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The aim of this work is to study the effect of gaseous imperfections of real gases on both calorimetric and thermo-elastic 
coefficients of gases. When we find that most of studies avoid going into this subject for the difficulty and complexity of its 
theory, especially on real gases, the latter is distinguished from the previous perfect gases due to the intermolecular 
interactions and presented by Berthelot state equation, which is more accurate than other equations of state. Here, A high-
accuracy framework for predicting the calorimetric and thermoelastic properties of gases is introduced, after the 
development of new relationships based on the theory of real gases, a new general concept valid in any circumstance or 
condition, particularly at high pressure- temperature. Therefore, the effects of real gases leads to deviate from the behavior 
of perfect gases and, therefore, the coefficients based on this theory are different from those of perfect gases. Finally, an 
error given by the PG compared to the RG models for each coefficient is presented. The comparison is made for the purpose 
of determining an application limit of the PG model. The obtained results are very satisfactory and encouraging to deepen 
the advanced thermodynamics at high pressure. 
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1 Introduction 
Throughout history, scientists have played a role in 

expanding our knowledge of gases. How they behave. 
To illustrate during the 17th century Robert Boyle 
conducted experiments that shed light on the 
connection, between pressure and volume in gases 
setting the groundwork for what would later become 
known as the perfect gas law. Moving into the 19th 
century scientists formulated the theory of gases 
offering a microscopic perspective and understanding 
of the behavior of gases1. Calorimetric coefficients are 
used to quantify heat changes that occur during 
reactions or physical processes2. These coefficients 
provide information about the features of a system, 
such as heat capacity, enthalpy, and entropy3,4. Gas 
coefficients are vital for understanding the properties 
of these substances as well as optimizing industrial 
processes that use gases.The concept of coefficients 
goes back to the 18th century, when Antoine Lavoisier 
and Pierre Simon Laplace advocated employing 
calorimeters to monitor heat transfer during chemical 

reactions5. Julius Robert von Mayer established the 
concept of heat equivalents at the turn of the century, 
which led to advances in practical calorimeters6. As 
the century progressed, calorimetry became a 
technique in thermodynamics, physical chemistry, and 
materials science. The introduction of techniques such 
as scanning calorimetry and isothermal titration 
calorimetry made measuring calorimetric coefficients 
more exact and accurate7. Calorimetry still holds a 
position, in our comprehension of how energy's 
transferred and chemical reactions occur. We utilize 
coefficients to ascertain the heat capacities of gases 
and substances examine the thermodynamics of 
systems and create novel fluids or materials that 
possess enhanced thermal characteristics. 
Additionally, these coefficients enable us to 
investigate the behaviors of gases under temperatures 
and pressures which have implications, for various 
industrial and scientific applications8. Thermoelastic 
coefficients are measures that describe how 
temperature, pressure, stress, and strain affect the 
volume or density of fluids and materials9. 
Understanding how gases react in different contexts 
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requires a solid grasp of these coefficients. This 
knowledge is applied in engineering and technology 
domains such as pressure vessel design, shock wave 
analysis, and gas dynamics in pipelines and storage 
tanks10. Thermoelastic coefficients have an important 
role in the development and design of high pressure 
and high temperature systems used in energy 
production and material processing11. It is critical to 
understand how gases react thermoelastically while 
building these systems. This understanding helps 
predict changes in volume and pressure, as well as 
optimize system efficiency to ensure safe processes 
involving these gases12. Many scientific studies, in 
this field often rely on the theory of perfect gas for its 
simplicity13 including equations and their solutions. 
However, an issue arises when considering the 
calorimetric and thermo elastic coefficients of gases 
as they are influenced by some gas effects such as 
intermolecular interactions, imperfections behavior 
and compressibility effects14. Real gas effects cause 
deviations, from perfect gas behavior resulting in 
calorimetric coefficients compared to those of perfect 
gases15. Dealing with this matter can be a bit complex 
usually requiring methods to solve the equations that 
describe gas behavior under various thermodynamic 
conditions. The coefficients obtained through these 
methods can then be used to predict how gases behave 
in different scenarios16. With advancements, in the 
field of thermodynamics, in real gas thermodynamics 
researchers are continuously exploring the behavior of 
gases and developing new theories and models to gain 
a better understanding and predict their behavior 
under different conditions and for various 
applications. The field has seen some satisfactory and  
encouraging research papers on topics such as heat 
capacities17,18, enthalpy19, entropy20, internal energy 
and work21, free enthalpy and free energy22 and 
various energetic issues related to gases23-25. These 
research efforts need completion, which primarily 
involves determining the calorimetric and thermo 
elastic coefficients, for advancing knowledge in 
thermodynamics.It is undeniable that we find some 
scattered works that deal with such field, but they are 
mostly not general, as some deal with specific 
phenomenon, as authers in reference26-28, a specific 
gas29,30, a specific coefficient31-35, or use approximate 
methods36-37, which makes the work lose its scientific 
value.While the thermo-elastic coefficients of gases 
have been neglected and the researcher’s contribution 
is very small, as most of the references focus on solids 

