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Executive Summary

Three panels of practicing scientists and engineers were assembled in the Summer of 2007
for the purpose of reviewing the current Virginia Standards of Learning (SOL) in physics
and chemistry and Virginia’s program in engineering. Members of the panels were drawn
from university physics and chemistry departments, schools of engineering, government
research laboratories, and industry from across the Commonwealth. This diversity of
membership provided background at all technology readiness levels from basic research to
technology and development to manufacturing and operations.

The panels did not focus on advanced science content but rather were asked to answer the
question: What are the physics (chemistry/engineering) essential content to reach 80 % —
90% of all high school students to help them become productive citizens in the 21* Century?
Or: What is the essential physics (chemistry/engineering) knowledge that citizens
should have to understand the world around them, to make decisions on political
questions that more and more involve an understanding of science and technology, to
triage and understand the plethora of news and information that is available by the
current World Wide Web and by the next generation Internet?

This is the final report of the Panel on Chemistry which met at the National Institute of
Aerospace in Hampton, Virginia, May 30-31, 2007.

Four weeks prior to the meeting, panel members were provided materials on proposed
national science standards, outlines of the Advanced Placement Chemistry, and International
Baccalaureate Chemistry courses, Virginia’s Science SOL and Chemistry Curriculum
Framework, and copies of Chemistry SOL from several other states whose SOL were ranked
high by the Fordham Institute.

After working in facilitated sessions as subgroups and a committee of the whole, the
Chemistry Panel developed the following findings and recommendations in four main
categories regarding the current Virginia SOL in Chemistry:

General:

o The traditional science disciplines are becoming increasingly
outmoded as an appropriate taxonomy for secondary school
education. A key illustration of this point is modern biology,
increasingly molecular in content and thereby critically dependent on
knowledge of chemistry. Further, learning occurs best when content
is reiterated with increasing levels of sophistication — rather than the
single year “bites” of biology, chemistry and physics. The growing
technological manifestations of science need to be rooted in a greater
appreciation of engineering principles and approaches. Virginia
should begin serious exploration of restructuring its curriculum and
Standards of Learning in an integrated mode such as that advocated
by Lederman, e.g., Science and Engineering 1, 2, 3, 4.



Laboratories:
o

Chemistry relates real-world phenomena to fundamental abstract
principles that are discovered through observation and laboratory
methodology and then expressed quantitatively in the language of
mathematics and qualitatively in the written word.

To better motivate the importance and usefulness of chemistry, the
order of teaching chemistry should be from physical world observed
phenomena (macroscopic) to fundamental building blocks
(microscopic). (Macroscopic Properties -> Chemical Structures ->
Chemical and Physical Interactions). This new approach may require
new intellectual agility from chemistry teachers to move back and
forth between these layers of understanding.

Laboratories should comprise about 20% of class time throughout the
year and teachers should have freedom to choose which topics they
complement/integrate with laboratories.

Laboratories must integrate into the chemistry topics, make use of
state-of-the-practice equipment and methodologies (eg: modeling and
simulation, lab on a chip), ensure good data handling, and must
include written lab reports to communicate the process and results.
Laboratory principles and practice must be included in the assessed
content.

Teachers should partner with universities and work-world laboratories
to develop laboratory modules — particularly in contemporary
research areas.

Contemporary Applications and Emerging Technologies:

O

Chemistry applications, including contemporary uses of chemistry in
the physical world and emerging technologies, must be integrated into
the chemistry content and included in assessed content.

Open Source Courseware:

O

The Virginia Department of Education should support a website (such
as a wiki) to which teachers can add laboratory modules and
contemporary applications as they develop and use them. A
collaborative effort with other states and/or NSF would accelerate
progress in this effort.



