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Newton’s method can be implemented for the Van 

der Waals equation of state (VDW EOS) and its 

derivatives. Application of programming 

language in chemical engineering is not new but 

however limited in practice, as it is not included in 

the curriculum of students of tertiary institutions 

across the globe. Finding roots through iteration 

for the VDW EOS can be described as interesting 

and simple using C++, FORTRAN, R, MATLAB, 

Java and Python languages; even though a perfect 

programming language does not exist. In this 

work, the coding syntax in the six languages 

employed to solve parameters in VDW EOS 

differs in terms of simplicity and user-friendliness. 

Notwithstanding, all of them proves to be an 

adaptable software, capable of solving chemical 

engineering problems leading to nonlinear 

relations 
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INTRODUCTION  
Engineers attach much significance to numerical analysis to solve 

nonlinear analytical models by employing data from empirical procedures (Bect 

et al., 2016; Djamila, 2017; Hossain, 2022). Their task is made easier utilizing free 

or commercial software programs like Minitab, Excel, Mathematica, 

POLYMATH, Maple and MATLAB. Now, engineers had moved a step further to 

consult programming language packages, such as MATLAB, R language, C++, 

Python, FORTRAN and Java to do the same job. In chemical engineering, for 

instance, nonlinear/cubic equation of state (EOS) like the Van der Waals (VDW) 

EOS, including complex simulations, can be simplified and solved using any 

programming language (David, 2015; Hawick, 2011; Terrel, 2011; Vasudevan et 

al., 2019). Cubic EOS like VDW EOS is best solved using Newton-Raphson 

method using programming languages due to its rapid rate of convergence to the 

root, single initial guess, easy programming effort and accuracy (Bakari et al., 

2016; Balaji & Seader, 1995). Previously, Abubakar & Mustapha (2021), Shukla & 

Singh (2022), Nasri & Binous (2009) and Sun et al. (2011) used one of C++, 

MATLAB and Python programs to solve either, VDW, Peng-Robinson, Redlich-

Kwong or Soave-Redlich-Kwong EOS with simple codes. This were carried out 

after Kassim and Cadbury concluded that programming should be included in 

undergraduate chemical engineering curriculum since 1996 (Andika & Putra, 

2022; Teles et al., 2018). Ever since, a sporadic rise in coding in the field, especially 

the one that relates to mathematical methods was witnessed (Ahuja, 2019; 

Hinsen, 2013; Salamanca, 2020). 

   VDW EOS is an approximate prediction or an extension of the ideal gas 

law applied in the study of gases and liquids molecules interaction (Garces, 2015). 

As a PhD. Thesis, Johannes Diderik Van der Waals created this equation that 

points to the existence of a gas-liquid transition as well as critical points, in 1873 

(Johnston, 2014; J. Tian & Gui, 2003). VDW equation is simple and flexible as 

shown in Equation 1 and 2 in molar volume and volume versions of the equation 

(Kutarov & Schieferstein, 2020; Saggion et al., 2019). 

(𝑃 +
𝑎

𝑉𝑚
2) (𝑉𝑚 − 𝑏) = 𝑅𝑇  (1) 

(𝑃 +
𝑎𝑛2

𝑉2
) (𝑉 − 𝑛𝑏) = 𝑛𝑅𝑇  (2) 

  Where, P, V, T stands for pressure, volume and temperature, n = number 

of moles, R = molar gas constant, 𝑉𝑚 = 
𝑉

𝑛
= molar volume (density) and a, b = 

VDW constants. In Equation (1), 𝑃 +
𝑎

𝑉𝑚
2  determines the intermolecular forces 

while (𝑉𝑚 − 𝑏) determines the effective volume calculated from non-ideal gases 
(Frank & GroBmann, 2006; Garces, 2015). A gas described by the VDW equation 
behaves similar to an ideal gas in the limit of large 𝑉𝑚. At large 𝑉𝑚, molecules will 
be far apart, with negligible intermolecular interactions. Moreover, the volume 
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occupied by molecules will be negligible in comparison to the 𝑉𝑚. In the limit of 
large pressure, the compressibility factor z >1; hence, the gas shows deviation 

from ideal behavior. Also, in Equation (1), the term, 𝑃 +
𝑎

𝑉𝑚
2  corresponds to ideal 

gas pressure; hence, 𝑃𝑟𝑒𝑎𝑙 < 𝑃𝑖𝑑𝑒𝑎𝑙 . So, when pressure is increased drastically, 

Equation (2) becomes: (𝑃 +
𝑎𝑛2

𝑉2
) (𝑉) = 𝑅𝑇 , as the molecules of the gases are 

forced to come close to each other, thereby decreasing the volume occupied by 
the gases. That’s the reason the effective volume constant, b, was ignored 
(Prodanov, 2022). 

