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ABSTRACT

STRATOSPHERIC OZONE LAYER DEPLETION:
A COMPUTER AIDED CASE STUDY

by

James M. Lipuma
In industries today, there is a desire to stop pollution before it starts, through the process
of pollution prevention. Unfortunately, many university level students are not exposed to
the thinking process invélved in environmental problem solving early enough in their
academic career, if they are exposed to it at all. The goal of this thesis is to develop and
to evaluate an interdisciplinary case-study about the depletion of the stratospheric ozone
layer by chlorofluorocarbons (CFCs). This case-study will be used to teach first year
chemistry students about environmental problem solving.

The case study was assembled from existing literature according to principles
derived from environmental texts. The written case study was evaluated first by a panel
of four industry experts. The case study was then transformed into a computerized
teaching tool using a Hypertext Markup Language (HTML) editor. The computer tool
was then evaluated by a separate panel of experts comprised of three industry experts, and
three university professors. The professors were from the fields of chemistry, economics,
and history. Both the economics and history professors were familiar with the field of
environmental policy. This mix of disciplines allowed for a balanced evaluation of the
interdisciplinary teaching tool. Finally, the experts’ comments were incorporated into the

final version of the teaching tool.
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CHAPTER 1
RESEARCHING AND WRITING
THE CASE STUDY
1.1 Intreduction
For more than fifty years, the class of chemicals known as chlorofluorocarbons { CFCs)
was thought to be completely safe. These chemicals were nonreactive and thought to be
non-threatening to human health. In 1974, however, F. Sherwood Rowland and Mario
Molina postulated that CFCs cause the depletion of the stratospheric ozone layer and thus
posed a great threat to human life on earth. The ozone layer acts as a shield protecting the
surface of the earth from harmful ultraviolet radiation. As the shield thins or disappears,
more of the harmful radiation reaches the surface of the earth causing many problems.
These problems include crop damage, skin cancer, cataracts, and weakened immune
response to disease. Though the problems caused by a depleted ozone layer were not
debated, the idea that CFCs contributed to the depletion of ozone was highly
controversial. For more than ten years, scientists worked to validate or refute the theory
which had little evidence on the earth's surface.

By the beginning of the 1980's, international concerns over the depletion of the
ozone layer began to grow. The Vienna Convention for the Protection of the Ozone
Layer held in 1985 was the first international meeting to focus on the problem of
stratospheric ozone depletion. The appearance of the Antarctic ozone hole lent credence
to the Rowland and Molina theory and increased global concerns about chemicals which

might be harmful to the ozone layer. In 1987, the governments of the world agreed to



the Montreal Protocol, the first environmental treaty dealing with ozone depleting
substances.

Since that time, two amendments have been ratified which increase the pace of
removal of the CFCs from the world environment. At the same time, companies such as
DuPont have worked to find viable alternatives for CFCs which are safe for the
environment and cost effective. Many industries have begun finding ways to eliminate
the need for CFCs all-together--thus reducing the demand for these chemicals. Under the
provisions of the Montreal Protocol and its amendments, within the next twenty years
CFCs will be banned from production and eventually replaced entirely by chemicals
which do not harm the stratospheric ozone layer.

This thesis will use the story of CFCs to teach first year chemistry students about
the fundamentals of inorganic chemistry and atmospheric chemistry while demonstrating
to the students some very important lessons about the nature of environmental problems
and their solutions. Since the facts about CFCs have been debated for so long and the
case-study is so well developed, it is possible to present a well-balanced and relatively
complete picture of this important topic in the history of environmental policy studies.

During the preparation of this thesis, a great deal of information was gathered
about CFCs, chemistry, politics, history, and economics. These subjects all directly
relate to the case-study. However, it was necessary to also investigate the concepts used
by environmental educators as they try to instruct students about environmental

problems. Only with this type of understanding could a truly balanced and effective case-



study be produced. The final product of this thesis will be a computerized teaching tool

for use on the internet or in classrooms around the nation.

1.2 Related Literature
When the first human understood that there was a relation between the actions of humans
and the effects to the environment, ecology was born. Though it took many thousands of
years to be recognized, this important science was practiced throughout history.
Scientists made observations, took readings, and postulated theories about the inner
workings of the natural world and tried to develop rules for human interactions with that
world. Though the elements of respect and concern may not have been evident until

much later, even from the beginning, a sense of respect and awe of nature can be seen.

1.2.1 Fundamentals of Ecology
In his book Fundamentals of Ecology, Eugene P. Odum writes about the concept that
ecology existed for many thousands of years before it was formalized into a science. He
continues along this line of reasoning by describing the beginnings of the formalization
and the early inception of this new and vital science. Human interaction and
comprehension of its environment is vital to survival. Odum is often credited with the
wide acceptance of the field of ecology as a science as well as giving the fledgling field a
great deal of definition. In his own words, “ To many, ecology now stands for the total of
man and environment.”(Odum 1971, 4)

This broad definition does not suffice, however. Though there are unifying

principles which govern the science, boundaries must be drawn to delineate the subject



matter. Though a wide range of subjects can fall into the realm of ecology, Odum points
out that, “one cannot study eagles by the same methods used to study bacteria.” (Odum
1971, 4). By this, Odum suggests that though the fields of study within the science of
ecology are related, it is necessary to make separations. The many disciplines that
develop can build on the information from other areas.

This distinction between popular belief and academic understanding is important
to ecology and all environmental science. Building upon Odum’s ideas, many new fields
of study appeared under the umbrella of ecology. Links between the new science and
many of the older more established sciences were forged. Today, the fields of
environmental studies, environmental science, and environmental engineering have
joined ecology at the university level. From a humble beginning, the idea of

environmental sciences has blossomed.

1.2.2 Aldo Leopold’s Land Ethic
Before there was a well-established science of ecology, Aldo Leopold spoke about
concern for our environment in the form of a Land Ethic. In 1949, 4 Sand County
Almanac was published posthumously. Several years later, in 1953, the Round River
essays were added to the text making it one of the most important environmental books
of its time. In the book, Leopold writes of many things including beauty of nature, the
lack of understanding many people have of the world around them, and the high and
unjustified cost that must be paid for progress.

Within the book, Leopold speaks of the Round River, which is an elegant

metaphor for the biosphere. The water of the river is the energy of life which flows



through the biotic community. Humans are said to be riding logs upon the Round River.
Leopold uses the story of the river to bring out his point of conservation. He says that
“From our tenderest years, we are fed with facts about the soils, floras, and faunas that
comprise the channel of the Round River, (biology) about their origins in time, (geology
and evolution) about the techniques of exploring them, (engineering and agriculture).”
(Leopold, 189) In Leopold’s eyes, this is a narrow and even dangerous view. The
expertise of science does not provide enough information about the failing of humans and
their relations to nature.

To accomplish a workable interaction with nature, Leopold feels humans must
work perpendicularly to the current movements of science. “This calls for a reversal of
specialization; instead of learning more and more about less and less, we must learn more
and more about the whole biotic landscape.”(Leopold 1966, 189) The environmental
sciences have attempted to do this. Unfortunately, they are still a science and fall into the
rigors of that field. Too often, scientists fall into the trap of over-analysis and become
lost in the minutia of a problem. The statements made by Leopold suggest that it is
necessary to step back and look at the problem in a more interdisciplinary and holistic
way.

Later in the same book, the Land Ethic is discussed. Leopold puts forth the idea
that “All ethics so far evolved rest upon a single premise; that the individual is a member
of a community of interdependent parts.” (Leopold 1966, 239) He continues later to say,
“The land ethic simply enlarges the boundaries of the community to include soils, waters,

plants, and animals, or collectively, the land.”(Leopold 1966, 239)



The ideas put forth by 4 Sand County Almanac were meant to broaden the minds
of those reading the text. Leopold was trying to show that human needs were tied to the
needs of the rest of the biotic community. Though he only spoke of a land ethic, his ideas

could be expanded to cover the entire biosphere.

1.2.3 Small Is Beautiful

Twenty years after the first publication of the combined essays of Aldo Leopold, another
landmark book was published. Small Is Beautiful: Economics as if People Mattered by
E. F. Schumacher made an impact on environmental thought when it was published in
1973. Rather than talk of science or ethics, Schumacher’s book was centered on
economics, but did not limit itself to that topic. In the study, Schumacher discusses
economics, philosophy, technology, as well as many other fields which are all interrelated
to economic development and growth. He attributes this development to humans not
nature. Though natural resources are utilized, it is human thought, ingenuity, and work
which allows it to be utilized. The learning and building of knowledge, in Schumacher’s
mind, is what allows for the wealth of human development. This leads him to say, “In a
very real sense, therefore, we can say that education is the most vital of all resources.”
(Schumacher 1973, 60)

Knowing that education is a vital link in development is important, but not
enough. Schumacher continues his discussion about education by discussing two types of
problems--convergent and divergent. Convergent problems can be solved with reason
while divergent ones cannot. Too often, however, humans try to solve divergent

problems by reducing them to easier convergent problems which can be handled with



reason. This approach does not work according to Schumacher. “ The true problems of
living are. . . divergent problems and have no solutions in the ordinary sense of the word.
They demand of man not merely the employment of his reasoning powers, but the
commitment of his whole personality.” (Schumacher 1973, 77) This means that humans
cannot simple rely on science to provide easy answers to difficult questions. Instead,
humans must work together to find compromises and just solutions to these difficult
divergent problems which arise.

Taking this discussion to a higher level, it becomes the role of educators to teach
students to look at problems in a more advanced way. No longer should everything be
reduced to simplest terms. No longer can everything have avright and a wrong answer.
No longer will there always be one right answer. Finally and most important, no longer
will there be problems which science can solve with a simple fix of technology and
intellectual endeavor. Environmental problems call for humans to work together to reach
a consensus and find a solution which works. Human thought and interaction will be the
way complex issues can be resolved rather than through the sheer force of new and more

advanced technologies.

1.2.4 The Limits to Growth

Besides the problems of overly specialized education and reductionist thinking brought
out by Schumacher, the problem of perspective must also be addressed. Donnella
Meadows tied many of the problems of the world to population and human perspective in
Limits to Growth: A Report to the Club of Rome's Project on the Predicament of

Mankind. Many of the problems relate back to human perspectives of the world.



Problems which exist in the future or seem to affect others alone do not have the impact
of immediate endangerment of life, or property. According to Meadows, “The majority
of the world’s people are concerned with matters which affect only family or friends over
a short period of time. Others look farther ahead in time or over a larger area, a city or a
nation. Only a very few people have a global perspective that extends far into the future.”
(Meadows 1972, 4) The problem arises when people are faced with a problem which is
global in nature and the impact of which will not be felt for several years. Too often, a
person must resolve more local and pressing problems before attention can be turned to
large problems. The difficulty arises when no one is willing to deal with the global
problems which confront everyone. This idea of a global perspective becomes important
when looking at the impact of society upon the natural world. Unless a problem is
identified as critical, resources will not be spent and time will not be invested to find a

solution.

1.2.5 Earth in the Balance

More recently, Vice-President Al Gore’s book, Earth in the Balance, highlights the
interconnectedness of many global environmental problems. His book examines and
explains many worldwide environmental problems as well as the cycles of life that
interact throughout the biosphere. The text describes the relationships between many
environmental problems throughout recorded history. By explaining what has happened
in the past, he points out trends in the past as well as the present. These trends are
extrapolated out into the future to show what might happen. With ease, predictions about

the dire consequences of human actions can be made and supported.



Earth in the Balance also shows how a regional solution to global problems
would be difficult. Though each individual can work tirelessly, communities of
individuals must come together to make a global solution work. Since every person
living today is part of the same biosphere, the actions of any one cannot be taken
separately from the actions of the rest. This idea of a global community is a vital part of
any environmental problems solving model. Without this type of perspective, the
solutions to global problems will remain beyond the reach of those trying to grasp them.

The books spoken of above are but a few of the many great works of
environmental literature that have been published in the past. These few, however,
provide insight into the foundation of environmental thought that exists today. These
texts provided a great deal of useful information and insight into the technological
problems and challenges of our world as well. All of these books spoke of some type of
education, learning, or knowledge either indirectly, by making references or directly,
through deliberate statements. Every one of these texts put forth education as the hope
for the environment of the planet.

The North American Association of Environmental Education (NAAEE) is
working towards that goal of a sustainable and productive future. During the opening
ceremonies of a NAAEE conference, Arthur B. Sacks made a speech about the direction
of environmental education in North America. In it he said, “If we are to optimize
environmental education’s affect to advance humankind to a sustainable future, we must
find new and better ways to cooperate among ourselves as well as with our brethren and

sisters within the decision-making community.” (Sacks 1986, 6). This idea of
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cooperation is vital to any solution. Without forethought and cooperation by large
numbers of individuals, solutions may be impossible. Though the books already
mentioned serve as an excellent primer on the problems of the environment and ways

environmental education can be accomplished, one book still remains.

1.2.6 Environmental Education Curriculum Planning

One of the most useful texts for understanding principles of environmental education is
the Guide to Curriculum Planning in Environmental Education written in 1985 by David
C. Engleson. This book provides a great deal of insight into how environmental concern
can be instilled into students and taught so that it is carried away from the classroom into
the everyday lives of those who are being taught. The author writes of infusing an
environmental ethic into an existing curriculum. Rather than trying to add a class, an
existing class must be given an environmental component. In this way, the students are
learning about preserving the integrity of the environment as they learn about the subjects
which they will use during their lives.

From my research into environmental education, four central ideas became
apparent. First, the ideal of environmental concern must be infused into an existing
curriculum. Teaching these types of ideals without a context is difficuit and often does
not carry into the fields where it is most needed. Second, the treatment of the material
should be diverse and interdisciplinary to allow for the greatest understanding and
applicability. Third, the information being taught needs to be accessible by the students.
To accomplish this accessibility, the material should be presented in an interesting and

thought provoking way. Over-technical language should be used only when unavoidably
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necessary. Fourth, the material must be tied to the everyday lives of the students through
examples and real-world explanations.

Having completed the research into environmental education, our research team--
Daniel Watts, Norbert Elliot, and I decided that a case study dealing with the depletion of
the stratospheric ozone layer by CFCs would be infused into a first year chemistry
curriculum. (Rosengarten, Lipuma, and Elliot 1995; Elliot and Watts, 1995) The ozone
case study would be used to help teach environmental problem solving and concern. The
ozone case study was seen as a mature subject, making it ideal as an overview and
preliminary teaching tool. In this context, mature means that the issues surrounding the
problem have gone through several phases. At this point in time, debate about the
scientific facts, uncertainties, and global acceptance have been largelyresolved and some
consensus about the controversial issues have been reached by the parties involved. Also,
the actions taken by the world community serve as a positive example of how

environmental problems can be debated, resolved, and remedied.

1.2.7 Chemistry in Context

Once the topic of the case study was chosen, several sources were consulted to gather
enough information to form a complete picture of the stratospheric ozone layer depletion
problem caused by CFCs. Though the case study was being infused into a chemistry
curriculum, it was important to know the economics, politics and history of the problem.
Also, it was important to keep the entire case study simple enough to be interesting and
understandable but complex enough to provide a complete picture of the problems and

their solutions.
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The first text used to bridge the gap between the existing knowledge about the
stratospheric ozone layer depletion problem and the literature gathered about
environmental education was Chemistry In Context: Applying Chemistry To Society.
(1994) This textbook was developed by the American Chemistry Society (ACS) to help
teach both high school and college students about chemistry. Instead of dividing the
curriculum into the sections traditionally used to teach chemistry such as gas laws and
the kinetic theory, conservation of mass and energy, periodic behavior of the elements, or
atoms, molecules, and ions, the ACS text used a case study approach to teach related
topics in an interdisciplinary context. Related groups of fundamental chemical principles
were introduced using a relevant current event or article. Each case study interweaves
political, economic, social and international issues to build a complete picture. Though
the chemistry is stressed, the students are shown how it applies to everyday life and given
a broader and deeper educational experience.

Chapter two of the text contains a case study about the stratospheric ozone layer
depletion problem. It provides an example of how some of the concepts which needed to
be integrated into the case study could be addressed. It gave insight into how to infuse
chemistry with other issues as well as make it interesting. Also, the text demonstrated
that graphics could be used to augment the students’ learning without distracting the
student. Overall, the ACS text was a good launching point for the investigation into the
material which would be used to build the stratospheric ozone layer depletion problem

case study.
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1.3 Building the Case Study
1.3.1 The Process of Designing the Case Study
Having examined the literature, it was time to construct the stratospheric ozone layer
depletion case study. This process would require four steps, some of which occurred
simultaneously. When building a case-study, one must draw upon many fields and
information sources. The existing chemistry curriculum served as the starting point for
the development of the ozone case study. To help place these principles into a real-world
context, a historical overview precedes the body of the text. The information about basic
chemistry was supplemented by enough atmospheric chemistry to allow the students to
understand the problem that CFCs created in the atmosphere. Along with these
principles, political and economic factors are discussed to help broaden the case study
and make it easier for students to understand. Decisions which influenced the
proliferation of CFCs to the industries of the world and eventually helped restrict and
replace them are included to give a truly interdisciplinary and balanced view of the
problem and its solutions.

As has already been stated, the first step in developing the stratospheric ozone
layer depletion case study was to do general research into the area of environmental
education and the problem of stratospheric ozone layer depletion. Once this had begun, it
was necessary for me to attend several first year chemistry classes. This second step
would allow for a better understanding of what material was being taught and how the
case study could be integrated into the curriculum. The third step in the writing process

was to actually research the stratospheric ozone layer depletion problem. Once these
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three steps were completed, the case study was written. The last step in the process was

to have an independent group of industry experts assess the written case study.

1.3.2 Attending Chemistry Classes

It was necessary to attend first year chemistry classes at the New Jersey Institute of
Technology (NJIT) in order to gain a better understanding of what is taught in first year
chemistry classes. Before sitting in on all the chemistry classes offered, the author
consulted 4 Practical Guide to Knowledge Acquisition (1991) by A. Carlise Scott et al.
This text helped to identify how to approach the research and interview process which
would be necessary to gather the pertinent information. It was suggested that a diverse
scope of good and bad classes should be attended at first to give the interviewer an
understanding of the range that exists. Slowly, the number of classes could be narrowed
until only the best and most applicable would be selected.

During the process of selection, the author attended four different chemistry
classes--one honors high school class, and three first year honors classes. The author
observed the high school class to gain insight into the skills that the incoming first year
students might have as they began the college level courses. This investigation was
purely informational. The two college level chemistry courses both covered the same
material but each had its own pace and scheduling. It became quickly apparent that the
different teaching styles weighed heavily in the content and rigor of the course. One
course met for only a portion of the period and the students were asked to keep up with
the reading outside of class. The teaching seemed to be less intensive and relied more on

students being able to educate themselves.
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The second college level class was taught by a recipient of the Excellence in
Teaching Award. This class was much more in-depth and structured. It utilized
multimedia presentations along with lectures and demonstrations to teach the students. It
became quickly clear that the material being presented in this class was being absorbed
more readily by the students. This class served as a better representative model for use in
the case study. As a result of this investigation, the author spent the semester observing
the class to determine how all ranges of students could be better taught. By speaking
with the professor and observing the class structure, an overall feeling for how an
integrated interdisciplinary case study approach could be used to teach was developed.

With this understanding, the case study material was gathered.

1.3.3 Researching the Stratospheric Ozone Layer Depletion Problem

The gathering of information began with two books about the problem of CFCs and their
relation to the ozone layer. The two books which served as the initial starting point for
the investigation were Between Earth And Sky (1993) by Seth Cagin and Philip Dray and
The Ozone Crisis: The 15 Year Evolution of a Sudden Global Emergency (1989) by
Sharon L. Roan. Between Earth And Sky provides an excellent overview of the
development of CFCs from the mid 1800s until the mid 1980s. The Ozone Crisis, on the
other hand, gives a more in-depth description of the process of discovery surrounding the
Rowland and Molina ozone depletion theory. Together these two books provided an
understanding of the ozone depletion problem that would allow me to continue my

research in order to create a balanced case study.
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Knowing the material related to the problem, the next step was to link this
information to a chemistry curriculum. After consulting teachers, attending first year
chemistry classes and reading Chemical Principles (1984) by Richard E. Dickerson et al.,
the basic chemical principles which would be included were chosen and built into the
case study. Since the case study was to be used near the beginning of the first year
chemistry classes, basic information about atoms, bonding, the periodic table, the ideal
gas laws, and other fundamental chemistry was placed near the beginning of the
narrative. This material was easily described but still needed to be linked to the material
concerning ozone depleting chemicals.

Seeing a need for an overall unifying force, a historical timeline was constructed
next. By building the case study along this timeline, it would be possible to give a sense
of flow and movement to the events and principles being discussed. The initial discovery
of oxygen by Leonardo Divinci in the fifteenth century was chosen as an appropriate
beginning point. It was both relevant and far enough in the past to precede any
discoveries which were going to be discussed in the case study. From that point forward,
the discoveries and important dates derived from the three books mentioned above were
placed on the timeline. Unfortunately, there were some gaps in the timeline and in the
information being provided to students.

In order to tie the first and second parts together, it was necessary to discuss
atmospheric chemistry. This discussion was also necessary to allow students to better
understand the problem that CFCs were causing in the stratosphere. Environmental

Chemistry (1994) by Stanley Manahan along with information from NASA’s Ozone page
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on the World Wide Web provided enough information to build the atmospheric chemistry
portion of the case study.

Having built the chemistry and atmospheric chemistry into the case study, it was
now time to integrate politics and economics. These subjects would also help to fill in
the holes in the overview. Several texts were used to provide the pieces of information
used in the case study. Several texts supplemented those already mentioned earlier.
Many times, the economics and politics were difficult to extract from one another. Each
played an integral part in decisions about the other. The major works used to build these
parts of the case study are: Economics and the Environment (1995) by Eban S. Goodstein,
Ozone Layer Protection: Country Incremental Costs (1995) by Kenneth King and Mohan
Munasinghe, "Management of Transnational Commons: Coordination, Publicness, and
Treaty Formation," (1995) by Todd Sandler and Keith Sargent, and The Environmental
Law Handbook (1995) by Thomas F. P. Sullivan. With the addition of the information in
these books and articles, most of the case study was complete.

The final part which remained was the discussion of possible alternatives to CFCs
which companies such as DuPont were developing. The text Taking Sides: Clashing
Views on Controversial Environmental Issues (1993) edited by Theodore D. Godfarb
provided information about the work ongoing at DuPont. Articles such as Peter Fairley’s
"Hydrocarbon Options Emerge," in Chemical Week provided more scientific information
on possible alternatives to CFCs. Also, articles from News wires on the World Wide
Web were used for the continuing progress and most recent entries on the timeline and in

the case study.
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Before moving too far into the investigation, a search of the World Wide Web
was conducted to find as many useful sources and diverse views as possible. Most of the
sources, however, were incomplete and not useful. Some, such as the ozone page run by
NASA, did provide a useful discussion of small parts of the problem. Overall the
material found on the internet did not prove to be unique or irreplaceable. The
information provided by these sources could be located in hard copy in libraries. One
notable exception must be made for the news articles and other current events which the
internet provided. Both the ease of access and the completeness of the sources helped
greatly in the construction of the case study. Some graphics were also taken from the
internet but most were scanned in or created by the author.

Though it was necessary to continually look for new sources, the internet search
signaled the end of the major research effort. With the research completed, it was now

time to write the actual case study.

1.3.4 Writing the Stratospheric Ozone Layer Depletion Problem

To facilitate computerization, completeness, and coherency, the case study was first
written using Microsoft Word. Using the sources listed above, the narrative for the case
study was composed. The historical overview in the form of a timeline was also created
as a separate Word document. Graphics were included in the narrative to closely
replicate what would appear in the final computerized case study. The entire narrative
was broken into seventeen sections each given a header similar to a page number, such as
Page 1 of 17. When the writing process was complete, the entire narrative and timeline

package was forty eight pages long.
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With all the information written into a continuous coherent integrated case study,
the case study was complete. After checking to ensure there were no large gaps in
knowledge or incorrect statements, the case study was ready to be assessed by industrial

experts.

1.3.5 Assessing the Initial Design of the Case Study

During the development of the written case study, it was necessary to survey a panel of
experts to determine if the written case study was being built properly. With the
assistance of an independent industry consultant, a panel of four experts from AT&T Bell
Labs was assembled. The experts asked to remain anonymous but were willing to
provide their qualifications and answer a survey. The description of the experts
comprising the panel are given below.

Expert #1 is a male, age 41, who holds a Ph.D. in Chemistry from the University
of Michigan. He is a distinguished member of the technical staff in the Environmental
Sciences Research Dept. at AT&T Bell Labs. His specific area of research has been to
identify environmentally-safe alternatives to some of AT&T’s current processes,
including the recommendation of non-CFC producing chemicals. He has written and
presented over 20 papers in this area, and has lectured at several high schools to educate
students about the environmental concerns in industry.

Expert #2 is a male, age 53, who holds a Ph.D. in Chemistry. He isa
distinguished member of the technical staff in the Chemical Analysis Research
Department of AT&T Bell Labs. He has been working within AT&T Bell Labs for over

twenty years specifically focusing on issues involving atmospheric chemistry. During
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his tenure at AT&T, he has authored three books and over fifty publications dealing with
this area.