Introduction and Background

In the Fall of 2006, NASA engaged in discussion with the Office of the Secretary of
Education in Virginia with regard to partnering for the development of a workforce skilled
in the capabilities needed by NASA for the 21* century. With many of its staff nearing or
past retirement age, NASA was particularly concerned about its next-generation workforce
while the Office of the Secretary of Education was interested in having a STEM'-capable
team examine the current content of STEM curriculum in the state and carry out an
independent “gap analysis”. A recent study” published by Achieve, Inc., showed that many
graduates go into the workplace or further education after high school graduation feeling
unprepared, identified by their employers as unprepared, or requiring remedial, not-for-
credit courses. An agreement’ was reached whereby NASA would provide a
scientist/engineer to the Secretary’s office for nine months during which, he/she would lead
a review of the physics, chemistry, and engineering4 programs in Virginia. The reviews
would be carried out by panels or teams of practicing scientists and engineers, drawn from
research university content area departments, government research laboratories, and
industry. The output from each review panel would be a white paper deliverable to the
Secretary of Education and publicly available.

Most recently, two well-respected national organizations, the National Research Council of
the National Academies of Science and the American Association for the Advancement of
Science have developed documents that lay out potential national standards and benchmarks
for Science in the Nation’s schools K-12°,

In addition to these two national efforts, the past fifteen years has seen individual states
develop their own standards in a number of academic disciplines. Virginia began its
standards development under Governor George Allen around 1994. The focus of these first
standards was school accountability. In an effort to assure accountability of all of Virginia’s
public schools with respect to some common course content, the Virginia Standards of
Learning (SOL) were created. These SOL are implemented as oufcome standards in that the
assessments or tests associated with them identify whether the material was learned by
students (as opposed to simply faught by teachers).

To further clarify what the SOL are intended to be and what they are not intended to be, we
can look at two excerpts from the Introduction to Virginia’s Science SOL:

' STEM is an acronym for Science, Technology, Engineering, Mathematics.

2 “Rising to the Challenge: Are High School Graduates Prepared for College Work? A Study of Recent High
School Graduates, College Instructors, and Employers”. Conducted for Achieve, Inc. by Peter D. Hart
Research Associates (February 2005).

3 Intergovernmental Personnel Act (IPA)

* While NASA has an interest in all STEM areas, it has a particular interest in physics and chemistry, the
science basis for new and exotic materials that would be required to carry out its Exploration mandate, and
engineering which is the basis for the development of these materials into structures and the spaceflight
capabilities to use them. Follow-on panels to similarly review the other science areas are a possible future
activity.

5 National Science Education Standards (National Academy Press, 1996) and Project 2061: Science for All
Americans and Benchmarks for Science Literacy (American Association for the Advancement of Science,
1990).



e “The Science Standards of Learning for Virginia’s Public Schools identify academic
content for essential components of science curriculum at different grade levels.”
and;

e “The Standards of Learning are not intended to encompass the entire science
curriculum for a given grade level or course or to prescribe how the content should
be taught. Teachers are encouraged to go beyond the standards and select
instructional strategies and assessment methods appropriate for their students.”

While conceived as minimal accountability standards (a floor), the content of the SOL soon
became the course outline for many teachers. As fiscal pressure, particularly through the No
Child Left Behind (NCLB) Federal legislation, increased for students to pass these state
assessments, school administrators put more pressure on teachers to assure that their
students would indeed pass. This pressure along with the large breadth of the SOL for some
courses, has precluded many teachers from “go(ing) beyond the standards”.

The standards are revised every seven years as a part of the formal review process approved
by the State Board of Education — science undergoes its next revision in 2010. The output
Jfrom the Physics and Chemistry panels is intended to inform that review process.