VDW constants are functions of critical temperature and pressure, 

expressed as shown in Equation (3) and (4) and found in special tables for 

different gases (see Appendix). 

𝑎 =
27

64

𝑅2𝑇𝐶
2

𝑃𝐶
    (3) 

𝑏 =
𝑅𝑇𝐶

8𝑃𝐶
    (4) 

The temperature below which compression leads to the formation of the 

liquid phase and above which the fluid remains in the gaseous state or above 

which the gas cannot become liquid, regardless of the applied pressure is called 

critical temperature, 𝑇𝐶  (Saggion et al., 2019). The critical pressure, Pc, is defined 

as the pressure above which liquid and gas cannot coexist at any temperature. 

Since ‘a’ is measure of the intermolecular attractions, gases with higher ‘a’ has 

greater attraction; while ‘b’, which is the co-volume, can be referred to as the four-

fold volume of the gas particles (Frank & GroBmann, 2006). These two constants 

characterize a real gas and are independent of temperature. Many years after, the 

VDW EOS has seen several modifications (Boynton & Bramley, 1922; 

Kontogeorgis et al., 2019; Papari et al., 2011; Rault, 2019; Shrab, 2004; J. Tian & 

Gui, 2003; J. X. Tian & Gui, 2018). 

Objective of this work is to study the basis of programming with R, C++, 

MATLAB, Java, FORTRAN and Python softwares in order to implement a 

comprehensible code solution to VDW EOS. Concerns would be, a way to solve 

P, V, T, n and 𝑉𝑚, with special emphasis on the solution of n, V and 𝑉𝑚, because 

they require a series of iteration before arriving at their roots. Furthermore, VDW 

EOS, would hence be manipulated or re-written in-terms of any of the relevant 

parameters stated and to find the derivative expression (where applicable) so as 

to iterate them using Newton-Raphson method by codes. The work would also 

involve, a quick validation using a sample gas problem in the six programmed 

syntax selected. In addition, the C++ and Java versions of the source code would 

be translated into a comprehensive flowchart. Before this, a mini-review of Java, 

Python, MATLAB, FORTRAN, C++ and R programming languages was carried 

out. 
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1.  Programming Languages 

  Needs for the creation of interactive networked programs was the sole aim 

of designing a strikingly all-purpose programming language called Java in 1995 

by Sun Microsystems, Inc. (Moreira et al., 2000; Scheiber, 2007; Schildt, 2022). 

Java’s progressive pool of skillful programmers/software developers in 

academia and industry or scientific and engineering arenas, is due to its 

suitability as a strong programming language; because of its security, cross-

platform portability, simple object semantics, absence of pointers and ability to 

vigorously check array accesses to circumvent common bugs (Blount & 

Chatterjee, 1999; Farrell, 2022; Moreira et al., 2000). Long ago, Java was observed 

to be 500 times slower than Fortran and C++ programs, a dilemma that is now a 

thing of the past (Boisvert et al., 2001). Further progress led to an open-source 

software tool called Easy Java Simulations (EJS) which translates core simulation 

algorithm entered to a Java code. Example is a series of three stirred tank system’s 

dynamic behaviors and control modeled using Java and showcased by Salcedo-

Diaz et al. (2006). Here, few among several Java packages would be selected to 

solve specific numerical problems using Newton-Raphson method, as previously 

demonstrated in the literature (Bishop & Bishop, 2000; Li, 2022; Scheiber, 2007). 

    All kinds of engineering and scientific tasks can be run using the Python 

programming language, making it the most in-demand skill by employers (Gor, 

2021). As a unique feature, setting aside memory and declaring variables are not 

necessary before use as codes are run without compiling in Python (Pine, 2019). 

Python is free, easy to learn and use, with libraries such as Pandas, NumPy, SciPy 

and Matplotlib for speedy numerical computation (Baptista, 2021; Gor, 2021; 

Hart & Laird, 2014; Pandey et al., 2020; Pine, 2019). However, speed is an issue 

when it comes to large-scale simulation and difficult applications, having less 

comparative advantage to FORTRAN and C++ (Pine, 2019). Solofsson et al. 