Expert #3 is a male, age 46, who holds a Ph.D. in Chemical Engineering from the
University of California at Berkeley. He holds a management position in the Chemical
Engineering Research Department at AT&T Bell Labs. As part of his duties, he oversees
sixteen staff members. These staff members are doing research in various areas of
environmental chemistry. He has had over twenty articles published in nationally
recognized chemistry magazines/journals.

Expert #4 is a female, age 49, who holds a Ph.D. in Chemistry from the
University of Illinois. She holds a management position in the Environmental Analysis
Research Department of AT&T Bell Labs. One of her major duties is to ensure that the
AT&T chemical processes comply with all environmental laws and regulations.

The survey given to the panel of experts was created based upon information
found in three books. These texts are The Practice of Social Research (1995) by Earl
Babbie, The Delphi Method: Techniques and Applications (1975) by Harold A. Linstone,
Turoff Murray, and Olaf Helmer, and A Practical Guide to Knowledge Acquisition,
(1991) by A. Carlise Scott, et al. All three provided a comprehensive background for
understanding how to conduct interviews and build surveys. These books suggested
using the open ended survey to allow the experts enough freedom to express their
opinion. Also, the types of questions asked were chosen to determine the experts’
feelings about both the overall concept of an interdisciplinary case study approach as well

as the specific areas which were going to be included in the survey. Since these experts
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where only being used to give guidance to the development of the case study, more
rigorous methods of interviewing--i.e., the Delphi Method-- were not pursued. In later
phases of assessment, more comprehensive surveys were developed to test the computer
tool. At this time however, it was felt that this survey could give some insight into the
progress of the project.

Once the writing of the case study had begun, the first survey was administered by
the independent consultant to the panel of experts. The survey questionnaire, Figure 1, is

included below.

Questionnaire
1) Can case studies be used to teach chemistry to first and second year students?
2) Can an interdisciplinary approach be used to examine a specific problem?
3) Are the historical aspects important to the understanding of the issues involved?

4) Are the economic aspects of the case study important to the understanding of the
issues involved?

5) Are the political aspects of the case study important to the understanding of the issues
involved?

6) Are the concerns of the affected industries important to the understanding of the
issues involved?

7) Are the body of laws and regulations important to the understanding of the issues
involved?

8) Should the chemical principles involved be presented first?
9) Should the history of the problem be presented first?

10) Should the economics behind the problem be presented first?

11) Should the politics behind the problem be presented first?

Figure 1 Questionnaire #1
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Each member of the panel of experts worked separately to respond to the
questions. Unfortunately, due to the fact that a consultant no longer involved with the
study administered the surveys, the author did not have direct access to the results. The
consultant prepared a report detailing the results. This report, however, did not contain
specific quotas from the panel of experts but instead only general trends.

According to the consultant, the panel felt the case study approach was an
appropriate way to teach and should incorporate an interdisciplinary approach. The panel
felt that using the chemistry curriculum as a backbone onto which the aspects of history,
economics, and politics would be added was a valid choice. Significantly, the panel felt
that the most emphasis should be given to chemistry and history. Economics was seen as
the third most important area to be covered. Politics was seen as tied to economics and
the other areas but not of the greatest importance. These results confirmed what the
initial research into the case study had shown. The experts agreed that the
interdisciplinary material should be infused to the chemistry curriculum. Also, the panel
agreed that environmental problems require interdisciplinary solutions which are
balanced and comprehensive. Finally, the panel felt that the historical aspects of the case
study would be a vital tie which could bring the various parts of the case study together.
Unfortunately, I could not solicit more detailed and specific information from the experts
which would have allowed me to better correlate the opinions of the expert panel with the
related literature because of my limited access to the expert panel.

With the case study written, it was necessary to make it more accessible to

students. This would be accomplished by computerizing it.



CHAPTER 2

COMPUTERIZING THE CASE STUDY

2.1 Computerizing the Written Case Study
With the case study written, it was necessary to transform it into a computer tool which
could be used by students, teachers, and other industry experts around the world. The
means of presentation chosen would have to be versatile enough to interface with many
different computer systems and sophisticated enough to present the case-study in a
coherent way while still being simple enough to be used effectively. It was decided that
the chosen medium should be accessible via a stand-alone computer, as part of a
networked system, or loaded onto a server allowing it to serve as a World Wide Web
(WWW) site which can be contacted using the internet. In this way, the maximum
number of users could be reached.

It was decided that the text of the case study should be transformed into a
computer tool using Hypertext Markup Language (HTML). HTML inserts tags into a
plain-text document such as one found in Microsoft Word. These tags allow a browser to
display the marked text in a specific way. For example, if a page author wishes to
underline a word, that word is placed between the appropriate tags. There are a wide
range of tags which can be used to make formatting changes or even accomplish things
such as blinking or scrolling text. HTML also allows for graphics in the form of
compressed graphics files to be displayed. Any file in the Compuserve Bitmap
Graphical Interface Format (GIF) or Joint Photographic Expert Graphics (JPEG) format

can be referenced and thus displayed. The third and most significant feature of HTML is
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its ability to link HTML documents together through clickable links. An author can
designate a field which when clicked by a user accesses a different HTML page. These
hypertext links are what allow the tool to become dynamic. All of these features made
HTML good for the creation of the tool.

HTML allows for integration of text and graphics called for by the written case
study as well as ease of movement needed by the users of the case study. Also, since
WWW access is always increasing and the browser software is made available to schools
free-of-charge, HTML became the best choice.

Once HTML was chosen, an editor for a personal computer was used to insert
tags into the text of the case study. A historical overview in the form of a timeline was
used as the main driver to the access of the case-study. By clicking on any underlined
date, the user would be brought to the relevant part of the case study text. To make the
overall learning process easier and more time conscious, the text was broken into
seventeen pages. Each page has links to the next and previous page, the Goto page, and
the timeline. In this way, users can move freely through and among the many pages of
the tool. All seventeen pages are linked together and made accessible through three
different means-- the timeline, the adjacent pages, and the Goto page. In this way, the
users are able to move freely and quickly from one level to another in the case-study.

To aid the users, a main menu and a Goto page has been included. The main
menu allows for general access to the case study. This page provides links to different
areas of the case study such as chemistry or atmospheric chemistry. Links to the

overview and the Goto page are also found on this page. In this way, users can jump
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directly to pertinent information which is desired. In all cases, the text of the case-study
is then accessible.

The Goto page allows users to jump to anywhere in the case study. It is
accessible from all pages and leads to all pages. The Goto page is the master link
allowing for ease and comfort of use.

Outside the actual case study is the case study selection page. This page is
included to allow the stratospheric ozone layer depletion case study to be incorporated
into a larger tool which can be used for a wider range and larger number of classes.

A tutorial which may be needed by the users who are unfamiliar with WWW
browsers and the internet is also planned. This tutorial is part of the larger teaching tool
and will not be discussed here. The only reference to this is in the header of the ozone
case study main menu. Ifthe on-line tutorial is not available, a written worksheet can be

provided to the users who have difficulty.

2.2 The Computer Tool Printed Out
The next series of pages contains the entire case-study material printed out as it appears
when viewed with Netscape. The actual on-line version is intended to be in color. As a
result, some of the graphics and the actual links to other pages of the case study may be

difficult to see. Unfortunately, this is unavoidable.
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Case Studies

Please choose one of the four case-studies listed below.

Click above to access the Garment Waterpreofing Case Study

Click above to access the Printing Inks Case Study

Click above to access the Volatile Solvent Elimination Case Study

A tutorial has been provided to help the user become familiar with how to use (he computer tool. To vie
tutorial, return to the title screen and click on the bookcase icon.

Return To Title Screen
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Stratospheric Ozone Layer Depletion Case Study

This is the introductory screen of the Stratospheric Ozone Layer Depletion case study. We suggest that you
begin with the overview, However, for your convenience, links to other portions of the case study have been

provided. Since the cae study is interdisciplinary, it is difficult to separate any one field from the others. As a
result, subject areas may overlap within the body of the case study.

A tutorial has been provided to help the user become familiar with how to use the computer tool. To view the
tutorial, return to the title sereen and click on the bookease icon.

Begin the Case Study

The Historical Overview

The Alternatives

w Groto anywhere in the case study

Return To Case Study Selection

Return To Title Screen
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- The Historical Overview

Tracing Chemistry and the Depletion of the
Stratospheric Ozone Layer By Chlorofluorocarbons

Begin the Case Study

w Goto anywhere in the case study

15th Centurv-- Leonardo DeVinei writes that air has several constitnents, one of which supports combustion.

17th Centurv— Robert Boyle provides the first operational definition of an element. Also, Boyle observes that

for a given numbher of moles of gas molecules, the pressure is inversely proportional to the volume if the
temperature is held constant.

1773-1774-- Joseph Priestly discovers oxygen gas as part of his work as one of the founders of the science of
chemistry, but calls it flogiston and does not recognize it as oxygen.

1775-1776-- Antoine-Laurent Lavoisier first recognizes oxygen a8 an element.

1800— Jacques Charles observes that, for a given number of moles of gas, the volume is directly proportional
to the absolute temperature if the pressure is held constant.

1811-- Amedeo Avagadro proposed that equal volumes of a gas at constant pressure and temperature have
an equal number of molecules,

Spring 1851~ Dr. John Gorrie invents the first working refrigerator,

1871-- Mendclecv's periodic table is published in English. Many empty spaces appear where soon-to-be
discovered elements will be placed,

June, 1918--General Motors begins manufacturing refrigerators for public consumption.

December 31, 1928-- The first patent is given for the formula for chlorofluorocarbons (CFC).

April 1930-- Midgley makes a presentation demonstrating the safety of CFCs.
August 27. 1930-- General Motors and DuPont form enter into a joint venture to produce and market CFCs,

1932-- The Carrier Corporation markets the first sclf-contzined household air-conditioning unit, "the
Atmospheric Cabinet,"
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September 8, 1941--Thomas Midgley Jr. receives the American Chentical Society’s Priestly award for
outstanding ergativity in the field of chemistry,

1956— America’s first air-conditioned mall opens in Edina, Minnesota.

1958-- 90% of the theaters, 40% of restaurants, and 25% of the hotel rooms in America are air-conditioned.
1962-1966-- 75% of all new apartment buildings arc equipped with air-conditioning.

1963-- 15% of the 6,5 cars in America have air-conditioning.

1971 58% of all American cars have air-conditioning, as do many truck cabs and other conveyances.
1972-- More than half of all residences have some form of air-conditioning,

December 1973-- Rowland and Molina theorize that CFCs can destroy the ozone in the stratosphere.

June 1974--Rowland and Molina's paper on their discovery is published in Nature,

September 1974--Rowland and Molina discuss their (heory publicly for the (irst time at the American
Chemical Society meeting in Atlantic City.

October 1974--A government committee recommends that the National Academy of Sciences conducts a
study on the validity of the CFC-ozone theory.

December 1974--The first government hearings are held on the CFC-ozone theory in the United States.

May 1975--The CFC-ozone theory is hotly debated at the American Chemical Society meeting in
Philadelphia.

June 1975--The Natural Resources Defense Council sues the Consumer Product Sufety Commission for a ban
on CFCs used in aerosol spray cans,

Juone 1975--Johnson Wax, the nation’s fifth largest manufacturer of aerosol sprays, announces it will stop
using CFCs in its products.

June 1975--A government task force called INMOS defers the decision to regulate CFCs to the pending NAS
report.

June 1975--Oregon becomes the first state to ban CFCs in aerosol sprays.

Jualy 1975--The Consumer Product Safety Commission rejects the NRDC’s lawsuit claiming that there is
insufficient evidence that CFCs harm the ozone layer,

September 1976--The National Academy of Seiences releases ils report verifying the Rowland-Molina
hypothesis, but says government action on CFC regulations should be postponed.

October 1976--The Food and Drug Administration and Environmental Protection Agency propose a
phase-out of CFCs used in aerosols,

March 1977—~The United Nations Environmental Program holds the first international meeting to discuss
ozone depletion.
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May 1977~Several government agencies announce joint plans to limit the uses of CFCs in aerosols.
October 1978—~CFCs used in aerosols are banned in the United States.

November 1979--A second NAS report on the CFC-o0zone theory is released, putting depletion estimates at
16,5 percent and saying » “wait-and-see” approach to regulations is mot practical.

April 1980--The EPA announces the United States’ intention to freeze all CFC production at 1979 levels,

October 1980--The EPA, under the Carter administration, releases an Advanced Notice of Proposed
Rule~making outlining plans for additionat CFC regulations.

July 1 981—-Hearings are held in Washington to discuss protection of small businesses from possible new CFC
regulations. Hearings are highly critical of the Advanced Notice of Proposed Rule making.

August 1981--NASA scientist Donald Heath announces that satellite records show global ozone levels have
declined 1 percent.

March 1982—The NAS rcleases a third report on CFC-ozone and predicts eventual ozone depletion of 5 to 9
percent.

February 1984--A fourth NAS report downplays the potential harm to the ozone layer from CFCs by
lowering depletion estimates to 2 tn 4 percent,

October 1984—A British research group led by Joe Farman detects a 40 percent ozone loss over Antarctica
during anstral spring,

March 1985--The Vienna Convention, calling for additional research and exchange of information on ozone
depletion, is signed by international negotiators. Negotiators fail to agree on worldwide CFC regulations,

May 1985--Farman's paper is published in Nafure.

August 1985--INASA’s Heath shows satellite photos confirming the existence of an ozone hole over
Antarctica.

January 1986--EPA releases its Stratospheric Ozone Protection Plan which calls for new studies to determine
whether additional CFC regulations are needed,

June 1986--Papers are published by two research groups indicating chemicals and polar stratospheric clouds
are responsible for ozone losses over Antarctica.

June 1986—CFC manufacturers suggest that safe substitutes for the chemicals might be possible for a high
enough price,

September 1986--A major CFC industry lobbying group announces it will support timits on CFC growh.
September 1986--The DuPont Corporation announees it will call for limits on world-wide CFC production,

December 1986—international negotiations on ozone protection resumce in Geneva after a 17 month layoff,
The United States proposes worldwide CFC reduction of 95 percent by the next decade.

April 1987--Under pressure from some high-level officials, the United States backs off its original position
and proposes long-term CFC reductions of S0 percent.
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June 1987--NASA’s Heath reports satellite findings of a 4 percent ozone loss detected over a seven year period. A
NASA-sponsored study called the Ozone Trends Panel is organized to review the findings.

August 1987--The McDonald Corporation announces it will no longer purchase materials which were made using
CFCs to package its food products,

September 1987--The Montreal Protocol is signed, calling for eventual worldwide CFC reductions of 50 percent.

October 1987--The Antarctic ozone expedition ends with chlorine chemicals found to be the primary cause of ozone
depletion.

November 1987--A scientific conference confirms the findings of the Antarctic expedition.
November 1987--U.S. lawmakers call for new negotiations to strengthen the Montreal Protocol.
February 1988--Three U.S. senators ask DuPont to stop making CFCs.

March 1988--The chairman of Du Pont denies the request to stop making CFCs.

March 1988--The U.S. ratifies the Montreal Protocol in a unanimous vote.

March 1988--The Ozone Trends Panel announces it has found ozone losses of 1.7 to 3 percent over the Northern
Hemisphere.

March 1988--Three weeks after refusing to stop making CFCs, the Du Pont Corporation announces it will cease
manufacture of the chemicals as substitutes become available.

April 1988--Manufacturers of plastic foam food containers announce they will stop using CFCs.

June 1988--A leading scientist says the greenhouse effect is impacting the earth and blames the use of manmade
pollutants for the global warming.

August 1988--The EPA orders domestic CFC reductions that mirror the terms of the Montreal Protocol.

September 1988--The EPA says new evidence shows that it underestimated the degree of ozone depletion and says 85
percent cutbacks on CFCs are needed.

October 1988--Scientists meeting in the Netherlands confirm the Ozone Trends Panel findings of ozone losses in the
Northern Hemisphere.

January 1, 1989-- The Montreal Protocol goes into effect.

March 1989--European countries and the United States agree to faster CFC reductions but developing countries
oppose the new timetable citing the costs of substitutes and scientific uncertainty.

1990-- The United States Congress passes the amendments to the Clean Air act. These amendments include Title VI,
regulations concerning the protection of stratospheric ozone

1990-- The London amendments to the Montreal Protocol are ratified.
1992-- Worldwide ozone levels in the stratosphere drop to lowest levels in recorded history.
1992--Copenhagen amendments to the Montreal Protocol are ratified.

1990-1993-- DuPont’s research and development arm produces substitutes for CFCs. These include partially
hydrogenated chlorofluorocarbons(HCFC) and totally hydrogenated fluorocarbons (HFC)

1995-- Auto-makers begin installing air-conditioning units in cars which use HCFC-134a, a substitute for CFC-12.

June 10, 1995-- Wal-Mart opens an experimental “ environmental prototype store” designed with the latest advances
in environmentally conscious building materials and techniques.
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August 1995--The largest bole in the oxone over Antacrtica begins to form. This is the gariiest a hole has
formed since recordings have been made. When its growth was complete, the hole encompassed the entire
continent of antarctica and was the largest hole ever recorded.

September 14, [995-- The CEO of Whrilpool corporation announces that the company is committed to
building a large state-of-the-art plant in India to manuefacture CFC-free refrigeration units.

October 6, 1995-- The Environmental Council agrees to argue for tighter rules on the use and production of
ogone-destroying substances at the international confercnce in Vienna in November.

Ozone Case Study Main Menu
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Stratospheric Ozone Layer Depletion

Back to the Timeline

Page 1 of 17

Introduction

The atmosphere in which we live is vital to ail fife nn earch. It acts as both a source of raw materiali and a means of waste disposal *
for almost every forn of life om the planct’s surface. The ¢onstant interchange between the atmosphere, soif, water bodies, and the
living organisms on Earth keep the planet’s ecosphere in balance, This bulanced regulated state is maintained through a series of
cyeles which move resources from nne living organism to anather by use of solar encrgy and materials found in the Jand, sea, and
air. Without these cycles, the system would loge its abibity to maintain the homeostasis and the entire ecosystem would soon run
down. By intrnducing syathetic chemicals into our environment, humans have unintentionally npset nature's balance. If we arc

not careful, ihe systcm may be pushied oo far and so not be able to recover. If this happens, the delicate balance which the Earth
has been able to maintain would be lost, perhaps making Iife no longer possible,

[n the fifteenth century, Leonardy DeVincl realized that the air he breatbed was comprised of more than one gas. He also noted

that one of these passes must be responsible fur combustion. At that time, the scicnce of chemistry was in its infancy. Scientists
today knaw that the yras DeVinci was speakiny of wis oxygen

Boyle's Law
Two bundred years later, many scicatists were working tu explain nature. Though chemistry had not yet become a full-fledged
science, at this time, many mew discoveries were heing made. Many differcent problems confronted the scientists, All worked to

delingate the constituents of the world around them while quantifving these eonstituents’ interactions.

An important carly discovery was made by Robert Boyle. It concerned how gasges

act when placed under stre3s while holding certain variables constunt. While designing vacuum pumps to remove air from
vessels, he noticed something that seemy quite ineuitive and obvious today. If you have squeezed & sealed bag af air or a bailoon,
you may hive noticed that it scems to push back the more you campress it. Boyie labeled this resistance, “ the spring of the air”
and founy that he could measurc it. After many experiments, Boyle saw a currclation between several of the variables. He
operationalized these enrrelationy into the Jaw which bearg his name, Boyle’s law states that, for 2 given number of moles of gas
molecules, the pressure is inverscly praportionul to the volume if the temperature is held constant,
Boyle' law can be expressed in a formula as follows;
IfP = pressure
V= Vulume
T = Temperature
b= Numbeyr of moles of gas k = congtant of proportionality

Then V=k /P ( for a constant T and n)

Next Page

Ny | Goto anpwhere in the case study
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Stratospheric Ozone Layer Depletion

Previous Page

Page 2 of 17
Atomie Structure

In 1773 Joseph Priestly isolated oxygen gas, He did not identify it as oxygen but rather named it Phlogiston A few years later,
Antoine-Laurent Lavoisier recognized oxygen as an clement and disproved the Phlogiston theory. He was the first person to give a
practical definition of an element, An clement is a substance which cannot be braken down into simpler substances by chemical
proacesses, Even if elements are physically separated, there will come a point at which there i3 only one unit representing that
element. This unit is known as an atom. Acoms are the amatlest wnit of an clement that can exist as a stable entity, Even though
atoms can he broken down forther, any separation past cthis level causes the constituent parts to lose any recognition as different
clements. This idea of a hasic unit of matter was important to future understanding and use of the lements. Even thowgh many

clements were identified, exactly what they were and how they interacted was not understood until ¢he atom model became
known,

An atom is comprised of two major part, the nucleus at the center, and the elettron cloud orhiting abmit the nucleus. Twa types of
particles contribute to ¢the nucleus, protuns and neutrobs. Protons and neutrons arve almost exactly the same size and woass but
protons carry a posisive charge with them, Compared to these pacticles, the electrons that whiz around the ontside of the atom
have almost no mass at all. Despite this velative lack of mass, about 0.0005 times that of a proton, clectrnng do have a negative
charge that is equal to the positive charge of the prrotan.

In an atom that does nut have a charge, the number of protons cquals the number of electrons. In this way, the charges balance, If
the number of electrans does not equal the number of protons, the atom is said to be an jon Tons can be positively or negatively
charged depending an whether there are more clectrons or more protons.

Thig number of protens or clectrons in a neutral atom is called the atemic number. Atomic numbers are important because each
clement hag a ynigue oumber, Though the number of ncutrons in & pucleus can vary, cach additional proton signifies & new
element. Different from the atomic number is the atomic mass, The mass of an atom is calculated by adding the number of
prutons and neutrons together 1o come 1o a total. ‘This mayss can be differcat for different atoms of the same element depending on
the mumbcer of neutrons in the nucleus. This is why the atomic mass of an atam cun vary, while the atomic number remains
constant, Atoms of the same ¢lement which have different atamic musses are called isotapes. These concepts of atomic number
and mass will become very important later on in this discussion.
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Charles’ Law

Shifting away from a quest to underseand clements hack 1o a Groader look at how things interact, brings us to the investigation of
another gas law, In 1800 Yacques Charley observed that, for a given number of moles of gas, the volume ia directly propurtional to
the absulute temperature if the presgure is held constint.

Charles' law can be expressed in a farmulia as follows:

1£ P = pressure

¥ = Vylume

T = Temperature

n = Number of moles of gas

k = constant of proportionality

Then V= k T (for 4 vonscant P and n)
Avagadro Law

In 181K, Amedea Avagadro provided the vital third part to the view of gasses and their interactions. He proposed that equal
yolumes of a gas at constant pressure and (cmperature have an equal number of molecules,

Avagadro’s law can be expressed in a formula as follows:
T P = pressure

V= Volume

T = Temperature

n = Number of moles of gas

k = ennstant of proportionality

Then V= kn (for a constant P and T)

The Ideal Gas Law

At first this may seem like a simple and almost insigniticant gddition to the body of knowledpe. This simple formula, however,
allows for the combination of Boyle’s and Charlas® laws intu the ideal gas law.

Start by Inoking at the three gas luws,
Avogadro’s lJaw V= K1 * a {for a constant P and T)

Charles’ law ¥V =42 * T (for a cunstant P and T
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Boyle's luw V=Xk3 /P ( far a ¢nnstant T and n)

Since the vofume ¥ is proportional to the right side of esch equation, using algebra to combing and rearrange the equutions
yields:

V=(klkZKInT)/P

After reacrangingr and letting the combined proportionality constant R = k1 k2 k3, the equation becomes:
PV=nRT

This equation is known ag the ideal gas law. Though this Jaw can be only used 1o predict the action of ideal gases, it allows for a
better understanding of gasses in general. Most gasses deviate from the results that the equation woudd predict, but the deviation
is 5o slight that it can be neplected in all but the most critical of calcutations.

Using the ideul gas law, many relatignships and propuortians can be derived. For example, the final volume of a gas held at

constant temperature, while the pressure is changed can be determined knowing only the initial pressure, and volume s well ax
the final pressure.

This equaclen ig;

MV]1 =P2V2 (T and n are cunstant )

Many other variations of the equation can also be derived, For example, Joseph Gay-Lusuc derived and tested u variation of the
ideat gas law that correlated pressure and temperature when the volume and number of moles of gas were held constant. He

{ound that as pressure decreased so did temperuture. Other experimental verifications of the ideal ras luw proved that it worked
well for most gasses,

Next Page

Back To The Timeline

W _Goto anywhere in the case study




37

Stratospheric Ozone Layer Depletion

Previous Page
Page 4 of 17

The First Refrigeraor

In the spring of 1851 Dr. John Gorrie put Gay-Lusac 's varintion of the ideal gas law inta practice when he invented the first
working refrigeration unit, Gorrie was a physician in Floridz {rying tn cumbat malaria. At that time, spoiled food was suspected
s 1 cause of the diseasc. Having a go0d knowledge of science, moncy to spemd, and time t0 devote to his intercat in Inventing,
Gorrie set to wark on his kdea of a ‘cool bax'. The would-be inventor louked at the variation of the ideal gas layw that Gay-Lusac
derived. In termy of practical applicationa, this farmula saya that if un gas is allowed to expand, it wilt consume heat from the
surroundings. Gorrie reasaned that if the surroundings were isolated, the enaling effect could be utilized to praduce ice, which
could be used to keep food fram spoiling, Using a steam pump, Gorrie assembled the first refrigeration unit.

