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Chemistry Majors and Minors Aggregate Report

Academic Year 2024-2025
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Programs Assessed:

Major in Chemistry
Minor in Chemistry
Minor in Biochemistry

l. Logistics

1.

Name and email of the program contact person to whom feedback should be sent
(usually Chair, Program Director, or Faculty Assessment Coordinator).

William Karney (karney@usfca.edu)

Please indicate if you are submitting report for (a) a Major, (b) a Minor, (c) an aggregate
report for a Major & Minor (in which case, each should be explained in a separate
paragraph as in this template), (d) a Graduate or (e) a Certificate Program.

This is an aggregate report for the Major in Chemistry, the Minor in Chemistry, and the Minor
in Biochemistry.

Please note that a Curricular Map should accompany every assessment report. Has
there been any revisions to the Curricular Map since October 2024?

Yes. This is the third year of our 3-year assessment cycle. For Year 1 (AY 22-23) we assessed
PLO 2. The department used AY 23-24 (Year 2) as a year of reflection, so we did not assess
any PLOs last year. We are assessing PLO 1 for Year 3 (AY 24-25). We decided not to also
assess PLO 3in Year 3. For AY 25-26, we will assess PLO 4, and for AY 26-27 we will assess
PLO 3. A revised Curriculum Map is included below after the PLOs.



[I. Mission Statement & Program Learning Outcomes

1.

2.

Were any changes made to the program mission statement since the last assessment
cycle in December 2024? Kindly state “Yes” or “No.” Please provide the current
mission statement below. If you are submitting an aggregate report, please provide the
current mission statements of both the major and the minor program.

No

Mission Statement (Major):

To deliver a broad-based and challenging chemistry experience that will train students for
graduate school in science or as professionals in a variety of health, government or private
industry positions. The program will foster a culture that values our students, faculty and staff;
strives to help students become self-learners; creates opportunities for students to discover
the excitement and creativity of research, and promotes an understanding that social
consciousness and ethical behavior are essential features of a principled chemistry
community.

Mission Statement (Chemistry Minor and Biochemistry Minor):

To deliver a broad-based and challenging chemistry experience that will train students for
graduate school in science or as professionals in a variety of health, government or private
industry positions. The program will foster a culture that values our students, faculty and staff;
strives to help students become self-learners; creates opportunities for students to discover
the excitement and creativity of research, and promotes an understanding that social
consciousness and ethical behavior are essential features of a principled chemistry
community.

Were any changes made to the program learning outcomes (PLOs) since the last
assessment cycle in December 2024? Kindly state “Yes” or “No.” Please provide the
current PLOs below. If you are submitting an aggregate report, please provide the
current PLOs for both the major and the minor programs.

No.

PLOs (Major):

LO #1: Students will demonstrate their mastery of the four (or five for BS biochemistry
emphasis) principal disciplines: analytical, organic, physical, (biochemistry) and inorganic
chemistry.

LO #2: Students will recognize and understand the concepts and skills learned in prerequisite
courses at or before the start of the new course or laboratory.

LO #3: Students or student teams will demonstrate mastery in problem solving by performing
a broad variety of analytical, computational and synthetic procedures using proper safety
protocols, and will critically evaluate the results.

LO #4: Students will demonstrate effective scientific communications skills in both written and
oral form. Students will be able to write reports and present results while following professional
policies regarding intellectual property, plagiarism, and group work.



PLOs (Chemistry Minor and Biochemistry Minor):

LO #1: Students will demonstrate intermediate level of mastery of the four (or five for BS
biochemistry emphasis) principal disciplines: analytical, organic, physical, (biochemistry) and
inorganic chemistry.

LO #2: Students will recognize and understand the concepts and skills learned in prerequisite
courses at or before the start of the new course or laboratory.

LO #3: Students or student teams will demonstrate intermediate levels of mastery in problem
solving by performing a broad variety of analytical, computational and synthetic procedures
using proper safety protocols, and will critically evaluate the results.

LO #4: Students will demonstrate scientific communications skills in both written and oral form.
Students will be able to write reports and present results while following professional policies
regarding intellectual property, plagiarism, and group work.

. State the particular Program Learning Outcome(s) you assessed for the academic year
2024-2025.

PLO(s) being assessed (Major):

LO #1: Students will demonstrate their mastery of the four (or five for BS biochemistry
emphasis) principal disciplines: analytical, organic, physical, (biochemistry) and inorganic
chemistry.

