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HW Assignment (Due Weds 11/20): Read the Information and Answer the Questions Below Each Section. * You may
complete it on a separate piece of paper, but the answers must be NEAT and organized.

4 Types of Bonds

The forces that hold matter together are called chemical bonds. There are four major types of bonds. We nead to
learn i detail about these bonds and how they influence the properties of matter. The four major types of bonds are:
L Ionic Bonds III. Metallic Bonds

IL Covalent Bonds
( Mo tnlar + M*'-WOVJA
Ionic Bonds

The ionic bond is formed by the attraction between oppositely charged ions. Ionic bonds are formed
between metals and nonmetals. Remember that metal atoms lose one or more valence electrons in order to achieve a
stable electron arrangement. When a metal atom loses electrons 1t forms a positive ion or cation. When nonmetals react
they gain one or more electrons to reach a stable electron arrangement. When a nonmetal atom gains one or more
electrons it forms a negative ion or anion. The metal cations donate electrons to the nonmetal anions so they stick together
in an ionic compound. This means that ionic bonds are formed by the complete transfer of one or more electrons.

A structure with its particles arranged in a regular repeating pattern is called a crystal. Because opposite charges
attract and like charges repel, the ions in an ionic compound stack up in a regular repeating pattern called a crystal lattice.
The positive ions are pushed away from other positive ions and attracted to negative ions so this produces a regular
arrangement of particles where each ion is surrounded by ions of the opposite charge. Each ion in the crystal has a strong
electrical attraction to its oppositely charged neighbors so the whole crystal holds together as one giant unit. We have no
individual molecules in ionic compounds, just the regular stacking of positive and negative ions.

1. Define the following terms:
a) ionic bond — CHLORIDE 10N SODIUM 10N
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2. What are the smallest units of an 1onic bond?

At room temperature ionic compounds are high melting point solids. They are usually white except for
compounds of the transition metals that may be colored. They are brittle (break easily). They do not conduct electricity
as solids, but do conduct electricity when melted or dissolved in water.

3. List several properties of ionic compounds:

4. When can electricity to be conducted in an ionic bond?



How would you describe (in general) the Lewis Dot Diagram for:

a) a cation?

b) an anion?

‘What type of bonding would you expect in a compound that contains a metal and a nonmetal?

Introduction to Covalent Bonds

A covalent bond is formed between nonmetal atoms. The nonmetals are connected by a shared pair of
valence electrons. Remember, nonmetals want to gain valence electrons to reach a stable arrangement. If there are no
metal atoms around to give them electrons, nonmetal atoms share their valence electrons with other nonmetal atoms.
Since the two atoms are using the same electrons they are stuck to each other in a neutral particle called a molecule. A
molecule is a neutral particle of two or more atoms bonded to each other. Molecules may contain atoms of the same
element such as N, O, and Cl, or they may contain atoms of different elements like H,O, NH;, or C¢H;05. Therefore,
covalent bonding is found in nonmetallic elements and in nonmetallic compounds.

Covalent bonds are intramolecular forces; that is, they are inside the molecule and hold the atoms together to
malke the molecule. Covalent bonds are strong bonds and it 1s difficult and requires a lot of energy to break a molecule
apart into its atoms. However, since molecules are neutral one molecule does not have a strong electrical attraction for
another molecule. The attractions between molecules are called intermolecular forces and these are weak forces.
Covalent substances have low melting points and boiling points compared to ionic compounds or metals. At room
temperature, covalent substances are gases, liquids or low melting point solids. They do not conduct electricity as solids

or when molten and usually do not conduct when dissolved in water.

1. Define the following terms:
a) covalent bond —

b) molecule —

¢) intramolecular force—

d) intermolecular force—

2. List several properties of covalent compounds.

*Molten= Liquid



There are many types of covalent bonds. A single covalent bond 1s when two atoms share one pair of valence
electn_)ns (see figure). A double covalent bond i1s when two atoms share two pairs of valence electrons. A triple covalent
bond is when two atoms share three pairs of valence electrons.

