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Abstract 

The heat capacity difference of liquid alkali metals has been the determined on the basis of a generalized van der Waals equation 

of state over a wide range of temperatures from the boiling point to the critical point. With the increase in temperature, the heat 

capacity difference of liquid alkali metals is found to increase. In the temperature range from the boiling point to 0.8��, the heat 

capacity difference of liquid alkali metals has a parabolic dependence on temperature. In the temperature range from 0.8�C to �C, 
heat capacity difference of liquid alkali metals has a linear dependence on temperature with a large positive slope. As the 

generalized van der Waals equation of the state accurately determines the thermophysical properties of alkali metals in wide 

range of temperature from the boiling point to the critical point, the obtained data on the heat capacity difference of liquid alkali 

metals may be considered to be reliable. 
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1. Introduction 

Alkali metals have high electrical and thermal conductivities, 

small densities and viscosities, low melting temperature and 

work function, wide temperature range of liquid state, large heat 

of evaporation. Hence, they are widely used in nuclear 

energetics, emission electronics, power-intensive chemical 

current sources, medicine, and other fields. The liquid alkali 

metals act as coolants in nuclear power plants. The construction 

of high energy electrochemical cells, thermionic and 

magneto-hydrodynamic converters is possible using these 

metals. They are effectively used in extraction metallurgy. Due 

to the scientific and technological significance of the alkali 

metals, numerous studies on the thermodynamic properties of 

alkali metals have been made [1-29]. 

The heat capacity difference is a characteristic 

thermodynamic property of liquids. The knowledge of heat 

capacity difference is essential in understanding the 

thermodynamic behavior of liquid alkali metals and also in 

several technological applications. In recent years, several 

studies have been made [30-38] on the heat capacity of liquids. 

Although, the thermodynamic properties of liquid alkali 

metals are widely investigated, there are temperature regions 

where accurate information does not exist. The measurement 

of thermophysical properties of liquid alkali metals especially 

at high temperature is very difficult as these metals are 

reactive at high temperature. Prediction of these properties 

using accurate equation of state is an alternative to the 

experimental difficulties associated with their measurement. 

The given work, based on the three- parameter generalized 

van der Waals equation of state, deals with the determination of 

heat capacity difference of liquid alkali metals. The generalized 

van der Waals equation of state differs from the known van der 

Waals equation of state by the modified expression for internal 

pressure. It has been established [39-50] that the generalized 

equation state satisfactorily describes the thermodynamic 

properties of alkali metals over a wide range of temperature 

from the boiling point to the critical point. Therefore, the data 

on the heat capacity difference of alkali metals, obtained in the 

given work, may be considered to be reliable. 

2. Generalized van der Waals 

Equation of State 

To improve the accuracy in determining the thermodynamic 

properties of substances the known two-parameter van der 
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Waals equation of state is modified [39] by introducing the 

third parameters n  in the expression for internal pressure. The 

three-parameter generalized van der Waals equation of state 

for one mole of substance has the form 

n

RT a
P

V b V
= −

−
                 (1) 

Where R  is the gas constant, P is the pressure, V is the 

molar volume, T is the temperature; ,a b and n  are 

substance-specific parameters to be determined through 

experimental data. 

The vapor-liquid critical point conditions are 
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Application of the vapor-liquid critical point conditions to 

the generalized van der Waals equation of state given by Eq. (1) 
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Where,  
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The critical compressibility factor is given by. 
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Then, the generalized van der Waals equation of state given 

by Eq. (1) may be rewritten in the reduced form as 
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Where *
c

P P P=  is the reduced pressure, *
C

V V V=  is the 

reduced volume, *
c

T T T= is the reduced temperature. The 

reduced equation of state given by Eq. (7) expresses the 

single-parameter law of corresponding states with the 

thermodynamic similarity parameter n . That is, the 

substances with the same value of parameter n are 

thermodynamically similar. That is, such substances have 

similar intermolecular force characteristics. 