(2019) and Wang & Dowling (2022) demonstrated how a model-base tool in 

Python can be used for design of experiments – maximizing statistics gain from 

experiments while lessening time and resource costs; just in physical chemistry 

lab described by Marie (2022). A web platform called Google Colab enables the 

running of Python codes using Google’s infrastructure (Baptista, 2021). Gor 

(2021) and Baptista (2021) previously worked on how to introduce Python to 

undergraduate chemical engineering students in their respective institutions to 

solve problems in fluid flow, thermodynamics, reactor design and kinetics. In 

chemical engineering (Hernandez & Martin, 2019), modeling and optimization 

as demonstrated by Hart & Laird (2014), calculation of interfacial properties of 

pure fluids showcased by Mejia et al. (2021), a Python program by Shukla & 

Singh (2022) to solve Peng-Robinson and Redlich-Kwong EOS, and HidroUFF 

Density Calculator software designed based on the Python language by de Sousa 
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et al. (2021), among others (Albrecht, 2021) are typical applications. Kiusalaas 

(2013) previously provided a simple Python3 code syntax to solve cubic 

polynomials using Newton’s method. Python was developed by Guido van 

Rossum in 1989 (Nguyen, 2019; Zehra et al., 2020). 

Mathematical and technical computing in engineering fields can be 

carried out using readily available tools provided by MATLAB developed by 

MathWorks.Com (Asadi, 2022; Mehtre & Pal, 2019). The tools are housed in 3 

windows, namely, the command, graphics and edit windows used to model and 

simulate any physical problem in the engineering domain (Al-Malah, 2014; 

Mehtre & Pal, 2019). Though comprehensive, it could be found cumbersome by 

beginners running the program in any of Windows, Unix or Macintosh 

environments. Countless use of MATLAB in chemical engineering analysis has 

been reported in previous research (Yeo, 2017). Solution to numerical methods 

problems (Hossain, 2022), for example, has since been demonstrated in Peng-

Robinson and Soave-Redlich-Kwong solutions to EOS by Nasri & Binous (2009) 

and Sun et al. (2011) respectively using MATLAB. This can be achieved using the 

routine ‘fsolve’ in MATLAB to solve general systems of nonlinear equations; as 

seen in generic syntax for MATLAB coding of the Newton-Raphson method 

given by Rose (2017). 

FORTRAN programming language, since its inception in 1957 has been 

used to develop many computer models (Mak & Taheri, 2022; Ott et al., 2020). 

The software development transitioned from FORTRAN 77, 90/95, 2003, 2010 to 

FORTRAN 2018 (Bose, 2019; Johnson et al., 2019). Additional tools to assess 

FORTRAN codes’ quality and upgrade them, despite its high-level array 

support, portability, stability, predictable and controllable performance, 

longevity, low runtime overhead, productivity and ease of use has been 

developed (Garcia-Rodriguez et al., 2016; Mak & Taheri, 2022). Such act is termed 

‘refactoring’, and is meant to improve quality and readability and increase speed 

and performance. FORTRAN is not obsolete as it is earlier believed, looking at 

over 14000 citations mentioning FORTRAN 77 alone in Google Scholar between 

2011-2022 (Kedward et al., 2022; Mak & Taheri, 2022). In some chemical 

engineering text, Euler method of solving differential equations was applied to 

solve problems in material balances and control (Bose, 2019; Pao, 2018). 

Furthermore, Tholl (2010) wrote on chemical process design analysis and 

simulation with FORTRAN programs. Siddiqui & Ahmad (2020) discussed the 

theory governing Newton’s method and its algorithm for solving actual data 

using FORTRAN program. Also, Shafeek & Karunarathne (2018), created a novel 

compiler capable of translating a source-code from a programming language to 

flowcharts. 
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                In 1979, Bjarne Stroustrup created the ‘C with class’, otherwise called 

the C language, which was later renamed to C++ in 1983 and released in 1985 

(Nguyen, 2019; Zehra et al., 2020; Zheng et al., 2019). It is a case-sensitive 

language capable of deployment in scientific and engineering computing 

(Bergmann, 2021; Johnson et al., 2019). It can be used to program automated teller 

machine (ATM) transactions, linear programming problems, numerical analysis, 

counters, student grading system, matrix solutions, game applications and 

scientific software development (Adams, 2021; Passos, 2009). In chemistry 

(Rassokhin, 2020), mathematics (Bandele & Adekunle, 2015; Scheinerman, 2006), 

engineering science (Nyhoff, 2012) and chemical engineering (Abubakar & 

Mustapha, 2021; Kadam, 2013; Kapuno, 2008; Tang & Wang, 2019), specific areas 

C++ can be absolved into solving problems in those fields were previously 

practicalized. For instance,  how to command C++ to execute the partial 

derivative of functions in chemical engineering thermodynamics, how to find 

molar volume from four cubic EOS and how to execute simplex cost optimization 

algorithm in chemical engineering production companies, were clearly 

illustrated by Bell et al. (2022), Abubakar & Mustapha (2021) and Abubakar et al. 

