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Chapter 7 Ionic and Metallic Bonding 

 

Vocabulary Preview 

Match the correct vocabulary term to each numbered statement.  Write the letter of the correct 
answer on the line. 
  
a. chemical formula 
b. valence electrons  
c. electron dot structure  
d. octet rule  
e. halide ion  

f. formula unit 
g. ionic bonds  
h. coordination number 
i. metallic bonds  
j. ionic compounds 

k. alloy  
l. anions  
m. cations 

 
 
________ 1. compounds composed of cations and anions  
________ 2. the attraction of free-floating valence electrons for positively charged metal ions  
________ 3. the lowest whole-number ratio of ions in an ionic compound  
________ 4. the electrostatic attraction that binds oppositely charged ions together  
________ 5. the number of ions of opposite charge that surround the ion in a crystal  
________ 6. negatively charged ions  
________ 7. shows the kinds and numbers of atoms in the smallest representative unit of a 

substance  
________ 8. a diagram that shows valence electrons as dots  
________ 9. a negative ion formed when a halogen atom gains an electron  
________ 10. In forming compounds, atoms tend to react so as to acquire the stable electron 

configuration of a noble gas.  
________ 11. electrons in the highest occupied energy level of an element’s atoms.  
________ 12. a mixture of two or more elements, at least one of which is a metal  
________ 13. positively charged ions  
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Name_________________________  Date____________________  Class_____________ 

 
7 IONIC AND METALLIC BONDING 

 
SECTION 7.1  IONS (pages 187-193) 
This section explains how to use the periodic table to infer the number of valence electrons in 
an atom and draw its electron dot structure.  It also describes the formation of cations from 
metals and anions from nonmetals. 
 
Review the Khan Academy Valence Electron video:  
http://www.khanacademy.org/science/chemistry/v/valence-electrons  
Valence Electrons (pages 187-188) 
1. What are valance electrons? 
____________________________________________________________________  
 
2. The valence electrons largely determine the _____________________________ of an 
element and are usually the only electrons used in _________________________________. 
 
3. Is the following sentence true or false?  The group number of an element in the periodic table 
is related to the number of valence electrons it has.  ____________________  
 
4. What is an electron dot structure? _______________________________________________  
__________________________________________________________________________  
 
5. Draw the electron dot structure of each of the following atoms. 
 
 
a. argon ______________ 
 

b. calcium ____________ 
 

c. iodine _____________ 

 
The Octet Rule (page 188) 
6. What is the octet rule?  ______________________________________________________ 
____________________________________________________________________________
____________________________________________________________________________  
 
7. Metallic atoms tend to lose their valence electrons to produce a(n) _______________, or a 
positively charged ion.  Most nonmetallic atoms achieve a complete octet by gaining or 
_______________ electrons. 
 
Formation of Cations (pages 188-190) 
8. Write the electron configurations for these metals and circle the electrons lost when each 
metal forms a cation. 
 
a. Mg_______________ b. Al_______________ c. K_______________ 
 
Match the noble gas with its electron configuration. 
_____9. argon                    a. 1s2 

_______10. helium                 b. 1s22s22p6 

________11. neon                  c. 1s22s22p63s23p6 
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________12. krypton              d. 1s22s22p63s23p63d104s24p6 

 
13. What is the electron configuration called that has 18 electrons in the outer energy level and 
all of the orbitals filled?_________________________________________________________  
 
14. Write the electron configuration for zinc. 
______________________________________________________   
 
15. Fill in the electron configuration diagram for the copper (I) ion. 
 

 
 

Formation of Anions (pages 191-192) 
 
16. Atoms of most nonmetallic elements achieve noble-gas electron configurations by gaining 
electrons to become ___________________, or negatively charged ions. 
 
17. What property of nonmetallic elements makes them more likely to gain electrons than lose 
electrons?  _______________________________________________________________  
  
18. Is the following sentence true or false?  Elements of the halogen family lose one electron to 
become halide ions.  _________________________________  
 
19. How many electrons will each element gain in forming an ion? 
a. nitrogen ______________ 
b. oxygen _______________ 

c. sulfur _________________ 
d. bromine _______________ 

 
20.Write the symbol and electron configuration for each ion from Question 19, and name the 
noble gas with the same configuration. 
a. nitride _________________________ 
b. oxide __________________________ 

c. sulfide _________________________ 
d. bromide ________________________ 
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SECTION 7.2 IONIC BONDS AND IONIC COMPOUNDS (pages 194-199) 
This section lists the characteristics of an ionic bond.  It also describes the use of these characteristics to explain the 
electrical conductivity of ionic compounds when melted and when in aqueous solutions. 
 
Watch the Khan Academy video on Bonding:  http://www.khanacademy.org/science/chemistry/v/ionic--covalent--and-
metallic-bonds  
Formation of Ionic Compounds (pages 194-195) 
1. What is an ionic bond? ______________________________________________________  
___________________________________________________________________________  
 
2. In an ionic compound, the charges of the ________________ and ________________ must 
balance to produce an electrically ___________________ substance. 
 
3. Complete the electron dot structures below to show how beryllium fluoride (BeF2) is formed.  
Use figure on page 194 as a model. 

 
 
 
 

 
 
4. Why do beryllium and fluorine combine in a 1:2 ratio? 
____________________________________________________________________________ 
____________________________________________________________________________ 
____________________________________________________________________________ 
  
 
5. A chemical formula shows the types and _________________ of atoms in the smallest 
representative unit of a substance.  
 
6. List the numbers and types of atoms represented by these chemical formulas. 
a. Fe2O3 _______________________________________________________ 
b. KMnO4 _______________________________________________________ 
c. CH3 _________________________________________________________ 
d. NH4NO3 ______________________________________________________ 
 
 
7. What is a formula unit? 
________________________________________________________________________  
 
 
8. Explain why the ratio of magnesium ions to chloride ions in MgCl2 is 1:2. 
____________________________________________________________________________
____________________________________________________________________________
__________________________________  

 F   F 

Be+  à Be  

       F   F 
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9. Describe the structure of ionic compounds. 
____________________________________________________________________________ 
____________________________________________________________________________  
 
Properties of Ionic Compounds (pages 196-198)  
10. Most ionic compounds are ______________________at room temperature.   
 
11. Is the following sentence true or false?  Ionic compounds generally have low melting points.  
________________ 
 
12. What does a coordination number tell you?  
 
___________________________________________________________________________  
___________________________________________________________________________ 
 
13. What is the coordination number of the ions in a crystal of NaCl? ____________________   
 
 
14. Circle the letter of each statement that is true about ionic compounds. 
 
a. When dissolved in water, ionic compounds can conduct electricity. 
b. When melted, ionic compounds do not conduct electricity. 
c. Ionic compounds have very unstable structures. 
d. Ionic compounds are electrically neutral. 
 
 
SECTION 7.3 BONDING IN METALS (pages 201-203) 
This section uses the theory of metallic bonds to explain the physical properties of metals.  It also describes the 
arrangements of atoms in some common metallic crystal structures.   
 
Metallic Bonds and Metallic Properties (pages 201-202) 
 
1. Is the following sentence true or false?  Metals are made up of cations, not neutral atoms.  
___________________  
 
2. What are metallic bonds?___________________________________________________  
_________________________________________________________________________  
_________________________________________________________________________  
 
3. Name three properties of metals that can be explained by metallic bonding. 
 
a. _____________________________________ 
b._____________________________________ 
c. _____________________________________ 
4. What happens to an ionic crystal when a force is applied to it? 
____________________________________________________________________________
____________________________________________________________________________
__________________________________ 
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Crystalline Structure of Metals (page 202) 
5. Metal atoms in crystals are arranged into very ____________________ and orderly patterns. 
 
6. Label each of the following arrangements of atoms with the correct name. 

 

 

 

 

 
7. Circle the letter of each metal whose atoms form a face-centered cubic pattern.   
a. magnesium   c. sodium 
b. copper   d. aluminum 
 
 Match each  arrangement with the number of neighbors each atom in the arrangement has. 
 
_______8. body-centered cubic   a. 12 
_______9. Face-centered cubic   b. 8 
_______10. Hexagonal close-packed 
 
Alloys (page 203) 
 
11. A mixture of two or more elements, at least one of which is a metal, is called 
a(n)_________________________.  
 
12. Is the following sentence true or false?  Pure metals are usually harder and more durable 
than alloys.  ______________  
 
13.  The most common use of nonferrous alloys is in ____________________. 
 
14.  What four properties make steel an important alloy? 
 
a. ______________________ 
b. ______________________ 

c. ______________________ 
d. ________________________ 

 
15. What are the component elements for the following alloys? 
 
a. sterling silver _____________________________ 
b. brass   ______________________________ 
c. surgical steel ______________________________ 
d. cast iron  ______________________________  
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16. _____________________________ alloys have smaller atoms that fit into the spaces 
between larger atoms.  _____________________ alloys have component atoms that are 
roughly equal in size. 
 
