
Foundations of Physical Science Series 

CHEMISTRY 1: PROPERTIES OF MATTER 

NAME _____________________________ SCHOOL  ____________________  

DATE STARTED ____________________ DATE COMPLETED _________________  
PREREQUISITE: Physics: Force and Motion course.  

HOW TO DO THIS COURSE: Do the steps one at a time, in order.  When you finish a 
step, put your initials and the date on the sign-off line on the right.  A split line means to 
get a pass (and an initial) from another student (or your Academic Supervisor if it says 
that).  A * means get a checkout.  Essays are turned in to the Academic Supervisor.  This 
course should be done with a partner. 
PURPOSE: Learn about the properties of matter, so that you can predict how chemical 
substances will behave under different conditions of temperature, moisture, pressure and 
so on. 

ESTIMATED TIME: 20−25 hours. 

MATERIALS NEEDED FOR THIS COURSE 
Study booklet: Chemistry 1–3 
Exam: 8210, 8211 (answers), 8212 (review) 8213 (answers) 
Other texts:  
The following texts, all by Tom Hsu, come from CPO Science (www.cposcience.com): 

Foundations of Physical Science, 2nd Ed. (2005) ISBN 1-58892-157-3 
Foundations of Physical Science Investigations, 2nd Ed. (2005) ISBN 1-58892-158-1 
Foundations of Physical Science Reference Teacher’s Guide (2002) ISBN 1-58892-019-4 
Foundations of Physical Science Teacher’s Guide Units 6–8 (2002) ISBN 1-58892-023-2  

Other materials:  
(Student provides) notebook for keeping records of lab investigations for the course. 
Two measuring cups with ounce measurements; water, sugar, spoon, narrow marker. 
Ruler in cm and mm, graph paper, container of solid air freshener, candle, matches or lighter, pieces of 
hard and soft candy, a board or access to work bench, goggles and a hammer, clay, knife, balance, copper 
penny, emery board or emery paper, steel file, large steel nail, glass bottle, KEVLAR sample (such as a 
glove), dishpan or shallow pan, scissors, large balloon, string, tape measure, 20−100 paper clips, burner, 
wood splints, chemicals for flame tests: copper chloride, barium chloride, sodium chloride, calcium 
chloride, strontium chloride and lithium chloride; internet access. 
Investigations: The list of materials for the investigations is extensive.  For the investigations, see 
Foundations of Physical Science Teacher’s Guide Units 6−8, Setup and Materials, chapters 16–18 
omitting Investigation 18.1.  They include these items to be ordered from CPO Science:  
Displacement tank, timer and two photogates, physics stand, atom building game, spectrometer. 

NOTES TO ACADEMIC AND LAB SUPERVISORS 
1. There are two teacher’s guides used in this course, Foundations of Physical Science Reference 

Teacher’s Guide and Foundations of Physical Science Teacher’s Guide Units 6−8.  These are used for 
reference, for checking lab work (done in the science lab) and for Chapter Reviews (done in the 
classroom).  Minimally, one set should be kept in the science lab and another kept in the classroom. 

2. For the Lab Supervisor: Investigation 16.3 will need advance preparation.  See Teacher’s Guide Units 
6−8, section “Details,” page 13.  
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A. INTRODUCTION 

 *1. READ: Data Sheet (DS) #8209 About Atoms, section “Atoms and 
Molecules.” ____  ____ 

 2. DEMONSTRATION: Using objects to represent atoms and molecules, 
show your partner: 
a) a molecule of oxygen composed of two oxygen atoms. ___ 
b) two much smaller molecules of hydrogen, each composed of two 

hydrogen atoms. ___ 
c) two molecules of hydrogen and one molecule of oxygen forming two 

molecules of water. ___ ____  ____ 

 *3. READ: DS ##8209 About Atoms, section “Compounds.”  (You’ll read 
the last section later.) ____  ____ 

 4. CLAY DEMONSTRATION:  
a) a molecule of drinking alcohol. ___ 
b) a molecule of vinegar acid. ___ ____  ____ 

B. CHAPTER 16 WHAT IS MATTER? 

 1. DEFINE: (use a regular English dictionary) 
matter gas gaseous _________ 

 2. DEFINE: (in the glossary at the back of the study booklet) 
states of matter change of state atmospheric pressure _________ 