Unlortunatcly, his idea was gaod but hiy deyigm poor. His refrigerator did nat bave much success, but the idea of keeping things
toal by utilizing the cooling power of an expanding gas wauld not be easily lost. Gorrie died without seeing his ides put into
productive use, but he had started something which, with a little help from scientists and indnstrialists, wouid become an integral
part of American lile.

The Early Periodic Table

Though there had been many important discoveries in chemistry over the last fow hundred ycars, many of the facts that were
proven were nnt linked together in any cohercnt way that conld help move the science forward. Many clements bad been
identified and many chemical theories existed to explain how and why the universe acted the way it did, In 1871, Dmitri
Mendcleey published a table which wuuld help to revolutienize how chemiatry was to be carried out. Mendeleey*s table listed the
kuown elements in order of ascending atomic numbers. Thix was not a particularly innovative idea by itself, The twist which
made Medeleev’s periodic table different was that he classified the known elements into coluenns and rows according to their
properties as well. He lcft many emypty spaces which predicted soon-to-be discovered elements. This table helped to guide the
search for new elements and directed research into 2 deeper understanding of the known elements and their interactions.

More than just helping to show where new elements might be found, the perimdic table showed how each clement should react and
identified the familics of clements as they are wnderstood today. The arrangement of the elements on the periedic tables is
understood to be related to the number and arrangement of electrons in each element. Today, the periodic tuble is complete, in
the sense that there are no longer any missing clements among the first 110 atomic numbers, Chemists tontinue 0 look for and
create the higher atomic number elements guided by the kanwledge of how mauny protons the new elements should contain and
how these new elements will react once they are created.

The Periodic Table
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Electronic Configuration

Befure discussing any more about the placement of clementsy un the periodic table, it is important to understand how the electrons
circling the nucleus of the atoms are configured. Through experiments, seientists have demonstrated that the elcetrons are
arranged into levels consisiing of different shells. The elcerrons in the innermost shell arc held mast tightly by the atom. The
further from the nucleus, the weaker the attraction the electron feels. It is said that an electron further fram the nucleus is at a
higher cnergy level, and subsequently, has more eneryry,

One important fact abour cnergy leveld iy that they cannot hold an infinite number of electrans, Each level and shel] hay a specific
mazimum ¢capacicy, Also, both are most stable when full. The first level can hnld up to two electrons. The second level has a
capacity of eight, The number increases with cach Tevel buc even so, atoms strive to have eight clectrons in their outermost shell.

Something else to remember is that only the electrons in the sutermost level ve shell interact in chemical reactions. If the outer
shell i full, there is very little chance that the atom will react with another atom. On the other hand, if an atom has only scven
“ectrons it will try to find an additional clectrun or if the outer shell has anty vne electron, the atom will iry to release that extra
cleccron to move ta the {ull shell one level lower. Knowing these facts will aid in the understanding of the periodic table,

The Modern Periodic Tuable

In a modern periodic tuble, the periods of the table increase unevenly as the atymic number of (he elements increase. This is a
result of the way in which efectrons are added to the atoms. The first energy shell in each level is known as the 5, It is capahle of
handling anly two electrons, The second shell is the P and can handle six mare for a total of cight in the second period. The third
level has an additional s¢t of atomic erbitals called the I sheHs which can held tcn more electrons. This paticrn continuer toward
infinity. Each new level adds twice the next odd nomber of electrons. If each level (illed uniformly, this system would be easy ta
follow. Unfortunately, by lovkiny nt the chart it is easy to see that this ix pot happenjng. Looking at the table shows ¢hat the
progression iz 2, 8, 8, 18, 18, 32, 32, and so on. This problem might seem hard to comprehend at first, but in the eud, it kax a very
simple explanation.

Filling The Electron Shells

Atums 4ry ta find an electranic configuration which allaws them to reach the Jowest energy state. This helps explaio the odd
progression in the periodic tahle ac weil as the reasons for the formation of molecnles. As it turns out, certain electron
canfigurations ullow = lowcr energy state than others. The following chart shows how the different electron levels are filled to
allow for this lowest emeryy state.
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By sta d;ng ar the tup_ of each colu.tTm and reading diggunally to the left, it is passible to see how different levels fill in ¢
orders. The number in parenthesis correspandy ty the maximum number of electrons which can be placed in any one i

Asx can be seen from the pattern of filling, it is more advanta i
can ) geous for an atom ta filf the 45
deviation from the pateern allows for the odd, ever expanding, shape of the periadic table, shell before it (il the 3F &
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Families of Elements

To help understand the overalt arrangement of the table, it is helpful (o divide it inte two groups; metals and nonmetals. Mrials
are usually typified by shiny, malleable, dectile substances that arc cager to loose electrons. Conversely, nonmetals are britrle ar
try to gain electrons, The lower and further left on the table that one lnoks, the more the clements act like metals, while the
higher and farther right on the table one moves, the more the ctements become ponmmetals. In the center is a region of
semimetallic compounds known as the metaloids, These can exhibit properties of both metals and nonmetals. Also, there are
special cases on the table, Sturting with periad four, a group of elements appear, These are called the transition metals and all
have very similar properties. This large collection of elements correspond to the fifling of the D orhitals, Beginning in period six.
there appears another collection of clements known as the rare carths or actinides. Their appcarance here reflects the filling of
the F orbitals. All of these metals have extremely similar chemical properties and are also very scarce,

Moving from these ruther rire elements to ones that are encountered cach day, let us look at the Ieftmast column of the chart,
This graup containy the family known as the alkali metals, This family is characterized by cxtremely reactive soft metals that wi
tend to form +1 igny, The family to their right are the atkaline carth metaly, These are similar but {end to form a +2 fon.

Moving acrosg the chart o the righimast column, we find the family of clements known ax the noble gasses. This family iz
characterized by their lack of reactivity. Each member of the group has a full outer shell and so is not interested in acquiring or
losing electrans, These gasses are satisficd. The next volumn to the left coniains the family known as the halogens, This famity is
the most reactive group of elements known. The ncmbery of this family are cager to avquire one electron and become anions wil
4 -1 charge.

Other familics on the chart are also grouped together but becanse their chemical and physical reactians are compler, it is diffiex
to make gencral statements about them. Those clements in the fumily headed hy oxygen usually try to form -2 ions, those under
nitrogen fors -3 igns, and those under carbon form the uniyue group which ¢an either be +4 or -4 ions,

Carbon is of particular interest because of its ability tn combine with almast every other element as well as itself to form iong
chains or polymers, A polymer iy a large molcoule composed of a repeating sequente of chemicals honded together.
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Chermical Bonding

It is important to understand something about chemical bonding hefore the discussion can move forward. All molecules are held
together by bonds hetween atoms. A bond is an electron-static attractian hetween one stom and another, There arc two major
types of bonding, ionie and covalent. In an jonic hond, one stom transfers an electron to another. When this bappens, the ionic
bonds are formed due 1o 4 difference in charges. The electrostatic attractinn of (hese different charges holds the two jons
together. In covalent bonding, the atoms invelved do not wish tv relinquish their electrons. Instead, the atoms skare a portion nf
1he electromagnetic ficld of the orbiting electrons. The maore intense the desire for the shared clectron the stronger the hond. It is
1his knowledge of the elements, their atomie structure, and their bonding capability that helped move chemistry forward as 2
science, Once the theoretical groundwork was 1aid, chemists were able to use this knowledge to begin synthesizing compounds
found in nature as well 29 create many that were nat,

The Progress of Chemistry

This understanding of chemieal reactions, the periodic table, and the interactions of gusses made many new inventions passible,
With the sdvent of large companies, the face of chemistry changed. These corporations created research teams to develop and
syntheyize new chemieals and machines which would help speed the process of development. It was these research and
development groups who were larpely responsible for the next wave of progress and inventiveness.

Though Gorric was not able to sce his invention make its way inta households we al) knmw that it did. Thanks 1o other scientists

and enginecrs, hig idea was improved upon and made functionai and profitable. As the demand for refrigeration prew, so did (be
number of chemists and engineers working on the problems.
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The First Chlorefluorocarbons

In June of 1918, General Matoxs joined the refrigerator ianufacturing industry by purchasing a small Detroit company and
renaming it Frigidaire. On the surface, this does not seem to be that significant an event. However, when General Motors began
manufacturing, it also began working ta perfect the products it was selling, Thuugh many other companies were in the field, few
had the quality researchers that General Motors possessed. Also, the muney that conld be invested by this automotive giant was
unparalleled.

The research team for General Motors changed the acsthetics of the early refrigerators to make them more acceptable to the
consumer, This change, along with several uthers, improved the physical appearance and functioning of the Generat Motors®
units. More than any ather problem, the main difficulty that still remained with all vefrijerators was the refrigerant used to cool
the box. Ammonia, a highly toxic and potentially cxplosive liguidfyas was the refrigecant of choice at the time. Many research
groups tried in vain ¢ find an adequate suhstitute which had as good a caoling potential, was [css taxic, wax safe, and would not
cost an exorbitant amount.

One of General Moturs’ most celchrated and successtul rescarchers was a man named Thomas Midgley Jr. Midgley had invented
the lead additive for gayoline us well as many other chemical innovations. When he started work on the problem of the
refrigeracor, no one thought that his next creation would change the world so significancly, but it did. On December 31, 1928,
Frigidaire reccived the first patent for the class of compnunds which would come to be known as chlorofluerocarbans (CFC).
With this patent, the modern ape of refrigerators and air-conditivning began.

In retrnspect, the creation of the first chloroflusrocarions was a momentous discovery. At the time, however, ao one knew exactly
what tthese new chemicals could be used for. Slawly, CFCs mmade their way into the market. Before anyone would rush ta
purchase and use this new chemical, many tests and studies would need undertaken, In April 1936 Midgley made a presentation
demonstrating the safety of CFCs at the Atlanta meeting of the American Chemical Society. Midgley began hy placing an empey
glass jar on a table in {ront of the assenibled crowit, Into the jar, he poured liguid CFCs, which appeared to be white and opague,
The liquid began to boil ingtantly a5 s00n a5 it warmed to roum temperature. As the vapors billowed up out of the jur, Midgley
placed his face over its muuth and took a deep breath, inhaling the cold stream. He went on to explain that CFCs are
noni-explysive, have not harmed any animals, and except for an intoxicating effect, have no effect on humans. Moreaver, CFCs ave
chemically inert and, biost impartantly, are perfect refrigerants, The crowd was thoreughly impressed. A few months later, on
Angust 27, 1930 General Motors and DuPant entered into a partnership tu produce CFCt under the trade name Freon. Scientists
1t the time, performed every test on CFCs that could be imagined. In the end, they were found to be sufe to humans, construction
materials, and the environment. Best of all, they were inexpensive and kighly useful, Not until many years later did 2 new group
of scientists find aut that CFCs could be very harmful to everything on carth
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Naming Freons

A_.q part of the marketing plan, Du Pont devcloped a numbering system to refer to the chlocofluscocarbons. Each species of CFC is
given a number which can be uscd 10 determine its structural fnemula. For example, trichlaroflusromethane (CFCI3) is Freon-11,
The formula for decoding this system is simple.

Add 90 to the Freon number and interpret the three disrit result according 1o the folluwing systema: the kcft digit is the number of
carbon atoms, the middle digit is the number of hydrogen atams, and the righe digic is the number of fluorine stoms. Conspicuous
by its absence is chlorine. All ihe bondiny sites that arc not taken up by either fleorine or hydrogen are filled by chlorine. For
cxaniple, to determine the formula for Freon-12;

CFC -12 —= 12+ 90 =102

This imglies:

1 Carban

0 Hydrogen

2 Fluarine

To determine the number of chlorine atoms, begin by imapining the methane building blovk. Then, using the numbers from the
furmula sbove, fil) in the information that is derived. Finully, count the number of vacant sites. This number equals the number of

¢hlorine atomas. In the case of CEC-12, 1 carbon has four bonding sites. Since there are 1 hydrogen and 2 flugroines, this leaves 2
honding sites (4 carbon - 2 fluoroines). Chlorines {ill the empty sites meaning there are two chlorines.
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Characteristics of Freons

In general, all Freons are carbon ¢compounds containing chiloring, fluorine, and/or bromine, The most coniman Freon compounds
are chlorafluargcariuns or CFCs in partieunlar, CFC-12 whose chemical fnrmula is CCI2F2. Freons are used so widely by industry
because of their high deusities, low boiling points, low viscosity, and Jow surface tensivm. In addition, they are easily liguefied
making them ideal for wse as refrigerancs and solvents, All of these properties made Freons a best seller amongst many industries,
Alsp, the properties made them usefnd in many other areas. Freons are widely used as solvents, propellants, fire extinguishers, and
bluwing agents.

Belnre lpuking any further inta the spread of CFCs, it is important to understand why they are so chemically useful. Since
CFC-12 is the most widespread, it will serve as a good example uf the chemical usefulness of the entire class of themicals, known
as CFCs. From the discussion above, the molecular formula for CFC-12 is CF2C12. The name of this compound is
dichlorodiflunromethane. To imagine what this would Jook like ia three dimensional space, begio by envisioning a pyramid with a
triangle as its base. Place the carbon stom in the center of the triangle with the chlurines and fluorines at the four points. This is
known as a tetrahedral eonfiguration,

Each halngen is fighting to draw one electron away from the central carbon atom. At the same time, the carbon holds the
electrons in the cavalent bonds 30 it docs not lose them. Since fluorine and chlprine are aggressive elements, the bonds which are
formed are very strong. The chloring ncts as a stahilizing agent giving cveo more stahility to this molecule

These steong covalent bonds and added chloring stability ntake CFC-12 inert, This means it daes not react with other molecnles in
its surroundings, Beyides its chemical inexrtness, CFC-12 has many other chemical and physicat properties that make it idcal for
use in many industrial fields, Its boiling point allowed it to be used as a refrigerant eliminating the danger of explosion or toxicity
that was associnted with ammonia, Ale, because it was inert and nontoxic, it could be wsed to blow foam for formation of
containers or insuilation. These same propertics made it perfect in medical inhalers and aerosol spray ¢ang, Other applications
al30 arose as the other CFCs were produced. The low costs of production coupled with their versarility and widespread appeal
helped them to find their way into many industrial aperativns,

The same property of inertness which makes CFCs so useful in industry would one day prove 1o be what makes them 3o
dangerous to the planet. Even as CFCs became more widely spread in industey, they were slowly being vented to the atotosphere,
At the time this way not seen as bad practice because they were thought to be sufe. Unfortunately, CFCs do not naturally
Biodegrade. As a resuit, they persist in the atmosphere. Through natural processes, they make their way up into the stratosphere
where the reai peoblem bepins, From theiy inception until ¢he mid scventics, hawever, CFCs where seen as gafe, useful, and
noncontroversial,
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The Spread of Chioroflurocarbons

With the introduction of CFC-11 and CRC-12, the air-conditivning and vefrigeration industries began to hoom, In 1932, the
Carrier Corporation manufactured and marketed the first self-contained honsehnld air-conditioning unit, “the Atmospheric
Cabinet.™ This brought the idea of camfort throngh technology and chemistry to the household consumer. It was not long bef
conswmers devoured the new enmfarts hrought hy syathetic chemicals. Though consumer acceptance was stow at first, it
eventially become an irresistible force.

Just before the beginning of the second World War, on September ¥, 1941, Thomas Midgley .Ir. received the Americen Chen
Society's Priestly award for nutstanding creativity in the ficld of chemistry. His contributions o the field were extensive. CF
arc hut onc of his many innovations, 4l of which were designed to help humans Jive better and longer. In less than filty yeary
however, this part of his work bas come tu be seen ag something which could endanger the lives of all humans and perfiaps, t
planet Earth.

After the war, consumers demanded the many things that they had to do without during the times of rationiog and conscrvin
Cansumption wax high, as were most people's hupes for the future, To 1956, America’s first alrconditioncd mall opened in E
Minnesota, ushering in the age of canvenience and shepping pleasure. By 1958, 90% of the theaters, 40% of restaurants, anc
15% of the hotel rooms in Ameérica were air-canditiancd.

This idea of air-tonditipned comfort was not confined to areas of entertainment. Between 1962 and 1966, 75% of all new
apartments built were equipped with air-conditinning. Once the living cnvironment had air-conditioning, American automol
sir-conditioning soon followed. In 1963, 15% af the 6.5 cars in America bad air-conditioning and only eight years later, in 1!
58% of all American carg had atr-conditioning, as did many truck cabs and vther conveyances, By 1972, the living arcas of
America were being air-conditioned as yell. More than haif of all residences were equipped with some form of air-condition

The spread of CFCs had not only made its way through American industry and the world, but these products had follawed p
everywhere. It had become possitle for & person to remain within i few feet of air-conditioned ypace from the time they left
hame in the marning until they returned at night. This vne invention had become so commonplace that many could not imag
doing without it cven for & short time. As with many other CFC related technologics, the uscfulness and reliability of the
technplogy made it very popular. CFCs did their job cheaply, efficiently, and well. For over forty years, no one thought ther
wonld ever be a problem with these wender chemieals that had become a vital part of so many people’s daily lives.

In December of 1973, two scientisty made a discovery that would change the way the scientific compunity and the general p
wauld vicw CFCs. F. Sherwood Rowlapd and Mario Malina had studied the ¢ffects of chlovafluarncarbons in the upper
atmosphere and had concluded that chese subistances had the potential to deplete the ozone in she stratosphere, The signific:
what they were claiming was sv profound that they knew there wounld be a great deal of discussion about their theory, In on
understand what the Rowland and Molina theory suggested, it is necessary to discuss same facts about the Exrth*s atmosph
and the molccules that are found there. In particular, nzone,
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The Earth's Atmosphere

Before discussing the CFC problem, it is necessary to understand how the Earth’s atmasphere is broken into Jayers, There are
four distinct areas of air surronnding the Earth. Each has distinctive characteristics which change as the distance from the
Earth’s surface increases. The area humans live in is known as the tropnaphere, It begins at the surface of the earth and extends
for 7-10 miles (11-16 km). The temperature and pressure decrease rapidly with aititude uotil the tropopause is reached. The
tropopause is an area at which a temperature inversion oceurs. This ares acty ag & nearly impervious barrier to most of the water
trying to rise out of the acmosphere. This is important because what litile water passes this point can escapes into space,

Above the troposphere is the straingphere which extends to a point approximately 31 miles (50 km) above the Earth's surface,
Temperature remainsg fairly constant near the eropopause but beging te increase near the upper bound of the stratosphere ay solar

radiatinn increases. The water thac passes the tropopauye forms clouds here. The most impartant molecule in the stratosphere is
ozone. .

Next comea the mesogphere, It extends from the top of the stratoxphere to an altitude of 50 miles (80 km). Finally, the top of the
atmosphere is known as the thermosphere. [t beging at 50 miles and continues €o outer space, The temperature continucs to
increage through the mesosphere and the thermosphere,

Ozane is of concerm to us when it is in the lower two levels of the atntosphere, the tropasphere and the stratosphere. No matter
where it is found , ozgne is a relatively unstable molecule. An ozone molecule consixts of three atoms of oxygen bound together in a
triangnlar fashion, Althgugh it represents onty a tiny fraction of the atmosphere, ozone is crucial far life on Earth.

Depending on where ozone is located, it can cither prutect or harm lifc on Earth. In the stratosphere, ozone acts as a shield to
protect Earth'y surface from the sun's harmful ulcraviolet radiation, Without chis shicld, uitraviolet levels at the Earth’s surface
would be higher and bumans would be more susceptible to skin cancer, cataracts, and impaired immune systems. In the
troposphere, however, this yame ozone molecule is a harmful pollutant that causes damage to lung tissue and to plants,

The amonnts of helpful and harmful ozone in the atmosphere depend an a balance between processes that create it and those that
destroy it. An upset in the pzone halance can have serions consequences for life on Eurth. Scientists arc finding evidence that
chunges are ocourring im nzone levels, The harmiul pzone is increasing in the air we breathe, while the belpfuk ozone is decreasing
in our protective ozone shicld. In the next few pages, ¢he processes that create and destroy the helpful ozone will be described.
Also, the way that bumans effect these processes will be discnssed.

At the wp of the stratosphere ozone is created and destroyed primarily by ultraviolet radiation. The air in the stratosphere is
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bon!barded centinuonsly with radiation from the sun. The eitraviolet rays, which are part of this light, strike molecules of
ordinary uxygen (02) causing them o split into two single oxygen atoms, known as atoric uxygen or oxyger radicals. A freed
oxygen atum then can collide with an exygen molecule (02), and form a molecule of nzone (O3).

This process absorbs much of the ultraviclet radiation which would otherwise reach the Eurth’s surface. Ironically, this sume
ultravjolet radiation also causes the destruction of veone, When an ozane molecule {O3) nbsorbs cven lvw energy ultraviolet
radiatiyn, it spiits into an erdinary oxygen molecufe (O2) angd a free oxygen atom {0). The free axygen atom then may bond with
an oxygen molecule to make another ozone molecule, or tr may steal an pxyyren atom from an oZzone moiecule to make two

ordinary oxygen molocutes, Some scientists call these procesyes of ozone production and destruction, initiated by ultraviolet
radiation, the " Chapman Reactions,”

Natural farces other than the Chapman Reactions also affect thit concentration of ozone in the stratosphere. Sinee ozone js such a
highly unstable walecule, it reacts very casily, readily donating an oxygen molecule to nitrogen, hydsogen, or chiorine found in

natural compounds. These clements always have existed in the stratosphere, reteased from spurces such ag zoil, water vapor, and
the oceans.

In addition, ozone jevels can change penodically as part of regular natural cycles such as the changing seasons, sun cycles and
winds. Moreover, voleanic erugptions may inject maverials inio the stratosphere that can destroy azone.

Over the Earth's lifetime, natural procesges have regulated the balance of szone in the stratosphere. An easy way to think ahout
the ozone balance is to imagine u plastic bag being filled with water. As the bag {ills, a hole is punched in it to allow water to
eseape, As long as water egcapes at the same rate that water is being poured in, the amount of water in the bag will remain the
same. Likewise, us long as ozone is beiny created and destroyed at the same rate, the total amount of ozone will remain the same.

Human Activity and the Atrmosphere

It the past two decades, however, scientists bave found evidenee that human activities are disrupting the ozone balance. Human
production of chlorine-containing chemicals such as chlorofluorgcarbons (CFCs) has added an additional force that destroys
ozene. (CFCs are compounds campesed of carbon atoms bonded to chlorine, fhuorine,) As was scen earlier, CFCs ure stable and
thus do not react eagily with other chemicals in the lower atmosphere. One of the few forces that can break apart CFC molecules
is ultruviolet radiation in a process called photochemival decomposition. 1n the lywer atmosphere, bowever, CFCs are protecicd
from this radiation by the ozone Jayer. So, CFC maletules can migrate intact into the stratosphere where they then are
phatodecomposed. At first, scientists thought CFCs were tov heavy to make their way into the upper atmosphere. Although the
CFC nwlecules are heavier than air, the mixing processes of the atmaosphere lift them into the stratosphere. The mixing process
takes many years, up to fifty, and so the problem iy not easily noticed. The ozone in the statopbere today is being destrayed by
CFCy released many years ago,
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The Destruction of Ozone

Once in the stratosphere, CPC molccules ng fonyer are shiclded from ultraviolet radiation hy the ozone layer. Onee cxpased fo the
sun's radiation, CFC molecules release a chlorine atom vr free radical. The chlorine then can react with czone molecules, taking
one oxygen atom to farm chlurine monoxide and Jeaving an vrdinary oxygen molecnle behind,

If each chlorine atom released from a CFC malecule desirayed anty vne ozone molecude, CFCy probably wonld pese very little
threat to the ozone kaycrs. However, when a1 chlorine monexide mnlecule encounters a frec stom of oxygen, the oxygen stom honds
with the chiprine monexide, forcing it ta release ¢the oxygen. The chlarine stom is then released hack indo the stratosphere to
destroy mare nzpne, Thiy reaction pathway ia repeated thousands of times before it is eliminated by banding with anocher
molecule.

Fortunately, chlorine atoing da leave the atmospherc or there wauld be no ozone left. When a free chlorine atom rescts with gases
such a8 methane (CH4), it is bound uyp into a molecule of hydrogen chioride (HCY), which can be carried from the stratosphere
inta the troposphere, where it can be washed away by rain. This removal process is important because it means that if inmany
stop adding compounds (i the stratosphere, eventually, they will wash themselves out and everything will return to normal.

