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Abstract 

The development of a virial equation of state requires understanding 

numerous interaction virial coefficients. Given the relationship 

between these coefficients and the intermolecular potential, the 

corresponding states principle (CSP) can also be applied to extend 

its use to virial coefficients. In this study, the second virial 

coefficient has been developed using molar refraction. Molar 

refraction (R) is directly related to a substance's polarizability, 

which influences how molecules interact with each other. The more 

polarizable a molecule is, the stronger the attractive forces between 

them, which affects the second virial coefficient. This correlation 

has been theoretically sound since it is based on the molar refraction 

of compounds instead of depending on anacentric factor. 

Furthermore, this new correlation is characterized by minimum data 

requirement for calculation; only temperature. This correlation is 

agreed upon in the literature for several non-polar compounds.The 

new correlation provided satisfactory results for light non-polar 

compounds at low temperatures across all comparisons. For heavy 

non-polar compounds, its performance surpassed that of previous 

correlations based on the acentric factor. Additionally, both the new 

and previous correlations produced good results at high 

temperatures. 

Keywords: Second virial coefficients; Thermodynamic; Refractive 

index; Non-polar.. 
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 الملخص
دام معادلة "فيريال" يتطلب فهم العديد من معاملات "فيريال" تطوير معادلة الحالة باستخ

التفاعلية. وبالنظر إلى العلاقة بين هذه المعاملات وجهد التفاعل بين الجزيئات، يمكن 
( لتوسيع استخدامه ليشمل معاملات "فيريال". CSPأيضًا تطبيق مبدأ الحالات المقابلة )

ط ي "فيريال" باستخدام الانكسار الجزيئي. يرتبفي هذه الدراسة، تم تطوير المعامل الثان
( بشكل مباشر باستقطابية المادة، التي تؤثر على كيفية تفاعل Rالانكسار الجزيئي )

الجزيئات مع بعضها البعض. كلما زادت استقطابية الجزيء، زادت قوة قوى الجذب بين 
ليمة لأنها العلاقة نظرية سالجزيئات، مما يؤثر على المعامل الثاني "فيريال". وتعتبر هذه 

للمركبات بدلًا من الاعتماد على (molar refraction) تعتمد على الانكسار الجزيئي 
. علاوة على ذلك، يتميز هذا الارتباط الجديد (acentric factor) عامل لامركزي 

 للحساب، حيث يعتمد فقط على درجة الحرارة. وقد تم الاتفاق على قليلةبمتطلبات بيانات 
هذا الارتباط في المراجع العلمية لعدة مركبات غير قطبية. وقد قدم الارتباط الجديد نتائج 
مرضية للمركبات غير القطبية الخفيفة عند درجات حرارة منخفضة في جميع المقارنات. 
أما بالنسبة للمركبات غير القطبية الثقيلة، فقد تفوق أداؤه على الارتباطات السابقة التي 

ى العامل اللامركزي. بالإضافة إلى ذلك، قدمت كل من الارتباطات الجديدة تعتمد عل
 والسابقة نتائج جيدة عند درجات الحرارة العالية.

معامل فيريال الثاني، الديناميكا الحرارية، معامل الانكسار، مركبات  الكلمات المفتاحية:
 غير القطبية.

 

Introduction 

Accurate thermodynamic and transport property data are essential 

when assessing the viability of various compounds in binary and 
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multicomponent mixtures for industrial applications as working 

fluids. In particular, it is crucial to consider vapor phase non-

ideality, especially under moderate pressures, when analyzing and 

correlating vapor-liquid equilibrium. To account for this non-

ideality, a virial coefficient parameter is incorporated into the 

correlation. These virial coefficients play a critical role in 

determining several key properties, including gas density, liquid-

vapor equilibrium fugacity, thermal conductivity, and viscosity. 

These properties are essential for calculating heat and mass flow in 

various industrial processes (Smith et al., 2022). 

Accurate equilibrium thermodynamic and transport 

properties data are required for binary and multicomponent mixtures 

of compounds to determine the systems which would be most 

suitable as working fluids in industry units. Vapor phase nonideality 

should properly be taken into account in the analysis and correlation 

of vapor-liquid equilibrium, especially at moderate pressure (Green 

and Southard, 2019). To represent this non-ideality virial coefficient 

parameter is introduced to this correlation.The second virial 

coefficient accounts for non-ideal gas behavior, which is influenced 

by factors like molecular size and intermolecular forces. 

The acentric factor   used in the two discussed methods 

(Pitzer et al, 1957 and Tsonopoulos, 1974) shows in Equation (1). 

00.110log

7.0





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




RTc

o

P

P
                                                           (1) 

This parameter   obtained analytically and has no 

theoretical meaning. The second virial coefficient is directly 

related to pair of interactions between molecules, which can be 

expected to give a good macroscopic description of the 

configuration properties of fluids. 

Many works have been published for predicting the second 

virial coefficient based on a centric factor (Vega et al. 1999, Visak 

et al. 2000, Tourino et al. 2005, Iuloan et al. 2006, Rathore et al. 

2006, Vadamalar et al. 2009, Ezhil Pavai et al. 2011, Dikio et al. 