GUIDED PRACTICE PROBLEM 12 (page 196) 
 
12. Use electron dot structures to determine formulas of the ionic compounds formed when  
 
a. potassium reacts with iodine 
 
Analyze 
 
Step 1. Is one of the elements a metal?  If so, which one? _________________________  
 
Step 2.  Metal atoms ______________ their valence electrons when forming ionic compounds.  
Nonmetal atoms ____________ electrons when forming ionic compounds. 
 
Solve 
Step 3. Write the electron dot structures for the two atoms 
    
potassium ________________   iodine _____________________  
 
Step 4. The metal atom, ___________________, must lose ______________ electron(s) in 
order to achieve an octet in the next-lowest energy level.  The nonmetal atom, 
_________________, must gain ________________ electron(s) in order to achieve a complete 
octet. 
 
Step 5. Using electron dot structures, write an equation that shows the formation of the ionic 
compound from the two elements.  Make sure that the electrons lost equals the electrons 
gained.   
 
   
 
 
Step 6.  The chemical formula for the ionic compound formed is ______________________. 
b. aluminum reacts with oxygen. 
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Name______________________ Date ________________Class ________________ 

 

Lab 2: Names and Formulas of Ionic Compounds 

Purpose 
To observe the formation of compounds and write their names and formulas. 
 
Procedure 
1. Start Virtual ChemLab and select Names and Formulas of Ionic Compounds from the list of 
assignments. The lab will open in the Inorganic laboratory. 
 
2. Enter the stockroom by clicking inside the Stockroom window. Once inside the stockroom, 
drag a test tube from the box and place it on the metal test tube stand. You can then click on the 
bottle of Ag+  ion solution on the shelf to add it to the test tube. Click Done to send the test tube 
back to the lab. Click on the Return to Lab arrow.  
 
3. Place the test tube containing the Ag+    solution in the metal test tube stand. Click on the 
Divide button on the bottom (with the large red arrow) four times to make four additional test 
tubes containing Ag+. With one test tube in the metal stand and four others in the blue rack, click 
on the Na2S bottle located on the lab bench. You will be able to observe what happens in the 
window at the bottom left. Record your observation in the table below and write a correct 
chemical formula and name for the product of the reaction. If the solution remains clear, record 
NR, for no reaction. Drag this test tube to the red disposal bucket on the right. 
 
4. Place a second tube from the blue rack on the metal stand. Add Na2SO4. Record your 
observations and discard the tube. Use the next tube but add NaCl, and record your 
observations. Use the next tube but add NaOH, and record your observations. With the last tube 
and Na2CO3 and record your observations. When you are completely finished, click on the red 
disposal bucket to clear the lab.  
 
5. Return to the stockroom and repeat steps 2-4 for Pb2+, Ca2+, Fe3+, and Cu2+. Complete the 
table below. 
 
Analyze 
 
Each cell should include a description of what you observed when the reagents were mixed and 
a correct chemical formula and name for all solutions which turned cloudy and NR for all 
solutions which remained clear. Remember to include Roman numerals where appropriate. 
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Name________________________Date__________________Class______________ 

 

	  

	  

 Ag+ Pb2+ Ca2+ Fe3+ Cu2+ 
Na2S 
(S2-) 
 
 
 

     

Na2SO4 
(SO4

2-) 
 
 
 

     

NaCl 
(Cl-) 
 
 
 

     

NaOH 
(OH-) 
 
 
 

     

Na2CO3 
(CO3

2-) 
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Chapter 8: COVALENT BONDING 
Vocabulary Preview 

Select the term from the following list that best matches each description. 

Polyatomic ion 
Coordinate covalent bond 
Hybridization 
Hydrogen bond 

VSEPR theory 
Sigma bond 
Molecule 
Bonding molecular orbital 

van der Waals forces 
Bond dissociation energy 

 

1.  A bond in which one atom contributes both bonding electrons to a covalent bond 
______________________________________________________________________  
 
2.  The total energy required to break the bond between two covalently bonded atoms 
______________________________________________________________________ 
 
3.  A molecular orbital whose energy is lower than that of the atomic orbitals from which it is 
formed. _______________________________________________________________ 
 
4.  Molecular orbital that lies along the axis connection two atomic nuclei 
______________________________________________________________________ 
 
5.  States that because electron pairs repel, molecules adjust their shapes so that valence-
electron pairs are far apart as possible. _____________________________________ 
 
6.  A process in which several atomic orbitals mix to form the same number of equivalent hybrid 
orbitals ______________________________________________________________________ 
 
7.  A tightly bound group of atoms that behaves as a unit and carries a charge 
______________________________________________________________________ 
 
8.  A term that collectively refers to dispersion forces and dipole interactions 
______________________________________________________________________ 
 
9.  A relatively strong intermolecular attraction in which hydrogen that is covalently bonded to a 
very electronegative atom is also weakly bonded to an unshared pair of electrons of another 
electronegative atom. ____________________________________________________ 
 
10. A tightly connected group of two or more atoms of nonmetallic elements that behave as an 
electrically neutral unit. __________________________________________________ 
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Chapter 8: COVALENT BONDING 
 

SECTION 8.1 MOLECULAR COMPOUNDS (pages 213-216) 
This section explains how to distinguish between ionic and molecular compounds. 
You may want to review the bonding Khan video again:  http://www.khanacademy.org/science/chemistry/v/ionic--
covalent--and-metallic-bonds 
Molecules and Molecular Compounds (pages 213-214) 
1. What is a covalent bond? 
____________________________________________________________________________  
 
2. Most elements  found in nature, with the exception of the ________________________, exist 
as molecules. 
 
3. What is a molecule? 
____________________________________________________________________________ 
____________________________________________________________________________  
 
4. Compounds that are formed when two or more atoms combine to form molecules are called 
________________________________. 
 
5. Circle the letter of the substances that do NOT exist as molecules in nature. 
 
a. oxygen 
b. water 
c. neon 
d. ozone 
e. helium 
 
6. List two properties of molecular compounds. 
 
a. __________________________________________________________________________ 
b. __________________________________________________________________________  
 
Molecular Formulas (pages 215-216) 
 
7. What is a molecular formula? 
____________________________________________________________________________ 
____________________________________________________________________________  
 
Match each compound with its molecular formula. 
 
______  8. carbon dioxide a. C2H6 

_______  9. ethane  b. CO2 

______10. ammonia   c. NH3 

 
11. Is the following sentence true of false?  A molecular formula shows the arrangement of the 
atoms in a molecule.  ___________________ 
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In the diagram, match the type of model or formula with its representation. 
 
a. ball and stick model  d. space-filling molecular model  
b. molecular formula   e. structural formula 
c. perspective drawing 
    

 
 
17.  What is the arrangement of atoms within a molecule 
called?________________________________________  
 
SECTION 8.2 THE NATURE OF COVALENT BONDING (PAGES 217-220) 
This section uses electron dot structures to show the formation of single, double, and triple covalent bonds.  It also 
describes and gives examples of coordinate covalent bonding, resonance structures, and exceptions to the octet rule. 
 
The Octet Rule in Covalent Bonding (page 217) 
 
1. How does electron sharing occur in forming covalent bonds? 
__________________________________________________________________________  
__________________________________________________________________________  
 
Single Covalent Bonds (pages 217-220) 
 
2. Is the following sentence true or false?  A shared pair of electrons is represented by a double 
dash.  ___________  
 
3.  Structural formulas show the arrangement of ____________________ in molecules. 
 
4.  Use the electron dot diagram below.  Circle each unshared pair of electrons in a water 
molecule. 
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5. Complete the electron dot structure for each molecule.  Each molecule contains only single 
covalent bonds. 
 
 
     

   
  
 
Double and Triple Covalent Bonds (pages 221-222) 
 
6. A chemical bond formed when atoms share two pairs of electrons is called a(n) 
____________________________________________________________________________  
 
7. How many covalent bonds are in the nitrogen molecule? _____________________________  
 
8. Is the following sentence true or false?  All diatomic molecules contain double bonds.  
______________________  
 
Coordinate Covalent Bonds (pages 223-225) 
 
9. What is a coordinate covalent bond?  
_____________________________________________________________  
 
 
10. Look at Table 8.2 on page 224.  Which two nitrogen compounds contain coordinate covalent 
bonds? 
____________________________________________________________________________  
 
11.  Complete the electron dot formula of the chlorate ion (ClO3) by filling in the bonds and 
unpaired electrons. 
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Bond Dissociation Energies (page 226) 
12. What is bond dissociation energy? 
______________________________________________________________ 
____________________________________________________________________________  
 
13. Is the following sentence true or false?  Molecules with high bond dissociation energies are 
relatively unreactive.  ____________________________  
 
14.  What is the bond energy for covalent bond C---O? 
____________________________________________________________________________  
 
Resonance (pages 227-228) 
 
15. The actual bonding in ozone is a __________________ of the extremes represented by its 
__________________________. 
 
16. What are resonance structures? 
_______________________________________________________________ 
____________________________________________________________________________  
 
Exceptions to the Octet Rule (pages 228-229)  
 
17. Why does NO2 not follow the octet rule? 
____________________________________________________________________________ 
 
 
SECTION 8.4 POLAR BONDS AND MOLECULES (pages 237-244) 
This section explains the used of electronegativity values to classify a bond as nonpolar covalent, or ionic.  It also 
names and describes the weak attractive forces that hold groups of molecules together. 
 
