
Homogeneous droplet nucleation modeled using the gradient theory
combined with the PC-SAFT equation of state
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Abstract. In this work, we used the density gradient theory (DGT) combined with the cubic equation of state
(EoS) by Peng and Robinson (PR) and the perturbed chain (PC) modification of the SAFT EoS developed by
Gross and Sadowski [1]. The PR EoS is based on very simplified physical foundations, it has significant limita-
tions in the accuracy of the predicted thermodynamic properties. On the other hand, the PC-SAFT EoS combines
different intermolecular forces, e.g., hydrogen bonding, covalent bonding, Coulombic forces which makes it more
accurate in predicting of the physical variables. We continued in our previous works [2,3] by solving the bound-
ary value problem which arose by mathematical solution of the DGT formulation and including the boundary
conditions. Achieving the numerical solution was rather tricky; this study describes some of the crucial devel-
opments that helped us to overcome the partial problems. The most troublesome were computations for low
temperatures where we achieved great improvements compared to [3]. We applied the GT for the n-alkanes: n-
heptane, n-octane, n-nonane, and n-decane because of the availability of the experimental data. Comparing them
with our numerical results, we observed great differences between the theories; the best results gave the combi-
nation of the GT and the PC-SAFT. However, a certain temperature drift was observed that is not satisfactorily
explained by the present theories.

1 Introduction

Homogeneous nucleation of droplets plays an important
role in processes in the atmosphere, since it describes form-
ing of the secondary aerosols, and in many technological
processes such as nucleation in the crude nature gas during
the gas cleaning, nucleation in steam turbine, etc.

Despite many attempts that resolved partial subprob-
lems of the nucleation, there is no complete theory which
would give quantitatively correct predictions.

Studying the nucleation has its roots in the work of
Gibbs and Volmer and Farkas; however, it was mainly de-
veloped by Bercker end Döring. Their theory is nowadays
called the classical nucleation thery (CNT). Its main idea is
based on the capillarity approximation of the phase inter-
face of the droplet which assumes a sharp phase interface.
However, in reality the thickness of the interface is often
comparable with the size of the droplet and the sharp in-
terface assumption becomes a source of errors. Therefore,
it is more realistic to consider a smoother change of the
interface.

This approach was developed by Cahn and Hilliard [4,
5] although the main ideas were given already by van der
Waals [6] (English translation by Rowlinson [7]). Main
idea of their theory (now known as DGT) was to extend the
Helmholtz free energy of the system containing the droplet
by the term of gradient of the particle density. Theoretical
foundations of the gradient theory and the related statistical
physics background are given by Rowlinson and Widom
[8], Davis [9], and Kalikmanov [10]. A recent study of the
gradient theory with comparison to molecular simulations
was given by Baidakov et al.
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In this work, we continue in our approach [3] to con-
centrate on the nucleation of one component using the DGT,
which mathematically leads to the problem how to solve
the boundary value problem for the ordinary differential
equation of the first order. Although this problem seemed
simple, many technical problems arose during solution; in
this paper, they will be briefly mentioned. For more infor-
mation regarding this issue, see [11].

The DGT combined with the suitable equation of state
(EoS) provides rates at which new droplets condensate,
nucleation rates, the main property of the nucleation phe-
nomena. In this work, we compare the widely used cubical
Peng–Robinson (PR) EoS and the modern PC–SAFT EoS
with experiments.

Cubic PR EoS provides a qualitatively good picture of
the thermodynamics, however, it is quantitatively inaccu-
rate compared to the PC–SAFT.

In this work we compare both EoSs, PC–SAFT EoS
with PR EoS, and the DGT with the CNT with experi-
ments. We performed DGT numerical computations for n-
alkanes: n-heptane, n-octane, n-nonane, and n-decane be-
cause of the presence of the experimental data.

We observed that the combination of PC–SAFT EoS
with DGT is closest to the experimental data. However,
we encountered a systematic temperature drift of both nu-
cleation theories to the experimental data which is not ex-
plained by present theories.

