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Attribution Key
for more information see: http://open.umiEh.edu/wiki/AttributionPolicy

Use +Share+Adapt e
~ { Content the copyright holder, author, or law permits you to use, share and adapt. }
Public Domain — Government: Works that are produced by the U.S. Government. (17 USC § 105)
Public Domain — Expired: Works that are no longer protected due to an expired copyright term.

Public Domain — Self Dedicated: Works that a copyright holder has dedicated to the public domain.

Creative Commons — Zero Waiver

@) BY Creative Commons — Attribution License

) BY-SA Creative Commons — Attribution Share Alike License

&) BY-NC Creative Commons — Attribution Noncommercial License

(@) BY-nC-5A Creative Commons — Attribution Noncommercial Share Alike License

GNU - Free Documentation License
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Make Your Own Assessment
{ Content Open.Michigan believes can be used, shared, and adapted because it is ineligible for copyright. }

Public Domain — Ineligible: Works that are ineligible for copyright protection in the U.S. (17 USC § 102(b)) *laws in
your jurisdiction may differ

{ Content Open.Michigan has used under a Fair Use determination. }

PRI  Fair Use: Use of works that is determined to be Fair consistent with the U.S. Copyright Act. (17 USC § 107) *laws in your
jurisdiction may differ

Our determination DOES NOT mean that all uses of this 3rd-party content are Fair Uses and we DO NOT guarantee that
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Chemistry 216 |dentify Content

30 TAs
850 students

1 instructor
4 hour lab session
1 hour lecture

Image courtesy of Evelyn Saenz
http://www.flickr.com/photos/evelynsaenz/6812427231/



Chemistry 216 ldentify Content

“The Synthesis and Characterization of Carbonyl Compounds”
- Lab Techniques
- Chemistry (i.e. reaction mechanisms and stoichiometry)
- Lab Report Writing
- Characterization Methods



Chemistry 216 ldentify Content

“The Synthesis and Characterization of Carbonyl Compounds”
- Lab Techniques
- Chemistry (i.e. reaction mechanisms and stoichiometry)
- Lab Report Writing
- Characterization Methods — Spectroscopy



Spectroscopy Identify Content
The study of the interaction of light with matter...

Penetrates Earth's
Y N Y N
Atmosphere? Y | Y
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
Wavelength (m) 10° 1072 10°° 0.5x10°° 1078 10710 10712

\pproximate Scale
of Wavelength

Buildings Humans  Butterfies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

10%°

Eemperature of
objects at which
this radiation is the
most intense
vavelength emitted

)

1K 100 K 10,000 K 10,000,000 K
=272 °C -173°C 9,727 °C ~10,000,000 °C

Image courtesy of Inductiveload, NASA
http://en.wikipedia.org/wiki/File:EM_Spectrum_Properties_edit.svg



6 Nobel Prizes ( to 8 people) have been awarded for work in
NMR (Nuclear Magnetic Resonance) spectroscopy 1943 -2003
Chemistry, Physics, Medicine:

The Nobel Prize in Chemistry 2002
John B. Fenn, Koichi Tanaka,
Kurt Withrich

NMR structure of the
Antennapedia homeodomain
(polypeptide)

from Wiithrich

Nobel Lecture December 2002

http://www.nobelprize.org/nobel prizes/chemistry/laureates/2002/index.html




Spectroscopy |dentify Content

U-M acquires cutting edge technology
to care for children with brain tumors

1.5 Tesla Magnetic Resonance
Scanner at Mott Childrens Hospital

| © [FAIR USE |

https://www.mottchildren.org/news/1434um-technology-for-
children-with-brain-tumors?rendermode=previewnoinsite

MRI - Magnetic Resonance Image

http://www.memorylossonline.com/glossary/
magneticresonanceimaging.htmil




Spectroscopy |dentify Content

Used in organic chemistry to elucidate the structure of small molecules

NMR (Nuclear Magnetic Resonance) Spectrum

HSP-43-745 ppm

Spectrum obtained from SDBS website: http://riodb01.ibase.aist.go.jp/sdbs/cgi-bin/direct_frame_top.cgi



Spectroscopy |dentify Content

Used in organic chemistry to elucidate the structure of small molecules

Acetaminophem ylenol)

