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Education
Integrate the chemical sciences, environmental health
sciences, and the study of public and private governance
into a cohesive interdisciplinary educational program.
Research
Develop a world-class research program that designs
novel chemical processes and materials and investigates
new approaches to toxicity testing, exposure analysis,
and alternatives assessment.
Engagement
Provide technical support to decision- makers, workers,
community organizations and businesses working to
advance green chemistry.

About UC Berkeley Undergraduates

• 35,838 students
o 25,473 undergraduates
o 9,834 graduate students
• 7,500 STEM majors
• 5,000 STEM majors required to
take general chemistry

General Chemistry at UC Berkeley
Formative Courses for All Students Pursuing the Molecular Sciences
Chem 1A
•
•
•

General chemistry for non-majors
2100 students per year in the laboratory
Major: 60% Life Sciences
20% Engineering
3% Physical sciences and math
3% Humanities
13% Undeclared

Chem 4A and 4B
• First-year course for Chemistry, Chemical Biology, &
Chemical Engineering majors
• 200 majors per year

Graduate Students
• 80 graduate students per year as GSIs

Goals of Redesign of Curriculum
Improve student learning, experiences, and attitudes
• Sustainability: Integrate sustainable
practices and principles of green chemistry
• Authentic Science Experiences: Provide a
guided authentic experience of science,
including inquiry, collaboration, and
communication
• Rich Contexts: Highlight the relevance of
chemical concepts to other STEM fields and
students’ everyday experiences.

Modern Instrumentation
Personalized
Hand-held instrumentation. Temperature, pH, drop
counter, conductivity, potential, dissolved oxygen,
UV/Vis, etc.

Instrumental Analysis Facility
•
•
•
•

Autosampling HPLC and GC
GC - Mass Spectrometer
FTIR
MP-AES – Atomic Emission Spectrometer

Development of New Curriculum
Each semester and summer:
•
•
•

1 instructor with some teaching relief
1-2 graduate students
10-20 undergraduate students

Graduate students:
•
•
•
•

Supervise undergraduates
Develop new experiments
Support courses using new laboratories
Develop and deliver assessment

Undergraduate students:
• Sign up for credit or volunteer
• Work in teams of 3 or 4
• Suggest and investigate new experiments
• Develop and trouble shoot lab methods
Funding
• Dow foundation: The Dow Laboratories
for Sustainable Chemical Sciences
Instruction

Multi-Week Experiment Modules
• Polymers (5 weeks)
Topics: Crosslinking – toy design; Separation – recycling; oral
presentation; depolymerization; titration of monomer.

• Energy: Biofuels (3 weeks)
Topics: toxicity; synthesis of biodiesel; combustion; position paper

• Solar cells/batteries (3 weeks)
Topics: voltaic piles, galvanic cells, electroplating, fuel cells, solar cells

• Kinetics (2 weeks)
Topics: Iodine clock, bleaching, Horse radish peroxidase, Fe-TAML

• Spectroscopy of food dyes (2 weeks)
Topics: UV/Vis and fluorescence spectroscopy

• Green Extraction and Chromatography (3 weeks)
Topics: Limonene/thymol; extraction, isolation, antibacterial properties,
GC, HPLC, quantitative analysis

• Computation and spectroscopy (2 weeks)
Topics: Aquatic toxicity, Calculation of HOMO/LUMO and properties;
UV and IR spectroscopy.

Green Chemistry and Sustainability Learning Goals

1. Identify, evaluate, and minimize the use of
hazardous chemicals.
2. Understand the origins and the fate of chemicals in
the environment.
3. Design safer and more efficient chemical reactions
and processes.
4. Gather data and effectively use both qualitative and
quantitative metrics.
5. Communicate scientific data and concepts to both
experts and the general public.

