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 Abstract 

In this work, two crossover procedures were applied to the Soave-Redlich-Kwong (SRK) equation 

of state (EoS) in order to describe the thermodynamic behavior of hydrocarbons from far away up to 

close to the critical point. The first one is based on a renormalization group theory method, which 

uses a recursive procedure originally proposed by White and coworkers (Salvino and White, J. Chem. 

Phys. 96 (1992) 4559–4568). The second one incorporates the scaling laws close to the critical point 

into the cubic EoS, and was developed by Kiselev (Kiselev, Fluid Phase Equilibria, 147 (1998) 7–

23). The classical and crossover SRK EoS are applied to describe the phase behavior of pure n-alkanes 

(from methane to n-decane), and the comparison with experimental data indicates that the non-mean-

field models are superior to the classical one for the representations of vapor-liquid coexistence data, 

isothermal pressure-density data and critical properties. Additionally, a thorough comparison of the 

two crossover approaches is done indicating the advantages and disadvantages of each approach. 
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1. Introduction 

In the past decades, there has been a growing interest in clarifying the universal behavior of 

thermodynamic systems in the vicinity of the critical point. Close to the critical point, the divergence 

of some thermodynamic quantities become system independent, i.e., the critical exponents describing 

the divergence behavior are universal and their values depend only on the dimensionality of the 

problem. Besides, the exponent values are not related to the thermodynamic path, e.g., the critical 

exponent along the critical isochore corresponds to the critical exponent along the critical isotherm 

for a given property. This is due to the presence of long-range fluctuations in the order parameter 

[1,2]. The spatial extent of these critical fluctuations is theoretically determined by the correlation 

length and the divergence of correlation length can be observed experimentally through the critical 

opalescence phenomenon [3]. Consequently, the microscopic details of short-range intermolecular 

interactions become insignificant when the system is sufficiently close to the critical point [4]. 

The mathematical nature of the asymptotic and singular behavior of fluids near the critical point 

can be described by scaling laws given by the 3D-Ising model [1,5]. However, at conditions far away 

from the critical point, a transition from a singular to a classical mean field behavior is observed [6]. 

Mean-field theory models, like cubic equations of state (EoSs) [7,8], fail to correctly represent the 

properties of fluids at the critical region because of the averaging process over a large number of 

molecules based on the statistical formalism that leads to ignoring the fluctuations inherent to the 

critical region [9]. However, from an engineering perspective, cubic EoS are still widely applied in 

the simulation of industrial processes because of its simplicity and due to fast and reliable 

representations of the properties of pure components and mixtures. Therefore, in order to improve the 

reliability of the design and operation control of industrial processes, it is important to develop models 

that are capable of predicting the phase equilibrium of complex systems by bridging the gap between 

the anomalous behavior of systems close to the critical point and classical behavior sufficiently far 

away from the critical region [7,10,11]. 

There are, in the literature, two main procedures to correct the classical models for representing 

the singular and asymptotic critical behavior of systems. They give a precise description of a fluid 

close to and far away from the critical point over a wide range of PVT data. The first successful 

attempt was employed by Chen et al. [12], and it was based on the renormalization group theory 

(RGT). Following this work, Sengers and coworkers [13] proposed the renormalized Landau 
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expansion procedure. This procedure developed by Kiselev [14,15], in a simplified way contains a 

revised and extended equation for the Helmholtz free energy involving a crossover function. This 

function renormalizes the temperature and volume variables, incorporating the scaling law behavior 

of thermodynamic properties sufficiently close to the critical point. This procedure has been 

successfully applied to several classical EoS including cubic and SAFT (statistical associating fluid 

theory) EoS [7–9,15–18]. The second procedure was developed by White and collaborators [19,20]. 

It is based on Wilson’s [21] phase-space cell approximation method, as a way to effectively to 

introduce the critical density fluctuations into a classical EoS. White’s procedure was extended by 

Prausnitz and coworkers [22,23] and it has also been applied to several cubic [32, 35, 40], as well as 

non-cubic EoS [30–34, 42, 43]. In this procedure, a recursive set of mathematical expressions is used 

to modify the free energy of fluids near the critical point. Therefore, it gives the correct non-analytical 

asymptotic behavior of fluids in the critical region [19,20,24,25]. 

This work focuses on the comparison of the capability of two crossover methods, specifically the 

ones developed by Kiselev and White, to describe properties of selected hydrocarbons, i.e. from 

methane to n-decane. In both cases, the Soave-Redlich-Kwong (SRK) EoS is used as the classical 

thermodynamic model. Besides, the two approaches have some advantages and disadvantages. 

Kiselev’s method yields a closed-form analytical expression for the Helmholtz free energy and 

pressure, while White’s procedure is solved numerically and requires an additional spline function 

for the representation of the thermodynamic surface of real fluids. The main disadvantage of Kiselev’s 

approach is that it has several empirical system dependent parameters, which are not easily transferred 

to other compounds and mixtures [27]. On the other hand, White’s method just has two additional 

parameters, transferable within the evaluated series. Furthermore, we have applied different 

parameterization procedures in an attempt to obtain reliable parameters for both approaches and to 

investigate the sensibility of the crossover parameters, as well as their dependence on the 

representation of the pure compound properties.  

The rest of the paper is organized as follows. In section 2, we present a brief overview of the SRK 

EoS and describe the aforementioned crossover procedures. Section 3 is divided into three parts, in 

which the first one contains a discussion about the parameterization procedure, while the second and 

third parts are devoted to the study of the phase behavior and critical properties of n-alkanes. Section 

4 presents the comparison of the EoS to investigate the phase behavior and critical properties of n-

alkanes (from methane to n-decane), and the prediction for heavy hydrocarbons (from n-dodecane to 
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n-octadecane). Finally, in the last section, we summarize our findings and present the concluding 

remarks. 

