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Abstract

Teaching during the SARS-CoV-2 pandemic re-
quired the introduction of alternative teaching
methods to engage students to meet learning out-
comes. Using undergraduate Analytical Chem-

istry courses, the shift to asynchronous collabo-
rative online activities and formative quizzes in
preparation for live class sessions is described.
Just in time teaching of challenging problems dur-
ing live sessions with contribution from students
(peer instruction, group presentations of applica-
tions of the discussed concepts) is discussed, in-
cluding feedback from students.

Introduction

Analytical Chemistry (AC) 1 and 2 is a mandatory
two-semester introduction to chemical equilibrium,
acid-base chemistry, complexometry, chromatogra-
phy (AC 1) and redox chemistry, electroanalysis,
spectroscopy (AC 2). Both courses have a lab com-
ponent illustration the concepts discussed in class.
The lab was open (albeit in abbreviated form) dur-
ing the pandemic and will not be discussed here.

In-person course setup

e Pre-reading (no grades given)

e Four in-class quizzes
e Midterm exam; cumulative final exam

e Optional student group presentation (AC 2)

In-class work with iClickers (at end of thematic sec-
tion) & peer problem solving (at end of chapter).
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Remote Course Objectives

The previously primarily in-person course set up was
divided into asynchronous (preparatory) and syn-
chronous (practice) elements, while —

e Maintaining learning outcomes
o Increasing number of (low stakes) assessments

e Ensuring students come prepared to live class &
bring questions!

e Focusing on complex problem-solving
(multi-step/concept problems) in live class

e Maintaining elements of collaborative work &
student contributions

myDalite

myDalite: An interactive quiz platform that requires
students to choose & provide rationales for answers
they select. Rationales are added to a pool and are
presented to other students (Fig 2).

Figure 1:Perusall data backend (R) & annotation example (L)

Main Lesson Learned

Asynchronous collaborative pre-reading and formative quizzes are elements that easily transfer to an in-
person class and help focus lecture time on complex problem solving and addressing student questions.

Remote Course Setup

e Mandatory weekly pre-reading

e Weekly self assessment quiz on pre-reading
(included writing/assessing rationales to answers)

o (Peer) exercises & problem solving in class

(guided & individual); Q& A session
e Optional student group presentation (AC 2)

e Two midterms; cumulative final exam

Perusall

Perusall: An interactive, asynchronous annotation
tool for pre-reading of the course text (groups of
10 students). Seven high-quality annotations were
required for full marks (Fig 1L). A data backend
provided information about open questions and sec-
tions needing discussion (Fig 1R).

You answered D and gave this rationale:

Use the equation for the calculation of the pH of a weak acid (Ka = x2 / (F-x)) and
solve for [H+]; take the negative base 10 log to find the pH. Use the concentrations
for F.

Consider the problem again, noting the rationales below that have been provided by other
students. They may, or may not, cause you to reconsider your answer. Read them and select your
final answer.

Using Ka=10A-pka calculate the ka. Write the reaction and isolate the x in the
D. O equation. Eliminate the negative value. Using the positive x and pH=-logx
determine the pH of the solution.

Using the dissociation of a weak acid ([HA] <->[A-] + [H+]), giving us the Ka = [A-]
[H+]/[HA], with F being the formal concentration of the initial solution ([HA]
agueous), we can simplify the final concentrations it in the following way: [A-] =

O [H+] = x and [HA] = (F - x). This gives us Ka = (xA2)/(F-x), where we can further
drop the x in the denominator because the dissociation of H+ for a weak acid is
low (negligible) to result in Ka = (xA2)/F. We resolve for x, which is concentration
of H+ and we calculate the pH = - log([H+], giving pH = 3.05 (answer D).

<+ Show more rationales

Figure 2:myDalite rationale choice and evaluation

Virtual Live Sessions

Remote live sessions (twice a week for 1h15 min)
started with a Q & A from students. Just-in-time
prepared class material (with data from Perusall pre-
reading and myDalite quizzes) focused on problem-
solving, first demonstrated on the (virtual) board
and followed by collaborative or individual exercises.
The formation of peer groups was encouraged. Class
notes and recordings were posted for review.

Student Feedback

Student feedback were obtained through question-
naires and individual feedback (for AC 1 see Figs 3
& 4). Changes for AC 2 —

e Shortened & focused pre-reading on key concepts

e Live grade feedback for pre-reading and quizzes

e Choice of collaborative or individual
problem-solving sessions

How do you like Perusall to prepare for class and exercises?

How do you like myDalite to prepare for class and exercises?
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Figure 3:Student feedback on Perusall (L) and myDalite (R)

How do you like the structure of the class focusing on the most challenging issues from

pre-reading as a mini-lecture, followed by practice problems on the board and group work?

25 responses
68 students

| like the structure of the class 19 (76%)

| do not like the structure of the
class

It is hard to do most of the
primary learning through reading
when its calculations and differ...

1 (4%)

I would prefer if the subjects
covered in class are done before
doing my dalite quiz because...

