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INSTRUCTOR’S MANUAL 
Chuck Lucy, Department of Chemistry, University of Alberta, Edmonton, Canada, charles.lucy@ualberta.ca
Simulator: http://www.multidlc.org/hplcsim developed by Thomas J. Lauer and Dwight R. Stoll of Gustavus Adolphus University, is based on an original Java version of the simulator described in P. G. Boswell, D. R. Stoll, P. W. Carr, M. L. Nagel, M. F. Vitha, and G. A. Mabbott, “An Advanced, Interactive, High-Performance Liquid Chromatography Simulator and Instructor Resources, J. Chem. Ed. 2013, 90, 198. 
HPLC Simulator predicts reversed-phase LC retention behavior of over 40 compounds on an Agilent SB-C18 column using experimentally-determined linear solvent strength parameters for methanol and acetonitrile. The linear solvent strength model for RPLC is:

log k     – S	

where k is the retention factor, log  is the extrapolated retention factor for 100% aqueous eluent,  is the mobile phase composition (commonly replaced with %B), and S is an experimentally-determined compound-specific parameter.
Band-broadening is predicted using theoretical models for the terms within the van Deemter equation.
User-controlled parameters include organic modifier, %B, column temperature (T), dp, L, F, injection volume, and baseline offset and noise. Outputs for isocratic separations include the chromatogram (exportable to csv file), flow velocity, plate height (H), back pressure, a table of k, tR, peak width (), and linear solvent strength parameters kw and S. Gradient inputs include gradient delay volume and outputs include retention factor at elution (ke).
Course context: These activities were developed within multiple iterations of CHEM 425/516 (20–30 students) at the University of Alberta using the original Java version of HPLC simulator. CHEM 425 is an optional senior undergrad course taken after a sophomore course on quantitative analysis and a junior course on instrumental analysis. Six weeks of the course is separations (specifically drilling into reversed-phase liquid chromatography), followed by six weeks on mass spectrometry. CHEM 516 is a six-week graduate module which share lectures with CHEM 425. CHEM 516 did additional assignment and exam questions. The activities were performed in-class by self-selected pairs of students using a single computer. 
As these exercises were developed for an advanced course, there are far more exercises and topics than would be used in a typical sophomore or junior course. Nonetheless, the full set of exercises are provide to allow instructors to choose those exercises most appropriate to their learning objectives.
Note: All activities had to be redeveloped with the web-based version of HPLC Simulator as there were some differences from the prior Java version. The activities were initially developed using version 3.0.2 in June 2020. A few quirks were corrected in version 3.1.0. All activities were checked using version 3.1.0 on July 28, 2020. However, the revised exercises have not been run with students. Please let me know at charles.lucy@ualberta.ca of any errors or difficulties that your students run into.
Suggestions for Group Activities: The activities could be used by groups of 3–4, either performed in-class, as out-of-class assignments, or as peer or TA lead learning activities. For groups of 3–4 students more than one laptop per group is recommended; one laptop can be devoted to the simulator, and another to a spreadsheet. For many activities variants of the settings are given in this instructor’s manual which would allow different students or different groups to perform parallel investigations.
There is no perfect way to assemble groups for such collaborative learning activities. One strategy that I found effective in a 100+ student quantitative analysis course was to group students based on the proximity of their lab benches in the lab sections. This fostered greater collegiality and support within the lab. Provide time at the start of the first group activity to allow students to find the rest of their group. Projecting a seating chart of where each group should be within the class helps, but it still takes time for the groups to assemble. Many video meeting software allow assigning student groups to breakout rooms (Zoom, https://support.zoom.us/hc/en-us/articles/206476093-Getting-Started-with-Breakout-Rooms; Google Meets, https://www.youtube.com/watch?v=tk8Gm1phoCw). These groups were retained for multiple activities to allow teamwork to develop. In initial iterations of this strategy, I reassigned groups midway through the term. In later iterations flexibility in allowing groups to reassemble as needed dealt with any issues that arose (e.g., absences). 
It is important for the instructor to monitor the each group during the activity to keep the group on task, to discuss the results and address any questions, and to tweak the group dynamics to ensure all are engaged in the task.
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