C

\
~

3%5‘ I i

HSP-43-745 ppm

Spectrum obtained from SDBS website: http://riodb01.ibase.aist.go.jp/sdbs/cgi-bin/direct_frame_top.cgi
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Existing Spectroscopy LOs Create or Wrap LOs

organic chemistry students

spectroscopy for

‘ ch
Learning Materials Sear
Browse Path: All

i emi
_Organic Ch “opy Ml a
- y ‘SpeCUQSL P theory of NM \

- chem colorado.edu Spectroscopy tion explains \he“_lc chemistry student

Browse Material Hitlist by

‘ IR spectrosco
Catagory New Search: spectroscopy All catego)|

Academic Support Services (1)
(¢

of NMR: This sec
tems 1 - 10 shown of 50 results

a \
7 2012 - The Theory for the sophomore org \
s May [, £V1ie ‘aleve\ appmpnate |
Image spectroscopy 3 ,
Emission Spectroscopy Applet . Re\"ew i
Author: Zollman Maps . Chemlst : heir \
Applet showing the emission spectra of various \ s \
gasses. Students can use the applet to predict the s ectr°5°°_ - m 5pecll05C°pme 1. some 3y that SPe(\""OSCOPY \
energy. \ S tcchemistryrev subjec tral ... \
Type: Simulation \ Video organicch dents have mastered the | bég"\ The typical sPec ]
Date Added: Mar 07, 2002 \n fact, once Stu © . chemistry. S0 let's
Date Modified: Nov 17, 2003 News favorite part of organic €
Grow Your Wiki
Author: Stewart Mader Shoppingd
This website is a blog on on the use of wikis. It writter,

by Stewart Mader. The website Includes ..
Type: Reference Material

Date Added: Oct 13, 2006

Date Modified: Jul 11, 2011

€essibility Info (none)

Title WebSpectra
Author: Craig Merlic
Site contains 1H NMR, 13C NMR, and IR spectral
e .e . we e e . o e e e

An extensive search revealed a wealth of Spectroscopy Learning Objects

that
range significantly in difficulty and focus.




Existing Spectroscopy LOs Create or Wrap LOs

« All offer practice beyond what is offered in an typical organic chemistry
textbook

 Afew sites allow the student to interact with the spectrum (zoom in on
peaks etc.)

* Most Organic Chemistry focused Spectroscopy LOs provide an answer, but
not a solution.

“

Solution;

))) AnswAerIs\!r§ :i/’c\t1/erEpIr:§vided

immediately or confirmed
when correct

PROBLEM

Problems range in difficulty
from beginner to expert




Pedagogical LO Design Create or Wrap LOs
How do we elucidate the problem solving process using technology?

Pedagogically “wrap” a set of existing spectroscopy learning objects

1. Use JING to provide students with a tutorial given by an expert
problem solver — How does an expert solve this?

2. Use “Documented Problem Solution” writing to increase student
metacognition of spectroscopy problem solving process — How do |
solve this?

3. Use Voicethread to facilitate small group discussion of
spectroscopy problems — How do my peers solve this?



Technology - Jing Create or Wrap LOs

Features

The always-ready program that allows you to instantly capture images and record video on your
computer—then share them with anyone. Jing is a great tool for adding basic visual elements to all of your
online conversations

Jing for Screenshots

Capture What You See

The Jing sun sits nicely on your desktop, ready to capture your
screen at a moment's notice. Jing will capture a window, pane,
or region with just one click.

Write on
your captures

Jing Loves to Share

Send your screenshots all over the web. With Jing, you can add
an image to your blog, or instantly share your captures through
IM, email and more. Share your Jing screenshots on:

creencast.con flickr twitter facebook.

http://www.techsmith.com/jing-features.html



Pedagogical Design LO - tutorials Create or Wrap LOs

Current Educational Research Indicates that Successful
Spectroscopy Problem Solvers...

Use a consistent approach

2. Draw molecular fragments during intermediate stages of
the problem solving process

3. Do acomplete analysis of the data
4. Checked their final answer against the spectrum

Cartrette, D.P. and Bodner, G.M. “Non-Mathematical Problelm Solving in Organic Chemistry” J. Res. Sci. Teach. (2010) 47, 6, 643



Voicethread Create or Wrap LOs

* Discussion 1; Final Week (1/3)

menu

Chose one of the compounds below and explain what you would expect it's H-NMR and C-NMR would look
like. How many unique signals? What is the splitting in the H-NMR? Where would you expect the peaks to be
in the spectrum? If someone has already commented on one structure, chose another. If they are all taken,
look at the other analyses your peers have provided and determine whether you agree or disagree.

@)

N )k

X

The H-NMR for molecule D would have two unique
signals, one at 0.9 ppm and one at 5.3 ppm and the C-
NMR would have three unique signals. The signal at 0.9
ppm would be highly integrated, whereas the other signal
would not be quite as integrated. The signal at 0.9 ppm is
also more shielded, thus representing the CH3 group,
while the other signal is less deshielded due to the pi
bonds in the ring. The signal at 5.3 ppm would represent
an internal hydrogen atom. The splitting for the signal at
0.9 ppm would be a doublet because there is only the one
neighboring hydrogen, thus according to the n+1 rule this
would be a doublet. The splitting for the signal at 5.3 pprr
would be a quartet because using the n+1 rule and the
three neighboring hydrogens, it would be split into a
quartet. Magnetic anisotropy due to the ring could also
potentially be moving the signals more downfield.