Bond Polarity (pages 237-238) 
 
1. Is the following statement true or false?  Covalent bonds differ in the way electrons are 
shared by the bonded atoms, depending on the kind and number of atoms joined together.  
_____________________ 
 
2.  Describe how electrons are shared in each type of bond.  Write equally or unequally. 
 
a. Nonpolar bond ________________________  b. Polar bond _______________________  
 
 
3. Why does the chlorine atom in hydrogen chloride acquire a slightly negative charge?  
______________________________________________________________________  
______________________________________________________________________  
 
4.  What symbols are used to represent the charges on atoms in a polar covalent bond?  The 
polarity of the bond? 
_____________________________________________________  
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Match the electronegativity difference range with the most probable type of bond that will form. 
 
_______ 5. 0.0-0.4   a. ionic 
_______ 6. 0.4-1.0   b. nonpolar covalent 
_______ 7. 1.0-2.0   c. very polar covalent 
_______ 8. > 2.0   d. moderately polar covalent  
 
9. Circe the letter of each sentence that is true about polar molecules. 
 
a. Some regions of a polar molecule are slightly negative and some are slightly positive. 
b. A molecule containing a polar bond is always polar. 
c. A molecule that has two poles is called a dipolar molecule. 
d. When polar molecules are placed in an electric field, they all line up with the same orientation 
in relation to the charged plates. 
 
10. Are the following molecules polar or nonpolar? 
 
a. H2O ___________________ c. NH3 ___________________ 

b.. CO2___________________ d. HCl ___________________ 
 
Attractions Between Molecules (pages 240-241) 
 
11. What causes dispersion?  
________________________________________________________________________ 
____________________________________________________________________________  
12. Is the following sentence true or false?  Dispersion forces generally increase in strength as  
the number of electrons in a molecule increases.  ______________________________  
 
13.  The strongest of the intermolecular forces are _________________________________. 
 
Intermolecular Attractions and Molecular Properties (pages 243-244) 
 
14.  What determines the physical properties of a compound?  
__________________________________________________________________________  
__________________________________________________________________________ 
 
 
15. Use table 8.4 on page 244.  Complete the following table comparing ionic and covalent 
compounds. 
 

Characteristic Ionic Compound Covalent Compound 
Representative Unit   

Physical State   
Melting point   

Solubility in water   
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GUIDED PRACTICE PROBLEM 19 (page 239) 
 
19. Identify the bonds between atoms of each pair of elements as nonpolar covalent, 
moderately polar covalent, or ionic. 
 
a. H and Br  b. K and Cl  c. C and O  d Br and Br 
 
Analyze 
Step 1. What is the most probable type of bond for each electronegativity difference range? 
 
Electronegativity Difference Range   Most Probable Type of Bond 

0.0-0.4      _______________________ 
0.4-1.0      _______________________ 
1.0-2.0      _______________________ 
≥ 2.0      _______________________ 
 

Calculate 
Step 2. From table 6.2 on page 177, determine the electronegativity values and differences for 
each pair of elements. 
 
a. H = 2.1, Br = _________;  difference =_________ 
b. K = _________, Cl = 3.0;  difference = _________ 
c. C = _________, O = 3.5;  difference = _________ 
d. Br = 2.8, Br = ________;  difference = _________ 
 
Step 3. Refer to Table 8.3 on page 238 to determine the most probable type of bond for each 
compound. 
a. __________________________________________________ 
b. __________________________________________________ 
c. __________________________________________________ 
d. __________________________________________________ 
 
Evaluate 
Step 4. How do you know that your answers are correct?   
____________________________________________________________________________ 
____________________________________________________________________________ 
 ____________________________________________________________________________ 
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Chapter 9 Vocabulary Preview 
 

Match the correct term to each numbered statement.  Write the letter of the correct term on the 
line.  
 
 
a. anion 
b. law of multiple 
proportions 
c. base 

d. ionic compounds 
e. binary compound 
f. monatomic ion 
g. cation 

h. polyatomic ion 
i. acids 
j. law of definite 
proportions 

 
________ 1. compounds that contain one or more hydrogen atoms and produce hydrogen ions 
in solution  
 
________ 2. an ionic compound that produces hydroxide ions when dissolved in water 
proportions  
 
________ 3. any atom or group of atoms that has a positive charge  
 
________ 4. compounds composed of metal cations and nonmetal anions  
 
________ 5. composed of two elements and can be either ionic or molecular  
 
________ 6. an ion consisting of a single atom with a positive or  negative charge  
 
________ 7. Whenever two elements form more than one compound, the different masses of 
one element that combine with the same mass of the other element are in the ratio of small 
whole numbers.  
 
________ 8. a tightly bound group of atoms that behaves as a unit and carries a charge  
 
________ 9. In samples of any chemical compound, the masses of the elements are always in 
the same proportions.  
 
________ 10. any atom or group of atoms that has a negative charge 
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Chapter 9: CHEMICAL NAMES AND FORMULAS (Sections  9.2 & 9.5 only) 
Khan Video: Formulas- http://www.khanacademy.org/science/chemistry/v/molecular-and-empirical-formulas  
Khan Video: Mass Composition http://www.khanacademy.org/science/chemistry/v/formula-from-mass-
composition 
 
SECTION 9.2 NAMING & WRITING FORMULAS FOR IONIC COMPOUNDS  (pg 260-
266)  This section explains the rules for naming and writing formulas for binary ionic compounds containing a 
polyatomic ion. 
 
Binary Ionic Compounds (pages 260-263) 
 
1. Traditionally, common names were bases on some ___________________ of a compound 
or it’s _____________________.   
2. What is the general name for compounds composed of two elements?  
____________________________________________________________________________   
 
3. When writing the formula for any ionic compound, the charges of the ions must 
_________________________. 
 
4. What are two methods for writing a balanced formula? 
 
a. _________________________________________________________________ 
b. ____________________________________________________________________  
 
5. What are the formulas for the compounds formed by the following pairs of ions? 
 
a. Fe2+, Cl- ____________________________ 
b. Cr3+, O2- ____________________________ 
c. Na+, S2-   ____________________________  
 
6. What are the formulas for these compounds? 
 
a. lithium bromide _____________________________ 
b. cupric nitride _______________________________ 
c. magnesium chloride __________________________  
 
7. The name of a binary ionic compound is written with the name of the 
__________________________ first followed by the name of the _______________________. 
 
8.  How can you tell that cobalt (II) iodide is a binary ionic compound formed by a transition 
metal with more than one ionic charge?  
____________________________________________________________________________ 
____________________________________________________________________________  
 
9. Write the names for these binary ionic compounds. 
 
a. PbS _________________________________________________ 
b. MgCl2 ________________________________________________ 
c. Al2Se3 ________________________________________________  
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Compounds with Polyatomic Ions (page 264-266) 
 
10. What is a polyatomic ion?  
_____________________________________________________________________  
 
11. How do you write the formula for a compound containing a polyatomic ion?  
____________________________________________________________________________
____________________________________________________________________________  
 
12.  Why are parentheses used to write the formula Al (OH)3? 
_________________________________________________________________________ 
13. Complete the table for these ionic compounds containing polyatomic ions. 
 

Cation Anion Name Formula 
NH4+ S2-   
Fe3+  Iron (III) carbonate  

 NO3 -  AgNO3 

  Potassium cyanide KCN 
 

 
 
SECTION 9.5 THE LAWS GOVERNING FORMULAS AND NAMES 
(pages 274-279) 
This section uses data to demonstrate that a compound obeys the law of definite proportions.  It also explains how to 
use flow charts to write the name and formula of a compound. 
 