(2021), respectively. In several other fields of study, Allen & Vahid (2020), 

Nguyen (2019), Winkel & Bella (2018), Finkel et al. (1994), Kamarudin et al. (2022), 

Lee & Phillips (1998), Xiduo et al. (2020) and Jarvinen & Ala-Mutka (2004), after 

analyzing the significance of C++, propose it for teaching and learning in high 

schools and universities of their respective countries. However, system failure, 

memory corruption and difficulty debugging pointers are major problems 

associated with C++ that makes Python by far an easier programming language 

for beginners (Ateeq et al., 2014; Meltzer, 2021; Nguyen, 2019; Zehra et al., 2020). 

Data analysis and visualization, graphics and statistical computing (e.g., 

classical statistical tests, classification, linear and nonlinear modelling, clustering 

rate and time series analysis, among others) can be conducted in R programming 

language (Blagoev, 2018; Schauber, 2015). It is a free, portable and open source 

software environment that works absolutely well in OS X, Windows and Linux 

(Evans, 2014; Ozgur et al., 2017; Schauber, 2015). It was created in 1991 by Ross 

Ihaka and Robert Gentleman and used by various companies including Astra, 

Baxter Healthcare Corporation, Merck, AT & T Labs, Google and several others 

(Blagoev, 2018; Ozgur et al., 2017; Peng, 2018). In the field, data scientists, 

statisticians, geneticists, and biostatisticians find the programming language 

worthy of adoption (Chan, 2018; Evans, 2014). But to algebraically integrate a 

function, precision graphics and solve optimization and partial differential 

equations, R appears to be an unsuitable programming platform (Evans, 2014). 

Apart from this author who also described the application of R in chemical 

engineering (Abubakar et al., 2023), no published manuscript had described with 
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practical example, its application in chemical engineering fields; though, Diaz-

Bejarano et al. (2019) previously propose it for undergraduate teaching in the 

field. The Department of Statistics and Mathematics in many  Western European 

Universities and the United States, had since began teaching R language to their 

ward (Blagoev, 2018; Braun, 2021). 

 
METHODOLOGY 

Six programming languages, namely, Java, FORTRAN, Python, R, C++ 

and MATLAB were installed to a personal laptop computer. Their respective 

model and versions are as shown in Table 1. 

 

Table 1. Software Version Used 

Programming Software Version 

C++ Dev C++ 5.11 TDM-GCC 4.9.2 
Python Python 3.11.1 Pip Bootstrap (64-bit) 
FORTRAN FTN95 Personal Edition 
MATLAB MATLAB R2022b: Online Version 
Java Java 8 Update 351: October 18, 2022 

Release 
R R version 4.2.2 (2022-10-31 ucrt) 

 

Similarities and differences (Ozgur et al., 2017; Sudhaka, 2018) as regard the use 

of the listed programming source codes was studied in order to execute the task. 

VDW EOS as shown in Equation (1) and (2) were manipulated into different 

forms, that would allow the calculation of a particular parameter in question. 

Problem 1 was selected out of six sample problems that can be solved using VDW 

EOS as shown in Table 2. 
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Table 2. Typical Problem Set for Solution Using EOS 

Number  Problems 

Problem 1 1.00 mol of ammonia (NH3) fills a 7.00 litre bottle at 350K. What 
does the VDW equation predict that the pressure will be? For 

ammonia: a = 4.1969 
𝑎𝑡𝑚 𝐿2

𝑚𝑜𝑙2
 and b = 0.0374 L/mol 

Problem 2 Calculate the pressure exerted by 0.4891 mol of N2 in a 1 L 
container at 27℃. Compare the results with the ideal gas equation. 

Problem 3 Calculate the temperature of a container with 10.76 atm pressure 
exerted by 1.502 mol of CO2 in a 3.5 L. 

Problem 4 A sample of 7.50 kg gaseous oxygen fills a 100 L flask at 289℃. 
What is the pressure of the gas, calculated from the VDW EOS? 

Problem 5 Estimate the molar volume of CO2 at 500K and 100 atm by treating 
it as a VDW gas with constants a = 3.64 atm L-2 mol-2 and b = 
4.267× 10−2 Lmol-1. 

Problem 6 Use the VDW equation and the ideal gas equation to calculate the 
volume of 1 mol of neon at a pressure of 500 atm and a 
temperature of 355K. Explain why the two are different. 

