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ABSTRACT 
The COVID-19 pandemic brought the need to reinvent teaching pedagogical methods to engage 

undergraduate students in remote classes. Synchronous and asynchronous meetings become routine 

in the undergraduate courses, and web-based learning methods proved to be useful in the present 

situation. In this scenario, the Google Colab platform could be a good tool to teach physical-chemistry. 10 

Also, help the students develop different skills using collaborative tools, solve chemistry problems 

using Python language, and apply mathematical knowledge learned in the first years' disciplines. 

Seven Jupyter notebooks were developed and used, via Google Colab, in the physical chemistry course 

of the Technological Faculty of the Rio de Janeiro State University to participate in the asynchronous 

classes and help the students solve the assigned problems. The students' positive feedback pointed 15 

out that this initiative was well accepted and should be continued in the next semesters.        
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Physical-Chemistry classes are known to be difficult and abstract due to the math background 20 

required, and the content addressed. Due to the remote teaching caused by the COVID-19 

pandemic1–3, physical chemistry classes proved to be more tricky4. The instructors' additional 

effort was necessary to guarantee the students' engagement56,7 and the desired academic 

performance.  

Several physical chemistry problems involve calculating derivatives, integrals, solution of 25 

ordinary differential equations, and fit of mathematical models to a given data, which can be 

conducted with software available on the internet. Simple regression models can be performed 

in Microsoft Excel or Libre Office Calc, the first choice of most students. However, these 



  

 

packages are not suitable for advanced calculations and are barely used by Chemists and 

Chemical Engineering with this finality in their professional activities. For these reasons, the 30 

physical chemistry courses can be the gateway to computational resources that can handle 

advanced calculations, data treatment, and analysis.  

Python is a simple and easy computational language, containing several scientific libraries like 

NumPy8, SciPy9, Matplotplib10, and others that enable the users to perform simulations, 

regression analysis, resolution of ordinary differential equations. The reader interested to know 35 

more about Python capabilities can access the following articles11–15. Additionally, Google's 

Colab16 is a free web platform that enables users to run Python and Tensor Flow calculations 

for free, using Google's infrastructure. The service requires no setup to use, providing free 

access to computer resources without the necessity for the new user to download, install, and 

configure Python and their libraries to your personal computer. These facilities help the 40 

instructors implement Jupyter17 notebooks to write Python scripts in their remote physical 

chemistry classes since they demand no previous knowledge, by the students, of Python 

installation and setup.  Google Colab is an inclusive platform since it requires only a device 

with an internet connection, being possible Python coding and executing scripts with 

smartphones and tablets. 45 

Our objective is to introduce the student to the Python language and Google Colab platform as a 

computational tool to solve physical chemistry problems, track, in real-time, the students' progress, 

and solve their issues. Also, show students how to apply the knowledge acquired in the introductory 

calculus courses and introduction to computation to solve physical chemistry problems with 

computational tools. 50 

PEDAGOGICAL FRAMEWORK  
All scripts were written as Jupyter17 Notebooks in the iPython18 format and made available for the 

students by the Colab platform, sharing the link to the notebooks in the Google Classroom used for 

the discipline. Multiple users can share and use the notebooks simultaneously via Colab. According to 

the permissions given, multiple users can edit and run the Python script. It is a native collaborative 55 

environment, ideal for the period of remote classes and social distancing. The use of Google Colab 



  

 

aims to be an additional tool to teach physical chemistry and engage the students in the discipline. 

Also, help the students to connect interdisciplinary concepts and gain other skills necessary to their 

professional life19,20.  

The students were free to save the notebooks to themselves, modify and make comments in the 60 

notebooks, which permits tracking the students' activities and their doubts. The notebooks were 

written to solve problems proposed by the course bibliography21–24,   using the libraries NumPy, 

Matplotlib, and SciPy.  It was assumed no previous knowledge of the Python language by the students. 

For this reason, the scripts were simple as possible, and all instructions were commented on. It was 

observed previously that the course modality impacts the students' outcomes25. For this reason, it was 65 

chosen as a computational tool that will not add extra difficulty to physical chemistry learning. Since 

the notebooks are a part of the asynchronous classes, a tutorial video was made available together 

with the notebooks to explain the code and the method used to solve the proposed exercises.  The 

Markdown26 language was used to write the problems description and explanation of solutions. 

Further, the students were assigned to academic work that needed the use of computational 70 

resources to solve the addressed problems. However, the students were free to choose the 

computational package to solve the proposed exercises. 

