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Name _________________________ Date ______________ Class __________ 
 
Chapter 15  WATER AND AQUEOUS SYSTEMS  
Vocabulary Preview  
 
Each clue describes a vocabulary term. Use the text to fill in the correct 
vocabulary term.  
 
 
1.  _________________ hygroscopic substances used as drying agents.  

2. _________________ a relatively strong intermolecular force responsible for 

water’s high surface tension.  

3. _________________ a mixture from which particles settle out upon 

standing.  

4. _________________ a solution in which the solvent is water.  

5. _________________ the dissolving medium in a solution.  

6. _________________ a wetting agent that interferes with hydrogen bonding 

in water.  

7. _________________ a substance that completely dissociates into its ions in 

solution.  

8. _________________ the water loosely held in a crystal structure.  

9. _________________ the chaotic movement of particles in a solution.  
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SECTION 15.2 HOMOGENOUS AQUEOUS SYSTEMS (pages 450–457)  
This section describes the process of solvation; distinguishes among strong  electrolytes, weak 
electrolytes, and nonelectrolytes; and explains water of hydration.  
 
 
Solvents and Solutes (page 450)  
 
1. Water samples containing dissolved substances are called  
_______________________________ . 
 
 
 
Match each term to its description by writing its letter on the line next to the  
description. 
 
_______ 2.  dissolving medium     a. solution  
_______ 3.  dissolved particles     b. solute  
_______ 4. homogeneous mixture of particles in a  c. solvent  

dissolving medium  
 
5.  Is the following sentence true or false? After sodium chloride dissolves in a  
container of water, the sodium chloride will eventually settle to the bottom of  
the container if the solution remains undisturbed at a constant temperature.  
 
__________________________   
 
 
6. Circle the letter next to each sentence that is true about aqueous solutions.  
 
a. Solute particles can be either ionic or molecular, and their average 

diameters are usually less than 1 nanometer.  
b. When a solution is filtered, both solute and solvent will pass through the 

filter paper.  
c. Ionic compounds and substances containing polar covalent molecules 

readily dissolve in water.  
d. Nonpolar covalent molecules, such as those found in oil, grease, and 

gasoline, readily dissolve in water.  
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The Solution Process (page 451)  
 
7. What happens when a solid crystal of sodium chloride is placed in water?  
___________________________________________________________    
 
8. What process occurs when solute ions become surrounded by solvent  
molecules? _________________________ 
 
 
9.   Look at the model of solvation in Figure 15.7 on page 451. If enough solvent  
is present, what will eventually happen to the ionic solid depicted at the bottom of 
the diagram?  
 
_______________________________________________________________    
 
 
10. When a compound cannot be solvated to any significant extent, it is called  
 
_________________________ . 
 
 
11. Circle the letter next to the one sentence that best explains why the ionic 
compounds barium sulfate (BaSO4) and calcium carbonate (CaCO3) are nearly 
insoluble in water.  
 
a. The attractions between the ions in the crystals of these ionic compounds 

are weaker than the attractions between the ions and water molecules.  
 
b. The attractions between the ions in the crystals of these ionic compounds 

are stronger than the attractions between the ions and water molecules.  
c. There is no difference in the strength of the attractions between the ions in 

the crystals and the attractions between the ions and water molecules.  
d. These ionic compounds are easily dissolved in water.  
 
 
12. What saying sums up the observation that, as a rule, polar solvents dissolve 
ionic compounds and polar molecules, but nonpolar solvents dissolve  
nonpolar compounds? ____________________________________________ 
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Electrolytes and Nonelectrolytes (pages 452–453)  
 
13. What types of compounds can carry an electric current in the molten state or 
in aqueous solution? __________________________ 
 
 
14. Is the following sentence true or false? All ionic compounds are electrolytes.  
_______________________________________________________    
 
15. Compounds that do not conduct an electric current in either aqueous solution  
or the molten state are called __________________________ .  
 
 
Look at the light bulbs in Figure 15.9 on page 453 to answer Questions 17, 18, 
and 19.  
 
_______ 16. Which bulb, a, b, or c, indicates that the solution is nonconductive?  
 
_______ 17. Which bulb, a, b, or c, indicates that the solution is weakly 

conductive?  
 
_______ 18. Which bulb, a, b, or c, indicates that the solution is highly 

conductive?  
 
 
Hydrates (pages 454–457)  
 
19.   Water in a crystal that is an integral part of the crystal structure is called  
___________________________ . 
 
20. A compound that contains water as an integral part of its crystal structure is  
called _________________________ . 
 
 
21. What does “•5H2O” mean when included in a chemical formula?  
 
_______________________________________________________________   
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22. Circle the letter next to each sentence that is true about hydrated 
compounds.   Use Figures 15.10 on page 454 to help you.  
 
a. Crystals of copper sulfate pentahydrate always contain five molecules of  

water for each copper and sulfate ion pair.  
b. Heating blue crystals of copper sulfate pentahydrate above 100°C drives 

off the water of hydration, leaving a white anhydrous powder.  
c. It is possible to regenerate copper sulfate pentahydrate by treating  

anhydrous copper sulfate with water.  
d. Anhydrous cobalt(II) chloride is a good indicator for the presence of water  

because it changes from pink to blue when exposed to moisture.  
 