2 Nucleation

Thermodynamic system consisting of the liquid and its va-
por is in saturated state if it is in thermodynamic equilib-
rium stable to all fluctuations. In this state, temperature T ,

EPJ Web of Conferences
DOI: 10.1051/
C© Owned by the authors, published by EDP Sciences, 2013

,
epjconf 201/

01076 (2013)45
34501076

 This  is  an  Open Access article distributed under the terms of the Creative Commons Attribution License 2 0 , which . permits unrestricted use, distributi
and reproduction in any medium, provided the original work is properly cited. 

on,

Article available at http://www.epj-conferences.org or http://dx.doi.org/10.1051/epjconf/20134501076

http://www.epj-conferences.org
http://dx.doi.org/10.1051/epjconf/20134501076


EPJ Web of Conferences

pressure p and chemical potential µ of the liquid and va-
por are same. This state will be denoted by lower index
∞. If the density of the gas is greater than the saturated
value, ρG > ρG∞, this thermodynamic state is then called
supersaturated. Quantity describing this supersaturation is
defined as

S = exp
(
µG − µG∞

kBT

)
, (1)

where kB is the Boltzmann constant.
Supersaturated system is in metastable state: it is sta-

ble to small fluctuations but unstable to large ones. Droplet
nucleation is the process of forming liquid droplets in the
supersaturated vapor phase.

Microscopically, a new cluster is created when at least
two monomers collide. This cluster can vanish by sponta-
neous abandoning one monomer, or grow by joining an-
other monomer. By this stochastic process a relative large
cluster can be formed. When its size exceeds the so-called
critical size, depending on the supersaturation, the prob-
ability of addition of a molecule exceeds the probability
of evaporation and the cluster can grow to a macroscopic
droplet. The number of droplets formed in unit of volume
per unit of time is called nucleation rate, J. Besides the
supersaturation of the vapor phase, also temperature T is
another parameter of nucleation rate.

In classical way, nucleation rate can be expressed as
[12]

Jcl =
ρ2

GNA

ρL∞

√
2σ∞
πM

exp
(
−
∆Ω

kBT

)
, (2)

where ρG is the density of the gaseous state, ρL∞ is the
density of liquid of the saturated state, NA is the Avogadro
constant, σ∞ is surface tension of the saturated state, M is
molecular mass, kB is the Boltzmann constant, and ∆Ω is
the work of formation of the critical cluster. According to
the CNT, the work of formation of the critical cluster reads

∆Ω =
1
3

Asσ∞, (3)

where As = 4πr2
s is a surface of the droplet. Work of for-

mation according to the GT will be given in next section.
Although Eq. (2) is convenient as an expression of the

nucleation rate, it has one flaw: inconsistency to the monomers.
Internally consistent (IC) expression was proposed by Gir-
shick and Chiu [13],

Jic =
ρGρG∞NA

ρL∞

√
2σ∞
πM

exp
(
θ −

∆Ω

kBT

)
, (4)

where

θ =
σ∞
kBT

3

√
36π
ρ2

L∞

(5)

is the dimensionless surfaces tension. Using the definition
of the supersaturation S Eq. (1) expression (3), and the
Young–Laplace equation

pL − pG =
2σ
rs
, (6)

the dimensionless supersaturation and the work of forma-
tion can be linked as

∆Ω

kBT
=

4θ3

27 ln2 S
. (7)

Let us emphasize that last equality is valid only for the
CNT.

3 Density gradient theory

The DGT uses the density of the molecules ρ = N/V in-
stead of their exact number. When working with the spheri-
cal droplets, it is natural to use spherical coordinates. Since
the spherical symmetry is assumed, the only variable of the
density is the distance from the center of the droplet, r. The
Helmholtz free energy density φ is according to the DGT
given by

φ = φhom(ρ) +
1
2

c
(

dρ
dr

)2

. (8)

First term is the Helmholtz free energy density of the ho-
mogeneous fluid at actual density ρ. Second term corre-
sponds to the inhomogeneity given by the interface. Pa-
rameter c in this term is called the influence parameter.
It is generally temperature and density-dependent and is a
property of the given substance. In this work (as done usu-
ally), we will consider c as density-independent. For the
so-called critical cluster, the chemical potential is homoge-
neous throughout the system; therefore, the grand potential
density ω is given by

ω = φ − ρµG, (9)

where µG is the chemical potential of the gaseous state.
The work of formation of the cluster, needed for eval-

uation of nucleation rates, can be expressed as a difference
between the grand potential of the system including the
cluster and the grand potential of the homogeneous system
not constrained to contain the cluster,

∆Ω(ρ) =

∫ ∞

0

∆ωhom(ρ) +
1
2

c
(

dρ
dr

)2 4πr2dr, (10)

where ∆ωhom is given by

∆ωhom = φhom(ρ) − ρµG + pG. (11)

∆ωhom can be obtained using the suitable EoS. However,
the work of formation depends on the density profile of the
droplet ρ(r) which has to be, therefore, computed first.

