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Abstract: A new method for estimating high pressure liquid heat capacities
based on molecular structure and group contribution is proposed. A common
set of structural groups was employed. The method was developed using 67
sets of 43 organic compounds with 3449 experimental heat capacity data. A
small number of measured compounds, data points per compound and other
comparable methods were observed. This is a simple first-order approximation
with acceptable accuracy of 2.55 %.
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INTRODUCTION

Heat capacity is a basic thermodynamic property, like a heat of vaporiza-
tion.1 It is used in chemical engineering calculations to obtain the differences in
thermodynamic functions between two different temperatures. The heat capacity
of liquidsis often necessary information for chemical engineering calculation and
design.2:3 Experimental liquid heat capacity data are available for many substan-
ces, 47 but mostly at the saturation line, at atmospheric or low pressures. In addi-
tion, for only a small number of compounds do the extant data cover the tempe-
rature interval from melting point up to the critical temperature. A wide pressure
interval of experimental data is even harder to find and data sets with both inter-
vals are very rare.8 Under such circumstances, prediction methods are an obvious
choice for providing liquid heat capacities for compounds for which there is a
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complete lack of data or for which data are available only over limited tempe-
rature and/or pressure intervals.

Many methods for predicting liquid heat capacity data based only on tem-
perature dependence®-39 have been proposed. In this article, a new method is
proposed with both temperature and pressure dependences.

METHOD DEVELOPMENT

Group contribution methods are among the simplest and easiest methods that apply
techniques developed and tested for the estimation of various thermophysical properties. The
aim of this article was to develop a simple group contribution estimation method using a con-
sistent set of molecular groups that would cover a wide variety of organic compounds. We
used the first order approximation (part of the Lydersen groups) because of insufficiency of
experimental data and therefore inability to obtain reliable contributions for interactions bet-
ween the groups and structurally dependent contributions. On the other hand, higher order
contributions lead to significantly more complex estimation methods. After consideration and
examination of many functional forms, as well as temperature and pressure influences, the fol-
lowing expression was devel oped:

Co =TO5Y Ac+A +BT +CpT 1)

The linear least squares method was used to cal culate the group contributions Ac, and the
adjustable parameters A, B, and C in Eq. (1). The minimized objective function has the
following form:

N

F= Z(Cpl,e(p,i —Cplcal,i )2 — min )

i=1

Finally, the proposed equation for liquid heat capacity estimation at pressures up to 300
MPa and at temperatures up to 0.9 T, isas follows:

ol = TO5X Ac+136.38+0.45419T —0.00029936 pT (3)
Overall percent errors were calculated as follows:
N
> NAAPE,
Py = (@)
N
i=1
n (C — ;
AAPE =1ooz—| o G| )
i=1 CpI exp,i

The literature experimental data used for the development of the method, covering 3449
data pointsin 67 data sets for 43 organic compounds, are given in Supplementary material.

RESULTS AND DISCUSSION

An extensive evaluation of the proposed method was conducted by compa-
ring the estimated heat capacities with raw experimental data from the literature.
The calculated group contribution values are presented in Table I. The proposed
method islinear and an extrapolation can be made, however it failsin the vicinity
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of the critical point where the heat capacity rises quickly and becomes indefinite
at the critical point. For improvement and further development of the proposed me-
thod, more experimental data (more compounds and broad temperature and
pressure intervals, particularly near critical temperature) are required.

Table I. Group contributions

Group Ac

CHs— -5.6218
—CH 1.7236
>CH- 8.7826
>C< 15.817
—CH,— (aromatic) -1.2858
>CH- (aromatic) 5.7056
F— —6.3816
Cl- —6.1657
CN- —5.7647
Br— —6.6308
OH- -3.0054
NH— —7.2171
Cyclic correction -16.325

The results of the prediction for the liquid heat capacities are presented in
Table I-S (Supplementary material). In the absence of any predictive method for
high pressures, the results of the proposed method are presented with the results
of the method developed by Kolska 24 for moderate pressures. The table includes
alist of chemical compounds (literature references are given in column “Ref.”,
Table I-S), number of experimental points per set n (the second number in the
fourth column is the number of data used in correlation — at pressures up to 300
MPa and at temperatures up to 0.9 T;), temperature ranges (minimal Tyin and
maximal Tmax temperature per set), critical temperatures T, pressure ranges (mi-
nimal pmin and maximal pmax pressure per set), and the average percent errors
per set for both methods. As can be seen from Table I-S, the proposed method
with an overall accuracy of 2.55 % has very wide applications.