23. If a hydrate has a vapor pressure greater than that of the water in the  
surrounding air, the hydrate will lose water to the air, or 
________________________ .  
 
 
24. Hygroscopic substances that remove water from the air are used as drying 
agents called __________________________ . 
 
 
25. Look at Figure 15.13 on page 457. What happens to dry sodium hydroxide 
pellets that are exposed to normally moist air? What kind of compound exhibits 
this behavior?  
______________________________________________________________   
 
______________________________________________________________   
 
______________________________________________________________ 
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Name ___________________________ Date __________ Class____________  
 
Chapter 16.1 and 16. 2 Vocabulary Preview 
 
From each group of terms, choose the term that does not belong and then 
explain your choice.  
 
1. saturated, unsaturated, molarity, supersaturated  
 
________________________________________________________   
 
________________________________________________________  
 
2. miscible, immiscible, concentration  
 
________________________________________________________   
 
________________________________________________________  
 
3. molarity, mole fraction, molality, Henry’s law  
 
________________________________________________________   
 
________________________________________________________  
 
 
7. surface area, mole fraction, temperature, stirring  
 
________________________________________________________   
 
________________________________________________________  
 
8. dilute solution, concentrated solution, M1 x V1 = M2 x V2, boiling-point  
elevation  
 
________________________________________________________   
 
________________________________________________________  
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Chapter 16.1 and 16.2  Solutions 
Khan: Solutions http://www.khanacademy.org/science/chemistry/v/suspensions--colloids-and-solutions 
Khan Video:  Solubility http://www.khanacademy.org/science/chemistry/v/solubility  
 
SECTION 16.1 PROPERTIES OF SOLUTIONS (pages 471–477)  
This section identifies the factors that affect the solubility of a substance and determine the rate at 
which a solute dissolves.  
 
Solution Formation (pages 471–472)  
Look at Figure 16.1 on page 471 to help you answer Questions 1 and 2.  
 
1. Underline the condition that causes sugar to dissolve faster in water.  
 
a. as a whole cube    or   in granulated form?  
b. when allowed to stand   or   when stirred?  
c. at a higher temperature   or   a lower temperature?  
 
2.Name three factors that influence the rate at which a solute dissolves in a  
solvent.  
 
a.  ______________________________________ 
b. ______________________________________ 
c. ______________________________________ 
 
3. Is the following sentence true or false? Finely ground particles dissolve more 
rapidly than larger particles because finer particles expose a greater surface area 
to the colliding solvent molecules. ______________________  
 
Solubility (pages 472–473)  
4. Complete the following table showing the steps in a procedure to determine 
the total amount of sodium chloride that will dissolve in 100 g of water at 25°C.  
 
Procedure Amount Dissolved Amount NOT Dissolved 
Add 36.0 g of sodium 
chloride to the water 

36.0 g 0.0 g  
 

Add an additional 1.0 g of 
sodium chloride  
 

  

Determine the total amount 
that dissolves  
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5. The amount of a substance that dissolves in a given quantity of solvent at a  
constant temperature is called the substance’s ______________________ at 
that temperature.  
 
6. If a solution contains the maximum amount of solute for a given quantity of 
solvent at a constant temperature, it is called a(n) ______________________ 
solution.  
 
7. Look at Figure 16.2 on page 472. Circle the letter of each sentence that is true 
about a saturated solution.  
 
a.  The total amount of dissolved solute remains constant.  
b.  The total mass of undissolved crystals remains constant.  
c. When the rate of solvation equals the rate of crystallization, a state of 

dynamic equilibrium exists.  
d.  If more solute were added to the container, the total amount of dissolved 

solute would increase.  
 
8. If two liquids dissolve each other, they are said to be 
______________________ .  
 
 
9. Look at Figure 16.3 on page 473. Why does the oil float on the vinegar?  
 
____________________________________________________________  
 
Factors Affecting Solubility (pages 474–477)  
 
10. Is the following sentence true or false? The solubility of sodium chloride in 
water increases to 39.2 g per 100 g of water at 100°C from 36.2 g per 100 g of 
water at 25°C. ______________________  
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11. Circle the letter of the sentence that best answers the following question. 
How does the solubility of solid substances change as the temperature of the 
solvent increases?  
 
a. The solubility increases for all solids.  
b. The solubility increases for most solids.  
c. The solubility remains constant.  
 