 

2. Thermodynamic Models 

2.1.  Classical SRK equation of state 

The SRK EoS is one of the most popular cubic thermodynamic models, due to its wide application in 

the refinery and gas-processing industries. Nonetheless, it is not as accurate as other cubic EoS, e.g. 

the Peng-Robinson EoS [26,27], in modeling the liquid densities of pure alkanes. This limitation can 

be improved by the use of a volume translation method or the modification of the input parameters 

to match the saturated properties far from the critical point. In this work, we briefly present the SRK 

EoS, as it is the basis of the crossover models that will be later explained. Like other cubic 

thermodynamic models, the SRK EoS can be explicitly defined in terms of pressure by the following 

equation [28]: 

� =
��

���
−

�(�)

�(���)
                                                                                                                                (1) 

where �(�) is a temperature dependent constant of the attraction term expressed as: 

�(�) = ���1 + ��1 − �����
�
                                                                                                                         (2) 

in which �� = � ��⁄  is the reduced temperature and � is a component specific parameter that can 

be expressed as a function of the acentric factor, � [29]: 

� = 0.480 + 1.574� − 0.175��                                                                                                      (3) 

The constants �� and � are related to the critical temperature and pressure. They are calculated by 

applying the criticality conditions, resulting in the following expressions: 

�� = �(��) =
�.��������

�

��
                                                                                                                   (4) 

� =
�.��������

��
                                                                                                                                     (5) 

The total dimensionless Helmholtz free energy of the SRK EoS is given by: 

�̅(�, �) =
�(�,�)

��
= −ln(� − �) −

�(�)

���
ln �

���

�
�                                                                                 (6) 
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Subsequently, to find the residual part of Helmholtz free energy, �̅���, the ideal part (������ =

−�� ln �) should be subtracted from the total dimensionless Helmholtz free energy: 

�̅���(�, �) =
�����������

��
= ln �

�

���
� −

�(�)

���
ln �

���

�
�                                                                         (7) 

 

2.2.  Crossover SRK equation of state 

2.2.1. White’s procedure 

White’s method is implemented by transforming the grand canonical partition function into a 

functional integral [30–33]. In order to incorporate the long-range fluctuations into the free energy of 

a system calculated by a classical thermodynamic model, the interaction potential is divided into two 

main parts: a repulsive contribution (����) and an attractive contribution (����). The short-range 

fluctuations are entirely assigned to the repulsive term and the RGT transformations are only applied 

to the attractive part of the potential. The effect of the long wavelength contributions inferior to a 

given cut off length L is calculated using a mean-field model and the short wavelength contributions 

are taken into account by the functional (��): 

��(�) = ∫ ��(�) ��                                                                                                                             (8) 

where �� is the Helmholtz free energy density for a homogeneous system with the molar density �. 

Since �� contains the fluctuations with short wavelengths, �� can be represented by a mean-field EoS. 

Here the importance of choosing the correct model is crucial for the representation of the system, as 

the procedure only significantly corrects the classical model close to the critical point [30]. In other 

words, the RGT procedure is considered to effectively account for the fluctuations close to the critical 

point. Hence, a suitable EoS is required for precise predictions far from the critical region [34]. As a 

first approximation, the addition of the term ��� is used to remove the attractive contributions [25]: 

�� = ���������� ��� + ���                                                                                                                     (9) 

where � as an interaction volume is given by: 

� = −
�

�
∫ ���� ��                                                                                                                             (10) 

in which ���� is the attractive part of the pair potential. Following other works [32, 35], the attractive 

contribution of the free energy density, i.e. −���, was approximated by the expression:  
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−��� ≈ −
�

�
 ���                                                                                                                             (11) 

where � is the attractive term constant of the SRK EoS calculated by Eq. (2). 

In regions far from the critical point, the attractive term contribution can be correctly approximated 

by an analytical function; nonetheless, as the conditions of the system approach the critical one, a 

numerical procedure is required to estimate the attractive term constant (�). Similarly, the recursive 

procedure to incorporate density fluctuations is applied to �� and it is added to the saddle-point 

approximation, which gives the zero order solution of the grand partition function, yielding the total 

free energy density as given by: 

� = �� − ���                                                                                                                                   (12) 

where �� is the free energy density incorporating the density fluctuations on all wavelength scales. 

The Helmholtz energy density of a system at a density � can be described in a recursive manner 

as [36,37]: 

��(�) = ����(�) + ���(�)                                                                                                              (13) 

where ��� corrects the previous free energy density (����) by taking into account the density 

fluctuations through the following relation: 

���(�) = − �
���

������ ln
��

� (�)

��
� (�)

                                                                                                             (14) 

Here, Ω� and Ω� are terms containing the density fluctuations for the short range and long range 

attraction, respectively, �� is the Boltzmann constant, T is temperature and L is a cutoff wavelength. 

The terms Ω�
�  and Ω�

�  are calculated through evaluation of the following integrals: 

Ω�
�(�) = ∫ exp �

���
�(�,�)

��
� ��

��� (�,������)

�
                                                                                     (15) 

where ��
�

 is defined by the expression: 

��
�(�, �) =

�̅�
�(���)���̅�

�(�)��̅�
�(���)

�
                                                                                                 (16) 

and � refers to both the short (s) and long (l) range attraction and � ̅is given by: 

��̅
�(�) = ����(�) + ���                                                                                                                   (17) 
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��̅
�(�) = ����(�) + ��� �

�����
                                                                                                          (18) 

where � is an adjustable parameter related to the initial shortest wavelength. 

The subscript � in Eq. (12) to (18) is the iteration number. In this work, five iterations were 

considered enough to correct the analytical behavior of the system in the critical region, as explained 

in previous work [35].  

White’s procedure adds two additional adjustable parameters (� and �) determined by the fitting 

crossover EoS to experimental data, along with the critical parameters of the classical SRK EoS. The 

next section contains the details of the parameterization procedure. 

Since classical cubic EoS are normally expressed in terms of pressure, Eq. (18) shows the pressure 

of a system that accounts for the density contributions using White’s procedure: 

 �� = � + �
����(�)

��
− ���(�)                                                                                                          (19) 

It is important to notice that, in this work, the term � in the previous expression is obtained with 

Eq. (1). Besides, the terms 
����(�)

��
 and ���(�) are estimated with a spline function, as mentioned 

previously, using 500 density points, from � = 10��� to ���� =
�

�.����
, to avoid numerical issues. 

 

2.2.2. Kiselev’s procedure 

Kiselev  [7,8] developed a method for incorporating the scaling laws into a classical analytical EoS. 

The author suggested separating the Helmholtz free energy into a critical part, ∆�, which is affected 

by critical fluctuations and an analytic background part unaffected by them. Consequently, the 

expression for the dimensionless free energy is given by:  

�̅(�, �) =
�(�,�)

��
= ∆�̅(Δ�, Δ�)−

�

���
���(�) + �̅�(�)                                                                         (20) 

where ���(�) = �(�, ���)��� ��⁄  is the dimensionless pressure at � = ��� . The dimensionless 

deviations of the critical temperature and volume are Δ� = (� − ���) ���⁄  and Δ� = (� − ���) ���⁄ , 

respectively. Finally, �̅�(�) is the dimenssionless analytic function of temperature and it is derived 

from the condition ∆�̅(Δ�, Δ� = 0) = 0, resulting in the expression given by: 
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�̅�(�) = �̅���(�, ���) + �̅�(�) − ln ��� + ���(�)                                                                           (21) 

in which �̅�(�) is the dimensionless temperature dependent part of Helmholtz free energy for an ideal 

gas. The detail of derivations are presented in the supplementary material. 