The job of Physics Team and Chemistry Team was to develop some consensus around the
essentials of citizen knowledge in (physics)/(chemistry) for the next 25 years. That is, what
is the essential physics or chemistry knowledge that citizens of the Commonwealth should
have to understand the world around them, to make decisions on political questions that
more and more involve understanding of science and technology, and to triage and
understand the plethora of news and information that is available by the current World Wide
Web and will be available on the next generation Internet. The task of the Engineering
Team was not too much different but is a bit more broadly defined in terms of what K-12
engineering program would be most appropriate for our students in the 21* century.
Engineering is not a part of the traditional curriculum for which there are SOL; it has
developed in the CTE (Career and Technical Education) wing of the Department of
Education. Thus the panel could not look at an SOL content set for engineering, but did
look at various programs that Virginia teachers have created, some “turn-key” national
programs that have been created and are available for purchase, and the K-12 SOL for
engineering in the state of Massachusetts.

Finally, a reminder that these panels were NOT defining advanced course content — that
work is being done nationally and it focuses on the top 10% of our students®. The panel’s
focus is on ALL students in laying out a safety net of science (physics/chemistry) content
that the remaining 90% of Virginia’s high school students need to be economically and
politically productive citizens of Virginia in the 21* Century.

® In Virginia, approximately 10% of students in grades 9-12 are taking one or more advanced placement
courses; 1% are in Governor’s Schools, and 0.25% are in International Baccalaureate (IB) programs. The
College Boards are working on aligning AP courses and the American Institute of Physics and NRC have
develop reports on advanced needs in physics and chemistry respectively. The Chemistry Report is in the
Appendix B of this report.



Philosophy for Selecting Team Membership

Because many previous SOL content development teams were made up with a
preponderance of K-12 science educators with a few practicing scientists as advisors or
reviewers, this team was designed to complement and supplement the content-area expertise
of those teams. The Chemistry Team was designed to have subject matter expertise on the
full range of chemistry technology readiness levels from basic research through technology
and development to operations and production. To this end, members were solicited from
university chemistry departments, government research laboratories, and industry. One of
the team members had recently taught high school chemistry as adjunct faculty.

Members of the Chemistry Team’ and their major affiliation were:

Dr. Joel Faircloth Virginia Tech Agricultural Research Station

Dr. Gus Gerrans University of Virginia

Dr. Rob Hinkle College of William & Mary

Mr. Chris Hodge Naval Surface Warfare Center - Dahlgren

Dr. Henry McGee Virginia Commonwealth University

Dr. Jim Murday Naval Research Laboratory / Univ Southern California
Mr. Lennie Routten Northrop-Grumman

Dr. Mia Siochi NASA Langley Research Center

Mr. Tom Wavering LUNA Innovations

What this team brought to the scene was unique — not claimed to be better or worse just
unique - from previous SOL work in three ways:

e They were a team of content-centric practitioners — not education specialists.

e They had available the current range of standards developed and
implemented over the past decade as benchmarks — that is they had the
advantage of standing back and evaluating what’s been created there.

e They brought a range of technical perspective from university research and
technology through government laboratory technology and development to
industry development and production.

7 A short biography for each member is in Appendix A



Preparation for Meeting

Because the team was developed for its chemistry content area expertise and came from
diverse backgrounds across the research, technology, development, and production compass,
a set of documents was prepared to provide background on the current state of K-12
chemistry in the United States and some national thinking about what science should be in
the 21% century. The full set of documentation is Appendix B and a summary is given here.

Members were provided both the Virginia Science SOL and a copy of the Virginia
Curriculum Framework for Chemistry. The Curriculum Framework serves as a guide for
teachers by providing the next deeper level of specificity for the SOL. The Framework
enumerates the essential understandings and the essential knowledge and skills that students
should develop for each of the standards in the SOL. In addition to the current Virginia
Standards and Curriculum Framework, the Chemistry Team had available to them: sets of
standards from other states that have been judged as “leaders” in the development of quality
standards®, the College Board Advanced Placement (AP) Chemistry course outline, the
International Baccalaureate (IB) standards which represent a consensus of representatives
from more than 100 countries around the world, and some “new” thinking (actually a decade
old) by Nobel Laureate Leon Lederman on sequencing and content of science courses. Dr.
Lederman suggests that because the nature of biology has changed so radically from mostly
an exercise in classification (1930’s) to almost completely molecular biology in the 21*
century, that chemistry (and in particular organic chemistry) should precede biology rather
than the traditional order in which biology precedes chemistry in K-12 curricula. He also
proposes that Physics precede Chemistry, ending with atomic and nuclear physics. Some
250 to 300 schools across the United States are experimenting with this new approach