12. Look at Table 16.1 on page 474. Which solid substance listed in the table is  
nearly insoluble at any temperature? ________________________________  
 
13. How does the solubility of a gas change with an increase in temperature?  
 
14. The directly proportional relationship between the solubility of a gas in a liquid 
and the pressure of the gas above the liquid is known as  
_____________________________ . 
 
15. Describe the two diagrams of a bottled carbonated beverage below as 
greater pressure or lower pressure, and then as greater solubility or lower 
solubility. How do these two examples illustrate the relationship between the 
solubility of a gas and its vapor pressure?  
 

 
__________________________  __________________________ 
 
 
16. How does a solution become supersaturated? 
________________________________________________________________ 
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SECTION 16.2 CONCENTRATIONS OF SOLUTIONS (pages 480–486)  
This section explains how to solve problems involving molarity of a solution, how to prepare dilute 
solutions from more concentrated solutions, and what is meant by percent by volume and percent 
by mass.  
 
Molarity (pages 480–482)  
 
1. A measure of the amount of solute dissolved in a given quantity of solvent is  
the ______________________ of a solution.  
 
2. The most important unit of concentration in chemistry is 
______________________ .  
 
3. Is the following sentence true or false? Molarity is the number of moles of  
dissolved solute per liter of solvent. ______________________ 
 
4. Look at Figure 16.8 on page 481. Circle the letter of the best procedure for  
making a 0.50-molar (0.50M ) solution in a 1.0-L volumetric flask.  
 
a.  Add distilled water exactly to the 1.0-L mark, add 0.50 mol of solute, and 

then agitate to dissolve the solute.  
b.  Place 0.50 mol of solute in the flask, add distilled water to the 1.0-L mark, 

and then agitate to dissolve the solute.  
c.  Combine 0.50 mol of water with 0.50 mol of solute in the flask, and then 

agitate to dissolve the solute.  
d.  Fill the flask with distilled water until it is about half full, add 0.50 mol of 

solute, agitate to dissolve the solute, and then carefully fill the flask with 
distilled water to the 1.0-L mark.  

 
 
5. List the information needed to find the molarity of a 2.0-L solution containing  
0.50 mol of sodium chloride.  
 

Known  Unknown 
 
 

Of solution  Molarity =  

___________ Of sodium chloride    
 
Molarity (M) = ______________ /liters of solution 



Chemistry Q3 Module-Pearson, adapted with permission 2012 12 

Making Dilutions (pages 483–484)  
 
6. How do you make a solution less concentrated? 
___________________________  
 
7. On the diagram below, assume that each beaker contains an equal number of 
moles of solute. Label each solution as concentrated or dilute. Then indicate the 
approximate relative volumes of each solution by drawing in the surface level on 
each beaker.  

 
 
Questions 8 and 9 refer to the following situation. Solvent is added to a solution 
until the total volume of the solution doubles.  
 
8. What happens to the number of moles of solute present in the solution when  
the volume doubles?  
 
9. Circle the letter of the correct description of the change in molarity of a  
solution when the volume doubles.  
 
a. The molarity of the solution is cut in half.  
b. The molarity of the solution doubles.  
c. The molarity of the solution remains constant.  
d. The molarity of the solution increases slightly.  
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10. List the information you need to find how many milliliters of a stock solution  
of 2.00M MgSO4 you would need to prepare 100.0 mL of 1.00M MgSO4.  
 
Known      Unknown 
 
M1  ___________________________  V1  = ? mL of 2.00M MgSO4  
M2  ___________________________  
V2  ___________________________  
M1 X ____________ = ______X______  
 
Percent Solutions (pages 485–486)  
 
11. List the information needed to find the percent by volume of ethanol in a  
solution when 50 mL of pure ethanol is diluted with water to a volume of 250 mL.  
Known      Unknown  
 
Volume of ethanol = __________   % ethanol by volume  ? %  
Volume of solution = __________  
 
% (v/v) = _____________________________  
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Name ________________________ Date ________________ Class _________  
 
Chapter 18 REACTION RATES AND EQUILIBRIUM  
 
Vocabulary Preview  
Match the correct vocabulary term to each numbered statement. Write the letter of the correct 
term on the line.  
 
________ 1. the disorder of a system    a. activation energy  
 
________ 2. a substance that interferes with the  b. solubility product action 
of a catalyst         constant  
 
 
________ 3. reactions that favor the formation of  c. chemical equilibrium 
products at the specified conditions  
 
________ 4. the minimum energy colliding particles d. free energy  
must have in order to react  
 
________ 5. equals the product of the    e. entropy  
concentrations of the ions, each raised to a  
power equal to the coefficient of the ion  
in the dissociation equation  
 
________ 6. the arrangement of atoms at the peak  f. activated complex  
of the activation-energy barrier  
 
________ 7. a reaction in which the rate is directly  g. inhibitor  
proportional to the concentration of one of the  
reactants  
 
________ 8. energy that is available to do work   h. equilibrium constant  
 
________ 9. when the forward and reverse   i. spontaneous reactions 
reactions are taking place at the same rate  
 
________ 10. the ratio of product concentrations to  j. first-order reaction 
reactant concentrations, with each concentration  
raised to a power given by the number of moles  
of that substance in the balanced equation  
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Name ___________________ Date ___________ Class ___________  
 

Chapter 18  REACTION RATES AND EQUILIBRIUM 
 
Khan Video:  http://www.khanacademy.org/science/chemistry/v/introduction-to-kinetics  
SECTION 18.1 RATES OF REACTION (pages 541–547)  
This section explains what is meant by the rate of a chemical reaction. It also uses collision 
theory to show how the rate of a chemical reaction is influenced by the reaction conditions.  
 