PLO(s) being assessed (Chemistry Minor and Biochemistry Minor):

LO #1: Students will demonstrate intermediate level of mastery of the four (or five for
Biochemistry Minor) principal disciplines: analytical, organic, physical, (biochemistry) and
inorganic chemistry.



BS CHEM Curriculum Map: 3-Year Assessment Plan (2022-2025)
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LO #1: Students will demonstrate his/her mastery of
the five principle disciplines: analytical, organic, A A A A A
physical, inorganic, and biochemistry
year of assessment (1-3 means you may be collecting
data every year anyway....ACS exam or common final 3 3 3 3 3
exam question).
LO#2: Students will recognize and understand the
concepts and skills learned in prerequisite courses at A A A A A A
or before the start of the new course or laboratory
year of assessment 1 1 1 1 1

LO#3: Students or student teams will demonstrate
excellent problem-solving skills in performing a broad
variety of analytical, computational and synthetic
procedures using proper safety protocols, and will
critically evaluate the results (i.e. Lab Practical)

year of assessment

LO#4: Students will demonstrate effective scientific
communications skills in both written and oral form.
Students will be able to write reports and present
results while following professional policies regarding
intellectual property, plagiarism, and group work

year of assessment (written or oral)




Schedule for Assessment of PLOs between APRs: (last APR was 2021-2022)
AY 21-22: PLO 3
AY 22-23: PLO 2
AY 23-24: Year of Reflection
AY 24-25: PLO 1
AY 25-26: PLO 4
AY 26-27: PLO 3
AY 27-28: PLO 2
AY 28-29: PLO 1

[ll. Methodology and Rubrics

Methodology used (Major):
PLO #1 was assessed using different methods for different courses. The methodology used in
each is described below under the course number.

CHEM 113 (General Chemistry Il): The department uses the standardized American Chemical
Society General Chemistry Exam in place of the final exam. This 70-question exam is
administered over a 110 minute period, and the resulting scores are used to determine student
mastery, thus informing the PLO 1.

CHEM 231 (Organic Chemistry Il): We embedded the same questions on the final exam for the
three sections of Organic Chemistry Il lecture. These questions attempted to ascertain student
understanding of the following key aspects of organic chemistry: acid-base chemistry,
mechanisms, molecular orbital theory, synthesis, and spectroscopy. For each of the five
questions, an average score of 70% was considered complete mastery of the outcome, 60% as
mastery of most parts, 50% as mastery of some parts (i.e. "intermediate level of mastery"), and
below 50% as no mastery.

CHEM 260 (Analytical Chemistry): We used questions in the cumulative final examination that
addressed mastery in 4 topics in Analytical Chemistry. The scores of each student were compared
to determine overall mastery. These questions assessed student understanding of the following
key topics of analytical chemistry: statistical analyses, acid-base titrations, spectroscopy and
analytical reasoning. For each of the 4 questions, an average score of 75% was considered
complete mastery of the outcome, 60% as mastery of most parts, 50% as mastery of some parts,
and below 50% as no mastery.

CHEM 320 (Inorganic Chemistry 1): The 2016 ACS Foundations of Inorganic Chemistry Exam
was used to assess PLO 1 — Students will demonstrate mastery of the principal disciplines in
chemistry. This standardized exam contains 60 multiple choice questions that are all covered in
the course. Students are provided with a Periodic Table and a point group flow chart. Percentiles
are based on responses from 488 students at 25 institutions, both R1 and PUI.

CHEM 340 (Physical Chemistry I): The department used questions in the final examination that
addressed mastery in 5 topics in physical chemistry. The scores of each student were compared
to determine overall mastery. Scores for these questions were converted to 10-point scale. Scores
of 9 or above were considered to demonstrate complete mastery of a subject, scores between 7
and 8.9 were considered to demonstrate mastery for the most part, scores between 5 and 7.9



were considered to have mastered some parts of the skill in question, and scores below 5 points
were considered not to have mastered the skill to an acceptable level.

CHEM 351 (Biochemistry Il): At the end of the semester, students were given a two-hour,
comprehensive final exam covering all course topics. The exam assessed students’
understanding of major metabolic pathways, including the breakdown and synthesis of
carbohydrates, lipids, and amino acids. It also covered topics such as bioenergetics, integration
of metabolism, organ specialization, cell signaling and introduction to molecular
biology (prokaryotic transcriptional regulation). The assessment was based on both the overall
exam scores and performance on individual questions across specific topics.