The reaction pathway hy which CFC molecules are photadecomposed and werk to destray stratospheric ozone was fivst thearized
by Rowland and Molina. After many years of presentations, papery, disputes, discussions, and debates, the theory was accepted.
By that time, u greac deal of evidence had leen yathered to support the Rowland and Molina theary a3 well as show thar there
wis indeed 2 hole in the ozone layer nhove the continent of Antarctica

The Ozone Hole

In the area over Antarctica, ckouds hold jce particles that arc not present at warmer latitudes, Reactions occur om the surface of
the ice particles that accelerate the ozone destruction caused by stratospberic chiarine, This phenomenon bas caused documented
decreases in ozone concentrations over Antarctica. In fact, oznne levels drop so low in spring in the southern hemisphere that
scientists have observed what they call a "hole” in the ozone layer, At first this was not that horrifying a discovery becausge there
were no people living on cthe continent. Unfortunately, the conditions worsened and spread. Also, at the end of spring, the hole lost
its integrity and shifted to more populated area such us Australia and southern Chife. Scicntisty began to seée a global dilution af
ozone as moore and more vzone wis destroyed in the aznne hole,

[n addition, scicntistx have ohserved declining concentrations nf gzone over the whole glnbe. In the second balf of 1992, for
exumple, world-widce azane Ievely were ¢the lawest cver reeneded,

Since the 1¥20%, ozune has been measured from the ground. Scicatists place instruments at Jocations argund the giobe to measure
the amount of ultravinlet radiation yetting through the atmasphere at cach site. From these meusurements, they calculate the
concentration of ozouce in the atmosphere above that location. Thege data, although useful in lewming about ozone, are not able to
pravide an adequate picture of global ozane cuncentrations.
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Contrary to the image created by the term “ozone layer," the amount and distributivn of ozone molecules in the stratosphere vary
greatly over the globe. Ozone molecules drift and swirl around the stratosphere in chunging concentrations. Therefore, scientists
observing ozove fluctuations over just one spot cauld not be confident that 2 change in local ozone levels meant an akerution in
global ozone leveds, or simply a fluctuation it the concentration over that partieular spot,

1n December of 1974 the first government hearings in the Dnited States were held oo the CFC-ozone theory, These hearing were
the sipening volley in a war over CFCs in the United States and around the globe. Many guvernmental and oun-governmental
agencies worked to find answers ta the questiony raised by the Rowlan und Molina theory. Onee enough scientists agreed to the
idea that CFCs could deplete stratospheric ozone, these groups hegan working to ban CFCs.

Many companies saw that CFCh were danperous and not cssential w their preduce lines, These companies voluntarily hanned
CFCs. Both state and federal governments moved to give the CFC ban the force of law in ihe following ycars.

Even so, thore was still debate over the extent to which CFCs actually destroyed the ozone fayer, In Augusi, 1981 NASA scientist
Donakd Heath announced that sateilite records showed ozonc over the earth had declined I percent. From that point on, there wis
little question that there was 5 problem and that something necded to he done abuut it. Unfortunately, the political process did not

act swiftly cnough for same and moved fos gquickly for ochers, Though the scientific facts had been debated for over ten years,
there was still no clear plan of actioa.

Satellites had given scientists the ability to avercame the problem of uncertainty because they provide a picture of what is
happening simultanenusly over the entire Earth. However, the speed of ozane depletion was still debated and enly slowly was the
seriousness of the ozanc depletion prublem realized. Even the ozone hole did not seem to give enough force to the arguments for
banning CFCs. Many different cheories were postulated to explain the problem. In the end, CFCs were blamed and the global
conscnsus hegan to build behind the idea that CFCy should be banned, Scientives hud finally conceded that though there were
natural forees at wark which could deplete azone, human interference in the natural cycles bad accelerated the process af azone
destruction. Without some type uf action, the ozone layer would continue to deteriorate wntil it was no langer able tu protect the
surface of the Earih from ultraviviet radiation.
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I scientists can separate the human and narural canses of czone depletion, they ean formulate improved modcls for predicting
ozone levels. The predictioos of early models alrcady have been used by policy makers to determine what can be done to redace
the ozone depletion caused by humany, For example, faced with the stroag possibility that CFCs could cause serious damage to th
ozone layer, policy makers fram around the world signed a treaty knuwn as the Mantreal Protocol in 1987, The signatory
countries agreed to reduce production of CFCs hy 50% from the 1986 bascline values by 1996. In erder to achieve this goal, the
protocol set oue different phave-out schedules for allowable and aceelcrated phase-outs. These two plans were at oppasite ends of
the spectrum. Accelersted refers to the fastest pogsible remuval white allowable is the removal at the last possible moment.

The protocal afso mude some concessions ta less developed countries(LDCs). These concessions included 2 ton year grace period
befure compliance was required as well as a recammendation to the more developed conntrics ta help pay for the transition to
CFC ulternatives. Even thungh there was scientific consensus coneeraing the harmaful nature of CFCs, the econpmic benefits
provided by using the chemical provided a formidable problem which needed to be overcome. LDCs could not or would not forgc
their use withont snme attractive economic incentives, This interplay hetween the facts that seicnce promotes and the cconomics
which drives society, is the bulancing act that pslicy-makers must try to control. Thyugh the original protocol way net perfect, it
Wwas 2 good attempt at trying ta balance international environmental concerns about the depletion of the ezane layer and the
ccononic concerns of many af the LDCs who would have to eomply with its cuts.

The initial ratifiers of the protocol included Canada, Denmark, Bgypt, Finland, France, West Germiany, Treland, laly, Japan,
Malta, Mexico, The Netherlands, New Zeatand, Norway, Spain, Sweden, The United Kingdom, The United States and The USS1

The protocol went into effect on January 1, 1989 after these countries ratified it. Table 1 shows the major emiiters of CFCs at
that time.
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This table shows the unbulanced contribution ta the prublems by members of the world community, The top tvrelve emittory
contribute 78.4% of the world total of CFCs. Worse chan that, the top three emitters--the U.S., Japan, and the USSR~contrilvy
a combined 292,008 metric tons of the world’s total of 580,060 metric tons of CFC puliution. These three nations emit 50.4% ol
the CFCs in the world’s atmnsphere, Fucts such as these, coupled with continuing pressure from world governments and
npdguvernment organizations, allawed amendmencs t the original Muntreal Protocoi to he developed.

Though the 1387 Montreal Protocol was a good heginning, more cvidence of rapidly increasing oznne depletion yver both pole:
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led o a rising tide of concern and 3 movement for accelerated phase-vut of CFCs. In 1990, the Amendm passed.
The signatory countries for these new umendments agreed to altotul ban of CFCs by the o;'igin:;olugjsndatc. Als,mzhtg ::tttblisbd
4 relief fund for LDCs that wyuld be adverscly affected by the new ngreement. The original protoco] did not ateract China or
india—-two major potential users. After the amendments, however, these and many other countries participated in the ban with
the understanding that the fund of S260 million dollars waulg be used to offset their costs. Twe yeur later, the Copenhagen
Amcndments increased the _fund to over S500 million and accelerated the compliance schedule. These adjostments bave made the
Montreal Protocol an effective international agreement that has suceceded in gathering support from the nutions of the world,
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Monitoring Ozone From Space

However, scientigts agree that much remains ta be learned about the interactions that affect ozone. To create accurate models,
scientista muse study simultaneously all of the factors affecting ozone creation and destruction. Moreover, they must study these
factors from space continuously, over many years, and gver the enfire globe. NASA's Earth Observing System (EOS) will allow
scientists to study ozone in just this way. The EOS series of satellites will carry a sophisticated group of instruments that will
measure the interactions of the atmosphere. These measurements will increase dramatically our knowledge of the chemistry and
dynamics of the upper atmosphere and our understanding of how human activities are affecting Earth's protective ozone layer,

A graphic example of what sattelites ran reveal is shown below.
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This figure shows the difference in the thickness of the ozone luyer over Nurth America between 1979 and 1994. A dramatic
cxample such as this makes the prablem very clear. In only fifteen years, the ozone layer hag been degraded significantly.
Luckily, something has been done about it

In respanse 1o the Montreal Protocol and public pressuce resulting from the findings of scientists, pavernmenty around the world
began passing legislation which restricted or banned the use of CFCs. The United States was no different. Individual state
legistatures as well as the Congress passed laws banning CFCs. These Jaws grew more stringent and broadened to cncompass
more products as time passed. By the 1990%, CFCs had been banned in the Uniced States with only stight exceptions for medical
and ather highly specinlized uses, Even with thesc types of regulations, it was important that the corporationy of the world agreed
to the Mantreal Protocol and other repulations.
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Alternatives

An important step forward in the stragple to vemove CFCs from the atmosphere was fought um the economie front, Just as the
economic attractivencss of CFCs made them spread 50 quickly through industry, consumer concerns and cventual disuse of the
product helped remove them from many areas. In 1990, DuPont Chemical company, the largest producer of CFCs, agreed to a
two-phase removal plan in which substicutes would be develaped and then slowly phased inty the existing industrial system. This
corporate hacking of the CFC removal program helped immeasurably. Many other companies worked to reduce the use and
release of CFCy in their industrial and corporate facilitics aronnd the world. Alse, many entrepreneurs have used the idea of
ozone-safe products to further their business and inerease profits, As consumers became aware of the prodblems and understood
what they could do to help, business and industry has warked harder to solve the problem aud find a better way of conducting
their pperations.

DuPnnt’s answer to the problem of CFCs was to develop less chiorinated flunrocachons thut would impact the azone layer less
severcly. They begzan by intragucing hydrochlorofluoracarbons (HCFCs). These were CFCs with chlorine partially replaced by
hydragen molecules. As an interim measure these chemicals proved very uscful. They begun the phase-out of CFCs withaut too
great 3 capital £ost to industry and without causing too great of an inconvenience to consumers, HCFCs were nnt as damaging to
the stratospheric ozone layer but were not completely safe. Tests showed that they could still break down and deplete the precious
0zone. As a mare permunent replacement, DuPont anmounced that it had developed a line of hydroflurocarbons(HFCs) which
contained no chlorinc and thus posed a greaily reduced theeut to the azone layer.

Along with the work by DuPpnt, several other alternatives have been suggested, Cyclopeniane and ¢yciohexane have been put
forth as replacements for covlunts . Nitrogen gas can be wxed as a blowing agent . Many other safe and easily obtainable
alternatives cxist and have been used successfully for years. CFCs in acrosel cans have been veplaced with air pressure or other
propellants. With a little effort, it seems that CFCs have been replaced withour a tremendous fixrur as was expected when the idea
of their reptzcement first came to the table for discussion,

Though the strides made by DuPont inid the other scientists wurking to provide alternatives to CFCs are significantly reducing
the quantity of CFCs heing released, more can be done, Companies have seen that reduciug the use of CFCs is ap effective way of
stopping their celease without waiting far replacements. AT&T, for exampie hay worked to prevent the release of CFCs by
auditing their facilities and finding ways to eut hack on their consumption of the chemicals. Othey companies have found that
manfacturing CFC-lree pruducts bas become very lucrative. Whirlpool has recently opened a plant to manufacture CFC-free
refrigerators in the [ndia. Other companics have began selling covironmentally safe producis to consumers. In 1995, Walmart
opened the first entirely environmentally safe shopping uren in the world, These types of innovations and forethought will be
necessary 1o stop the depletion of the stratospheric nznne luyer along with many of gur other cnvirenmental problems.
Couperation between scientists, politicians, cconomist and mxny others will be vital to the continucd suecess of the world asa
whale, Global problems must have glabal solutions reached through plobal consenaug and underytanding
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2.3 Explaining the Goals of the Case Study
2.3.1 Design Features
Though it is difficult to grasp the full effectiveness of the tool without working through it
on the computer, the printout does give an idea of how it will be used as well as show the
content of the case study. The first page of the printout shows how the ozone case study
will be integrated into the larger tool. The case study selection page lists the ozone layer
depletion case study as the first of four case studies which will be used by the larger tool
to teach students.

Once the user enters the ozone case study, the interdisciplinary nature of the tool
is exemplified by the main menu. The hierarchy of the icons presented on the second
page of the printout shows the various fields which comprise the case study. Also, the
structured hierarchy and graphical reference points presented there are designed to help
the user understand the layout of the case study. In this way, as the user goes through the
narrative, they have an easy to follow set of icons which help them remain in control of
their position within the case study.

Next comes the timeline. This page gives the history of the problem as well as
provides a thread that ties the case study together. The underlined dates on this page
allow the user to connect to that date in the narrative portion of the case study. The
timeline contains all the dates in the case study as well as some that are not specifically
included in the narrative. This is done intentionally to ensure that the users read the
timeline for its information as well as use it as a tool to access the narrative. The timeline

is an interdisciplinary tool even though it is representative of the historical component.
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All the other aspects of the case study must be represented in the historical timeline in
one way or another. There are, however, gaps in the dates related to discussion of basic
chemical principles. This occurs because it is necessary to be teaching chemistry and
atmospheric chemistry while moving through the case study.

The actual narrative begins with a brief piece of history and then moves into the
chemistry. As can be seen on any of the pages, an icon heads each page to assist the
students. The largest component of the first portion of the case study is chemistry. This
is done for two reasons. First, chemistry serves as the driving curriculum for the teaching
tool. As a result, there must be a large portion of this material to allow the educator to
use it as part of the class. Secondly, the students need to feel that they are in a familiar
surrounding before being exposed to foreign concepts. In this way the new material is
worked into the students’ understanding slowly and unobtrusively. The students will
then be more likely to keep the knowledge with them and spend more time using the tool.

Besides the goals accomplished by the design of the tool itself, many of the aspects of
the related literature have been incorporated into the narrative to help the learning
process. Each of the pieces mentioned in section 1.2 of this thesis will be discussed

below.

2.3.2 Incorporating Ideas from Fundamentals of Ecology

As was stated earlier in this thesis, the science of ecology brought together many different
aspects of other sciences to form a new hybrid science. This tool takes a similar approach
to the concepts of chemistry which relate to the depletion of the stratospheric ozone layer

depletion problem. Though the tool breaks the many fields into sections, the
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interdisciplinary nature of the problem is maintained. The integrity of the overall case
study does not suffer as one field takes precedent over others. The first eight pages of the
tool are heavily weighted with the fundamentals of chemistry which are necessary to
teach students the core curricula. Even so, other aspects can be seen to have influence in
these pages. In the remainder of the tool, the interdisciplinarity becomes more
pronounced. The sections devoted to economics, politics or chemistry all become
intertwined as the case study moves towards the final pages. In the end, a fully
interdisciplinary look at the problem is achieved.

More than just providing an understanding of how humans interact with their
environment and solve problems, the tool gives students a sense of how the various
fields come together to help identify and solve the problems. Also, the tool shows how
experts from these various fields must all work together to solve the global problems
presented by environmental issues such as the depletion of the stratospheric ozone layer

and global warming.

2.3.3 Incorporating Ideas from Aldo Leopold’s Land Ethic

The message put forth by Aldo Leopold was one of diversity and expanded thinking.
Hopefully, this message has been incorporated throughout the tool. In every area, the
idea that cooperation between disciplines is a vital part of all scientific and social
interactions is put forth. As it is created to be interdisciplinary, the tool tries to blend the
many specializations into a combined and more effective whole. This idea is born out in
the last four pages of the tool when it begins discussing the Montreal protocol and the

many ways that humans worked to solve the problem they had created. Bringing together
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many disparate groups of people to work on the problem and finally agree upon a
solution is a shining example of what Leopold had thought of as the Land Ethic and the
diverse approach to problems of the environment.

A larger focus on the land ethic is the motivation behind the final alternatives
page. This discussion shows that humans have broadened their idea of ethics beyond
other humans, beyond the land, and beyond any one portion of the globe. The new view
of the global problem which the depletion of the stratospheric ozone layer presents has
lead to a new global ethic of the biosphere. Though it has not been expanded to all
problems and all peoples, the removal of CFCs from the world is a first step. Moreover,
this tool shows that not only is this type of ethic possible, but it has been accomplished on

a global scale in the Montreal Protocol.

2.3.4 Incorporating Ideas from Small Is Beautiful

Besides stressing the importance of education and resolution of problems by groups,
Schumacher’s work pointed out how many environmental problems would need to be
solved. The material concerning the debate over the Rowland and Molina theory relates
back to this idea of divergent problems. Once humans learned that the problem existed,
they worked diligently to make the necessary changes. However, first scientists needed
to agree that a future problem which had not yet manifested itself could exist. Even
though evidence was not yet available, the theoretical arguments of Rowland and Molina
were strong enough to convince the scientific community. Once the divergent problem

was resolved and a consensus reached, a solution to the problem could be found.



60

The material on page fifteen concerning the Montreal Protocol is a perfect
example of this idea put into practice. By international cooperation a compromise
solution to a divergent problem was reached by a diverse group of individuals. On the
following two pages, the role of science in helping solve the problem was explained in
the context of human interaction and compromise. In the end, Schumacher’s ideas about

education and human interaction were represented in the body and spirit of the tool.

2.3.5 Incorporating Ideas from The Limits to Growth
The idea that human focus must be expanded into the future and past the borders of a
person’s house, town, or country is evident in the tool during the discussion of the
Montreal Protocol. Though the stratospheric ozone layer depletion problem had the
potential to affect everyone, and was truly a global dilemma, the response did not have to
be a global response. Since CFCs take so long to reach the stratosphere where they can
cause a problem and the effects are not directly felt by those who released the CFCs, the
Montreal Protocol might never have come about. The tool incorporates the global
response to a future problem to show that this is vital to the environmental problem
solving process. The idea that many of the nations of the world could look beyond their
borders and their interests in the immediate future, is a vital part of environmental
problem solving. The world’s response to the ozone depletion problem showed that
cooperation was possible and an important part of the problem solving process.

When there is a fire at a hazardous waste site or an explosion near a person’s
house, the danger is immediate and personal. Unfortunately, the problems of

stratospheric ozone layer depletion is much less immediate and personal and so is often
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forgotten or dismissed. The tool brings the importance of the problem to the forefront

and shows how action now is necessary to avoid a catastrophe.

2.3.6 Incorporating Ideas from Earth In The Balance

The ideas of this text were represented in three ways. First, by presenting information in
an interdisciplinary manner, the tool helps provide the student with information while
giving them a context to place it within. Secondly, by showing how the problem of
stratospheric ozone layer depletion is global, the tool touches on many of the same
themes put forth by Vice-President Gore. Finally, by showing that through global
responses to problems such as these, the tool demonstrates that cooperation amongst
nations is possible. These three ideas are an integral part of the tool and vital to its

SuUcCcess.

2.3.7 Incorporating Ideas from Environmental Education Curriculum Planning
The ideas from the planning guide are woven throughout the entire case study. The tool
begins with a large chemistry component. This is the curriculum that serves as the
backbone of the tool. Then, the interdisciplinary environmental ideas are slowly added to
the tool. This is the infusion portion of the case study. By presenting the principles of
chemistry in the first eight pages of the tool, the existing chemistry curriculum was firmly
established. Slowly, over the next nine pages, the environmental ideas are infused and
intertwined with other chemical principles necessary to the understanding of the subject

matter being discussed. By the end, all the fields have come together into a truly
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interdisciplinary discussion that students can understand and with which they can feel

comfortable.

2.3.8 Incorporating Ideas from Chemistry In Context.

Though the text that was developed was broader than that contained in the Chemistry In
Context (1994) text, many of the ideas were included. The entire section on atmospheric
chemistry was reflected in the tool. The material was not approached in the same way or
even described similarly, but the inclusion of information that tied the abstract facts back
to the real-world that the students knew was included. Throughout the tool, references,
examples, and easy to understand descriptions were used to help place chemistry in
context. Also, the text helped to insure that the language of the stratospheric ozone layer
depletion case study remained simple enough for the students to follow with ease.

Most importantly, the Chemistry In Context text gave a good example of how an
interdisciplinary text should be constructed. Similarities in style can be seen between
Chemistry In Context material and the tool. Even though the tool has more and broader
information, it remains true to the intent of the Chemistry In Context material as well as

all the ideals set forth by the related literature.

2.3.9 The Overall Usefulness of the Tool

There are some overall design decisions which were made to help the tool be more
effective and useful. Though illustrations are easily incorporated into an HTML internet
document and such graphics aid in teaching, the numbers and complexity of graphics had

to be kept to a minimum. Each time a graphic is uploaded, a great amount of lag time is



63

created, especially if the users are running the tool on an older machine. This lag time
generates undue waiting for the user and might lead to distraction and eventually disuse.
As a result, only the most vital images have been included in the tool. Overail, the tool
has been designed to make the learning experience easy, interesting, and not very time
consuming. The tool allows students to access information quickly and presents it in an
ordered and coherent way. Though there is an emphasis on chemistry, several other
fields are represented either explicitly or implicitly in the text of the case study.

Finally, the tool allows the teacher using it enough freedom to use the tool to
supplement the learning process. It is ideal for all first year chemistry classes as well as
other types of classes. With the addition of small assignments and worksheets each
professor can customize his or her students’ use of the tool to accomplish the desired
goals. The tool is flexible enough to accommodate many curriculums and easy enough to

understand to be used by all students, no matter how computer literate they may be.



CHAPTER 3

ASSESSMENT OF THE COMPUTER TOOL

3.1 Assessing the Computer Tool
3.1.1 Survey Packet
In order to assess the effectiveness of the teaching tool and determine what revisions
would be necessary to make it complete, a panel of experts from academia and industry
was selected and asked to work through the case study. In order to develop the survey
instrument for this portion of the thesis, Professor Patrick Beaton was asked to assist and
supplement the information used to formulate the first questionnaire, Figure 1. Professor
Beaton holds a Ph. D from Rutgers University. He is a nationally known researcher in
the area of public policy analysis, land use planning, and transportation demand
forecasting. His current studies include the design of performance evaluation criteria for
the enforcement of the Federal Clean Air Act of 1990 and the modeling of the cost
constrained demand for infrastructure by corporate aviation. For this thesis, Professor
Beaton assisted in the formulation of the questions and the structure of the interview
process as well as the choice of experts to be used on the panel. He also suggested that
the survey process be field-tested on two test subjects who would be qualified to assess
the tool but who were not on the panel of experts. In this way, the actual survey process

would run more smoothly.
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3.1.2 The Field-Test Subjects
Two professional engineers with a strong chemistry background, working knowledge of
environmental issues, and some understanding of the stratospheric ozone depletion
problem were sought to act as the field-test subjects. Field-tester #1 is Mr. Douglas A.
Kretkowski. Mr. Kretkowski currently works at the New Jersey Technical Assistance
Program in Newark, New Jersey, where he is employed as a Pollution Prevention
Analyst. He received a Bachelor of Science in Chemical Engineering from the New
Jersey Institute of Technology in 1995.

Field-tester #2 is Mr. Jeffrey T. Lewis. Mr. Lewis also currently works at the
New Jersey Technical Assistance Program in Newark, New Jersey, where he is
employed as a Pollution Prevention Analyst. He received a Bachelor of Science in
Chemical Engineering from Princeton University in 1995. As part of their work, both
field-testers advise manufacturers in New Jersey about pollution prevention practices.

Both field-testers agreed to work through the tool and answer the survey questions

to the best of their ability.

3.1.3 The Experts on the Panel
A panel of four experts was assembled to work through the tool. The panel was designed
to have a balanced mix of experts who would be able to give a comprehensive
interdisciplinary evaluation of the tool. The four experts are: Dr. John Opie, Dr. Glen
Marie Lange, Dr. Joseph Bozzelli, and Mr. Mike Wallace.

Dr. John Opie holds a Ph. D from the University of Chicago and is a

Distinguished Professor of History at the New Jersey Institute of Technology where he
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teaches environmental history and policy. Director of the Graduate Program in
Environmental Policy Studies at NJIT and a past Fellow of the National Humanities
Center, he has written or co-authored Energy and American Values (1982), The Law of
the Land (1987), Ogallala: Water for a Dry Land (1993) and is currently writing an
environmental history textbook. He is founding editor of the professional journal,
Environmental History Review, and founding president of the American Society for
Environmental History. Other research and publications are in climate change,
technology transfer, wilderness protection, landscape aesthetics, and global
sustainability.

Dr. Glenn Marie Lange holds a Ph. D in Economics from New York University
received in 1989. Dr. Lange currently works as a professor of Environmental and Natural
Resource Economics at the New Jersey Institute of Technology in Newark, New Jersey.
Dr. Lange has published numerous articles related to various fields of environmental
economics in conference proceedings and scholarly journals.

Mr. Mike Wallace holds a BS in Chemical Engineering. Mr. Wallace is the
Associate Director of Environmental Affairs at Sandoz Pharmaceutical Company in New
Jersey.

Dr. Joseph W. Bozzelli holds a Ph. D in Physical Chemistry from Princeton
University received in 1972. Dr. Bozzelli is a Distinguished Professor of Chemistry at
the New Jersey Institute of Technology in Newark, New Jersey. His research interests
include analysis of elemental reaction pathways, thermochemical modeling of

atmospheric chemistry and combustion processes, determination of thermochemical
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parameters, and thermal treatment of hazardous materials. In addition, Dr. Bozzelli has
published numerous articles related to his research interests in conference proceedings

and scholarly journals.

3.1.4 The Survey Instrument

It was decided that both open-ended and close-ended questions were required to fully
evaluate the tool. The open-ended questions were free response while the close-ended
questions were eventuated on a Likert scale.

The questionnaires were designed to gather responses from the panel about their
individual areas of expertise. Each was given a packet of questions and asked to work
through the tool. The first page of the packet, titled “Objective of the Project,” Figure 1,
is included along with two other representative pages from the packet, Figure 2 and
Figure 3. The objective page is designed to give the expert an idea of what the goals of
the computer tool is and why they were asked to participate in the survey process.

The first eighteen pages of the survey are identical to Figure 2 except for the
headers. Figure 2 is the first questionnaire page. Each subsequent page is headed with the
appropriate page number which corresponds to the pages of the narrative in the case
study. The last page of the survey is shown in Figure 3. This page consists of five
statements which ask for a Likert type response. These questions are used to gather
information about the experts’ general impressions of the tool.

The sample survey pages are given below:
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Objective of the Project

The attached sets of surveys are designed to gather information about a computerized teaching tool
(tool). As an expert in one of the fields of study related to the tool, you have been asked to use the tool to
work through the stratospheric ozone layer depletion case study and answer the survey questions about the
material contained therein.