The Laws of Definite and Multiple Proportions (pages 274-275) 
 
1. What is the law of definite proportions? 
____________________________________________________________  
____________________________________________________________________________  
 
2. Circle the whole-number mass ratio of Li to Cl in LiCl.  The atomic mass of Li is 6.9; the 
atomic mass of Cl is 35.5. 
 
a. 42:1 
b. 5:1 
c. 1:5 
 
3. Circle the whole-number mass ratio of carbon to hydrogen in C2H4.  The atomic mass of C is 
12.0; the atomic mass of H is 1.0. 
 
a. 1:6   c. 1:12 
b: 6:1   d. 12:1 
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4. In the compound sulfur dioxide, a food preservative, the mass ratio of sulfur to oxygen is 1:1.  
An 80-g sample of a compound composed of sulfur and oxygen contains 48g of oxygen.  Is the 
sample sulfur dioxide?  Explain. 
____________________________________________________________________________
____________________________________________________________________________  
 
5. What is the law of multiple proportions? 
___________________________________________________________ 
____________________________________________________________________________ 
____________________________________________________________________________  
 
6. Complete the table using the law of multiple proportions. 
 

 Mass of Cu Mass of Cl Mass Ratio 
Cl:Cu 

Whole-
number 

Ratio of Cl 
Compound A 8.3 g 4.6 g   

Compound B 3.3 g 3.6 g   

 
Practicing Skills: Naming Chemical Compounds (pages 276-277) 
 
7. How can a flowchart help you to name chemical compounds? 
____________________________________________________________________________ 
 
 
8. Use the flowchart in figure 9.20 on page 277 to write the names of the following compounds: 
 
a. CsCl _____________________________________ 
b. SnSe2 _____________________________________ 

c. NH4OH____________________________________ 
d. HF _______________________________________ 
e. Si3N4______________________________________ 
 
 
9. Complete the following five rules for writing a chemical formula from a chemical name. 
 
a. In an ionic compound the net ionic charge is _____________________________. 
b. An –ide ending generally indicates a ________________________ compound. 
c. An –ite or –ate ending means there is a _________________________ ion that includes 
oxygen in the formula. 
d. ________________________ in a name generally indicate that the compound is molecular 
and show the number of each kind of atom in the molecule. 
e. A ______________________ after the name of a cation shows the ionic charge of the cation. 
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Practicing Skills: Writing Chemical Formulas (page 278) 
 
10. Fill in the missing labels from Figure 9.22 on page 278. 
 
 

 
 
11. Use the flowchart in Figure 9.22 to write the formulas of the following compounds: 
 
a. potassium silicate__________________________________ 
b. phosphorus pentachloride ___________________________________ 
c. manganese (II) chromate _________________________________ 
d. lithium hydride ___________________________________ 
e. diiodine pentoxide ____________________________________  
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GUIDED PRACTICE PROBLEM 2 (page 256) 
 
2.  How many electrons were lost or gained to form these ions?  
 
a. Fe3+   b. O2-   c. Cu+ 

 

Step 1. Determine the number of electrons based on the size of the charge. 
Step 2. Determine whether the electrons were lost or gained based on the sign of the charge. 
 
a. ____________________________ 
b. ____________________________ 
c. ____________________________  
 
GUIDED PRACTICE PROBLEM 10B (page 263) 
 
10. Write formulas for compounds formed from these pairs of ions. 
 
b. Li, O2- 

 
Analyze  
 
Step 1. Do the ions combine in a 1:1 ratio? 
____________________________________________________________________________  
 
Solve 
 
Step 2 Use the crisscross method to balance the formula.  Write the formula 
____________________________ 
 

    
Evaluate 
Step 3. How do you know your formula is reasonable? 
_________________________________________________________________________  
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Chapter 11 Vocabulary Preview 
 
Use the words found on page 346 of the textbook to help with this task.  
 
1. ____  ____  ____  ____  ____  ____  ____  ____  ____  ____  
Clue: the complete reaction of a hydrocarbon with oxygen to produce carbon  
dioxide and water.  
 
2. ____  ____  ____  ____  ____  ____  ____  ____  ____  ____  ____  ____  ____ 
Clue: a single compound is broken down into two or more products.  
 
3. ____  ____  ____     ____  ____  ____  ____  ____       ____  ____  ____  ____  ____  ____  ____  ____ 
Clue: the equation indicating only those particles that actually take part in a  
chemical reaction in an aqueous solution.  
 
4. ____  ____  ____  ____  ____  ____  ____  ____ 
Clue: a substance that speeds up the rate of a chemical reaction.  
 
5. ____  ____  ____  ____  ____  ____  ____  ____  ____ 
Clue: the elements or compounds on the left side of a chemical equation.  
 
6. ____  ____  ____  ____  ____  ____  ____  ____  ____ 
Clue: ions that do not participate in an aqueous chemical reaction.  
 
7. ____  ____  ____  ____  ____  ____        ____  ____  ____  ____  ____  ____  ____  ____  ____  ____  ____ 
Clue: reaction in which atoms of one element replace the atoms of a second,  
less reactive, element in a compound.  
 
8. ____  ____  ____  ____  ____  ____  ____  ____        ____  ____   ____  ____  ____  ____  ____  ____   
Clue: a chemical equation that is consistent with the law of conservation of  
mass.  
 
9. ____  ____  ____  ____  ____  ____  ____  ____  ____  ____  _____   _____ 
Clue: numbers placed in front of chemical symbols or formulas in a chemical  
reaction.  
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Name_________________________  Date____________________  Class_____________ 

 
Chapter 11:  CHEMICAL REACTIONS 

Khan Video:  balancing chemical equations http://www.khanacademy.org/science/chemistry/v/balancing-chemical-
equations  

SECTION 11.1  DESCRIBING CHEMICAL REACTION (pages 321-329) 
This section explains how to write equations describing chemical reactions using appropriate symbols.  It also 
describes how to write balanced chemical equations when given the names or formulas of the reactants and products 
in a chemical reaction. 
 
Writing Chemical Equations (pages 321-323) 
 
1.  A chemical reaction occurs when one or more     change into one or more 
new substances called     _______________________. 
 
2. The arrow in a reaction means          
              
 
3. Is the following sentence true or false?  When there are two or more reactants or products, 
they are separated by an arrow.      
 
4. Write a word equation that describes the following reactions: 
 
a. Acetylene reacts with oxygen to produce carbon dioxide and water.  
  
b. When heated, mercury (II) oxide reacts to form mercury and oxygen. 
   
 
5. What is a chemical equation:   
   
 
6. A chemical reaction that shows only the formulas, but not the relative amounts of the 
reactants and products is a(n)  
   
 
7. Identify the reactant(s) and product(s) in the chemical equation Li + Br2 à LiBr. 
 
a. reactant(s)        
b. product(s)        
 
8. Circle the letter of each statement that is true about a catalyst. 
 
a. A catalyst is the new material produced as a result of a chemical reaction. 
b. A catalyst is not used up in a chemical reaction. 
c. A catalyst adds heat to a chemical reaction. 
d. A catalyst speeds up a chemical reaction. 
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9. Use the symbols in table 11.1 on page 323 to write a skeleton equation for the following 
chemical reaction.  Hydrochloric acid reacts with zinc to produce aqueous zinc(II) chloride and 
hydrogen gas. 
   
 
Balancing Chemical Equations (pages 324-328) 
 
10. What is the law of conservation of mass? 
   
 
11. Complete the flowchart for balancing equations. 
 

Determine the correct formulas and physical states for the  
________________and    . 

 

ê 
Write a      with the formulas for the reactants on the left and the 

formulas for the products on the right of a yields sign (à). 
 

ê 
Count the number of     of each element in the reactants and in the products. 

 

ê 
Balance the number of atoms of the elements on the two sides of the equation by placing  
    in front of formulas.  Never try to balance an equation by changing the   

  in formulas. 
 

ê 
Check each atom or polyatomic ion to be sure the equation is    , and make 

sure that all coefficients are in the      possible ratio. 
 
 

 
 
12. Balance the following chemical equations. 
 
a.   Na(s) +    H2O(l) à  NaOH(aq) + H2(g) 
b.   AgNO3(aq) + Zn(s) à Zn(NO3)2(aq) +    Ag(s) 

 
 
 
 
 
 
 



Chemistry	  Quarter	  2	  Module-‐Pearson,	  adapted	  with	  permission	  2012	   27	  

SECTION 11.2  TYPES OF CHEMICAL REACTIONS (pages 330-339) 
This section explains how to identify a reaction as a combination, decomposition, single-replacement, double-
replacement, or combustion reaction.  It also describes how to predict the products of each type of reaction. 
 
Classifying Reactions (page 330) 
 
1. There are     general types of chemical reactions. 
 
2. Complete the diagram of a combination reaction.  Which characteristic of this type of reaction 
is shown in the diagram?            
 