B
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Small Scale Trial Implementation - Fall

Course enrollment is 359

3 lab sections (47 students)
Supported by 3 TAs




Pedagogical Design LO - Framework Create or Wrap LOs

* Each week students complete a set of spectroscopy problems

— Students watch a short tutorial created by a TA, who demonstrates
how to solve the problem

— Students solve several similar problems

— For one problems students write a narrative description of their
problem solving process

My Workspace | CHEM 216 100 F11 - More Sites - [

9 Learning Objects ?

Options

Home
Announcements
A
Resources For your prelab this week, complete Problem 2. Explain in your own words how you arrived at your answer. Write as if you were
Gradebook explaining how to solve the problem to a classmate. Feel free to draw on or label the spectra.
Syllabus
To gain experience with infrared spectroscopy, try out some of the practice problems below. It may be helpful to print out this page in
order to review multiple spectra at once. Please refresh the page if some spectra have not loaded properly.
VoiceThread
Site Info Infrared Spectroscopy is covered in Chapter 12 of Organic Chemistry (Ege) on pages 453-466 as well as in Appendix B of your lab
. manual. Refer to page 456 in Ege for a table of Characteristic Infrared Absorption Frequencies to help you solve the spectra below.
Research Guide
Help Problem 1: Below is a spectrum of a colorless gas that condenses at -26 °C. It contains six fluorines. Interpret the spectrum below and
identify the compound, matching the main peaks to the functionalities present in the compound. Using a chemical database determine if
the compound you have identified is consistant with the physical data provided.

20— \“
9as phase

F sample 1273\“ 59

!
4000 3000 2000 1000

venumbaer em™

Problem 2: Five isomers with the molecular formula C4HgO are presented. Match the structure to its corresponding spectrum below.




Voicethread Implementation - Fall

T+ Discussion 2; Final Week (3/3)

menu

Chose one of the compounds below and explain what you would expect it's H-NMR and C-NMR would look
like. How many unique signals? What is the splitting in the H-NMR? Where would you expect the peaks to be
in the spectrum? If someone has already commented on one structure, chose another. If they are all taken,
look at the other analyses your peers have provided and determine whether you agree or disagree.

o}
o}
S 8
t-Bu -
OC,Hz A

B

Ll X
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Course Exams Assessment - Fall

Exam 1 (Infrared spectroscopy)
1. Problem (lower degree of difficulty)
e LO students (8/8) and non-LO students (7.3/8) performed similarly
2. Problem (higher degree of difficulty)
e LO students performed better (10/12 pts) than non LO (6.9/12 pts)
* non-LO N=331 LO students N =48

Exam 2 (NMR spectroscopy)

1. No real difference observed ..

*Suspect TA dependence ! I

Image courtesy of wilhei55
http://www.flickr.com/photos/wilhei/109403331/




NMR Probe Assessment - Fall

1. Draw the structure of a molecule with the formula C.H,,0, that corresponds
to the following NMR spectrum.

'H NMR 300 MHz

Integral = 6 Integral = 6

L

4 | 3 | 2 1 0
PPM

2. Explain, in your own words, how you arrived at your answer. Write as if you
were explaining how to solve the problem to classmate. Feel free to draw on or
label the spectrum above.




NMR Probe

Assessment
Answer LO Response LO % Non-LO Non-LO %
Did not attempt 6 13 19 13
Attempted, incorrect 11 23 61 43
Attempted, correct 30 64 61 43
Total 47 100 141 100

A greater percentage of students who used the learning objects
attempted the problem and obtained a correct answer



NMR Probe - quantitative Assessment - Fall

Written Explanation LO Response LO % Non-LO Non-LO %
Did not explain 8 17 40 28
Explained Poorly 14 30 67 48
Explained Well 25 53 34 24
Total 47 100 141 100

A greater percentage of students who used the learning objects attempted to provide a
written explanation and of those more provided a well written explanation



NMR Probe - qualitative Assessment - Fall

= X |
e only two peaks so | knew ther M.. s
% <. Ud y__—=a
> | - e
e 'wts of 6 equiva 1s | know there must be symme try...

