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a b s t r a c t
Industrial exhaust gases have a strong environmental impact, including on global warming. Carbon
dioxide (CO2 ) is a prominent example of such an exhaust gas. Therefore, CO2 capture and storage in
industrial processes is becoming increasingly important. Preferably, these emitted gases are separated
before their release into the environment. Such applications require selective gas separation to isolate
the harmful gases or to allow recycling of industrially relevant gases. Porous materials are promising
candidates to achieve gas separation, since their large surface area enables them to adsorb large
quantities while their selectivity can be tuned by controlling their chemical composition. Modelling
adsorption behavior and calculating corresponding selectivities in multicomponent gas mixtures of such
porous materials, which is essential to quantify their gas separation performance, can be achieved
through the Ideal Adsorption Solution Theory (IAST), which can be challenging to perform. The current
available softwares for IAST calculations demand programming knowledge that not every materials
scientist has or has access to, limiting the development of new porous materials for gas separation
purposes. In this paper, we present a simple, user-friendly program for IAST loading and selectivity
predictions for binary gas mixtures based on the Python module pyIAST. We have developed a graphical
user interface resembling commonly known software and made three-dimensional selectivity predictions
easily accessible within just a few clicks. The input and output data structure relies on the widely used
*.csv format and isotherm data can be ﬁtted with various established models. Therefore, our software
provides a platform for IAST calculations for non-programming researchers, which is expected to enable
more materials scientists to screen their porous materials for desired gas separation properties.
Program summary
Program Title: GraphIAST
CPC Library link to program ﬁles: https://doi.org/10.17632/ytc64xwcr5.1
Developer’s repository link: https://github.com/ORC-WUR/GraphIAST
Licensing provisions: MIT
Programming language: Python
External Routines: Math, Matplotlib, Numpy, Pandas, PIL, pyIAST, Tkinter
Supplementary material: User Manual, Case studies
Nature of problem: Using IAST to predict the selectivity in binary gas mixtures based on their pure
component isotherms.
Solution method: Employing the pyIAST package [1] and incorporating this into a GUI surrounding for a
facilitated use of IAST analysis. Additionally, the selectivity predictions have been extended to multiple
selectivities at different mole fractions and pressures.
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1. Introduction

mole fractions of the bulk phase (p) of components 1 and 2 (Equation (1)) [8].

Many industrial processes lead to exhaust gases, which can
have an environmental impact by either being harmful/toxic to the
environment or by contributing to global warming. Carbon dioxide (CO2 ), for example, is known for its contribution to global
warming. Based on the global industrial emission of CO2 of approximately 20 Gt·yr−1 in 2020 [1], it is becoming increasingly
important to decrease the CO2 emissions and prevent the disruptive consequences of global warming. In more detail, the atmospheric CO2 level has risen by approximately 50% in the last 250
years to a current level of 0.042 vol% in 2021, which is about 40%
higher than the previously highest reported atmospheric CO2 concentration 300.000 years ago [2,3]. The concentration of CO2 in
ﬂue gas is signiﬁcantly higher (10-25 vol%) than the atmospheric
concentration, which makes it advantageous to remove CO2 from
ﬂue gas before it actually enters the atmosphere. Such gas separation is called carbon capture and storage (CCS) [4]. Based on the
Linde process, which involves liquefying gases, cryogenic CO2 capture has been studied, which is attractive for liqueﬁed CO2 , since it
gets more cost effective at higher concentrations [4]. Alternatively,
membrane technology has reached the demonstration scale, which
refers to the last scale-up step before commercial use. Membranes
need to have high-temperature tolerance and selectivity in order
to separate gases [4]. Already industrially used are amine solutions
that react with CO2 and therefore removing it from the gas mixture. However, in this case, CO2 becomes covalently bound to the
amines, meaning the regeneration process requires a lot of energy
[4,5].
Alternatively, porous solids have been studied for gas separation
and gas capture [6–8]. The large surface area of porous materials, such as zeolites, activated carbon, Metal Organic Frameworks
(MOFs) or Covalent Organic Frameworks (COFs), allows for high
physisorbed gas quantities, which are beneﬁcial for gas separation applications. Additionally, physisorption relies on adsorption
by weaker forces and needs thus less energy for the regeneration
of the porous solid [4].
As the term gas separation already states, it is important
to have a selective adsorption of one gas over another, in order to achieve the desired separation. In fact, the development
of new, more selective, porous materials for CO2 capturing crucially depends on the ability to determine this gas selectivity.
Measuring mixed-gas adsorption experimentally requires specialized and expensive equipment [9]. The measuring principle relies
on dynamic methods, in which the gas mixtures are constantly
ﬂowing over the sample and so-called breakthrough curves are
recorded to determine, how much of which gas is adsorbed. In
contrast, measuring the adsorption isotherm of a pure component is far more straightforward and is possible with common
physisorption instruments. Such instruments measure the quantity
of gas adsorbed at each pressure, leading to isotherms of the pure
gases.
In order to determine gas separation selectivities out of pure
component isotherms, the so-called Ideal Adsorption Solution Theory (IAST) was developed by Myers and Prausnitz [10]. The basis of
IAST is analogous to Raoult’s law [10]. Both theories assume a linear dependence between gas pressure and the mole fraction of the
gaseous component; in case of Raoult’s law the vapor pressure and
in IAST the equilibrium gas-phase pressure [10]. The simplicity of
these calculations makes IAST a widely used method for selectivity
determination in gas separation. In order to simulate the adsorption behavior of gas mixtures, the pure component isotherms have
to be measured at the same temperature and on the same adsorbent. The selectivity of a binary gas mixture in IAST is then deﬁned
as the ratio of the mole fractions in the adsorbed state (q) over the