 
 
3. Is the following sentence true or false?  The product of a combination reaction is always a 
molecular compound.      
 
4. Circle the letter of each set of reactants that can produce more than one product. 
 
a. two nonmetals c. a transition metal and a nonmetal 
b. a Group A metal and a nonmetal d. two metals 
 
5. Look at Figure 11.6 on page 332.  Which characteristics of a decomposition reaction are 
shown in the diagram?   
 
 
6. Rapid decomposition reactions can cause     as a result of the formation 
of gaseous products and heat.  
 
7. Most composition reactions require the addition of     in the form of heat, 
light, or electricity.  
 
8. Complete the diagram of a single replacement reaction.  Which characteristics of this type of 
reaction are shown in the diagram?   
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9. Using table 11.2 on page 333, state whether the following combinations will produce a 
reaction or no reaction. 
 
a. Ag(s) + HCI(aq)   
b. Cu(s) + AgNO3(aq)  
 
10. Look at Figure 11.8 on page 335.  Which characteristics of a double-replacement reaction 
are shown in the diagram?  
  
   
 
11. When solutions of ionic compounds are mixed, what three circumstances may indicate that 
a double-replacement reaction has occurred: 
 
a.  ________________________  
b. ________________________ 
c. ________________________ 
 
12. Look at the diagram of a combustion reaction in Figure 11.9 on page 336.  Which 
characteristic if this type of reaction are shown in the diagram?    
 
13. Is the following sentence true or false?  Hydrocarbons, compounds of hydrogen and carbon, 
are often the reactants in combustion reactions.    
 
14. Circle the letter of each compound that can be produced by combustion reactions. 
 
a. oxygen c. water 
b. carbon dioxide d. glucose  
 
Predicting the Products of a Chemical Reaction (pages 337-339) 
 
15. Classify the reaction in each of the following equations. 
 
a.     BaCI2(aq) + K2CrO4(aq) àBaCrO4(s) + 2KCI (aq) 
b.     Si(s) + 2CI2(g) à SiCI4(l)  
c.     2C6H6(l) + 15O2(g) à 6H2O(l) 12CO2(g) 
 
16. Use Figure 11.10 on page 339.  The equation for the combustion of pentane is  
C5H12 + 8O2  à 5CO2 + 6H2O.  What numbers in this equation are represented by x  and y  in 
the general equation?     
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GUIDED PRACTICE PROBLEM 2 (page 324) 
 
2. Sulfur burns in oxygen to form sulfur dioxide.  Write a skeleton equation for this chemical 
reaction.  Include appropriate symbols from table 11.1. 
 
Analyze 
 
Step 1.  Identify the relevant concepts. 
Write the formula for each reactant and each product.  Include the common STP state of each 
substance. 
 
Reactants 
     
 
     
 
Products 
 
     
    
Solve 
 
Step 2. Write the skeleton equation using + between reactants on the left hand side and à to 
separate reactants from products:       
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GUIDED PRACTICE PROBLEM 3 (page 327) 
 
3. Balance each equation. 
 
a. AgNO3 + H2S à Ag2S + HNO3 

 
Analyze 
 
Step 1. Identify the relevant concepts.   
Count the number of atoms of each element on both sides of the skeleton equation. 
 
Left hand side (lhs): Right hand side (rhs): 
    
    
    
    
    
 
Solve 
 
Step 2. Apply concepts to this situation. 
 
The reactant containing Ag on the lhs needs a multiple of 2, and the product containing H on the 
rhs needs a multiple of 2.  Rewrite the equation with these coefficients and count again. 
 
2AgNO3 + H2S à Ag2S + 2HNO3 
 
Left hand side (lhs): Right hand side (rhs): 
    
    
    
    
    
 
Because the number of atoms of each element is the same on both sides, the equations is 
balanced:  
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Name ____________________________ Date ________________ Class __________ 
 

Virtual Lab 23: Identification of Cations in Solution 
 

Purpose 
Identify the ions in an unknown solution through the application of chemical tests. 
 
Background 
 
The process of determining the composition of a sample of matter by conducting a chemical test 
is called qualitative analysis. Solutions of unknown ions can be subjected to chemical tests and 
the results can be compared to the results given by known ions. By conducting the appropriate 
tests and applying logic, the identities of the ions present in an unknown solution can be 
determined. 
 In this experiment, you will observe several types of chemical reactions commonly used 
as tests in qualitative analysis. These reactions include the color of a flame as the chemical is 
placed in the flame and the formation of a precipitate (solid). 
 
Procedure 
1. Start Virtual ChemLab and select Identification of Cations in Solution from the list of 
assignments. The lab will open in the Inorganic laboratory. 
 
2. Enter the stockroom by clicking inside the Stockroom window. Once inside the stockroom, 
drag a test tube from the box and place it on the metal test tube stand. You can then click on a 
bottle of metal ion solution on the shelf to add it to the test tube. When you have added one 
metal ion, click Done to send the test tube back to the lab. Repeat this process with a new metal 
ion. Continue doing this until you have sent one test tube for each of the following metals ions to 
the lab: Na +, K +, and a Na + / K + mixture. Fill one test tube with just water by clicking on the 
bottle of distilled water. Now click on the Return to Lab arrow. 
 
3. When you return to the lab you should note that you have four test tubes. Just above the 
periodic table there is a handle. Click on the handle to pull down the TV monitor. With the 
monitor down you can drag your cursor over each test tube to identify what metal ion the test 
tube contains, and you will see a picture of what it looks like in the lower left corner. 
 
 
 
Part 1, Flame Tests 
 
1. You will use two of the buttons across the bottom, Flame and Flame w/Cobalt (blue glass 
held in front of the flame.) A test tube must be moved from the blue test tube rack to the metal 
test tube stand in order to  perform the flame test. You can drag a test tube from the blue rack to 
the metal test tube stand to switch places with a test tube in the metal test tube stand. 
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2. Flame test sodium ion only. Flame w/Cobalt test sodium ion only. Record your observations. 
 
 
3. Flame test potassium ion only. Flame w/Cobalt test potassium ion only. Record your 
observations. 
 
 
4. Flame and Flame w/Cobalt test a mixture of sodium and potassium. Record your 
observations. 
 
 
 
5. Flame test a blank (distilled water) with and without cobalt glass to get a feel for what it looks 
like with no chemicals other than water. Record your observations. 
 
 
6. Return to the Stockroom On the right end of the supply shelf is a button labeled Unknowns 
Click on the Unknowns label to create a test tube with an unknown. Now click on Na + and K +. 
On the left side make the minimum = 0 and maximum = 2. Click the Save button. An unknown 
test tube titled Practice will show in the blue rack. Drag the practice unknown test tube from the 
blue rack to place it in the metal stand and click Done to send it to the lab. Return to Lab.  
 
7. Flame test the Practice Unknown and determine if it contains sodium or potassium or both or 
neither. Click on the Lab Book. On the left page, click the Report button, Submit, then OK. If the 
ion button is green, you correctly determined whether the ion was present or not. If the ion 
button is red you did not make the correct analysis. Click the red disposal bucket to clear the 
lab. If you want to repeat with a new practice unknown, return to the stockroom and retrieve it 
from the blue rack. When you are confident that you can make a correct determination with 
sodium and potassium, proceed to part 2. 
 
Part 2, Insoluble Chlorides 
 
1. Return to the Stockroom. In a new test tube, place three ions: Ag+, Hg2

2+, and Pb2+.  (There is 
Hg2+ and Hg2

2+ on the shelf. Make sure you obtain Hg2
2+.) Return to Lab. As you proceed with 

the chemical analysis watch the TV screen to see the chemistry involved in the chemical 
reactions. 
 
2. Move the test tube to the metal stand. Click the reagent bottle NaCl to add chloride to the test 
tube. What observations can you make?   
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Click the Centrifuge button. What observations can you make? 
 
 
Each of the three ions form insoluble precipitates (solids) with chloride. If the solution turns 
cloudy white it indicates that at least one of the three ions is present. Now, we must determine 
which one.  
 
3. Turn the heat on with the Heat button. Observe the TV screen. What happened? If you 
cannot tell, turn the heat on and off while observing the TV screen. 
 
 
With the heat turned on, click Decant. Drag your cursor over the new test tube in the rack. What 
appears on the TV screen? What appears in the picture window? 
 
 
This is the test for Pb2+. If heated, it is soluble. When cooled it becomes insoluble. 
 
4. Turn off the Heat. Click the NH3 bottle on the reagent shelf. What do you observe? 
 
 
Addition of ammonia produces a diammine silver complex ion which is soluble. The mercury 
produces a black solid. This is the test for mercury. 
 
5. Centrifuge and then Decant to pour the silver ion into another test tube. Move the tube with 
the black mercury solid to the red disposal bucket. Move the tube containing silver back to the 
metal stand. Click the pH4 reagent bottle. What do you observe? 
 
 
The silver ion is soluble as the diammine silver complex ion in pH10 and is insoluble as AgCl in 
pH4. You can click alternately on each of the pH bottles to confirm this test for silver ion.  
 
6. Return to the Stockroom and create un unknown with Ag+, Hg2

2+, and Pb2+. Use minimum =0 
and maximum = 3. Return to the lab and complete the analysis. Report your results in the Lab 
Book and check to determine if you can correctly identify these three ions. When you are 
confident that you can correctly identify Ag+, Hg2

2+, and Pb2+ proceed to Part 3. 
 