Methodology used (Chemistry Minor and Biochemistry Minor):

LO #1 is the same for the Major and the Minors, except that for the Minors, the learning outcome
specifies an "intermediate level of mastery" instead of "mastery”. Since assessment happens at
the course level, the data presented for each course is reflective of all students in our majors and
minors. To minimize the unnecessary redundancy that would arise from copying and pasting the
same information for the minor in this document, we will address the Minor in a separate
paragraph at the end of each course, for courses relevant to the Minor (113, 231 for Chemistry
Minors, and 113, 231, and 351 for Biochem Minors).

Rubrics N/A

IV. Results & Major Findings

Results (Major and Minor):
The results and major findings for each course are listed below.

CHEM 113 (General Chemistry ll):

This national standardized exam was more questions than students typically see in a
semester midterm. The exam also covered some topics (comprising 3-8 questions) that were
outside of the scope of the year-long General Chemistry course sequence at USF (CHEM 111
and 113). As a result, faculty have deemed that scores of 40 or above count as an appropriate
level of mastery for our students. This score was also chosen with the knowledge that the national
mean and median of this exam is 39. Scores falling between 35 and 40 were deemed to show
intermediate mastery, and scores falling between 25-35 demonstrate some mastery. Those
correctly answering 25 out of the possible 70 questions were deemed not to have mastered the
course material.

From the chart below, 65-90% of CHEM 113 students demonstrate some or more mastery
of the course material, depending on year. In the most recent assessment year, 2024-2025, only
6.25% of students did not demonstrate mastery. In this year, over one-third of the student
population demonstrated complete mastery of required skills, with just below half demonstrating
some mastery.

Score Range | Spring 25 | Spring 24 | Spring 23 | Spring 22
Complete Mastery > 40 35.42% 20.20% 24.59% 24.29%
Intermediate Mastery 35-40 15.63% 18.18% 9.84% 12.86%
Some Mastery 25-35 42.71% 13.13% 18.03% 48.57%
Did Not Master <25 6.25% 21.21% 34.43% 14.29%
Total students 96 99 61 70




Chemistry Minor and Biochemistry Minor: The results show that in Spring 2025, ca. 51% of
students demonstrated at least intermediate mastery of the material, which is the goal for the
Minor.

CHEM 231 (Organic Chemistry Il):
The average scores on each of the five final exam questions are shown in the table below.

Acid-Base Theory | Mechanism Synthesis Spectroscopy
Section 1 39.4% 83.7% 33.7% 70.2% 52.2%
(n=21)
Section 2 52.4% 83.0% 52.0% 71.4% 78.4%
(n=25)
Section 3 48.4% 78.6% 36.9% 72.4% 72.9%
(n=28)
Weighted
Average for 47.2% 81.5% 41.1% 71.5% 68.9%
all sections
(n=74)

Overall, across the three sections, students mastered the topics of Theory (81.5%) and Synthesis
(71.5%). This is particularly encouraging, considering that students usually have great difficulty
with Synthesis. Students mastered most parts of the Spectroscopy topic (68.9%); looking closely
at the details, the greatest difficulty was in interpreting infrared spectra and in deducing a final
structure for a compound. Students did not achieve mastery in Acid-Base Chemistry (47.2%) or
Mechanisms (41.1%), two areas that are always difficult for them.

Chemistry Minor and Biochemistry Minor: Students achieved intermediate mastery on three of the
five questions, but scored on average below 50% in the areas of Acid-Base Chemistry and
Mechanisms. Thus, many of the students are not even meeting the standard of intermediate
mastery.

CHEM 260 (Analytical Chemistry):
The average scores on each of the five final exam questions are shown in the table below.

Statistical Acid-Base Spectroscopy | Analytical Reasoning
Analyses Titrations

Average for 75% 63% 56% 75.3%

21 students

Overall, students mastered the topics of Statistical Analyses (75%) and Analytical Reasoning
(75.3%). This is particularly encouraging, considering that students usually have great difficulty
with quantitative analyses and connecting lecture materials with practical decision making in
science. Students mastered most parts of the acid-base titrations topic (63%). However,
spectroscopy was the topic which the students found most challenging (56%) and could not solve
absorbance problems which also used solution dilution concepts, indicating that students
struggled when they had to apply two different concepts to solve a problem.