2012, Dopazo et al 2014, andDuan et al. 2021), but this work have 
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not been studied so far with the molar refraction.The precision in 

measuring refractive indices allowed for accurate calculation of 

virial coefficients, contributing to the understanding of molecular 

interactions in gases. The authors discussed experimental 

limitations, such as the challenges posed by adsorption and the 

precision of fringe measurements (Ashton and Halberstadt 1958). 

Since polarizability affects how molecules attract or repel 

each other, using molar refraction gives a way to account for these 

intermolecular interactions more precisely when estimating the 

second virial coefficient. The second virial coefficient accounts for 

non-ideal gas behavior, which is influenced by factors like 

molecular size and intermolecular forces. Molar refraction, 

reflecting a molecule's ability to polarize and thus interact with 

others, offers a more detailed insight into these forces. Incorporating 

molar refraction into the estimation process helps refine the model, 

especially for gases or liquids where polarizability is significant. 

 

The Virial Equation of State 

The virial equation is a power series in the reciprocal molar 

volume, /1 temperature (Privat et la., 2009). 

𝑍(𝑇, 𝜐) = 1 +
𝑃𝜐

𝑅𝑇
= 1 +

𝐵(𝑇)

𝜐
+

𝐶(𝑇)

𝜐2
+⋯                           (2) 

 

Equation (2) provides accurate predictions for Z up to 

approximately half of the critical densities. In theory, the right side 

of Equation (2) is an infinite series. However, in practical 

applications, only a finite number of terms are considered.  

Interestingly, when examining PVT data at low pressures, it 

becomes evident that truncating the series after just two terms 

frequently yields satisfactory outcomes. In the context of most 

chemical processes, where pressures typically do not exceed 15 atm, 

the second virial coefficient alone is often sufficient to account for 

vapor phase non-ideal behavior. As a result, the equation of state 

used is as follows (Smith et al., 2022): 

Equation (2) predicts Z accurately up to one half the critical 

densities. In principle, the right side of Equation (2) is an infinite 

series. However, in practice a finite number of terms are used. In 
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fact, PVT data show that at low pressures truncation after two terms 

often provides satisfactory results. For most chemicals, applications, 

the pressure is under 15 atm, and hence the second virial coefficient 

alone can account for vapor phase nonidealities. Thus, the equation 

of state that will be used is 



B
Z 1                                                                                       (3) 

The major event in the prediction of the second virial coefficient 

for pure compounds is represented by the Pitzer work [1]. Pitzer 

was able to show that an universal function of the type 

),( RTfB  enables the prediction of the second virial 

coefficients of all nonpolar or slightly polar compounds. 

)()( )1()(
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o

P

C

C TfTf
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                                                          (4) 
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Tsonopoulos [2] improved Pitzer-Curl for larger temperature range 

for zero acentric factor of nonpolar component to overcome 

temperature range higher than TR> 0.8. 

832

)( 000607.00121.01385.0330.0
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           (7) 

832

)1( 008.0423.0331.0
0637.0)(

RRR

RP
TTT

Tf
C

                                   (8) 

New Correlation 
The previous method for predicting the second virial coefficient was 

designed for nonpolar gases and demanded an extensive dataset of 

PVT (pressure-volume-temperature) information. It also had 

limitations in terms of its applicability to a wide temperature range 

and numerous chemical components. To address these 

shortcomings, a new approach is necessary. 
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It has become apparent that a desirable alternative should possess 

specific characteristics and merits as a second parameter. This novel 

parameter should be linked to electrostatic properties and molecular 

structure, considering polarity aspects. Moreover, it should be easily 

accessible or measurable, relying only on temperature and without 

the need for extensive PVT data. Furthermore, it should be 

theoretically sound and not directly associated with critical 

properties, especially critical volume. To address these criteria, 

attention has been directed towards molecular refraction, which is a 

function of molecular weight. 

The estimated new second virial coefficient is contingent on the 

interaction parameter between molecules rather than the acentric 

factor. Theoretically, this new correlation is grounded in molecular 

reactivity. For non-polar gases, the representation of the second 

virial coefficient is as follows: 

The previous correlation for second virial coefficient prediction is 

build up for nonpolar gases and requires a large PVT data. Also, it 

covers small temperature ranges for large number of components. 

To overcome these disadvantages; new correlation is required.It was 

seemed that a property with the following requirements is desirable 

and should be explored further, as a new second parameter. The new 

parameter should be related to the electrostatic properties and to the 

molecular structure taking into account polarity characteristics. 

The developed parameter should be readily available or easily 

measurable with minimum amount of data; only temperature, and 

do not require PVT data. Farther more this parameter has theoretical 

sound and not directly related to critical properties especially critical 

volume. To overcome all these estimation studies was focused about 

molecular refraction which is function of molecular weight. 

The estimated new second virial coefficient depends on interaction 

parameter between molecules instead of acentric factor. 

Theoretically the new correlation is based on molecular reactivity. 

