ChatGPT (and friends)
in your Chemistry class

Janis and Michael, Chemistry Teachers' Workshop 9/27



Al can solve and explain most Chemistry
problems instantly and accurately

Do we need to deemphasize unproctored exams/quizzes?



4. *D2%* In class we calculated the partition function for a quantum mechanical harmonic oscillator,

e—Bhw/2
Qvib — 1 — e—ﬁhw’

where w is the angular frequency of vibration.

(a)

(b)

From Qin, determine the average energy (F.i,) of this idealized vibration. Using a computer,
make a plot of (Fyi,) /(hw) as a function of kgT'/(hw) over the range from T' = 0 to kT /(hw) = 2.
On your graph, also include the prediction for (F;,) from classical mechanics. (2 pts)

Further differentiate to determine the heat capacity Cy ,i,. Using a computer, make a plot of
Cvvib/kB as a function of kg7 /(hw) over the same range as in part (a). On your graph, also
include the prediction for Cy i, /kp from classical mechanics. (2 pts)

The covalent bond of diatomic chlorine Cl, has a vibrational frequency vgstreten of about 560 cm™?.

Calculate a numerical value for Cy yip/kp for this stretching motion at room temperature.

(Note: The ”wavenumber” cm™! clearly does not have units of frequency. What is meant by
this spectroscopic language is that the wavelength A = c¢/vgtretcn Of light with this frequency
is A = 1/(560 cm~!). The angular frequency w is larger than vgeten by a factor of 2, i.e.,
W = 2TVstretch- FOT our purposes, all of this ugliness can be avoided by evaluating kg7'/(hw) with
both kgT ~ 207 cm™! and hw = 560 cm™! expressed ”in wavenumbers”.) (1 pt)

Using your result from part (¢) and your result from problem 3 of this problem set, compute an
improved estimate for the specific heat of Cly gas and compare it to the experimentally determined
value. (2 pts)



3. *D2* Salt water is plentiful on earth; natural supplies of fresh water, on the other hand, are dwindling
while mankind’s demands grow. One appealing solution to this problem is to remove the salt from
ocean water by some means. Here you will investigate the energy input that is necessary to accomplish
this task. Special membranes can be manufactured that allow water, but not ions, to pass through. By
pushing such a membrane through a salt solution, one can separate salt and water, as depicted below:

semipermeable membrane

(a) Explain in terms of the number of microstates of why work is required to carry out this process at
fixed temperature and total volume of the solution. (Consider the relationship between Helmholtz
free energy, reversible work, and entropy.) (1 pt)

(b) Imagine that the solutes have an initial concentration of cj (i.e., the number of solutes is N = ¢yV,
where V' is the initial volume) and do not interact with one another, so that the energy of the
system does not change throughout the process. (In other words, the solutes can be treated like
an ideal gas at temperature 7', which is fixed by the solvent.) Calculate the partition function
() s for the spatial arrangement of N solute molecules when a fraction f of the solution has been

purified (i.e, the partition function of the solutes in the right-hand figure). Write your answer in
farrma ~nfF AN £ anAd +ha +atal xraliive Y/ VAatr can 1oornara faorvvne 1nm ). +hat AAa vt Aaoarneand An 1/



What ChatGPT can do for instructors

* write keys

e draft problems, suggest variations of existing problems

* suggest lecture content, real-world examples, etc.

e suggest ways to explain a topic at various difficulty levels

* analyze qualitative student feedback to guide discussion/review (e.g.: “which
concept/topic did you struggle most with this week?”)

NOTE: don’t upload student information (FERPA!), use temporary chat

e create simulations/visualizations



Simple 2D simulation of Argon

2D Lennard-Jones MD (reduced units, c=e=m=kg=1) — Periodic Box

O .
Particles (N) Box length L (o)

256 40

Target temperature T Time step dt

1.0 0.005

Cutoff r Thermostat (Berendsen)

C

(0)

¥ enable

2.5

Thermostat T Steps per frame

1.0 40

Particle radius (px)

6

Initialize Start

time: 63.060 step: 12612
T(inst): 1.035 p=N/L2: 0.1600

Try turning off the thermostat to observe equilibration. Lower dt if the
simulation becomes unstable. Typical stable range: 0.002-0.006.




What ChatGPT can do for students

e write practice problems/exams
e explain a topic at various difficulty levels, give analogies, examples, etc.
e create study guides and review schedules

* Serve as tutor



Announce your class Al policy

It is expected that students adhere to University of Utah policies
regarding academic honesty, including but not limited to refraining from
cheating, plagiarizing, misrepresenting one's work, and/or inappropriately
collaborating.

This includes the use of generative artificial intelligence (Al) tools
without citation, documentation, or authorization. Students are
expected to adhere to the prescribed professional and ethical standards
of the profession/discipline for which they are preparing.

Any student who engages in academic dishonesty or who violates the
professional and ethical standards for their profession/discipline may be
subject to academic sanctions as per the University of Utah’s Student
Code: https://requlations.utah.edu/academics/6-410.php



https://regulations.utah.edu/academics/6-410.php