Since any classical equation of state does not reproduce the thermodynamic surface of a fluid in 

the critical region, the critical part of Helmholtz free energy (∆�) re-expressed from a function of the 

renormalized Δ� and Δ� to the real critical parameters of the system: � = � �� − 1⁄  and � = � ��⁄ −

1, respectively. In order to take into account the fluctuations induced close to the critical point and 

the difference between the classical critical parameters (��� and ���), and the real critical parameters 

(�� and ��), Kiselev et al. [7–9] introduced the renormalized value of temperature and volume 

together with the critical shifts of temperature and volume as described by the following equations: 

�̅ = ��(�)(�� �∆⁄ ) + (1 + �)∆���(�)((�(���)) �∆⁄ )                                                                                (22) 

�̅ = ��(�)((����) ��⁄ ) + (1 + �)Δ���(�)((���) ��⁄ )                                                                             (23) 

where Δ�� = (�� ���⁄ − 1), and Δ�� = (�� ���⁄ − 1) are the dimensionless shifts of the critical 

parameters and � = 1.24, � = 0.325, � = 2 − � − 2� = 0.110 and ∆= 0.51 are the universal non-

classical critical exponents in the scaling power laws. These critical exponents characterize the non-

analytical behavior of thermodynamic functions in the vicinity of the critical point, such as order 

parameter, heat capacity, isothermal compressibility and other properties [4,38]. 

The crossover function �(�) in Eq. (22) and (23) is related to the distance from the critical point, 

which can be defined as: 

�(�) = �
�

���
�

�∆
                                                                                                                               (24) 

The function �(�) approaches unity far from the critical point, as the value of � tends to infinity 

(� → ∞), while near the critical point it vanishes as ��∆, since tends � to zero (� → 0). Thus, the 

parametric variable q is a renormalized measure of the distance from the critical point and is 

calculated iteratively from the parametric model, given by: 

��� −
�

��
� �1 −

��

��� �1 −
�

����
�� = �

��(�,�)

����� �
�

�(����) �⁄                                                                     (25) 
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The empirical function �(�, �) is used to eliminate the symmetry with respect to the order 

parameter (�), and in this work was considered equal to: 

�(�, �) = �(1 + �������) + ���                                                                                                    (26) 

where �� and �� are system-dependent parameters. The term proportional to ��� in Eq. (26) 

corresponds to a projection of the rectilinear diameter of the coexistence curve in the temperature 

density variables �� = (�� + ��) 2⁄ = ��(1 + ���), while the term proportional to ��exp (−10�) 

takes into account the asymmetry of �(�) with respect to a transformation � → −�, which ensures 

that � → 1 at � ≪ �� , hence, ensuring that the crossover is complete. The parameter �� is considered 

as either universal or system dependent parameter. As a result, a total of four crossover parameters 

(��, ��, �� and ��) can be treated as compound specific.  

The complete transformation of the classical Helmholtz energy into the crossover form is done via 

the following steps: 

1. Define the critical part of Helmholtz free energy, ∆�̅, as given by: 

∆�̅(Δ�, Δ�) = �̅���(�, �) − �̅���(�, ���) + Δ����(�) − ln(Δ� + 1)                                             (27) 

In addition, the representation of the Ising-like behavior asymptotically close to the critical point 

requires the replacement of the classical dimensionless temperature, Δ�, and volume, Δ�, with the 

renormalized values �̅ and �̅; as well as the classical properties, T and v, with their rescaled values 

(�� = ���(1 + �̅) and �̅ = ���(1 + ��)): 

∆�̅(�̅, �̅) = �̅���(��, �̅) − �̅���(��, ���) + �̅���(��) − ln(�̅ + 1)                                                        (28) 

2. Determine the background part of Helmholtz energy, as expressed by: 

�̅���(��, �̅) − ∆�̅(�̅, �̅) = �̅���(�, ���)−∆����(�) − ln ��� + �̅�(�)                                               (29) 

3. Finally, the renormalized total Helmholtz energy is given as a sum of the critical part at the 

rescaled variables �̅ and �̅, and the background part: 

�̅(�, �) = �̅���(��, �̅) − �̅���(��, ���) + �̅���(��) − ln(�̅ + 1) + �̅���(�, ���)−∆����(�) − ln ��� +

�̅�(�)                                                                                                                                               (30) 

The final crossover cubic equation of state in this case reads: 
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� = − �
��

��
�

�
= −

���

��
�

�∆�̅(��,��)

��
� + ���(�)                                                                                         (31) 

The detailed expressions are given in supplementary material. 

 

3. Application to fluids 

In this work, we have applied the two aforementioned approaches of the crossover SRK EoS to 

describe the saturated and critical properties of pure n-alkanes (from methane to n-decane), as well 

as isothermal pressure-density curves. The first approach involved the application of White’s 

numerical procedure for improving the classical model far away and close to the critical point, while 

the second one followed Kiselev’s approach. 

The critical properties and acentric factor values of the studied pure compounds are listed in Table 

1. The reported properties were taken from the NIST database [39].  

In order to compare the two models, PVT data was taken from the NIST database [39] along the 

critical isotherm and along a temperature above  �� and the pressure steps are up to 3Pc. The 

temperature above critical was the integer-multiple of 50K which was more than 35K above  ��, 

except for the cases where the highest temperature did not match this procedure, e.g. the maximum 

temperature for isothermal PVT data for C9 is 575K, which is below the critical temperature of the 

component. This procedure is similar to the one developed by Janeček et al. [27].  

Table 1. The critical properties and acentric factor values of studied pure compounds. The reported properties are 

taken from NIST [39]. 

Comp. Critical Properties Acentric factor 
�� (�) �� (���) ��  (��� ���⁄ ) �(−) 

C1 190.6 45.99 98.60 0.0115 
C2 305.3 48.72 145.8 0.0994 
C3 369.9 42.51 200.0 0.1523 
C4 425.1 37.96 254.9 0.2002 
C5 469.7 33.70 311.0 0.2515 
C6 507.8 30.34 369.6 0.3013 
C7 540.1 27.36 431.9 0.3495 
C8 569.3 24.97 486.3 0.3995 
C9 594.5 22.81 552.5 0.4435 
C10 617.7 21.03 609.8 0.4923 
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Since the parameters �� and � in Eqs. (4) and (5) are related to the critical temperature and 

pressure, they are calculated with the experimental Tc and Pc for Kiselev’s procedure (Table 1). On 

the other hand, in the case of White’s procedure, they are modified by the classical critical parameters 

(Table 2) in order to improve the description of the properties far away from the critical point. 