The Twelve Principles of Green Chemistry

1. Prevention: It is better to prevent waste than to treat or clean
up waste after it has been created.
2. Atom Economy
3. Less Hazardous Chemical Syntheses
4. Designing Safer Chemicals
5. Safer Solvents and Auxiliaries
6. Design for Energy Efficiency
7. Use of Renewable Feedstocks
8. Reduce Derivatives
9. Catalysis
10. Design for Degradation
11. Real-time analysis for Pollution Prevention.
12. Inherently Safer Chemistry for Accident Prevention

Polymer Properties and Applications
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Crosslinking and toy design

Plastic identification,
sorting, and recycling

Depolymerization and titration of polyesters (PLA and PET)
Class presentation: Properties and applications of polymers

Polymers: Learning Goals
Chemical Concepts
• Structure/property relationships
• Types of bonding
• Non-covalent intermolecular interactions
• Spectroscopy
• Titration and acid/base
• Chemical reactions
• Stoichiometry
Scientific Practice
• Experimental design
• Exploring scientific literature
• Qualitative vs. quantitative observations
• Systematic control of variables
• Data reporting (tables, graphs)
• Error analysis
• Teamwork/collaboration
• Presenting information

Green Chemistry
• Designing safer chemicals
• Renewable feedstocks
• Waste prevention
• Designing for degradation

Context
• Environment
• Materials
• Recycling
• Biodegradation

Energy: Biofuels
Fuel calorimetry

http://crisco.com

Biofuel synthesis and isolation

http://gardenofeaden.blogspot.co.uk/

Ecotoxicity assay
Position paper: Fuel comparison and recommendation
Amy Cannon, Beyond Benign; John Thompson, Lane College, GEMS; Irv Levy, Gordon College, GEMS; Jennifer Trip, Chemistry in Context

Biofuels: Learning Goals
Chemical Concepts
• Chemical reactions (biodiesel
synthesis and combustion)
• Structure/property relationships
• Intermolecular interactions
• Viscosity
• Heat transfer
• Enthalpy of combustion
• Energy density
• Toxicology
Scientific Practice
• Calibration
• Toxicity assay
• Data reporting (tables, graphs)
• Energy policy
• Teamwork/collaboration
• Scientific argumentation

Green Chemistry
•Designing safer chemicals
•Energy efficiency,
•Catalysis
•Atom economy
•Renewable feedstocks
•Waste prevention

Context
• Energy
• Environment
• Chemical Biology

Natural Products and Chromatography

Limonene from
Orange Peels
Liquid CO2 extraction
GC for quantification
McKenzie, L. C.; Thompson, J. E.; Sullivan, R.; Hutchison, J. E. Green Chem. 2004, 6, 355−358.
Buckley, H. L., Beck, A. R.,Mulvihill, M. J., Douskey, M. C. J. Chem. Educ., 2013, 90 (6), 771–774

Thymol from Thyme Leaves
TLC to identify product
HPLC for quantification
Antibacterial assay

Natural Products: Learning Goals
Chemical Concepts
• Chromatography
• Thin layer chromatography, HPLC, GC
• Mobile and stationary phases
• Normal and reverse phase
• Liquid-liquid and solid-liquid extractions
• Intermolecular interactions
Scientific Practice
• Calibration curves
• Internal and external standards
• Standard addition
• Accurate volumetric measurements
• Positive and negative controls
• Graphing and reporting data using
spreadsheet programs

Green Chemistry
•Renewable feedstocks
•Safer solvents,
•Designing safer chemicals,
•Design for degradation,
•Minimizing waste
•Toxicology
Context
• Toxicology
• Environment
• Chemical Biology

Aquatic Toxicity: Computation & Spectroscopy
Can toxicity be predicted before
releasing to environment?

Measure octanol-water
partition coefficient
Calculate energy level
difference between LUMO
and HOMO
Voutchkova, A. M. et al. (2011). Towards rational
molecular design: derivation of property guidelines
for reduced aquatic toxicity. Green Chemistry,
2373-2379.

Aquatic Toxicity: Learning Goals
Chemical Concepts
• MO theory
• LCAO-MO and the HOMO-LUMO band
gap
• Molecular modeling
• Solubility, surface area, polarity
• Structure-function relationships
• Extraction and separation
• UV-Vis and Fluorescence
Scientific Practice
• Experimental design
• Critical evaluation of cause and effect
• Calibration curves
• Linear regression
• Scientific models
• Compare computational and
experimental results

Green Chemistry
• Waste prevention
• Designing safer chemicals
• Real-time analysis for
pollution prevention
• Design for degradation
Context
• Chemical biology
• Toxicology
• Environment

Sustainable Chemistry in Modules
Polymers: An Investigation of Properties and Applications
Thinking about the challenges of recycling and the properties of certain
plastics also gets students thinking about Waste Prevention, Designing
Safer Chemicals and Designing for Degradation.
Biofuels, Part 2
The discussion of reclaiming used cooking oil introduces a waste
prevention strategy as well as using Renewable Feedstocks. The
base-catalyzed transesterification reaction is both Solvent-less and
Atom Economical.
Aquatic Toxicity, Part 1
You should also be able to observe why using toxicity guidelines to design
potential compounds is much more useful than running ecotoxicity assays
for all potential compounds. This experiment will also highlight the
principles of designing safer chemicals, design for degradation, and
real-time analysis for pollution prevention.

