Lecture Outline      Chapter. 2. Campbell et. al.

Introduction
Nature’s Chemical Language


A.
Chemicals play an important role in all organisms, whether controlling the function of the body, enticing a mate to reproduce, or scaring away a potential predator.


B.
Much has been learned about the role of these chemicals and how they control body function, behavior, ecosystems, and the process of evolution.


C.
This unit starts with atoms and goes up through the levels of the cell, explaining the basic chemical reactions of importance. The first chapter focuses on atoms and molecules of the cell.


I.
Elements, Atoms, and Molecules

Module 2.1
Living organisms are composed of about 25 chemical elements.

A.
Use of a holistic approach or reductionism requires understanding two basic principles: The preceding level builds upon each successive level of a hierarchy, and with each move upward new properties emerge that were not evident at the lower level.



Review: This hierarchical organization is first discussed in Module 1.1.


B.
Elements are the basic chemical units that cannot be broken apart by typical chemical processes.


C.
There are 92 naturally occurring elements. Be sure to mention that “atom” is the name for an elemental unit.


D.
Approximately 25 elements are required by living organisms. Four (oxygen, carbon, hydrogen, and nitrogen) are particularly abundant, making up 96.3% of the human body.

Module 2.2
Trace elements are common additives to food and water.


A.
Trace elements are important for proper function, particularly as catalysts and enzyme cofactors.


B.
An example given in the text refers to the importance of the element iodine. Discuss the amount needed each day (0.15 mg) compared to the recommended calcium intake each day (1,000 mg). Also discuss the disease related to iodine deficiencies.

Module 2.3
Elements can combine to form compounds.


A.
Compounds contain two or more atoms in a fixed ratio.


B.
Different combinations of atoms determine the unique properties of each compound.



NOTE: At this point in your discussion, it might be useful to explain that our knowledge about chemistry is the result of several hundred years’ worth of direct and indirect observations of the behavior of matter. Also explain that conventions used to show atoms and molecules convey various types of information. They don’t show atoms and molecules the way they really are.

Module 2.4
Atoms consist of protons, neutrons, and electrons.


A.
Protons and neutrons occupy the central region of an atom (the atomic nucleus), and electrons occupy the region surrounding this central area.


B.
Neutrons have a mass of 1 and a charge of 0; protons have a mass of 1 and a charge of 11; electrons have an effective mass of 0 (1/2,000 of a proton) and a charge of 21.


C.
Atoms of the same element always have the name number of protons. This atomic number defines each element’s unique properties.



NOTE: Refer to a periodic table of the elements during your discussion for a wealth of interesting information on atomic structure.


D.
The number of protons plus the number of neutrons determines each element’s atomic mass or mass number (sometimes referred to as the atomic weight).


E.
Atoms with the same atomic number but different atomic masses (different number of neutrons) are called isotopes.


F.
If an isotope is unstable (radioactive), it changes to a stable form by releasing radioactive particles and energy.

Module 2.5
Connection: Radioactive isotopes can help or harm us.


A.
Isotopes of the same element behave the same way chemically. Therefore, organisms are indiscriminate as to the isotopes they use.


B.
Radioactive isotopes can function as “markers” or tracers for their nonradioactive counterparts. Researchers use radioactive markers to study the fate of elements and molecules in living systems (see Module 7.3 for an example).


C.
Radioactive elements are also used in diagnostic medical procedures. The release of the radioactive decay is monitored by sophisticated instruments and assists in the diagnosis of diseases such as cancer and kidney failure. Radiation can also be used as a treatment. (Cancer patients receive radiation to kill the cancer cells, and hyperthyroid patients receive radioactive iodine to reduce the activity of the thyroid gland.)

D. Long-term exposure or exposure to high-energy radiation can cause diseases such as cancer. Organisms can develop cancer by exposure to radioactive material if the exposure is long term. For example, radon contamination in a house causes lung cancer. Radioactive exposure from the explosion of the nuclear reactor in Chernobyl, Ukraine, caused an increase in cancer as well as the death of 30 people in weeks.

Module 2.6
Electron arrangement determines the chemical properties of an atom.


A.
The properties of elements emerge from the subatomic parts. The chemical reactivity of an atom depends on the number of electrons in the outer electron shell of the atom (Figure 2.6).


B.
Atoms react to form molecules. Reactions involve sharing or transferring outer electrons.


C.
Preview: Molecules play many roles in living organisms: energy storage and a means to transfer stored energy for doing work, structural components, control of activity, communication between cells and/or whole organisms, and a means of information storage and retrieval (Chapter 3).


D.
There are two major chemical bonds used by elements to build compounds: covalent bonds and ionic bonds.



NOTE: In each of the following bond types, two rules are satisfied: (1) the resulting compound is electrically neutral, and (2) outer electron orbits are filled. The total energy available in a system determines which type will form and be maintained. 
H2 is a covalent molecule, and NaCl is an ionic molecule.

Module 2.7
Ionic bonds are attractions between ions of opposite charge.


A.
Ions are atoms that have lost or gained electrons from or to their outer shell. When an atom loses an electron, it becomes a positive ion (cation). When an atom gains an electron, it becomes a negative ion (anion).


B.
Two or more ions can associate with one another to form a molecular bond due to the attraction of opposite charges that result from the transfer of electrons.


C.
A good example is sodium chloride (Figure 2.7A, B). Sodium gives up one electron to chlorine, making the Na1 a cation and the Cl2 an anion.