  

STRUCTURE AND CONTENT 
Google Colab provides a platform to write iPython notebooks containing interactive elements 75 

that can be shared by multiple users. The computational environment is ideal for data 

visualization, scientific calculation, and data processing. Additional texts can be added in a 

specific cell, using Markdown format, which introduces the problems and explains the 

addressed solution (Figure 1). The notebooks can be shared between users without any 

additional repository, providing a useful manner to make available the codes and follow the 80 

students' progress.  Also, the notebooks are stored directly in the Google Drive user  



  

 

account, without having to download them.  Users can add comments to each notebook cell to 

discuss doubts or issues related to the tasks. This tool eases the communication between 

workmates, instructors, and students, providing a suitable way of feedback by the students 

and solution of the related issues. The comments can be marked as "solved", indicating that 85 

the question addressed was solved. If necessary, the thread can be reopened for additional 

corrections, as illustrated in Figure 1, number (5). 

The platform has other features that help the instructors to track the students' progress and 

activities. As shown in Figure 1(number 1), it is possible to see the last time the notebook was 

edited and who executed the code (number 4).  These features are ideal for Web-based learning 90 

methods and teaching during pandemic times.  

It is possible to install additional libraries that are not Colab by default, using native Linux 

commands. For example, it is possible to run the Cantera27 suite on the Colab environment 

using the standard apt-get install instructions to install the package on the platform. The 

Figure 1: Example of a Python script written in Google Colab platform.  1) Last time the script was edited, 2) Text cells 

used to write the proposed problems, problems solutions, chemical and mathematical equations in Markdown format, 3) 

Code cell used to write the Python script, 4) Pop-up balloon showing who and when the code was executed, and 5) The 

right collum shows the comment cells where workmates or instructors and students can share their doubts and issues 

related to the proposed tasks.



  

 

environment supports panda, Jupyter Widgets and can read data from Google Sheets or Google 95 

Drive. This platform is a suitable tool for scientific calculation, enabling the users to perform 

such type of calculation without download, install, and configure any computational package. 

These characteristics are ideal for beginners in computational sciences or those non-familiars 

with computational tools. The notebooks are summarized below and made available Git-Hub 

repository (although the notebooks are in English, the version used in our classes was written 100 

in Portuguese). 

 

Notebook 1: Ideal Gas 

The first notebook shows how to perform a linear fit from a given data, the procedures to 

calculate the universal gas constant, the molecular mass of a gas, and how the ideal gas 105 

temperature scale can be obtained. Also, graphs were constructed with Matplotlib to show the 

quality of linear fits performed and introduce the students to graphs construction from 

experimental data and mathematical models. 

 

Notebook 2:  First Law 110 

The second notebook was written to calculate enthalpies change and work of expansion after 

heating. The students can familiarize themselves with the Markdown format, used to write the 

problems, equations, and discussion of the solution of the proposed exercises. In this 

notebook, work is calculated for a reversible expansion of an ideal gas and a van der Waals 

gas. Finally, the student is asked to estimate the work done by a gas that obeys the virial 115 

expansion and the Redlich-Kwong equation of state.  

 

Notebook 3: Entropy 

The third notebook introduces non-linear and polynomial fit procedures to obtain the heat 

capacity as a temperature function. Also, plots of the experimental given data and fitted 120 

models are constructed. In a range of temperatures, the numerical integration of entropy is 

conducted using the SciPy library, and issues related to the entropy integration at low 



  

 

temperatures are discussed. The aT³ Debye's Law is introduced as a method to the entropy 

integral evaluation at low temperatures.  

 125 

Notebook 4: Chemical Equilibrium 

This notebook presents how to use the scipy.optimize.fsolve to cope with chemical equilibrium 

problems. This routine finds the root of a function or the root of a linear equations system 

defined by the user in form f(x) = 0. Simple equilibrium problems are addressed, and the 

equilibrium composition is estimated using the suggested routine. The notebook shows how to 130 

write a chemical equilibrium problem in Python language and solve it using Scipy. Scipy is 

used to find the minimum of the Gibbs free energy that corresponds to the equilibrium 

condition.  The notebook address problems related to temperature and pressure effects on the 

chemical equilibrium and perform equilibrium calculations, including corrections due to non-

ideal behavior on the equilibrium constant.   135 

 

Notebook 5: Phase Equilibrium of pure substances 

This notebook was used to solve problems involving the phase equilibrium of pure substances. 

A linear fit procedure was conducted to estimate the water's phase transition enthalpy using 

the Clausius-Clayperon equation and considering the constant enthalpy of transition in the 140 

temperature range. Further, the stability of phases and how the vapor pressure changes with 

the temperature were discussed.  