Team members also received a copy of the “Kentucky Survey of Critical Technologies:
Highlights” from June of 2004. This document reports on the results of a survey of some
500 middle and high school science teachers in Kentucky regarding their awareness and
comfort with contemporary and emerging technologies. As an example, while 99% of those
surveyed were aware of the concept of “stem cells”, only 47% said that they understood that
concept, and 24% taught it. Sixty percent of these teachers were aware of
“nanotechnology”, but only 18% said that they understood it, and 7% replied that they
taught it. Thirty-eight per-cent of these teachers also said that their preferred source of
content training was the web with only 8% preferring “In-service” programs at their schools.

The team were also given copies of the NRC’s National Science Education Standards, the
AAAS Project 2061 “Science for All Americans” and “Benchmarks”, and the thinking of
the National Research Council on an advanced high school Chemistry course — Learning
and Understanding: Improving Advanced Study of Mathematics and Science in U.S. High
Schools: Report of the Content Panel for Chemistry (2002).

8 Paul R. Gross: The State of State SCIENCE Standards. Thomas B. Fordham Institute (2005).



Meeting Place and Process (Agenda)

The Chemistry Team met on May 30 - 31, 2007 at the National Institute of Aerospace in
Hampton, Virginia. Members had received their preparation reading four weeks in advance
of the meeting. The agenda was structured to get the participants first to talk about their
own chemistry expertise, background, and any initial thoughts they had on the preparatory
material or the problem in front of the panel.

Next, the participants were put into three smaller homogeneous breakout groups to consider
(brainstorm) the main question before them: What are the chemistry essential content to
reach 80% — 90% of all high school students to help them become productive citizens’
in the 21% Century? The three homogeneous groups were broken out as:

o University representatives
e Government laboratory representatives
e Industry representatives

The three groups then reported out to the entire panel, with all panel members engaging in
discussion for clarification.

Next, the participants were grouped into three “mixed groups” wherein each group had one
member from each of industry, university, and government lab representatives. The three
mixed groups were each asked to develop a draft of recommendations based on their earlier
homogeneous group discussions and report-out. These groups reported out to the entire
panel and their ideas were catalogued (like-things combined) and prioritized.

The result of this work was then a final result which had three components:

e Cross-cutting essential content that supports all of chemistry

e Required (essential) chemistry topics for all students

e Elective chemistry topics from which a subset would be chosen each year by the
teacher

® What is the essential chemistry knowledge that citizens of the Commonwealth should have to understand the
world around them, to make decisions on political questions that more and more involve understanding of
science and technology, and to triage and understand the plethora of news and information that is available by
the current World Wide Web and will be available on the next generation Internet?



Results

Participants began the meeting by introducing themselves, their particular area of chemistry
expertise, and their thoughts based on their expertise and preparatory reading material.
During this introductory discussion, there was a strong direction that laboratories, through
which students engage in the scientific method, be a strong component of the program
(Figure 1).

Figure 1. Chemistry Describes the Observed World

Mathematics &
Writing / Communication

The panel then went into breakout sessions with three homogeneous groups: university,
government labs, industry.

Two main themes developed from these breakout sessions (homogeneous groups):

e Experiments and demonstrations mediate between the observed world and basic
chemistry principles and there are certain “cross-cutting essentials™ that are
foundational to the chemistry content per se.

e While many things are “good and interesting chemistry”, they do not all fit into one
academic year, so choices of “core” or “essential” content had to be made.