 

3.1.  Adjustment of parameters 

For a pure fluid, the crossover EoS on the basis of Kiselev’s procedure has three sets of system 

dependent parameters: (1) the crossover parameters ��, ��, �� and ��, (2) the critical shifts ∆�� and 

∆��, (3) and the classical parameters: ���, ���, ��� and �. In practice, the classical critical parameters 

are different from the experimental critical parameters: ��, ��  and �� . Nevertheless, the critical 

temperature and pressure shifts did not bring a significant improvement in the representations of the 

properties of the fluids. Consequently, ��� and ��� are considered equal to �� and �� , respectively, 

and the critical volume is increased slightly to improve the representation of the experimental data. 

In this work, �� is kept equal to 1. As a result, the crossover EoS using Kiselev’s procedure contains 

five adjustable pure component parameters, three from the crossover part (��, �� and ��) and two 

from the classical part (���  and �). One of the main objectives of this work is to investigate the effect 

of the crossover parameters on the accuracy of VLE and PVT predictions and to reduce the total 

number of system dependent adjustable parameters. Therefore, we considered three methods, in 

which further restrictions are introduced, reducing the number of free adjustable parameters from 5, 

in the first method, to three, in the third one. 

In the case of the crossover EoS using White’s procedure, two additional crossover parameters are 

introduced in the classical thermodynamic model. The first one is the cut-off length (L), while the 

second is �, which is a function of the initial shortest wavelength of the density fluctuations [24]. 

Besides, instead of the utilization of the critical shifts for the correction of the critical point, the 

classical critical pressure, temperature and acentric factor (���, ��� and ��) are used in White’s 

crossover method. The parameters are estimated via the fitting of the saturated pressure and volumes 

far away from the critical point, e.g. from �� = 0.5 to 0.75. This procedure causes an overestimation 

of the critical point that is corrected with the renormalization procedure described in the previous 

section, allowing the precise representation of the experimental saturated data and of the correct shape 

of the coexistence curve close to the critical point [3]. Two parameterization methods were tested. In 

the first method, the value of � was kept constant, while the four other adjustable parameters were 
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used to fit the critical and saturated experimental data. In the second method, both the crossover and 

classical parameters were optimized in order to minimize the objective function containing the 

calculated and experimental properties. 

The objective function used in all methods is given by: 

�. �. = ∑ �
�����

��� �����
���

����
��� �

�

+ ∑ �
�����

� �����
�

����
� �

�

+ ∑ �
�����

� �����
�

����
� �

�

+  ∑ �
�����

���������
����

����
���� �

�

+

�
��,�������,���

��,���
�

�

+ �
��,�������,���

��,���
�

�

+ �
��,�������,���

��,���
�

�

                                                                       (32) 

 

3.2.  White’s procedure 

3.2.1. Method I 

As mentioned previously, the crossover SRK EoS using White’s recursive procedure contains 5 

parameters for each component in a system. Three parameters are related to the classical term, which 

are the classical critical pressure, temperature and acentric factor. The last two parameters are related 

to the crossover term and represent the cut-off length (�) and initial shortest wavelength (�). These 

two crossover parameters are strongly correlated. In Method I, we deliberately set � to a constant 

value (� = 2) to remove the influence of the strong correlation. Then the rest of the parameters were 

obtained by minimizing Eq. (32). The initial values for the classical critical parameters were obtained 

from the regression of the classical model in a reduced temperature range of 0.5 to 0.75.  

The first columns of Table 2 show the optimum parameters using the first method of White’s 

procedure. In order to observe a trend in the parameter values, they were plotted against the molecular 

weight of the hydrocarbons (Figs. 1 and 2). In Fig. 1, it is seen that the classical critical parameters 

follow a similar trend to the experimental values (Table 1). The main difference is that the critical 

temperatures and pressures are overestimated to improve the description of the phase densities far 

away from the critical region [32]. This procedure was also done for other cubic crossover EoS [32, 

35, 40] and requires the modification of the experimental acentric factors for the correct 

representation of the vapor pressures of the pure fluids. In fact, the comparison of Tables 1 and 2 

shows that �, in the crossover model, are smaller than the experimental values, and, in the case of 

methane, it becomes negative. Negative acentric factor values are also observed for molecules like 

hydrogen and helium [41]. The renormalization group method developed by White and coworkers 
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corrects the classical model in the critical region, yielding a precise representation of the phase 

envelope, giving the correct shape of the coexistence diagram. Finally, the comparison of the 

parameters estimated in this works with other publications [32, 35] indicates the values are similar to 

the ones defined for other implementations of the crossover SRK EoS to describe the properties of n-

alkanes.  

 

Table 2. The values of adjusted parameters in the crossover SRK EoS using the two methods of White’s procedure 
for the selected n-alkanes. 

Comp. 
Method I  Method II 

���(K) ���(bar) ��(−) �(A°)  ���(K) ���(bar) ��(−) �(A°) �(−) 

C1 197.7 49.88 -0.049 4.390  197.7 49.88 -0.049 4.390 2.000 

C2 317.1 54.75 0.033 4.800  317.1 54.75 0.033 4.800 2.000 
C3 383.4 47.75 0.087 5.338  383.3 47.65 0.086 5.468 1.750 
C4 440.0 43.05 0.137 5.721  441.4 43.00 0.128 5.864 1.750 
C5 486.8 38.71 0.182 6.045  488.0 38.63 0.174 6.212 1.750 
C6 525.2 35.27 0.234 6.296  527.1 35.08 0.221 6.506 1.750 

C7 559.7 32.30 0.276 6.548  560.5 32.10 0.271 6.922 1.500 
C8 589.9 29.81 0.320 6.817  591.0 29.83 0.315 7.084 1.500 
C9 616.5 27.61 0.364 7.092  618.4 27.58 0.354 7.354 1.500 
C10 639.8 25.71 0.410 7.338  639.4 25.50 0.411 7.603 1.500 

 

 

 

Fig. 1. Classical critical parameters for the crossover SRK EoS using the first approach of White’s procedure as a 

function of the molecular weight for selected n-alkanes. 
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Fig. 2. Cut-off length for the crossover SRK EoS using the first approach of White’s procedure as a function of the 
molecular weight for selected n-alkanes. 
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of the critical properties, where it is seen that the model correctly predicts the critical temperatures 
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Table 3. AAD% of the calculated and experimental saturated and isotherms of selected n-alkanes using the two 
methods for White’s procedure. 