In a very similar way it is possible to obtain the surface
tension of the saturated state,

σ∞ =

∫ ∞

−∞

∆ωhom(ρ) +
1
2

c
(

dρ
dz

)2 dz, (12)

where z is the coordinate perpendicular to the interface.
This surface tension can be measured in an experiment,
therefore, we used Eq. (12) for computation of the influ-
ence parameter c.

Applying variation methods onto Eq. (10), a differen-
tial equation for the density profile of critical droplet can
be derived. Critical droplet has such a size among all the
possible sizes of the droplet, that has the same probability
to shrink as to grow. Density profile of the critical droplet
is a non-trivial solution of the Euler–Lagrange equation

d2ρ

dr2 +
2
r

dρ
dr

=
1
c
∆µ(ρ), (13)
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where ∆µ = µ(ρ) − µG. This equation must be solved for
boundary conditions

ρ(r → ∞) = ρG,
dρ
dr

(0) = 0. (14)

3.1 Numerical solution

Equation (13) with boundary conditions (14) forms a bound-
ary value problem (BVP). This simply looking problem
has two big difficulties: the density profile near the gaseous
phase has a very sharp shape; its slope changes abruptly
from the very steep decline to an almost constant profile.
Second problem is that for large droplets the density profile
in the interior of the droplet changes only negligibly and is
almost constant. This causes very significant cumulation of
numerical errors.

In previous work [2], this BVP was solved using the
matlab procedure BPV4 [14]. This procedure uses the fi-
nite difference scheme: it devides the original interval of
the problem into subintervals, where the right-hand side
is integrated. This procedure requires the initial net of in-
tervals and initial approximation of the solution. However,
this initial approximation had to be very close due to the
problems mentioned above.

This work is based on results of [11], in which the
shooting method instead of the BVP4 procedure was used.
To overcome many difficulties that arose during the solu-
tion process, several original numerical methods were de-
veloped. All the procedure and the algorithm is described
in detail in [11].

3.2 Radius of surface of tension and equimolar
radius

Radius of surface of tenstion rs is a such radius for which
the Young–Laplace equation has a form of Eq. (6). On the
other hand, equimolar radius re relates to the number of
molecules. Let us denote NG nad NL as number of gas
molecules and number of liquid molecules, respectively.
The rest of the molecules then would be NS and corre-
sponds to the number of molecules absorbed by the in-
terface. These three numbers depend on the choice of the
interface position. Equimolar radius re then correspond to
the choice such that NS = 0.

Excess number of molecules ∆N is the difference be-
tween the number of molecules of the actual droplet and
number of molecules of the bulk liquid of same volume. It
is the property of the interface. Its value is given by

∆N =

∫ ∞

0

[
ρ(r) − ρG

]
4πr2dr. (15)

4 PC–SAFT equation of state

This physically based EoS was introduced by Chapman
et al. [15,16]. It is based on the Statistical Associating Fluid
Theory (SAFT) combining important intermolecular forces,
such as hydrogen bonding, covalent bonding, Coulombic
forces and can be used for very different shapes of molecules.

Due to the fact that the SAFT EoS works directly with the
molecular structure of substances, it allows modeling flu-
ids in the metastable region, which is our case.

The PC-SAFT model extends the SAFT model using
the three additional substance parameters: the number of
segments per chain m, the segment diameter s, and the seg-
ment energy parameter ε.

Molar mass, critical temperature and pressure along
with the PC-SAFT parameters for four substances consid-
ered in this work (n-heptane, n-octane, n-nonane, n-decane)
are summarized in table 1.