or liquids38-42. To correct this imbalance, working on 
the computation of all calorimetric and thermo-elastic 
coefficients for real gas has become inevitable to 
move forward towards to advanced thermodynamics 
Computational thermodynamics, a field that combines 
engineering, physics and computer science employs 
computer simulations and numerical methods to 
analyze and make predictions, about the behavior of 
systems43,44. In this paper we take a approach using 
the Berthelot state equation. This empirical equation 
is known for its accuracy in describing the properties 
of gases compared to equations like the van der Waals 
equation or the Redlich Kwong equation45. One 
important advantage of the Berthelot state equation is 
that it explicitly considers forces, between gas 
molecules, which greatly influences the properties of 
gases46,47. This research paper has significant 
implications for a variety of sectors, including 
engineering, medicine, and the environment. The 
accompanying document provides background 
information on about 17 calorimetric and 
thermoelastic coefficients, as well as a brief 
discussion of the model and computing process 
employed. Results are provided for all coefficients at 
various pressures and temperatures. Using the 
Berthelot state equation, the developed relationships 
are fitted in the relevant temperature and pressure 
ranges of 150 K to 1000 K and 0.1 bar to 500 bar, 
respectively, to ensure adequate accuracy of the 
relationships for all regarded thermophysical 
properties. 

2 Theoretical Review and Methodology 
In a reversible transformation, the heat Q absorbed 

by a pure substance or a mixture of constant 
composition can be expressed using six calorimetric 
coefficients according to the variables followed 
during the transformation48-49: 
 

vδQ = C dT +l dV … (1)  

pδQ C dT +h dP  … (2)  

δQ λ dP+ µ dV   … (3)  

At constant pressure, relationships (2), and (3) 
become: 

pδQ C dT … (4)

δQ µ dV … (5)

Putting equality between Eqs (1) and (4), we find 
the isothermal coefficient of expansion l which 
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represents the heat absorbed by during a variation of 
volume at constant temperature: 

( ) ( )p v p

dT
l C C

dV
 

… (6) 
For the unnamed coefficient assigned to put Eq. (2) 

equal to Eq. (3), we find μ which represents the heat 
absorbed by the body during a change in volume at 
constant pressure: 

 

p p

dT
µ=C ( )

dV
… (7) 

At constant volume, then equations (1) and (3) can 
be written as follows: 

vδQ = C dT … (8)

δQ λ dP … (9) 

The isothermal compression coefficient h 
represents the heat absorbed during a pressure 
variation at constant temperature, and can be obtained 
by equality of Eq. (8) and (2) we find: 

( ).( )p v V

dT
h C C

dP
   … (10) 

The coefficient of linear expansion λ represents the 
heat absorbed by the body during a pressure variation 
at constant volume; λ is obtained by equality between 
Eq. (2) and Eq. (3) we find: 

.( )v V

dT
λ C

dP


  … (11) 

On the other hand, the Clapeyron formulas44 

present these coefficients in a different way: 

V

dP
l = T( )

dT
… (12)

p

dV
h = -T( )

dT
… (13) 

To formulate the relationships between the 
calorimetric and thermo-elastic coefficients, as well as 
to investigate the influence of pressure on a real gas 
(in this case, air), the Berthelot equation is used, 
which incorporates the effects of molecular size and 
intermolecular force. The Berthelot equation is 
written by20: 

 

( )( )
2

a
P + V - b R T

T V
 ... (14) 

  .
,

. 2

R T a
P T V

V - b T V
  … (15) 

where:  and 
with Pc, Vc and Tc being the critical pressure, 

volume and temperature, respectively. Table 1 
contains the critical parameters and properties of air. 