The cross cutting essentials are listed below as section “A” and are shown graphically in
Figure 2. These cross-cutting essentials include safety, laboratory skills and appropriate use
of the scientific method. Students integrate the use of state-of-the-practice equipment for
data acquisition, data handling, and data analysis. The writing of reports to clearly record
and communicate results is also included in this section.

10



In the second set of breakout sessions, mixed groups (membership of each group was mix of
university, government lab, and industry) worked on these two themes and presented their
ideas on what was core. As the groups formed back into a committee of the whole, the idea
that there was not a simple fix to the current Virginia SOL emerged. The fundamental
nature of Virginia’s chemistry course must be changed and thus individual deletions and
additions or modifications to the SOL were inadequate'®. The major philosophical change
that emerged was that chemistry should be taught from the macroscopic to the microscopic.
Applications and observations of the real world must be woven throughout the tapestry of
the course by the teacher and not reserved as anecdotes at the end of a unit or worse, the end
of the term. Rather than start with the structure of the atom and build up to real-word
macroscopic behaviors of matter, chemistry should begin with the behaviors of matter at
dimensions that are observable by humans. These macroscopic properties and behaviors
(please see section “B” in the outline below) start the student thinking about why chemistry
is useful and important. It should create some curiosity and motivate further exploration to
understand these observed behaviors. Gross chemical and physical properties such as gas
compressibility (SCUBA diving/bends), phase changes (boiling/solidification), viscosity
(automobile oil/belly flop on water), and interaction phenomena (cleaning agents/salt to melt
ice on sidewalks) would be investigated. Next, the microscopic world of chemical structure
would be investigated (section “C” in the outline below). Here we would begin the atomic
structure of the elements and their periodic properties, move to “beyond elements” with
molecules and nanostructures and “formulas and nomenclature”. Another name for these
topics combined might be “common chemicals and their properties”. We would look at
different atmospheric gases, hydrocarbons, sugars, and salts. We would then move on to
acids and their properties; how we use acids and their different strengths (pH). The student
learns that vinegar is not particularly worrisome, oxalic acid is useful to clean/etch concrete
but requires care in its use, while sulfuric acid in your car battery is very useful but requires
extreme care in handling. Continuing down the list below, we would extend a hand across
disciplines to biology with the introduction of sugars, amino acids (proteins), nucleic acids,
(DNA and RNA) from a chemical standpoint. This would give the student an introduction
to the role of organic chemistry in molecular biology.

After dealing with the microscopic structures, we next explain microscopic chemical and
physical interactions. In section “D” below we include intermolecular forces, Avogadro’s
Number, the Ideal Gas Law, and kinetic theory completing this section with
electrochemistry and interfaces such as adhesion and lubricants.

All of these sections comprise the essential or core content of the course. The final
component of the course (Section “E” — italic typeface) is made up of a series of subjects
from which a number should be chosen by the teacher each year. These elective subjects are
all applications of chemistry. They should be integrated appropriately into the course and
include human chemistry and emerging technologies. The overall scheme of these sections,
the cross-cutting essentials, and the elective subjects crosscut relationship are shown
graphically in Figure 2 and listed in total on the following pages.

" However, lest the reader believe that the panel has produced an all or nothing set of recommendations, the
final recommendations will include improvements to the current program that do not require a total rewrite of
the Chemistry course.

11



Figure 2. A Hierarchy of Chemistry Content

- Biochemistry
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- Materials
- Natural vs. synthetic materials
- Pesticides
- Petroleum/petrochemical
- Phamaceuticals
- Portable power
- Separations
- Textiles
- Usable water

A. Crosscutting Essentials

- Ideal gas law (macroscopic)

- Kinetic theory (microscopic)

- Phase diagrams

- - Solutions & concentrations

- Chemical equations

- Rates of reactions

- Stoichiometry/Thermodynamics
- Electrochemistry

- Chemistry of interfaces

- Atomic Structure * Common chemicals and their
- Beyond elements properties

Molecules . 2
— Chemica Bonds

1. Safety: Personal Protective Equipment, fire extinguishers, etc.
Wikipedia (chemical data resource), MSDS, LDs,
2. Laboratory skills — measurement, graphing, uncertainty, handling/disposal of

chemicals,...
3. The Scientific Method

a. Data Handling: SI Units and conversions (physics, biology, math),

real life examples of mistakes originating from improper conversion of units,
such as Mars Landing, airplane incidents and accidents.