5 Results

The GT computations were based on the PR EoS and the
PC–SAFT EoS and four substances were used: n-heptane
(C7), n-octane (C8), n-nonane (C9), n-decane (C10).

Owing to much better approach in this work compared
to the previous work [2], computations could be performed
in routine to get density profiles corresponding to many
temperatures. Values corresponding to the experimental tem-
peratures by Rudek et al. [17], Hung et al. [18], Luijten
[19], Viisaanen et al. [20] and Wagner and Strey [21] were
used:

– n-heptane: 249 K, 259 K, 268 K, 276 K,
– n-octane: 241 K, 248 K, 258 K, 267 K, 287 K, 298 K,

302 K,
– n-nonane: 220 K, 230 K, 240 K, 247.6 K, 257 K, 267

K, 272 K, 284 K, 298 K, 313 K,
– n-decane: 268 K, 276 K, 281 K, 294 K, 303 K, 316 K,

330 K.

The influence parameter c was computed using Eq. (12)
of the surface tension of the saturated state. We computed
c for each temperature based on experimental values of the
surface tension from Jasper and et al. [22] for all the four
substances, Grigoryev [23] for C7 and C8, Voliak and An-
dreeva [24] for C7 and C8, Rolo et al. [25] for C7 and C10,
Okada et al. [26] for C8.

5.1 Nucleation rates

For the nucleation rate we used combination of classical
(2) and internally consistent (4) approach,

JGT−IC =
ρGρG∞NA

ρL∞

√
2σ∞
πM

exp
(
−
∆Ω

kBT

)
(16)

for the GT values and, also using the expression (7),

JCNT−IC =
ρGρG∞NA

ρL∞

√
2σ∞
πM

exp
(
−

4θ3

27 ln2 S

)
, (17)

for CNT values. Reason for neglecting the term θ in the
exponent was the would-be theory-inconsistency in (16) in
which the combination of GT and CNT would be used.
Justification of this negligence lies in the fact that θ in the
exponent has no physical meaning; it is merely empirical
term.

Figures 1 – 6 show nucleation rates computed using the
improved CNT and GT by the internally consistent term
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Table 1. Molar mass, critical temperature and pressure, and PC-SAFT parameters of considered substances

Substance M [kg mol−1] T c [K] pc [bar] m [-] s [Å] ε/kB

n-heptane 0.1002019 540.13 27.36 3.4832 3.8049 238.40
n-octane 0.1142285 569.32 24.97 3.8179 3.8373 242.78
n-nonane 0.1282551 594.55 22.81 4.2074 3.8448 244.51
n-decane 0.1422817 617.70 21.03 4.6632 3.8384 243.87
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249 K

259 K

268 K

276 K

Fig. 1. Nucleation rates J of n-heptane as a function of supersat-
uration S computed for four different temperatures. Each symbol
corresponds to one temperature. Nucleation rates were computed
using the GT–IC (solid lines) and CNT–IC (dashed lines), com-
pared to the experimental data (black symbols) by Hung et al.
[18]. Two equations of state are used: PR (white symbols) and
PC-SAFT EoS (gray symbols).

expressed in Eqs. (16) and (17) for all four substances n-
heptane, n-octane, n-nonane, and n-decane and for temper-
atures stated earlier in this section. Using the PR and PC–
SAFT EoSs, nucleation rates were computed for various
supersaturations to cover the range of experimental data.

Unlike the numerical data that have been computed for
the temperatures stated above, temperature of the experi-
mental data was slightly different and had to be interpo-
lated.

For this purpose, one-dimensional Taylor expansion up
to the linear term of the logarithmical value of supersat-
uration ln S around the experimental temperature Texp in
the point of computed temperature T0 was used. Logarithm
of the experimental value of the nucleation rate ln Jexp re-
mained constant as a parameter. Therefore, interpolated
value of the new ln S 0 ≡ ln S (T0, ln Jexp) reads

ln S 0 =̇ ln S exp +
∂ ln S
∂T

(Texp, ln Jexp) ·
(
T0 − Texp

)
. (18)

It was more accurate to use the logarithms of supersatu-
ration S and nucleation rate J because of the exponential
character of their dependence.