3. Define the following terms: @Q
a) single covalent — @
b) double covalent —

c) triple covalent —

Covalent Molecules vs. Covalent Network Solids

o CO; and SIOy are both In group four of the periodic table, and so one might expect their physical properties to be simllar;
however CO; is a gas at room temperature, whereas SIO; 18 solld at room temperature and has an extremely high meiting point.
o The difference between the substances Is due to the dissimilarity between the bonds between carbon and oxygen, and silicon
and oxygen.

o Both are covalent compounds, but because carbon Is such a small atom it can form four bonds around It, making It capable of
forming double bonds with oxygen; carbon dioxide ls composed of Individual molecules.
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o The force between the Individual carbon dioxide molecules Is very weak, and so It doesn't require much energy to separate
them.
o Silicon atoms are larger than carbon atoms; they are able to bond to four oxygen atoms.

o Quartz (510;) Is an extended natwork of SIO4 molecules, In which a central silicon atom Is bonded to four oxygen atoms; each

silicon atom has a half share of four oxygen atoms.
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o Because of Its “glant structure”, silicon dloxide Is Insoluble In water, and has a high melting and boiling point. The reason for this
is the strong covalent bonds between the atoms, which require a lot of energy to break.
o There are two different types of covalent structure, depending on how the atoms bond with each other.

o Covalent molecular structures conslst of molecules on thelr own. They have low melting and bolling points. The covalent bonds
between the atoms within the molecules are strong, but the intermolecular forces are weak, and so don't require a lot of energy
to be broken,

o Covalent networ'k structures are made from a network of repeating lattices of covalently bonded atoms. They often have high

melting and bolling points and are Insoluble In water.



4. Describe how covalent molecules and covalent networks differ in the bonding between atoms.

5. State two differences in properties between the two types of covalent substances.

Metallic Bonds

A metallic bond forms between multiple metal atoms. The

metallic bond is formed by the mutual attraction for each = =

others loosely held valence electrons. Most metal atoms ¥ ¥ * + * N — eecon
have only one or two valence electrons and these are not - = - - — + metalion
tightly bound to the atoms. In a piece of metal these valence -
electrons do not seem to belong to any one of the atoms but = - _ -

are able to move freely through the structure from one atom to + + + + + +

another. Metals can be thought of as positive ions (the - — _

nucleus and inner shells of electrons—all of the atom + + + + + +

except the valence electrons) in a “sea™ of loose valence -

electrons. The metal 1ons line up 1n a regular repeating

pattern (a crystal lattice) and their loose valence electrons move through this crystal acting as an electron glue (see figure).
Each of the ions 1s strongly attracted to all of the loose electrons surrounding it so the whole metal holds together as a
crystal.

These electrical attractions for the electron glue are strong and hard to break so metals are high melting point crystalline
solids. Since there are charged particles free to move metals are good conductors of heat and electricity as solids and as
liquids. Because the “electron glue™ is free to move, if we hammer or pull the cations to new positions the electron glue
flows right along with the cations and holds the structure together in the new position. Thus, metals are malleable
(bendable) and ductile (can be hammered flat) and have a high tensile strength (can be stretched without breaking). This
loose cloud of electrons is good at absorbing and re-emitting the light energy that strikes it so metals are lustrous (shiny).

Metallic bonding is found in elemental metals and in mixtures of metals called alloys.
1. What is a metallic bond? Explain how the ions and electrons are arranged.

2. List some properties of metallic bonds.

3. What 1s an alloy?



4. Identify the following LW\J S as metallic, ionic or covalent:

a. NaCl e. MgN,
b. ClL f Pt
c. Au g. Al
d. [Bro,]!
h. Ag

5. Which statement is true?
(A) Aqueous solutions of calcium chloride, CaCl,, conduct electricity.
(B) Glass, made of silicon dioxide, SiO,, does not dissolve in water.
(C) Ethanol, C,H,O, dissolves in water but does not conduct electricity.
(D) Brass, also called copper zinc, CuZn, conducts electricity.
(E) All of the above are true.