S=

q1 /q2
p1 / p2

(1)

The validity of IAST has been studied by comparing the IAST
results with grand canonical Monte Carlo (GCMC) simulations
for MOFs [11]. It was shown that the deviation between IAST
and GCMC simulations was usually less than 10%. This shows
that, compared to more computational-intensive GCMC simulations, IAST is a fast and reliable tool to predict gas adsorption
selectivities of MOFs. Despite the development of more accurate
GCMC simulations over the past decades, the obtained selectivity predictions, as well as experimentally obtained data, are still
comparable to IAST predictions [12–18]. Therefore, IAST is still
the benchmark theory for mixed adsorption studies, because of its
simplicity and general applicability. However, researchers still need
to rely on programming skills when working on multicomponent
adsorption studies [19].
2. State of the art
There are several softwares for the analysis of pure component
isotherms with IAST reported in literature that have different levels of ﬂexibility and accessibility. Simon et al. [20] developed a
powerful open source python package, called pyIAST, which allows one to ﬁt a set of pure component isotherms, which can
be more than two, by several different thermodynamic models or
by numerical quadrature. These ﬁtted isotherms can then be used
for IAST or reversed IAST calculations. The result of the calculations can be used to determine the selectivity of one gas being
adsorbed over the other gasses. Two- (2D) or three-dimensional
(3D) selectivity data are obtainable. However, users have to write
a python script for the IAST calculations themselves based on the
offered python package. In more detail, this requires users to ﬁrst
write an entire script to analyze the data, which has to be continuously adapted for future experiments or different parameters.
Notably, programming knowledge is required for 2D or 3D selectivity data.
Iacomi et al. [21] have written the software package pyGAPS
to facilitate high-throughput data analysis and data visualization.
In pyGAPS many types of common adsorption isotherm analyses
(such as BET and Langmuir surface area, t and a s plots, pore size
distribution analysis, isosteric enthalpy calculations and IAST calculations) are combined to allow fast data analysis. For IAST calculation, pyGAPS relies on the pyIAST package and therefore has the
same possibilities (arbitrary number of components, 1D/2D/3D selectivity) and limitations as pyIAST. PyGAPS works independently
of the data origin and can create plots, which can facilitate the
routine data analysis of adsorption isotherms. However, also for
pyGAPS, users have to write the script themselves.
Lee et al. [22] have developed a graphical user interface software (IAST++) for users without any programming experiences,
which would help them to analyze their data with the IAST calculation in a straightforward way. The pure component isotherms
can again be ﬁtted in the Modeler section with various thermodynamic models or a purely mathematical function and are plotted
directly in the window. After ﬁtting, the IAST section can be used
for IAST calculations. When operating the software, it is, however,
not clear what is calculated in the IAST module and based on
which data, with which ﬁts and in which units. Unfortunately, the
only available user manual is an instruction video that is recorded
on a computer screen in Korean language, making the software less
accessible.
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Table 1
Overview of selected characteristics of the published softwares for IAST calculations.
Software

GUI

# gas
components

default output
dimension

ease-of-use

pyIAST
pyGAPS
IAST++
GraphIAST

✗
✗
✓
✓

n
n
n
2

1D
1D
unspeciﬁed
3D

∼
∼
✗
✓

Fig. 1. The interface users will see when starting the GraphIAST software. The left side visualizes the data. The mathematical operations and all conditions can be selected on
the right side and applied via the corresponding buttons.