The heat capacity at constant pressure Cp 
represents the heat absorbed during a variation in 
temperature at constant pressure; for a real gas this 
parameter is given by17,24: 
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The heat capacity at constant volume CV represents 
the heat absorbed during a temperature variation at 
constant volume; for real gases CV is given by23: 
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The Laplace coefficient γ (ratio of specific heats) 
for the real gas is given by18,21: 
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A new constant has been developed called CT. 
Physically, CT represents the heat absorbed during a 
volume variation at constant temperature19: 
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Table 1 — Critical Parameters and Properties of Air25 

Critical temperature Tc [K] 132.5 
Critical pressure Pc [pas] * 106 37.7
Critical volume Vc [m3] * 10-3 3.22
Gas constant R [J/Kg. K] 287 
Specific heats ratio γ 1.402
Constant of molecular vibrational energy θ [K] 3056 
Specific heat capacity CP [KJ/Kg. K] 1.004 
Molar weight [g/mol] 28.97 
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The isobaric expansion coefficient or cubic 
expansion coefficient α, represents the relative change 
in volume due to a change in temperature at constant 
pressure, is given by50: 

 

1
( ) p

V

V T
 




… (20) 

The isochoric compression coefficient or relative 
pressure coefficient β which is represents the relative 
pressure variation due to a temperature variation at 
constant volume; is given by49: 

1
( )V

P

P T


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
… (21) 

By replacing this Eq. (20) in equation (13) and (21) 
in Eq. (12), we find: 

l = T.P. … (22) 

. .h = -T V  … (23) 

Differentiate Eq. (15) at constant pressure: 

T V
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Substituting the partial derivatives in Eq. (24) 
we get: 
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The isobaric expansion coefficient α, given by 
Eq. (20) became: 

2 2

3 3 2
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The isochoric compression coefficient β given by 
Eq. (21) became: 

2. . .( )

. . . .( )

2

3 2

R T V a V - b

R T V a T V - b


 

 … (28) 

The isothermal compressibility coefficient which 
represents the relative change in volume due to a 
change in pressure at constant temperature, in this 
studyis given by51: 

( )T T

1 V
x =

V P





… (29) 

 

From46, we have also: 
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
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Substitute the Eq. (15), (27) and (28) in the 
Eq. (30) we obtain: 

2 2

2 2
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The isothermal expansion coefficient l has been 
developed from Eq. (12) using Eq. (25), this latter 
became: 

2

.

.

RT a
l =

V -b T V
   

… (32) 

Similarly, Eq. (13) and (26) gives the isothermal 
compression coefficient h: 

2

. . . . ).

2. . . .

2 3

2 3

aV (V - b) T V (V - b R
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a (V - b) R T V




… (33)

In thermodynamics, the relationship between the 
assigned unnamed coefficient μ, Cp and h is given 
by39: 

.pC T
µ

h
  … (34) 

The linear expansion coefficient λ can be deduced 
by the following equation40: 

.vC T
λ

l
 … (35) 

The isentropic compressibility coefficient is given 
by52, it represents the relative variation of volume due 
to a variation of pressure at constant entropy: 

1
( )s Q

V
x

V P


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
… (36) 

The relationship between the isentropic 
compressibility XS, coefficient λ, and μ is given by52: 

.s

λ
X

µV
 … (37) 

The Thomson joule coefficient or Joule's second 
law is given by53: 

1
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So, the Thomson joule coefficient becomes: 
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The Isostatic modulus of elasticity or compression 
modulus K is the inverse of the isothermal coefficient 
of compressibility12: 

( )T

P
K = V

V





… (40) 

or: 

1

T

K =
x

… (41) 

The compressibility factor of a fluid, noted Z, is 
defined by36: 

PV
Z

RT
 … (42) 

The Joule-Gay-Lussac coefficient or Joule's first 
law has quantifies the change in temperature of a 
body as a function of its volume and given by15: 

( )JGL U

T
µ =

V




… (43) 

The Grüneisen parameter is a dimensionless 
intensive quantity and given by54: 

( )V

P
= V

U
 


… (44) 

The relation between the coefficients and the 
thermodynamic potentials gives us easy ways to 
deduce some of the coefficients9: 

The Coefficient of Joule-Gay-Lussac:  

( . .
JGL

v

T -1) P
µ = -

C


… (45) 

The Coefficient of Joule-Thomson: 

( . 1).
GT

p

T V
µ

C

 
 …(46)  

The Grüneisen Parameter:  

. .