 3. READ: Foundations of Physical Science (FPS), Chapter 16.1 Classifying 
Matter, pages 277−279.  Skip the box “Petroleum is a heterogeneous 
mixture” on page 279 for now.  Be sure you know how to pronounce 
“homogeneous” and “heterogeneous.” _________ 

 4. CLAY DEMONSTRATION: Show all of the following at the same time, 
each with its own overall label, so the clay shows the differences and 
similarities among them: 
a) homogeneous mixture ___ 
b) heterogeneous mixture ___ 
c) element (substance) ___ 
d) compound (substance) ___ ____  ____ 
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 5. DEMONSTRATION: Go with your partner to the science lab and find 
three examples that you think might be mixtures and three you think are 
substances.  See if your partner agrees.  (Note: Until you know more 
chemistry, there will likely be some uncertainty on some of the things you 
look at.  The purpose of this demonstration is to give you some experience 
and get you thinking with the definitions of “mixture” and “substance.”) ____  ____ 

 6. DRILL: 
a) Pure sand is made of the compound silicon dioxide, which is 

composed of one atom of silicon and two atoms of oxygen.  With a big 
circle representing a silicon atom and smaller circles about half that 
size representing oxygen atoms, draw a representation of a silicon 
dioxide molecule.   (The symbol for silicon is Si.  The symbol for 
oxygen is O.) ___ 

b) When silicon exists as a pure element, it can exist as a single atom.  
Draw a circle with a Si in it to represent a silicon atom. ___ 

c) When oxygen exists as a pure element, it usually exists as two oxygen 
atoms joined together.  Draw two circles together with O’s in them to 
represent an oxygen molecule. ___ 

d) Water is the compound hydrogen oxide, which is composed of two 
atoms of hydrogen (symbol H) and one atom of oxygen.  Draw a water 
molecule by drawing a circle representing an oxygen atom joining two 
smaller circles representing hydrogen atoms. ___ 

e) Imagine you had some wet sand.  Draw several sand (silicon dioxide) 
molecules mixed with several water (hydrogen oxide) molecules. ___ 

f) Referring to this last drawing, discuss with your partner the answers to 
the following questions: 
• Are there any elements in the drawing? 
• Are there any compounds?  If so, what are they? 
• What is the mixture represented by the drawing?  Is the mixture 

homogeneous, heterogenous?  Is it possible that some collection of 
wet sand could be either or both of these types of mixture?  Explain. ____  ____ 

 *7. READ: DS #8209 About Atoms, section “Spaces between Molecules.” ____  ____ 

 8. PRACTICAL APPLICATION: Dissolving Sugar in Water.   
a) Gather these materials: 2 measuring cups marked in ounces, water, 

sugar, spoon, thin marker ___ 
b) Measure out exactly 4 ounces of water in the first measuring cup. ___ 
c) Measure out exactly 4 ounces of sugar in the second measuring cup. ___  
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d) Carefully pour the water into the measuring cup with sugar without 
stirring or disturbing the sugar more than necessary. ___  

e) Measure the total volume. ___ 
Results: When 4 ounces sugar and 4 ounces water are poured together, the 
volume is only about 6 ounces.  Water fills in the large air spaces between 
the sugar grains. 
f) Carefully mark the level of the liquid on the measuring cup with a 

marker. ___ 
g) Stir the sugar into the water until it completely dissolves and the liquid 

is clear. ___  
h) Carefully measure the total volume again. ___ 
Results: The volume should be slightly less than when you marked it at 
step e.  When sugar molecules dissolve in water, they fill in some small 
spaces between the water molecules. _________ 

 9. DEFINE: (in the glossary at the back of the study booklet) 
chromatography _________ 

 10. PRACTICAL APPLICATION: You will be doing Investigation 16.1 
Classifying Matter in the Foundations of Physical Science Investigations 
(Investigations) book, starting on page 114.  
a) Gather these materials: three 10-by-3 cm strips of chromatography 

paper (filter paper or coffee filters, ironed flat, are inexpensive 
alternatives); three 250-ml beakers or 8-oz clear plastic cups; 
centimeter ruler; three craft sticks or coffee stirrers; tape. ___ 

b) Read the introduction and 1. What is paper chromatography?  Note: 
The ink used in this investigation is a mixture of water (the solvent) 
and colored dye particles (the solute).  Cellulose is a substance that 
comes from the cell walls of plants.  It is used to make paper, cloth, 
plastics, etc. ___ 