For alkali metals, the parameters ,a b  and n of the 

generalized van der Waals equation of state have been 

determined [39] through experimental data on critical 

parameters. The parameters ,a b and n of the generalized van 

der Waals equation of state given by Eq. (1) may be 

determined using the parameters of any characteristic point on 

the phase diagram of substances. However, the use of 

vapor-liquid critical-point parameters for determining 

equation-of-state parameters enhances the ability of the 

equation of state in determining the thermodynamic properties 

of alkali metals at high temperatures. The algorithm of such a 

method is as follows: 

Eq. (6) correlates the parameter n to the critical 

compressibility factor. Hence, the parameter n is determined 

through Eq. (6) which is a quadratic equation with respect to 

the parameter n That is, 

2 4 1 0cn nZ− − =                (8) 

Eq. (8) has two solutions for n such as 

22 4 1c cn Z Z= + +               (9) 

22 4 1c cn Z Z= − +              (10) 

As seen, Eq. (9) gives a positive value for n  while Eq. (10) 

gives a negative value for n. Due to physical consideration (i.e. 

the generalization parameter in the internal pressure term of 

the equation of state should have a positive value), only Eq. (9) 

can be used for determining the parameter n while Eq. (10) is 

to be neglected. Thus, Eq. (9) enables one to determine the 

parameter n through the critical compressibility factor of 

substances.  

Eq. (4) may be used for determining the parameter a of the 

van der Waals equation of state. Eq. (4) gives 
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Hence, the parameter a is correlated to the critical-point 
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parameters as 
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Eq. (12) enables one to determine the parameter a of the 

generalized van der Waals equation of state through the 

parameter n and the critical-point parameters of substances. 

Eq. (3) may be used for determining the parameter b. Eq. 

(3) gives  

N

V
b c=                     (13) 

Eq. (13) may be rewritten as 
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n
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Eq. (14) enables one to determine the parameter bof the 

generalized van der Waals equation of state through the 

parameter n and the critical-volume of the substances. 

Thus, with the use of the experimental data on the critical 

temperature, critical volume and critical pressure of alkali 

metals, the values of all the three parameters of the 

generalized van der Waals equation of state can be determined. 

The obtained values of the parameters ba  , and n are 

presented in Table 1. As seen, the values of the 

thermodynamic similarity parameter n for cesium, potassium 

and sodium are the same if confined to the accuracy of the 

experimental data used. 

Table 1. Equation of state parameters [39]. 

METAL a
�

��� �
�	

���

��

 b��� ��
	

���

 n 

Cesium 279.2 6.756 1.511 

Potassium 256.0 4.429 1.515 

Sodium 415.5 2.315 1.440 

3. Heat Capacity Difference by 

Generalized van der Waals 

Equation of State 

The Heat Capacity difference is given by 
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Where, Cp – Isobaric heat capacity and Cv - Isochoric heat 

capacity 

  Differentiate Eq. (1) with respect to temperature T we get, 
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Differentiating the Eq. (17) with respect to molar volume V, 

we get 
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Substituting Eq. (16) and (18) in (15) we get 
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The molar volume V and molar density related by 

ρ
µ=V                (20)

 
Where −µ  molar mass −ρ density.

 Substitute Eq. (20) in Eq. (19) we get. 
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4. Determination of Heat Capacity 

Difference of Liquid Alkali Metals 

As seen from Eq. (23), for the determination of heat 

capacity difference of alkali metals, the knowledge of vapor 

and liquid density at saturation is required. These properties of 

liquid alkali metals have been determined [51] through the 

generalized van der Waals equation of state. Using the data on 

the vapor and liquid density at saturation and the values of the 

parameters [39]. a and n for alkali metals, heat capacity 

difference is determined through Eq.(23). The obtained values 

are presented in Tables 2-4. Moreover, the obtained 

temperature dependence of the heat capacity difference for 

liquid alkali metals has been plotted in Figures 1-3.  

Table 2. Heat capacity difference of liquid cesium. 

T,K p vC C−
J/K.mol 

302 9.1298 

400 9.6541 

600 10.6404 

800 11.8015 

942 12.9876 

1000 13.5467 

1200 16.2078 

1300 18.1637 

1400 20.9550 

1500 24.4721 

Table 3. Heat capacity difference of liquid potassium. 

T,K p vC C−
J/K.mol 

2108 63.8385 

2129 65.9719 

T,K p vC C−
J/K.mol 

2175 89.0136 

2186 98.5605 

2197 111.6655 

Table 4. Heat capacity difference of liquid sodium. 

T,K p vC C−
J/K.mol 

400 9.3131 

500 9.9484 

700 10.3325 

800 10.3124 

900 10.8466 

1000 11.6999 

1100 12.2904 

1200 12.936 

1300 13.684 

1400 14.626 

1500 15.662 

1600 16.957 

1700 18.295 

1800 20.789 

1900 23.833 

2000 27.698 

2100 37.279 

2194 41.417 

2244 47.399 

 

Figure 1. Heat capacity difference of liquid cesium. 

 

Figure 2. Heat capacity difference of liquid potassium. 
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Figure 3. Heat capacity difference of liquid sodium. 