For non-polar gases, the second virial coefficient will be represented 

as: 

𝐵 = 𝑓(𝑇𝑟 , 𝑅𝑚)                                                                               (9) 
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Where mR the molar refraction is having the dimensions of 

volume𝑇𝑟 is reduced temperature. This parameter has theoretical 

sound; it is related to electrostatic properties and to molecular 

structure. Physically the molar refraction is defined by: 

MRR Sm .                                  (10) 

Where M is molecular weight and SR is the specific refraction of 

pure component SR is given by the formula 



1
.

2

1
2

2






n

n
RS                                                                            (11) 

Where n is the refractive index, and  , the density 

Equation (4) can be writing as function of reduced temperature: 

)()( )1()(

RPCmR

o

PC

C

C TfRTf
RT

BP
                                                       (12) 

Several attempts were made numerically using different technique 

to establish )0(

PCf , )1(

PCf as function reduced temperature. Finally, the 

best representation to literatures is found to be 

32

)0( 066414.0361147.008085.0
046038.0)(
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RPC
TTT

Tf             (13) 

 

832

)1( 0001087.00331499.0085391.0078856.0
025906.0)(

RRRR

RPC
TTTT

Tf        (14) 

 

The new correlation can be applied to different pure non-polar 

gases. It was found in great agreement with experimental data in 

literature by Dymond and Smith, (1980) and the new correlation 

satisfies all the qualities of good parameters as: 

1. It has theoretical meaning since it considers the molecule 

selectivity and structure. 

2. No PVT data is required to obtain the parameters. 



 

 Volume 35 العدد

  Part 1 المجلد
  0202October اكتوبر

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

 م 0202/ 12/  0 وتم نشرها على الموقع بتاريخ: م2024/ 9/  5تم استلام الورقة  بتاريخ:

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية الدولية ل مجلةلل

 

Copyright © ISTJ   8 

 

3. It can be obtained from minimum data; it is a function of 

temperature only. 

 

Non-polar compounds are characterized by zero dipolement )(

which expresses the effect of electrostatic forces between 

molecules. To examine this new correlation; the second virial 

coefficient of several hydrocarbons (methane, propane, n-hexane, 

sulpher hexafluoride, n-octane, and n-heptane) also some gases 

(oxygen, nitrogen, and argon) were estimated and compared with 

experimental data and with previous correlations each compound 

for large temperature range. The final results of these computations 

and experimental data are tabulated inTable (1). It can be shown that 

the difference between the new correlation and Pitzer 

&Tsonopoulous is very small. 

 
TABLE1. Comparison between new correlation, Pitzer and 

Tsonopoulous correlations. 
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𝑅𝐸% =
𝐵𝑅𝐸𝑥𝑝. − 𝐵𝑅𝑇ℎ𝑒𝑜.

𝐵𝑅𝐸𝑥𝑝.
× 100 

 

The difference between the new correlation and Pitzer & 

Tsonopoulous for methane and propane is shown in Figures (1,2).  

 

 
Figure1. Second virial coefficient of methane versus temperature 

 

 

 
Figure 2. Second virial coefficient of propane versus temperature 
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The figures demonstrate that the correlations show good agreement 

for light hydrocarbons. However, at lower temperatures, the virial 

coefficient slightly deviates from the experimental data reported by 

Dymond et al. (2002) when compared to the new correlation. At 

higher temperatures, though, there is a strong agreement between 

the correlations, particularly for higher hydrocarbons, as illustrated 

in Figures (3-6). 

 

 

 

 
Figure 3. Second virial coefficient of n-hexane versus temperature 

 
Figure 4. Second virial coefficient of sulfur hexafluoride versus 

temperature 
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Figure (5) Second virial coefficient of n-octane versus temperature 

 

 
Figure 6. Second virial coefficient of n-heptane versus temperature 
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data, the new correlation is superior to experimental data. The good 

agreement for both previous correlations is that because Pitzer 

correlation is based on non-polar compounds. 

Conclusion 

By incorporating molar refraction, which accounts for polarizability 

and intermolecular forces, the estimation of the second virial 

coefficient becomes more accurate. This allows for a better 

understanding of real gas behavior, especially when interactions 

between molecules deviate from ideal gas assumptions. The results 

shown herein indicate that the use of molar refraction instead of 

acentric factor in second virial coefficient calculation shows more 

precise results than the other available methods. The new correlation 

can be used in predicting various components with a wide range of 

temperatures, and no need for PVT data calculations. The new 

correlation provided satisfactory results for light non-polar 

compounds at low temperatures across all comparisons. For heavy 

non-polar compounds, its performance surpassed that of previous 

correlations based on the centric factor. Additionally, both the new 

and previous correlations produced good results at high 

temperatures. 

 

Nomenclature 

B 

C 

N 

M 

P 

PC 

Po 

T 

TC 

TR 

R 

RS 

Rm 

V 

= Second virial coefficient 

= Third virial coefficient 

= Refractive index 

= Molecular weight 

= Pressure 

= Critical pressure 

= Vapor pressure of pure component 

= Temperature 

= Critical temperature 

= Reduce temperature 

= Gas constant 

= Specific refraction 

= Molar refraction 

= Molar volume 
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Z 

ω 

ρ 

µ 

 

= Compressibility factor 

= Centric factor 

= Density 

= Dipole moment 
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