Collision Theory (pages 541–544)  
1. How are rates of chemical change expressed? _______________________  
 
 
2. Look at Figure 18.3 on page 542. In a typical reaction, as time passes, the 
amount of ______________________ decreases and the amount of 
______________________ increases.  
  
 
3.  What does collision theory say about the energies of atoms, ions, or 
molecules reacting to form products when they collide?  
________________________________________________________________  
________________________________________________________________ 

 
 
4. Look at the figures below. One shows a collision that results in the formation of 
product. Label it effective collision. Label the other collision ineffective collision.  
 

 
 
5. Is the following sentence true or false? Particles lacking the necessary kinetic 
energy to react bounce apart unchanged when they collide. 
____________________  
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6.  Look at Figure 18.5 on page 543. Which arrangement of atoms contains the 
least amount of energy?  
a.   reactants  b.   activated complex  c.   products  
 
7.   Circle the letter of the term that completes the sentence correctly. The 
minimum amount of energy that particles must have in order to react is called the 
_______ .  
 
a.  kinetic energy   c. potential energy  
b.  activation energy  d. collision energy  
 
8. An activated complex is the arrangement of atoms at the _________________ 
of the activation-energy barrier.  
 
9. Circle the letter of the term that best describes the lifetime of an activated 
complex.  
 
a. 10–15 s  b. 1013s  
c. 10–13 s  d. 10–1 s  
 
10. Why is an activated complex sometimes called the transition state?  
________________________________________________________________ 
________________________________________________________________ 

 
Factors Affecting Reaction Rates (pages 545–547)  
 
11. Changes in the rate of chemical reactions depend on conditions such as  
 
_______________________________________________________________ . 
 
12. The main effect of increasing the temperature of a chemical reaction is to  
______________________ the number of particles that have enough kinetic 
energy to react when they collide.  

 
 
13. What happens when you put more reacting particles into a fixed volume?  
________________________________________________________________ 
________________________________________________________________ 
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14.   Is the following sentence true or false? The smaller the particle size, the 
larger the surface area of a given mass of particles. ______________________  
 
15. What are some ways to increase the surface area of solid reactants?  
________________________________________________________________  
________________________________________________________________ 

 
16.   A ______________________ is a substance that increases the rate of a 
reaction without being used up itself during the reaction.  
 
17. What does a catalyst do?  
 
_________________________________________________________  
 
 
The graph below shows the reaction rate of the same reaction with and without a 
catalyst. Use it to help you answer Questions 18 and 19.  

 
 
18. Label each curve as with catalyst or without catalyst.  
 
 
19. What does the graph show about the effect of a catalyst on the rate of a 
reaction?  
________________________________________________________________ 
_______________________________________________________________ 
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20. In a chemical equation, how do you show that catalysts are not consumed or 
chemically altered during a reaction? _____________________________  
________________________________________________________________ 
________________________________________________________________ 

 
21.   A(n) ______________________ is a substance that interferes with the 
action of a catalyst.  
 
SECTION 18.2 REVERSIBLE REACTIONS AND EQUILIBRIUM (pg 549–559)  
This section shows you how to predict changes in the equilibrium position due to changes in 
concentration, temperature, and pressure. It teaches you how to write the equilibrium-constant 
expression for a reaction and calculate its value from experimental data.  
 
Reversible Reactions (pages 549–551)  
 
1. What happens in reversible reactions? _____________________________  
________________________________________________________________ 
________________________________________________________________ 

 
2.   Is the following sentence true or false? Chemical equilibrium is a state in 
which the forward and reverse reactions take place at different rates.  
____________________ 
 
3.   The equilibrium position of a reaction is given by the relative 
__________________ of the system’s components at equilibrium.  
 
4.   Fill in the missing labels on the diagram below with either the words at 
equilibrium or not at equilibrium. At equilibrium, how many types of molecules are 
present in the mixture? _______  
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5. Use Figure 18.10 on page 550 to answer these questions.  
 
a.  Which graph, left or right, shows an initial concentration of 100% SO3 and 

no SO2? ______________________ 

 
 
b.  Compare the initial concentrations of the substances shown in the other 

graph.  
________________________________________________________________   
 
c.  What is the favored substance at equilibrium? How can you tell?  
 