Chemistry Minor and Biochemistry Minor: Students achieved intermediate mastery in all four of
the topics represented, with average scores above 50%. Of the four topics, students had greatest
difficulty with Spectroscopy.

CHEM 320 (Inorganic Chemistry 1):
The results for the ACS Foundations of Inorganic Chemistry Exam are summarized in the table
below:

USF student score (out of 60) | Percentile score
Average: 40.6 73
Median: 40 69"

Students in Inorganic Chemistry (CHEM 320) scored remarkably well compared to the national
average. The average and median scores show USF students are performing better than 69-73%
of students in similar courses across the country. USF students are meeting the standard for a
foundational inorganic course. Our goal is to develop an advanced inorganic course to expand
student knowledge in this subdiscipline.

Chemistry Minor and Biochemistry Minor: N/A, as students do not take CHEM 320 for the Minor.

CHEM 340 (Physical Chemistry I):

In three of the five topics overviewed in this course, (Thermodynamic rules, Kkinetic
approximations, and quantum spectroscopy), approximately 50% of students demonstrated
complete mastery of the concepts. In most cases, 80-90% of the students demonstrated some,
most, or complete mastery of the material assessed. Only one question, focused on phase
diagrams, resulted in a larger percentage of students demonstrating some mastery, and roughly
a third of the class unable to demonstrate mastery of the material.

Level Quantum
Thermo- | Phase Predicting | Kinetic Spectro-

dynamics | Diagrams | Changes Approx. | scopy

Complete Mastery of the outcome (9-10) 45% 14% 23% 50% 50%
Mastered the outcome in most parts (7-8.9) 27% 14% 45% 18% 23%
Mastered some parts of the outcome (5-6.9) 18% 41% 27% 18% 23%
Did not master the outcome at the level intended

(0-4.9) 9% 32% 5% 14% 5%

Chemistry Minor and Biochemistry Minor: N/A, as students do not take CHEM 340 for the Minor.




CHEM 351 (Biochemistry Il):
More than 60% of students achieved complete mastery of the topics or demonstrated
mastery of most learning outcomes, while only two students (11%) did not master the outcome
as indicated below:

Level Number of Percentage of
students Students

Complete Mastery of the outcome (90-100%) 5 28

Mastered the outcome in most parts (80-89%) 6 33

Mastered some parts of the outcome (70-79%) 5 28

Did not master the outcome at the level 2 11

intended (<70%)

To evaluate the individual topics, scores from multiple questions addressing the same concept
were averaged as summarized below:

Topic Average score (%)
Carbohydrate Metabolism 89.8
Citric Acid Cycle & Oxidative Phosphorylation 77.8
Lipid Metabolism 90.7
Photosynthesis 97.2
Amino acid and nitrogen metabolism 72.1
Metabolic pathway integration across organs 68.3
Gene expression and regulation 81.1

The results indicate that students performed well on most topics, but questions on amino acid
and nitrogen metabolism were more challenging, likely because only two class periods were
devoted to this complex subject. Students also had difficulty with questions on metabolic
pathway integration across organs, which is widely recognized as the most challenging aspect
of second semester Biochemistry.

Chemistry Minor and Biochemistry Minor: The results show that 61% of students mastered at
least most parts of the learning outcome, and 89% mastered at least some parts of the outcome.
As for the major, the topics to focus on improving student learning are amino acid and nitrogen
metabolism, and metabolic pathways.

V. Closing the Loop—Sharing of Results, and Department Response

Description of how results were shared with faculty and how your department/program
responded to the results, including any plans for future improvement or assessment of
your program indicated by the results:

The results were shared with faculty in advance of department meeting. They were discussed at

department meeting, and the responses below were approved.

Closing the Loop (Major and Minor):
The action plan based on the assessment result for each course is listed below.



CHEM 113 (General Chemistry ll):

Since General Chemistry Il is a math-heavy course, instructors will incorporate the math
review during the first week of classes and will continue reviewing the fundamental math skills as
they become relevant to new chemistry topics. The faculty will also dedicate time to solidify
students’ understanding of General Chemistry | (CHEM 111) by revisiting its core concepts within
the context of CHEM 113.

