A8 APPENDIX 3


How Can Elements Be Arranged in the Periodic Table According to Their Chemical Properties? Chemists have developed a way to classify the elements according to their chemical behavior, in what is called the periodic table of elements


(Figure 1). Each of the horizontal rows in the table is called a period. Each vertical column lists elements with similar chemical properties and is called a group.


The partial periodic table in Figure 1 shows how the elements can be classified as metals, nonmetals, and metalloids. Most of the elements found to the left and at the bottom of the table are metals, which usually conduct electricity and heat and are shiny. Examples are sodium (Na), calcium (Ca), aluminum (Al), iron (Fe), lead (Pb), and mercury (Hg). Atoms of such metals achieve a more stable state by losing one or more of their electrons to form positively charged ions such as Na_, Ca2_, and Al3_.


Nonmetals, found in the upper right of the table, do not conduct electricity very well and usually are not shiny. Examples are hydrogen (H),* carbon (C), nitrogen (N), oxygen (O), phosphorus (P), sulfur (S), chlorine (Cl), and fluorine (F). Atoms of some nonmetals such as chlorine, oxygen, and sulfur tend to gain one or more electrons lost by metallic atoms to form negatively charged ions such as O2_, S2_, and Cl_. Atoms of nonmetals can also combine with one another to form molecules in which they share one or more pairs of their electrons.


The elements arranged in a diagonal staircase pattern between the metals and nonmetals have a mixture of metallic and nonmetallic properties and are called


metalloids. Figure 1 also identifies the elements required as nutrients for all or some forms of life and elements that are moderately or highly toxic to all or most forms of life. Six nonmetallic elements—carbon (C) oxygen (O), hydrogen (H), nitrogen (N), sulfur (S), and phosphorus (P)—make up about 99% of the atoms of all living things.


What Are Ionic and Covalent Bonds?


Sodium chloride (NaCl) consists of a three-dimensional network of oppositely charged ions (Na_ and Cl_) held together by the forces of attraction between opposite charges (Figure 2). The strong forces of attraction between such oppositely charged ions are called ionic bonds. Because ionic compounds consist of ions formed from atoms of metallic (positive ions) and nonmetallic (negative ions) elements, they can be described as metal-nonmetal compounds.


Figure 3 shows the chemical formulas and shapes of the molecules for several


*Hydrogen, a nonmetal, is placed by itself above the center of the table because it does not fit very well into any of the groups.
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Figure 1 Abbreviated periodic table of elements. Elements in the same vertical column, called a


group, have similar chemical properties. To simplify matters at this introductory level, only 72 of the 115 known elements are shown.


A P P E N D I X 3


SOME BASIC CHEMISTRY


APPENDIX 3 A9


common covalent compounds, formed when atoms of one or more nonmetallic elements (Figure 1) combine with one another.


The bonds between the atoms in such molecules are called covalent bonds and form when the atoms in the molecule share one or more pairs of their electrons. Because they are formed from atoms of nonmetallic elements, molecular or covalent compounds can be described as nonmetalnonmetal compounds.


What Are Hydrogen Bonds? Ionic and covalent bonds form between the ions or atoms within a compound. There are also weaker forces of attraction between the molecules of covalent compounds (such as water) resulting from an unequal sharing of electrons by two atoms.


For example, an oxygen atom has a much greater attraction for electrons than does a hydrogen atom. Thus, in a water molecule, the electrons shared between the oxygen atom and its two hydrogen atoms are pulled closer to the oxygen atom, but not actually transferred to the oxygen atom. As a result, the oxygen atom in a water molecule has a slightly negative partial charge, and its two hydrogen atoms have a slightly positive partial charge (Figure 4, p. A-4, top).


The slightly positive hydrogen atoms in one water molecule are then attracted to the slightly negative oxygen atoms in another water molecule. These forces of attraction


between water molecules are called hydrogen bonds (Figure 4, p. A-4, top). Hydrogen bonds also form between other covalent molecules or portions of such molecules containing hydrogen and nonmetallic atoms with a strong ability to attract electrons.


What Are Nucleic Acids? Nucleic acids


are made by linking hundreds to thousands of four different types of monomers, called


nucleotides. Each nucleotide consists of (1) a phosphate group, (2) a sugar molecule containing five carbon atoms (deoxyribose in DNAmolecules and ribose in RNA molecules), and (3) one of four different nucleotide bases (represented by A, G, C, and T, the first letter in each of their names) (Figure 5, p. A-4).


In the cells of living organisms, these nucleotide units combine in different numbers and sequences to form nucleic acids such as various types of DNA and RNA. Hydrogen bonds formed between parts of the four nucleotides in DNA hold two DNA strands together like a spiral staircase, forming a double helix (Figure 6, p. A-4). DNAmolecules can unwind and replicate themselves.


Na+ Cl– Na+ Cl– Cl– Na+ Cl– Na+ Cl–


Figure 2 A solid crystal of an ionic compound


such as sodium chloride consists of a three-dimensional array of opposite charged ions held together by ionic bonds resulting from the strong forces of attraction between opposite electrical charges. They are formed when an electron is transferred from a metallic atom such as sodium (Na) to a nonmetallic element such as chlorine (Cl). Such compounds tend to exist as solids at normal room temperature and atmospheric pressure.
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H H H H N N Cl Cl Figure 3 Chemical formulas and shapes for some molecular compounds formed when atoms of one or more nonmetallic elements combine with one another. The bonds between the atoms in such molecules are called covalent bonds. Molecular compounds tend to exist as gases or liquids at normal room temperature and atmospheric pressure.
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Phosphate 5-Carbon sugar Nucleotide base Deoxyribose in DNA ribose in RNA


Figure 5 Generalized structure of nucleotide molecules linked in various numbers and sequences to form large nucleic acid molecules such as various types of DNA (deoxyribose nucleic acid) and RNA (ribose nucleic acid). In DNA the 5-carbon sugar in each nucleotide is deoxyribose; in RNA it is ribose.


The four basic nucleotides used to make various forms of DNA molecules differ in the types of nucleotide bases they contain—guanine (G), cytosine (C), adenine (A), and thymine (T).
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Figure 6 Portion of the double helix of a DNA molecule. The helix is composed of two spiral (helical) strands of nucleotides, each containing a unit of phosphate (P), deoxyribose (S), and one of four nucleotide bases: guanine (G), cytosine (C), adenine (A), and thymine (T). The two strands are held together by hydrogen bonds formed between various pairs of the nucleotide bases. Guanine (G) bonds with cytosine (C), and adenine (A) with thymine (T).
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Slightly positive charge Slightly negative charge Hydrogen bonds H H O H H O H H O Figure 4 Hydrogen bonds. Slightly unequal sharing of electrons in the water molecule creates a molecule with a slightly negatively charged end and a slightly positively charged end. Because of this electrical polarity, hydrogen atoms of one water molecule are attracted to oxygen atoms of another water molecule. These forces of attraction between water molecules are called hydrogen bonds.