The too] has been designed to teach first year chemistry students about the depletion of the stratospheric
ozone layer by Chlorofluorocarbons (CFCs). An interdisciplinary case-study about the evolution of the
problem and its solutions was developed to be used as the foundation for the tool. The case-study will
provide the student with an in-depth and balanced understanding of how experts examine problems.
Though the typical chemistry curriculum provides all the pertinent information related to chemistry, the
tool knits together the important chemical principles with pertinent facts from the fields of economics,
history, and politics. Also, the tool will present the information in an easily accessible and interesting
manner, thus facilitating the education process. The tool is intended to give a broad and well-rounded
sense of the problem and the process of finding the solutions. Though the tool will be used in a chemistry
class, it shows the student the interconnectedness of the various subject areas. By showing the shift in
thought that occurred concerning CFCs, the case-study can help to raise the awareness of the chemistry
students as well as explain the transformation of the views of science and the industrial community. Please
take your time exploring the tool and answering the attached surveys that apply to your field of study.

These surveys are also to be used in the assessment portion of a masters thesis. Each expert has been
asked to answer questions about their field of study only. It would be appreciated if you could please
provide some demographic information before starting the actual survey. This information will be kept
confidential and will be used to help in the assessment process.

Name:

Position:

Degree:

Figure 2 Objective of the Project
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Historical Overview-- The Timeline

1) Please indicate what material should be added to this page.

2) Please indicate what material should be deleted from this page.

3) The wording and figures on this page accomplish the project’s intended goal.

O O O O O O
Strongly Disagree Neutral Agree  Strongly No
Disagree Agree Opinion

4) The concepts presented on this page effectively accomplish the project’s intended goal.

O O O O O O
Strongly Disagree Neutral Agree Strongly No
Disagree Agree Opinion

Figure 3 Historical Overview--Timeline




70

Evaluation of the Computer Tool

For each of the following statements, mark the response which most closely represents your
opinion. Please choose only one response to each statement. The computerized case study teaching

tool will simply be referred to as the tool, from this point forward.

1) The tool was useful.

O O o O
Strongly Disagree Neutral Agree Strongly
Disagree Agree

2) The tool presented the subject matter in a way that was easy to understand.

O O O O O
Strongly Disagree Neutral Agree  Strongly
Disagree Agree

3) The material presented by the tool was well organized.

O O O O O
Strongly Disagree Neutral Agree  Strongly
Disagree Agree

4) The graphics in the tool were used effectively.

O O O 0O O
Strongly Disagree Neutral Agree Strongly
Disagree Agree

5) The tool made accessing the information easy.

O O O O O
Strongly Disagree Neutral Agree  Strongly
Disagree Agree

Other Comments:

No
Opinion

No
Opinion

No
Opinion

O
No

Opinion

O
No

Opinion

Figure 4 Evaluation of the Computer Tool




CHAPTER 4

RESULTS AND CONCLUSIONS

4.1 Field-Test Results
4.1.1 Introduction
The two field-testers, Mr. Kretkowski and Mr. Lewis, completed the survey in
approximately one hour. During the interview, they did not ask questions or make

comments. The results of this surveys are listed in the following sections

4.1.2 Survey Question 1

Question one of the survey states, “Please indicate what material should be added to this
page.” Both Mr. Kretkowski and Mr. Lewis felt specific elements should be added to the
tool to make it more complete and more understandable to students.

Mr. Kretkowski, for example, felt that more pictures, graphics and examples
would be very useful. On pages 1,2, 3,6, 7, 8 and 9 he felt that a graphic could augment
the understanding of the students. Mr. Lewis felt that more information should be
included on pages 12 and 13 about temperature inversion, and seasonal variability of the
ozone hole. These topics would allow for a better understanding of the problem and

allow students to gain a better feel for the problem.

4.1.3 Survey Question 2
Question two of the survey states, “Please indicate what material should be deleted from
this page.” Both Mr. Kretkowski and Mr. Lewis stated that sections should be deleted

from the historical overview/timeline. They felt that the timeline was complete but might
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lose and/or confuse the students. Either inforrnaﬁon needed to be deleted or a better
presentation style found and implemented. Other than that, Mr. Lewis felt that some of
the early material on page 3 needed to be tied back to the CFC topic or deleted from the

tool.

4.1.4 Survey Questions 3

Question three of the survey states, “The wording and figures on this page accomplish the
project’s intended goal.” This statement is followed by a Likert scale which the subject
was asked to complete. The Likert scale responses were as follows: strongly disagree,
disagree, neutral, agree, strongly agree, and no response. The responses for Mr.

Kretkowski and Mr. Lewis are given in Table 1 below.

Table 1 Field-tester’s Evaluation of the Wordin

Survey Page Mr. Kretkowski Mr. Lewis
Timeline Strongly agree Agree
Page 1 0of 17 Agree Neutral
Page 2 of 17 Strongly agree Neutral
Page 3 of 17 Strongly agree Neutral
Page 4 of 17 Strongly agree Agree
Page 5 of 17 Agree Neutral
Page 6 of 17 Strongly agree Agree
Page 7 of 17 Strongly agree Agree
Page 8 of 17 Strongly agree  Strongly agree
Page 9 of 17 Strongly agree Strongly agree
Page 10 of 17 Strongly agree Strongly agree
Page 11 of 17  Strongly agree  Strongly agree
Page 12 0of 17  Strongly agree Strongly agree
Page 13 0of 17  Strongly agree Strongly agree
Page 14 of 17  Strongly agree Strongly agree
Page 150f17  Strongly agree  Strongly agree
Page 16 of 17  Strongly agree  Strongly agree
Page 17 of 17  Strongly agree Strongly agree




4.1.5 Survey Questions 4

Question four of the survey states, “The concepts presented on this page effectively
accomplish the project’s intended goal.” This statement is followed by a Likert scale
which the subject was asked to complete. The Likert scale responses were as follows:
strongly disagree, disagree, neutral, agree, strongly agree, and no response. The

responses for Mr. Kretkowski and Mr. Lewis are given in Table 2 below.

Table 2 Field-tester’s Evaluation of the Content
Survey Page Mr. Kretkowski  Mr. Lewis
Timeline Agree Strongly agree
Page 1 of 17 Neutral Strongly agree
Page 2 of 17 Neutral Strongly agree
Page 3 of 17 Neutral Strongly agree
Page 4 of 17 Agree Strongly agree

Page 50f 17 Neutral Agree

Page 6 of 17 Agree Strongly agree
Page 7 of 17 Agree Strongly agree
Page 8 of 17 Strongly agree  Strongly agree
Page 9 of 17 Strongly agree  Strongly agree
Page 10 of 17  Strongly agree  Strongly agree
Page 11 of 17  Strongly agree  Strongly agree
Page 12 of 17 Strongly agree  Strongly agree
Page 13 of 17  Strongly agree  Strongly agree
Page 14 of 17  Strongly agree  Strongly agree
Page 150f 17  Strongly agree  Strongly agree
Page 16 of 17  Strongly agree  Strongly agree
Page 17 of 17  Strongly agree  Strongly agree

4.1.6 Overall Evaluation of the Computer Tool Page
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The final page of the survey, FIGURE 4 above, asks the participants to evaluate the tool

as a whole. Once again, each numbered statement was followed by a Likert scale which

the subject was asked to complete: The responses for Mr. Kretkowski and Mr. Lewis are

given in Table 3 below.
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Table 3 Field-tester’s Opinion of the Overall Tool

Survey Questions Mr. Kretkowski Mr. Lewis
1) Tool was useful Strongly Agree Agree
2) Easy to understand Agree Agree
3) Well organized Strongly Agree Agree
4) Effective use of graphics Strongly Agree Agree
5) Easy information access Strongly Agree Agree

As can be seen from Table 3, both Mr. Kretkowski and Mr. Lewis gave the tool
positive marks. Mr. Kretkowski made no additional comments beyond his response to
the five statement. Mr. Lewis made an additional comment which has been given below.

He wrote, “It tells a good story--good mixing of chemistry, economics, and politics.”

4.2 Expert Panel Results
4.2.1 Introduction
The four experts who comprised the panel, Dr. Opie, Dr. Lange, Dr. Bozzelli, and Mr.
Wallace, were given the survey packet and asked to work through the tool. It took Dr.
Opie and Mr. Wallace approximately one hour to finish the entire survey. Dr. Lange and
Dr. Bozzelli took approximately and hour and a half to complete the survey.

During the interview process, the author watched and noted whether any
statements were made or questions asked. Dr. Opie made comments, asked questions,
and gave constructive criticisms related to the topics contained in the pages he was
reviewing. Dr. Lange expressed her criticisms and preferences for different portions of

the tool. Also, she asked for further information concerning subjects presented in the
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material. Mr. Wallace did not ask questions or make spoken comments about the tool as
he worked through it. Dr. Bozzelli said nothing while he worked through the tool. All of
the experts made comments about cosmetic changes such as spelling and display
problems. These correction will be made by the author but not discussed in the
evaluation section below. Any other comments that were made pertaining to the tool were
entered on the appropriate portion of the survey by the expert making the comment.
These will be discussed further in the sections which follow.

The results of this survey are listed in the following sections. Each question of the
survey is addressed individually and in the order it was asked. The experts’ overall

assessment of the tool will be handled at the end of this section.

4.2.2 Survey Question 1
Question one of the survey states, “Please indicate what material should be added to this
page.” A summary of the experts’ responses is given below.

Dr. Opie’s comments concerning the additions began with the timeline. He felt
that more interpretive material should be included. Also, he felt the students should be
given more of a connection to the underlying text. On pages three, and five, professor
Opie felt that the material should be tied back into the overall discussion of CFCs. He
also felt that examples of the chemical principles and down to earth explanation of some
of the numbers presented in the case study would help the students to better understand
the topic. Finally, he suggested that the material on Rowland and Molina be expanded

and highlighted.
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Dr. Lange had several additions which she felt would make the tool more easily
understood by the students. First, she felt that the overview / timeline should be broken
into the same sections that the text is broken into. In this way the students will have a
better understanding of what types of materials are being discussed in each section. The
next addition which Dr. Lange felt was necessary appears on page five and six. She felt
that the discussion about the periodic table should be accompanied by a copy of the table
which appears on page four. On page nine, she felt a picture of the methane building
block would be very helpful to students. On the following pages, she thought that
pictures of CFC-11 and CFC-12 would give the students a better mental picture of the
chemicals in question. She felt that more examples of the material on page fourteen was
necessary to give the students a good economic perspective . Finally, on page seventeen
she felt that a discussion of why the global consensus was reached would make the case
study more complete and comprehensive.

Mr. Wallace had two suggestions for additions to the tool. He felt thata
paragraph at the very beginning briefly explaining what was coming in the subsequent
pages would be helpful to the students. In this paragraph, he also suggested that some
reasoning behind why ozone depletion and chemistry were linked together. Mr.
Wallace’s other addition dealt with the addition of a figure on page ten to help he student
visualize what a molecule of methane rhight look like.

In relation to the material which needed to be added to the tool, Dr. Bozzelli made
a general comment about the overall content. He wrote that, “In general, this is not as

accurate as any typical chemistry text.” He also made comments and small corrections
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throughout the text. All of the additions which Dr. Bozzelli notes are intended to increase
the usability and accuracy of the tool. In further discussion with Dr. Bozzelli, he made it
clear that a typical chemistry text takes years to be written. Also, he said that any text
needs to be reviewed by Ph. D level chemists to assure accuracy and completeness. He
did not feel that the two semesters spent building the case study were enough to make this
a “good” virtual textbook. As the teaching tool that was developed is not a textbook, it
was decided that this type of rigor was not necessary. All the corrections which were
suggested by Dr. Bozzelli were entered into the case study.

Besides the correctness issue, Dr. Bozelli did give other suggestions about
material to be added. On page two he felt that a discussion of the atomic mass of protons
and neutrons was necessary to make this page complete. On page three, he noted that a
definition of a mole was necessary to the discussion. Also on this page, he felt that more
information about the ideal gas law was necessary to give a fully developed picture of
what actually happens under changing conditions of temperature, pressure, and volume.
On page five, Dr. Bozzelli wrote that, “The material is just presented.” He felt that the
filling of energy levels should be explained more fully. On pages thirteen, fourteen, and
fifteen, Dr. Bozzelli felt that figures could more effectively illustrate the material. In the
case of the Chapman cycle, he thought that the figure was necessary to help the students
visualize what is happening. Finally, on page sixteen, Dr. Bozzelli felt that an
explanation of the figure was necessary to allow the students to fully understand what is

being presented.
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All of the additions which the experts suggested were reviewed by the author.
Every attempt was made to incorporate the changes which were suggested into the tool.

The results of this question are discussed further in section 4.3 conclusions.

4.2.3 Survey Question 2
Question two of the survey states, “Please indicate what material should be deleted from
this page.” A summary of the experts’ responses is given below.

Dr. Opie’s comments concerning the material to be deleted was related to the
timeline. He felt that there was too much information included in the overview. In his
opinion, the amount of material would confuse the student if they even bothered to read
through all of it.

Dr. Lange did not feel that any of the material presented in the case study should
be deleted. However, she felt that the timeline should be reorganized so that the material
could be more easily understood and accessed by students.

Mr. Wallace did not make any suggestions in this area. He felt that all the
material was interesting and appropriate to the discussion.

Dr. Bozzelli did not make any specific notes about material which needed to be
deleted from the tool. However, his comments listed above do suggest that the he feels
that the technically incorrect statements need to be corrected.

All of the deletions which the experts suggested were reviewed by the author.
Every attempt was made to rework the tool to reflect the changes which the experts had

suggested. The results of this question are discussed further in section 4.3 below.
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4.2.4 Survey Questions 3

Question three of the survey states, “The wording and figures on this page accomplish the
project’s intended goal.” At the time of the interview, the experts were told that this
question referred to the way the material was presented on each page. The statement is
followed by a Likert scale which the subject was asked to complete. The Likert scale
responses were as follows: strongly disagree, disagree, neutral, agree, strongly agree, and
no opinion. If a subject did not mark a response, the entry was marked as no response.

The responses for Dr. Opie, Dr. Lange, Dr. Bozzelli, and Mr. Wallace are given in Table

4 below.

Table 4 Experts’ Evaluation of the Wordin igures

Survey Page Dr. Opie Dr Lange Dr. Bozelli Mr. Wallace
Timeline Disagree Strongly agree Agree Strongly agree
Page 1 of 17 Strongly agree ~ Strongly agree Agree Agree
Page 2 of 17 Agree Strongly agree Agree Agree
Page 3 of 17 Agree Strongly agree No response Agree
Page 4 of 17 Strongly agree  Strongly agree Agree Agree
Page S of 17 Agree Neutral No response Agree
Page 6 of 17 Agree Strongly agree Agree Agree
Page 7 of 17 Strongly agree  Strongly agree Neutral Strongly agree
Page 8 of 17 Strongly agree  Strongly agree Neutral Strongly agree
Page 9 of 17 Strongly agree  Strongly agree Neutral Strongly agree
Page 10 of 17  Strongly agree  Strongly agree No response Strongly agree
Page 11 of 17 Agree Strongly agree Agree Strongly agree
Page 12 of 17  Strongly agree  Strongly agree Disagree Strongly agree
Page 13 of 17  Strongly agree  Strongly agree Agree Strongly agree
Page 14 of 17 Agree Strongly agree Agree Strongly agree
Page 150f 17  Strongly agree  Strongly agree No response Strongly agree
Page 16 of 17  Strongly agree  Strongly agree No response Strongly agree
Page 17 of 17 Agree Strongly agree Agree Strongly agree




4.2.5 Survey Questions 4

Question four of the survey states, “The concepts presented on this page effectively
accomplish the project’s intended goal.” At the time of the interview, the experts were
told that this question referred to the content of the material present on each page. The
statement is followed by a Likert scale which the subject was asked to complete. The
Likert scale responses were as follows: strongly disagree, disagree, neutral, agree,
strongly agree, and no opinion. If a subject did not mark a response, the entry was
marked as no response. The responses for Dr. Opie, Dr. Lange, Dr. Bozzelli, and Mr.

Wallace are given in Table 5 below.

Table 5 Experts’ Evaluation of the Content

Survey Page Dr. Opie Dr Lange Dr. Bozelli Mr. Wallace
Timeline Disagree Strongly agree Agree Strongly agree
Page 1 of 17 Strongly agree  Strongly agree Agree Agree
Page 2 of 17 Agree Strongly agree Agree Agree
Page 3 of 17 Agree Strongly agree No response Agree
Page 4 of 17 Strongly agree  Strongly agree Agree Agree
Page 5 of 17 Agree Neutral No response Agree
Page 6 of 17 Agree Strongly agree Agree Agree
Page 7 of 17 Strongly agree  Strongly agree Neutral Strongly agree
Page 8 of 17 Strongly agree  Strongly agree Neutral Strongly agree
Page 9 of 17 Strongly agree ~ Strongly agree Neutral Strongly agree
Page 10 of 17  Strongly agree  Strongly agree No response Strongly agree
Page 11 of 17 Agree Strongly agree Agree Strongly agree
Page 12 0f 17  Strongly agree  Strongly agree Disagree Strongly agree
Page 13 of 17  Strongly agree  Strongly agree Agree Strongly agree
Page 14 of 17 Agree Strongly agree Agree Strongly agree
Page 150f 17  Strongly agree  Strongly agree No response Strongly agree
Page 16 of 17  Strongly agree  Strongly agree No response Strongly agree
Page 17 of 17 Agree Strongly agree Agree Strongly agree
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4.2.6 Overall Evaluation of the Computer Tool Page
The final page of the survey, FIGURE 4 above, asks the participants to evaluate the tool

as a whole. The responses for Dr. Opie, Dr. Lange, Dr. Bozzelli, and Mr. Wallace are

given in Table 6 below.

Table 6 Experts’ Opinion of the Overall Tool

Survey Questions Dr. Opie Dr Lange Dr. Bozelli Mr. Wallace
1) Tool was useful Strongly agree Strongly agree Neutral Strongly agree
2) Easy to understand Strongly agree  Strongly agree Neutral Strongly agree
3) Well organized Strongly agree Strongly agree Neutral Strongly agree
4) Effective use of graphics Agree Strongly agree Neutral Strongly agree
5) Easy information access ~ Strongly agree Strongly agree Neutral Strongly agree

Table 6 shows that both Dr. Lange and Mr. Wallace felt that the tool
accomplished each area very effectively. Dr. Opie agreed with this assessment except for
the use of graphics in the tool. He felt that more graphics would aid in the education
process and could make the tool better. Dr. Bozzelli was the dissenting voice on the
panel. He was neutral to all five of the questions.

The last element which can be reported from the surveys is the experts responses
which were written under the “other comments” section. Dr. Bozzelli did not make any
additional comments in this section. Dr. Opie wrote, “watch typos on each page.” Dr.
Lange wrote, “I learned a lot and it was fun!” Finally, Mr. Wallace simply wrote,

“Wonderbar!”
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4.3 Conclusions
After reviewing the comments of the experts, several things were clear. First, all
cosmetic errors needed to be removed from the tool. This meant that any typographical
errors or graphic mistakes would have to be removed. This was not a problem. The
actual structural changes and additions, however, were a more serious problem.

Of all the corrections or changes suggested by the panel of experts, the most
common related to the overview. Though the experts disagreed as to the extent of the
changes which needed to be made, it was clear that something needed to be done. As it
stood, that section was confusing and contained too much structureless information.

The other addition which the experts agreed upon related to graphics. It would be
necessary to add as many graphics as possible without making the tool so graphics
oriented that it became inaccessible to students using slow computers or on slow
networks. Only the most important and effective graphics would be added to those
sections which needed these types of additions.

In conjunction with the graphics, the experts felt that more examples and
definitions of terms throughout the tool would help the students understand the material.

Finally, each expert had input about smaller corrections which have been listed above.
As was stated earlier, every attempt was made to incorporate the experts suggestions into
the tool as long as the suggestions did not compromise the ability of the tool to function
as a computer tool which needs to be used by students with varying levels of technology

and technical sophistication.
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The next and final chapter, chapter five contains a print-out of the final version of the
tool. Along with this is a discussion of the changes which were made to the earlier

version printed in section 2.2 of the thesis.



CHAPTER 5

FINAL REVISIONS

5.1 Final Revisions to the Tool
5.1.1 Introduction to the Final Computer-aided Teaching Tool
It is the hope of the author that all the changes which have now been made will make the
final version of the tool more effective as a teaching tool. The reader should understand
that the computer-aided tool is meant as an addition and not a replacement to existing
curriculum. Also, many more things would be possible if the constraints placed upon the
author were different.

Again, the reader should keep in mind that the tool being viewed below is meant
to be used on a computer distributed through a network or via the World Wide Web.
Moreover, the tool was designed to allow the student to complete the entire learning
process in approximately an hour and a half to two hours. As a result, many graphics
which might have aided in the learning process have been omitted from the tool. Also,
some related topics and information have not been included or have been placed on
subordinate pages. In this way, it is the author’s hope that the tool will be most
effectively used by the largest number of teaching professionals. The final goal of this

thesis is to make the best end-product available to the most people.

5.1.2 The Final Computerized Tool Print-out
The following pages contains the final printed version of the computer-aided teaching

tool.

84
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Case Studies

Please chovse one of the case-stndies Yisted below.

Click above to access the Stratospheric Ozone Depletion Case Study

Click above 1o access the Printing Inks Case Study

Click above to access the Yolatile Solvent Elimination Case Study

A tutorial hag been provided to help the user become familiar with how to use the compuier (pgl
Tu view the futorial, return to the title screen and click on the bookease icon.
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Stratospheric Ozone Layer Depletion Case Study

This is the introductory screen of the Stratospheric Ozone Layer Depletion case study, We sugzest that you
begin with the overview. However, for your convenience, links to ather portions of the case study have been
provided. Since the cae study is inlerdisciplinary, it is Jifficult to separate any one field from the others. As a
resull, subjeel nreas may overkap within the body of the caze study.

The sia icens shown below are provided (v assist the nsers a5 they work throngh 1he case study. Each icon
has two purpeses. First, the icons represent a major filed ol study presented later in the narrative of the case
study. leons appear on the top of each page of the narrative to give (the user an idea of what material will be
covered an that page. Seeond, if the itons on this puge are clicked the first page in the narralive containing
material related (o that icon will be accessed. More than one Icon can appear on the top of any one page.
This is due to the interdisciplinary nature of the cage study.

Begin the Caze Study

The Historical Overview

The AlUcrnatives

The Goto page has been included 10 allow nceess to 1he entire case siudy. When the Guto arrow is clicked, &
screen appears which allows access to the major arcas of the case study,

w Goln anywhere i the case shidy

A tutorial has been provided to help the usger hecone familizr with how tg usc the computer tool. To view 1he
tutgrinl, return to the title screen and click on the bookease icon.

Weturn To Case Study Selection

Return To Title Screen
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The Overview & Timeline

Tracing Chemistry and the Depletion of the
Stratospheric Ozone Layer By Chlorofluorocarbons

The follewing is an overview of the enlire case study, Each page is listed separately and is accompanied Ty
ane or more icons which repiresents (the major ficlds of study covered on that page. If the page numhers are
clicked, the appropriate page will be accessed. Important dates which appear on each page are also listed
under each section. If any of the dates listed are clicked, the appropriate page will be accessed. By clicking
the phrase, " Additional Dates ol Interest," a page with more information about other dates pertaining (o
hal page will appear. Finally, & brief sypopsis of the material contained an thal page 3 alvg included lor
each page designation, Clicking the word syaopsis will aceess the I¢xl.

Page 1 of 17

15ih Conmry— Lentarda DeVine wreines thal air has seve ral corstiisenty, ane of which supports combustinn,

17th Century-- Rober Boyde provides the frst vperativngl definition of un clement. Alsy Boyle obseryes thal for 2 given number
of minles of gas rolecules, the prexarry 33 inversely propurtional e (he yolume if the temperaiore is held constant,

S¥nopsis

Page 2 of 17

1775-17Th— Anieinc-Laprent Lavaisicr fiest reenganiags auyien 4 i clemenld.

Synupsis




88

Page 3 of 17

1§ Jurgues Charles vbserves that, far o giver number of moles of gas, the volume is directly propoertionat to the shsnlule
temperulune if the prosvure is beld constant.

IR11— Amelden Avagaden propased that equal volumies o a pas al constant prexare aad lenperaluce hxve an equal number
muleruley,

Synopsis

Page 4 of 17

Spring 1#81=- Wr, Jubn Gorrie inventy the first working refrigeruter,

18— Mandeloes's periodic 12hle ig puhlixhed in Faglish, Many emply gpaces appear where sounsto-bie distovered clemints
he placed.

Synopsis

Page 5 of 17

Synnpsis

Page 6 of 17

Synopsis

Page 7 of 17
Svunopsis
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Page 8 o 17

Junc, 1918—CGeneral Molnm hegins manufacturing refriperatnreg far pohlic congumption,
December 31, 1928 The liest patent is given fer the formu(a for chlorofloonccarbons (CFC),
April 1930~ Midgley makes 2 prosentation demmonsivaring the safety of CFCs,

August 27, 1930— Generul Motors and BuPond enter inte & jriot vemture to produce and market CFC.

Synapsis

Page D of 17
Synapsis

Page 10 of 17

1933 The Carvicy Corporation markeis the fiest self-contained houschatd aivcenditioning unit. "The Almespheric Cuhbinel

Synapsis

Page 11 of 17

Sepiemlner B, 1941--Thomas Midgley Jr. receises the Americwn Chemical Society's Priest]y swand for notsranding enestiviiy
the Geld of chemistry,

1958 America’s find pir-condilinned mall npens in Ediva, Minncsota

December 1973-- Rowlani snd Mnling thearizg thal CFC can desteoy (he ceone in the stratosphere.