c) Read and do 2. Preparing the samples. ___ 
d) Read and do 3. Setting up the experiment. ___ 
e) Read and do 4. Recording your results.  Copy the table into your 

notebook and fill it in. ___  
f) Read and do 5. Analyzing your data.  Skip 5c.  Answer in your 

notebook. ___ 
g) Have your partner compare your write-up to the Example Answers on 

page 7 of the Unit 6−8 Teacher’s Guide, and correct if needed. ___ 
h) Show your supervisor your notebook so he can check the quality of the 

write-up (this is not a repeat of the previous step and may be omitted 
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by the supervisor if the students have demonstrated consistently high 
quality notebook work). ___ ____  ____ 

 11. READ: FPS, 16.2 Measuring Matter to heading “Measuring very large or 
very small quantities of matter.”    _________ 

 12. PRACTICAL APPLICATION: Get a graduated cylinder and find the 
volume of a small item using the displacement method. _________ 

 13. READ: FPS, 16.2, sub-section “Measuring very large or very small 
quantities of matter.” _________ 

 14. PRACTICAL APPLICATION: Calculate the mass of 1 paper clip.  Use 
the indirect measurement by measuring the mass of a larger number 
(e.g., 20, 50 or 100) first. _________ 

 15. PRACTICAL APPLICATION: You will be doing Investigation 16.2 
Measuring Matter in the Investigations text, starting on page 116.  
a) Gather these materials: balance; one 100-ml graduated cylinder; two or 

three beakers of different sizes; centimeter ruler; displacement tank; 
objects to measure. ___ 

b) Read the introduction and do 1. Measuring mass.  Copy the table into 
your notebook and fill it in. ___ 

c) Read and do 2. Measuring volume.  Copy the table into your notebook 
and fill it in.  Refer to Foundations of Physical Science Teacher’s 
Guide Reference, section “Displacement Tank,” page 198, for 
directions on how to set up and use a displacement tank.  For this 
demonstration, select an object too large to fit into a beaker or 
graduated cylinder when you have to measure the volume of an 
“irregular solid.” ___ 

d) Read and do 3. Applying your knowledge.  Write your work in your 
notebook. ___ 

e) Have your partner verify that your notebook work is correct and 
adequate using the Units 6−8 Teacher’s Guide, page 11.  If any  
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

f) Show your supervisor your notebook so he can check (on his 
discretion per step B.10 h) to see that you are maintaining the quality 
of the write-up expected. ___ ____  ____ 

 16. READ: FPS, 16.3 States of Matter, introduction, and section “Atoms and 
molecules,” page 283, first paragraph only. 
Note: Recall from DS #8209 About Atoms that a molecule is two or more 
atoms joined together to make a substance, whether or not the atoms are 
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different or the same.  A molecule is defined in FPS, 16.3 as “the smallest 
possible particle of a compound that retains the properties of the compound.”  
That definition in FPS is correct but incomplete.  Actually, a compound is 
composed of two or more elements, but a molecule is composed of two or 
more atoms, whether they are the same element (such as in an oxygen 
molecule, O2) or different elements (such as in a water molecule, H2O). _________ 

 17. READ: FPS, 16.3, remainder of section “Atoms and molecules” and first 
three paragraphs of “Changes of state,” pp. 283–284. _________ 

 18. DEMONSTRATION: Demonstrate to your partner how molecules move in 
a) solids ___ b) liquids ___ c) gases ___ ____  ____ 

 19. PRACTICAL APPLICATION: Demonstration of the three phases of 
matter, using a candle. 
a)  Stand a candle upright on a counter and secure it in place, if needed.  If 

the counter isn’t fireproof, put something under the candle to catch the 
melting wax. ___ 

b)  Notice that the candle wax is in the solid phase. ___ 
c)  Light the candle and notice that a small amount of the wax liquefies 

near the flame. ___ 
d)  As the candle burns, some of the liquid wax heats up enough to turn to 

gaseous wax, which is then burned in the flame.  Notice if you can 
smell the candle burning. ___ 

e)  Notice that some of the liquid wax drips from the candle, and turns 
back into solid wax as it cools.  You now have observed all three 
stages of matter in this simple demonstration. ___ 

f) Clean-up: Discard any burnt matches and clean up any wax spills. _________ 

 20. DEFINE AND DEMONSTRATION: (Use the glossary at the back of the 
study booklet) 
a) vapor ___  
b) evaporate: ___  
c) condense ___  
d) condensation ___ 
e) hydrology ___ 
f) hydrologic cycle___ _________ 