Beginning in Fall 2025 and continuing into the spring semester, all General Chemistry
students are required to register concurrently for a recitation section (CHEM 186) along with
CHEM 111/CHEM 113. CHEM 186 consists of one-hour, once-a-week evening sessions that
allows students to review chemistry concepts covered in lecture and work through practice
problems in small groups. We anticipate that this will be especially helpful for students who found
CHEM 111 challenging, and that the additional support will enhance their success in CHEM 113.

CHEM 231 (Organic Chemistry Il):

Starting with AY 25-26, we are using a new textbook for the Organic Chemistry
sequence. A large part of the motivation is that the new book is viewed by the faculty as having
better practice problems, which are key to student learning. We have also recently begun to use
an online homework system that gives students immediate feedback on their answers to
practice problems. Previously, since homework is generally not collected or graded in our
Organic Chemistry classes, it was completely up to the students to keep up with recommended
problems and to check their answers against a key. We hope the feedback from the online
system will help improve student performance.

We have already cut out some topics at the end of CHEM 231 (biomolecules) in order to
spend more time on fundamental topics such as those assessed here. Spectroscopy is a topic
that is revisited often during the semester both in lecture and in lab, and requires logical thinking
on the student's part. We will continue to emphasize the topic and give additional practice
problems to help student improve. Acid-Base Chemistry and Mechanisms are topics that are
stressed throughout CHEM 231, and we will continue to stress them and provide ample practice
problems. The results for the Mechanism question are perhaps low because the 6-point
question required students to synthesize what they learned from a few different types of
mechanisms, and on top of that, it was an intramolecular reaction, which is always more
challenging. In the future, we may assess Mechanisms with a combination of questions (worth a
total of 10 or 12 points) of varying difficulty, instead of just one difficult open-response question.

CHEM 260 (Analytical Chemistry):

Starting with AY 26-27, we plan to cut out some topics (electrochemistry) so students get
the opportunity to spend more time on fundamental topics such as those assessed in CHEM 260,
specifically spectroscopy and chromatography. Spectroscopy is a topic that is revisited often
during the semester both in lecture and in lab, and requires logical thinking on the students' part.
We will continue to emphasize the topic and give additional practice problems to help students
improve.

CHEM 320 (Inorganic Chemistry I):

Inorganic Chemistry is designed to be a third-year course covering foundational concepts.
Our goal is to develop an advanced inorganic course to expand student knowledge in this
subdiscipline.

CHEM 340 (Physical Chemistry I):

For most questions, students appropriately were able to demonstrate mastery of the
course material, despite the difficult and quantitative nature of the course. The question regarding
phase diagrams, which students struggled with the most, included abstract concepts, and

10



presented a question students were familiar with (understanding the molar volume from the ideal
gas law) in a context they may not expect. To better prepare students in future years, the physical
chemistry course will emphasize the value of reviewing concepts in a variety of ways, and
stressing the interconnected nature of the course material.

CHEM 351 (Biochemistry Il):

The course schedule will be revised to provide additional time for challenging concepts
like amino acid and nitrogen metabolism. Existing active-learning assignments will be modified
and new ones introduced, to reinforce understanding of metabolic pathways, while highlighting
their integration across organs.

Chemistry Minor and Biochemistry Minor: For courses required or typically taken for our Minor
programs (CHEM 113, 231, and 351), the same strategies described above for improving
learning in the Major apply equally to the Chemistry Minor and the Biochemistry Minor.

VI. Suggestions from AY 2023-2024 Feedback

Suggestions (Major and Minor):
AY 2023-2024 was a year of reflection for the Chemistry Department, in which we scrutinized
our catalog course descriptions and revised several descriptions.

1. Were the course description revisions based solely on faculty input or was there an
evaluation of student work products that helped to inform these revisions?

The revisions were based on faculty input, though that input was based in part on
evaluation of student work in each course.

2. Update the Assessment Plan to reflect what is needed to meet the requirements, i.e. assess
each PLO at least one time between Academic Program Reviews.

We have updated the Curriculum Map accordingly to reflect a plan to assess one PLO
each year, with an occasional year of reflection.

11



Additional Materials

CHEM 231 Final Exam Assessment Questions
Acid-Base Chemistry
*3. A. (2 pts) Draw an arrow to the most acidic hydrogen(s) in each compound.

