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Introduction to Computational Approaches in Chemical Engineering Design

The course "Certified Specialist Programme in Computational Approaches to Chemical Engineering Design"
introduces students to the fundamental concepts and applications of computational approaches in chemical
engineering design. This glossary will provide a comprehensive list of terms related to this field, organized
in alphabetical order for easy navigation.

A

Ab initio calculations: Ab initio calculations are computational methods used to calculate the electronic
structure of atoms and molecules from first principles. These calculations are based on the fundamental
laws of quantum mechanics without the need for experimental input.

Accuracy: Accuracy refers to how close a computed value is to the true value. In computational approaches
in chemical engineering design, accuracy is crucial to ensure reliable results that can be used for decision-
making.

Acronym: An acronym is a word formed from the initial letters of a phrase or name. Acronyms are
commonly used in technical fields to simplify complex terms. For example, CADD stands for Computational
Approaches to Chemical Engineering Design.

B

Basis set: In computational chemistry, a basis set is a set of functions used to approximate the molecular
orbitals of a molecule. Different basis sets can be used to achieve different levels of accuracy in calculations.

Binding energy: Binding energy is the energy required to disassemble a system into its constituent parts. In
chemical engineering design, binding energy is important for understanding the stability of molecules and
reactions.

C

Computational chemistry: Computational chemistry is a branch of chemistry that uses computer simulations
to study chemical systems. It involves the application of theoretical methods and algorithms to predict the
behavior of molecules and reactions.

Convergence: Convergence refers to the process of reaching a stable and consistent result in computational
calculations. Achieving convergence is essential to ensure the reliability of computational approaches in
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chemical engineering design.

D

Density functional theory (DFT): Density functional theory is a computational quantum mechanical modeling
method used to study the electronic structure of atoms and molecules. DFT is widely used in chemical
engineering design for its efficiency and accuracy.

E

Electronic structure: The electronic structure of a molecule refers to the arrangement of electrons in its
atomic orbitals. Understanding the electronic structure is essential for predicting the chemical reactivity and
properties of molecules.

F

Force field: A force field is a mathematical model used to describe the interactions between atoms and
molecules in a system. Force fields are essential for molecular dynamics simulations in chemical engineering
design.

G

Grid-based methods: Grid-based methods are computational techniques that discretize space into a grid to
solve partial differential equations. These methods are commonly used in computational approaches to
chemical engineering design for solving complex problems.

H

Hybrid methods: Hybrid methods combine different computational techniques to improve the accuracy and
efficiency of calculations. In chemical engineering design, hybrid methods are used to overcome the
limitations of individual approaches.

I

Intermolecular interactions: Intermolecular interactions are the forces that act between molecules and
determine their behavior in chemical systems. Understanding these interactions is essential for predicting
the properties of materials and reactions.

J

K

L

Lennard-Jones potential: The Lennard-Jones potential is a mathematical model used to describe the
intermolecular interactions between neutral atoms and molecules. It is commonly used in molecular
simulations to approximate the van der Waals forces.
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M

Molecular dynamics: Molecular dynamics is a computational method used to simulate the motion of atoms
and molecules over time. Molecular dynamics simulations are widely used in chemical engineering design
to study the behavior of complex systems.

N

O

Optimization: Optimization is the process of finding the best solution to a problem within a given set of
constraints. In chemical engineering design, optimization is used to improve the efficiency and performance
of processes.

P

Parameterization: Parameterization is the process of assigning numerical values to parameters in a
mathematical model. In computational approaches to chemical engineering design, parameterization is
crucial for accurate simulations.

Q

Quantum mechanics: Quantum mechanics is the branch of physics that describes the behavior of matter
and energy at the atomic and subatomic scales. Quantum mechanics is essential for understanding the
electronic structure of molecules in chemical systems.

R

Reaction mechanism: A reaction mechanism is a series of elementary steps that describe how reactants are
transformed into products in a chemical reaction. Understanding reaction mechanisms is important for
optimizing reaction conditions in chemical engineering design.

S

Simulation: Simulation is the process of using a model to mimic the behavior of a real system. In chemical
engineering design, simulations are used to predict the outcomes of reactions, processes, and materials
properties.

T

Thermodynamics: Thermodynamics is the branch of physical science that deals with the relationships
between heat, work, and energy. In chemical engineering design, thermodynamics is essential for
understanding the behavior of chemical systems and processes.

U

V
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Validation: Validation is the process of confirming that a computational model accurately represents the real
system it is intended to simulate. Validation is crucial for ensuring the reliability and predictive power of
computational approaches in chemical engineering design.

W

X

Y

Z

This glossary provides a comprehensive overview of the key terms and concepts related to computational
approaches in chemical engineering design. By understanding these terms, students will be better equipped
to apply computational methods to solve complex problems in chemical engineering and design.
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