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Chemistry and Environmental Chemistry



Definitions:

Environmental Science: "Environmental Science is the study of the environment, its living
and nonliving components, and the interactions of these components.” Daniel D. Chiras,
Environmental Science, 3rd Ed.

Ecology: "Ecology is the scientific study of the relationships between organisms and their
environments." S. J. McNaughton and L. L. Wolf, General Ecology

Environmental Studies: "Environmental studies is the discipline dealing with the social,
political, philosophical and ethical issues concerning man's interactions with the environment."
Roderick Nash, University of California, Santa Barbara

Environmentalist: "A person working to solve environmental problems, such as air and
water pollution, the exhaustion of natural resources, uncontrolled population growth, etc."
Webster's New World Dictionary, Second College Edition.

Ecological Chemistry: "Ecological chemistry is the study of the interactions between
organisms and their environment that are mediated by naturally occurring chemicals."
International Society of Chemical Ecology

Environmental Biochemistry: "Environmental Biochemistry is the discipline that deals
specifically with the effects of environmental chemical species on life
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Toxicological Chemistry: "Toxicological chemistry is the chemistry of toxic substances with
emphasis upon their interactions with biologic tissue and living organisms." Stanley Manahan,
Toxicological Chemistry, 2nd Ed.

Environmental Analytical Chemistry: Environmental Analytical Chemistry is the application
of analytical chemical techniques to the analysis of environmental samples--in a regulatory
setting. Richard Foust, Environmental Analytical Chemistry, 1st Ed.

Environmental Chemistry: "Environmental chemistry is the study of the sources, reactions,
transport, effects, and fates of chemical species in water, soil, and air environments, and the
effects of technology thereon." Stanley Manahan, Environmental Chemistry, 8h Ed.
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The problems that environmental chemists study are often health related, and the driving
force in much of this research is to provide a healthier environment.

Discoveries from basic research are used to identify and define issues, which over time,
result in legislation.

The purpose of environmental legislation is to modify human behavior so as to reduce or
eliminate the environmental threats identified through basic research.

Environmental chemists participate in all aspects of this process from collecting the data for
basic research, to monitoring environmental quality to developing chemical processes for
remediation and environmental cleanup.

Environmental chemists work at the interface of chemistry with biologists, geologists,
atmospheric scientists, engineers, lawyers and legislators.
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The Building Blocks of Matter



Structure of the Matter
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All matter is composed of only about a hundred fundamental kinds of matter called elements.
Each element is made up of very small entities called atoms

All atoms of the same element behave identically chemically.

Example: An atom of deuterium, a form of the element hydrogen.

such an atom is made up of even smaller subatomic particles:

Positively charged protons

Negatively charged electrons

Uncharged (neutral) neutrons.

Protons and neutrons have relatively high masses compared with electrons and are
contained in the positively charged nucleus of the atom.

The nucleus has essentially all the mass, but occupies virtually none of the volume, of the
atom.

An uncharged atom has the same number of electrons as protons.

The electrons in an atom are contained in a cloud of negative charge around the nucleus that
occupies most of the volume of the atom.
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The atomic number of the element is the number of protons in the nucleus of each atom
of an element,

Atomic mass (atomic weight) is the average mass of all atoms of the element, including
the various isotopes of which it consists.

The atomic mass unit, u (also called the dalton), is used to express masses of individual
atoms and molecules (aggregates of atoms).

Mass Number is the average atomic mass rounded to the nearest whole number,
therefore it is the total number of protons and neutrons in an atom’s nucleus.

Example: Each C atom has 6 protons (+) in its nucleus,

the atomic number of C is 6.
The atomic mass of C is 12.

lons: atoms that have lost or gained electrons are called ions
Positive lons: when an atom loses electrons
11Na?® Protons =11 and Electrons = 11

loss 1 Electron ——— Protons =11 and Electrons = 10— 23Na *
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lons: atoms that have lost or gained electrons are called ions
Positive lons: when an atom loses electrons

11Na?® Protons =11 and Electrons = 11

loss 1 Electron Protons =11 and Electrons = 10 2Na,, *



Negative lons: when an atom gains electrons
oF19 Protons = 9 and Electrons = 9

gain 1 Electron —> Protons = 9 and Electrons = 10— %F,-

Isotopes: atoms with the same number of protons (atomic number is the same) but
different numbers of neutrons (mass number is different).

Usually isotopes are referred to by their name (of symbol) and their mass number. Every
element has at least 2 isotopes and some elements have as many as 25 isotopes.

Example: The isotopes of hydrogen have separate names rather than being called
hydrogen-1, hydrogen-2, etc. Their names are protium (H-1), deuterium (H-2), and tritium
(H-3).

Atoms of most elements consist of two or more isotopes that have different numbers of
neutrons in their nuclei.

Some isotopes are radioactive isotopes or radionuclides, which have unstable nuclei that
give off charged particles and gamma rays in the form of radioactivity.

This process of radioactive decay changes atoms of a particular element to atoms of
another element.
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Classification of the Matter

Matter, Substance

Elements, pure
substance

Chemical Reaction
ﬁ

Compound, pure
substance

Homogeneous Mixture
(Solution)

Physical process
ﬁ

Heterogeneous
Mixture




Some General Types of Matter
Elements are divided between metals and nonmetals
several elements with properties of both metals and nonmetals are called metalloids.

Metals are elements that are generally solid, shiny in appearance, electrically conducting,
and malleable () —that is, they can be pounded into flat sheets without disintegrating.

Nonmetals often have a dull appearance and are not at all malleable.

nonmetals frequently occur as gases or liquids. Colorless oxygen gas, green chlorine gas
and brown bromine liquid are common nonmetals.

Organic substances consist of virtually all compounds that contain carbon, including
substances made by life processes (wood, flesh, cotton, wool), petroleum, natural gas
(methane), solvents (dry cleaning fluids), synthetic fibers, and plastics.

All of the rest of the chemical kingdom is composed of inorganic substances made up of
virtually all substances that do not contain carbon.
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