________________________________________________________________  
  
Factors Affecting Equilibrium: Le Châtelier’s Principle (pages 552–555)  
Khan Video: http://www.khanacademy.org/science/chemistry/v/le-chatelier-s-principle  
 
6. What is Le Châtelier’s principle? _____________________________  
________________________________________________________________ 
________________________________________________________________ 

 
7.   Circle the letters of the terms that complete the sentence correctly. Stresses  
that upset the equilibrium of a chemical system include changes in _______ .  
 
a.   concentration    c. pressure  
b.   the amount of catalyst   d. temperature  
 
8. When you add a product to a reversible chemical reaction, the reaction is 
always pushed in the direction of ______________________ . When you remove  
a product, the reaction is pulled in the direction of ______________________ . 

 
9.   Is the following sentence true or false? Increasing the temperature of a 
chemical reaction causes the equilibrium position of a reaction to shift in the 
direction that absorbs heat. ______________________  
 
10. How does increasing pressure affect a chemical system?  
________________________________________________________________ 
________________________________________________________________ 
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11. Decreasing the pressure on the system shown in Figure 18.13 on page 554 
results in a shift of equilibrium to favor ______________________________.  

 
Equilibrium Constants (pages 556–559)  
Khan: http://www.khanacademy.org/science/chemistry/v/keq-intuition--mathy-and-not-necessary-to-
progress  
12. The equilibrium constant (Keq) is the ratio of ____________________ 
concentrations to ____________________ concentrations at equilibrium, with 
each concentration raised to a power equal to the number of 
____________________ of that substance in the balanced chemical equation. 
 

 
13. What are the exponents in the equilibrium-constant expression?  
________________________________________________________________ 
________________________________________________________________ 

 
14. What do the square brackets indicate in the equilibrium-constant expression?  
________________________________________________________________  
________________________________________________________________ 

 
15. Is the following sentence true or false? The value of Keq for a reaction 
depends on the temperature. ______________________  

 
16.  A value of Keq greater than 1 means that ______________________ are 
favored over ______________________ . A value of Keq less than 1 means that  
______________________ are favored over ______________________ .  
 
 
 



Chemistry Q3 Module-Pearson, adapted with permission 2012 21 

Virtual ChemLab 20: Enthalpy and Entropy 
 
Purpose 
Observe and measure energy changes during the formation of a solution and to 
describe and explain those changes in terms of entropy and enthalpy.  
 
Procedure 
1. Start Virtual ChemLab and select Enthalpy and Entropy from the list of 
assignments.  The lab will open in the Calorimetry laboratory. 
 
2. There will be a bottle of sodium chloride (NaCl) on the lab bench.  A weigh 
paper will be on the balance with approximately 2 g of NaCl on the paper. 
 
3. The calorimeter will be on the lab bench and filled with 100 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. 
 
4.  Drag the weigh paper with the sample to the calorimeter until it snaps in place 
and pour the sample in 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 
 
5. Click the red disposal bucket to clear the lab.  Click on the Stockroom to enter.  
Click on the clipboard and select Preset Experiment #7 and repeat the 
experiment with Na NO3.  Record the initial and final temperatures in the Data 
Table. 
 
6. Click the red disposal bucket to clear the lab.  Click on the Stockroom to enter.  
Click the clipboard and select Preset Experiment #8 and repeat the experiment  
with NaCH3COO (NaAc.)  Record the initial and final temperatures in the Table. 
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Analyze 
Use your experimental data to answer the following questions in or below your 
data table.   
1. Calculate ΔT  for each mixture. ΔT = T2 – T1. 
_______________________________________________________________  
 
2. An exothermic process gives off heat (warms up).  An endothermic process 
absorbs heat (cools off).  Which solutions are endothermic and which are 
exothermic?  What is the sign of the change in enthalpy in each case?  
________________________________________________________________ 
 
3. Which solution(s) had little or no change in temperature? 
________________________________________________________________  
 
4.  When sodium chloride dissolves in water, the ions dissociate. 
 
 NaCl (s) → Na+ (aq) + Cl- (aq) 
 
Write ionic equations, similar to the one above, that describe how NaNO3 and 
NaCH3COO each dissociate as they dissolve in water.  Include heat as a 
reactant or product in each equation.   
________________________________________________________________  
 
5. What is the sign of the Gibbs free energy (ΔG) for each process? 
________________________________________________________________  
 
 
 

Mixture T1 T2 ΔT 

NaCl (s) + H2O (1)     

NaNO3 (s) + H2O (1)    

NaCH3COO + H2O (1) 
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6. Consider the Gibbs-Hemholtz equation, ΔG=ΔH-TΔS.  For each dissolving 
process, substitute the sign of ΔG and ΔH into the equation and predict the sign 
for the entropy (ΔS.)  Does the sign for entropy seem logical?  Explain. 
________________________________________________________________
________________________________________________________________
________________________________________________________________  
 