Part 3, Selected Transition Metal Ions 
 
1. Return to the Stockroom. In a new test tube, place three ions: Co2+, Cr3+, and Cu2+. Return to 
Lab. As you proceed with the chemical analysis watch the TV screen to see the chemistry 
involved in the chemical reactions. 
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2.Move the test tube to the metal stand. Click the NaOH bottle on the reagent shelf. What 
observations can you make? 
 
 
 
 
3. Click Centrifuge and Decant. What observations can you make as you drag your cursor over 
each test tube? 
 
 
This is the test for chromium. If the new test tube in the blue rack is green when decanted then 
chromium is present. You can confirm it by placing the clear green test tube in the metal stand 
and clicking pH 10 and then adding HNO3. What observations can you make? 
 
 
4. With the test tube containing the precipitate in the metal stand, add NH3. What observations 
can you make? 
 
 
5. Centrifuge and Decant. Add HNO3 to the tube in the metal stand containing the precipitate. 
What observations can you make? 
 
This is the confirmatory test for cobalt ion (Co2+). 
 
6. Place the test tube from the blue rack which is the decant from step # 5 in the metal stand. 
Add HNO3. What observations can you make? 
 
 
 
 
This is the confirmatory test for copper. 
 
7. Return to the Stockroom and create an unknown with Co2+, Cr3+, and Cu2+. Use 
minimum+0and maximum + 3. Return to the lab and complete the analysis. Report your results 
in the Lab Book and check to determine if you can correctly identify these three ions. 
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Name ____________________________ Date ______________ Class_____________ 

 
Virtual ChemLab 24: Qualitative Analysis 

 
Purpose 
Develop a systematic panel of chemical tests to identify an unknown solution of eight metal 
cations. 
 
Background 
In the Identification of Cations in Solution experiment, you learned how to identify eight metal 
cations in three groups. In this experiment you will complete a qualitative analysis scheme using 
the information learned in the previous experiment with an unknown solution containing one to 
eight of the ions. 
 
Procedure 
1. Start Virtual Chem Lab and select Qualitative Analysis from the list of assignments. The lab 
will open in the Inorganic laboratory. 
 
2. Click to enter the Stockroom. Create an unknown with Na+, K+, Ag+, Hg2

2+, Pb2+, Co2+, Cr3+ 
and Cu2+. Set minimum = 0 and maximum = 8. This means that you could have only water or 
any number of the ions up to all eight. Click Save. Move the Practice Unknown to the metal 
stand and Return to Lab.  
 
3. Move the test tube to the metal stand and click the Divide button three times. Move the three 
new test tubes to the right end of the blue rack. These three tubes are duplicates of your 
unknown. If you make a mistake and need to begin again, you can use one of these. Before you 
use the last one make additional duplicates. 
 
4. From your experience in the previous lab, you know how to analyze the three different 
groups: flame tests, insoluble chlorides, and selected transition metals. Now that all three 
groups are combined you will still analyze the unknown as three separate groups. First, flame 
test for Na+ and / or K+. Remember, neither may be present and one of the other six ions will 
have a unique flame test that you have not seen before. Second, test for the insoluble chlorides. 
If you obtain a precipitate when adding NaCl the Centrifuge and Decant. The decant will contain 
the third group. Third, complete the analysis on the transition metals. 
 
5. Report your results in the Lab Book and check to see if you correctly identified the presence 
or absence of each of the eight cations. 
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Chapter 12 Vocabulary Preview 
 
Match the correct vocabulary term to each numbered statement.  Write the letter of the correct 
term on the line.  
 
a. mole 
b. stoichiometry 
c. mass-mass calculation 
d. reactants 

e. excess reagent 
f. theoretical yield 
g. limiting agent 
h. quantity 

i. actual yield 
j. percent yield 

 
________ 1.  the starting materials in a chemical reaction  
________ 2.  a conversion factor derived from the coefficients of a balanced chemical equation 

interpreted in terms of moles  
________ 3.  the maximum amount of product that could be formed in a reaction  
________ 4.  the amount of a substance that contains 6.02 x 1023 representative particles of 

that substance  
________ 5.  the substance completely used up in a chemical reaction  
________ 6.  the ratio of how much product is produced compared to how much is expected, 

expressed as a percentage  
________ 7.  the calculations of quantities in a chemical reaction  
________ 8.  the actual amount of product in a chemical reaction  
________ 9.  the substance left over after a reaction takes place  
________ 10. a stoichiometric computation in which the mass of products is determined from 

the given mass of reactants  
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Name_________________________  Date____________________  Class_____________ 

 
Chapter 12: STOICHIOMETRY 

Read the chapter, watch the Khan Academy video: 
http://www.khanacademy.org/science/chemistry/v/stoichiometry  
SECTION 12.1  THE ARITHMETIC OF EQUATIONS (pages 353-358) 
This section explains how to calculate the amount of reactants required or product formed in a nonchemical process.  
It teaches you how to interpret chemical equations in terms of interacting moles, representative particles, masses, 
and gas volume at STP. 
 
Using Everyday Equations (pages 353-355) 
 
1.  How can you determine the quantities of reactants and products in a chemical reaction? 
______________________________________________________________________ 
____________________________________________________________________  

 
2.  Quantity usually means the    of a substance expressed in grams or moles. 

 
3.  A bookcase is to built from 3 shelves (Sh), 2 side boards (Sb) 1 top (T), 1 base (B), and 4 
legs (L).  Write a “balanced equation” for the construction of this bookcase.  
__________________________________________________________________________  

 
Using Balanced Chemical Equations (page 354) 

 
4.  Is the following sentence true or false?  Stoichiometry is the calculation of quantities in 
chemical reactions.  ___________________  
 
5.  Calculations using balanced equations are called  . 
 
Interpreting Chemical Equations (pages 356-357) 
 
6.  From what elements is ammonia produced?  How is it used?  
  
 
7.  Circle the letter of the term that tells what kind of information you CANNOT get from a 
chemical equation. 
 
a. moles d. volume 
b. mass e. number of particles 
c. size of particles 
 
8.  The coefficients of a balanced chemical equation tell you the relative number of moles of   
_______________________  and   _______________________ in a chemical reaction. 
 
9.  Why is the relative number of moles of reactants and products the most important 
information that a balanced chemical equation provided?  
 
________________________________________________________________________  
________________________________________________________________________  
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Mass Conservation in Chemical Reactions (pages 357-358)   
 
10.  Is the following sentence true or false?  A balanced chemical equation must obey the law of 
conservation of mass.  ___________________ 
 
11.  Use Figure 12.3 on page 357.  Complete the table about the reaction of nitrogen and 
hydrogen. 
 
N2(g) + 3H2(g) à 2NH3(g) 
____ atoms N + 6 atoms H à ____ atoms N and ____ atoms H 
1 molecule N2 + ____ molecules H2 à ____ molecules NH3 
____ X (6.02 X 1023 

molecules N2) 
+ 3 X (6.02 X 1023 

molecules H2) 
à _____ X (6.02 X 1023 molecules 

NH3) 
1 mol N2 + ____ mol H2 à 2 mol NH3 
28 g N2 + 3 X ____ g H2 à 2 X ____ g NH3 
 + ____ g reactants à 34 g products 
Assume STP 22.4 L 

N2 
+ 67.2 L H2 à ____ L NH3 

 
12.  Circle the letter(s) of the items that are ALWAYS conserved in every chemical reaction. 
 
a. volume of gases d. moles 
b. mass e. molecules 
c. formula units f. atoms 
 
13.  What reactant combines with oxygen to form sulfur dioxide?  Where can this reactant be 
found in nature? _______________________________________________________________  
____________________________________________________________________________  
 
SECTION 12.2  CHEMICAL CALCULATIONS (pages 359-362) 
This section shows you how to construct mole ratios from balanced chemical equations.  It then teachers you how to 
calculate stoichiometric quantities from balanced chemical equations using units of moles, mass, representative 
particles, and volumes of gases at STP. 
 
Writing and Using Mole Ratios (pages 359-362) 
 
1.  What is essential for all calculations involving amounts of reactants and products? ________  
 
2.  Is the following sentence true or false?  If you know the number of moles of one substance in 
a reaction, you need more information than the balanced chemical equation to determine the 
number of moles of all the other substances in the reaction.  ________________________ 
 
3.  The coefficients from a balanced chemical equation are used to write conversion factors 
called ______________________________.  
 
4.  What are mole ratios used for?  _______________________________________________  
___________________________________________________________________________  



Chemistry	  Quarter	  2	  Module-‐Pearson,	  adapted	  with	  permission	  2012	   39	  

5.  The equation for the formation of potassium chloride is given by the equation  
2K(s) + CI2(g) è2 KCI(s).  Write the six possible mole ratios for this equation. 
 