5. Results and Discussion 

The heat capacity difference of liquid alkali metals has been 

determined, on the basis of a generalized van der Waals 

equation of state, over a wide range of temperature from the 

boiling point to the critical point. With the increase in 

temperature, the heat capacity difference of liquid alkali 

metals is found to increase. In the temperature range from the 

boiling point to 0.8��, the heat capacity difference of liquid 

alkali metals has a parabolic dependence on temperature. In 

the temperature range from 0.8�C, to �C, the heat capacity 

difference of liquid alkali metals has a linear dependence on 

temperature with a large positive slope. As the generalized van 

der Waals equation of state accurately determines the 

thermophysical properties of alkali metals in a wide range of 

temperature from the boiling point to critical point, the 

obtained data on the heat capacity difference of liquid alkali 

metals may be considered to be reliable.  

6. Conclusion 

This work has determined the heat capacity difference of 

liquid alkali metals, on the basis of the generalized van der 

Walls equation of state which accurately determines the 

thermophysical properties of alkali metals in a wide range of 

temperature from the boiling point to the critical point. Hence, 

the obtained data on the heat capacity difference of liquid 

alkali metals may be considered to be reliable. Moreover, due 

to the peculiar nature of the critical state of substances, 

reliable experimental data on the heat capacity difference of 

liquid alkali metals in the vicinity of critical point are not 

available. Owing to this fact, the data on the heat capacity 

difference liquid alkali metals obtained in this work may be 

considered to be the recommended data. 

Acknowledgements 

This work did not receive any grant from funding agencies 

in the public, commercial or not-for-profit sectors. 

References 

[1] A. A. Likal'ter, H. Schneidenbach, Physica A, 293, 3-4(2000) 

[2] M. H. Ghatee, M. Bahadori, J. Phys. Chem. B 105, 11256 
(2001). 

[3] W. C, Pilgrim, S. Hosokawa, C. Morkel, Contrib. PlasmaPhys., 
41, 283 (2001). 

[4] H. Eslami, S. Sheikh, A. Boushehri, HighTemp.-High Press, 
33, 237 (2001). 

[5] H. Eslami, S. Sheikh, A. Boushehri, HighTemp.-High Press, 
33, 725 (2001). 

[6] A. A. Likal'ter, H. Hess, Schneidenbach, Phys. Scripta, 66, 89 
(2002). 

[7] F. Hensel, W. C. Pilgrim, Contrib. PlasmaPhys., 43, 306 (2003). 

[8] L. Maftoon-Azad, A. Boushehri, Int. J. Thermophysics, 25, 893 
(2004). 

[9] V. Rogankov, T. Bedrova, VisnykLviv Univ. Ser. Physics, 38, 197 
(2005). 

[10] E. K. Goharshadi, A. R. Boushehri, J. Nucl. Mat., 348, 40 (2006). 

[11] K. Matsuda, M. Inui, K. Tamura, Sci, Techn. Adv. Mat., 7, 483 
(2006). 

[12] F. Mozaffari, H. Eslami, A. Boushehri, Int. J. Thermophys., 28, 
1 (2006). 

[13] O. M. Krasilnikow, FizikaMetalov IMetalovedenie, 103, 306 
(2007). 

[14] O. D. Zhakhrova, A. M. Semenov, Teplofiz. Vys. Temp., 46, 
59 (2008). 

[15] L Maftoon-Azad, H. Eslami, A. Boushehri, Fluid Phase 
Equilbria, 263, 1 (2008). 

[16] G. G. N. Angilella, N. H. March, R. Pucci, Phys. Chem. Liq., 
46, 86 (2008). 

[17] L A. Blagonravov, Teplofiz. Vys Temp., 46, 680 (2009). 

[18] N. Farzi, R. Srfari, F. Kermanpour, J. MolLiq., 137, 159 
(2009). 

[19] D. N. Kagan, G. A. Krechetova, E. E. Shpil'rain, HighTemp.48, 
506-510 (2010). 

[20] V. A. Krashaninin, A. A. Yur'ev, E. A. Yur'ev, Russian 
Metallurgy, 2011, 709-714 (2011). 

[21] N. E. Dubinin, A. A. Yurgev, N. A. Vatolin, J. of Structural 
Chem., 53, 468-475 (2012). 

[22] V. A. Krashaninin, N. E. Dubinin, N. A. Vatolin, Doklady Phys., 
58, 339-342 (2013). 

