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	CHAPTER 6

Developing Ideas

ACTIVITY 4 HW: Electrons, Chemical Bonds, and Chemical Formulas


Chapter 6

Activity 4 Homework


Name: __________________________________Date: _______________ Group: ______

Purpose

In Chapter 6 Activity 2 you were introduced to enhanced small particle models of lead iodide, iodine, and lead. You may have wondered what holds the atoms together in each model. Chemical bonds are strong electrostatic attractive forces that hold together atoms in a “small particle” (such as repeating formula units (e.g. lead iodide), discrete molecules (e.g. iodine or water), or elemental solids (e.g. lead)). Chemical bonds are considerably stronger than even the strongest electrostatic attractive forces between small particles.
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	What are chemical bonds and are they all the same?


Collecting and Interpreting Evidence

Model Exploration #1: What are chemical bonds?

Models of three different types of chemical bonds are shown in this exploration. We use the same modified orbit models that we used in Activity 4 since the components of the atom can be clearly shown.  For each example set, the top model represents the atoms before a chemical bond forms, and the bottom set of models represents the atoms once a chemical bond forms. Examine the models and answer the questions that follow.

Ionic bonds
[image: image1.wmf]
[image: image2.jpg]



What type of atoms—metal atoms only, nonmetals atoms only, or a combination of metal and nonmetal atoms—are involved in ionic bonds?  
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What happens to the metal atom’s valence electron(s) when an ionic bond forms with a nonmetal atom? 
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How does the charge change on the metal atom? On the nonmetal atom? Why do you think it is called an ‘ionic bond’?
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What type of atoms—metal atoms only, nonmetals atoms only, or a combination of metal and nonmetal atoms—are involved in covalent bonds?
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  Describe what is happening to the valence electrons of nonmetal atoms when a covalent bond forms between them. How is this different from the ionic bond?
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Metallic bond
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What type of atoms—metal atoms only, nonmetals atoms only, or a combination of metal and nonmetal atoms—are involved in the metallic bond?  
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Describe what is happening to the valence electrons of metal atoms when a metallic bond forms between them. How is this different from the ionic and covalent bonds?
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Which electrons are involved in all chemical bonds—core electrons or valence electrons?
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How many valence electrons does each non-hydrogen atom
 have when involved in a chemical bond?  (Hint: count the dots in the outermost energy level that still contains dots for each atom.)
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How many valence electrons does each hydrogen atom have when involved in a chemical bond?  (Hint: count the dots in the outermost energy level that still contains dots for each atom.)

You may recall seeing ‘combining power’ on the element cards in Activity 3.  Mendeleev studied the combining power of elements using mass ratios of an element in its various compounds.  Now that scientists understand atom structure, and specifically, the role that electrons play in forming chemical bonds, combining power can be defined as the number of chemical bonds that an atom will form with other atoms. A chemical bond consists of one transferred electron (ionic bond) or a shared pair of valence electrons (covalent bond).  In the case of the shared pair, one electron is “donated” from one atom in the bond, and another is “donated” from the second atom in the bond.
For the representative (Group 1A-8A) elements:





1A
2A
3A
4A
5A
6A
7A
8A

Combining Power

1
2
3
4
3
2
1
0

(# chemical bonds)

An atom’s combining power is determined by the octet rule: atoms form chemical bonds by losing (metal atoms), gaining (nonmetal atoms) or sharing (nonmetal atoms) valence electrons, resulting in a total of eight valence electrons for each atom in the chemical bond. Hydrogen and helium are notable exceptions and obey the duet rule with only two valence electrons. Transitions metals usually don’t follow the octet rule (see footnote on previous page), but their ion charge can usually be deduced from the charges of the representative nonmetal ions in the compound.

Let’s examine the compound that forms between nitrogen and hydrogen. Nitrogen has five valence electrons and needs three more electrons to satisfy the octet rule.  Hydrogen has one valence electron and needs one more electron to satisfy the duet rule.  Nitrogen and hydrogen are both nonmetals and will form a covalent bond.  But since each hydrogen atom can only form one chemical bond with a nitrogen atom, three hydrogen atoms are needed:
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Notice that in the compound (shown at the right), the nitrogen atom now has eight valence electrons and each hydrogen atom now has two valence electrons.

