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“Chemistry has an important role to 
play in achieving a sustainable 

civilization on earth.”

— Dr. Terry Collins, Professor of Chemistry
Carnegie Mellon University
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Presenter
Presentation Notes
Sustainability = Meeting the needs of current generations without compromising the needs of the future.  See the Defining Sustainability lesson from Day 1 for more details.

Give students time to brainstorm two ways that chemistry plays an important role and write their answers on the Green Chemistry – What is It? Student Sheet.



WHAT IS A 
SUSTAINABLE
CIVILIZATION?
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WE SHOULD CONSIDER
THIS QUESTION FROM

SEVERAL VIEWPOINTS:

• The environment and human health
• A stable economy that uses energy 

and resources efficiently
• Social and political systems 

that lead to a just society
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Presenter
Presentation Notes
Sustainability is often describes as having three “E”s or components:
 - Economics
 - Environment
 - Equity (social equity or quality of life)



TO UNDERSTAND THE ROLE 
OF CHEMISTRY IN 
SUSTAINABILITY, 

WE WILL LOOK AT THE 
FIRST TWO POINTS…

• The environment and 
human health

• A stable economy that 
uses energy and 
resources efficiently
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Presenter
Presentation Notes
Give students time to brainstorm one way chemistry positively impacts the environment, human health, and economics.  They also need to brainstorm one way chemistry negatively impacts the environment, human health, and economics.

Explain to students that the ultimate goal of green chemistry is to minimize the negative impacts chemistry might have on the environment, health, and the economy.



IN A SUSTAINABLE
CIVILIZATION…

• Technologies used for 
production of needed goods 
are not harmful to the 
environment or to human 
health.

• Renewable resources (such 
as plant-based substances 
or solar energy) are used 
rather than those, like 
fossil fuels, that will 
eventually run out.
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IN A SUSTAINABLE
CIVILIZATION…

• Materials are recycled at the end 
of their use if they are not 
biodegradable (easily broken 
down into harmless substances 
in the environment).
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IN A SUSTAINABLE
CIVILIZATION…

• Manufacturing processes are either 
designed so as not to produce 
waste products,

– OR –
• Waste products are recycled or 

biodegradable.
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WHILE WE HAVE MADE SOME 
PROGRESS IN ACHIEVING
THESE GOALS, WE STILL 

HAVE A LONG WAY TO GO…

• Mountains of solid waste are piling 
up—particularly in industrialized 
nations.

• Air and water pollution continue to 
be problems in many places.
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BUT HOW CAN 
CHEMISTRY HELP US 

TO ACHIEVE 
A SUSTAINABLE
CIVILIZATION?
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First, let’s consider chemistry’s benefits…

The chemical industry produces many 
products that improve our lives 

and upon which we depend.
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Presenter
Presentation Notes
Allow students time to brainstorm five ways that they have benefited from chemistry.



BENEFITS OF THE 
CHEMICAL INDUSTRY:

• Antibiotics and other medicines
• Fertilizers, pesticides
• Plastics
• Nylon, rayon, polyester, and 

other synthetic materials
• Gasoline and other fuels
• Water purification
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Presenter
Presentation Notes
Go through each item and explain how it affects each student’s life…

Antibiotics: Before penicillin, people frequently died from the flu – ask students to raise their hands if they have ever taken an antibiotic, allergy medicine, cough syrup, etc.

Fertilizers and pesticides: While some people may eat only organic food, fertilizers and pesticides help ensure that there is enough food to feed a growing population.

Plastics: iPods, computers, soda bottles, and the list goes on…

Nylon, rayon, polyester: Ask students to check the tags on their clothes – many synthetic materials keep them looking so good.

Gasoline: Ever been in a plane, train, or automobile?  Ever wonder why you can get so many products that are made in far away places?

Water purification: Many people would not be able to drink their water unless it went through a water treatment plant – ever been in a swimming pool?



Although the positive contributions of 
chemistry and the chemical 

industry are many, some pollution 
problems have also resulted.