HO o} 0
"X e
NO,

B. (2 pts) Draw an arrow to the most basic site in each compound.

)

’
i )J\O/CHZCH3 i,

/Z
Iz __

C. (2 pts) Circle the more acidic compound in each pair.

COM COH \ \
i /©/ vs. /©/ i {@7 vs. (®)
MeO O,N

D. (2 pts) Draw the products of following acid-base reaction.

(0] O

)I\/U\ +  EtOH

©

E. (1 pt) State whether the equilibrium in part D favors reactants or products.

Theory
*4. A. (6) State whether each of the following molecules/ions is aromatic, antiaromatic, or

nonaromatic. Assume all the species are planar.
S)

/N o:
i i | i
\ |_|

B. (4) Draw the n-MO energy level diagram (Frost circle) for the molecule below. (Do NOT draw
any MOs.) Fill in the diagram with the appropriate number of electrons.
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A E

C. (2) Sketch the highest occupied = MO for the molecule below.

N\ AN\
Mechanism
*6. (6) Write a detailed mechanism for the reaction below. Show ALL relevant lone pairs and resonance
structures.
O @)

NaOH

Ao~ Tho T

OH

Synthesis
*15. (10) Propose a synthesis of the target molecule below from the starting materials shown. Show each

synthetic step in the space provided. No mechanism.

o)
@*’ ﬁOH — L .

M
Me

Me

-

Spectroscopy
*29. Compound Q has molecular formula C12H1607 and exhibits the IR and TH NMR spectra below.

Note the integral values above and below each NMR signal.

100
[0
e /
£ 3036
& 50
& 2982
R 1613
o 1719 1975 755
i i i i | | |
4000 3000 2000 1500 1000 500

wavenumber (cm™)
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1 (ppm)
2
lJ I 1 2
| Il A ]
4.01 1.00 2.00 6.00 3.01
8 7 6 5 4 3 2 1
1 (ppm)

. (1) How many degrees of unsaturation are there in the compound?

. (3) Based on the IR spectrum, circle the functional groups that could be present in the molecule.
(Circle all that apply.)

ketone aldehyde ether alcohol carboxylic acid ester

. (1) How many hydrogens are responsible for the signal at 2.7 ppm? (This does NOT refer to
nearest neighbor hydrogens.)

. (1) How many nearest-neighbor hydrogens are responsible for the splitting in the 2.7 ppm
peak?

(2) Draw the fragment (containing more than one carbon) that gives rise to the signals at 4.9 and
1.4 ppm. (Consider those two signals together.)

(3) Propose a reasonable structure for the compound.
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CHEM 260 Final Exam Assessment Questions

Statistical Analyses

Question 2: (10 pts)

The calcium content of a mineral was analyzed five times by each of the two methods.

Method Ca (wt%, five replications)
1 0.027 1 0.028 2 0.027 9 0.027 1 0.027 5
2 0.027 1 0.026 8 0.026 3 0.027 4 0.026 9

(a) Find the mean and the standard deviation of each method (Show equation set up and work to
receive full credit!) (2 pts)

(b) Use suitable tests to determine if the standard deviations and means are significantly different at
95% confidence interval. (8 pts)

Analytical Reasoning

Question 6 (10 pts)

You are consulting for a company that has need for metal analyses and is considering buying an AAS, or
ICP-AES but not both. State which technique might best serve the need described below and why you
would recommend it. If you think you would need more information from them, what additional
questions would you ask to best serve their need?

a. They have many samples however, they are cheapskates.

b. They have multiple samples with metal analytes present at low ppm levels.

c. They have samples with several metals in which the metal content could vary considerably.

d. They will routinely analyze samples for a couple of metals that are present at high ppm levels.

e. What are the common steps which are adopted for both the instruments to ensure data
precision and accuracy, irrespective of which instrument they choose?

Acid-Base Titrations

Question 7 (10 pts)

A 100.0 mL aliquot of'a 0.100 M diprotic acid (pK: = 5.00 and pK> = 9.00) was titrated with 1.00 M
NaOH. Find the pH at the following volumes of base added (V1) and make a graph of pH versus Vy: Vp, =
0,5, 10, 20,25 mL.
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Spectroscopy
Question 11 (2 pts each; total 10 pts)

(a) A 3.96 x 10* M solution of compound A exhibited an absorbance of 0.624 at 238 nm in a 1.000-cm
cuvet. A blank solution containing only solvent had an absorbance of 0.029 at the same wavelength. Find
the molar absorptivity of compound A.

(b) The absorbance of an unknown solution of compound A in the same solvent and cuvet was 0.375 at
238 nm. Use Beer's law to find the concentration of the unknown.