 

Problem 1 was first solved manually using method described by Bamdad 

(2004), to have a glimpse of all the variables outcome or specific values. The 

known parameters were then used in the programming language to solve 

iteratively, declared unknown variable in the manipulated functions, as way of 

confirming the validity of the programmed codes. 

A summarized flowchart for the C++ program written was generated 

using Code to Flowchart version 2.0, released in March 31, 2013. A flowchart for 

iterative number of moles estimation for the Java source code was also produced.  
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RESULTS AND DISCUSSION 

1. Equation Customization 

Different representation of the VDW EOS after manipulating Equation (1) and (2) 

is shown in Table 3, in form of Equation (5) to (14). 

 

Table 3. Functions (𝑓), Derivative Functions (𝑓′) and Other Customized 

Parameters in VDW EOS 

Variables Equation Number 

Number of Moles (n): 

              𝑓(𝑛) = 𝑛3 − (
𝑉

𝑏
) 𝑛 + [

𝑃

𝑎𝑏
(𝑏 +

𝑅𝑇

𝑃
) 𝑉2] 𝑛 −

𝑃𝑉3

𝑎𝑏
= 0 

              𝑓′(𝑛) = 3𝑛2 − 2(
𝑉

𝑏
) 𝑛 + 

𝑃

𝑎𝑏
(𝑏 +

𝑅𝑇

𝑃
)𝑉2 

 

(5) 
 
(6) 

Molar Volume (𝑉𝑚): 

              𝑓(𝑉𝑚) = 𝑉𝑚
3 − (𝑏 +

𝑅𝑇

𝑃
) 𝑉𝑚

2 + (
𝑎

𝑃
)𝑉𝑚 −

𝑎𝑏

𝑃
= 0 

              𝑓′(𝑉𝑚) = 3𝑉𝑚
2 − 2(𝑏 +

𝑅𝑇

𝑃
)𝑉𝑚 +

𝑎

𝑃
 

 

(7) 
 
(8) 

Volume (V): 

              𝑓(𝑉) = 𝑉3 − (𝑛𝑏 +
𝑛𝑅𝑇

𝑃
) 𝑉2 + (

𝑎𝑛2

𝑃
)𝑉 −

𝑎𝑛3𝑏

𝑃
= 0 

              𝑓′(𝑉) = 3𝑉2 − 2(𝑛𝑏 +
𝑛𝑅𝑇

𝑃
) 𝑉 +

𝑎𝑛2

𝑃
 

 

(9) 
 
(10) 

Temperature: 

              𝑇 =
(𝑃+

𝑎𝑛2

𝑉2
)(𝑉−𝑛𝑏)

𝑛𝑅
 

              𝑇 =
(𝑃+

𝑎

𝑉𝑚
2 )(𝑉𝑚−𝑏)

𝑅
 

 
 

(11) 
 
(12) 

Pressure: 

              𝑃 =
𝑛𝑅𝑇

𝑉−𝑛𝑏
−
𝑎𝑛2

𝑉2
 

              𝑃 =
𝑅𝑇

𝑉𝑚−𝑏
−

𝑎

𝑉𝑚
2  

 

(13) 
 
(14) 

Unlike the customized versions for temperature and pressure, in terms of 

both V and 𝑉𝑚 in Equation (11) to (14), others can only be functionalized in terms 

of the desired variables (i.e., n, V and 𝑉𝑚), as indicated in Equation (5) to (10). 

Thus, the functions being nonlinear, can only be solved using a suitable 

numerical method. Newton-Raphson method, as given in Equation (15) requires 

the finding and utilization of the derivative of the functions shown in Table 3 to 

compute values of the unknown in successive iteration, till a repeat is witnessed 

– which is then declared as the root of the function equal to 0. 

𝑥𝑖+1 = 𝑥𝑖 −
𝑓(𝑥𝑖)

𝑓′(𝑥𝑖)
  (15) 
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Where, 𝑖 = 0, 1, 2, … (number of iteration) and 𝑥 = unknown variable (i.e., 

n, V and 𝑉𝑚, in this case). Procedure starts by guessing an initial value called 𝑥0. 

It is recommended to calculate the initial parameter from the ideal gas law (𝑃𝑉 =

𝑛𝑅𝑇 or 𝑃𝑉𝑚 = 𝑅𝑇) when dealing with EOS. In this case, initial guess for functions 

with independent variables, n, V and 𝑉𝑚 are given by Equation (16). 

𝑛0 =
𝑃𝑉

𝑅𝑇

𝑉0 =
𝑛𝑅𝑇

𝑃

𝑉𝑚0 =
𝑅𝑇

𝑃

         

}
 
 

 
 

  (16) 

2. Solution to Problem 1 

Combinations of Equation (1) through (16) was used to complete the 

remaining properties of NH3 in the bottle described by Problem 1. Hence, Table 

4 represents a complete assay of the problem under consideration, which can 

then be used as a reference input in the respective programming languages 

picked. 

