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Do I need to change the way I teach?



How can we translate the excitement of 
research to the classroom?

UCR graduate student Kayla Kaiser and undergraduate Vishwa Shah



Organized  in the late 
1990’s  by  Ted  Kuwana  
with support from NSF 
DUE and NSF Chemistry 
program officers Frank 
Settle and Henry Blount

http://www.asdlib.org/files/CurricularDevelopment_report.pdf



 PBL and active learning introduces new challenges 
to instructors and students
- How does one identify good problems?
- Problem-solving typically requires 
- Information not available in textbooks

 Need for the Analytical Chemistry community to 
interact and share teaching resources and 
educational strategies

Challenges to implementing 
Workshop recommendations



Large Lecture General Chemistry Courses 
at UCR

Problem-Based Case Studies



Rethinking Chemistry gateway courses at UCR













Analytical Sciences Digital Library

http:/www.asdlib.org



Types of Material in the ASDL Collection

 Web-based content: textbooks, tutorials, quizzes, 
lecture notes, experiments

 Resources/Databases: NIST, SCUBA, TOXNET
 Simulations, virtual experiments and real-time 

remote instrument access
 Videos and animations
 Innovative pedagogical approaches
 Learning modules on specific Analytical Toolbox

topics



The  “Look  and  Feel”  of  an  Analytical  Chemistry  
Text in a Free and Downloadable Format!



Brief Table of Contents pages

1. Introduction to Analytical Chemistry 1

2. Basic Tools of Analytical Chemistry 13

3. The Vocabulary of Analytical Chemistry 41

4. Evaluating  Analytical Data 63

5. Standardizing Analytical Methods 153

6. Equilibrium Chemistry 209

7. Collecting and Preparing Samples 285

8. Gravimetric Methods 355

9. Titrimetric Methods 411

10. Spectroscopic Methods 543

11. Electrochemical Methods 667

12. Chromatographic and Electrophoretic Methods 783

13. Kinetic Methods 885

14. Developing a Standard Method 945

15. Quality Insurance 995



 JASDL modules oriented 
around specific topics

 Toolbox can help students 
find answers

Analytical Toolbox
Statistics

Sample Preparation
Equilibrium Chemistry

Kinetic Methods
Electrochemistry

NMR
Mass Spectrometry

Separations
Hyphenated Methods

Spectroscopy
Surface Methods
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The Analytical Toolbox



 Flexible for use in a variety of educational environments

 In-class activities 

 Out-of-class assignments

 Introduction to new techniques (or Pre-lab)

 Supporting theory

 Wet and Dry labs

Conventional to Inquiry Based Learning
18

Using the ASDL Toolbox



If Google knows everything – what 
should I be teaching my students?



“The  first  principle  is  that  you  must  not  fool  
yourself,  and  you  are  the  easiest  person  to  fool.”

-Richard Feynman



Active Learning Content Areas 
Under Development

 Separations
 Equilibrium Chemistry
 Environmental (Lake Nakuru, Kenya)
 Q-NMR

www.asdlib.org/ActiveLearning.php



Development of Contextual E-Learning
Modules for Analytical Chemistry

Inquiry-based undergraduate curricular materials

Learning Outcomes for Undergraduates 
Knowledge Outcomes

Skills Outcomes
Affective Outcomes

Learned Abilities

Ewell, P.T., Accreditation and Student Learning Outcomes: A Proposed Point of Departure, Council for Higher Education Accreditation 
(CHEA) Occasional Paper, Washington, DC, September 2001. 22

ASDL Active Learning Initiative



 In-Class Activities
 Supporting Materials
 Problem-based Laboratory Exercises
 Instructors’  Manual

Builds on work in progress at ASDL, and takes advantage of peer 
reviewed resources in the digital library
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Active Learning Modules: 
Common Features





 If using capillary columns, what does this suggest about 
the desirable diameter for such a column?

 Is this phenomenon worse in gas or liquid 
chromatography?

 How does the contribution to band broadening depend 
on flow rate?

 Would this effect be observed in a packed column?  If 
so, how?

 How could you reduce this effect in a packed column?
25

Chromatography



Stationary Phase

Flow

Consider a capillary column 
as shown below.  Draw a line representing the path 

of the molecule.

 What would this path look like if 
the flow rate were doubled?

