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Thermodynamic Properties of 1-Alkenes in the Liquid
State: 1-Tetradecene1

T. S. Khasanshin,2,3 O. G. Poddubskij,2 A. P. Shchamialiou,2

and V. S. Samuilov2

Thermodynamic properties of liquid 1-tetradecene have been calculated using
a grid algorithm based on sound-speed data, obtained in a previous study
over a wide range of temperatures and pressures. Since additional infor-
mation such as densities and isobaric heat capacities at atmospheric pres-
sure are needed for these calculations, the most reliable literature data and
those obtained on the basis of structure–property correlations in the homol-
ogous series of 1-alkenes were used. Detailed tables, containing values of
sound speed, density, isobaric, and isochoric heat capacities, isobaric expan-
sion coefficient, isothermal compressibility, enthalpy, and entropy in the range
of temperatures from 303 to 433 K and at pressures from 0.1 to 100 MPa,
are given.

KEY WORDS: density; enthalpy; entropy; heat capacity; isobaric expansion
coefficient; isothermal compressibility; sound speed; 1-tetradecene.

1. INTRODUCTION

The thermodynamic properties of liquid hydrocarbons of the ethylene
series, especially their higher homologs, are of both theoretical and prac-
tical interest. To determine these properties at increased pressure with
great accuracy, the acoustic method has been applied where the measured
sound speed in the liquid state together with literature data for the density
and isobaric heat capacities at atmospheric pressure are used to calculate
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such important thermodynamic properties as density, heat capacity, and
compressibility. This approach has been used previously [1,2] to inves-
tigate the thermodynamic properties of liquid n-alkanes. In the present
paper liquid 1-tetradecene (C14), which is representative of the 1-alkene
series having the common formula CnH2n, has been taken as the subject of
investigation. It should be noted that information on the thermodynamic
properties of liquid 1-alkenes is available for the lower homologs, while the
higher ones have been investigated to a less degree. As a result, there is a
lack of studies of the thermodynamic properties at high pressures for the
alkenes beginning with C11 and higher (or at least they are unknown to
the authors).

2. INPUT DATA

2.1. Sound-Speed Data

As input data for sound speed, we used the results of our previous
study [3] carried out on an ultrasound apparatus using the pulse-echo
overlap method. The measurements were made along eight isotherms:
303.15, 313.15, 333.15, 353.15, 373.15, 393.15, 413.15, and 433.15 K both
under pressurization from 0.1 to 100.1 MPa and under decompression
from 100.1 to 0.1 MPa. In this case, the differences in sound speed on
all investigated isotherms did not exceed 0.01%. The reproducibility of the
sound-speed data obtained in the course of repeated measurements taken
at different temperatures and different pressures (including the starting
temperature and atmospheric pressure) is within 0.03%, whereas the max-
imum uncertainty is estimated as 0.1%.

As a sample for investigation, 1-tetradecene (made by “Fluka” with
a mass purity of the main product greater than 97%) has been used. The
purity of the sample before and after the measurements was kept under
control by gas–liquid chromatography analysis, the results of
which showed that the composition of the sample remained
unchanged.

Measured experimental values were corrected for diffraction and for
waveguide effects. Sound-speed dispersion did not place in the range of
investigated parameters. The experimental procedure and features of the
apparatus have been described in detail previously [4].

Experimental results for 1-tetradecene (72 sound-speed values) in the
investigated range have been obtained for the first time and can be found
elsewhere [3].
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Thus obtained sound-speed values have been fitted by the equation,

(
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W

)2

=A+ B

C +p/100
+ D

E +p/100
, (1)

where W is the sound speed in m·s−1; p is the pressure in MPa; A and B

are constants; and C, D, and E are temperature-dependent functions.
The temperature dependences of C, D, and E are represented below:
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(
T
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, (2)
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, (3)
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/
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, (4)

where T and Tc are the temperature and critical temperature, respectively;
c0, c2, d0, d1, e0, e1, e2 are fitting coefficients; and n and k are exponents.

The critical temperature of 1-tetradecene Tc =692.0 K has been taken
from a review [5]. As a result of analysis, the constant values A=0.056365
and B = 0.47292 of Eq. (1) have been calculated along with the values of
the exponents n=−0.63 and k=3.1 and the coefficients of Eqs. (2–4). The
values of these coefficients are given in Table I.

Equation (1) describes the initial values of the sound speed at T =303
to 433 K and p=0.1 to 100 MPa with standard and maximum deviations,
respectively, of 0.005 and 0.014%.

2.2. Density and Isobaric Heat Capacity at Atmospheric Pressure

A more detailed list of experimental studies on the thermodynamic
properties of alkenes and their analysis is given in a review [5]. The
numerical values of a number of properties for different temperatures at
atmospheric pressure and on the saturation curve with given uncertainties

Table I. Coefficients ci , di , and ei of Eqs. (2–4)

I ci di ei

0 −1.4686 0.022826 −0.0162
1 – 0.060845 0.08209
2 6.7049 – 0.005966
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are presented in the review. The given density values for liquid 1-tetrade-
cene cover a range of temperatures from 293 to 360 K, with an uncertainty
of 0.5–2 kg·m−3. The heat capacity values in the paper [5] are not repre-
sented. A lack of reliable data on the density at temperatures above 360 K
and the heat capacity over the complete range of temperatures motivated
us to carry out a study to determine these properties on the basis of struc-
ture–property correlations in the homologous series of 1-alkenes.

