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Abstract: An empirical model for the calculation of the heat capacity of alkanes is
recommended. This model was tested and compared to known models (Luria–Ben-
son and R��i~ka–Domalski) using 68 sets with 1155 literature experimental heat ca-
pacity data of 39 alkanes. The obtained results indicate that the new model is slightly
better tha the existing models, especially near the critical point.
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INTRODUCTION

The heat capacity is an important thermodynamic property for design applica-

tions. Experimental saturated-liquid heat capacity data are available for many sub-

stances, particularly for alkanes, but the temperature regions are not always suffi-

ciently wide. Many of the experimental data cover a range from the melting point

up to the normal boiling temperature.

MODELS

The previous models (Luria and Benson1, Rù�i~ka and Domalski2,3) use

group additivity for the calculation of the saturated-liquid heat capacity. Lu-

ria–Benson model can be expressed as:

cps = A + BT + CT2 + DT3 (1)

The parameters A, B, C and D are obtained from the equations:
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The parameters ai, bi, ci and di are listed in Table I. R��i~ka–Domalski model can

be expressed by

cps/R = A + B(T/100) + D(T/100)2 (3)
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The parameters A, B and D are obtained from
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Parameters ai, bi and di are listed in Tables.2,3

In our previous correlation model for saturated liquid heat capacity4

ln (cps) = A + B/(1 – T/Tc) + C ln (1 – T/Tc) + D(1 – T/Tc)1.2 (5)

when T � Tc, then T/Tc � 1, and fraction 1/(1-T/Tc) � �. During correlation of

experimental data which do not reach the critical point, parameter B may become

negative. For temperatures outside of the experimental range, in the vicinity of the

critical point, the negative value of B/(1–T/Tc) results in rapid decrease of the heat

capacity values. Therefore, this model is not suitable for extrapolation of data in

the vicinity of the critical point, as is shown in Fig. 1.

This paper presents a new correlation model which allows extrapolation of

data up to the critical point

ln (cps) = A + B ln (1 – T/Tc) + CTc

116. + D(Tc – T)0.7 (6)

Application of this model onto experimental data from Table I for n-alkanes

and i-alkanes results in the following generalized parameters

A = 3.1731; B = – 0.081614; C = 0.0017578; D = – 0.0090872 (7)

Therefore, the simple empirical model (6) with parameters (7) allows for the

calculation of heat capacities for n-alkanes and i-alkanes over broad temperature

range, varying from the melting up to the critical temperature.
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Fig. 1. Heat capacity curve of 3-methylheptane, Eq. (5).
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RESULTS AND DISCUSSION

All the presented models were tested using 68 sets of literature experimental

data, with 1155 experimental points of 39 pure alkanes. The results are presented in

Table I. The number of experimental points per set (m), the temperature range (�T),

the critical temperature (Tc), the literature reference (Ref.), the percentage average

error (pav), and the maximum percentage error (pmax) per set are presented in this

Table.

The overall percent errors, also included in the Table, were calculated as fol-

lows:

P m p m p c ci i i

i

m

i

av i av,i av ,exp, ,cal,� � �

��

�
/ ; 100

1

[| ps ps

11

N

i

N

ps ic
��

�

| ]/ ,exp, (8)

The obtained overall percent error (1.99 %) of the recommended model indi-

cates that it is slightly better than the existing models. In addition, the recom-

mended model is more suitable for application near the critical point (T�Tc, hence

cps��) than the existing models. Moreover, the recommended model is simpler

than the other two.

CONCLUSION

Three models were used to test their predictive ability for the saturated-liquid

heat capacities. The obtained results indicate that the accuracy of the predictions

are similar, except near the critical point. Therefore, it may be concluded that the

recommended model gave better results.

NOTATIONS

cps – Saturated-liquid heat capacity, J mol-1 K-1

Tc – Critical temperature, K

T – Temperature, K

A,B,C,D – Adjustable parameters of the models

pav – Percentage average error per set, %

pmax – Maximal percentage error per set, %

Pav – Overall percent error per model, %

m – Number of experimental data points per set

n – Number of groups of the same type in a molecule

k – Total number of different kinds of groups in a molecule

N – Number of sets

�T – Temperature range, K

R – Gas constant, 8.31451 J mol-1 K-1

Subscripts

exp – Experimental value

cal – Calculated value
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I Z V O D

PREDSKAZIVAWE TOPLOTNOG KAPACITETA ZASI]ENE TE^NOSTI

ALKANA

JOVAN D. JOVANOVI] i DU[AN K. GROZDANI]

Tehnolo{ko-metalur{ki fakultelt, Univerziteta u Beogradu, Karnegijeva 4, 11000 Beograd

U ovom radu je preporu~en nov empirijski model za predskazivawe vrednosti

toplotnog kapaciteta zasi}ene te~nosti alkana. Model je testiran i upore|en sa

poznatim modelima kori{}ewem 68 setova sa 1155 eksperimentalnih podataka iz lit-

erature za 39 alkana. Dobijeni rezultati ukazuju da je nov model boqi od postoje}ih,

naro~ito u okolini kriti~ne ta~ke.

(Primqeno 26. decembra 2004, revidirano 6. aprila 2005)
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