b. Planning, Recording and Reporting (Writing Lab reports!)

c. Data Acquisition using state-of-the-practice methodology: “Probeware”,
computers, graphing calculators, lab-on-a chip, etc

d. Modeling and simulation (web-based or computer-based)—e. g., nano-hub

4. Risk Benefit Assessment

5. Mathematics as the mechanism to quantify results

B. Macroscopic Properties — why is Chemistry Useful and Important

1. Matter — illustrate via the periodic table

- Elements and atoms (not subatomic structure)

- Three phases of matter (ordinary terrestrial conditions): gas, liquid, solid.
- Gases — compressible fluid — He, Ne, N», earth’s atmosphere, steam
- Liquids — incompressible fluid — Hg, Ga, LN,, liquid water
- Solids — resist deformation and change in volume — Si, Fe, diamond,

graphite, ice

- Introduce phase changes (boiling, solidification, sublimation)
- What influences phase: intermolecular attractions,

12



2. Comparisons of properties found in various phases - Use the elements C, He, Rn,
Si, Al, Fe, Hg at STP and relate to periodic table

Property Real world applications

-density (He balloon rises, Radon gas safety in
basement, weight of Hg vs Fe vs Al)

-compressibility (iron wheel/auto tire, tennis ball/golf
ball)

-viscosity (automobile oil, molasses, belly flop on
water to illustrate importance of
timescale)

-heat capacity (necessary to continuously heat a warm-

air balloon compared with heat stored in
a Fe frying pan; water as a coolant in
car radiators)

-thermal conductivity (insulation effectiveness — gas versus
condensed phase, He in thermal
windows)

-electrical conductivity (metal (Al, Fe, Hg), semiconductor (Si,
graphite), non-metal (He, Rn,
diamond))

3. Matter under varying temperature/pressure conditions

- Phase diagrams — water (ice, liquid, steam), CO, (solid, gas), He, Al, Fe

- Plasmas (occurring at much higher temperatures, examples of sun, arc

cutters, flat panel displays)

4. Interaction Phenomena between phases

- concentration as prerequisite for following discussion (molarity; ppm)

- solubility/miscibility (solutions vs. mixtures; cleaning)

- colligative properties (salt for ice melting on walkways, home ice cream)

- surfactants (soaps/detergents - oil vs. water salad dressing; cleaning)

C. Chemical Structures (Microscopic)

1. Atomic structure
-isotopes
-atomic mass
-1/2 life
2. Beyond Elements — an introductory, motivating look at more complex building
blocks: molecules, nanostructures.
- Nitrogen, Oxygen, Water, Carbon dioxide, Nitrogen oxides — simple
atmospheric molecules
- Carbon (C) Diamond (gem, grit), graphite (lubricant), amorphous (carbon
black tire filler), fullerenes and nanotubes (allotropes of carbon, bridging the
various size scales from molecules to nanostructures to bulk)
- CdSe color change as function of nanocrystal size to highlight size effect
- Hydrocarbons (example of C and H) - methane (natural gas), propane (fuel
gas), octane (gasoline)

13



- Sugars (example of C, H, and O - glucose, fructose, sucrose,...) —
illustrating richness of carbon chemistry and coming attraction to the
complexity of biomolecules