1 (4%)

Figure 4:Satisfaction with class structure

Return to In-class Teaching

Mandatory pre-reading and quizzing prepared stu-
dents well for class and with terminology and basic
definitions clear the focus could be moved towards
problem solving after a (usually) short Q & A ses-
sion. In-class time was used more efficiently towards
more complex problems splitting time between de-
tailed on-board demonstrations and (collaborative
& individual) practice time.
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Enlarged figures 1

Overall assignment progress

The difference between the end point and the equivalence point is an inescapable

So the end point always comes after the
equivalence point; and the end point is the
point when the excess/unreacted titrant is observed
as a color change. Isn't the purpose of titration to
find the equivalence point? Why are we measuring
past that point with the end point? Is there no way
of stopping beforehand...?

titration error. By choosing a physical property whose change is easily observed

(such as pH or the color of an indicator), the end point can be very close to the

Completed with maximum score (11.8%)

equivalence point. We estimate the titration error with a blank titration, in

which we carry out the same procedure without analyte. For example, we can

Completed but not maximum score (61.2%)
@ Some work submitted (8.2%)
No work submitted (18.8%)

titrate a solution containing no oxalic acid to see how much MnO)j, is needed to

produce observable purple color. We then subtract this volume of MnO]; from ) % A ¢ Oct109:15am

the volume observed in the analytical titration. ) )
9 I think that it is not possible to stop o
m

easuring at the equivalence point
because we don't know when to stop measuring,
the solution stays colorless but I'm not sure

The validity of an analytical result depends on knowing the amount of one of the

reactants used. If a titrant is prepared by dissolving a weighed amount of pure
or maybe by checking the pH in between drops we

can see when the solution is neutral and know when
we have reach the equivalence point

reagent in a known volume of solution, its concentration can be calculated. We

call such a reagent a primary_standard, because it is pure enough to be weighed

comments, questions, unanswered questions

and used directly. A primary standard should be 99.9% pure, or better. It should

not decompose under ordinary storage, and it should be stable when dried by heat @ A w Oct1010:42am &

average reading time

or vacuum, because drying is required to remove traces of water adsorbed from | guess maybe that is why we do a back
titration then to get the back form the

end point to the equivalence point....?

the atmosphere. The highest quality, commercially available, primary standard

pure materials, such as CaCO;, AgNO;, and Ni metal, have purities certified to

Most upvoted annotations

be 100 + 0.05%. Primary standards for many elements are given in Appendix K. @ A Y Oct1011:06 am

Box 7-1 discusses reagent purity. Box 3-1 describes certified reference materials we do a back titration when it is difficult to .1 @)

see the end point with a direct titration

that allow laboratories to test the accuracy of their procedures.

1 A ¥ Oct10 8:23 pm

Box 7-1

Reagent Chemicals and Primary Standards

There is only a physical change in the +1 o
reaction once you pass the equivalence

point. You wouldn't be able to notice when it's been
reached which is why the end point is measured

Chemicals are sold in many grades of purity. For analytical chemistry, we usually use

Figure 5:Perusall data backend (R) & annotation example (L)

You answered D and gave this rationale:

Use the equation for the calculation of the pH of a weak acid (Ka =x2 / (F-x)) and
solve for [H+]; take the negative base 10 log to find the pH. Use the concentrations
for F.

Consider the problem again, noting the rationales below that have been provided by other
students. They may, or may not, cause you to reconsider your answer. Read them and select your
final answer.

Using Ka=10A-pka calculate the ka. Write the reaction and isolate the x in the
D. O eguation. Eliminate the negative value. Using the positive x and pH=-logx
determine the pH of the solution.

Using the dissociation of a weak acid ([HA] <->[A-] + [H+]), giving us the Ka = [A-]
[H+]/[HA], with F being the formal concentration of the initial solution ([HA]
agueous), we can simplify the final concentrations it in the following way: [A-] =

O [H+] = x and [HA] = (F - x). This gives us Ka = (xA2)/(F-x), where we can further
drop the x In the denominator because the dissociation of H+ for a weak acid is
low (negligible) to result in Ka = (xA2)/F. We resolve for x, which is concentration
of H+ and we calculate the pH = - log([H+], giving pH = 3.05 (answer D).

-+ Show more rationales

Figure 6:myDalite rationale choice and evaluation
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Enlarged figures 2

How do you like Perusall to prepare for class and exercises?

25 responses
68 students

| like using Perusall to prepare... 12 (48%)
| do NOT like using Perusall to... 10 (40%)
1(4%)
1 (4%)
Other 1{4%)
1(4%)
1 (4%)
1 (4%)
0.0 2.5 5.0 7.5 10.0 12.5

Figure 7:Student feedback on Perusall (L) and myDalite (R)

How do you like myDalite to prepare for class and exercises?
25 responses
68 students

| like using myDalite to test my

19 (765
understanding of the read cour... (76%)

| do NOT like using myDalite to
test my understanding of the re...

Other

20

Figure 8:Student feedback on Perusall (L) and myDalite (R)

How do you like the structure of the class focusing on the most challenging issues from

pre-reading as a mini-lecture, followed by practice problems on the board and group work?

25 responses
68 students

| like the structure of the class 19 (76%)

| do not like the structure of the
class

It is hard to do most of the
primary learning through reading
when its calculations and differ...

| would prefer if the subjects
covered in class are done before
doing my dalite quiz because...

20

Figure 9:Satisfaction with class structure
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