Sustainable Chemistry in Biofuels Module
Pre-lab question for beginning of biofuels module:
Consider the following three chemicals, each of which is frequently in the news
due to concerns over health hazards.
• Bisphenol A (4,4'-dihydroxy-2,2-diphenylpropane)
• Lead (Pb)
• Dioxins (specifically, 2,3,7,8-tetrachlorodibenzo-p-dioxin)
Look up the available information about each chemical in several different ways:
• Locate an MSDS
• Read the Wikipedia entry
• Find the chemical in a database (ChemSpider, eMolecules, or PubChem)
Answer the following questions:
• What health hazard is each chemical known for?
• Which of the three chemicals would you consider most hazardous? Why?
• What precautions should you take if you were using each of these
chemicals? Which resource gave you this safety information?
• Is there safety information that is missing from these resources that you
would like to have before working with these chemicals? If so, what
information would you like?
• Which sources of information are you most likely to use in the future? Why?

Sustainable Chemistry in Modules
Question for formal report of limonene module:
Given that this experiment is releasing CO2 directly into the atmosphere, is
it really “greener” than using a solvent such as methylene chloride to extract
the limonene? Think about factors you don’t see in the laboratory, such as
where the methylene chloride and CO2 come from, how they are disposed
of, what their toxicity might be, and what the risks are if you work with a
large amount in an industrial setting.
If you were to scale the liquid CO2 extraction to a large scale extraction for
the process you discussed in question 8, what factors would you consider in
order to make the process green (consider the Twelve Principles of Green
Chemistry in answering this question)?

Question for report of thymol module:
Review the 12 principles of green chemistry. What principles apply when
considering the use of thyme oil as an antibacterial agent?

Authentic Practice
Create argument based on data
Biodiesel
• Short final paper evaluating biodiesel and one other biofuel as alternative
transportation fuels. Students use data they collected along with
supporting information from scientific sources to support their conclusions
Aquatic Toxicity
• Look at the data, sorting low to high for each variable to search for
emerging trends. What variables seem to correlate to the values of log P?
• In the molecules studied by Voutchkova and Anastas, those with a log KOW
< 2 and ΔE > 9 tended to be safe for aquatic species. Based on your results
what can you say about the aquatic toxicity of your compound? What
further tests might you need to draw more conclusive results?
Thymol
• Suppose you want to design a new environmentally friendly cleaning
solution using only thymol or only carvacrol and would like to market it as
being able to “kill bacteria and inhibit growth”. Choose one and determine
the most dilute solution you can create to make this claim valid. What is
the name we give this value?

Authentic Practice
Develop experimental procedure
Polymers
• Students develop a procedure for sorting a mixed sample of
plastics by density.
• Polymers: Class choose four properties for a fun toy polymer.
Students have class competitions to create polymers that optimize
each property.
Thymol
• Students develop a new area of exploration they think might prove
fruitful in its ability to act as an antibacterial agent.

Communicate results
Polymers
• Presentation to class on a polymer application that is interesting to
the student.
Aquatic Toxicity
• Formal lab report
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Evidence of Learning Green Chem Concepts
I know what the term Green Chemistry means:
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Post-survey mean: 2.2/3.0

Learning Gains – Green Chemistry
“In my own words, green chemistry means:”
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Student 1 pre-survey: Chemistry that explores the properties of eco-friendly materials
and seeks to apply them in daily life in a sustainable manner.
Student 1 post-survey: Green chemistry tries to reduce the toxic waste produced by
chemical reactions and seeks to make chemistry more efficient with materials that are
not harmful to the environment and easy to replenish. (Minimizing Hazards, Material
Lifecycle)
Student 2 pre-survey: Chemistry that promotes environmental sustainability
Student 2 post-survey: Performing chemistry with less waste and with more renewable
resources that require less energy. (Minimizing Waste, Energy Efficiency, Material
Lifecycle)