Additional Dates nf Interest

Synopsis
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Page 12 of 17
December 1974—The first govermment hearings are held on (he CFC-Dxone theory in the United Stales.

Additional Dates of EInterest

Svnopsis

Page 13 of 17

Auzust IM81-NASA scientisi Donald lenth anneunves that smtellite records shuw globsl ocene kevels have declined 1 pereent

Agdditional Daides of Inierest

Synupsis

Page 14 of 17
Svnopsis

Page 15 of 17

September 19%7-=The Montneal Protocel is sigied, cietling Tur eventusl worldwide CFC reductions of 50 pereent.

Additionad Dates of Interest

Synopsis

Page 16 of 17
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Page 17 of 17

1554-19%3— DuPunt™s research und develapment arm produces substilvtes for CFOL These Include partially hydrogenat
chluroflusrecariuns(HCFC) and tolulty hydrogenated chlaroMuosrscarhons {BFC).

Additional Dates of Interesi

Synopsis

Qpne Case Stuily Main Menu

ot dirywhere JA the dane Al




92

Summaries of the Pages

Belvw are summaries of each of the seventeen papes of the case study. They are accessed
directly by clicking the appropriate chapter synopsis button in the pverview.

Synopsis of Page 1

The fallowing pages will present a case siudy concerning the deplecion af the stratospheric nzone layer by
chirofoluorecarbvns (CFCy). The firsl poriion of the case study lvcuses vn basic chemical principles are
necessary to understand the CFC story, Later, many other elemenis will be incorporated into the narrative
Lo pravide 3 complete and balanced view of ihe probilens.

Back to the Overview

Synopsis of Page 2

The material un page (wo relafes (o alomic stenciure. This page provides # loundation for much of the
material which will Tallow,

Back 1o the Overview

Synopsis of Page 3
Tage three opens with a discussion of Charles' Law Next, Avogadro's Law is presented and wsed to unify
Boyle's, Charles', and Avogadro's law into the Tdeal Gas Law. This page closes with a discussion of the Ideal

Gas Law,

Back (o the Overview

Synopsis of Page 4
The first part of page four discusses the first refrigreatar which was developed by Br. John Gorrie. The
remainder of the page discusses the early periodic table. A copy of the modern periodic table is included on

thig page.

Back to the Overview

Synopsis of Page 5

Before dealing more extensively with the periodic table, this page discusses the electronic configurations of
the ¢clements. The text then goes on to explain how the energy levels of dilferent atoms are filled ina
particular order {o give the perisdic (able ity nnique shape,
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Back to the (hverview

Synopsis of Page 6

Page six explains the Tamilies of elements found i the periodic table. Each Tamily has unigque chemical and
physical praperiies which help chemists delineaie the fomilies.

Back 10 the Overview

Synopsis of Page 7

Page seven briefly expiting chemicnl honding hefore broadening ihe discussion to (he progress of chemistry
Ay A soieneg.

Back to the Overview

Synopsis of Page 8
This is the first time something other than chemisiry is discussed. This page looks at the entrance of
corporations, such as General Motors, into the world of organized seience. The mvain facus of (his page is a

dixgusyion of how scienlists warking for General Motors developed the first CFCs,

Back 1o the Overview

Synopsis of Page 9

Page nine focuses on the marketing of CFUs wnder the niame Freon. [t provides an example of the naming
systent as well as same piciures of the mast ecammon CFCs

Back to the Overview

Synopsis of Page 10
Page 1en presenis the characleristics of the class of chemicals known as CFCs.

Biack tg the Dyverview

Synopsis of Page 11

Page ¢leven lnaks ail the spread of CFCX thranghout industry. Due to their ¢hemical useTulness and
inexpensive cosl, CFCs sremud 1o be the perfect chemical for mpny industrial needs.

Back (o the {Jverview
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Synopsis of Page 12

This paze begins 1he discussion of nimospheric chemistry. It opens with & description of the Earth's
aimosphere as well as how ozone is formed in the upper atmosphera,

Back ta the Dverview

Synopsis of Page 13

Page thirieen descrihes the process af nzane destruetion hy CFCs. 1 also Toaks at the uniguc sitnation at th
south pole where an ozone hole has rmed,

Back to the Overview

Synopsis of Page 14

Page fourieen discusses the role of science in the dehale over grone depleting chemicals such az CFCs. Also
disrussign of the ways in which scignce can assist in the sululion of the ozone depletion problem is begun.

Back to the Overview

Synopsis of Page 15

The Montreal Protocol is the focus of page fifteen. Both the rensons for the ariginal pratocol as well asils
amendnments are given and discuszed.

Aack to the Dverview

Synopsis of Page 16

Page sistern describes some modern monitoring teols such as satellites and ground-based ozone data
collection systems. A graphic example of the azone depletion prolden is also provided.

Back {o the Overviaw

Synopsis of Page 17

The final page of the text, page seventeen, presents several alternative which have been used ta help salve 1|
steatospheric ozone laver depletion problem.

Back to the Qverview
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Additional Dates of Interest
Page 11

1958-- 9% of the thealers, 40% of restaurants, and 25% of the hotel reoms in America are air-con
1962-1966-- 78% of all new apartment buildings are equipped with air-canditivning.

1963-- 15% of the 6.5 cars in America have air-conditioning,

1971-- 58% ol all American cars have air-conditioning, as do many truck caly #nd ather conveyanc

1972-- More than half of all residences have some form of air-conditioning.

cturn to Overview
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Additional Dates of Interest
Page 12

May 1978--The CFC-ozone theory it hotly debated at the American Chemizal Socicty mpeting in
Philadelphia.

June [975--The Natural Kesources Defense Council sues the Consumer Produc | $afcly Commission for a ban
a0 CFCs used in sernsol spray cans.

June [975--lohnson Wax, the nation’s [ifth largest manolaciurer of aerosol sprays, unnounces it will stop
using CFCs inits produoreis,

June 1975--A governnient tagk force called 1MIOS defers the decision to regulate CFCs to the pending NAS
repark.

June 975—0regon becomes the fiest staie 1o ban C¥Cs in aerosol sprays.

July 1975—The Consumer Product Safery Commission rejects the NRDC™s lawsuit claiming that there is
insufficient evidence that CFCs hiarm Lhe prane layer.

September 1976--The National Avademy of Sciences releases its report verifying the Rowland-Malina
hypothesis, bzt savs government action on CFC regulations should be posiponed.

October 1976--"The Food and Drug Administrstion and Environmenizl Protection Agency propose a
phuse-uut of CFCs used in aerosols,

March 1977—The Uniled Nutions Environmental Program holds the first international mecting to disenss
czone depletion.

May 1977--Several government agencies announce joint plans to limil the uses of CFCs in aerosols.
October 1978--CECs used in aerosols are banned in ile United Siates.

November 1979--A steond NAS report on the CFC-ozone theory is released, putting depletion estimates 4l
16.5 percent and saying a “wait-and-see™ approsch o regulations is not practical.

April 1980--The EPA anncunces the United States® inrention 1o freeze all CEC production at 1979 levels,

Oetolier 1980—The FPA, uniler the Carter admimistration, releases an Advanced Notice al Froposed
Rule-making outlining plans for additional CFC regulations.

July 1981--Tlearings are held in Washington to discuss protection of small businesses from possible new CFC
regulations. Hearings are highly critical of the Advanzed Notiee of Proposed Rule making.

Retarn to Overview
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Additional Dates of Interest
Page 13

March 1982--The NAS releases a third report on CFC-ozone and predicts eventual pzane depletion of 5 to 9
percent.

February 1984--A fourth NAS reporl dewnplays the potential barm to the ozone Iayer from CFCs by
lowering depletion estimates to 2 ty 4 pereent,

October 1984--A British research gronp ted by Joc Farman detects a 40 percent ozane loss over Antarctica
during nusirat spring,

March L985-The Vienua Convention, calling for additioral vesearch and exchange of information on ozone
depletion, iy signed by international negotiators. Negotiatars [ail 10 agree on worldwide CFC regulations,

May 1985--Farnan's paper is published in Najure.

Augusi 1985--NASA’s llenth shows siutellite pholos conlirming ihe exisitnce of an ozone hole over
Antarclica.

January 19846--EPA releases ils Stralaspheric Ozone Protection Plan which calls for new studies to determine
whether additional CFC regudations are needed.

June 1386--Papers are publishidd by two research groups indienting chemicals anil polar stratospheric clonds
are responsibie For uzonce losses vvey Antarctica.

Jume 1986--CEFC manulaciurers suggest (hat sale substitutes for the chemicals might be possible for 2 high
enpugh price.

September 1936--A major CEC indnsiry Tobbying proup annonnces it will support limits on CFC growth.
September 1986--The Du¥ont Corporation anmumnces it will eall for limiss on world-wide CTC production.

December 1986--Internglionsl negolinlions on ozone protection resuwine in Geneva after a 17 month layofT,
The Uniled States proposes worldwide CFU reduction ul 25 percent by the next decade.,

April 1987—Under pressare from some high-level officials, the United Siates backs off its original pasitian
and proposes long-term CFC reductions al 50 perernt,

Jung 1987--NASA’s Heath reports zatellite Smlings of a 4 percent ozone loss detecied over i seven year
period. A NASA-sponsored study calledd the (rzone Trends Panel is orgavized 1o review the findings.

Aupust 1987—The McDonald Corporation anneunces it will nu longer purchase materials which were made
using CFCs to package its Tond products.

Return to Overview
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Additional Dates of Interest
Page 15

October 1987--The Antarctic ozone expedition ends: findings indicate that chlorine chemicals are the
primary canse of ozone depletion.

November 1987--A scientific conflerence conlirms the lindings of the Antarctic ozone depletion expeditian.
November {937--United States Liwmakers call fur new pegutiations to strengthen the Montreal Protocol
February 1938--Three United States senators ask DuPont tu stop making CFCs.

March 19883—The chairman of DuPoni dewies the requesi (o stop making CFCs.

March 1988--The United States rulifics the Mentreal Protorol in a unaimoss vote.

March 1988--The Ozane Trends Panel annonnces UL hag found ozone 1osses of 1.7 1o 3 pereenl yver the
Northern Hemisphere.

March L1988--Vhree weeks alter refusing ro stop making CFCs, the DuPont Corporation announces it will
ceaye manulacinre of the chemicals as substitutrs become available.

April 1988—Manulacturers of plastic lnam leod containers anmounce they will stop nsing CFCs,
August 198%--The EFA arders domestic CFC veductions that mirvor the ternis of the Montreal Protocol,

Octuber 1988--Seirntisis mecting in the Netherlands confirm the Ozore Trends Panel findings of ozone lessey
in the Nerthern Hemisphere,

March 1989—FEuropean rouniries and (he Cnited States agree to faster CFC reductions but developing
countriek appose e new timelable citing the cosis of substitaies and scieniific uneertainty,

1990-- The Lnited S1ater Congress passes the amcidments to the Clean Air Aet, These amendments include
Title VI, regnlations concerning the prolection of stratospheric ozone.

1992-- Worldwide vzune levels in the stralosphere drop ta owest levels in recorded history.,

Return to Overview
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Additional Dates of Interest
Page 17

1995 Auts-makers begin installing air-conditioning enils in cars which use HCFC-134a, a substitute fo
CFC-12.

June 10, 1995— Wal-Mart opens an cxperimental™ environmental prototype store™ designed with the Iai
advances in environmentrally conscious building materinls and technigues.

August 1955—The Yarges| hole in the vzone over Antacrtica begins to form. This is the earliest a hole has
formed since recordings have been made. When i1s growth was complete, the hole encompassed the enti
continent of anlarctica and was the largest hole ever recarded.

September 14, 1995-- The CEC of Whirlpool corporntion announces that the company is commiited to
building n [arge state=of-the-nrt plant in hedia (o manofactore CFC-free relrigeration units,

October 6, 1995~ The Environmental Council augrees to argue for tighter rules an the use and produoctio
ozene-destroxing substances at the international conlerence in Yienns in November,

Return to Overview




Stratospheric Ozone Layer Depletion

Back tn the (hveryview
Page 1 of 17

Introduction

The utmosphere in which e live Is vital to life an earti. It acts as both a source of raw materials
and a means of waste disposal for almast every ferm of Llife on the planet’s surface. The eonstant
interchange between (he amwsphere, soil, water bodies, and the living organisms on Earth keep
the planct's ceosphers in balunec. This balanved regulaied stare is maintained through a seriey ol
exvcles which move reseurces from one living organism to another by use of solar energy and
nraterials found in the land, sea, and air. Without these exeles; the system would loxe ity ability o
muinluin the hooeastasis and the entire ecosystemn would zoon run down. By introducing synthetic
chemuicals into vur environment, humans have unintentimally opset nature's halanee, ITwe are
witt careful, the system may be pushed toc far and so not be able to recover, [T this happens. the
delicate bulunce swhich the Farih has bren uble to muinizio would be lost, perhaps, making human
Tike no Yanper possible,

The illowing pages will present a case study concerning the depletion of the stratospheric vanne
kaver by chlrofloworncarhnns (CYCx), The liest portion of the case study focuses va basic chenical
privciples »hich are necessary to understand the CFC story, Later, many other clements, such ax
the cconomics and politics surriunding (the sprewd aod evenfual ban o7 CFCx, will be incor porated
ints the nareative to provide a complete and balanced view of the strutospheric ozone Iayver
depletinn stary.

Fn the fifteenth century, Leondardo De¥inei realized 1hat the air he breathed was comprised of
wiore than one zas. He also noted that one of these passes must be rexponsible for cambustion. At
that time, the seience of chiemistes way in its infancy, Scientists today know thae the mas Deyinei
yeas speaking of wis oxygen.

Hopfe’s Law

‘Two hundred vears later, many scienlists were workiog to explain natore. Though chemistey had
nat 3 el beewme a full-fledged science, at this tine, many new diseoveries were being maile. Many
different problems confronted the sciontists. AH worked to delineate the constituents of the world
arounil them while guantifeing these constituents® interactons,

An important early discovery was made by Robert Royle. It concurned how gasses el when
placed under stress while hokding certsin v ariabies cansrant. ¥hile designing vacusm pumps to
remove air fram vissels, e noticed something that yeemys quite inluitive und abyives teday. 1T you
have squeczed a sealed bag of wir or o bullean, you may have noticed that it seems to push back
the more yuu vimpress it Bovle labeled thiv revistanee, * the spring of thie 2ir” and fimond that he
could measure it Afler many experinients, Boyle yaw a correlation between several of the
varixhles. e nperationalized these correlatinms inta the lan which hears his name, Boy Ie‘g law
states that, for a given number of moles of gas molecules, the pressure is inversely proportional i
the valuma if the temperature is held constant.

100
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What Is » Mol

Boyle' law van be expressed in a formula as follows:

If
I’ = pressure
V= ¥Yolume
T = Temperature
a = Number of moles of gas
k= constant of proportionality

Then Y=k /P or VP =k ( for a constant T and n)

For comparing the same gas sample at constant temperature under differing conlitions of volume
anil pressure, Boyle's law can be written as follows

P.V.= PV

The subseripts | and 2 represent the different conditions -

©An Exampie of Boyle's Law.

b Gaio anywhere In the case stutly
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What Is a Mole

A mole is an Avogadro’s number of anything, Avogadre®s nmmber is 602,200,000,000,000,000,000,000 or,
more ensily, 5,022 X 10 to the 23rd power (6.022 X10"23} This mean: if you have £.022X 10423 apples, v
would have one male of apples. Avogadre's nuimber is so large because it 18 usually used when disrussing
extremely small ubjects such as atoms, By definition, A mole of the most commeon carbon atoms, Carbon-]
only weighs 12 prams. That means that 6.022 X 10 *23 atoms of carbon-12 has a weigh of only 12 grams.

Back to Papge |
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An Example of Boyle's Law

A child is playing with a 2 liter halloon at the heach (Pressure = L ATM), If the child releases the balloon
what will be the volume when the pressure equals ATM?

Lszing the formula:

V.= P.V:

and the information porvided above:
Po=1AT™M

V1= 2 titers

P:= 0.50 ATM

then,
rt sizraze v2 X DLSD ATM =2 Mers X 1 ATM

Rearranging,
V2= (1 ATM X 2 liters) 0,58 ATM
thercfore,

Vai= 4 fiters

Back to Pawe 1
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Stratosplieric Ozone Layer Depletion

Previgus Page
Page 2 of 17

Aromtic Struciure

In 1773 Juseph Priestly isoluted oxygen gas. A few years later, Antoine-Laurent Lavaisier
recognized oxvgen as an element. He was the first person to give a practical definition of an
glement. An element is 3 subsianee which canmel be heoken down info sinspler suhstances by
chemical processes, Even if elements are physically separated. there will come a point at which
there is anly one umit representing thal clement. This aait is koiswin ay 9o aleen, Atums are the
suallest unit of an clentent that can exist 2y a stable entity, Even though atoms ¢an be broken
down further, any separation past this level paoxes the constituent parts to lose any recogoition as
different elerments. Vhis idea of a basic unit of matter was important to Tuture understanding and
use of the lements, Even thiugh many clements wwere identified, esactly what they were and haw
they interacted way not understood until the atomic model beeame known,

An atutn is comprised of tve major parts, the nucleus at the conter, and the glectron clond
arhiling whoul the nucleus, Twe types of particles contribute fo the nucleus, pretons and neutrans,
Though mest of an atem’s mass is contained in the nuelews, the nuelens does not contribule very
much in the averall size of the atom. Ve rading of o typical atontis 1 te 2.5 Angstroms. 'T'he radios
of & ty pical nucleus is only about 000001 Angstroms, | Angstroms is cqual f D000
millimeters, To help sisualize this, imagine that vou are standing in the middle of a golf course
holding o golf ball. If that golf bull was the nueleas of sn abivm, the atiom wounld extend for
approximately three miles in every direction. As can be seen by this ¢xample, an atom is
eomaprised of mastly emply space through which the electrans travel,

Protons and neotrons sre almast exactly the same size aid mass bol profots carey & posilive
charge with them. The mass of atomic particles is measured in Apwic Muss Caits or amu's, Ong
amu is defined ax exaetly one twelfih the mass of 2 cacbos atom which s Six protons and »ix
nedtrons in its nucleus. By this definition, hoth protons and neutrons have 4 mass that is nearly
but not exacth one amu. By definition, 20 Ay ogadee’s number of protons or neutrons is equal to 1
Brat,

‘The mass of & proton is 1.00728 amu and the maxs of 2 neutron is LOOR6Tamu. By cuparision, the
mass of an eleetron is wnly LGIS4Y amu, about 1/1%36 that of either 2 protan or a meutron,

Comparaed (0 these particles, the clecirons that reavel around the positix_'tly charged nucleus have
abmiust ne s at il Despite this relative back of mass, ahout 000054 times thal of & protan,
clectrans i have # negative charpe that is egual (e the positive chiarge of the proton,

In an atom that decs net have a charge, the nuniber of protons equals tie number of clectrons. Lo
this way. the charges balanee. IT the numhber of electrans dines pol equal the numbuee of protons,
the atiim is said to be an ion. Jons can be positively or negatively charged depending on whether
there arg mare electrons or mare protuns,

This numher of protons ar electrons in 4 neutral atom is called the atomic number. Atomnic
numbers are important becanse vach element hux 2 unigue number. Though the numbier of

gar27ies "
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nentrons in 3 nucleus van vary, vach additional proten signifivs a new clement. Different from the
gtomic number is the atomic mass. The mass of an atamn is caleolated by adding the aumber of
protons and neutrons together to come to # total. Thiy mass can be different for different atonis of
the same clement depending on the number of neutrons in the nucleus. 'I'his is why the atonic
niass of ap atom can vary, while the atumic number remaing coanstant Atams of the same cloment
which have different atomic masses are called isotopes. These concepts of atomic number and
mass will become very important later on in this disensson.

Back To The Overvicw

6' oo anywiers in the case siadv
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Stratospheric Ozone Layer Bepletion

Previous Pare

Page 3 of 17

Chartes" Law

Shifting awuy from o yuest to understand elements back to a broader look at how things interact,
brings us to the investigatinn of another gas law. In 18 Jaeques Charles observed that, for a
given number ol moles of gas, the volume is directly proportional to the sbsolute femperature if
the pressure is held constani.

Charles® ko can het expressed inoa Tormala ax Tollows:

i
P pressure
¥ = Volume
T Temperature
n = Numbur of mides of pax
k  cooxtant of proportionalin

Thea ¥ kT (fur a constant P and n)

For comparing the sacin gas sample at constant pressore under differing eonditions of volume and
temperabure, Charles' law can e writlen as Tnlow

TIV.':: TV,

Thy soliscraprs 1ol 2 repreesend the diffevend eonditinns

An Example of Churles' 1an

Avoegadre Law

In 1811, Amedes Avopidro provided the vital third part to the view of gasses and their
interactions, He proposed that crqual vulumes ol 3 gax al constant pressure and temperature have
an equal number of molecuies.

Avirgadre’s ki can be expressed in o lormulka i Follows:

i
P = pressure
Y ¥Yolone
T =Temperalury
11 = Number of moles of gas
k — conxtant of proportionalicy

Then ¥ - kn {fur 2 constant P and T)
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Stratospheric Ozone Layer Depletion

Previgus Page
Page 4 ot 17
Fiee First Refrigerator

In the spring +f 1851 Dr.dohn Gorrie pot Gay-Losac 's variation of the ideal gas law into practice
when he invented the fivst working refrigeratinn onit. Garrie wis a physician in Florida irying 1o
combat wabkaria, At that time, spoihed Mood was suspected as a cause of the disease. Having i good
knowledge of science. money to spend, and tiome to devale ta his intercst ininventing, Gorrie sel tn
work on his ides of o *cod bax'. The would-be inventor Boked at il varigtinn of the ideal gag kv
thiar Gay-Lusac derived. In termy of practical applicatisms, this formuky suyvs that il a pa is
allowed Ly expand, it will consumg heae from the surroundings, Gorrie reasaned thatif the
surrgnndings were isolated, the cooling effect evuld be utilized to produce ice, which could be wsed
1o Kevp Tuod froem spoiling. Using o xteam pump. Gorrie assembled the Grst refrigeration unit.

L nfortumately, his idea wax gl but his dexign poor, His refrigerator did nat huve moch success,
but the idea of Keeping things cool by uftilizing the croling power nf an gxpanding gas would wot be
easily lost. Liorrie died without secing his ilea putinto productive use, but be had siaricld
suencthing which, with a litthe help from scientists and industrialists, would become an integral
mart of Aunerican lite,

The Early Periodic Tabie

Though there had been muny imporianl diseoveries in chemistry over the last few hundresd years,
muny of the lacets that were proven were not linked topether in uny coherent way that conld help
muave the science forward. Many elements hal been identified and many chemical theories existed
fr explain hiw aod wha the nniverse acted the way it did. In 1871, Dmitri Mendeleey published a
table which would help te revolutinnice how chemisiry way to be carried ont. Mendeleey®s tabile
listend the known glements in order of ascending atomtic numbers. This was not 2 particalarly
innovative idea by itself The twist which made Mendeleey's periodic fable different was that he
classificd the known clements ints columns and rons according fu their properiics as well, He left
many empty spaces which predicted somm-to-be diseinersd clements, This tible helped o poide the
search fur new elemenis ynd directed research into a deeper wnderstanding of the known elements
and their interactions.

Morc than just helping fo show where new elements might be Iund, the periodic table showed
bow cael element shauld react and identified the families of elements ax they are understond
today, The arransement ol the elements vn the preiodic fables is understood to be related o the
numbrer and arrangement of electrons in eacl element. Today, the periadie tabic is eomplete, in
the sense that there are no longer any biissing clemenis among the Orst LTG atonuic numbers.
Uheoists continwe to leok for and ereate the higher atomic number elements guided I the
knnwledee of how many protons the aew elements should vontaio andd how these new elepents will
react onee they ane creuted,

The Periodic Table
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An Example of Charles' Law

A child is playing with a 4 liter beach hall ai the beach au & warm ssummer day { temperniure is 22 degrees
Centigrade), If the child puts the ball in the shade where the temperature is only 17 degrees centigrade, what
will be the volume ofthe balt?

Using the formula;

Tt‘friz TtVI

and the informarion porvided above:
T=22¢C

Vi= 4 liters

P:=17C

First the temperatures must be converted to Kelvin . In this case, add 273 tp the centigrade
values. Ti=22€ + 273 =295 K

P:=17C+273=200K

then,

V.= VoX295 K =4 liters X 200 K
Rearranging,

Vo= (200 K X 4 liters} / 295 K
therefore,

V.= 3.9 fiters

Rack to Paoe 3




109

More About Ideal Gas

The isleal pas law sxsumes thal gas malecules acl as point masses which do not interact with ane
another. Unfortunately, this is not the cave, Real atoms aril molecoles can not be so simply
deseribed. 1T all passes were ideal, the equation PY/RT would always equal one for one mole of
gas. When dealing with real gasses, however, this is mot the gaxe, The ideal gus Taw is 3 gowd
approaimation T how a gas will act. It can be vged to predict the state of a gas under certain
conditions. The deviation from the ideal state by any gas is given by Z, the compressitrility
voufMicient.