7. If the sign for ΔG is negative (spontaneous process) and the sign for ΔS is 
positive (more disorder) for both dissolving processes, how could one be 
endothermic (positive ΔH) and one be exothermic (negative ΔH)?  Is there more 
to consider than just the dissolving process? 
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________  
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Name ___________________________ Date _____________ Class ____ 
 
Chapter 21 ELECTROCHEMISTRY  
 
SECTION 21.1 ELECTROCHEMICAL CELLS (pages 663–670)  
This section describes how redox reactions interconvert electrical energy and chemical energy. It 
also explains the structure of a dry cell and identifies the substances that are oxidized and 
reduced.  
Electrochemical Processes (pages 663–665)  
 
1. What do the silver plating of tableware and the manufacture of aluminum have 
in common?  
______________________________________________________________  
 
Look at Figure 21.1 on page 663 and the related text to help you answer 
Questions 2–6.  
 
2. In what form are the reactants when the reaction starts?  
_____________________________________________________________  
 
3. What kind of reaction occurs? Is it spontaneous?  
____________________________________________________________   
 
4. Which substance is oxidized in the reaction? ______________________  
 
5. Which substance is reduced? ______________________________  
 
6. Which atoms lose electrons and which ions gain electrons during the reaction?  
 
_______________________________________________________________  
 
7. Look at Table 21.1 on page 664. What information in this table explains why 
the reaction in Figure 21.1 occurs spontaneously?  
______________________________________________________________   
 
______________________________________________________________  
 
______________________________________________________________  
 
______________________________________________________________ 
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8. What happens when a copper strip is placed in a solution of zinc sulfate? 
Explain.  _____________________________________________________  
_____________________________________________________________  
 
9. The flow of ______________________ from zinc to copper is an electric  
______________________ .  

 
10. Circle the letter of each sentence that is true about electrochemical cells.  
 
a.  An electrochemical cell either produces an electric current or uses an 

electric current to produce a chemical change.  
b.  Redox reactions occur in electrochemical cells.  
c.  For an electrochemical cell to be a source of useful electrical energy, the 

electrons must pass through an external circuit.  
d.  An electrochemical cell can convert chemical energy to electrical energy, 

but not electrical energy into chemical energy.  
 
Voltaic Cells (pages 665–667)  
 
For Questions 11–15, match each description with the correct term by writing its 
letter in the blank.  
 
a. cathode  c. voltaic cell   e. anode 
b. salt bridge  d. half-cell  
 
_______ 11.  Any electrochemical cell used to convert chemical energy into 

electrical energy  
_______ 12.  One part of a voltaic cell in which either reduction or oxidation 

occurs  
_______ 13.  The electrode at which oxidation occurs  
_______ 14.  A tube containing a strong electrolyte, which allows transport of 

ions between the half-cells  
_______ 15. The electrode at which reduction occurs  
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Using Voltaic Cells as Energy Sources (pages 667–670)  
 
16. Look at Figure 21.4 on page 667. How is a common dry cell constructed?  
 
_____________________________________________________________  
 
_____________________________________________________________  
 
_____________________________________________________________ 
 
17. Why are alkaline cells better and longer lasting than common cells?  
 
___________________________________________________________  
 
___________________________________________________________  
 
 
18. Which element is oxidized in a dry cell? Which element is reduced?  
 
___________________________________________________________  
 
 
19. What is a battery?  __________________________________________ 
 
20. How many voltaic cells are connected inside a lead storage battery typically 
found in a car? About how many volts are produced by each cell and what is the 
total voltage of such a battery?  
 
___________________________________________________________  
 
___________________________________________________________  
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21. Look at Figure 21.5 on page 668. In the diagram below label the following 
parts of a lead storage battery: electrolyte, anode, and cathode. Also indicate 
where oxidation and reduction occur while the battery is discharging.  
 

 
22. Are the following sentences true or false? As a lead storage battery 
discharges, lead sulfate builds up on the electrodes. Recharging the battery 
reverses this process. ______________________  

 
23. Name two advantages of fuel cells. 
 
___________________________________________________________  
 
___________________________________________________________  
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Name ___________________________ Date ____________ Class __________  
 
Chapter 25 NUCLEAR CHEMISTRY  Vocabulary Preview  
Match the correct vocabulary term to each numbered statement. Write the letter of the  
correct term on the line.  
 
