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Prediction of Heat Capacity of Main Chain Polymer
Based on Molecular Vibration Analysis
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This study predicts the absolute values of heat capacities from the molecular formula per monomer for main-chain-
type polymers below the glass transition temperature. The frequencies of the skeletal and group-vibration modes are
calculated using the Tarasov and Einstein equations, respectively, and differences between the heat-capacities at constant
pressure and constant volume are used to correct the predicted heat capacity. The contributions of skeletal vibrations to
the heat capacity can be expressed by one- and three-dimensional Tarasov equations, and the contribution of group
vibrations can be determined by summing the group-vibration heat capacities for functional groups and atoms
constituting the monomer as obtained from the Einstein equation. The absolute value of the heat capacity is predicted
from this combination of equations. The heat capacities of poly(1,4-butylene adipate) are predicted within an error range

of = 3.0 % from 80 to 200 K.
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Fig.1 Heat capacity of PVC (poly (vinyl chloride)).?? (Ns=4,
01 =321 K, 63 =60 K, 0c =619~4203 K, 40=3.9x10" K mol J,
Tn=546 K) red circle: measured value, (A): C, group, (B): C, skeletal
(C): Crcat (Cv, group + Cv, skeletal), (D): Cpieal (Creal + (Cp — Cv)).
inserted figure: Error between measured and calculated values
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Fig.2 Heat capacity of PBAG (poly (1,4-butylene adipate)). >
(Nsk:24, el,ave =321 K, 83,ave =60 K, Ao=3.9% 1073 K mol J71 .
Tw=516 K).

inserted figure: Error between measured and calculated values.
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Table 2 Prediction of polymer heat capacity (300 K).

Sample monomer exp (300K) /J K! mol'* cal (300K) /I K™! mol" error / %
polystyrene CH,CHC¢H3s 127.4 126.2 0.9
polyvinylfluoride CH,CHF 5991 58.22 2.8
polyoxymethylene CH,O 38.52 38.44 0.2
poly(4-methyl-1-pentene)  CH,—CHCIH,CH(CH,)CH 145.4 144.8 04
poly vinyl benzoate CH,CHCOOC4H; 166.2 165.0 0.7
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