I=PV/RT

the cocflivient 7 can be used when the hebavior of a real gas needs to be found more preciscly thy
the ideal gas law can predict.

Back to Pawe 3
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Fhe First Refrigerator

In the spring f 1851 Drodnhn Gorrie put Gay-Lozac *s variation of the idesl gas law inte practice
when he invented the fivst working refrigeralinon onit. Garrie wis a phygician in Florids (rying in
combat wmalaria, At thal time, spoiled fomd was suspected as a cause of Lhe disease. Having a good
knowledge of science. money to spend, and o ta thevale to his interest ininventing, Gorric sel tn
work on his idea of a ool box®. The would-be inventor loked ot (e varistion of the ideal gas Loy
thar Gay-Lusac derived. In termy of practical spplicatiens, this formula savs tharif 2 pax is
allowed to expand, it will consume heat from the survoundings, Gorrie ressaned that if che
surronndings were isolated, the cooling effect eould he ntilized to produce ice, which coudd be wsed
to Keep fund froem spoiling. Using & steam pump. Gorrie assemibled the first refrigeration unit,

L nfortunately, his idea woax gomil but his design poor, His retrigerator did not have much success,
but the idey of keeping things cool by urilizing ihe cunling power of an expanding gag wouid not be
easily lost. Goorrie died wilhout secing his ides pat into productive use, but he had staried
suenething which, with a little help from scientists and induostrialists, woulil become an inregral
part of American life,

The Early Periodic Tabfe

Though there had been muny important diseoveries in chemistry over the last few hundred years,
muny of the Faets that were proven were not linked together in uny coherent way that conld help
muove the science forward, Many elements had been ideatified and many chemical theories existed
fir explain how amd why the nniverse acted the way it did, In 1871, Dmitri Mendeleey published a
tuble which would help to revolulivnice how chemisiry was to be carried out. Mendelers s Lahle
listed the known glements in order of ascending atomic numbers. This was not a1 particularly
inmovative idea by itsell The twist which made Mendeleey's periodic table different was that ho
cluxsified the known elements ingn columns and row s aceording (o theie properiics as well, He left
mamy empty spaces which predicted somi-to-he diseirvered clements, This table helped tw poide the
search for new elements und direeted research into a deeper nudersiunding of the known elements
and their interactions.

More than just helping to slhow whiere new clements might be und, the periodic table showed
Low cuch element shauld reaet and identified the families of elements ax they sre understond
today. The arrangement of the elements vn the periodic tables i understood 10 be related o the
numbier and arrangement of glectrons in each clement, Today, the periedic tablc is complete, in
the sense that there are no linger any missing elemenis amang the Tirst TG atonlic numbers.

L hemists continue W ook for and ereate the higher atomic number elements guitled by the
kannwledge of how many pretons tfhie new efenments should contaio anid how these new elements will
reaet onee they are crewted,

The Periodic Table
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Livctronic Configuration
See the 'erivdie Table

Before discussing any more about the plcement of elemients on the periodic table, it éx fmporiant
tr understand how the eleetrons cireling the nueleus of the gums are configared, Thraugh
experiments, seientists have demonstrated that the electrons are arranged into levels conxisting of
different shells, The electrons in the inneemuest shell wre beld most lighily Iy the stom. The further
from the nuclens, the weaker the attraction the electron feels, 1t is said that an electron further
from the uueleos is ut & highee energy bevely, and subsequently, has more encrpy.

One imporiant fet ahout energy levels is thal they cannot hold an iofinite oumber of electeons.
Fach level and shell has 4 speeific maximum capacity, Alsa. both are mast stable when full, Uhe
first bevel can hold up to owo electrons. The second level has a capacity of eight. The numhber
inereases with cach level but even s, atoms strive (o have cight electrans in their autcrmost shell.

Something clse ta remember is that anly the electrony in the sutermnst level or shell interact in
chemicul reactions. [f the outer shell is full, there is very little chance thar the atom will react with
snuther atont. On the other hand, if an atom has oaly seven glectrons it will ey to find an
additiunal eleciron or if the outer shell has only vne cleeteon, the atn will iy Lo release that exira
clectron to move to the full shell one Jevel lower. Knowing theve facts will aid in the understanding
uf the perivdic talle

The Muadern Poerimdic Table

o 2 mrdern perivdic table, the periods of the fable inerease unevenly ay the atomic aomber of the
elements inerease, Thiv is a resnlt af the way in which clectrons are added to the atoms. The first
energy shefl in each level is known ax the 8. 1t is capable of handling onls twa gleetroms. The
sceomd shell is the I* and can handle six morc for a total of vight in the seeond period. The third
level hax an additional set of atomic orbitals called the I¥ shells which can bold len more sleelrms,
This pattern continues toward infinity. Fach nen leve) adds twice the mext odd number of
electrans, 1f each level Tilled uniformly, this system would be casy to follow. Unforrunstely, by
lonking al the chart il is cusy te see thut this is nal huppening. Looking, at the table shows that the
progression is 2. 8, 8, 18, 1%, 32, 32, and sv on. Uhis problem might seem hard to comprehend at
firsi, but in the end, it has 8 very simple explanation.

Fiting The Electren Shells

Advros try (u liod an elecironic configuration which allows themn ta reach tie lorest enerpy slate.
This helps explain the add proagression in the periodic table as will as the reasons for the
firrmation ufl molecules, As it turns out, certain eleciron configurations allow & lower energy stute
than ethers, The following chart shows how the different cleetran fevels are filled to allow for this
lowest ene ey stale
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Ppries
éﬁ@) P(s)
F(6) DI10)
F(12)

D(10} F(12)
P(s) TI(10) F(12)

By smr’tilfg al the tup of each column and reading diagonally to the Left, it is possible to see hnw
different levels fill in different nrders, The number in parcathesis corresponds ta the maximum
number of electrons which can be placed in any one level.

As can be seent Trom the pattern of filling, it is more aildvantageous for an xiom to fill the 48 shell
before it flils the 3P shell. This deviation fram the paitern allows for the o, ever expanding,
shuape of the periodic rable.

Next Page
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Page 6 of 17
Families of Elements

See the Periodic Tahle

To help understand the overatl arrangement of the table, it is helpful to divide it into two groups;
metals and nonmetals. Mctals are usually typifued By shiny, malleable, duetile substances that axe
cager fo loose electrons. Conversely, nonmetals are briffle and try to gain electrons. The lower and
further left on the table that one looks, the moxe the clements aet like metals, while the higher and
fortlier right on the table one moves, the more the elements become nonmetals. In the center ix 4
region of semimcetallic compounds known as the metaloids. These can exhibit properties of both
metals apd nonmetals. Alsu, there are special cases on the table, Starting with period four, 4 proup
of eleraents appear. ‘These are called the teansition metals and all bave very similar properties.
This large collection of elements corrvspond to the filling of the I arbitals. Begigoing in period six,
thexe appears another epllection of elements known az the rare eartlrs or actinides. Their
appearance here veflects the filling of the F orbitals, All of these metals have extremely similar
chemical propertfes and ore alig very scarce.

Moving from these rather rare elements fo ones that are encouvntered each day, lef us look af the
leftmost columm of the chart. This group contains the family kaown as the alkali metals. This
family is charaeterized by exiremely reactive soft metals that will tend to form +1 ions. The family
10 their cight are {he alkaline earth metals. These are similar but cend to forn a -2 ion.

Moving across the chart to the rightnost columm, we find the family of elements known as the
noble gazses. Thiz family iz characterized by their lack of reactivity. Each member of the group
has 2 full outer shell and ¢ is not inferested in acquiring or losing electrons. These gasses are
satisfied. The next column to the left contains the family known as the hzlogens. This family is the
most reactive group of <lements known, The members of this family are cager to aeguire one
clectron and become anions with a -1 charge.

Other families ou the chart are also prouped together but because their chemicsl and physical
reactions are compley, it is dificult fo make general sfatements about theni. Those elements in the

family headed by oxygen wsually &ry to form -2 ions, those nnder nitrogen form -3 fons, and those
undeér ¢arbon form the unique gronp which can either be +4 or -4 fops.

Carban is of particular interest because of its ability to combine with zlmost every ofher element
ag well as itself to form long chains or polymers. A polymer s a Jarge molecnle composed of a
repeating seyuenes of chomicals honded fogether.

Nexi Page
e —
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Cliernical Bonding

It is impovtant fo understand something about chemical bonding before the discussion can move
forward. All molecules are held together by bonds befween atoms. A bond is an clectron-static
atiraction between one atom and another. Tvo of the major fypes of bonding which aceur are
ionic and covalent bondiong, In an ionie hond, one atom transfers an electron to agother. When this
happens, the ianic bonds axe formed due to a difference in charges, The clectrostatic atiraction of
these different charges holds the twe ions together, In covalent bonding, the atoms invelved do not
wish to relinguish thefr eleedrons, Instead, the atoms share a poxtion of the electromagnetic ficld of
the axbiting electrons. The more intense the desine for the shared electron the sivonger the bond. It
is this knowledge of the clements, their atomic strecture, and their bonding capability thar helped
move chemistcy forward as a science. Onee the theoretical groundwork was laid, chemists were
ible to use this knowledge to hegin synthesizing compounds fonnd in pature as well as create
many that were nof.

The Progress of Chemistry

This understanding of chemical reactions, the periodic table, and the interactions of gasses made
many new inventions possible. With the advent of large companies, the face of chewnistry ¢hanged.
These corporations created researeh feams to develop and synthesize new chemicals and machines
which would hielpy speed the process of development. It was these research and development
orvoups who were Iargely responsible for the next wave of progress and inventiveness.

Though Gorrie was nof able to see his invention make its way into henselolds we all know that it
did. Thanks to other seientists and ¢cngineers, his idea was improved upon aod made funetional
and profitable. As the demand for refrigeration grev, s¢ did the number of ehemists and éngineers
working on the prollems.

Next Pare
Back To The Qverview
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The First Chiorofluorecarbons

In June of 1918, General Motors joined the refrigerator mapufacioring industry by purchasing a
small Detroit company and repaming it Frigidaive. On the surface, this does not seem to bhe that
significant an event. However, when General Motors began maoufacturing, it also began working
to perdect the products it was velling. Though many ather companics were in the field, few had the
quality researchers that General Mators passessed. Also, the money that conld be invesbed by this
automotive giant was unparalieled.

The research tean for General Motors changed the acstheties of the carly refrigerators to make
{hem mure acceptable to the consumer. This change, along with several nthers, improved the
physieal appearance and functioning of the General Motors® units, More than 2oy otber problem,
the main difficulty that s6ll vemained with all refrigerators was the refrigerant used to cool the
box. Ammonia, a highly toxic and potentially explosive liquid/gas was the refrigerant of choice at
the time, Many research groups fried in vain to find an adequate subs{itute which had as good 2
cooling potential, was less toxic, was safe, nod would not cost an exorbitant amount.

One of General Motors® most cclebrated and successful researchers wes 3 man named Thomns
Midgley Jr. Midgley bad invented the lead additive for gasoline as well as many other chemical
innovations. When he started work on the problem of the refrigerator, no one thought that his
next creativn would change the woxld so significantly, but it did. On December 31, 1928,
Frigidaire received the first patent for the class of compounds which would conre to be known as
chlorefluerocarboens (CFC)y. With this patent, the modern nge of refrigerators and
alr-conditioning began.

In retrospect, the ereation of the first chlorofluorocarbons was a momentous discovery. Atihe
lime, however, no one knew exactdy what these new chemicals could be used for. Slowly, CFCs
nrade their way into the market, Before anyone would rush to purchase snd use this nevw cheimnical,
wany tests and siudies would need to be undertaken. In April 1930 Midgley made a preseutation
demonstrating the safety of CFCs al the Atlanta meeting of the American Chomical Suciety.
Midpley began by placing an empty glass jar on a table in front of the assembled crowd. Into the
jar, he poured liguid CFCs, which apprared to be white and opaque. The liguid hegan. to boil
instantly as soom 85 it warmed to room temperature. As the vapors billowed up out of the jar,
Midgley placed his face over its mouth and took & deep breath, inbaling the cold sérearn. He went
un ko explain that CFCy are non-explosive, have not harrmed any animals, and except for an
intoxicating effect, have wo eftect on humans, Moreover, CFCs are chemically inert and, most
importantly, are perfoet refrigecants. The crowd was thoroughly impressed. A few months later,
oo August 27, 1930 General Motors and DuPont entered inte & partoership to prodoece CFCs
under the frade nmne Freon, Scicntists at the time, performed every test on CECs that could be
imagined, In {he end, they were found to be safe to hurmans, ¢onstruction materials, and the
envirenment. Best of all, they were inexpensive and highly useful. Not uniil many years later did a
new group of seientists find out that CECs could be very harmful to everything on earth.

Next Page .

Back Ta The Overview
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Numing Freons

As part of the marketing plan, Du Paxt developed & nimbering system to refer to the
chlorofluoracarbans. Each species of CFC is given & number which can be used to determine its
stractural formula. For example, trichlorofinoromethanc (CRCI2) is Freon-11. (82e CFC-11) The
formula fox decoding this system s simple.

Add 90 1o the Freon nuniber and interpret the three digif result according to the following systen
the Teft digit is the number of carlbon atems, the middle digit is the number of hydrogen atoms,
and the right digit is the number of flnorine afoms. Conspicuous by its absence is chlorine. All the
bonding sites that are not taken op by either flzorine or hydrogen are filled by chlorive. For
example, to determine the formula for Freon-12: :

CFC -2 v 12+ 90 = 102
This implies:
0 1Carbon

2 0 Hydragen
2 2 Fluoriogs

To determine the number of chlorine atoms, begin by imagining the methane building block.

FETWE

Then, using the numbers from the formula above, fill in the infarmation that is derived. Finally,
count the number of vacant sites. This nuniber equals the number of chlorine atoms. In the ease¢
CFC-12, 1 earhon has four bonding sites. Since there are 0 hydrogen and 2 fluorines, this Jeaves 2

b;::;lding sites (4 carbon - 2 Nuorines). Chlorines fitl the empty sites meaning there are bvo
chlorines.

{See CFC-12)
Next Page
Back To The Qv
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Characteristics of Freons

Im general, all Freons are carbon compounds containing chlorine, flanxing
most ¢ommon Freon componnds ave chlorofleorocarbons or CFCs in pan
CEFC-12) whose chemical formuls is CCI2E2, Froons are used so widelv
their high densities, low boiling points, low viscosity, and low surface
easily liquefied making them idesl for wse as refrigerants and solvent
mide Freons a Lost selley amongst many indnstries. Also, the proper
wiany other areas. Freons are widely used as solvenis, propellants, fir
agents.

Eefore looking any furtber into the spread of CFCs, if is important f
chemically useful. Since CFC-12 is the most widesproad, it will scrve
chemical usefulness of the entire class of chericals, known az CFCs.

the molecular formula for CEC-12 iy CF2C12, The pame of this comy
Jdichlorodifuoreutcthane. To imagine what this would Jock like in thew. «
by envisiouing a pyramid with 4 triangle as jts base, Place the carbon ator
trisngle with the chlorines and flunrines af the four points. This is knewn 2
configaration.

Laeh halogen is fighting to draw one electron ayay {from the eentral carbon atgin. Af
time, the carbon holds the electrons in the covalent bonds so it does oot luse them. Si
amil chloxine are aggressive elements, the bondds which are formed are very strong, T'
acts as a stabilizing agent giving even more stability to this melecule.

These strony covalent honds and added chlsrine stability make CFC-12 imert. This o
not react with other molecules in its surcoundings. Besides jts chemieal ineriness, CTF
many other chemical and physieal properties that make it ideal for nze in many indu
Its hoiling point allowed it to be used as a refrigerant climinating the danger of exple
toxicily that was asspeiated with ammonia. Also, because it was inert and nontoxic, if
used to blow foam for formation of containeys or insulation. Theze same properéies n
in medical inhalers and zerosol spray cans. Other applications also arose as the othe
produced. The low costs of production. coupled with their versatility and widespread
helped them ta find their way into many industrial operations.

122
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The same property of inertness which makes CFCs so useful in industry would one day proave 1o
be what makes them so dangerous to the planet. Even as CFCs became more widely spread in
industry, they were slowly being vented to the atmosphere. At the tinie this wos not seen ax had
practice because they were thought te be safe, Unfortunately, CFCx do not naturally biodegracie.
Ax a resull, they persist in the atmosphere. 'Through vatural processes, they nuake their way up
into the stratosphere where the real problem begins. From their inecption until the misd seventies,
howerer, CFCs where seen as safe, useful, and noncontroversial.

Next Puge
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The Spread of Chloroflucrocurbons

With tlre introduction of CFC-11 and CFC-12, the afr-conditioning and refrigeration industries
began to boom, 1n 1932, the Cartier Corporation manufactured and moarketed the first
gelf-contained household air-conditioning unit, “the Atmospheric Cabinet.” This hrought the idea
of comfort through teehnology and chemiztry to the bousehold consumer. It was not long before
congumers devoured the new comforts brought by synéhetic chemicnls. Though consumey
acceptance was sl at first, it eventually become an irresistible foree.

Just before the beginning of ¢he second World War, on September 3, 1941, Thomas Midzgley Jr.
received the American Chemical Socicly’s Priestly award for outstanding ereativity in the field of
chemistry, His eontributions fo the field were extensive. CFCy are but onc of his many
ineevations, all of which were desigacel to help humans live better and longer. Tn less ¢han fifty
years, however, this part of his work has come to be seen as somethiny which could endanger the
lives of all humans and perhaps, the plancet Earth,

After the war, consumers demanded the many things that they had to do without during the tines
of rationing and conserving, Consumption was kigh, as were must people's hopes for the future. In
1956, America’s first air-conditioned mall opencd in Edina, Minnesota, ushering in the age of
convenicner and shopping pleasure. By 1958, 90% of the theaters, 40% of restanrants, and 25% of
the hotel rooms in America were pir-conditioned,

This idea of air-conditioned comfort was not confined o areas of entertainment. Bebween 1962
and 1966, 75% of all new apartments built were equipped with air-cenditioning. Once the livio
environment bad air-conditioning, American automobile afr-conditioning soor: followed. In 1963,
15% of the 6.5 cars in America had air-conditioning and only eight years later, in 1971, 58% of all
American cars had air-conditioping, as did many triek cabs and other conveyances. By 1972, the
liviog arcas of America were being air-conditioned as well. Mure than half of all residences were
equipped with some form of aiv-conditioning.

The spread of CFCs had nat only made its way through Anrerican industry and the world, but
these products had followed people everywhere, It had breome possible for a person to remain
within a few feet of gir-conditioned space frons the time ehey left their bome io the morniog wntil
they returned at night. This one invention had become so cormnonplace that many eould not
imagine doing without it even for a shori fime. As with many other CEC related technologics, the
uscfulness and reliability of the technology madic it very popular. CFCs did their job cheaply,
efficiently, and well. For over forty vears, no one thought there would ever be 4 problem with
these wonder chemicals ehat had become a vital paxt of so many people’s daily lives.

In December of 1973, two scientists made a discovery that would change the way the scieatific
conmunity and the general public would view CFCs, F. Sherwood Rowland and Marie Molina
had studied the cficcts of chlovofluorocarbons in the upper atmosphere and had concluded that
these substances had the pofential to deplete the ozonce in the stratosphere. The significance of
what they were claiming was so profound that they knew there would be # great deal of discussion
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about their theory. [n order to understand what the Rowland and Moling theory sngpested. it is

netessary to discuss some facts about the Earth's atmosphere and the maolecules that are found
there. In particolar, ozone.

More Ahout Kowland and Moling
Next Page
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More About Rowland and Molina

In Drecember of 1973, both Mario Molins and F. Sherwood Rowland were professors of chemistry
at the University of California at Irvine. Molina had been a1 the sehonl for only a Tfew months
while Rowland, bis postdoctoral advisor bad been there for several yvears. Molina approached
Rowland with sime caleulations he had derived which indicated that CFCs which made their way
into the upper atmosphere could break down and destroy the precious vzone layer. Rowland
lanked over the calculations and saw that Molina's work had potential to be covrect. The twn men
worked together for two days examining the results of Molinz's wurk. This une discovery would
change the way scientivis lpaked at CFCs and many other “harmiess™ chemicals,

At that timy, worldwide production of CFCx wax about 1 million tans per yesr. Afer studying the
reactions that CFCs might participate in the troposphers, the two scientists realized that there was
little: chanie that these highly unreactive chemicals would be removed lrom por atmosphere. As s
result, they theorized that CFCs would slowly drift up to the stratosphere where ultraviolet light
couhl gawse them to release a chlorine molerule. This moleeule was the key ta the desteuctinn of
the ozone in the stratosphere. It would take many years for the two scientists to convinee the
seientifie community that theiv theory was correct, but in the end, they succeeded.

Back to Page 1]
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The Barth's Atwiosphere

Before discussing the CFC problem, it is necessary {0 understand how the larth’s atmosphere is
broken into layers, There are four distinet areas of gir surrounding the Earth. Each has distinctive
characterisfics which change ax the distanee from the Eacth’s surfaec Increases. The acca hvwmans
Jive in is known ag the troposphere. It begins at the surface of the earth and extends for 7-10 miles
(11-16 k). The temperature and pressure deerease rapidly with altitude until the teopopause is
reached, The tropopanse is an area at which a temperature inversion occurs, This area acts as a
nearly impervious barrier to most of the water trying to cisc out of the atwmnsphere. This is
important because what littie water passes this point can escapes info space,

Above the troposphere is the stratosphere which extends tv a point approximately 31 miles {50
km) above the Earth’s surface. Temperature remaing fairly constant pear the tropopaunse bat
begins to increase neay the upper bound of the stratosphere a5 solar radiation inercases. The
water that passes the tropopacse formz clouds here. The most important molecule in the
gtratosphere is ezone.

Next conies the mesosphere. If extends from the top of the stratosphere to an altitude of 50 miles
(80 km}. Finally, the top of the atinpsphere it known as the thermosphere. If begins at 50 niiles
and continues fo ouder space, The temperaturc continucs to inerease through the mesosphere and
the thermosphere.

Ozone is of concern to us when itis in the lower twe Jevels of the aimosphers, the troposphere and
the stratosphere. No matter where it is found, czone is # relatively unstable molecule. An ozone
molcenle consists of three atoms of oxygen bound fogether in a triangular Lashion. Although it

nimk
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represents only # tiny fraction of the atmosphere, veone is erueial Tor life wvn Earth,

Dipending on where peone is located, it can either prateet or harm life an Earth. 1n the
stratosphere, ozone acts a9 3 shield to protect Earth's surface from the sun's harmful uliraviolet
radiation. Without this shicld, ultraviolet levels at the Karth's surface would he higher and
humins would be more susceptible to skin cancer, cataracty, and impaired immune systems. In
the troposphere, however, this same azone molecule is a harmful pollutant that couses damage to
lung tissue and to plants.

The antounts of helpful and harmful vzone io the atmesphere depen: oo 4 balance between
processes thal ercate i and thaxe that destray it An upset in the azone balanee ean haye serinus
consequences for Llife on Earth. Scientists are findiog evidence that changes are occurring in ozone
levels. Thy harmful peone is inereasing in the air we breathe, while the helpful nznne is decreasing
in our protective ozone shiekl. In the next few pages, the provesses that ereate and destroy the
helpful neone will be deseribed, Alzo, the way that humans effect these processes will be discussed.

Al the top of the stratosphere ozone is created and destroyed primarily by ultraviolet radiation.
The air in the stratesphere is bombarded continucusly with radiation from the sun. The
ultravielet rays, which are part of this light, strike molecules of ordinary oxygen ({)2) causing
them to gplit infe two single oxygen atoms, known 43 atomic oxygen or oxygen radicaly. A froed
vxygen gtom then can vollide with an oxygen moleeule (O2), and foria a imolecule of weone (O3,

This precess absorbs much of 1he ultraviolet radiation which would otherwise reach the Farth's
surface, Ironically, this same ultraviolet radiation also canses the estruction of wzenc, When an
veome mulecule (O3) ahsorhs even low encrgy nltraviolet radiation, it splits into an erdinaty
oxygen molecule (02) and a lreg oxyvgen atom {0). The free axypen atam then may bomd with un
pxygen molecule to mwake another ozone molecule, or it may steal an oxygen atom from an ozone
molecule to make two artlinary axygen malvcules. Some scientists call thexe processes of pzone
production and destruction, initiated by plteaviolet radiation, the “Chapman Cyele.”

See e £ haparan Cyele

Natural forees other than the Chapman Rezctions also affect the concentration of ozone in the
stratosphere. Since oeune ix such 3 highly unstable meleculbe, it reacts very easily, readily donaling
an oxygen maolecule fo nitrogen, hydrogen, or chlorine found in natural compounds. These
clemnents always have existeld in the stratosphere, released Trom sources such as soil, water vapar,
and the nceans,

In addition, ozone levels can change perivdically a5 part of regular natural eyeles such as the
changing scusons, sun eyeles and winds. Moreover, volcanic ereptions may inject materials info
the stratosphere that can destroy ozone.