Comp. 
Method I  Method II 

ΔP���(%) Δρ���(%)  ∆ρ���(%) ∆P����(%)  ΔP���(%) Δρ���(%)  ∆ρ���(%) ∆P����(%) 

C1 3.63 3.23 1.90 3.73  3.63 3.23 1.90 3.73 

C2 2.11 3.29 2.33 4.49  2.11 3.29 2.33 4.49 
C3 2.34 2.66 2.18 5.07  2.12 2.72 3.25 5.27 
C4 1.91 2.66 2.27 5.37  2.64 2.26 2.21 5.09 

C5 2.05 2.17 1.73 6.05  2.76 1.89 1.94 5.83 
C6 1.68 2.36 2.23 7.30  2.61 1.91 1.99 6.74 

C7 1.90 1.74 1.39 7.50  2.47 2.19 2.33 7.51 
C8 2.02 1.52 1.38 8.30  2.43 1.77 2.71 8.50 
C9 1.85 1.80 1.16 15.3  2.61 2.30 1.97 15.28 
C10 1.85 1.53 0.94 9.34  2.04 4.02 2.72 9.61 

 

*Average Absolute Deviation (AAD%)=(1 �⁄ )�∑ ������ − ����� ����⁄ � ∗ 100 

 

3.2.2. Method II 

In an attempt to improve the description of the critical pressure and volume for the larger 

hydrocarbons, a different procedure for the optimization of the parameters was applied. Initially, the 

5 parameters of the crossover SRK using the recursive procedure were regressed simultaneously; 

nevertheless, due to the strong correlation between the parameters, the deviations regarding the 

critical properties were not reduced. Hence, a modification was proposed, instead of parameterizing 

the five values at the same time, different values of � were considered constant and the rest of the 

parameters were adjusted in other to minimize Eq. (32). This method led to the improvement of the 

representation of the critical points, especially for the heavier hydrocarbons, without changing the 

other parameters substantially. 

In principle, � can be determined from a low density microscopic calculation [25]; however, it is 

usually treated in a phenomenological matter. This means that this parameter is fitted to the pure 

component properties. In fact, several crossover EoS use an increasing linear correlation with respect 

to the molecular weight for the alkane homologous series [30, 42, 43]; nevertheless, in Method II, 

smaller values for � resulted in better critical volume representations of heavier hydrocarbons.  

Table 2 shows the final values of the parameters of the crossover model using the second method 

for White’s procedure. It can be observed that, in addition to the similarity of the values between the 

previous method, the trends are also alike. 
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Similarly, the values of the parameters were used to calculate the saturated properties and the 

isothermal curves (Table 3). The comparison of the AAD% with the previous method indicates that 

the second method slightly increases the deviations, although it is still capable of correctly correlating 

the properties. On the other hand, the second method improves substantially the description of the 

critical properties (Table 4).  

 

Table 4. AAD% of the calculated and experimental critical properties of selected n-alkanes using the two methods for 
White’s procedure. 

Comp. 
Method I  Method II 

Δ��(%) Δ��(%) Δ��(%)  Δ��(%) Δ��(%) Δ��(%) 

C1 0.15 0.62 1.38  0.15 0.62 1.38 

C2 0.02 0.01 0.00  0.02 0.01 0.00 
C3 0.05 0.02 0.89  0.18 0.02 0.05 

C4 0.20 0.01 0.82  0.04 0.04 0.04 
C5 0.13 0.02 1.85  0.01 0.03 0.85 
C6 0.41 0.58 1.99  0.13 0.53 0.98 

C7 0.24 0.33 2.18  0.28 0.43 0.92 
C8 0.17 0.93 3.85  0.43 0.34 0.11 

C9 0.00 2.38 3.22  0.18 0.40 0.34 
C10 0.01 3.44 4.34  0.56 0.40 1.05 

 

 

3.3.  Kiselev’s procedure 

3.3.1. Method I 

In the first step, the five parameters were optimized simultaneously by minimizing the objective 

function defined in Eq. (32). In this method, three parameters are related to the critical part (��, �� 

and ��) and two stem from the classical part (���  and �). The results of this optimization are reported 

in Table 5. The AAD% of saturated properties and isothermal pressure-density are listed in the first 

columns of Table 6. Generally, large deviations are found for the vapor density of hydrocarbons with 

lighter molecular weight, while the liquid phase volume representation is more accurate.  

Table 9 shows the deviation of critical pressures for the selected hydrocarbons calculated by 

Kiselev’s procedure compared to the experimental values. Kiselev’s procedure corrects the 

representation of the critical properties and precisely describes the critical properties. 
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In this method, it was not possible to define a simple correlation between the crossover parameters 

and the molecular weight. As it is seen in Fig. 3, the values of the parameters are scattered along the 

axis describing the molecular weight of the hydrocarbons.  

The influence of crossover and classical parameters on the representation of the saturated 

properties and isothermal pressure is represented in Fig. 4. In this figure, different values of �� and 

�� were applied in the plot of the two isotherms and saturated pressure of n-hexane. The comparison 

of the results with experimental data indicates that the effect of �� is much greater than �� in the 

prediction of the thermodynamic properties of the pure component. For this reason, in the next step, 

we have tried to reduce the number of adjustment crossover parameters. 

s 

 

 Fig. 3. Optimized Gi, ��, and �� values for the crossover SRK EoS using different methods of Kiselev's procedure 

as a function of the molecular weight for selected n-alkanes. 
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Table 5. The values of adjusted parameters in the crossover SRK EoS using the first method of Kiselev’s procedure for 
selected n-alkanes. 

Comp. 
v�� 

(cm�/mol) 
ω (−) Gi (−) d�(−) v�(−) 

C1 115.703 0.013 0.050 1.597 0.016 

C2 181.589 0.110 0.058 -0.013 0.016 

C3 263.969 0.169 0.057 -0.430 0.017 

C4 336.084 0.219 0.062 -0.773 0.014 

C5 433.135 0.273 0.061 -0.273 0.014 

C6 520.797 0.322 0.063 -0.636 0.011 

C7 664.123 0.380 0.066 -1.185 0.013 

C8 698.791 0.424 0.067 -0.337 0.010 

C9 799.575 0.484 0.104 5.374 0.009 

C10 875.325 0.519 0.076 0.239 0.007 
 

Table 6. AAD% of the calculated and experimental saturated and isotherms of selected n-alkanes using the three methods 
for Kiselev’s procedure. 

Comp. 

