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A Course For All ChE/MSE Students
• Wayne State Chemical Engineering & Materials Science

• 26,000 student public R1 university in Detroit, MI
• 91 B.S. students
• 19 M.S. students
• 18 PhD. students
• 13 faculty

• Motivation
• Modernize curriculum
• Expand elective offerings
• Integrate computational methods

• Designed for B.S., M.S., and Ph.D. students
• Cross-listed at upper division undergrad/PhD level
• In-person, shared lectures
• Students from biology, chemistry, physics
• Not a programming course!
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Python, Our Language of Choice
• Used in intro. programming course
• Widely adopted
• Portable
• User friendly
• Libraries for everything

• numpy: computation
• pandas: data I/O
• matplotlib: plotting
• sklearn: general ML
• keras: neural networks

• Free Lesson 2: Python Basics

3/18



Google Colab, Our Environment of Choice
• Supports notebooks (.ipynb)
• No installation
• No version management
• No environment management
• Compatible with any machine
• “Explain error” feature
• Requirements:

• Browser + internet
• Google account

• Server-side compute
• Access to advanced hardware
• Free

Lesson 2: 
Python Basics
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colab.research.google.com



Tip: Share Data Sets via Github URL
• Upload data sets to public Github
• Share URL
• Load directly from URL in Colab
• No download/upload issues
• Free

Lesson 8: Validation
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Bridging Intro. ML and ChE Applications
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Andrew White

Excellent introduction to concepts with broad coverage
No chemical applications
Free

Great chemical engineering and chemistry examples
Jumps in with advanced methods
Free

statlearning.com, dmol.pub



Lesson Structure: Theory + Practice

7/18Lesson 13: Convolutional Neural Networks



Content: Review of Building Blocks
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Concept Examples
Python programming, packages
Linear algebra Process modeling, Markov models, 

chemical reaction networks
Statistics Kinetic theory of gases, Maxwell-Boltzmann 

statistics

Lesson 4: Linear Algebra Lesson 21: Statistics

Konovalov, et al., JACS Au, 2021



Content: Core Machine Learning Concepts
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Concept Examples
Regression, classification Handwriting classification, FDA approval prediction
Bias-variance, 
training/testing/validating, 
regularization

Sabatier principle, power plant output prediction

Featurization SMILEs strings, molecular descriptors, molecular features
Optimization Optimizing reactor conditions
Ethics LLMs & copyright law, ML in medical decision making, 

environmental impact
Lesson 8: 
Validation

Lesson 15: 
Featurization

Lesson 9: 
Optimization



Content: Basic Machine Learning Methods
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Concept Examples
Regression (linear, multiple, 
polynomial, ridge, LASSO, logistic)

Control of liquid tank height, Sabatier principle

Principal component analysis Periodic table analysis
K-nearest neighbors, K-means Phase classification

Lesson 6: Polynomial Regression
Lesson 20: PCA, KNN, K-Means



Content: Advanced ML Methods
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Concept Examples
Auto-differentiation, backprop.
Neural networks (dense, 
convolutional, recurrent)

MOF H2 loading prediction, small molecule 
solubility prediction

Discriminant analysis Periodic table classification
Decision trees, random forests Surfactant phase behavior
Molecular simulation Covid-19 protein spike, machine-learned potentials
AlphaFold Protein structure from sequences

Lesson 10: 
Intro to NNs

Lesson 23: 
Decision Trees

Cooper & Colón, MSDE, 2023; Thacker et al., JPC B, 2023



Tip: Run AlphaFold Easily with ColabFold
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Mirdita, et al., Nature Methods, 2022



Relate Assignments to Real Applications
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Mysona, et al., Macromolecules, 2024; Rögnvaldsson, et al., Bioinformatics, 2015



Tip: UCI ML Repo for Lots of Clean Datasets
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archive.ics.uci.edu



AI Use In Class
• LLM use (Claude, Copilot, ChatGPT) is permitted for programming

• Not a programming course!
• Introduce students to AI tools
• Asked students to describe AI use on assignments
• Use in a controlled environment

• Some problems are marked “No AI”
• Honor system
• How do I enforce this or design around it?

• Explore how LLMs work
• Relationship between thermodynamic and LLM temperature
• Shortcomings and legal issues
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Student Feedback
• “I appreciated that we started with learning some basics of python because 

as a beginner that was interested in the class, I worried that it would be 
harder for me to keep up with the coding.”

• “remove most of the introductory stuff”
• “The scope of practical application, based on this courses learning 

objectives, has the opportunity to extend far beyond foundational chemical 
engineering practices. I enjoy this course because it introduces students to 
coding (Python), machine learning/data analytic techniques, and the 
opportunity to experiment with large language models and AI platforms.”

• “It is really interesting to see the applications of machine learning in a variety 
of topics, in addition I got to see the relevant topics combining information 
from previous classes such as Schrodinger's equation of states from 
Physical Chemistry or reaction kinetics and reactor design.”

• “The assignments helped us experiment and practice the concepts we 
learned.”

• “I enjoyed the way your slides on each topic sort of introduced topics from 
the ground floor–up.” 
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Questions?

Detroit Industry Murals, 1932-1933, Diego Rivera, Detroit Institute of Arts

AI Tools Are Not Good or Bad, They Are What We Make Them
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