Table 4. Known and Calculated Parameters in Problem 1 

Parameter Value Parameter Value 

R =  0.08206 
𝐿 𝑎𝑡𝑚

𝑚𝑜𝑙 𝐾
 𝑉𝑚𝑖𝑑𝑒𝑎𝑙 = 𝑉𝑚0= 7.1092 L 

P = 4.0394 atm n = 1 mol 
T = 350 K 𝑛𝑖𝑑𝑒𝑎𝑙 = 𝑛0 = 0.9845 mol 
𝑇𝐶  = 405.5 K a = 4.1969 

𝑎𝑡𝑚 𝐿2

𝑚𝑜𝑙2
 

𝑃𝐶  = 111.3 atm b = 0.0374 L/mol 
V = 7 L MW = 17 Kg/ mol 
𝑉𝑖𝑑𝑒𝑎𝑙 = 𝑉0 = 7.1092 L 𝑚 = 17 kg 
𝑉𝑚= 7 L   

Where, MW = Molecular Weight and 𝑚 = 𝑛 ×𝑀𝑊 = Mass of NH3 

 

R was obtained from ideal gas equation for a unit mol at 1 atm, 273K and 

22.4 L standard conditions. Critical conditions, 𝑇𝐶  and 𝑃𝐶 , for NH3 was obtained 

from the Appendix. This can be used to calculate the VDW constants using 

Equation (3) and (4), if not provided or directly sought from VDW constants 

tables in the Appendix. 

3. FORTRAN Newton-Raphson Implementation 

In order to solve for volume using FORTRAN, the volume function and its 

derivative was declared ‘f’ and ‘g’ within the program syntax, as shown in Figure 

1. 
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Figure 1. FORTRAN Source Code for Finding Volume in VDW EOS 

 

Functions ‘f’ and ‘g’ in the source code are simply Equations (9) and (10). For 

simplification, the coefficients of V in both functions were replaced with a real 

value. Approximating the coefficients is not encouraged here, in order to avoid 

errors that might result or convergence difficulty. FORTRAN uses ‘PRINT’ or 

‘WRITE’ and ‘READ’ to display text or results and request inputs, respectively. 

Figure 2 is the FORTRAN output window, requesting an initial estimate of V to 

kick-start the computation. 
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Figure 2. Root of the Volume Function in FORTRAN Output Window 

 

A repeat in value of the root in any numerical calculations using Newton’s 

Method points to the arrival at a solution or convergence. In 3 iterations, V ≅ 7.0 

L, starting with 𝑉0 = 7.1092 L from ideal gas law, as shown in Figure 2. 

The same principle followed to obtain V was repeated to determine ‘n’ using 

Equations (5) and (6), as shown in Figure 3. 
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Figure 3. Source Code in FORTRAN Environment to Execute Number of Moles 

in VDW EOS 

 

Similarly, ‘f’ and ‘g’ were used to represent the function of the number of 

moles and its derivative, respectively, while replacing the coefficients of the 

independent variable with real values. Figure 4 produces the answer to the mole 

calculation, starting with 𝑛0 =
𝑃𝑉

𝑅𝑇
, calculated using their values, given in Table 4. 
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Figure 4. Iterations for Number of Moles Calculation in FORTRAN Result 

Window 

 

Where the basis is ‘per mole’, Equation (7) and (8) is most suitable to be 

applied. Functions of molar function and its derivative were interpreted in 

FORTRAN using the equations, same way it was presented when calculating ‘n’ 

and ‘V’. FORTRAN source code for the solution of 𝑉𝑚 in Figure 5 is same with 

Figure 1, because n = 1 mole. 
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Figure 5. Implementing Molar Volume Calculation Using FORTRAN Source 

Code 
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In all the FORTRAN codes, limit of iterations (‘c’) is put at 49, even though, 

number of iterations doesn’t go beyond 10 in majority of nonlinear numerical 

analysis. Newton’s method is known for its rapid convergence to the root (Figure 

6), and is clearly observed here, as the 3 FORTRAN solutions gives the roots in 

question in just 3 iterations. 

 
Figure 6. Stepwise Root Computation of the Molar Volume Function After 

FORTRAN Code Execution from VDW EOS 

 

Apart from guessing the ideal gas values as demonstrated in Figure 2, 4, and 

6, any other starting value not too far from the root would converge, provided 

the tolerance limit is not exceeded as declared in all FORTRAN codes. 