. .v s p

K V
=
ρ C X C

   … (47) 

In order to evaluate the coefficients derived from 
real gas theory RG, we will compare our model to 
other models. To do this, we offer the perfect gas 
model (PG), which depicts a thermal and caloric gas. 
This model is based on the perfect gas state equation, 
using specific heats CP, Cv, and their ratio γ as 
constants5. The calorimetric and thermo-elastic 
coefficients for the perfect gas model are shown in 
Table 2, below. 

The majority of this work focuses on theoretical 
research, and we do a numerical calculation using the 
proposed calorimetric and thermo-elastic coefficients 
derived from real gas theory. We begin by applying 
the dichotomy approach17 to identify the roots of the 
non-linear Berthelot state equation, which allows us 
to calculate the volume V at a given temperature T 
and pressure P. Unlike enthalpy18, entropy19, and 
internal energy20, the equations for the derived 
coefficients are explicit and do not necessitate 
integration, derivation, or a complicated technique. 
We used FORTRAN power station for our calculation 
program since it is efficient and has high-speed 
computation capabilities22. 

3 Results and Discussion 
In this section we will examine how the 

calorimetric and thermo elastic coefficients of a 
model representing real gases evolve. We will 
compare these evolutions with the results obtained 
from a model representing parfect gases. We aim to 
understand how temperature and pressure changes 
affect these coefficients and determine, under which 
conditions perfect gas behavior can be assumed. To 
present our findings we have developed a program 
that utilizes equations derived from the relationships 
between these coefficients in both models. This 
program allows us to visualize the changes in these 
coefficients and provide an explanation for any 
differences or contradictions, between the real gas 
model and the perfect gas model. By doing we can 
gain an understanding of how gases behave in reality. 

( . 1).
GT

p

T V
µ

C

 


Table 2 — Calorimetric and Thermo-elastic Coefficients 
for the Perfect Gas Model 45, 48 

Heat capacity at constant volume CV ( J/Kg K ) γ/γ-1 
Heat capacity at constant pressure CP( J/Kg K ) γ R/γ-1 
Laplace coefficient (ratio of specific heats) γ( // ) CP/CV 
Unnamed coefficient assigned CT ( J/Kg K ) 0 
Isothermal coefficient of expansion l ( Pa ) P 
Isothermal compression coefficient h ( m3 ) -V
unnamed coefficient assigned μ( Pa )  CPT/V 
linear expansion coefficient λ ( m3 ) CP T/P 
Isobaric expansion coefficient α ( K-1 ) 1/T 
Isochoric compression coefficient β ( K-1 ) 1/T 
Isothermal coefficient of compressibility χT( Pa-1 ) 1/P 
Isentropic compressibility coefficient ΧS ( Pa-1 ) 1/γP 
Isostatic modulus of elasticity K ( Pa ) P 
Compressibility factor Z ( // ) 1 
Joule-Gay-Lussac coefficient μJGL( K / m3 ) 0 
Grüneisenparameter Г( // ) γ-1 
Joule–Thomson coefficient μJT( K/Pa ) 0 
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Figure 1 shows the variation of isobaric expansion 
coefficient α, with temperature at different pressure 
levels. We see that as the temperature T raises the 
isobaric expansion coefficient α decreases. At 
temperatures the results from the gas model differ 
from those of the ideal gas model but converge as the 
temperature increases. Moreover, increasing pressure 
leads to a value of α. For temperatures there is a 
deviation from the perfect gas model especially at 
high pressures (P = 500 bar) where differences can be 
up, to 1000 times. This variation highlights how 
pressure, temperature and gas imperfections impact α. 