(c) A concentrated solution of compound A in the same solvent was diluted from an initial volume of 2.00
mL to a final volume of 25.00 mL and then had an absorbance of 0.733. What is the concentration of A in
the 25.00-mL solution?

(d) Considering the dilution from 2.00 mL to 25.00 10 Fused
mL, what was the concentration of A in the 2.00-mL 1sitica _

. . .
solution in (c)? / Fused
quartz

(e) You wish to measure the absorbance of a
solution containing a compound with Amax = 265 nm.

What type of cuvette would be best for this ,::3,':"
analysis? 2

Transmittance [*o]
-

&

f
Optical
glass
200 30 300 30 400

Wavelength [nm]
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CHEM 340 Final Exam Questions

Thermodynamic Rules:

3. Consider the pressure-volume plot of 1 mole of an ideal gas. In process A, a gas

isothermally expands under reversible conditions, from pressure, volume and temperature

(p1, Vi, T1) to (p2, V2, Th). In process B, the gas is cooled, reaching (p2, Vi, T2). and
process C describes expansion to reach (p2, Va, T1). (20)

Py Py Vy, Ty)
-
2
e
a B
@
&

P2 ¢ L

(P2 VL T2) ¢ (P2, V2, Ty)
Vi Volume (liters) V2

Assuming C, = 3/2 R, fill out the following chart identifying w, q, and AU in terms of

variables p1, p2, Vi, V2, T1, T2, and R. (15)
What
variable is w q AU AH
constant?

C

Below, write the total expression for getting from (p1, Vi, T1) to (p2, V2, T1) via processes
B and C. Write your final values in units of R and Ty, T> only. (4)

w

q AU

AH

B+C

Based on your findings, which of the four functions are state functions and which are
path functions? Explain your reasoning. (1)
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Phase diagrams:

4. A scientist finds that at 25 °C, a compound has a density of 1.34 g/mL in the solid phase and
a density of 0.770 g/mL in the liquid phase. The compound in the gas phase behaves ideally,
and the compound is compressed from gas to liquid phase at 0.5 bar. (13)

a) Draw a graph depicting the variation of molar Gibbs energy with pressure for solid,
liquid and gas, and identify the phase that dominates for each region of pressure.

b) Draw a pressure vs temperature phase diagram for this substance.

¢) What is the molar volume of gas at the moment of condensation?
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Predicting changes to equilibrium:

6. For the following reactions, write the reaction quotient Q, then predict the change associated
with the prompt. (12)
a) 3AgCl(aq) +Al(s) =3 Ag(s)+AlCl: (aq)

Increasing the concentration of AgCl will:

Favor reactants Favor products Have no change

b) HBrO. (aq) + H20 (1) =2 H;0" (aq) + BrOy4 (aq),
Decreasing the pH will:

Favor reactants Favor products Have no change

¢) 4 C (s, graphite) + 4 Ha (g) = CaHs (g), where AHyan > 0, AGryn < 0, ASyyn < 0.

0=

Decreasing temperature will:
Favor reactants Favor products Have no change

d) Cu*'(aq) +2 Fe*'(aq) ® Cu'(aq) + 2Fe*'(aq)

0=

If the has a EZ,;, = —0.61V and the concentrations of all species in the reaction are set
to 1, the reaction will proceed spontaneously:

Toward reactants Toward products No spontaneous
change



Kinetic Approximations
8. We have seen that the Sx1 reaction takes place with the following mechanism. (15)
K 4
R-LG =5 R+LG

R+ N =23 R-Nu
a) Using the steady-state approximation, derive an expression for RNu that depends only

on the amount of R-LG starting material, i.e. if diRNu] _ k.[RLG], what is k;?

de
+
(Hint: you will need to determine rate law expressions for % and d[’;—’:u].)

b) What must be true about the relationship between k, and k; for this
approximation to be valid?

Quantum Chemistry

11. Quantum dots are nanocrystals that posess interesting optical properties depending on
their size, and can be roughly modeled with the behavior of a particle in a box. Two
quantum dots were prepared, one with a diameter of 7 nm, and one with a diameter of 3

nm. Which dot would you expect to emit a redder wavelength (700-750 nm) of light upon

excitation, and which would you expect to emit a bluer wavelength (400-450 nm)?
Assuming both crystals emit from the same n level. Explain your reasoning. Include two
equations in your explanation, you do not need to solve them numerically. (10)
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