We did not have any explicit expression of ln S as a
function of T , but we could easily get expression ln J as a
function of temperature T and logarithm of supersaturation
ln S , ln J = ln J(T, ln S ) and due to the mathematical rule

2 4 8 16
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Fig. 2. Nucleation rates J of n-octane as a function of supersat-
uration S computed for seven different temperatures. Nucleation
theories, EoSs, experimental data reference, line types and mark-
ers are same as in figure 1.

of changing the derivative variable, we rewrote the deriva-
tive in (18) into

∂ ln S
∂T

= −

∂ ln J
∂T
∂ ln J
∂ ln S

. (19)

Using CNT–IC expression for nucleation rate (17) and su-
persaturation approximation S =̇ρG/ρG∞, derivatives on the
right-hand side of (19) can be expressed as

∂ ln J
∂T

=
1

2σ
∂σ

∂T
−

1
ρL

∂ρL

∂T
− 2

1
ρG

∂ρG

∂T

−
4

27 ln2 S
3θ2 ∂θ

∂T
, (20)

∂ ln J
∂ ln S

= 2 +
8θ3

27 ln3 S
. (21)

According the definition of θ (5), its derivative in (20) reads

∂θ

∂T
=

3√36NAπ

RG

(
1

ρ2/3
L T

∂σ

∂T
−

σ

ρ2/3
L T 2

−

−
2
3

σ

ρ5/3
L T 2

∂ρL

∂T

)
. (22)

Remaining derivatives were in this work computed numer-
ically, using differences.
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Fig. 3. Nucleation rates J of n-nonane as a function of super-
saturation S computed for 220 K (circles) and 230 K (diamonds).
Marker colours for nucleation theories and line types for EoSs are
same as in figure 1, experimental data are given by Wagner and
Strey [21] (circles) for 220 K and (left-oriented triangles) for 230
K, by Hung et al. [18] (diamonds), Luijten [19] (right-oriented
triangles), and Viisaanen et al. [20] (squares) for 230 K.

Figs. 1 – 6 show that for all of the components and most
of their temperatures the combination of PC–SAFT and
GT–IC best matched the experimental values. Main im-
provement brought the use of the PC–SAFT; difference be-
tween GT–IC and CNT–IC was not so pronounced. How-
ever, this was caused by the range of the experimental data;
for higher supersaturations, their values are more distinct.
Still, this work made great improvement to the nucleation
rates prediction.

5.2 Nucleation rates ratio

Another way how to compare numerical and experimen-
tal data gives the ratio of their nucleation rates. Figure 7
shows the ratio of nucleation rates computed using the GT-
IC, JGT−IC, and the experimental data Jexp as a function of
the inverse reduced temperature Tc/T . Tc is different for
each substance and are listed in table 1.

Numerical value JGT−IC is interpolated in two steps to
compute nucleation rates corresponding to the experimen-
tal temperature Texp and experimental supersaturation S exp
for each experimental value.

First, nucleation rate is interpolated with respect to su-
persaturation. Similarly to Sec. 5.1, logarithms ln S , ln J
are used instead of original values. The procedure is as
follows: first, for given experimental temperature Texp the
lowest higher and the highest lower numerical isotherms
Tlow, Thigh are found. Then, nucleation rates are interpo-
lated with respect to the supersaturation to match the value
ln S exp on both isotherms with outputs ln Jlow, ln Jhigh.

Second, nucleation rate is interpolated with respect to
temperature between the two values ln Jlow and ln Jhigh to
match Texp.
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240 K, Hung
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247.6 K, Hung

257 K, Rudek

257 K, Hung

267 K, Hung

Fig. 4. Nucleation rates J of n-nonane as a function of supersatu-
ration S computed for 240 K (circles), 247.6 K (diamonds), 257
K (triangles), and 267 K (squares). Marker colours for nucleation
theories and line types for EoSs are same as in figure 1, exper-
imental data are given by Hung et al. [18] for 240 K (circles),
247.6 K (diamonds), 257 K (hexagrams), and 267 K (squares),
by Wagner and Strey [21] (pentagrams) for 240 K, and by Rudek
et al. [17] for 257 K (triangles).

Figure 8 shows the ratio of nucleation rates computed
using the GT-IC JGT−IC and using the CNT–IC JCNT−IC.
Both numerical values were interpolated using the pro-
cedure described above to match the experimental values
Texp, S exp.