Module 2.8
Covalent bonds join atoms into molecules through electron sharing.


A.
Each atom in a molecule composed of covalent bonds shares electrons in its outer shell with the other atom(s) in the molecule.


B.
Examples: H2, O2, CH4, and H2O (Figure 2.8). Other larger examples: Figures 3.1, 3.2, and 3.4B.



Preview: The ability of carbon to form up to four covalent bonds and the impact this fact has on life are discussed in Module 3.1.


C.
Hydrogen bonds are the third type and are discussed below.

Module 2.9
Unequal electron sharing creates polar molecules.


A.
In nonpolar molecules (H2, O2, CH4), covalent bonds are balanced because the electrons (and their negative charges) are equally shared by the atoms in the molecule.


B.
In polar molecules (H2O), the electrons around the atoms are not equally shared because the different atoms have different attractions for electrons. This results in one part of the molecule being slightly positive (usually where the hydrogen atoms are) and another part being slightly negative. The oxygen in water is slightly positive, and the two hydrogen atoms are slightly negative.

Module 2.10
Hydrogen bonds are weak bonds important in the chemistry of life.


A.
The attraction of these slightly positive and negative charges between different molecules (or different parts of the same molecule in some cases) results in weak hydrogen bonds. Hydrogen from a water molecule binds weakly with the oxygen atom of another water molecule (Figure 2.10A).


B.
Hydrogen bonding occurs in other biologically important compounds such as proteins and DNA. The saying “There is strength in numbers” applies to hydrogen bonds. Hydrogen bonds are weak, but they are numerous and hold molecules together.



Preview: For example, the secondary structure of a protein (a-helices and b-pleated sheets) is maintained by hydrogen bonds (Module 3.14).


II.
Water’s Life-Supporting Properties

Module 2.11
Hydrogen bonds make liquid water cohesive.

A.
Cohesion is the tendency of water molecules to stick together.


B.
Cohesion between water molecules allows them to form drops and be transported through the tissues of plants.


C.
Surface tension results from the cohesion of water molecules to each other so that a small aquatic insect such as a water strider can walk across the top of a pond without sinking.



Preview: Transpiration (Module 32.3) is an example of how living systems take advantage of these characteristics of water.

Module 2.12
Water’s hydrogen bonds moderate temperature.


A.
Breaking hydrogen bonds requires a large amount of energy; therefore, as water is heated, it takes a large amount of energy to observe an increase in the temperature of the water. The temperature of water rises more slowly when heated than does the temperature of nonpolar liquids because water has so many hydrogen bonds.


B.
The opposite is true of water as it cools; formation of hydrogen bonds causes the temperature of water to lower more slowly when cooled because heat is released as the hydrogen bonds are formed.

Module 2.13
Ice is less dense than liquid water (Figure 2.13).


A.
Hydrogen bonds in ice result in an extremely stable, three-dimensional structure.

B. A given volume of ice has fewer water molecules than an equal volume of liquid water and is therefore less dense.

Module 2.14
Water is the solvent of life.


A.
A solution is a homogeneous mixture of a liquid solvent and one or more solutes (solid or liquid compounds that dissolve in the solvent).


B.
Because water is a polar molecule, it readily forms solutions with a wide variety of other polar compounds (for example, sugar) and with the charged ions of ionic compounds such as sodium chloride.

Module 2.15
The chemistry of life is sensitive to acidic and basic conditions (Figure 2.15).


A.
Another property of aqueous solutions important to living things is the pH (potential hydrogen) of the solution (a measure of acidity or basicity).


B.
pH expresses the tendency of water to ionize, dissociating into OH2 (hydroxide ions) and H1 (hydrogen ions, actually, H3O1).


C.
Biological pH ranges from 1 (stomach acid, high concentration of H1) to 9 (seawater, low concentration of H1).


D.
A pH of 7 5 neutral, [H1] 5 [OH2]; lower pH 5 acid, increased [H1]; higher pH 5 basic, increased [OH2].


E.
Biological fluids contain buffers, substances that resist changes in pH by reacting with, and neutralizing, H1 or OH2 ions.

Module 2.16
Connection: Acid precipitation threatens the environment.


A.
Compounds of sulfur and nitrogen are part of air pollutants released from the combustion of fossil fuels. These compounds react with atmospheric water to form acidic compounds (sulfuric and nitric acid).


B.
Low pH associated with acid rain can be harmful to organisms adapted to neutral pH.


C.
Acid rains definitely harm aquatic environments and likely cause various imbalances in terrestrial environments such as forests.



Preview: Module 36.18 discusses the impact of acid precipitation on a deciduous forest ecosystem (the Hubbard Brook studies).


D.
The capacity to withstand changes in pH (buffering) is naturally a characteristic of some areas (for example, limestone buffers acid rain).


E.
In recent decades, in the United States, Canada, and Europe, levels of acid precipitation have declined.


III.
Chemical Reactions

Module 2.17
Chemical reactions change the composition of matter.

A.
Behavior of atoms and molecules is determined by the structure of the subatomic particles, particularly the electron configuration.


B.
The general form of a chemical reaction is:


Reactants ( Products.



The reactants are the starting material, and the products are the result.



For example, 2 H2 + 1 O2  ( 2 H2O. Notice that the number of atoms is the same on each side of the equation.


C.
Chemical reactions can be either catabolic or anabolic (as seen above in the synthesis of water). The example of a catabolic reaction is the splitting of b-carotene in two to make vitamin A.