 Is it important for the molecule to 
encounter the stationary phase?  
Think about a situation in which 
the flow was so fast that the 
molecule never re-encountered 
the stationary phase.
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Mobile Phase Mass Transport Broadening



Interdisciplinary Context-based  Module

Beginning in 1993, and occurring in multiple years since, 
flamingos at Lake Nakuru have been dying by the tens 
of thousands (40,000 in 2000 alone)
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Problem-based Approach: 
Lake Nakuru, Kenya



What is killing the flamingos at Lake Nakuru?
Heavy metals?
Algal toxins?
Organochlorine pesticides?
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Basis for the Module



At the end of this assignment students will be able to:

 Define various sampling strategies

 Assess the benefits and limitations of different sampling 
strategies

 Determine an appropriate sampling plan for an analysis 
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Sampling unit



 Assume you have chosen 
a judgmental sampling 
plan to evaluate pollution 
from a point source into a 
lake.

 Use the diagram at right 
and words to describe 
your sampling plan. 

30

Sampling units: Example questions



1. From where within the target 
population should we collect 
samples?

2. What type of samples should we 
collect?

3. What is the minimum amount of 
sample for each analysis?

4. How many samples should we 
analyze?

5. How can we minimize the overall 
variance for the analysis?

Key questions to consider:

31

Designing a Sampling Plan



Evaluation
- Improved student learning? 
- Useable in a wide variety of environments?

Benefits
- Student  centered  “self  based  “  learning
- Electronic, free of charge
- Adaptable
- Problems inter-dispersed

Challenges
- Time
- Redeveloping materials for your classroom environment
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What have we learned? 



 Expand analytical toolbox
 Modify existing content to be more 

inquiry-based
 Testing/sharing materials
 Assessment
 Development of additional context-based 

materials
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Goals for the Future 



 NSF DUE 0121518, 0531941, 0816649, 0817595, 0937751
 UC-Riverside, KUCR, UIUC, Bates College, DePauw
 Members of the ASDL Advisory Board

Ted Kuwana (Managing Director) University of Kansas

Rick Kelly (Web-collection Editor) East Stroudsburg University

Alex Scheeline (JASDL Editor) University of Illinois

Michael Samide (JASDL Assoc Editor) Butler University

David Harvey (Community Editor) DePauw University

Acknowledgements - ASDL



1. Identifying the Problem

2. Sampling

3. Sample Preparation

4. Gas Chromatography

5. Pesticide Analysis by MS

6. Method Validation

7. Instructor’s  Guide

35

Module Components



Problem-Based Case Studies

CHEM 001A CHEM 001B CHEM 001C
1. Global Warming      1. H2 Storage* 1. Ocean pH and CO2*

(data analysis)        (gas laws/thermo) (solutions/pH)

2. Liquid Coal* 2. Bio-catalysis/ethanol* 2. Photoelectrochemical
(rxns/stoich.) (kinetics) Cells

(redox/electrochem.)

UCR Chemistry Case Collection
http://chem.ucr.edu/casestudy/casestudycollection.html

*National Center for Case Study Teaching in Science (NCCSTS)
http://sciencecases.lib.buffalo.edu/cs/



Problem-Based Case Studies

• Graduate  TA’s  trained  to  facilitate  case  activities  in  
mandatory recitation sessions. 

• Students given articles from the scientific literature as 
pre-readings.

• Students work in collaborative groups to answer 
mixture  of  multiple  choice  and  short  answer  Q’s.



“Flipped  Classrooms”  

Pre-lecture Activities In-class Active Learning

C. Wieman, et al., Science, 2011, 332, 862-864.
C.H. Crouch & E. Mazur, Am. J. Phys., 2001, 69, 970-977.



Flipped Classrooms in CHEM 001 
Series

Video Tutorials & 
Online Learning 
Before Lecture 

Problem-based  
Clicker Cases in 
Large Lecture 

Hall



SENCER-ized Flipped Classrooms

-Focus lecturing on more difficult concepts. 

-Bring group problem solving and application to real-world 
problems to the lecture. 

-More robust active learning experience...more impact on 
student learning. 



Clicker Cases

-Take a traditional Powerpoint lecture, incorporate 
a real story or overarching issue, and include 
periodic  clicker  Q’s.
-Foster collaborative learning in large lecture hall; 
model discovery learning.