Range of the nucleation rate ratios in figure 7 is quite
large which points to not very good temperature depen-
dence of the GT-IC.

Values of nucleation rate ratios in figure 8 shows that
numerical values computed using the GT-IC are rather higher
than CNT–IC values. Points corresponding to Wagner’s and
Viisanen’s measurements are out of the bulk cloud. This is
caused by the fact, that these measurements were done for
higher supersaturations than the others, where CNT and
GT differ significantly.

5.3 Temperature dependence and number of
molecules

Figures 9 and 10 show the temperature dependence: de-
pendence of the supersaturation S on the inverse reduced
temperature Tc/T of all the substances C7–C10. GT–IC
and CNT–IC are computed using the PC–SAFT EoS. Pa-
rameter for all the values is the reference nucleation rate
Jref = 1012m−3s−1 for figure 9 and Jref = 106m−3s−1 for
figure 10. These two values were chosen as a reasonable
values corresponding to the experimental data: the former
for [19–21], the latter for the rest.

Numerical values of ln S are interpolated for for each
temperature T with respect to ln J to match the value ln Jref .

From Figs. 1 – 6, linear dependence of ln Jexp on ln S exp
was assumed (both axis on all the figures are in logarithmic

01076-p.5
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Fig. 5. Nucleation rates J of n-nonane as a function of supersatu-
ration S computed for 272 K (circles), 284 K (diamonds), 298 K
(down-oriented triangles), and 313 K (squares). Marker colours
for nucleation theories and line types for EoSs are same as in fig-
ure 1, experimental data are given by Rudek et al. [17] for 272
K (circles), 284 K (diamonds), 298 K (down-oriented triangles),
and 313 K (squares) and by Hung et al. [18] for 272 K (penta-
grams), 284 K (right-oriented triangles), 298 K (left-oriented tri-
angles), and 313 K (hexagrams).
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Fig. 6. Nucleation rates J of n-decane as a function of supersat-
uration S computed for seven different temperatures. Nucleation
theories, EoSs, experimental data reference, line types and mark-
ers are same as in figure 1.

scale),

ln Jexp = b1 + b2 ln S exp. (23)

Least squares method was used to find the coefficients b1, b2:
first, data was divided into groups corresponding to the
measurements series. Let us concentrate on i-th series con-
sisting of n measurements. Let us define matrix F and vec-
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Fig. 7. Ratio of nucleation rates JGT−IC evaluated using the ex-
pression (16) and experimental values as a function of inverse re-
duces temperature T/Tc, where critical temperatures Tc are listed
in table 1. Experimental data are given by Rudek et al. [17] for n-
heptane (circles), n-octane (squares), n-nonane (pentagrams), and
n-decane (diamonds), by Hung et al. [18] for n-nonane (crosses),
by Luijten [19] for n-nonane (stars), by Viisaanen et al. [20] for
n-nonane (triangles), and by Wagner and Strey [21] for n-nonane
(rotated crosses).
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Fig. 8. Ratio of nucleation rates JGT−IC evaluated using the ex-
pression (16) and nucleation rates JCNT−IC by Eq. (17). Temper-
atures and supersaturations correspond to the listed experimental
data. Markers are same as in figure 7.

tor f such as

F =


1 ln S exp(1)
1 ln S exp(2)
...

...
1 ln S exp(n)

 , f =


ln Jexp(1)
ln Jexp(2)

...
ln Jexp(n)

 . (24)
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Fig. 9. Dependence of the supersaturation S on the inverse re-
duced temperature T/Tc (critical temperatures Tc are listed in ta-
ble 1) for nucleation rate J = 1012m−3s−1. Markers of the ex-
perimental data are same as in figure 7. Lines correspond to val-
ues computed using the GT–IC (solid lines) and CNT–IC (dashed
lines) for n-heptane (C7), n-octane (C8), n-nonane (C9), and n-
decane (C10). As EoS was used only PC–SAFT.
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Fig. 10. Same as figure 9, except reference nucleation rate is J =

106m−3s−1.