Figure 2 shows the variation of the isochoric 
compression coefficient, β, with temperature at 
different pressure levels comparing the Perfect Gas 
(PG) and Real Gas (RG) models. At temperatures 
both the RG and PG models follow a trend. However, 
as temperatures decrease a difference becomes 
apparent between the two models. The β value of the 
gas can potentially be that of the perfect gas at  lower  
temperatures (e.g., at 500 bar). Beyond 700 K they 

come together. Demonstrate behavior, highlighting 
how pressure, temperature and gas imperfections 
impact β. 

Figure 3 shows the isothermal compressibility 
coefficient, χT variation with temperature for different 
pressure levels. The graph indicates that the perfect gas 
curve remains a line suggesting that it only varies with 
pressure (χT = 1/P) and not temperature. In contrast the 
χT coefficient of real gases adjusts with both temperature 
(T) and pressure (P). As pressure increases the χT

coefficient decreases, leading to a convergence of results
between the two models. At temperatures both models
follow a pattern; however, at lower temperatures there is
a noticeable disparity between them. The χT coefficient
of the real gas decreases until it aligns with that of the
perfect gas model. For instance at T=300 K, the
isothermal compressibility coefficient χT equals 5 10-8

and 10-6 pa-1 , for the perfect gas and real gas models
respectively. This underlines how pressure temperature
variations and gas imperfections impactχT.

Figure 4 depicts how the isothermal expansion 
coefficient, denoted as "l " changes, with temperature 

 

Fig. 1 — The isobaric expansion coefficient α variation versus
temperature 

 

Fig. 2 — The isochoric compression coefficient β variation versus 
temperature 

 

Fig. 3 — The isothermal compressibility coefficient χT variation 
versus temperature 

 

Fig. 4 — The isothermal expansion coefficient l variation versus 
temperature 
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at different pressure levels. The graph shows that the 
curve for a gas remains a line indicating that it stays 
constant with temperature but changes only with 
pressure (l = P). In contrast the l coefficient for real 
gases fluctuates with both temperature (T) and 
pressure (P). As pressure increases the l coefficient 
also rises, leading to a difference between the two 
models at lower temperatures. Eventually the l 
coefficient for gases decreases until it matches that of 
gases. At temperatures both models exhibit trends. 
For example at a pressure of 500 bar the isothermal 
expansion coefficient is 500 Pa for perfect gas and 
660 105 Pa at 300 K and 545 105 Pa at 500 K for the 
real gas model. This discrepancy can be attributed to 
adjustments in pressure within the real gas equation of 
state highlighting how pressure temperature variations 
and imperfections, in gases influence the isothermal 
expansion coefficient "l." 

Figure 5 depicts the variation of the isothermal 
compression coefficient h, with temperature for 
different pressure levels. One can see that higher 
pressure corresponds to a h value while increased 
temperature leads to a decrease in h. Moreover, it's 
noticeable that the perfect gas model yields trends 
(h = -V). Both models show patterns at temperature 
and pressure points up to P=10 bar. However, beyond 
this threshold distinctions, between the two models 
emerge. This difference diminishes as temperature 
and pressure rises.  

Figure 6 shows the variation of the coefficient μ, 
with temperature across different pressure levels. It's 
clear that both higher pressure and temperature lead to 
an increase in the μ coefficient. The obtained results 
from the perfect gas model follows a line (μ = CP 
T/V). As temperature rises the two models start to 

diverge. Eventually come together. For instance at 
P=100 bar, μPG = 350 105 Pa and μRG = 185 105 Pa at 
T=500 K while they are 335 105 Pa, at T=800 K. We 
also notice that the degree of divergence decreases 
with increasing pressure. These results demonstrate 
how pressure, temperature and gas imperfections 
impact μ. 

Figure 7 shows how the linear expansion 
coefficient, denoted as λ varies with temperature 
across different pressure levels encompassing both 
perfect gas and real gas models, from P=1 bar to 500 
bar. As pressure rises λ decreases. Moreover, with 
increasing temperature the models display 
discrepancies though these differences lessen at 
higher pressures. This finding highlights the impact of 
pressure temperature fluctuations and gas 
imperfections, on λ. 