3. Common Chemicals and their Properties
- Formulas and nomenclature as a pre-requisite to the following:
- Acids(hydrochloric [HCI, stomach acid], nitric [HNO3, reagent for
explosives, fertilizers], sulfuric [H,SO4, auto battery], phosphoric [HPOs,
coca cola], acetic [H3CCO,H, vinegar],
oxalic [HO,CCO,H, concrete prep], ascorbic [vitamin C],..)
- Bases (NaOH [lye], Ca(OH)2 [slaked lime, lawn ”sweetner”], Mg(OH)2
[milk of magnesial....)
- Binary salts (e.g., NaCl [table salt], CaCl2 [drying agent], BCI3 [synthetic
reagent], CCl4 [dry cleaning solvent], etc.)
- Complex salts (e.g., sulfates, carbonates, phosphates,..)
- Saturated hydrocarbons (methane [natural gas], ethane, propane [fuel gas],
butane [fuel gas], isobutane . .. octane [gasolene paradigm], ...polyethylene)
- Unsaturated hydrocarbons (acetylene [fuel for high temperature torches],
propylene, butylene,... )
- Alcohols (methanol, ethanol, isopropanol, butanol,..; solvents, antiseptics)
- Ketones (acetone,...; polar solvent, nail polish remover)
- Aromatics (benzene, toluene, xylene, ...; non-polar solvents)
- Polymers (polyethylene, polytetrafluoroethylene [teflon], polypropylene,
polyester, polystyrene, etc.)
- Polysaccharides (carbohydrates from sugars [monosaccharides] - starch,
cellulose)
- Polypeptides ( example of C, H, O, and N - proteins from amino acids)
- Polynucleic acids (example of C, H, O, N, and P - DNA/RNA)

4. Chemical Bonds
-Periodic Properties (use observed periodicity and trends to establish families
and the periodic table)
- “Combining capacity”
- Valence electrons
- Degree of electron sharing - covalent, ionic, metallic
- Bond orientations — ionic radial, covalent directional, metallic complex mix

D. Chemical and Physical Interactions (Microscopic)

1. Intermolecular forces (cause liquification, solidification, e.g., mp, bp of molecular
materials; critical to many biological processes)--provide “scale” of forces vs. type
of bond
- dipoles (permanent moments), induced dipoles (dispersion)
- H-bonding*, a particularly important variant of dipole/dipole [critical to
water properties and protein folding]
- bond scale construct to illustrate different types, strengths, distance
dependence
2. Molar Relationships and Avogadro’s number (Avogadro Constant)
3. STP (need establish standard temperature (Kelvin) and pressure)
4. Ideal Gas Law (PV =nRT)

14



- Boyle’s, Charles’s and Avogadro’s Laws
- Dalton’s Law (relate to SCUBA diving rules)
- molecular collisions,
- pressure (vacuum systems, hot air balloons, tires, air bags, etc.), examples
of unit conversions
5. Kinetic Theory
- pressure, temperature, volume
- vapor pressure
- specific heat capacity
- colligative properties
6. Phase diagram
- phase changes
- molar heats of fusion and vaporization
- phase boundary / coexistence — relative humidity
- matter under extreme conditions-supercritical point (decaf coffee)
7. Solutions and concentrations (Molarity)
-parts per million (ppm)
-pH and acid/base (Bronsted)
-titrations
-electrolytic strength
-solubilities / partitioning (coefficient)
8. Chemical equations and stoichiometry
-types of equations/reactions (e.g., acid-base, redox, substitution, etc.)
-balancing equations
9. Rates of reactions
- activation energy (barrier)
- collisions (attempt frequency - pre exponential factor)
- catalysts
10. Thermodynamics
- equilibrium
-(1** and 2™ Laws related to endo- and exothermic)
11. Electrochemistry (redox)
- batteries
- electroplating
12. Interfaces
- adhesion
- lubricants (i.e., friction reduction)
- corrosion
- adsorbants
- surfactants/micelles (i.e., phase-transfer agents)
- lipid bilayers vs. vesicles/micelles
- colloid

E. Applications of Chemistry: Elective Subjects (and outer circle in diagram)

Adhesives / Sealers / Lubricants

Biochemistry

Cleaning/solvents

Coatings, elastimers, & adhesives (includes paint)
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Corrosion and Aging (prevention)

Cosmetics

Distillations

Electrochemistry (batteries & plating)

Emerging Technologies (molecular electronics, printable electronics, tissue
engineering, genetic engineering, laboratory on a chip, smart textiles, ....)
Environmental (ozone depletion, global warning gases, algae blooms, asbestos,
radon, ...monitoring, remediation, nuclear waste disposal, biodegradability,
recycling,...)