Herein, we present a graphical user interface (GUI) software
based on pyIAST to facilitate the prediction of binary gas mixtures
for non-programming researchers (Table 1). Users have control
over the data selection, ﬁtting procedure and conditions to predict
the selectivity. We have expanded the pyIAST package to calculate the selectivity within a binary mixture for multiple pressures
and mole fractions without the need to run the software multiple
times. Selectivity predictions are mostly carried out for binary gas
mixtures and the need for more gas components is rather small.
The then obtained data can be exported into a *.csv ﬁle and used
to obtain a three-dimensional plot of the selectivity against mole
fractions and operational pressures.

Usability in software engineering is deﬁned in ISO 9241-11 [23]
as the degree to which a software can be used by customers to
achieve the desired tasks in an effective manner while being satisﬁed with the context of use. At this point, graphical user interfaces
come into play. They enable the users to perform the tasks by
seeing a visual interface and by clicking on speciﬁc icons instead
of console-based programming the desired task. Today, most used
software consists of GUIs to enable a wide-spread, effective and
easy use.
Therefore, we decided to use the pyIAST package [20] to design
a new GUI-based software for IAST predictions with ease-of-use
and accessibility in mind. The software is an executable ﬁle that
works on Windows and the python code can be easily made executable on Linux computers. Our goal is to enable more researchers
to perform IAST calculations, by making the need for programming
skills to perform these calculations obsolete. The mathematical and
computational details for IAST calculations can be found in the

3. GraphIAST
The most important aspects of a software are its functionality, how much it fulﬁls the need of a market, and the usability.
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Fig. 2. Screenshot of a pop-up window (highlighted by the blue box) importing the data into the software, which appears after pressing the buttons, here highlighted by the
red boxes. (For interpretation of the colours in the ﬁgure(s), the reader is referred to the web version of this article.)

Fig. 3. Visualization of how the imported data can be ﬁtted.

documentation of pyIAST [20], while we here focus on the GUI
operation and how we expanded the selectivity calculations. The
underlying aim for our software is to be able to ﬁt pure adsorption
isotherms with a set of physical models or general mathematical functions and to perform IAST selectivity calculations. For the
user interface, we used the tkinter package in python. The software
can be started in Windows via a double-click on the executable
ﬁle and in Linux users have to make the ﬁle executable ﬁrst and
then start via the command shell with python3./PATH/GraphIAST.py.
Fig. 1 displays the general appearance once our software has been
started.
We used the case study of Simon et al. [20] to demonstrate
how GraphIAST is working. In this example adsorption isotherms
of methane and ethane on a MOF were measured at 298 K. In
their case study, they already proved that IAST gives valid results
by comparing their IAST calculation to GCMC simulations [20]. The
same test data can be found in the \test folder of our GitHub
repository.
It is important to note that the pressures are given in bar and the
adsorbed quantities need to be given in mmol·g−1 . The data is
then imported, which can be done by clicking on the Import ﬁle
buttons. Here it is important to decide which gas should be Gas 1

and which Gas 2 as the order will later inﬂuence the selectivity parameter. In this case study, ethane is Gas 1 and methane is Gas 2.
Even though IAST would allow multi-component isotherm calculations, we focused on binary mixtures for our software, because
binary mixtures are usually used as model system. Such model
systems are most commonly used to screen for promising gas separation in materials. For the data import, we use the common ﬁle
explorer that most people know from their operating system. The
imported data will be automatically plotted in the ﬁgures on the
left top side of the window (Fig. 2).
Next, the data has to be ﬁtted. For this, we included a list of
radio buttons with the available models in pyIAST (Fig. 3, green
dashed box). The Interpolator function solves the ﬁt numerically,
while the other options in this list are thermodynamic models
for adsorption processes [20]. After selecting the desired ﬁt, both
isotherms can be ﬁtted individually by both Fit Isotherm buttons
(Fig. 3, red box). The two buttons ensure that both plots can be
ﬁtted with different models, if desired. If the automated ﬁt does
not work, it is possible to deﬁne the starting ﬁt parameters for
the Residual Sum of Squares optimization manually by the Custom Fit buttons. Those will open new windows in which the values
of choice can be entered (Fig. 4) for the speciﬁc model that users
4
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Fig. 6. Exemplary 3D data plot of selectivity against pressure and mole fraction for
the selected case study.