Figure 8 shows the variation of the isentropic 
compressibility coefficient, ΧS with temperature at 
different pressure levels. A key observation is that 
higher pressure leads to a decrease in a ΧS value. 

Fig. 5 — The isothermal compression coefficient h variation
versus temperature 

Fig. 6 — Variation of μ coefficient versus temperature 

 

Fig. 7 — The linear expansion coefficient λ variation versus 
temperature 
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Moreover, the graph representing the perfect gas 
model a horizontal line (ΧS = 1/γP) while there is a 
divergence between the two models at certain (low) 
temperatures highlighting the impact of 
imperfections, on this coefficient. Otherwise, the 
variation of the isostatic modulus of elasticity, K, as a 
function of temperature for several pressure values, 
which is shown in the fig. 9. Here we can note that, 
the increases in both pressure and temperature results 
in an increase in the K coefficient. Additionally, at 
specific temperatures, the results obtained from the 
perfect gas model form horizontal straight lines 
(K = P), but at other temperatures, the two models 
diverge, gradually approaching each other as 
temperature increases. For instance, at P=100 bar, 
KPG= 100 105 Pa, K= 73 105 Pa and 92 105 for T=600 
K and 900 K, respectively. This highlights the effects 
of pressure, temperature, and gas imperfections on K. 

Figure 10 represents the variation of the Joule Gay 
Lussac coefficient, μJGL, with temperature, for several 

pressure values. It's clear that as temperature rises the 
Joule Gay Lussac coefficient increases, while it 
decreases with pressure. Interestingly a perfect gas 
always has a μJGL value of zero (μJGL-GP=0). The 
curves gradually approach zero as temperature 
increases. The increase rate varies based on the 
pressure applied. Higher pressures give a significant 
value of μJGLat low temperature and leads to a quickly 
decrease towards zero. For instance, at a temperature 
of T=400 K, μJGL is approximately -8.14 10-5, -0.002, 
-0.008, -0.191, -0.7146, -4.893 and -10.445 K / m3 for
pressures of 1, 5, 10, 50, 100, 300, and 500 bar,
respectively. In contrast to Fig. 10 is Fig. 11 which
represents the variation of the Joule-Thomson
coefficient, μJT, as a function of temperature for
several pressure values. In this case the Joule
Thomson coefficient increases with increasing
pressure and decreases with increasing temperature,
for example, at a temperature T=400 K, μJT is
approximately 0.05 10-5, 0.18 10-5, 1.29 10-5,

 

Fig. 8 — The isentropic compressibility coefficient ΧS variation
versus temperature 

 

Fig. 9 — The Isostatic modulus of elasticity K variation versus
temperature 

 

Fig. 10 — The Joule-Gay-Lussac coefficient μJGL variation versus 
temperature 

 

Fig. 11 — The Joule-Thomson coefficient μJT variation versus 
temperature 
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2.45 10-5, 5.46 10-5 and 6.5 10-5K/Pa for pressures of 
5, 10, 50, 100, 300, and 500 bar, respectively. This 
illustrates how pressure, temperature and gas 
imperfections impact μJGL and μJT. 

Figure 12 shows the Grüneisen parameter Г 
variation, with temperature at different pressure 
levels. It is clear that as pressure increases the 
Grüneisen coefficient also increases, while it 
decreases with rising temperature. Notably the value 
of Г remains constant for the perfect gas (Г = γ - 1). 
For instance, at a temperature of 400 K the values of 
Г are approximately 397.34 10-3, 399.21 10-3, 
401.5610-3, 420.43 10-3, 444.07 10-3, 538.05 and 
629.65 10-3 for pressures of 1, 5, 10, 50, 100, 300, and 
500 bar, respectively. The perfect gas has a Г value of 
around ~0.408, this results prove how pressure, 
temperature and gas imperfections can impact this 
parameter. 

Figure 13 illustrates the variation of the 
compressibility factor Z with temperature at different 
pressure levels. The compressibility factor Z for 

perfect gas model Z stays constant at Z = 1. However, 
in the real gas model Z is affected by changes, in both 
pressure and temperature. In conditions with standard 
pressure and temperatures we can estimate that Z 
behaves like a perfect gas. However, with a change in 
pressure  the compressibility factor for air deviates 
from 1 especially at low temperatures due to 
intermolecular forces and molecular interactions. 
However, it returns to align with the perfect gas at 
high pressures and temperatures. The compressibility 
factor is calculated using the Berthelot equation of 
state. The graph demonstrates that as pressure rises 
Z also increases. At a pressure of 500 bar under low 
temperature conditions it can be up to 2.5 times 
higher. As temperature increases Z decreases and 
curves for pressures get closer, within the range of 
1.0 to 1.2 starting at 800 K. 