Having analyzed the collection of all the data available for all homo-
logs, it has been estimated that the dependence of the molar volume and
the molar heat capacity on the molecular mass in the 1-alkene series from
C6 to C16 shows a nearly linear relationship. With the help of analyti-
cal graph interpolation and extrapolation, the missing density and isobaric
heat capacity values for temperatures from 360 to 433 K and from 303 to
433 K, respectively, were calculated.

Thus obtained, the density values together with the numerical results
given in the report [5] were used to determine the temperature dependence
of the density ρ0 (kg·m−3) at atmospheric pressure in the temperature
range 293 to 433 K:

ρ0 =4.52685×102 +9.13779×10−1 (Tc −T )−2.892×10−4 (Tc −T )2 , (5)

The values of the isobaric heat capacity cp0 (kJ·kg−1·K−1) at atmospheric
pressure in the temperature range 293–433 K were represented by the fol-
lowing relation:

cp0 =F + G

Mr
+ H

M2
r
, (6)

where F , G, and H are temperature-dependent parameters; and Mr =
196.3752 kg·kmol−1 is the molar mass.

The temperature dependences of F , G, and H have the forms:

F =1.169818 − 0.0695169
(
T
/

100
) + 0.499735

(
T
/

100
)0.85 ;

G=2898.516 + 53.49245
(
T
/

100
) − 2916.749

(
T
/

100
)0.05 ;

H =13.0689 + 504.2273
(
T
/

100
) + 13.5747

(
T
/

100
)−1.2

.

It should be noted that during initial data analysis the distinction
between density and heat capacity values obtained at atmospheric pressure
and those obtained on the saturation curve was not taken into account, as
the difference between them according to our estimates is much less than
the error in the experimental data.
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3. CALCULATION OF THERMODYNAMIC PROPERTIES

To calculate the thermodynamic properties of liquid 1-tetradecene on
the basis of sound-speed data, a grid algorithm was used.

A calculation technique for the thermodynamic properties comes from
the well known relationships:

(
∂ρ

∂p

)
T

= 1
W 2

+ T α2
p

cp

, (7)

(
∂cp

∂p

)
T

=−T

ρ

[
α2

p +
(

∂αp

∂T

)
p

]
, (8)

αp =− 1
ρ

(
∂ρ

∂T

)
p

, (9)

βT = 1
ρ

(
1

W 2
+ T α2

p

cp

)
, (10)

cυ = cp(
1+ T α2

pW 2

cp

) , (11)

h=h00 +
T∫

T0

cp0dT +
p∫

p0

1
ρ

(
1−T αp

)
dp, (12)

s = s00 +
T∫

T0

cp0

T
dT −

p∫
p0

αp

ρ
dp, (13)

where ρ is the density; cp and cυ are, respectively, the isobaric and isoch-
oric heat capacities; αp is the thermal expansion coefficient; βT is the iso-
thermal compressibility; h is the enthalpy; and s is the entropy.

Equations (7) and (8) forming a closed system, were written in a
dimensionless form and were solved numerically in the range of 0.1 MPa
≤ p ≤100 MPa and 303 K ≤ T ≤433 K with boundary condition ρ0(p0,
T ); cp0(p0, T ) at atmospheric pressure; and a field of sound speeds
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W(p, T ) over the whole range. The boundary conditions were specified
by analytical relations Eqs. (5) and (6), and the field of sound speeds
was defined by Eq. (1). As a result of the calculation, the obtained sets
of data ρ(p, T ), αp(p, T ), and cp(p, T ) were used in Eqs. (10–13) to
obtain values of βT , cυ , h, and s. This calculation technique is given in
detail in Refs. 1 and 6. While carrying out enthalpy and entropy calcula-
tions, a thermodynamic state at a minimum temperature T0 = 303.15 K and
pressure p0 = 0.1 MPa was taken as a reference point, where h00 = 0 and
s00 = 0.

The values of W , ρ, αp, cp, cυ , βT , h, and s obtained in the range
of temperatures from 303 to 433 K and at pressures from 0.1 to 100 MPa
are given in Tables II–IX.

According to our estimations, the uncertainties of table values at
atmospheric pressure are as follows: for the density, δρ = 0.1–0.2%; for
the isobaric heat capacity, δcp = 0.2–2.7%; for the isochoric heat capacity,
δcυ = 0.6–3.7%; for the isothermal expansion coefficient, δαp = 1.1–2.3%;
and for the isothermal compressibility, δβT = 0.7–1.5%. The uncertainties
can reach δρ = 0.2–0.5%, δcp = 0.6–3.8%, δcυ = 1.2–5.2%, δαp = 2.0–5.1%,
and δβT = 0.9– 2.1% at a pressure of 100 MPa. Large errors of the calcu-
lated values are caused mainly by a low accuracy of the initial values of
density and heat capacity at atmospheric pressure and can be reduced in
further calculations by having more precise initial data.
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