 1

Gamma 1.05 1.36 0.78

Single Point Values (300 K)
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Porter and Gould published a

relationship for an isotherm based on

GIM parameters. In addition to this it is

possible to derive a relationship for the

Grüneisen gamma using GIM.

Combining these two allows a

Grüneisen type equation of state

𝑃 = 𝑃𝑅𝑒𝑓 + ΤΓ 𝑉 𝐸𝑅𝑒𝑓 − 𝐸 to be

produced

A GIM based Equation of State

𝑃𝐻 =
𝑃𝑇=300 −

Γ
𝑉
𝐸𝑇=300

1 −
Γ
2𝑉

𝑉0 − 𝑉

R

Theory

GIM assumes a hexagonal

geometry in which a molecule is

surrounded by six identical

molecules interacting via a

Lennard-Jones potential. This two-

dimensional configuration leads to

significant simplifications in the

analysis, compared to MD or

similar techniques.
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