4 Conclusion 
The determination of calorimetric and 

thermoelastic coefficients in thermodynamics is 
crucial for understanding and predicting the behavior 
of gases under various thermal and mechanical 
conditions. The developed model of these coefficients 
for real gases was investigated in this paper. Knowing 
that, most studies avoid tackling this subject because 
of the difficulty and complexity of its theory, 
particularly on real gases. This study is divided into 
two parts. First, we treated the coefficients applicable 
to perfect gases. Second, we studied the coefficients 
for real gases. Finally, a comparison was made 
between the two models. Understanding and the 
computation of the thermoelastic and calorimetric 
coefficients, in thermodynamics is crucial for gaining 
insights into gases and thermal systems. This 
knowledge plays a role in developing solutions, for 
present and future technological hurdles as well as 
enhancing the energy efficiency and longevity of 
energetic systems. The results show, that the pressure, 
the temperature, the caloric and thermal imperfections 
have an impact on the behavior of both real and 
perfect gases. The calorimetric and the thermoelastic 
coefficients differ between perfect and real gases at 
low temperatures and high pressures for α, β, l, μ, K, 
Г and Z. At low temperatures and pressures for χTand 
h. At high temperatures and low pressures for λ.
At high temperatures and pressures for ΧS. As for
μJGLand μJT, their value is equal to zero for the perfect
gas model. Therefore, they differ from the real gas
under all conditions. Which leads to asymmetric
behavior. However, when the conditions are reversed,

Fig. 12 — The Grüneisen parameter Г variation versus temperature 

Fig. 13 — The Compressibility Factor Z variation versus temperature 
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the behavior of real gases is similar to that of perfect 
gases, and their coefficients become identical. In all 
cases, it is observed that when the temperature is 
below 500K or at high pressure, we strongly 
recommend using real gas laws. Moreover, 
without a thorough comprehensive understanding 
of gas thermodynamics, it is impossible to calculate 
calorimetric and thermoelastic coefficients. 
Alternative substances can be chosen instead of air, 
and the relationships will still apply. It is necessary to 
determine the molecular force constants and 
molecular size, as well as the temperature of the 
characteristic vibrations. The relationships of perfect 
gas can be simplified by removing constants related to 
molecular forces (a), molecular size (b) and the 
vibrational characteristic temperature (Θ), from the 
real gas model. This simplification transforms the real 
gas model into a case of our model which is the PG 
model. When the conditions referred to in the 
previous paragraph are reversed, we find a difference 
between the outcomes of the perfect gas model (PG) 
and the real gas model (RG) in terms of certain 
calorimetric and thermoelastic coefficients with 
increases of deviations. Hence it is necessary to apply 
the real gas relationships for analyzing the behavior of 
gases. The new relationships are useful across 
scenarios and conditions of pressures and 
temperatures, On the other hand, the use of PG model 
reveals significant discrepancies underscoring the 
importance of employing the RG model for more 
accurate results. The calorimetric and thermoelastic 
coefficients can be expressed as second partial 
derivatives of the thermodynamic potentials internal 
energy U, enthalpy H, free energy F and free enthalpy 
G with respect to their natural variables volume V, 
entropy S, pressure P and temperature T respectively. 
These coefficients are related to thermodynamic 
potentials, and their signal has a strong and direct 
impact on thermodynamic stability. Under five 
stability conditions, thermodynamic references are 
used to translate them into calorimetric and 
thermoelastic coefficients: 1- , 2- , 

3- , 4- and 5- . It is

therefore possible, if we can measure two of the three 
thermoelastic coefficients (α, β and χT), to establish an 
equation of state. Where that if only α and β are 
known, it possible to determine χT, otherwise, the 
knowledge of α can be replaced by that of ℎ, β by l 
and χT by K. 
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