Column A         Column B  
 
________ 1.  time required for one half of the nuclei of a   a. radioisotopes  

radioisotope sample to decay to products  
 
________ 2.  elements in the periodic table with atomic   b. half-life  

numbers above 92  
 
________ 3.  conversion of an atom of one element to an   c. Geiger counter  

atom of another element  
 
________ 4.  isotopes that have unstable nuclei and undergo  d. beta particles  

radioactive decay  
 
________ 5.  high-energy photon with no mass or electrical  e. fission  

charge  
 
________ 6.  fast-moving electrons released by a radioactive  f. radiation  

nucleus  
 
________ 7.  the splitting of an atomic nucleus into smaller  g. transmutation  

fragments  
 
________ 8.  gas-filled metal tube used to detect the   h. scintillation  

presence of radiation counter  
 
________ 9.  positively charged particle consisting of two   i. gamma ray  

protons and two neutrons  
 
________ 10. penetrating rays and particles emitted by a   j. fusion  

radioactive source  
 
________ 11. device that uses a coated phosphor surface to  k. alpha particles  

detect ionizing radiation  
 
________ 12. reaction in which two light nuclei combine to   l. transuranium  

form a nucleus of greater mass elements 
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Name _________________________ Date ______________ Class _________ 
 
Chapter 25 NUCLEAR CHEMISTRY  
SECTION 25.1 NUCLEAR RADIATION (pages 799–802)  
This section describes the nature of radioactivity and the process of radioactive decay. It 
characterizes alpha, beta, and gamma radiation in terms of composition and penetrating power.  
 
Radioactivity (pages 799–800) 
  
1. Which French chemist noticed that uranium salts could fog photographic 
plates, even without being exposed to sunlight?  
 
__________________________________________________  
 
2. What name did Marie Curie give to the process by which materials give off 
rays capable of fogging photographic plates? ______________________  
 
 
3. An isotope that has an unstable nucleus is called a(n) 
______________________ . 
 
 
4. Complete the table below to show basic differences between chemical and  
nuclear reactions.  
 

Type of 
Reaction 

Is Nucleus of Atom Changed? Is Reaction Affected by 
Temperature, Pressure or 
Catalysts? 

Chemical   

Nuclear   
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5. Complete the flowchart below, which describes the radioactive decay process.  
 

Types of Radiation (pages 800–802)  
 
6. Complete the following table showing some characteristics of the main types  
of radiation commonly emitted during radioactive decay.  
 
Type    
Consists of 2 protons & 2 

neutrons 
Electron (or 
positron) 

High-energy 
electromagnetic 
radiation 

Mass (amu) 

 

   

Penetrating power 
(low, moderate, 
high) 

   

Minimum shielding    
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7. Look at Figure 25.2a on page 801. It shows the alpha decay of uranium-238 to 
thorium-234.  
 
a. What is the change in atomic number after the alpha decay?  
 
__________________________________________________  
 
b. What is the change in mass number after the alpha decay?  
 
________________________________________________  
 
8. When are radioisotopes that emit alpha particles dangerous to soft tissues?  
 
________________________________________________  
 
9. Look at Figure 25.2b on page 801. This diagram shows the beta decay of 
carbon-14 to nitrogen-14.  
 
a. What is the change in atomic number after the beta decay?  
 
________________________________________________  
 
b. Which quantity changes in beta decay, the mass number or the charge of  
the nucleus? _______________________________ 

 
 
10. Explain how gamma radiation is similar to visible light, and how it is different.  
 
Similar: ________________________________________________   
 
Different: ________________________________________________  
 
11. When are gamma rays emitted?  
 
_______________________________________________________________  
 
12. Is the following sentence true or false? Gamma rays have no mass and no  
electrical charge. ______________________   
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13. Look at the diagram below. Below each material indicate with a checkmark  
which type of radiation—alpha, beta, or gamma—can be stopped by each  
material.  
 

 
 
 
14. Is the following sentence true or false? X-rays are emitted during radioactive  
decay. ______________________   

 
 
SECTION 25.2 NUCLEAR TRANSFORMATIONS (pages 803–808)  
This section relates nuclear stability and decay to the ratio of neutrons to protons. It explains the 
use of half-life to measure the lifetime of unstable nuclei and gives examples of transmutations.  
Khan Video: Types of Decay http://www.khanacademy.org/science/chemistry/v/types-of-decay  
 
Nuclear Stability and Decay (pages 803–804)  
  
1. Of the more than 1500 different nuclei that are known to exist, about what  
portion are stable?  
 
a. 1 of 10  b. 1 of 6  c. 1 of 3  d. 1 of 2  
 
2. For small atomic numbers, stable nuclei have roughly 
______________________  numbers of neutrons and protons.  
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3. Look at Figure 25.4 on page 803. How does the ratio of neutrons to protons for  
the stable nuclei change as atomic number increases from 1 to 82?  
 
________________________________________________  
 
4. A positron has the mass of a(n) ______________________ but its charge is  
 
______________________ . 
 
 
5. Complete the table below showing changes in charge and number of neutrons  
and protons for different types of nuclear decay.  
 