weakly. Henry’s law covers adsorption at low pressures. If those
ﬁtted isotherms do not accurately reproduce the Henry constant
for the speciﬁc adsorbate, the IAST calculation will predict incorrect selectivities.
The button Logarithmic Axis switches the scale of the x-axis of
the graphs from linear to logarithmic. When the x-axis has been
changed to a logarithmic scale the button changes to Linear Axis
which can be used to change the x-axis back to a linear scale.
In the next step both isotherms were ﬁtted with the Langmuir
model. To perform the IAST calculation, users need to deﬁne a
pressure and a mole fraction at which the selectivity should be
calculated (Fig. 5). The original pyIAST package can only calculate
the selectivity of one pressure and one mole fraction. However, in
our case, a list with several pressures (for example 5, 10, 20, 30,
40, 50) and several mole fractions (for example 0.05, 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95) that can be freely deﬁned by users
(comma separated) and the selectivity of each combination will be
calculated. This results in an output ﬁle (as shown in Table 2) from
which a three-dimensional selectivity plot can be easily derived
(Fig. 6). IAST is limited by the maximum pressure that was measured in the single-component isotherms and the mole fractions
have to be in the range between 0 and 1. We have implemented
warnings that will prompt the users in case of wrongly entered
parameters and data. The calculation can be performed by clicking
on the Run IAST button.

Fig. 4. Pop-up window with buttons to access the separate windows to enter custom
ﬁt values as starting point for the Residual Sum of Squares optimization.

have selected to ﬁt the isotherm. The ﬁeld for the parameters for
the remaining models can be left empty. With the Clear buttons
the custom parameters can be deleted so that the software would
set initial default parameters for the ﬁt optimization by itself again.
The custom parameters can also be cleared manually by deleting
them in the Custom Fit menu. After every ﬁt, the ﬁgures on the
left side will update to also show the most recent selected ﬁt. For
every successful ﬁt the obtained ﬁtting parameters as well as the
root mean squared error will be displayed below the graphs (Fig. 3,
blue dashed box). A new ﬁt does not overwrite the output. The
users can scroll through the history of all the ﬁtting done on the
pure isotherm in the Fitting Parameters box underneath the plot.
This way ﬁts can be compared with each other by scrolling through
the text output. When GraphIAST is used, it should be realized
that IAST is only of limited validity for polar adsorbates or mixtures in which one component adsorbs strongly and the other one

Fig. 5. Example deﬁnition of pressures and mole fractions as input parameters to run the IAST calculations (right) and the resulting selectivity plot for the ﬁrst mole fraction
(left).
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Table 2
Example of the *.csv output of the ﬁrst 15 lines of an IAST calculation performed using GraphIAST. The software calculates more digits, for readability reasons the output
here has been rounded.
Total
Pressure
[bar]

Mole
Fraction
Gas 1

Mole
Fraction
Gas 2

Partial
Pressure
Gas 1

Partial
Pressure
Gas 2

Loading
Gas 1
[mmol/g]

Loading
Gas 2
[mmol/g]

Selectivity
Gas 1 / Gas 2

5
5
5
5
5
5
5
5
5
5
5
10
10
10
10

0.05
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
0.95
0.05
0.10
0.20
0.30

0.95
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.05
0.95
0.90
0.80
0.70

0.25
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
4.75
0.50
1.00
2.00
3.00

4.75
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.25
9.50
9.00
8.00
7.00

1.05
2.01
3.72
5.19
6.48
7.61
8.61
9.51
10.32
11.04
11.38
1.82
3.39
5.97
8.00

2.59
2.37
1.97
1.62
1.31
1.03
0.79
0.56
0.36
0.17
0.08
4.59
4.09
3.25
2.58

7.67
7.63
7.56
7.50
7.43
7.37
7.32
7.26
7.21
7.16
7.14
7.53
7.46
7.34
7.23

The successful calculation will be indicated by the graph in the
bottom left corner. This will show all the selectivity values for the
ﬁrst mole fraction entered. All calculated values and all steps in
between (partial pressures, loadings, and selectivities) can be exported and saved in a *.csv or text ﬁle (Save button).

016.Vidi.189.031, to M.S.). The authors thank Julian Engelhardt, Alice Guarneri, Bas Scheepmaker and Sybren Schoustra for testing
the beta version and Prof. Han Zuilhof for fruitful discussions.

4. Conclusions

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.cpc.2022.108494.

Appendix A. Supplementary material

Here we have presented a graphical user interface based on
the pyIAST package that can calculate gas adsorption loadings
and selectivities for binary gas mixtures. GraphIAST allows researchers without programming experience to use IAST calculations for multiple pressures and mole fractions in one go, since
no programming is required to run the program. This enables
the users to get the correlations of pressure, mole fraction and
selectivity. We anticipate that by lowering the required programming skills for IAST calculations, it becomes more accessible for
researchers to use IAST gas adsorption predictions in their research, which will spur development of more tailor-made porous
materials with selective gas separation or more eﬃcient carbon
capture.
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