Method I  Method II  Method III 

ΔP��� 
(%) 

Δρ��� 

(%)  

∆ρ��� 

(%) 
∆P���� 

(%) 
 

ΔP��� 
(%) 

Δρ��� 

(%)  

∆ρ��� 

(%) 
∆P���� 

(%) 
 

ΔP��� 
(%) 

Δρ��� 

(%)  

∆ρ��� 

(%) 
∆P���� 

(%) 

C1 1.83 2.01 2.73 1.35  1.44 2.23 3.67 1.95  1.74 1.39 3.28 4.69 

C2 1.73 1.45 2.36 1.17  1.52 1.29 2.68 1.75  1.61 1.03 3.06 5.19 
C3 1.49 1.06 2.61 1.57  1.81 0.91 2.99 1.40  1.48 1.10 3.24 4.88 

C4 1.91 1.20 2.19 0.05  1.74 0.93 2.45 1.73  1.60 1.77 3.36 5.14 
C5 1.57 1.36 2.50 0.13  1.57 1.33 2.54 1.14  1.48 2.87 3.49 7.59 
C6 1.52 1.71 2.17 0.98  1.55 1.61 2.21 0.95  1.39 2.47 3.15 5.80 

C7 1.30 2.41 1.81 2.07  1.59 2.03 1.88 1.23  1.46 3.09 2.77 4.88 
C8 1.59 2.47 2.03 1.43  1.61 2.58 1.88 1.45  1.59 3.42 2.64 4.65 

C9 2.22 4.45 3.31 1.88  2.46 2.11 2.84 2.62  2.93 3.89 4.88 14.04 
C10 2.03 2.96 2.03 0.84  1.89 2.93 2.05 1.11  1.61 3.73 3.12 5.27 
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Fig. 4. (a) Influence of parameter �� and �� on the isotherms and saturated properties of n-hexane. Symbols are 

experimental data [39] and solid lines are crossover of SRK EoS based on Kiselev’s procedure, (b) the isotherms and 

saturated properties of n-hexane based on White’s procedure. 
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3.3.2. Method II 

In this method, we evaluated the influence of �� on the description of the VLE and PVT data. 

Therefore �� is considered equal to zero and the remaining parameters are re-optimized by fitting the 

experimental data according to the objective function, Eq. (32). The results of the parameter 

optimization are reported in Table 7 and the second columns of Table 6. The value of �� is restricted 

to less than 0.15 and the value of �� is smaller than ��. A simple correlation between the parameters 

and the molecular weight of the pure compounds is still no observed. However, there is not much 

difference between �� and acentric factor values in comparison to Method I. Since ∆�� is obtained 

after the adjustment of ��� , there is also a shift in the critical density; however, fixing �� equal to zero 

doesn’t change the magnitude of ∆��. Thus, �� has no significant role near the critical point and the 

results of critical parameters are reported in the second columns of Table 9, and for all cases, the 

accuracy of the critical pressure prediction is increased, but it does not have a significant effect on 

the critical temperature and volume. 

Table 7. The values of adjusted parameters in the crossover SRK EoS using the second method of Kiselev’s procedure 

for selected n-alkanes. 

Comp. 
��� 

(���/���) �(−) ��(−)  ��(−) 

C1 125.655 0.016 0.050 0.026 
C2 189.848 0.113 0.054 0.019 
C3 251.127 0.169 0.098 0.017 
C4 342.823 0.220 0.059 0.015 
C5 431.848 0.273 0.061 0.014 
C6 519.064 0.323 0.063 0.011 
C7 611.466 0.375 0.066 0.010 
C8 703.899 0.424 0.064 0.010 
C9 725.823 0.469 0.120 0.007 
C10 883.856 0.518 0.071 0.007 

 

3.3.3. Method III 

Since the main effect on the vapor-liquid behavior is related to the classical parameters rather than 

crossover parameters, in this method the number of adjustment parameters are reduced to ��, ���  and 

� (the third columns of Table 8). So that, two additional constraints are considered: first, �� = 0; 

second, the parameter �� is given as linear function of the inverse ��, as suggested by Kiselev [17], 

and given by the expression: 

�� = −4.9 × 10�� +
�.���

��
                                                                                                               (33) 
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The AAD% for Method III are presented in the third columns of Tables 6 and 9. According to 

these tables, neglecting �� and constraining �� lead to an increase in the deviation of saturated 

properties and they have the main effect on the isothermal pressure-density data. Apart from the small 

quantitative differences, all methods can reasonably describe the saturated properties in the studied 

temperature and pressure ranges. In practice, there is no superiority for predicting the critical 

temperature and volume, but method III is superior to the others in representing the critical pressure 

(Fig. 5). It should be noted that the AAD% of the critical temperature and volume in all cases of the 

three Kiselev’s approaches are zero because they match the experimental values precisely. 

Table 8. The values of adjusted parameters in the crossover SRK EoS using the third method of Kiselev’s procedure for 
selected n-alkanes. 

Comp. 
��� 

(���/���) 
�(−) Gi (−) 

C1 115.957 0.014 0.073 
C2 171.700 0.106 0.080 
C3 246.480 0.165 0.080 
C4 316.230 0.214 0.083 
C5 389.108 0.266 0.085 
C6 481.190 0.318 0.086 
C7 564.075 0.370 0.089 
C8 664.250 0.424 0.087 
C9 792.505 0.511 0.400 
C10 837.439 0.515 0.091 

 

Table 9. AAD% of the calculated and experimental critical pressure of selected n-alkanes using the three methods for 
Kiselev’s procedure. 

Comp. 
Method I  Method II  Method III 

Δ��(%)  Δ��(%)  Δ��(%) 

C1 0.00  0.07  0.00 
C2 0.01  0.07  0.00 
C3 0.07  0.01  0.00 
C4 0.05  0.09  0.00 
C5 0.13  0.12  0.00 
C6 0.14  0.13  0.01 
C7 0.57  0.12  0.00 
C8 0.09  0.11  0.01 
C9 0.09  0.00  0.07 
C10 0.04  0.05  0.28 
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Fig. 5. (a) Phase diagrams and (b) saturated pressure for propane, n-pentane and n-octane according to Method III of 

Kiselev’s procedure and Method I of White’s procedure. Symbols are experimental data [39]. 

 

4. Discussion 

Both crossover approaches, based on Kiselev’s and White’s procedures, yield significant 

improvement in terms of the accuracy regarding the reproduction of the saturated liquid phase density 

of the pure components in comparison to the classical SRK EoS. A similar behavior is observed for 

the isothermal pressure-density data, while no enhancements are seen for the saturated pressure 

(Table 10). The comparison of the critical deviations (Table 11) indicates that the third method of 

Kiselev’s procedure is slightly inferior on critical volume of the systems. The analysis of the results 

given in the two tables shows that Kiselev’s procedure is slightly superior to White’s in the 

representation of the saturated pressure, especially near the critical point. The same is observed for 

the description of the critical isotherm close to the critical pressures and volumes. A reason for such 

behavior might be related to the larger amount of information used in the first method, even though, 

in the case of the third method the same number of adjustable parameters is used.  