Over the Ezrel’s Jifetime, natural processes huve regulared the balance of ozone in the
stratusphere. An cusy wuy Lo think about the orone balance is to imagine a plastic bag being Hilled
with water. As the bag fills, a hole is punched in it to allow water to eseape. As long as water
esvapes af the same rate that waler is being poured in, the amount of water in the ag will remain
the same. Likewise, as long as ozone is being created and desiroyed af the same rate, the total
amount of vzome will remain the same,

Heman Activity and the Atrmosphere

In the past twin decades, however, seientists have found evidence fiiat hunian activities are
disrupting the ozone balance. Human production of chlorine-containing chemicals such as
chlurnMuarecarkons (CFCs) hag added an additional foree that destroys ozone. {C‘FC&_ are
compounds composed of carben atoms handed to chlorine, Muorine. ) As wax seen carlicr, CFOx
are stable and thus do not react easily with other chemicals in the lower atmosphers. One of the
few forces that can break apart CFC mulecnles is nltravinlet radiation in a process called

Ne127/851
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phutochemical devempoxition. In the lower aimnsphere, hawever, CFCs are protecicd from this
radiation by the ozone laver. S0, CFC molecules can migrate intact into the stratosphere where
they then are photodecompnsed. At first, scientists thought CFCs were too heavy to make their
way inte the upper atmospherey, Althoogh the CFC molecules are heavier than air, the mixing
prreacesses of the atmosplere lift them into the stratosphere. The mixing process takes many years,
up to fifty. and sothe problem is aot easily noticed, The ozane in the statophere inday ix Ticing
destroyed by CFCs releascd many years age.

MNext Pags
Back To The Dverview
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The Chapman Reaction

The Formation of Ozone

A photen of nibravielet light § ¥ The ocygon reolecnlo splits
sirikes the ooy gen malecnle. §f §into two [ree oy gen atoss,

Ckzamrbs a 'ﬁiemgige Crrone splitsinto 2 nwoiecule
i abraviclet radiation. andan atom of oxgen. |
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Stratospheric Ozone Layer Depletion

Page 13 of 17

The Destruction of Opone

There zre many wiys that oxone ¢an be destroyed, As was shown in the Chapman eycle, ozone is
transformed into a molecule and an atom of oxygen by ultraviolet Lighf. However, this is not-{he
only way that destruetion of pzone eecurs. When molecules of ether elements make theiv way into
the stratosphere, they can interact with ¢he highly reactive moleculc of ozone to destroy it Many
of these act a5 eatalysts thus accelerating the destruction of ozone by their presence. A catalyst is a
chemical which participates in 2 reaction without being consumed o the reaction itself. Catalysts
increase the specd of reactions ar reduee the amount of energy required to allow the reaction o
ﬂ-ecug. In the case of ozone destruciion, atoms of bhydregen, nitrogen, or other eléements can Act ay
catalysts.

rang Catalyst

One of the most effective and thus dangerous catalyst is ehlorine. Chlorine is released by CFCs
wiien they reach the strafosphere. Orce in the stratosphere, CFC muleculés no longer #re shielded
from ultraviolet radiation by the ozone Jayer. Onee exposed to the sun’s radiation, CFC molecules
release a ehilorine atom or free radical. Tlre chlorine then can react with ozone molecules, taking
one oxygen atom to form shlvrine monoxide and leaving an ordinary oxygen molecnle hehind.

v Tin etion T iy

If each chlurine atom released from 3 CTC molecule destroyed only one ozone molecule, CFCs
probably would pose very litile threat to the ozone layery. However, when 4 chlorine monoxide
molecule eocounbers 3 free atom of oxygen, the oxygen atom bonds with The chlorine nionoxide,
forcing it to release the oxygen atom. As & resulty the chlorine atom released back into the
siratosphere where it can aftack another nzone moleenle. This snme reaction is repeated
thousands of times in the stratosphere before the chiloring bonds to an other atom which will not
release it back ioto the atmosphere.

Fortunately, chlorine atoms do leave the atinosphere or there wonld be no vzone left. When 4 free
chlorine atom rezcts with gases such as methane (CH4), it is bound up into a molecule of hydrogen
chloride (HCI), which can be carried from the stratosphere into the iroposphere, where it can be
washed away by eain. This removal process is important bocause it weans that if hunans stop
adding compnunds to the stratospliere, eventually, they will wash themselves ont and everything
will return to normal.

The reaction pathway by which CFC molecules are photodecomposed and work to destroy
stratasphierie ozone was fivst theorized by Rowland and Molina. Ajter mamy years of
presentations, papers, disputes, disenssions, and debates, the theory was accepted. By that time, a
preat deal of evidence iad been gathered to support the Rowland and Molina theory as will as
show that there was indecd & hols in the ozone layer above the continent of Antarctica.

The Ozone Hole

HAMANE 44y
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In the area over Antarctica, clouds hold ice particles that arc not present at warmer latitudes,
Reactiuny ovewr on the surface of the ice particles that accelerate the ozone destruction caused by
stratosphberic chiorine, This phenomenon hay caused docomented decreases in ovene
roncenirations nver Antaretica, In fact, ozone Llevels drop 3o low in spring in the southern
hemisphere that scientists have observeld what they call 4 huole" in the weanc layer. AL first this
wus nod Lhat horrifring a discovery because there were no people living on the continent.
Unfortunately, the conditiuny worsened aod spread. Alse, at the end of spring, 1he hale lost s
integrity and shifted to more populated areas such as Anstralia and southern Chile. Scientisty
begin to sec & global dilution of weone as more and more ozone was destroved in the azane hale,

[n addition, scientists have observed declining eoncentrations of ozone over the whole globe. In the
sevontd half of 1992, for example, world-wile ozone levels were the lowest ever recorded.,

Since the 1920's, ozone has been measured from the grovnd. Scientists place instruments ot
locativns aroundd the plobe 40 mexsure the amount of uitraviolet radiation getting through the
atmosphere at cach site. From these measurementy, they culeulate the conceatration of ozane in

the atmasphere above thal location. These data, although useful in learning about ozone, are not
able to provide an adequate picture of global peone concentrations.

Next Puge

The Overview
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Ozone Destruction Catalysts

Though most of the water which pvaporates from the surfacc of the Eurth refurns as precipitation,
sonie does escape the tropoaphere. The concentration of water in the stratoaphere is appraximately
5 parts prr million, Though smull, this is stll vigrificant beeanse of the way the water reacts with
atomic oxygen and ozone, Once in the stratosphere, uliraviolet radiation cauges the water
moleenle, themical rmuola 20, to break down into two parts, 1 and (11 These bwn party
individually react in the stratosphere to break down ozone in the following manmner.

H+ Qi---> 0OH + O:
OH+ 0O -——>H + ()

When these bwn equationy are added logeiher, you get:

H+h+OH+0O->0H+H+20:

‘Crossing ont the terms which appesr on both sides gives:

O+ 0-->210)

In this way, (the water is still present af the endd of the peaclion and is availasble to comtinue the
cycle. [t hasg participated in the reaction without being consumed and thus iz a catalyst. Thisiz a
nutural process which i necessary to maintzin the bulanee af peone in the stralpsphere, Trouble
arises however, when other molecules which do net normally occur in the stratosphere or which
are uxually found in lower eoncentration make their way inta the stratosphere due ta human
activity. Chlorioe is one of these chemicals.




136

The Rowland/Molina Reaction Pathway

The piracess hy which chlorine is liberated from a Chloroftuorecarbon by ultravivlet radiation am
then works to destroy ozone is shown below. The key to this cvele iy that chlurine is 3 catalyst and

40 is not consumed in the reactions shown.

Photans of ultraviolet light he fr ee chotine abamn collides
libeatea chlarine 2o, jth tha azone molecule,

Thechlorine atom b onds with
2m oxygen atam to form a An pxygen atam colildes with
chlorine monoxide atom, the cilorine monwe de atom.

An axyga muoleculs L formed
as a chiorine atom is Uberated.

Back To Page 13
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Stratospheric Ozone Layer Depletion
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Page 14 of 17
The Role of Science

Copirary to the image created by the term “ozone Iayer,"” the smount and distributien of ozone
rvotecules in the stratosphere vary greatly over the globe, Ozone molecnles drifi and swivl around
the siratosphere in changing coocenirations. Therefore, seicntists observing ozome fluctuativos
over just poe spof conld not be confident that a change in local ozone levels meant an alteration in
global vzone levels, or sioply a fluciuation i the concentrafion ever that pacticular spot.

In December of 1974 the first goveroment beacings in the United States were held on the
CFC-ozone theary. These hearing were the opeping volley in a war over CFCs in the United Stafes
and aronnd the globe, Many geveramental and now-governmental ageneies worked to fid
answers to the questions raised by the Rowland and Molina theory. Once enough scientists agreed
to ihe ides that CFCs couldl deplete stoatospheric ozone, these gronns hegan working to han CICs,

Many companics saw that CTCs were dangerous and nof essential to their produet Iines, These
eompanies voluntarily banned CFCs. Both state and federal povernments moved to give the CFC
ban the foree of law im the following years.

Even 50, there was still debate over the extent to which CFCs actually desivoyed the ozone layer.
In August, 1981 NASA zcientizst Donuld Henth zenvunced ¢hat satellite records showed ozone over
the carth had deelined 1 pereent. From that point o, theve was little question that there wasa
problent and tha¢ something needed fo be done about it. Unfortunately, the political process did
not act swiftly enough for some and moved 100 quickly for others, Fhough the schendifie Facts had
been debated for over ten years, there was still no clear plan of action. '

Satellites had given seientizts the ability ¢o overconie the problem of uncertainty because they
provide a picture of what iz happening simwltaneously over the entixe Earth, However, the speed
of ozone depletion was still dehated and only slowly was the seriousness of the ozone depletion
problem rezlized, Even the vzone hole did not seem ta give enough foree to the arguments for
banning CFCs. Many different theories were postulated t0 explain the problem, In the end, CFCs
were blamed and the global congensus began fo build bebind the idea that CFCs should be
banned. Scientists bad finally conceded that though there were natucal focees at wiork which could
deplete ozone, hurman interference in the natural eyeles had accelerated the process of ozone
destruction. Without some type of action, the ozene layer would continue to deterioxate neti i
was no longer able fo protect the surface of the Earth from ultraviolet radiation.

Next Page
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Stratospheric Ozone Layer Depletion

Page 15 of 17
Banning CFCy

Ag little ag pne year after Rowland and Molina announced their theory publicly, government
agencies and privafe corporations began responding. Johnzon Wax, America’s fifth largest
producer of 30rosol spray can, shnounced that they would stop production, At that same time,
Oregon bans the use of CFC containing asrosols. Soon the United States governnient follows suit
and by October of 1878, acrosol spray cans were banned in the United states, Unfortunately, most
other congsumers and the largest producer of CFCs, DuPont, refuse fo admit there iz a problen.
Slowly, more and more evidenee is found ta soppart the Rowland and Molng theory, By 1987, the
United States government hzs decided that stricter regulations are needed in many areas. Other
manufacturers have voluntarily agreed 6o phase ont CFCs aherd of EFA mandated phase-put
schedules, Adoost fiftcen years alter Rowland and dloling ficst suspected that CHCs conld cause
the depletion of the stratospheric ozone layer, the world community of scientists and
policy-makers wee about o come together (o formulate a comprekensive policy to do something
about the probleni.

The Montreal Protocol

If seientists ean separate the hunian and natural eanges of pzone depletion, they can formulate
improved models for predicting ozone levels, The predictions of carly models already have been
used by policy makers to defermine what can be done to reduce the ozone depletion cauged by
humans. For example, faced with the strong possibility that CFCs could canse serivus damage to
the nzane layer, policy makers from around the world sizned a freaty kaown as the Montreal
Protocol in 1987. The sigoatory couniries apreed to reduce production of CEFCs by 50% from the
1986 haseline values by 1996. Tn order to achieve this goal, the protocol set out different phiaso-put
schedules for allowable and accelerated phase-oufs, These two plans were at opposife ends of the
speetrum, Accolevated refers to the fastest possible remaovalwhile allowable is the removal st the
last possible moment.

The profocol also made some concessions t6 less developed countries{LDCy). These concessions
ineluded a ten year grace period before complianee was required a5 well a5 a recommendation to
the more developed countries to help pay for the transition to CEC alternatives. Even though
there was seientific consensus concerning the harmful natore of CECs, the economic benefits
provided by using the chemical provided a formidahle problem which necded o be overeome.
LDCs could not or would not forga their use without some attractive ceonomic incentives. This
foterplay between the Tacts that seicnee promotes and the econamics which drives soeiety, is the
balancing act that policy-malers must try to control. Thongh the original protocol was not
pecleet, it was 4 gootl attempt at trying to balanee international environmental conesrns about the
depletion of the ozone layer snd the ¢convmic concerny of many of the LICs who would have to
comply with itz cuis.

The initial ratifiers of the protocol included Canada, Denmark, Egypt, Finland, France, West
Germany, Ircland, 1taly, Japan, Malta, Mexice, The Netherlands, New Zealangd, Norway, Spair,
Sweden, The United Kiongdom, The United States znd The USSR, The protocol went into effect on
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January 1, 1959 after these countrics ratificd it, Table 1 shows the major emitters of CFCx af that
time,

TABLE 1— Minjex Bellution o CTCl n I9RY

CDINTRY RANK CIC INLHION (W TPERCENT OF
MNEIRIC TONS WORLD TOTAL

I8 3 1 1N A
JAPAN 2 " L4
USSR 3 w7 1%
GERMANY * h L LT
K ] ¥ 40
TTALY ] b4 J 43
TRANCE 7 4 41
SPAIN 1 i7 zy
CHINA L 1z L
CANADA n 11 LY
AUBTRALIA 1 ] L4
5 AFRICA I} T L2
TOTAL L T4
WORLD i =

This 1able shows the unbalanced contribution to the problems by members of the worlil
communify. The top twelve emitters contribule 78.4% of the world total of CFUs, Worse than
that, the top three cinitters—tite LLS,, Japan. and the USSR—contributed a combined 292,000
metric tons of the world's total ol SK0,000 metric lons of CFU pollution, These three nations emit
50.3% of the CFCs in the world's atmosphere. Facts such as these, coupled with confinming
pressure from world governments and nongavernment organizations, allowed amendments to the
ariginal Maontreal 'rotocol to be developed,

Though the 1987 Montreal Frotocol was a good beginning, more evidence of rapilly increasing
ozune depletion vver bath poles led to a riging tide of concern and a movement for accelerated
phase-aut of CFCs. Ln 1990, the London Amendments were passed. The signatery cowntries for
these new amendments apreed to o tatal ban of CFOs by the original 1996 date, Also. they
established a relief fund for LDC's that would be adversely affected by the new agreement. The
original protocol did net attraet China or India--two major potential users. After the amendments,
hawever, these and many other countrics participated in the ban with the umilerstunding that the
fund of 5260 million dollars wuuld be used to offsct their costs. Two year later, the Copenhagen
Amendmenis increased the fund to over $500 millivn and aceclerated the complivnce scheilule.
These adjustments have muile the Montreal Protacsl an effective international agreement that has
succerded in gathering support from the nationy of the wortl.

Next Page
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Monitoring Ozone From Space

However, scientists agree that much remains to be learned about the interactions that affect ozone,
To create accurate models, seientists must study simuitaneoushy all of the factoxs affecting ozone
creation and destroction. Moreover, they niust study ¢hese factors from space continuously, over
many years, und over the entive globe, NASA's Eavth Observing System (EQS) will aflow scientists
to study oxone in just this way. The EOS series of satellites will carry 4 sophisticaged proup of
instruments that will measwre the interactions of the atmosphere. These measurements will
increase drawmatically our koowledge of the chemistry and dynamics of {he upper atmosphere and
our understanding of how hupsan getivities are aflfecling Larfh's protective ozane Jayer.

A graphic example of what sattelftes can reveal is shown belmy.

Cmone Lavels Over Morin Ameirca - NIABUS-2TCMS

- Bewre e MASA Gaddzid Sazes Clight Secter

This figore shows the difference in the thickness of the ozonc layer over North Awncricz hetween
1979 and 1994, By looking closcly at the colors on the graph, tize loss of ozone over North Ameriea
can be seen quite elearly. Most noticeably, the large white portion of kighest ozone conceniration
has receded away from the arcas of Arerica which refease CFCs.

A dramatic example such as this makes the problen very clear. In only fifteen yeary, the ozone
Izyer has been degraded significantly. Luekily, something has been done about it.

In response to fhe Montreal Protocol and public pressure resulting from the findings of scientists,
governments around the world began passing legislation which restricted or banued the use of
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CFCs. The United States was no different. Individual state legislatures as well as the Congress
passed laws banning CFCs. These luws grew more stringent and brogdened to cncompass more
products as time passed. By the 1990%s, CFC's had been banned in the United States with only
slight exeeptions fur medicad and ather higbly specialized uses. Even with these tvpes nT
regulations, it was important that the corporations of the world agrecd to the Montreal Protocol
and ither regulations,

Mext Page
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Allernatives

An jmportant step forward in the struggle fo remove CFCs from the atmoxphere was fought on
the econoutic front. Just as the economic attractiveness of CFCs made them spread so quickly
through indusiry, consumer concerns and evenfual disuse of fhe produet helped remove them
from many areas. In 1990, DuPont Chemicsl company, the largest producer of CFCs, agreed to 4
two-phase removal plan in which substitutes would be develoned and then slowly phased into the
existing imdusirial system. This eorporate backing of the CEC removal program helped
immessurably. Mzoy other companies worked to reduce the use and releasc of CFCs in their
industrial and corporate facities avound the world, Alse, many entrepreneurs have used the fdea
of vzone-safe products to further their business and inerease profits. As consumers becane aware
of the problems and vnderstood what they could de to help, business and industey has worked
harder to zolve the problem and find a better way of eondueting theiv operations.

DuPuent’s answer to the problem of CFCz was fo develop Jess chilorinated fluorvcarbons ¢hat
would impact the ozone layer lesy severely, They began by introducing hydrackloroflaorocarbons
(HCECs). These were CFCs with chilorine partially veplaced by hydrogen molecules. As an interim
measure these chemicals proved very useful. They began the phase-out of CFCs withont too great
a capital cost to industry and without causing teo great of an inconvenienes to consumers. HCFCs
were not as damaging to the sivatospheric oxone layer but were not completely safe. Tests showed
that they could still bresk down and deplete the precious nzone. As a more permanent
replacement, DuFont anmounced that it had developed 4 line of hydroflurocarbons{HFCs} which
contained no chlorine and thus posed a greatly reduced threat to the gzone layer.

Along with ¢he work by DuPont, several other alfernatives have been suggested, Cyclopentane and
eycloliexane have been put forth as replacements for coolsnts . Nitrogen gas can be used a5 a
blowing agent . Many other safe and easily obizinable alternatives exist and have heen nsed
successfolly for years. CRCs in acrogel cans have heen ceplaced with air pressure or other
propellands, Witk  Hetle cffort, it seems that CFCs have been replaced without a tremendous
furer as was expected when the idea of their replacement first came to the table for discussion.

Though the strides muade by DuPont and the other scientists working to provide glternatives to
CFCs are signiffeantly reducing the quantity of CECs being released, more can be done.
Companies have seen that reducing the use of CFCs i an effective way of stopping their velease
withaut waiting for replaccments, AT&T, for example has worked to prevent the release of CFCs
by auditing their facilities and finding ways to cut back on thefr consumption of the chemicals.
Other ecmnpanies have found that manufacturing CFC-free products Lias become very luerative.
Whirlpool has recently opened a plant fo manufacture CFC-free refrigerators in India. Other
companies have Degan selling enviconmentally safe products to consumers. In 1995, Walmart
opened the first entirely envivonmentally safe shopping area in flie weorid. These types of
innovations and forethonght will be necessary to stop the depletion of the stratuspheric azoue
layer along with maoy of our other environmental problems. Cooperation hetween seientists,
politicians, econowist 2nd many ofhers will e vital to the continucd suceess of the world as a
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whaule, Glubal problems must have global svlutions reached through glebal consensus and
pnderstanding,
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5.1.3 The Significant Revisions Explained

Other than cosmetic changes such as spelling errors and awkward sentences, there were
several changes to the content and presentation of the text of the tool. These changes will
be noted by page as they appear in the new version of the tool which appears above.

There were two types of changes made to the tool. In order to make the tool more
complete and technically correct, editing changes were made to all the pages of the text.
Some of the pages needed more significant changes such as the addition of examples,
graphics, or links to subpages containing additional information. Pages two, four, seven,
eight, fourteen, fifteen, sixteen, and seventeen had only textual changes. The remainder
of the pages in the tool had more significant changes made to them. These changes are
listed below.

Beginning with the case study selection page, it has been decided that the overall
tool in which the stratospheric ozone layer depletion case study will be placed will only
have two other case studies. This will allow more information to be included in the
ozone case study.

Next comes the ozone case study main menu. The additions to this page are both
in content and presentation. The order in which information is given to the user has
changed. The introduction at the top of the page has been made more comprehensive. A
brief explanation of some of the features of the tool have been included on this page to
make it quicker and easier for students to use. For example, the Goto button on the
bottom of the page has been explained in text above the button. Finally, the note about

the tutorial has been move to the bottom of the page.
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The most significant changes appear on the next group of pages. What was
formally the Historical Overview/Timeline has now become “The Overview & Timeline”
(overview). A brief explanatory paragraph now appears at the top of the first page of the
overview. Underneath this explanation appears a table of contents which links the
student to each page of the tool. Each section of the overview corresponds to a page in
the narrative of the tool. Each section has at least two links and one icon. The icon gives
the student an idea of the major field covered on that page as well as a graphical link to
help them remember what they are studying. Along with the icon, each section has the
appropriate page number listed. By clicking this number, the student is brought to the top
of that page. A link to a summary about the page is also included in each section.
Though none of the experts specifically suggested that a summary be added, a short
synopsis about each page of the narrative seemed to be necessary to eliminate the
confusion that might occur as a student tries to work through the overview.

Two additional links can appear in a section. First, important dates that appear on
a page may appear in the overview. These dates link the student directly to that portion
of the narrative. The other type of link which appears is a link to a page containing other
important dates which relate to the material being discussed on a particular page. This
page can be accessed by clicking the “Additional Dates of Interest” button. These dates
are the same ones which appeared in the original timeline as nonclickable entries. Since
some experts felt that these dates were important while other wanted them to be paired
down, putting them on a subpage seemed to be the best solution. Overall, the changes to

this page make it much easier to understand and follow.
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Besides simple format changes to the formulas on page one, there are three major
revisions or additions. The first revision is the second paragraph on this page which was
added at the request of Mr. Wallace. He felt that an introduction to the goal of the case
study would help the student better understand how the material which was going to be
presented fit together. The other two revisions consist of two links which were added to
this page. The first, “What is a Mole,” links the student to a definition of a mole which is
necessary to understand the gas laws as well as other chemistry concepts. The second
link, “An Example of Boyle’s Law,” is a very rudimentary example of the law.

Two links were added to page three. The first is an example of Charles’ Law
titled, “An Example of Charles’ Law”. The second gives more information about ideal
gasses to help the student understand the applicability of the ideal gas law. This link is
titled, “More about Ideal Gasses.”

The same link, titled “See the Periodic Table,” was added to page five and page
six. A copy of the periodic table which appears on page four was added to each page.

The addition to page nine consists of both links and graphics. Both the links and
graphics are molecular models used to help the students as they try to visualize the
molecules being discussed. Pictures of CFC-11 and CFC-12 were placed on separate
pages to allow the student to work through the body of the text with less delays. If the
picture is necessary it can be accessed but otherwise, transfer time can be saved.

Page ten has a graphics addition to show the student the three dimensional

configuration of the molecules in question.
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Page eleven has a link, titled “More about Rowland and Molina,” added to give
the student more about these two scientists.

There is one link titled “See the Chapman Cycle,” added to page twelve. The
accompanying subpage is a combination of both graphic and textual explanation of the
Chapman cycle. The experts felt that this was necessary to show the students what was
happening.

Finally, on page thirteen, there are two links. The first, titled “More About Ozone
Catalysts” leads to an explanation of catalysts, as well as an example of a catalyzed
reaction in the stratosphere which destroys ozone naturally. The second link, titled “See
the Rowland/Molina Reaction Pathway,” connects to a description of the reaction
pathway. As with the Chapman cycle, both a graphical and textual explanation of the
reaction pathway is described. For the same reasons as above, this type of presentation

was chosen for the material.

5.2 Closing Remarks
The tool is the first step in a new approach to education. It tries to look at a global
problem from a range of disciplines. Moreover, it brings together several disciplines
whichever traditionally worked on similar problems separately to come to different
solutions. If the tool can be shown to be effective, the way problems are approached can
be changed. A new generation of workers can begin to look at the probléms which they
face from an interdisciplinary view rather than just from the narrow discipline in which
they are trained. No longer will we educate students to just be chemists, engineers,

historians, economists or any of a thousand different disciplines. Instead, the educational
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system will produce well-rounded balanced problem solvers who can attack any problem
and be comfortable looking at all the facets in order to come to a solution that addresses
all the problems.

At the same time, this new generation of student w ill be comfortable working
with a collection of experts from various fields. Expert knowledge about problems will
be seen as a resource to be tapped by this new breed of problems solvers rather than a
way to pass the problem along. If the attitudes of the students can be changed through the
process of reeducation, many things can be accomplished. This tool is the first step in a
new wave of problem solving. Starting to show the interconnectedness of the many
disciplines which traditionally have been separated is an important first step to reaching a
higher level of problem-solving.

As was stated in the first chapter of this thesis, global problems need global
solutions. Global problems also need global problem-solvers. It will be impossible to
find global problem solvers unless someone starts training them now before the

environmental problems of the world become so great that it is too late to start.
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