History of the Atom 
From Atomism to the Nuclear Model

Jack F. Eichler
Department of Chemistry
University of California, Riverside

http://sciencecases.lib.buffalo.edu/cs/collection/detail.asp?case_id=667&id=667



Thomson Cathode Ray Tube 
(1897)

43



CQ: Which model of the atom is confirmed by the 
data/observations from the cathode ray tube 
experiment?

A. B.

C. D.
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CHEM 001 Clickers

-Approximately 10-20% of lecture time devoted to 
active learning for ALL students.
-Promotes collaborative learning.
-Highlights interdisciplinary nature of chemistry 
and connections to real-world problems. 



Problem-Based Case Studies

-Graduate  TA’s  trained  to  facilitate  case  activities.  
-Students given articles from the scientific literature as 
pre-readings.
-Students work in collaborative groups to answer mixture 
of  multiple  choice  and  short  answer  Q’s.
-Students  submit  individual  responses  to  short  essay  Q’s.



Example: Problem-Based Case

Analysis

2. Compile a list for each category:

What do I know? What do I Need to know?

3.    Rank  the  importance  of  the  questions  in  the  “What  
do  I  need  to  know?”  column.  



“Liquid  Coal”

Monday, August 6, 2012
May 25, 2011, 4:53 pm

Bill Allows Military to Use High-Carbon 
‘Liquid  Coal’

By JOHN COLLINS RUDOLF

D. Hildebrandt, et al., Science, 2009, 323, 1680-1681.
R. Agrawal, et al., Proc. Nat. Acad. Sci., 2007, 104, 4828-4833.

http://www.nytimes.com/
http://www.nytimes.com/


Problem-Based Case Studies

Which of the following explains why it is advantageous/desirable to 
convert coal to a liquid fuel?
A) Our current energy infrastructure is centered on transporting and 
using liquid fuels for our ground fleet of cars and tractor trailers, 
therefore being able to use this infrastructure is more economically 
viable.   
B) Liquid hydrocarbon fuels have a high energy density (e.g., much 
higher than that of gaseous hydrogen used in fuel cells), therefore 
can provide the energy required to move ground fleet vehicles 
(especially tractor trailers).  
C) This would provide the U.S. an opportunity to develop a liquid fuel 
supply without depending as much on foreign oil, which will 
continue to diminish in supply over the coming years. 
D) It is easier to convert coal to liquid fuel than it is to convert 
petroleum to liquid fuel.  
E) A and B and correct. 
F) A, B, and C are correct. 
G) A, B, C, and D are correct. 



Problem-Based Case Studies

The authors state that the goal would be to use this 
process to make 80,000 barrels of liquid hydrocarbon 
fuel per day.  How many tons of coal would be required to 
produce this much liquid fuel? Use the balanced 
reactions from question 4:
3C(s)  +  6H2O(l)  3CO2(g)  + 6H2(g)   2(-CH2-)(l)  +  
4H2O(l)  +  CO2(g)

1 barrel = 42 gallons
1 gallon = 3.78 L
density of liquid fuel =  0.700 g/mL (assume this is the 
density of -CH2-)
1 ton = 2,000 lbs
1 lb = 0.45 kg



Problem-Based Case Studies

Individual Question – Your response to this should be 
typed and delivered to your discussion group TA 
electronically.  Your response should be no longer than 
one page (12 point font, single spaced).

7.  What are the advantages and disadvantages of using 
coal to produce liquid fuels? If you had to decide whether 
or not to invest federal funds in developing the CLT (coal-
to-liquids) technology, would you support these efforts 
(be sure to cite evidence from the journal articles in 
making your final decision)?



Problem-Based Case Studies
CHEM 001A CHEM 001B CHEM 001C
1. Global Warming 1. H2 Storage 1. Ocean pH and CO2
(data analysis)            (gas laws/phases) (solutions/pH)

2. Liquid Coal 2. Enzyme Kinetics 2. Photoelectrochemical
(rxns/stoich.) or Cells

Bio-catalysis/ethanol           (redox/electrochem.)
(kinetics)

CHEM 112A* CHEM 112B* CHEM 112C*
1. Molecules of life 1.    Organic  LED’s 1. Vioxx

(chirality) (organic polymers)      (drug design)

UCR Chemistry Case Collection:        
http://chem.ucr.edu/casestudy/casestudycollection.html

*Dr. Richard Hooley (organic chemistry)



Transforming Undergraduate Education in STEM 
(TUES) – Richard Hooley and Leonard Mueller
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