The comparison of the crossover parameters ��, and �� for the Methods II and III in Kiselev’s 

procedure shows that the optimum values are similar and an analogous trend with respect to the 

molecular weight of the hydrocarbon (Fig. 3). The exception is n-nonane, which can be explained by 

the utilization of a subcritical isotherm in the objective function. Additionally, Table 10 shows that 

Method I of Kiselev’s procedure yields better overall AAD% for the isothermal pressure-density and 
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saturated properties. This is because the additional parameters significantly increase the flexibility to 

fit the experimental data. However, due to the strong coupling between the parameters, it is harder to 

establish a function to relate the parameters with a pure component property, such as the molecular 

weight. Usually, the objective functions of complex models with several adjustable parameters 

possess different local minima, which might result in non-physical model parameters.  

 

Table 10. AAD% for saturated properties and isothermal pressure, Calculated Using the original SRK and CSRK EoS 
using White’s and Kiselev’s procedures. 

Procedure Method Δ���� (%) Δ���� (%) ∆����(%) ∆�����(%) 

White 
Method I 2.13 2.30 1.75 7.24 

 Method II 2.54 2.56 2.34 7.20 
Kiselev Method I 1.67 2.21 2.43 1.76 

 Method II 1.72 2.44 3.27 6.30 
 Method III 1.69 1.86 2.59 1.77 

Original SRK - 1.64 13.07 1.64 53.0 

 

In the case of White’s procedure, Fig. 1 and 2 indicate that a fewer number of parameters simplifies 

the optimization of the model, yielding classical critical parameters that follow a similar trend in 

comparison to the experimental properties. Besides, these parameters and the cutoff length can be 

regressed by a logarithmic function that can be used to predict the parameters of other molecules if 

experimental data is not available.  

Since the original SRK EoS was designed to match the critical temperature and pressure of the real 

fluid, the errors of these properties are zero for each component. Nevertheless, this model predicts a 

wrong critical volume with a large deviation. A substantial improvement in the representation of 

critical volume is obtained using the crossover procedures, despite the slight increase in the deviation 

of the critical temperature and pressure. The substantial improvement in the representation of critical 

volume is an indication of the non-mean-field character of the crossover procedures.  

The models were also compared in terms of their capacity to predict the phase behavior of heavy 

hydrocarbons. This was done by extrapolating the parameters of the equations using correlations for 

the parameters with respect to the molecular weight of n-alkanes. Then, the predicted values were 

used in the models to calculate the saturated vapor pressures and liquid phase densities, as well as the 

critical point of the C12, C14, C16 and C18. Finally, the results were compared to the experimental 

data obtained from the DIPPR database [41]. 
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Table 11. AAD% for critical properties, Calculated Using the original SRK and CSRK EoS using White’s and 
Kiselev’s procedures. 

Procedure Method ∆��(%) Δ��(%) Δ��(%) 

White 
Method I 0.14 0.83 2.05 

 Method II 0.20 0.28 0.57 

Kiselev 
Method I 0.00 0.12 0.00 

 Method II 0.00 0.08 0.00 
 Method III 0.00 0.04 0.00 

SRK - 0.00 24.8 12.1 

 

As previously mentioned, a logarithmic function can be used to correlate with high precision the 

parameters of the Crossover SRK EoS using the second method of White’s recursive procedure for 

C2 to C10. However, the extrapolation of the parameters to n-dodecane and n-octadecane yields large 

deviations regarding the prediction of the phase equilibrium properties of the two components. 

Therefore, a different approach was utilized, similar to the one described in reference [40]. 

 

Fig. 6. The difference between the classical and virtual parameters for the crossover SRK using White’s recursive 

procedure as a function of the molecular weight of selected n-alkanes. 
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where ����, ���� and ��� are the difference between the critical temperatures, pressures, and 

acentric factors, respectively, from SRK and crossover SRK.  The classical parameters of the crossover 

model were predicted for C12 to C18 using the following equations. 

��� =  �� + Δ���                                                                                                                              (37) 

��� =  �� + Δ���                                                                                                                              (38) 

�� = � + Δ��                                                                                                                                 (39) 

Thereafter, the cutoff lengths were predicted using its correlation with the molecular weight 

� = 1.598 ln �� − 0.7287                                                                                                             (40) 

and  � was considered equal to 1.5. This procedure led to much better results. 

Fig. 7 shows the saturated vapor pressures and liquid phase densities curves predicted by the 

crossover SRK EoS, and the experimental values from the DIPPR database [41]. It is possible to 

observe that the non-mean-field thermodynamic model accurately describes the data, although the 

deviations with respect to the critical point increase with the molecular weight. Table 12 shows that 

the deviations between the model and experiments for the saturated and critical properties. In the first 

case, the overall AAD for ���� is around 3%, while for ���� is below this value. The deviations for 

�� and �� are below 0.5% and 1.5%, respectively. On the other hand, a larger error is observed for ��, 

e.g. 8.74% for C18. Nevertheless, the uncertainty of the experimental data is larger than the calculated 

deviations, e.g. 25% for C18. In summary, the results indicate that the parameters of the model can 

be extrapolated to other substances in the same family, yielding accurate representations. 

The crossover model based on Kiselev’s procedure and with Method III was also applied in the 

prediction of the properties of the heavy hydrocarbons mentioned previously. The parameters were 

initially estimated by regressing the data plotted in Fig. 3, excluding n-nonane, yielding the following 

expressions: 

��� =  5.7752 �� − 4.9614                                                                                                          (41) 

Δ�� = |�� − �| = 0.0002(��)�.����                                                                                          (42) 

�� = 0.0571 ���.����                                                                                                                    (43) 
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Fig. 7. (a) Saturated pressure and (b) Saturated liquid density for selected heavier n-alkanes using the extrapolation 

of the correlations between the crossover parameters and molecular weight. Symbols are experimental data taken from 

the DIPPR database [41]. 

The previous equations were applied to predict the input parameters of the model. Thereafter, it 

was used to represent the saturated and critical properties of C12 to C18. Fig. 7 shows that the 

crossover model precisely matches the critical point of the fluids, although large deviations are 

observed for the saturated properties. The same is seen in Table 12, which shows an overall AAD% 

of 10.2% for ����, and 8% for ����. Similar to the other non-mean-field equation, a power law was 

used to extrapolate the values for the acentric factor, which improved the representations of the 

saturated properties, but still large deviations were found. 