Many of these problems can now be solved.
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Presenter
Presentation Notes
Allow students to brainstorm one or two environmental pollution or human health problems they have heard about.  Ask students to share their information – you may need to clarify if they are misinformed!




SOME WELL-PUBLICIZED 
INCIDENTS FROM THE PAST

FEW DECADES…

• The Cuyahoga River in 
Ohio became so polluted 
with chemicals it caught 
fire.

• A plant accident in 
Bhopal, India, released 
methyl isocyanate. 
Nearly 4,000 people 
died.
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SOME WELL-PUBLICIZED 
INCIDENTS FROM THE PAST 

FEW DECADES…

• An accidental release 
of chemicals, including 
dioxin, in Seveso, Italy 
in 1976 resulted in the 
deaths of farm animals 
and long-term health 
problems for many 
local residents.
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MANY COUNTRIES HAVE 
ALREADY ENACTED LAWS AND 

SIGNED INTERNATIONAL
TREATIES TO REDUCE POLLUTION 

LEVELS, INCLUDING:

• Montreal Protocol to Protect the 
Ozone Layer

• Global Treaty on Persistent 
Organic Pollutants

• Rio Declaration on Environment 
and Development
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Presenter
Presentation Notes
Allow students time to brainstorm what laws or protocols exist in their country that help prevent mistakes like the ones listed in slides 15 and 16.

The Montreal Protocol on Substances that Deplete the Ozone Layer is a landmark international agreement designed to protect the stratospheric ozone layer. The treaty was originally signed in 1987 and substantially amended in 1990 and 1992. The Montreal Protocol stipulates that the production and consumption of compounds that deplete ozone in the stratosphere—chlorofluorocarbons (CFCs), halons, carbon tetrachloride, and methyl chloroform—are to be phased out by 2000 (2005 for methyl chloroform). Scientific theory and evidence suggest that, once emitted to the atmosphere, these compounds could significantly deplete the stratospheric ozone layer that shields the planet from damaging UV-B radiation.
From: http://www.ciesin.org/TG/PI/POLICY/montpro.html
Persistent Organic Pollutants (POPs) are chemical substances that persist in the environment, bioaccumulate through the food web, and pose a risk of causing adverse effects to human health and the environment. With the evidence of long-range transport of these substances to regions where they have never been used or produced and the consequent threats they pose to the environment of the whole globe, the international community has now, at several occasions called for urgent global actions to reduce and eliminate releases of these chemicals.
From: http://www.chem.unep.ch/pops/