Gas Properties Calculation Using C++ 

Figure 7 is best among all the source code solution provided in this work, as it is 

able to calculate all gas properties without any preliminary calculations.  
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Figure 7. Multiple Option C++ Program to Execute VDW EOS for 

 P, V, T, n, and Vm Parameters 

 

Alphabet symbols, ‘f’, ‘d’; ‘x’, ‘y’; and ‘g’, ‘h’ in the C++ source code, 

represents function and derivative of the molar volume, number of moles, and 

volume respectively. SE, standing for short expressions, was used to represent 

the coefficients of the variables to be computed in the functions. Table 5 depicts 

all the short expressions and their values (coefficients) as used earlier in 

FORTRAN, C++ and subsequent programming (in Python Java, MATLAB and 

R). 

Table 5. Values of the Nonlinear Functions’ Coefficients 

Coefficient Expression Value 

SE1 
𝑏 +

𝑅𝑇

𝑃
 

7.14758560346 

SE2 𝑉

𝑏
 

187.30993802315 

SE3 𝑃

𝑎𝑏
(𝑏 +

𝑅𝑇

𝑃
)𝑉2 

9019.89991305033 

SE4 𝑃𝑉3

𝑎𝑏
 

8833.65417278678 

SE5 
𝑛𝑏 +

𝑛𝑅𝑇

𝑃
 

7.14758560346 

SE6 𝑎𝑛2

𝑃
 

1.03900229550 

SE7 𝑎𝑛3𝑏

𝑃
 

0.03882877836 

Users of the C++ code, when run, are asked to choose the gas parameter 

to compute, as specified in the ‘switch’ programming loops. It further requests 
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the unknown parameters of the gas, initial guess, maximum 

numberofiterationsand tolerable error as shown in Figure 8.Z 

 
Figure 8.  Number of Moles Determined After Choosing a Calculation Option 

‘4’ in C++ 

 

Number of moles, its function and derivative values per iterations are 

tabulated (Figure 8) according to the instruction passed to C++ through the 

codes. When the root is found, calculation stops and the root is declared. To 

choose another option, users must return to the code environment and re-run the 

program. The molar volume, as shown in Figure 9 was obtained in just 2 

iterations. 
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Figure 9. Molar Volume Determined After Choosing a Calculation Option ‘1’ in 

C++ 

 

A situation in which the root is not arrived at (not convergent), the value 

in the last iteration could be the root or better still, it is advised to increase the 

number of iterations. A summary translation of the C++ source code in Figure 7 

is depicted in block diagram in Figure 10. 
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Figure 10. Block Summary Flowchart of the C++ Syntax for Solving Newton’s 

Method 

 

Once an option is selected (see rhombus shape in Figure 10), the other 

options are ignored. C++ would only be concern with the execution of the source 

code within the option loop, which is put to a halt by the ‘break’ statement, also 

shown in Figure 7. Within the selected option, series of steps followed to execute 

Newton’s algorithm is similar to the general flowchart illustrated in Figure 11. 

 
Figure 11. Newton-Raphson Method Flowchart Showing the Iterative Steps 
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Not only C++, the algorithm and flowchart in Figure 11 can be used to 

write source code for Newton’s method in any high-level programming 

language. Note that fabs( ) function in C++ returns the absolute value of the 

argument. Other abbreviations like ‘itr’ = iteration or ‘step’, ‘maxit’ = maximum 

iteration or ‘N’, and ‘aerr’ = absolute error. 

PYTHON Algorithm for Newton’s Method 

SEs given in Table 5 helped in defining the coefficients in the functions to 

estimate the volume in the PYTHON program, shown in Figure 12. 

 
Figure 12.  PYTHON Newton’s Method Volume Iteration Source Code 

 

The volume and its function after every iteration were kept in 6 decimal 

places (d.p.), defined as “%0.6f” in PYTHON while the final root is kept at 8 d.p., 

as shown in Figure 13. 
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Figure 13. PYTHON Execution of VDW EOS Root – Volume Computation 

 

Just like the C++ program written, the user is allowed to specify the initial 

guess, tolerable error and maximum step. However, the written FORTRAN 

source code is limited to requesting the initial value only without any other 

parameter, and less flexible compared to Python source. Furthermore, the 

PYTHON source code can only be used for a particular problem – which means 

the user had to calculate and replace the SEs (coefficients) for every problem 

given, and makes the C++ more user-friendly in this case. Number of moles can 

be calculated for Problem 1 using the same Python coding technique (check 

Figure 14). 
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Figure 14. Number of Moles Iteration Source Code Implementation of Newton’s 

Method in PYTHON 
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Power of a variable can be expressed using the symbol ** in PYTHON and 

FORTRAN as demonstrated in Figure 5 and 14. With this, relevant variables were 

replaced to prompt the program to calculate the number of moles, as shown in 

Figure 15. 