/)

-, . — '
4 . - «H?
§ Hug N LE




Student Resources Survey Assessment - Fall

3.5

15 -

O 7 T
Organic text Lab text Learning Objects Voicethread

Students regard the LOs as more useful learning resources than their organic text



Student Comments Assessment

“I thought the VoiceThread and learning objects were
incredibly useful, and helped prepare me for the
exam. The feed back from them were also helpful,
and helped me know what to study. The only way
they could be improved would be to maybe have
immediate feedback.”

“It forced me to practice IR and NMR when | would
have otherwise neglected to do so, which was helpful.
VoiceThread should be required to be video because
it forces you to explain it out loud, which takes more
understanding than simply writing it.”

“The learning objects were generally useful in getting \x |
me to think about IR and NMR spectra )
and to study them in advance....They could be

improved by having access to answers afterwards.”

“It was useful to see what other students had written in the discussion..”



Log Data Assessment — Fall term

Learning Objects/Voicethread:
Average of 230 hits a week - only 47 students have access

665 hits the week prior to exam 1
612 hits the week prior to exam 2

VoiceThread:

During the last week of class:

Discussion 1: 16 comments: 119 hits
Discussion 2: 17 comments: 72 hits
Discussion 3: 15 comments: 91 hits
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Scale Up Implementation - Winter

Course enrollment is 796
(3 lecture sections, 52 lab sections, 27 TAs)

269 students participated
(1 lecture section, 19 lab sections, supported by 19 TAs)



Learning Objects Implementation

Week 2: Problem 2: Week 2 problems can be found here for reference.

Calculating units of unsaturation with the molecular formula reveals only one unit of unsaturation. This could be a ring, an alkene or a carbonyl. Looking at the IR
spectrum, the first thing you likely noticed is a strongly absorbing carbonyl peak in the center of the spectrum. Carbonyl stretching at 1737 em™ and C-0 stretching

at 1194 cm™" and 1166 cm™" are consistant with an ester functionality. Lack of C-H absoprtion above 3000 em™! indicates no C-C unsaturation, which makes
sense. The ester is what gives this compound its one unit of unsaturation and the ester contains both of the oxygens, so determining the rest of the structure is
mostly trial and error. You likely drew out many different linear or branched esters. By checking their physical properties, you would have determined that the
compound is methyl 2,2-dimethylpropanoate, shown below.

O

H,C CH,

o revision for winter term - solutions to all problems

H:C e, are provided after they are collected

Week 1: Problem 4: Week 1 problems can be found here for reference.

a) Which compound contains an aromatic ring?

C-H alkene stretches show up with medium intensity around 3080-3020 em™.
C-H alkene bending shows up with strong absorptions between 1000-675 em™'. C=C aromatic stretches show up around 1680-1450 em™! with variable intensity.

Using this data, we can propose 3, 6, or 7 has an aromatic ring.

b) Which compound would be reduced by NaBH4 (in EtOH/NaOH)?
You know that NaBH4 reduces most carbonyls like ketones and aldehydes, though typically not amides, carboxylic acids or esters.

You should be looking for spectra with a carbonyl peak. These would be:




Voicethread Implementation

Scale Up required changes in:
1. Site Access

2. Organization

VoiceThread Latest News & Features VoiceThread Products Support ® VOlceﬂ"I‘ead

Browse Create MyVoice gshultz@umich.edu ~ ﬁ

VOICETHREADS
All
I've subscribed to
Tutorials

Section 324; Section 323; Section 322;
GROUPS Week 3 Week 3 Week 3

0OrgChem216W12

Secuon 321; Week .ﬁ. Section 320;
Week 3

« G »

| © [FAIR USE |
1. Students were organized by lab section 2. TA’s were tasked with monitoring
and alphabetically in groups of 6 student participation
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Exam and NMR probe

No difference is observed between the
performance of participating and
nonparticipating students on either Exam
or the NMR probe

Correlation to log data indicates a
relationship between exam performance
and number of hits

Significant differences observed between
lab sections indicate that there may be a
TA dependence

Assessment - Winter




Student Resources Survey — Winter Term

3.5

Organic text Lab Text Learning Objects Voicethread

Students regard the LOs as more useful learning resources than either of their Organic texts



Important Lessons

* Benefits of Writing and/or Voicethread Discussion
* Scale up Issues

— Delayed start on Voicethread

— TA & students compliance
* Future Plans

— Will continue to use wrapped LOs, but will hold off on
Voicethread for now
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See also:
“Online Learning Objects: Affecting Change Through
Cross-Disciplinary Practices and Open Technologies”

Emily Puckett-Rodgers and Steve Lonn
Thursday 10:10 am Marco Polo 706-707

Funding for MELO3D provided by an LSA-ITC NINI Grant from the University of Michigan