[23] V. I. Rachkov, M. N. Amol'dov, A. D. Efanov, S. G. Kalyakin, F. 
A. Kozlov, N. I. Loginov, Yu. I. Orlov, A. P. Sorokin, Thermal 
Engineering, 61, 337-347 (2014). 

[24] D. K. Belashchenko, Russian J. of Physicschem. A, 89, 2051 – 
2063 (2015). 

[25] A. V. Mokshin, R. M. Khusnutdinow, A. R. Akhmerova, A. R. 
Musabirova, JETP Letters, 106, 366-370 (2017). 



 American Journal of Chemistry and Materials Science 2019; 6(2): 52-57 57 
 

[26] V. A. Krashaninin, N. E. Dubinin, AcademicianN. A. Vatolin, 
Doklady Phys., 58, 339-342 (2013). 

[27] Zhanjiang, PR. China, J. of MaterialScience & Engineering, 6, 
349 (2017). 

[28] Annette Heinzel, WolfagangHering, JurgenKonys, Luca 
Marocco, KarstenLitfin, Georg Muller, Julio Pacio, 
CarstenSchroer, RobertStieglitz, Leonid Stoppel, 
AlfonsWeisenburger, Thomas Wetzel, Technology, 5, 1026- 
1036 (2017). 

[29] Rajesh C. Malan, Aditya M. Vora, J. of Nano – and Electronic 
Physics, 10, 1-4 (2). 

[30] D. Bolmatov, V. V. Brazhkin, K. Trachenko, Scientific Reports, 
Vol.2, Article No.421, (2012). 

[31] A. Pastore, N. Chamel anJ. Margueron Monthly Notes of the 
Royal Astronomical Society, Vol, 1887-1892 (2015). 

[32] D. Milan Zabransky, Zdenka Kolska, Vlastimil Ruzicka, Jr, 
Eugene S. Domalskl, Journal of Physical and Chemical 
References 

[33] Mohamed Bijedic and Sabina Begic, Journal of 
Thermodynamics, Article ID 2035704, 8 pages, (2016). 

[34] Jacobo Troncoso, The Journal of Chemical Physics 147, 
084501 (2017). 

[35] Annette Heinzel, Wolfgang Hering, Jurgen Konys, Luca 
Marocco, Karstrn Litfin, Georg Muller, Julio Pacio, Carsten 
Schroer, Robert Stieglitz, Leonid Stoppel, Alfons 
Weisenburger, and Thomas Wetzel, Energy Technology, Vol.5, 
1026 (2017). 

[36] S. V. Stankus, I. V. Savchenko, and O. S. Yatsuk, Russian 
Academy of Sciences, Vol.6, No.4, pp 633 635, (2018). 

[37] S. V. Stankus, I. V. Savchenko, and O. S. yatsuk,, Jounal of 
Engineering Thermodynamics, Vol.27, No.1, pp. 30-35.(2018). 

[38] Wanjing Cui, Long LI, yafei Guo, Sisi Zhang, and Tianlong 
Deng, Journal of Chemistry, Article ID 7962739, 4 
pages,(2018). 

[39] M. M. Martynyuk, R. Balasubramanian, Int. J. Thermophys., 
16 (2), 533–543 (1995). 

[40] R. Balasubramanian, High Temp.-HighPress, 34, 335 (2002). 

[41] R. Balasubramanian, Int. J. Thermophys., 24, 201-206 (2003). 

[42] R. Balasubramanian, J. Chem., Eng. Jpn., 37, 1415 (2004). 

[43] R. Balasubramanian, Physica B, 381, 128 (2006). 

[44] R. Balasubramanian, Int. J. Thermophys., 27, 1494-1500 
(2006). 

[45] R. Balasubramanian, J. Nucl. Mat., 366, 272 (2007). 

[46] R. Balasubramanian, Asia-Pacific J. Chem. Eng., 3, 90 (2008). 

[47] R. Balasubramanian, J. of MolecularLiquids, 151, 130-133 
(2010). 

[48] R. Balasubramanian, ThermochimicaActa, 566, 233-237 
(2013). 

[49] R. Balasubramanian, A. Kowsarbanu, R. Ramesh, Open 
Science Journal of Modern Physics. Vol. 5, No. 2, 24(2018). 

[50] R. Balasubramanian, A. Ramesh, A. Kowsarbanua American 
Journal of Chemistry and Materials Science., Vol. 5, No. 6, 91 
(2018). 

[51] R. Balasubramanian, Ph. D Thesis Russisan Peoples 
Friendship University, Moscow, Russia (1993). 

 