 
Figure 15. Number of Moles as Calculated Using PYTHON Source Code 
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Figure 16 depicts the PYTHON source code for approximating the roots of 

the VDW molar volume function. 

 

 
Figure 16.  Newton’s Method PYTHON Syntax for Molar Volume Iteration 

 

The calculated value of the molar volume after running codes in Figure 16 

is shown in Figure 17. 
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Figure 17. Results Window for Molar Volume Approximation Using Python 

 

JAVA Execution of VDW EOS using Newton’s Method 

Unlike in former programs written in this work, the initial guess is declared 

within the program, while only the result is displayed after running the Java 

codes, as shown in Figure 18 and 19. 
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Figure 18. Volume Implementation Using Java Source Code 

 

 
Figure 19.  Volume Result After Running the Java Program 

 
In Figure 20, Java does not allow the use of ‘mv’ (two letters),  to represent 

molar volume in the function as used in PYTHON, C++ and FORTRAN. Instead 
‘d’, a single alphabet was made to stand for molar volume. 
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Figure 20.  Molar Volume Implementation Using Java Source Code 
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As earlier stated, the molar volume and the volume are same, since n = 1, as 
shown in Figure 21. 

 
Figure 21. Molar Volume Result After Running the Java Program 

 
Just like Figure 18 and 20, in Figure 22, ‘h’ was made to stand for the ratio 

of the function and its derivative 

. 
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Figure 22. Number of Moles Implementation Using Java Source Code 

As shown in Figure 23 and unlike all the other programs, the Java output window 
gives an approximate value of the roots. 

 
Figure 23. Number of Moles Result After Running the Java Program 

The flowchart produced from Java source code in Figure 22 is as shown 
in Figure 24. 
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Figure 24.  Java Flowchart from Newton-Raphson Method 

 
Hence, flowcharts for all the written Java source codes in this work can 
represented same way as in Figure 24. 
MATLAB Program Solution for Newton’s Method 

In a single window, MATLAB produces the results of the iteration 
involves in computing volume and number of moles of NH3 in short and simple 
lines of codes shown in Figure 25 and 26. 

 

 
Figure 25. Volume Calculation in MATLAB in 8 Iterations 
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Figure 26. Number of Moles Calculation in MATLAB in 2 Iterations 

 
In line 4 of the two MATLAB source codes, the initial guess is first 

specified, separated by comma and then the number of iterations. So, ‘6, 8’ in 
Figure 25 means 𝑉0 = 6, stopping after 8 iterations; while ‘0, 2’ in Figure 26 means 
𝑛0 = 0, stopping after 2 iterations. 
R Programming Solution to VDW EOS 

With the right programming, R codes for a particular problem solution 
implementation wouldn’t be lengthy, according to Mailud (2022). Capabilities of 
the R language also bears resemblance with the functions of SPSS, Stata and SAS 
softwares for big data analytics (Ozgur et al., 2017). 
Figure 27 and 28 presents the R source codes for solving volume and number of 
moles in Problem 1. 
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Figure 27. R Source Code to Implement Volume Calculation from VDW EOS 

 

 
Figure 28. R Source Code to Implement Number of Moles Computation from 

VDW EOS 
Both MATLAB and R source codes are not flexible because they cannot be 

re-run to solve other problems without changing the codes.  All inputs are 
specified within the lines of codes to display only the result of the iteration shown 
in ‘blue’ color. 

 
CONCLUSION 

This work strives to revive interest in the use of programming languages 

in the related field of study by showcasing the capability of various programming 

languages in solving numerical analysis problems related to chemical 

engineering. Apart from the one used, several others, namely, JavaScript, Ruby, 

Swift, PHP, SQL, Dart, Objective-C, Julia, Visual Basic .NET, C#, and Go can be 

tested. The C++ source code written here is designed to solve, not only Problem 

1, but any other problems encountered in the field, unlike the 5 other programs 

written, without changing the codes. Users can go further to write a simple 

general program using Java, Python, FORTRAN, R and MATLAB programming 

softwares capable of solving all relevant parameters in VDW EOS. This would be 
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very tasking, as simpler programming corresponds to fewer mistakes and better 

performance – but would solve limitations not seen in the written C++ source 

code for solving related problems. Further studies should look at how to convert 

the written codes to software applications for installation and use in personal 

computers. 
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