Student Learning of Chemical Concepts
Presently, how much do you understand each of the following concepts:
Not at all; a little; somewhat; a good deal; a great deal
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Student Learning of Scientific Practice
Non-Majors (385 students)
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Student Comments on Favorite Lab
• It was fun to create something that is used in daily life. I also really
liked the polymer labs.
• I enjoyed calorimetry as a subject in chemistry a great deal, so I
guess my enjoyment transferred to the labs we did regarding that
topic in lab.
• We got to burn things.
• This was the hardest lab, but the lab that I learned the most from.
• Coming up with my own procedure and scientific process for a
making a new polymer was really fun.
• It was really long so we got to do a lot of experimenting; it was more
like real research than other labs.

Student Attitudes
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Supporting and Sustaining Changes
Supporting Faculty
How can we encourage faculty to adopt the
experiments and enable them to teach them well?
•
•
•
•

Explicit statements of learning goals
Rigorous assessment of learning gains
Extensive instructor documentation
Make it easy to implement!

Supporting Graduate Student Instructors
GSI:student ratio is often 1:30! Often these are brand
new graduate students.
Solution: Teacher-Scholar Program

The Teacher-Scholar Program
Vertical Learning Communities in General and Organic Chemistry
•

Teacher-Scholars: Undergraduates, who have completed General or
Organic chemistry, co-teach laboratory and discussion sections for credit

•
•
•

Teacher-Scholar integrated into course curriculum and teaching staff
Teacher-Scholars enroll in a 1.5 hour per week pedagogy course
At full capacity, 100 Teacher-Scholars, impacting 2500 undergraduate
students and 100 GSI’s per semester (100 sections)

Impact on students in courses
Intended Outcomes:
• Improved learning, experiences, and attitudes
• Community building
• Support of active and engaging curriculum
Survey Results:
• Would you recommend we continue the program?
>95% students surveyed in all classes said yes in all classes
• “She is very helpful outside of lab procedures and helped me make
decisions about chemistry classes in the future.”
• ”She was able to bridge the gap between lecture concepts and lab
procedures.”
• "Help me think of the "why" rather than just following procedures.”
• "Teacher-Scholars help build a bridge between the students, GSIs,
and the professor.”
• "Andy is awesome!!!!!!! He always made me feel comfortable to ask
questions.”

Impact on Teacher-Scholars
Intended Outcomes:
•
•
•
•

Gain understanding of how students learn
Improve mastery of the content of the course
Develop leadership and communication skills
Interactions with GSI and instructors

Survey
Results:
!
Would you recommend this program to a friend? 100% said ‘yes’.
“You get to develop your teaching skills in a small, personal environment
with the help of a GSI”
• “I felt like I discovered a sense of purpose and belonging at Berkeley by
participating in this program.”
• “The most helpful aspect of the program was reinforcing the material that
I learned.”
• “[The program]…helped me feel less like a number in a sea of students in
my huge lecture classes”

Impact on GSI’s, Faculty, and Department
Intended Outcomes:
Graduate Student Teaching Assistant
• Benefit from assistance in laboratory and discussion sections
• Mentor an upper level undergraduate student
Faculty
• Teacher-Scholar program facilitates learning in the course
• Develop closer interactions with upper level undergraduate students
Department
• More complex curriculum can be implemented
• Vertical community of scholars created from introductory student to
advanced undergraduate student to graduate student to instructor
• A culture created in the chemistry department of peer teaching, learning,
and mentoring

!

Conclusions
Chemistry Instruction
• Created 20+ weeks of new laboratories
o Green chemistry and sustainability
o Guided authentic practice
o Engaging, relevant curriculum
• Created Teacher Scholar Program
o Peer teaching and mentoring
Broad University Impact
• Impact students across campus
• Interest from faculty in other departments
• Adoption at other campuses
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Final Teacher-Scholar Quote

“I feel like a lot of people have trouble finding their
passions, strengths, and a purpose in Berkeley. This
program gives us something to be passionate about,
shows us our strengths in the topics we teach, and instills
in us the very simple purpose of extending our knowledge
and our help for the greater good of Berkeley students
taking chemistry. This, in my opinion, is a rare feat.”