_____________________________       ______________________________ 
 
_____________________________       ______________________________ 
 
_____________________________       ______________________________ 
 
  
6.  Is the following sentence true or false?  Laboratory balances are used to measure moles of 
substances directly. _____________________  
 
7.  The amount of a substance is usually determined by measuring its mass in _____________. 
 
8.  Is the following sentence true or false?  If a sample is measured in grams, molar mass can 
be used to convert the mass to moles. ___________________ 
 
9.  Complete the flow chart to show the steps for the mass-mass conversion of any given mass 
of G to any wanted mass of W.  In the chemical equation, a moles of G react with b moles of W. 
 

Mass	  of	  G	  x	  ________/molar	  mass	  G	  =	  mol	  G 
ê 

Mol	  G	  x	  bmol	  W/a	  mol	  G	  =	  _______	  

 
ê 

Mol	  W	  x	  molar	  mass	  W/_______	  =	  mass	  W	  

 
 
10.  Use the diagram below.  Describe the steps needed to solve a mass-mass stoichiometry 
problem. __________________________________________________________________  
_________________________________________________________________________  
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Other Stoichiometric Calculations (pages 363-366) 
 
11.  Is the following sentence true or false?  Stoichiometric calculations can be expanded to 
include any unit of measurement that is related to the mole. _____________________  
 
12.  List two or three types of problems that can be solved with stoichiometric calculations.  
________________________________________________________________________  
________________________________________________________________________  
 
13.  In any problem relating to stoichiometric calculations, the given quantity is first converted to  
____________________.  

 
14.  The combustion of methane produces carbon dioxide and water.  The chemical equation for 
this reaction is:  

CH4(g) + 202(g) à CO2(g) + 2H2O(g). 
 

Write the three conversion factors you would use to find the volume of carbon dioxide obtained 
from 1.5 L of oxygen. 

 
 

____________________   _____________________   _____________________  
 

 
SECTION 12.3 LIMITED REAGENT AND PERCENT YIELD (pg 368-375) 
This section helps you identify and use the limiting reagent in a reaction to calculate the maximum amount of 
product(s) produced and the amount of excess reagents.  It also explains how to calculate theoretical yield, or 
percent yield, given appropriate information. 
 
Watch the Kahn Academy Video:  http://www.khanacademy.org/science/chemistry/v/stoichiometry--limiting-reagent  
Limiting and Excess Reagents (pages 368-371) 
 
1.  What is a limiting reagent? __________________________________________________  
__________________________________________________________________________  
 
2.  Is the following sentence true or false?  A chemical reaction stops before the limiting reagent 
is used up.  ________________________. 

 
3.  Circle the letter of the term that  correctly completes the sentence.  The reactant that is not 
completely used up in a chemical reaction is called the ___________. 
 

a. spectator reagent c. excess reagent 
b. limiting reagent d. catalyst 
 

4.  If the quantities of reactants are given in units other than moles, what is the first step for 
determining the amount of product? 

 
a. Determine the amount of product from the given amount of limiting reagent. 
b. Convert each given quantity of reactant to moles. 
c. Identify the limiting reagent. 
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5.  In the diagram below, which reactant is the limiting reagent and why?  The chemical 
equation for the formation of water is 2H2 + O2 à 2H20. _____________________ 

____________________________________________________________________ 
 

 
 

Percent Yield (pages 372-375) 
 
6.  What is the theoretical yield?  
________________________________________________________________________  
________________________________________________________________________  
 
7.  The amount of product that actually forms when a chemical reaction is carried out in a 
laboratory is called the __________________________yield.    
  
8.  Is the following sentence true or false?  The actual yield is usually greater than the 
theoretical yield.  _____________________ 
 
9.  Complete the equation for the percent yield of a chemical reaction. 

Percent yield =  __________ yield X 100% 
__________ yield 

 
10.  Describe four factors that may cause percent yields to be less than 100%. __________  
_________________________________________________________________________  
_________________________________________________________________________  
 
GUIDED PRACTICE PROBLEM 11 (page 360) 
 
11.  This equation shows the formation of aluminum oxide.   

4AI(s) + 3O2(g) à 2AI2O3(s) 
 

 a.  How many moles of oxygen are required to react completely with 14.8 moles of 
aluminum? 
 
Analyze 
 
1.  What is the given information? _____________ 
2.  What is the unknown? ___________________ 
3.  What conversion factor will you need to use? __________________  
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Calculate 
 
4.  Complete the solution.   
 

14.8 ____________ x 3 mol O2 = __________ mol O2 __________ 
 
Evaluate 
 
5.  Why does the answer have three significant figures? ___________________________  
________________________________________________________________________  
________________________________________________________________________  
 
 
b. How many moles of aluminum oxide are formed when 0.78 moles of oxygen react with an  
excess of aluminum? 
 
Analyze 
 
6.  What information is given? __________________  
7.  What information is unknown? ___________________  
 
Calculate 
 
8.  Complete the solution.   

 _________ mol O2 x _____  mol AI2O3 = __________ mol AI2O3 
__________ 

 
Evaluate 
 
9.  Why does the answer have two significant figures? ___________________________  
______________________________________________________________________  
 
GUIDED PRACTICE PROBLEM 25 (page 370)  
 
25.  The equation for the complete combustion of ethene (C2H4) is C2H4(g)  2CO2(g) + 2H2O(g 
 
a.  If 2.70 moles of ethane reacted with 6.30 moles of oxygen, identify the limiting reagent. __ 
_________________________________________________________________________  
 
 
Step 1. Calculate the number of moles of oxygen needed to react with 2.70 moles of ethane.  
Multiply by the mole ratio.  
 
2.70  ____________  X _____  mol O2 = __________ mol O2 

1 mol C2H4 
 
Step 2. Compare the numbers of moles of oxygen needed to the number given. 
 _______ O2 given is less than ________ mol O2 needed  
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Step 3. Identify the limiting reagent. 
 
Because _______ mol O2 are needed to react with the 2.70 mol C2H4 and only _____ mol O2 
are available, ___________ is the liming reagent. 
 
 
b.  Calculate the number of moles of water produced. 
 
Step 1. Identify the mole ratio needed. 
 

______  mol H2O 

3 mol O2 
 
Step 2. Calculate the given number of moles of oxygen. 
 

6.30  __________  X ______  mol H2O = __________ mol H2O      3       mol H2O 
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Virtual ChemLab 28: Analysis of Baking Soda 
 
Purpose 
 
Determine the mass of sodium hydrogen carbonate in a sample of baking soda using 
stoichiometry.  
 
Procedure  
 
1. Start Virtual Chem Lab and select Analysis of Baking Soda from the list assignments. The lab 
will open in the Titration laboratory. 
 
2. The beaker has 1.5000 g of the impure solid NaHCO3 and is filled with water to make a 
volume of 25.00 mL. The indicator methyl orange is in the beaker. The calibrated pHmeter is in 
the beaker, the graph window is open. Click on the Lab Book to open it and delete any previous 
data saved by another students. Click on the Buret Zoom View window and the pH meter 
window to bring them to the front. Click the Save button on the graph window before starting the 
titration. Begin the titration by opening the stopcock on the buret. Observe what happens to the 
pH as the titration proceeds. It is important that the volume is increments and pH measurements 
near the equivalence point are small enough so the equivalence point can be determined as 
closely as possible. When the graph starts to curve downward  decrease the rate of delivery to 
the slowest rate. Immediately after the color of the indicator changes, stop the titration by 
double-clicking the stopcock. Click the Stop button in the Buret Zoom View window. Click the 
blue data link in the lab book. Scroll down the Data Viewer window to the last volume entry in 
the left column and record the volume in the Table.  
 
There are two methods for determining the volume at the equivalence point: (1) Stop the 
titration when a color change occurs. Click the Stop button in the Buret Zoom View. A blue data 
link will appear in the lab book. Click the blue data link to open the Data View window. Scroll 
down to the last data entry and record the volume at the equivalence point in Data Table 1; OR 
(2) Add drops slowly through the equivalence point until the pH reaches approximately 2. Click 
the Stop button in the Buret Zoom View. A blue data link will appear in the lab book. Click the 
blue data link to open the Data View window. Click Select All button to copy and paste the data 
to a spreadsheet. Plot the first derivative of pH vs. volume. The peak will indicate the volume of 
the equivalence point since this is where the pH is changing the most as volume changes. 
 
Mass unknown sample Volume HCl (mL) Molarity HCl (mol/L) 
 
 

  

 
Analyze 
 
1.  Write a balanced chemical equation for the reaction between NaHCO3 and HCl.  
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2.  Calculate the moles of HCl by multiplying the volume of HCl in liters and the molarity of HCl 
in mol/L.  (Keep four significant digits in all of the calculations).  
 
