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Motivation Example Assignment #1: WebMO/Quantum Chemical Calculations/Intermolecular Forces

 Many grand challenges facing chemical engineers today involve Obijectives:  lllustrate how intermolecular interactions are quantum in nature.
molecular-level chemistry « Improve students’ understanding about how pairs of molecules orient during intermolecular interactions  « lllustrate physical bonding and the use of the Lennard-Jones potential for modeling physical bonding.
* Improve students’ perceptions of quantum chemistry software  Determine correlations between physical bond strength, Lennard-Jones parameters, and physical properties

« Having an appreciation for molecular-level phenomena will

. . . Students use WebMO, which uses an online graphical user interface, to set up and submit molecular simulations. WebMO was created by William F. Polik and Jordan R. Schmidt at Hope College. Anyone in the world can run WebMO with just an Internet connection.
better prepare chemical engineers to handle problems in energy, |
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A carbon atom. Clicking “clean”
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Users select computational
parameters from a list. They can view
the actual input file if desired.

 The goal of this work is to demonstrate molecular phenomena
and simulation techniques using straightforward graphical user —
interfaces and familiar software

Users can “copy and paste”

Students place two CH, molecules in proximity and then “drag” them apart, calculating the energy of interaction at each point.  * Students complete a pre-assessment that re-enforces concepts from general chemistry, such as intermolecular forces and how
« Specifically, we focus on conceptual aspects of molecular-level { 6 they correlate to properties such as molecular weight

chemical engineering, including students’ abilities to connect _S « After completing the pre-assessment, students work in pairs to calculate energies of interaction for pairs of molecules
molecular-level phenomena with observable properties "C:é 4 Py « Each pair of students works on a different pair of molecules

[5 = « Example molecule pairs: Ne-Ne, CH,-CH,, C,Hs-C,Hg, CCI,-CCl,, HCI-HCI, H,0-H,0, H,S-H,S, HCI-Ar, HCI-H,0

. £ £ 2 « Before running the simulations, students sketch (by hand) what they think the optimal orientations of the molecules are
A" aSS|g nments (and mOI’E!) dalre © i o T — ‘ .......................................................... « Students also list the types of intermolecular forces that are present in the interaction
. . > .W' ¢ « While completing the assignment, students use the “pilot/navigator” approach to problem solving
avdal Iable fOl' pu bl IC UsSe On E’ -2 « After completing the assignment, 2-3 pairs of students are combined into a bigger group to compare results.

L] 0 2 4 6 8 « Examples of larger groups: Ne-Ne, H,S-H,S, H,0-H,0; CH,-CH,, CCIl,-CCl,, C,HsC,Hg; HCI-HCI, HCI-Ar, HCI-H,O
Canvas COm mons. Sea I'Ch fOI' C-C distance (A) « The larger groups are asked to write a paragraph describing the differences in the results in the context of the different

intermolecular forces
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Materials are

publicly Example Assignment #2: Excel/Monte Carlo/Safety and Risk

available; no
account

“chemical engineering”.

Untitled Untitled Elements of Chemical Re...

EDE User Portal | My X... SUNY Invests in YS... Search | Canvas Commons +
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Objectives: Students use the random number generator and “data table” functions in Excel to calculate the temperature of a reactor for 25,000 different sets of conditions.
* lllustrate how process variables influence = * Before completing the exercise, students

68,776 results
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Example Assignment #3: MATLAB/Monte Carlo/Temperature Swing Adsorption Other Available Assignments

Objectives: » Students use WebMO to find the transition state for HCN isomerization to CNH
* Practice using Monte Carlo for molecular applications, including practicing operating the most important simulation parameters (intermolecular potential, temperature, number of moves, ratio of translate to replace moves) - Demonstrates transition state theory, transition state structures, reaction
- Demonstrate how the simulation parameters influence the number of moves required to achieve equilibrium coordinates, use of quantum chemical calculations, vibrational modes
 Introduce the concepts of temperature swing adsorption and adsorptive separations. Learn how to tune operating conditions to achieve optimal performance for these two applications. + Students use WebMO to calculate the energy levels of a 3d metal atom
- Demonstrate how molecules with different interaction strengths exhibit different adsorptive properties. - Demonstrates quantized (versus continuous) energy levels, quantum
* Develop an appreciation for how results obtained in a molecular simulation can be transposed to experimental or real world operation (e.g., trends rather than exact values) chemical calculations, deciding how to choose basis sets and methods of
* Improve students’ perceptions of and confidence in installing and using MATLAB electron correlation, solutions to the Schroédinger equation
in a pre-written code. The goal is to identify the “storage” and “release” temperatures for a Lennard-Jones sphere in a cubic box. The box “floor” has a potential representative of a sorbent material. « Students use WebMO to calculate electronic, vibrational, translational,
—— — i S oy e - e | [ I, . ~ 20 rotational contributions to the energy, and free energy for H, O, and H,0
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