Rio Declaration on Environment and Development 
The United Nations Conference on Environment and Development, 
Having met at Rio de Janeiro from 3 to 14 June 1992, 
Reaffirming the Declaration of the United Nations Conference on the Human Environment, adopted at Stockholm on 16 June 1972,/a and seeking to build upon it, 
With the goal of establishing a new and equitable global partnership through the creation of new levels of cooperation among States, key sectors of societies and people, 
Working towards international agreements which respect the interests of all and protect the integrity of the global environmental and developmental system, 
Recognizing the integral and interdependent nature of the Earth, our home, 
Proclaims that: 
Principle 1
Human beings are at the centre of concerns for sustainable development. They are entitled to a healthy and productive life in harmony with nature. 
Principle 2
States have, in accordance with the Charter of the United Nations and the principles of international law, the sovereign right to exploit their own resources pursuant to their own environmental and developmental policies, and the responsibility to ensure that activities within their jurisdiction or control do not cause damage to the environment of other States or of areas beyond the limits of national jurisdiction. 
Principle 3
The right to development must be fulfilled so as to equitably meet developmental and environmental needs of present and future generations. 
Principle 4
In order to achieve sustainable development, environmental protection shall constitute an integral part of the development process and cannot be considered in isolation from it. 
Principle 5
All States and all people shall cooperate in the essential task of eradicating poverty as an indispensable requirement for sustainable development, in order to decrease the disparities in standards of living and better meet the needs of the majority of the people of the world. 
Principle 6
The special situation and needs of developing countries, particularly the least developed and those most environmentally vulnerable, shall be given special priority. International actions in the field of environment and development should also address the interests and needs of all countries. 
Principle 7
States shall cooperate in a spirit of global partnership to conserve, protect and restore the health and integrity of the Earth's ecosystem. In view of the different contributions to global environmental degradation, States have common but differentiated responsibilities. The developed countries acknowledge the responsibility that they bear in the international pursuit of sustainable development in view of the pressures their societies place on the global environment and of the technologies and financial resources they command. 
Principle 8
To achieve sustainable development and a higher quality of life for all people, States should reduce and eliminate unsustainable patterns of production and consumption and promote appropriate demographic policies. 
Principle 9
States should cooperate to strengthen endogenous capacity-building for sustainable development by improving scientific understanding through exchanges of scientific and technological knowledge, and by enhancing the development, adaptation, diffusion and transfer of technologies, including new and innovative technologies. 
Principle 10
Environmental issues are best handled with the participation of all concerned citizens, at the relevant level. At the national level, each individual shall have appropriate access to information concerning the environment that is held by public authorities, including information on hazardous materials and activities in their communities, and the opportunity to participate in decision-making processes. States shall facilitate and encourage public awareness and participation by making information widely available. Effective access to judicial and administrative proceedings, including redress and remedy, shall be provided. 
Principle 11
States shall enact effective environmental legislation. Environmental standards, management objectives and priorities should reflect the environmental and developmental context to which they apply. Standards applied by some countries may be inappropriate and of unwarranted economic and social cost to other countries, in particular developing countries. 
Principle 12
States should cooperate to promote a supportive and open international economic system that would lead to economic growth and sustainable development in all countries, to better address the problems of environmental degradation. Trade policy measures for environmental purposes should not constitute a means of arbitrary or unjustifiable discrimination or a disguised restriction on international trade. Unilateral actions to deal with environmental challenges outside the jurisdiction of the importing country should be avoided. Environmental measures addressing transboundary or global environmental problems should, as far as possible, be based on an international consensus. 
Principle 13
States shall develop national law regarding liability and compensation for the victims of pollution and other environmental damage. States shall also cooperate in an expeditious and more determined manner to develop further international law regarding liability and compensation for adverse effects of environmental damage caused by activities within their jurisdiction or control to areas beyond their jurisdiction. 
Principle 14
States should effectively cooperate to discourage or prevent the relocation and transfer to other States of any activities and substances that cause severe environmental degradation or are found to be harmful to human health. 
Principle 15
In order to protect the environment, the precautionary approach shall be widely applied by States according to their capabilities. Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation. 
Principle 16
National authorities should endeavour to promote the internalization of environmental costs and the use of economic instruments, taking into account the approach that the polluter should, in principle, bear the cost of pollution, with due regard to the public interest and without distorting international trade and investment. 
Principle 17
Environmental impact assessment, as a national instrument, shall be undertaken for proposed activities that are likely to have a significant adverse impact on the environment and are subject to a decision of a competent national authority. 
Principle 18
States shall immediately notify other States of any natural disasters or other emergencies that are likely to produce sudden harmful effects on the environment of those States. Every effort shall be made by the international community to help States so afflicted. 
Principle 19
States shall provide prior and timely notification and relevant information to potentially affected States on activities that may have a significant adverse transboundary environmental effect and shall consult with those States at an early stage and in good faith. 
Principle 20
Women have a vital role in environmental management and development. Their full participation is therefore essential to achieve sustainable development. 
Principle 21
The creativity, ideals and courage of the youth of the world should be mobilized to forge a global partnership in order to achieve sustainable development and ensure a better future for all. 
Principle 22
Indigenous people and their communities and other local communities have a vital role in environmental management and development because of their knowledge and traditional practices. States should recognize and duly support their identity, culture and interests and enable their effective participation in the achievement of sustainable development. 
Principle 23
The environment and natural resources of people under oppression, domination and occupation shall be protected. 
Principle 24
Warfare is inherently destructive of sustainable development. States shall therefore respect international law providing protection for the environment in times of armed conflict and cooperate in its further development, as necessary. 
Principle 25
Peace, development and environmental protection are interdependent and indivisible. 
Principle 26
States shall resolve all their environmental disputes peacefully and by appropriate means in accordance with the Charter of the United Nations. 
Principle 27
States and people shall cooperate in good faith and in a spirit of partnership in the fulfillment of the principles embodied in this Declaration and in the further development of international law in the field of sustainable development.
From: http://habitat.igc.org/agenda21/rio-dec.htm