Training and verification sets are not necessary in this case, since the new
model is a group contribution model. The regression procedure of group contri-
bution models should include as many experimental values as possible to cover
the widest application and give safe extrapolations.11

CONCLUSIONS

A group contribution method for estimating high pressure liquid heat capa-
city, where the group identification was defined by Lydersen, has been proposed.
This method provides satisfactory correlation accuracy over broad temperature
and pressure ranges. The average percent error obtained for all investigated com-
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pounds is around 2.5 %. For further method development, additional experimen-
tal data are necessary.

SUPPLEMENTARY MATERIAL

The literature experimental data used for the development of the method, covering 3449
data points in 67 data sets for 43 organic compounds, are available electronically at http://
/lwww.shd.org.r/JSCS/, or from the corresponding author on request.

Acknowledgements. This work was supported by a grant from the Research Fund of the
Republic of Serbia (Project No. 172063), Belgrade and the Faculty of Technology and Metal -
lurgy, University of Belgrade.

NOMENCLATURE
Col Liquid heat capacity, J mol-1 K-1
Colexp  Experimental liquid heat capacity, Jmol-t K-1
Coicad  Calculated liquid heat capacity, Jmol ™ K1
T Temperature, K

p Pressure, MPa

AB,C Adjustable method parameters

Ac Group contribution

AAPE  Average percent error, %

P Overdll percent error, %

n Number of experimental data points
N Number of compounds

Trmax Maximal temperature value per set, K

Trnin Minimal temperature value per set, K
Prnax Maximal pressure value per set, MPa
Prin Minimal pressure value per set, MPa
Te Critical temperature, K

T, Reduced temperature T/T,

N3BOJI

IMPEJICKA3UBAKE TOIUVIOTHOI' KAITALIUTETA OPTAHCKHUX TEUHOCTU HA
BUCOKOM ITPUTUCKY IIOMORY METOJE JOIIPUHOCA I'PVIIA

JOBAH JI. JOBAHOBUR', AHBEJIA b. KHEXEBUR-CTEBAHOBUR? n JIVIIAH K. TPO3JJAHIR*

Texnoaowko-neanypuixu paxyaimie, Yrnusepauitieii y Beozpady, Kapuezujesa 4, 11000 beozpad u
“Metro Vancouver, 4330 Kingsway, Burnaby, British Columbia, V5H 4G8, Canada

ITpeutoKeH je HOBH METOJ 3a NPEACKa3UBabe BPEIHOCTH H300apCKOT TOIUIOTHOT KaIlalUTeTa
TEYHOCTH Ha BHCOKOM IIPHTHCKY HAa OCHOBY MOJICKYJICKE CTPYKTYpE CYICTAHILC M BPEAHOCTH
JIONPUHOCA TpyIa y Mosekyiy. Merox je pasBujeH kopuiulieeM 67 ceroBa eKCepHUMEHTAIHUX
mojaraka 3a 43 pa3Iu4ynTe OpraHcke cymcTaHie ca YKymHo 3449 monaraka. [locrojame ekcnepu-
MEHTAJIHUX MMOJaTaKa 3a Malu Opoj pa3InYUTUX CYNCTAHIM Y3POKOBAO je OrpaHUuYeH Opoj J0IpH-
Hoca rpymna. [IpenoxeHn Mofien aje MPUXBATJBUBO CPEAbE MPOLCHTYAITHO oAcTyname ox 2,55 %.
V nurteparypu Huje HpoHaljeH HH jeJaH METO[ 3a NPEACKa3HBame BPEAHOCTH M300apcKor To-
IUIOTHOT KallalUTeTa OPraHCKUX TEYHOCTH Ha BUCOKOM ITPUTHCKY.

(Mpumsbero 11. maja, pesuanpano 1. cenrem6pa 2010)
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