Food Science (sweeteners, additives, colors, fragrances, flavors, cooking/baking)
Forensic science / analytical methods

Fuels (contemporary: wood — “cellulose”, gasoline — “octane ”, propane,
alternatives: hydrogen, biomass, ethanol, ...)

Horticulture (pesticides, fertilization, genetic modification)

Human chemistry (genomics, proteomics, cellular processes, toxicity, digestion,
metabolism, ...)

Hydrogels / solgels, etc

Natural vs synthetic materials (polymers/plastics, ceramics, composites, alloys)
Petroleum / petrochemical

Pharmaceuticals

Portable Power - batteries, fuel cells

Separations

Textiles

Usable water (hard water, potable water, sewage treatment)

Because there are so many new approaches, new interfaces, and new content in the
team’s recommendation, and because new technology and knowledge continues to grow
exponentially with time'', there was one final recommendation: to use a 21 Century
technology (invented at the closing of the 20™ Century) for teachers to share information and
promote continuous learning in a timely way. This technology is the electronic bulletin
board, sometimes referred to as a “wiki” and is an example of open-source courseware. A
“wiki” can be set up to allow many users to contribute their own information and comment
on others contributions. An excellent example is the on-line “Wikipedia”'2. In addition to
allowing the timely dissemination of discoveries and information that would take years to
appear in a textbook, the wiki allows teachers and professional scientists to form a
“network” to efficaciously grow and mature ideas, lesson plans, and laboratory modules.

1 Please see chapters 1-3 of Ray Kurzweil’s book, “The Singularity is Near”. Viking Press
(2005)

12 For a nice summary of the founding and operation of the Wikipedia, please see the article
“All he News That’s Fit to Print Out” by Jonathon Dee in the New York Times Magazine,
Sunday, July 1, 2007, pp 34-39 or simply Google “wikipedia” on-line to investigate first
hand.

16



A summary of results from the panel fell into four main areas as follows:

General:
o
o
o
Laboratories:

©)

The traditional science disciplines are becoming increasingly
outmoded as an appropriate taxonomy for secondary school
education. A key illustration of this point is modern biology,
increasingly molecular in content and thereby critically dependent on
knowledge of chemistry. Further, learning occurs best when content
is reiterated with increasing levels of sophistication — rather than the
single year “bites” of biology, chemistry and physics. The growing
technological manifestations of science need to be rooted in a greater
appreciation of engineering principles and approaches. Virginia
should begin serious exploration of restructuring its curriculum and
Standards of Learning in an integrated mode such as that advocated
by Lederman, e.g., Science and Engineering 1, 2, 3, 4.

Chemistry relates real-world phenomena to fundamental abstract
principles that are discovered through observation and laboratory
methodology and then expressed quantitatively in the language of
mathematics and qualitatively in the written word.

To better motivate the importance and usefulness of chemistry, the
order of teaching Chemistry should be from physical world observed
phenomena (macroscopic) to fundamental building blocks
(microscopic). (Macroscopic Properties -> Chemical Structures ->
Chemical and Physical Interactions). This new approach may require
new intellectual agility from Chemistry teachers to move back and
forth between these layers of understanding.

Laboratories should comprise about 20% of class time throughout the
year and teachers should have freedom to choose which topics they
complement/integrate with laboratories.

Laboratories must integrate into the chemistry topics, make use of
state of the practice equipment and methodologies (eg: modeling and
simulation, lab on a chip), ensure good data handling, and must
include written lab reports to communicate the process and results.
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