Reason Nucleus Is 
Unstable 

Type of Decay Change In Nuclear 
Charge 

Change in Number of 
Protons and Neutrons 

Too many neutrons Beta particle   

Too many protons Electron capture   

Too many protons Positron (Beta 
particle) 

  

Too many protons and 
neutrons 

Alpha particles   

 
 
Half-Life (pages 804–806)  
Khan Video:  Half Life http://www.khanacademy.org/science/chemistry/v/half-life  
6. What is half-life?  ________________________________________________   
 
________________________________________________________________  
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7. Look at Table 25.3 on page 805 to help you answer the following questions.  
 
a. What is the half-life in years of carbon-14? 
________________________________   
 
b. How many years old is an artifact that contains 50% of its original carbon-14? 
And an artifact that contains 25% of its original carbon-14? 
 
________________________________________________  
 
________________________________________________ 
 
 
c. What radiation is emitted when potassium-40 decays?   
 
________________________________________________ 
 
d. What is the half-life of potassium-40?  
 
_______________________________________  
 
e. Which isotopes listed in Table 25.3 have a half-life similar to that of  
potassium-40? 
____________________________________________________________  
 
8. The decay reaction below shows how a radioactive form of potassium found  
in many minerals decays into argon (gas). Fill in the missing mass number  
and atomic number for the argon isotope that results from the decay of 
potassium-40.  

 
 
Transmutation Reactions (pages 807–808)  
 
9. The conversion of an atom of one element to an atom of another element is  
called ______________________ . 
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10. What are two ways transmutation can occur?  
 
________________________________________________________________  
 
11. Uranium-238 undergoes 14 transmutations before it reaches the stable 
isotope of ______________________ . 
 
12. Is the following sentence true or false? All transuranium elements were  
synthesized in nuclear reactors and accelerators. ______________________  

 
 
 
SECTION 25.3 FISSION AND FUSION OF ATOMIC NUCLEI (pages 810–813)  
This section describes nuclear fission and nuclear fusion. It discusses their potential as sources 
of energy, methods used to control them, and issues involved in containment of nuclear waste.  
 
 
Nuclear Fission (pages 810–811)  
 
1. When certain heavy isotopes are bombarded with ______________________ 
, they split into smaller fragments.  
2. Use the following labels to complete the diagram below: fission, fission  
fragments, and neutrons/chain reaction.  
 

 
 
3. The uncontrolled fission of 1 kg of uranium-235 can release energy equal to  
______________________ tons of dynamite.  
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4. Look at Figure 25.11 on page 811. This figure shows the basic components of 
a nuclear power reactor.   
 
a. What part of the reactor contains the nuclear fuel?  
 
________________________________________________ 
 
b. What are the two parts of the reactor that control the fission reaction, one  
by reducing the speed of neutrons, the other by absorbing neutrons?  
 
________________________________________________ 
 
c. What is the role of the coolant?  
________________________________________________ 
 
 
Nuclear Waste (page 812)  
 
5. Which parts of a nuclear reactor must be removed and replaced periodically?  
 
________________________________________________  
 
6. Look at Figure 25.12 on page 812. Where are spent fuel rods stored in a 
typical nuclear power plant?   
 
________________________________________________ 
 
Nuclear Fusion (page 813)  
 
7. Look at Figure 25.13 on page 813. What happens to each pair of hydrogen 
nuclei during nuclear fusion? 
_____________________________________________________________  
 
_____________________________________________________________  
 
8. What problem has prevented the practical use of nuclear fusion?   
 
_____________________________________________________________  
 
_____________________________________________________________  
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SECTION 25.4 RADIATION IN YOUR LIFE (pages 816–819)  
This section explains three methods of detecting radiation and describes applications of 
radioisotopes in medicine and research.  
 
Detecting Radiation (page 816–817)  
 
1. Why are beta particles called ionizing radiation? 
_____________________________________________________________  
 
_____________________________________________________________  
 
2. A device that detects flashes of light after ionizing radiation strikes a specially 
coated phosphor surface is called a ______________________________ .  
 
Using Radiation (pages 818–819)  
 
3. How is neutron activation analysis used?  
_____________________________________________________________  
 
 
4. Look at Figure 25.15 on page 819. How is radioactive iodine-131 being used 
as a diagnostic tool? 
_____________________________________________________________  
 
_____________________________________________________________  
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GUIDED PRACTICE PROBLEM 7 (page 806)  
 
7. Manganese-56 is a beta emitter with a half-life of 2.6 h. What is the mass of 
manganese-56 in a 1.0-mg sample of the isotope at the end of 10.4 h?  
Analyze  
 
Step 1. What are the known values? 
_____________________________________________________________  
 
 
Step 2. How many half-lives have passed during the elapsed time?  
 
 

 
 
Solve  
 
Step 3. Multiply the initial mass by ½  for each half-life.  
 
1.0 mg X ____________________ = _________________ mg Mn-56  
 
Evaluate  
 
Step 4. How do you know your answer is correct? 
_____________________________________________________________  
 
_____________________________________________________________  
 
 
 
 

 
 
 
 
 
 
 