Table 12. AAD% between the calculated and experimental saturated and critical properties of heavier n-alkanes using 

the extrapolation of the correlations between the crossover parameters and molecular weight. 

Comp. 
Kiselev’s procedure  White’s procedure 

∆���� 
(%) 

∆���� 
(%) 

∆�� 
(%) 

∆�� 
(%) 

Δ�� 
(%)  

∆���� 
(%) 

∆���� 
(%) 

∆�� 
(%) 

∆�� 
(%) 

Δ�� 
(%) 

C12 10.49 4.55 0.00 0.00 0.00  2.14 1.36 0.00 3.15 1.13 

C14 6.44 10.20 0.00 0.18 0.00  2.91 1.4 0.02 4.20 0.20 

C16 10.01 8.38 0.00 0.10 0.00  2.39 2.03 0.15 4.80 0.98 

C18 13.97 8.83 0.00 0.16 0.00  4.78 4.08 0.39 8.74 2.57 

Average 10.23 7.99 0.00 0.11 0.00  3.06 2.22 0.14 5.23 1.22 

 
The comparison of the two crossover models for predicting the properties of heavy hydrocarbons 

denotes that the extrapolation of the input parameters from lighter n-alkanes is possible. However, a 

careful analysis of the correlations with the molecular weight is necessary, in order to achieve accurate 
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results. On the other hand, the correlation used with the crossover SRK EoS using the third method of 

Kiselev’s approach did not yield precise descriptions of the experimental saturated data, which 

indicates that further investigations are necessary, especially for the methods with more adjustable 

parameters to extrapolate the parameters for the substances in the same homologous series. 

Finally, a crucial test of the studied procedures to represent the non-analytical behavior of fluids 

close to the critical point is the calculation of the critical exponents. Mean-field methods are known 

to be unable to predict the correct values of the universal critical exponents. This is due to the fact 

that they do not take into account the long-range interactions that arise close to the critical point in 

the range 10�� < |∆�| < 0.02. In this work, we have calculated the � exponent using the following 

expression: 

ln[(�� − ��) ��⁄ ] = � ln[(� − ��) ��⁄ ] + �                                                                                (44) 

The results are shown in Fig. 8. Both procedures give acceptable values for � that are close to the 

universal one, 0.326, while the classical SRK results in a value close to 0.5. It is also seen that 

Kiselev’s procedure has a wider scattering and all above 0.326, revealing that the approach corrects 

the asymptotic scaling in a significant manner but not completely (mean-field value is 0.5 and some 

provided values are 0.4). The results from White’s procedure are on average slightly better and the 

Method I of White's approach reveals that the critical exponent decreases with the increase of the 

chain length of the n-alkane. This produces an excessive flattening of the critical region, which is a 

phenomenon observed for long alkanes in other contributions who have used this approach. 

Therefore, it is concluded that both models account for the asymptotic and singular critical behavior 

of real fluids. 
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Fig. 8. Evaluation of � as one of critical exponent for pure fluids, (left side) using Methods I, II and III based on 

Kiselev’s procedure, (right side) using Methods I and II based on White’s procedure. 

 

5. Conclusion 

In this work, the comparison of two procedures is presented to introduce the long wavelength 

fluctuations close to the critical point into the classical SRK EoS, namely Kiselev’s and White’s 

procedure. Kiselev’s procedure has a closed analytical expression for Helmholtz free energy and 

pressure whereas White’s procedure needs to be solved numerically and requires an additional spline 

function for a representation of the thermodynamic surface of real fluids. Due to these features, 

Kiselev’s procedure is approximately two times faster than White’s. 

The two procedures were applied to the representation of the PVT data along two isotherms, one 

critical and one super-critical, and of saturated and critical properties for n-alkanes (from methane to 

n-decane). The results obtained for the description of PVT data have shown that the two crossover 

procedures are capable of precisely representing the isothermal pressure curves along critical and 

supercritical temperatures, since the deviations from experimental data obtained with these non-

classical equations are much smaller than those from the classical SRK EoS. In the case of the 

saturated properties, including saturated vapor pressures, the presented results showed that two 

procedures could describe the experimental data as well as classical SRK EoS. For critical properties, 

two procedures could correctly represent critical points; nevertheless, Kiselev’s procedure perfectly 

matches these properties particularly using Method III by restricting two crossover parameters, i.e. 

�� and ��, while White’s procedure yields small deviations. Finally, the comparison of the model to 

predict the saturated and critical properties of heavy n-alkanes (from methane to n-decane) indicates 
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that the estimation of the input parameter can be done from the correlations regarding the lighter 

hydrocarbons, as long as a careful analysis of the results is applied. Yet, precise results for the 

saturated properties were only obtained from the crossover model with the recursive procedure, 

indicating that further evaluations for the Kiselev’s procedure are required to develop a function to 

extrapolate the input parameters within the same homologous series. 

 

 Associated Content: Supplementary data 

o Expressions of classical Helmholtz free energy for Kiselev’s procedure 

o Expressions of Crossover Helmholtz free energy for SRK EoS based on the Kiselev’s 
procedure 

o The analytic expression for pressure based on the Kiselev’s procedure 
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Notations: 

List of Symbols 

�  Helmholtz free energy (J) 

�̅  dimensionless Helmholtz free energy 

�  temperature dependent of attraction parameter 

��  system dependent parameter 

b system dependent parameter 

��  universal linear model parameter 

��  rectilinear diameter amplitude 

��  Ginzburg number 

�  a component specific parameter 

��  universal sine model parameter 

�  pressure (bar) 

�  argument of crossover function 

�  gas constant (bar. cm� mol. K⁄ ) 

�  temperature (K) 

∆�  
dimensionless deviation of the temperature from the classical 

critical temperature 

��  rescaled value of temperature 

�  molar volume 

�̅  rescaled value of volume 

��  system dependent coefficient 

Δ�  classical order parameter 

�  crossover function 

��  short wavelength fluctuations 

��  the Helmholtz free energy density for a homogeneous system 

��  
the free energy density incorporating the density fluctuations 

on all wavelength scales 

Greek symbols 

�  universal critical constant 
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�  universal critical constant 

�  universal critical constant 

Δ�  universal critical constant 

�  reduced volume difference 

�̅  rescaled order parameter 

�   reduced temperature difference 

�̅  rescaled reduced temperature difference 

�  acentric factor 

Ω�  the density fluctuations for the short range attraction 

Ω�  the density fluctuations for the long range attraction 

�  an adjustable parameter 

w the range of the attractive potential 

Superscripts 

calc calculated 

exp experimental 

ideal ideal 

isot isothermal 

res residual 

sat saturated 

s short range attraction 

l long range attraction 

Subscripts 

0c classical 

c critical 
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