 

Notebook 6: Real Gases 

The scripts written in this notebook shows how to evaluate the coefficient of fugacity of a real 145 

gas by numerical integration, calculate the second virial coefficient, and the Boyle's 

temperatures for a gas. The student is introduced to two different methods to solve integrals 

numerically: the trapezoidal rule and Simpson's rule. The main idea is to show that both 

methods are easy to use and the chosen method depends on the problem addressed. The 

Boyle's temperature is estimated fitting a second-degree polynomial followed by roots finding. 150 



  

 

Since the second-degree equation has two real roots, the choice of the right root is made by 

evaluating the virial coefficient versus temperature plot, by checking where the second virial 

data is nearly zero. 

 

Notebook 7: Phase equilibrium of mixtures 155 

This notebook introduces the student to more complex problems:  phase equilibrium involving 

mixtures. The ideal solution and diluted ideal solution concepts are the subjects of this 

notebook. Problems involving one or more equilibrium processes are presented, and the 

methodology to solve each problem is addressed. One problem involves three simultaneous 

equilibrium, and the proposed script shows how to use Cramer's rule to solve a system of 160 

linear equations. 

ACTIVITIES 
The physical-chemistry course had weekly evaluation tests and one major individual homework 

about several course topics. The students could choose any software of their liking to solve the 

personal homework since the activity demands linear and polynomial fits, phase equilibrium plots, 165 

and entropy integration. As expected, the first choice of the majority of students was spreadsheets 

software, like Microsoft Excel. However, due to this type of software's limitations, the students who 

chose the spreadsheet as their main computational tool partially solved the homework manually or by 

using a second software. Of the 20 students that attended the physical-chemistry class last term, 55% 

used partially or totally the Python language at Google Colab platform to solve the assigned problems. 170 

EVALUATION 
A survey issued on the final of the term, in December 2020, and answered by 15 students, 

indicates that the students considered the Colab platform user-friendly and the non-downloading and 

installation necessity the most likable character. The four main questions about Google Colab and 

Pythons scripts are depicted in Figure 2. Nine of fifteen students considered the Python scripts a good 175 

supplementary material for the course. Not all students considered the Python scripts useful to learn 

physical chemistry or solve the course's problems. The complete acceptance of the proposed tool is not 

expected because many students have difficulties with programming and numerical calculus. For 



  

 

these reasons, some insist on solving complex mathematical problems in spreadsheet software that 

are more user-friendly and previously known.  180 

On the instructor side, the possibility to chat with the students using the comments balloons was 

useful to correct exercises and the code written. The notebook sharing fastens the communication and 

feedback between the instructor and students. Regarding the shared notebooks, it is possible to 

visualize the last person who edited and ran the script, providing a way to follow the students' 

progress and time spend with the proposed exercises 185 

At this point, it is not possible to measure if the online course mediated by Google Colab has 

comparable or the same outcomes of a face-to-face format, as previously reported for the inorganic 

chemistry course28. However, we can suggest the Google Colab as a resource to teach physical 

chemistry through internet means due to the students' positive feedback and simplicity to use and 

solve problems. 190 

  

 

Figure 2. Survey about Google Colab and Pythons scripts issued to the attendants of the second-semester physical-chemistry 
course. Fifteen students answered the survey. 
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Conclusions 

Seven Jupyter notebooks were written and used as supplementary material of the physical 

chemistry course of the Technological Faculty of the Rio de Janeiro State University and made 

available by the students via the Google Colab platform. The platform was used as part of the 

asynchronous classes and chosen because it provides an environment to use Python language 200 

without installing, setup, and configuration of packages and libraries. All students considered 

a user-friendly platform, and the majority has chosen the Python language via Google Colab as 

their primary computational tool along the course. The platform's multi-user feature eases the 

communication between instructor and students and facilitates the students' feedback about 

his assignments. The platform proved to be a good tool for workgroups and assign exercises.  205 

 The notebooks were developed using a few capabilities of the Google Colab environment; 

however, they showed to be very valuable to the remote classes. More advanced features may 

be explored in the future, like pandas usage, integration with Google Sheets, and Jupyter 

Widgets, to improve the teaching method and physical chemistry learning.   

The second term of 2020 was the first time that this resource was used as part of the physical-210 

chemistry course, and due to the positive feedback, it will be continued in further terms. The platform 

will possibly become a regular part of the physical-chemistry course after the end of the pandemic.  

Supporting Information 

All seven Python scripts described in this manuscript are available as Jupyter notebooks in the 

iPython format at https://github.com/leobap01/physical-chemistry. All notebooks can be uploaded 215 

directly to the Google Colab website or executed in Jupyter installed locally.   
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