Despite these efforts, 
large quantities of harmful 
substances are still being 

released into the environment.
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THE POLLUTION 
PREVENTION ACT OF 1990

• This is the U.S. 
environmental law stating 
that the first choice for 
preventing pollution is to 
design industrial processes 
that do not lead to waste 
production.

• This is the approach of green 
chemistry.
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GREEN CHEMISTRY 
WORKS TOWARD 

SUSTAINABILITY BY:

• Making chemical products that do 
not harm either our health or the 
environment,

• Using industrial processes that 
reduce or eliminate hazardous 
chemicals, and
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GREEN CHEMISTRY 
WORKS TOWARD 

SUSTAINABILITY BY:

• Designing more efficient processes 
that minimize the production of waste 
materials and decreases the amount 
of non-renewable energy used.
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GREEN CHEMISTRY 
MEANS…

• Preventing pollution before it 
happens rather than cleaning up 
the mess later.
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GREEN CHEMISTRY 
MEANS…

• Saving companies money by 
using less energy and 
fewer/safer chemicals, thus 
reducing the costs of pollution 
control and waste disposal.
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EXAMPLES OF
GREEN CHEMISTRY

• Reducing lead pollution
• Putting out fires the 

green way
• Safer dry cleaning
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Presenter
Presentation Notes
Let students brainstorm ways that green chemistry could positively affect their lives.



LEAD POLLUTION HAS
BEEN DECREASED BY…

• Replacing lead in paint with safe 
alternatives, and

• Replacing tetraethyl lead with less 
toxic additives (e.g., “lead-free” 
gasoline).
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Presenter
Presentation Notes
Explain to students that all gas used to have lead in it.  Currently, very few countries have leaded gasoline.



CHEMICAL FOAMS 
TO FIGHT FIRES

• Millions of tons of chemical fire-
fighting foams used worldwide 
have discharged toxic substances 
into the environment, 
contaminating water supplies 
and depleting the ozone layer.
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PUTTING OUT FIRES 
THE GREEN WAY

• A new foam called Pyrocool 
FEF has now been invented 
to put out fires effectively 
without producing the toxic 
substances found in other 
fire-fighting materials.
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CHEMICALS FOR 
DRY CLEANING

• Perchloroethylene (“perc”) is the 
solvent most widely used in dry 
cleaning clothing.

• Perc is suspected of causing 
cancer and its disposal can 
contaminate ground water.
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A SAFER METHOD OF
DRY CLEANING

• Liquid CO2 can be used as a safer 
solvent if a wetting agent is used 
with it to dissolve grease.

• This method is now being used 
commercially by some dry cleaners.
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IN SUMMARY,
GREEN CHEMISTRY IS…

• Scientifically sound,
• Cost effective, and
• Leads toward a sustainable 

civilization.
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PowerPoint adapted from an original by 
The American Chemical Society



How Green is My Orange? 
Lab
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Serra High School
2010 Earth Day Celebration

Thursday, April 22, 2010



Students will …
 Evaluate the process of extracting essential oils from 

oranges using steam distillation
 Extract essential oils from oranges using supercritical 

CO2

 Compute the use of energy in both extractions
 Compare the use of energy in both extractions
 Compare the use of hazardous chemicals in both 

extractions
 Learn about phase changes of CO2
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Student Objectives



STEAM DISTILLATION
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Steam distillation is a technique used to isolate or 
extract compounds at temperatures below their 
boiling points.

Evaporated compounds 
are in their gaseous 
phase when heated, but 
condense back into their 
liquid phase when they 
come in contact with a 
cold surface (such as a 
condenser with cold 
water surrounding it).  
The compound in liquid 
form is then collected 
into a receiving flask. 



SUPERCRITICAL CO2
EXTRACTION

33
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