 
3.  The moles of HCl can be converted to moles of NaHCO3 using the coefficients from the 
balanced equation.  What is the mole to mole ratio of HCl to NaHCO3?  How many moles of 
NaHCO3 are present in the sample? 
 
 
 
4.  Calculate the grams of NaHCO3 by multiplying the moles of NaHCO3 by the molecular weight 
of NaHCO3 (84 g/mol). 
 
 
 
5.  The percent of NaHCO3   present in the sample can be calculated by dividing the mass of 
NaHCO3  from Question 4 by the  mass of the sample from the Table and multiplying by 100.  
What is the percent NaHCO3  ? 
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Chapter 17 Vocabulary Preview 

a. calorie 
b. joule 
c. exothermic 
d. molar heat of solution 

e. molar heat of fusion 
f. calorimeter 
g. enthalpy 
h. energy 

i. Hess’s law of heat 
summation 
j. endothermic reaction 
 

 
 
_________1. the quantity of heat that raises the temperature of 1 g of pure water by 1�C  
_________2. the capacity to do work or to supply heat  
_________3. a device used to measure the amount of heat absorbed or released during 

chemical or physical processes  
_________4. the heat content of a substance d. molar heat of solution  
_________5. the SI unit of energy  
_________6. the heat absorbed by 1 mole of a substance in melting from a solid to a liquid at a 

constant temperature  
_________7. If two or more thermochemical equations are added to give a final equation, their 

heat changes can be added to determine the final heat change.  
_________8. the heat absorbed or released by the dissolution of 1 mole of substance  
_________9. a chemical change in which heat is absorbed  
________10. a process that loses heat to the surroundings  
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Name_________________________  Date____________________  Class_____________ 

 
Chapter 17: THERMOCHEMISTRY 

 
SECTION 17.1  THE FLOW OF ENERGY—HEAT AND WORK (pages 505-510) 
This section explains the relationship between energy and heat, and distinguishes between heat capacity and specific 
heat. 
 
Exothermic and Endothermic Processes (pages 506-507) 
 
5. What can be considered the “system” and what are the “surroundings” when studying a 
mixture of chemicals undergoing a reaction?  Write your answers where indicated below: 
 
System: _______________________________________________________________  
 
Surroundings: ___________________________________________________________ 
 
6.  In thermochemical calculations, is the direction of heat flow given from the point of view of 
the system, or of the surroundings? ______________________________________________  
 
7.  What universal law states that energy can neither be created nor destroyed and can always 
be accounted for as work, stored potential energy, or heat?   
___________________________________________________________________________  
 
 
Questions 8 through 12 refer to the systems and surroundings illustrated in diagrams (a) and (b) 
below. 

 

 
 
8.  Which diagram illustrates an endothermic process? _____________ 
9.  Is heat flow positive or negative in diagram (a)?  ________________ 
10.  Which diagram illustrates an exothermic process? ______________ 
11.  Is heat flow positive or negative in diagram (b)?  ________________ 
12.  What does a negative value for heat represent?  ________________ 
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To answer Questions 13 and 14, look at Figure 17.2 on page 506. 
 
13.  A system is a person sitting next to a campfire.  Is this system endothermic or exothermic?  
Explain why?  
__________________________________________________________________________  
__________________________________________________________________________ 
 
14.  A system is a person who is perspiring.  Is this system endothermic or exothermic?  Explain 
why? 
____________________________________________________________________________  
____________________________________________________________________________  
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Name _____________________ Date ____________________ Class _____________ 

 

Virtual ChemLab 18: Heats of Reaction 
 
Purpose 
 Measure the heats of reaction for three related exothermic reactions and to verify Hess’s law. 
 
Background 
 
Energy changes occur in all chemical reactions; energy is either absorbed or released. If energy 
is released in the form of heat, the reaction is called exothermic. If energy is absorbed, the 
reaction is called endothermic. In this experiment, you will measure the amount of heat released 
in these three related exothermic reactions:  
 
NaOH (s) →      Na+ (aq) + OH- (aq) + ΔH1

    

 

NaOH (s) + H + (aq) + Cl- (aq) → H2O + Na + (aq) + Cl- (aq) + ∆H2  
  

 
Na+ (aq) + OH- (aq) + H+ (aq) +Cl- (aq) → H2O + Na+ (aq) + Cl- (aq) + ∆H3 
 
After determining the heats of reaction, you will analyze your data and verify the additive nature 
of heats of reaction. 
 
Procedure 
Start Virtual ChemLab and select Heats of Reaction from the list of assignments. The lab will 
open in the Calorimetry laboratory. 
 
Reaction 1 
 
1. There will be a bottle of NaOH near the balance (move the plot window to see it). A weigh 
paper will be on the balance with approximately 4 g NaOH on the paper. The calorimeter will be 
on the lab bench and filled with 200 mL water. Click the Lab Book to open it. Make certain the 
stirrer is On (you should be able to see the shaft rotating). In the thermometer window click 
Save to begin recording data. Allow 20-30 seconds to obtain a baseline temperature of the 
water. 
 
2.  Drag the weigh paper with the sample to the calorimeter until it snaps into place and pour the 
sample into the calorimeter. Observe the change in temperature until it reaches a maximum and 
then record data for an additional 20-30 seconds. Click Stop. Click on the Accelerate button on 
the clock to accelerate the time in the laboratory. A blue data link will appear in the Lab Book. 
Click the data link and record the initial and final water temperatures in the Data Table. If you 
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need to repeat this part of the experiment, enter the Stockroom and select Preset Experiment # 
6 on the clipboard. 
 
Reaction 2 
 
1. Click the red disposal bucket to clear the lab. Click on the Stockroom to enter. Click on the 
clipboard and select Preset Experiment # 5. Return to the laboratory. 
 
2. There will be a bottle of Na0H near the balance. A weigh paper will be on the balance with 
approximately 4 g Na0H on the paper. The calorimeter will be on the lab bench and filled with 
100mL water, and there will be a beaker containing 100 mL of l.000 M HCl on the lab bench. In 
the thermometer window click Save to begin recording data. Allow  
20 – 30 seconds to obtain a baseline temperature of the water. 
 
3. Make sure the beaker of HCl is visible and drag it to the calorimeter and pour it into the 
calorimeter. The HCl and the water are at the same temperature so there should be no 
temperature change. Now drag the weigh paper with the Na0H to the calorimeter until it snaps 
into place and pour the sample into the calorimeter. It is important that the HCl be added first 
and the Na0H added second. Observe the change in temperature until it reaches a maximum 
and then record data for an additional 20 – 30 seconds. Record the temperature before adding 
the HCl and after adding the NaOH. 
 
Reaction 3 
 
1. Click the red disposal bucket to clear the lab. Click on the Stockroom to enter. Click on the 
clipboard and select Preset Experiment #4. Return to the laboratory. 
 
2. In the thermometer window click Save to begin recording data. Allow 20-3- seconds to obtain 
a baseline temperature of the water. Pour the first beaker containing the HCl into the calorimeter 
and then pour the second beaker containing the Na0H into the calorimeter. Observe the change 
in temperature until it reaches a maximum and then record data for an additional 20-30 
seconds. Record the initial and final temperatures.  
 
 
 
Parameter Reaction1 Reaction 2 Reaction 3 
Mass NaOH    
Initial temperature (oC)    
Final temperature (oC)    

 
 
Analysis and Conclusions 
 
1. Determine the change in temperature, ∆T, for each reaction. Record your results in the table. 
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2. Calculate the mass of the reaction mixture in each reaction. (To do this, first determine the 
total volume of the solution. Then calculate the mass of the solution, based on the assumption 
that the added solid does not change the volume and that the density of the solution is the same 
as that of pure water, 1.0 g /mL.) Remember to add the mass of the solid. Record your results in 
the table. 
 
 
3. Calculate the total heat released in each reaction, assuming that the specific heat capacity of 
the solution is the same as that of pure water,  
 
4.184J  = 
 k.g 
 

4. Calculate the number of moles of NaOH used in reactions 1 and 2 where n=m/MW. Record 
the results in the table. 
 
5. Calculate the number of moles of NaOH used in reaction 3 by multiplying the volume of Na0H 
times the molarity (1.000 mol/L). Record the results in the table.  
 
6. Calculate the energy released in kJ/mol of Na0H for each reaction and record the results in 
the table. 
 
# 
Rxn 

Mass of 
Rxn Mixture 

 
DT 

Total Heat 
Released 

 
Mol NaOH 

Heat 
Released 
Per mol 
NaOH 

1 
 

     

2 
 

     

3 
 

     

 
7. Show that the equations for reactions 1 and 3, which are given in the Background section, 
add to give the equation for reaction 2. Include the energy released per mole of NaOH in each 
equation. 
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
________________________________________ 
 

 