From Activities 3 and 4 you know that each element has a chemical symbol that appears on the periodic table.  This chemical symbol is a one or two letter abbreviation of the element’s name.  The first letter of the chemical symbol is always capitalized, and the second letter (if there is one) is always lowercase. Every compound has a chemical formula, which consists of the chemical symbols of each element in the compound and the ratio of those elements’ atoms, shown with a subscript after the element’s chemical symbol. If no subscript appears after a chemical symbol, a subscript of one (1) is always implied.
The chemical formula for the compound formed between one nitrogen atom and three hydrogen atoms is NH3. Notice that no subscript after N implies that the molecule contains one nitrogen atom; a subscript of 3 after H means that the molecule contains three hydrogen atoms. 

Now you will try the compound that forms between magnesium and chlorine. You might find it helpful to have the periodic table and the electron arrangement table from Activity 4.
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What type of atoms—metal atoms only, nonmetals atoms only, or a combination of metal and nonmetal atoms—are involved in this compound?
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What type of chemical bond will form between magnesium and chlorine? What happens to the valence electrons (i.e. where do they start, where do they end up)?
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How many chemical bonds can a magnesium atom form?  A chlorine atom?  How many chlorine atoms will you need for one magnesium atom?
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Draw orbit models that represent the magnesium and chlorine atoms before a chemical bond forms.
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Draw orbit models that represent the magnesium and chlorine atoms once a chemical bond forms. Be sure to check that each atom satisfies the octet rule.
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Write the chemical formula for this compound.

Bond Types and Particle Structure 

Ionic bonds are characteristic of formula units. Therefore, we can predict that a compound composed of both metal and nonmetal atoms will contain ionic bonds with the smallest unit being the formula unit. Often these compounds are simply called ionic compounds. In this case, ionic bonds exist between the ions in the formula units, but also between the formula units in the repeating crystal lattice.

Covalent bonds are characteristic of molecules.  Therefore, we can predict that a compound composed of only nonmetal atoms will contain covalent bonds with the smallest unit being the molecule. Often these compounds are called molecular compounds.  In this case, covalent bonds exist between the atoms in the molecule.  Attractive forces exist between molecules, but are significantly weaker (at least ten times weaker) than the covalent bonds within a molecule.

Of course, there are exceptions to these general observations. But by looking at the type of atoms composing a compound, we can generally predict both bond type and particle structure.

Summarizing Questions


S1. Match the type of bond to its description:

ionic bonding 
a.  this bond forms between atoms of metals; this type of bonding is often described as positive ions loosely held in a ‘sea’ of valence electrons

covalent bonding 
b.  this bond forms between atoms of metals and nonmetals; this type of bonding is often described as one or more valence electrons being transferred from a metal atom to a nonmetal atom

metallic bonding 
c.  this bond forms between atoms of nonmetals; this type of bonding is often described as two or more valence electrons being shared between two nonmetal atoms

S2.  In this activity you studied models of the following chemicals that are commonly found in the household. Draw modified orbit models and write a chemical formula for these household compounds that form between the following elements.

a. Carbon and hydrogen (name: methane, or natural gas) 

b. Sodium and chlorine (name: sodium chloride, or table salt) 

S3.  Why do the Group 8A elements not form compounds?  What is special about their electron arrangements?

S4.  Consider scientists’ current view of the atom—the Electron Cloud Model—from Activity 2 Homework.  

a) Do you think the orbit models we have studied in this homework are accurate representations of chemical bonds?  Why or why not?

b) Why do you think orbit models have been used to help you learn about chemical bonds?
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� For metallic solids and ionic solids, the electrostatic attractive forces between “particles” are the same as the chemical bonds.


� Do NOT consider copper and zinc when answering this question. Generally, when transition metals lose valence electrons, their ions may have partially filled or filled valence energy levels. For example, transition metals in period 3 lose valence electrons from the 4th energy level, leaving them with between one and ten valence electrons in the 3rd energy level, depending on the element.  
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