Then, the least squares solution of the over-determined sys-
tem of equations Fb = f gives vector

b ≡ (b1 b2)T, (25)

and for the reference nucleation rate Jref corresponding ref-
erence supersaturation reads

ln S ref =
ln Jref − b1

b2
. (26)

Figures 11 and 12 show the number of molecules in
critical droplets depending on the inverse reduced temper-
ature Tc/T corresponding to the reference nucleation rates
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Fig. 11. Number of molecules in critical droplets. Markers of the
experimental data are same as in figure 7, line types are same as
in figure 9.
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Fig. 12. Same as figure 11, except reference nucleation rate is
J = 106m−3s−1.

Jref = 1012m−3s−1 for figure 11 and Jref = 106m−3s−1 for
figure 12, respectively. Numerical values are, as in figure 9,
computed for all the substances C7–C10 using the GT–IC
and CNT–IC combined with the PC–SAFT EoS.

Theoretical lines are based on the definition of the ex-
cess number of molecules. The whole number of molecules
N in the critical droplet is the sum of the bulk volume num-
ber and the excess number [2],

N∗ = ρGVN∗ + ∆NN∗ , (27)

where VN∗ is volume of the droplet consisting of N∗ molecules.
A rational option is to take the volume of the sphere of
tension for the volume of the cluster, VN∗ = 4/3πr3

s,N∗ and
∆NN∗ is the excess number of molecules of N∗-molecule
droplet. VN∗ and ∆NN∗ are connected with ρG via (15).
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Experimental data marks uses the nucleation theorem
proofed by Kaschiev [27]:(

∂ ln J
∂ ln S

)
T

= N∗ + 1; (28)

therefore, in our case, number of molecules in critical clus-
ter is given by N∗ = b2 − 1, where b2 is the second compo-
nent of solution (25).

Figures 9, 10, 11, and 12 show that the theoretical data
describe the experiments quite satisfactorily; because of
the range of the experimental data, Figs. 9, 11, correspond
more to the data [19–21], Figs. 10, 12 to the rest.

Despite the agreement with the experimental data, there
is a clear disagreement between their slopes. Temperature
derivative of supersaturation and number of molecules is
wrong especially for low temperatures. Therefore, there is
certain temperature-dependent deviation which is still not
satisfactorily resolved by the recent theory.

6 Conclusions

We computed nucleation rates of four n-alkanes: n-heptane,
n-octane, n-nonane, and n-decane. We used traditional cu-
bic PR EoS and modern accurate PC–SAFT EoS. We eval-
uated nucleation rates using the CNT and we solved the
work of formation minimization problem using the GT.
This led to numerical boundary value problem which we
determined using a modified shooting method. During the
process of solution, we had to develop several numerical
enhancements because the problem was numerically un-
stable. We enhanced the nucleation rates expressions by
the internally consistent correction given by [13].

We compared the nucleation rates theoretical data with
the experiments. Best results were given by the combina-
tion of the GT with the PC–SAFT EoS; however, they were
still not very accurate.

Using the Taylor expansion and simple linear interpo-
lation we computed the ratio of GT-PC–SAFT nucleation
rates and experimental values. This showed a temperature-
dependence inconsistency between the theoretical and ex-
perimental data.

Figures 9, 10, 11, and 12 showed this discrepancy even
better. We argued that although the numerical and experi-
mental data were quite in accord in these figures, there is a
temperature drift especially to the low temperatures.

In future work, we would like to investigate and im-
prove the temperature dependence of the theory and extend
our work to the binary mixtures.
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international conference, in Experimental Fluid Me-
chanics 2010 (Liberec, 2010)

4. J.W. Cahn, J.E. Hilliard, J. Chem. Phys. 28, 258 (1958)
5. J.W. Cahn, J.E. Hilliard, J. Chem. Phys. 31, 688 (1959)
6. J.D. van der Waals, Verhandel. Konink. Akad. Weten.

1 (1893)
7. J.D. van der Waals, J. Chem. Phys. 20 (1979)
8. J.S. Rowlinson, B. Widom, Molecular Theory of Cap-

illarity (Clarendonpress, 1982)
9. H.T. Davis, Statistical mechanics of phases. inter-

faces, and thin films (Wiley-VCH, Inc., 1996)
10. V.I. Kalikmanov, Statistical Physics of Fluids

(Springer, 2001)
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