 21. READ: FPS, 16.3 States of Matter, section “Changes of state,” last three 
paragraphs, pp. 284–285. _________ 
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 22. VIDEO: Watch a video of iodine sublimation on the internet, such as 
Chemistry experiment 37 – Sublimation of Iodine (1:40), 
https://www.youtube.com/watch?v=jX9pskbKSw0.  _________ 

 23. VIDEO: Watch a video of dry ice sublimation on the internet, such as Dry 
Ice Bubbles – Cool Halloween Science (2:42), 
https://www.youtube.com/watch?v=KG-qWeZm-LA.  _________ 

 24. DEMONSTRATION: Get a container of a solid air freshener.  Open it up 
and smell it.  You can smell the air freshener because the solid molecules 
are sublimating and are circulating in the room.  _________ 

 25. READ: FPS, 16.3, section “States of matter,” pages 285−286.  Note: 
Normal atmospheric pressure (Table 16.3) is measured at sea level.  The 
symbol for this unit of measurement is “atm” (from the word atmosphere).   
Note: A particle accelerator (last paragraph, page 286) is a machine used 
to accelerate parts of atoms to very high speeds.  Particle accelerators are 
used by scientists to study atoms and their parts, as very interesting things 
happen and can be observed when the smallest of particles collide with 
each other at extremely high speeds.   _________ 

 26. ESSAY:  
a) Give several characteristics of 1) solids, 2) liquids and 3) gases. ___ 
b) How did the activity with olive oil demonstrate those 

characteristics? ___ 
c) Compare your answers with your partner. ___ ____  ____ 

 27. PRACTICAL APPLICATION: You will be doing Investigation 16.3 
States of Matter in the Investigations book, starting on page 118.  (Note: 
The steps are misnumbered in the Investigations book.  While they should 
be numbered 1–5, we have used the numbers as they show in the book.) 
a) Gather these materials: timer; thermometer; one 150-ml beaker; one 

400-ml beaker; approx. 100 ml of crushed ice; warm water source; one 
zipper-lock plastic sandwich bag (freezer type works best); a 15-ml 
piece of ice in a 3-oz wax-coated paper cup (from lab supervisor). ___ 

b) Define: kinetic energy (use the FPS Glossary). ___ 
c) Read the introduction and do 4. Procedure.  You and your partner each 

get an ice cube.  You will race to see who can completely melt his 
cube first. ___ 

d) Read and do 5. Analyzing your results.  For 5.a and 5.b, get 
comparative data from the Units 6−8 Teacher’s Guide, page 15.  (Skip 
5.c.)  Answer in your notebook. ___  

e) Read 6. A closer look at the melting process. ___ 
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f) Read and do 7. Procedure. ___ 
g) Read and do 8. What did you learn?  Insert the graph you make into 

your notebook.  (If you need to review graphing, see FPS, section 2.1 
Using a Scientific Model to Predict Speed, sub-sections, “Making a 
graphical model,” and “Reading a graph.”) ___ 

h) Have your partner verify that your notebook work is correct and 
adequate using the Units 6−8 Teacher’s Guide, pages 15−17.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

i) Show your supervisor your notebook so he can check (on his 
discretion per step B.10 h) to see that you are maintaining the quality 
of the write-up expected. ___ ____  ____ 

 28. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to page 276 of Chapter 16 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the FPS Glossary for definitions, do the following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick three or four words from the list and ask you 
for the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step. ___ 

When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 29. DRILL: FPS, Chapter 16 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 287–288. 
a) Divide the Concept Review questions by odd and even.  You will do 

one of these sets and your study partner will do the other set.  Write 
your answers on a sheet of paper and show any math work clearly. ___ 

b) Divide the Problems questions by odd and even.  You will do one of 
these sets and your study partner will do the other set.  Write your 
answers on a sheet of paper and show any math work clearly. ___ 
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c) Applying your knowledge: The student who did the odd-numbered 
Problems questions does question 5; the other student does 
question 6. ___ 

d) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 91–92. ___ 

e) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

C. CHAPTER 17 PROPERTIES OF MATTER 

 1. PRACTICAL APPLICATION: You will be doing the first several steps 
of Investigation 17.1 Properties of Solids in the Investigations text, 
starting on page 120.  Note: It is intentional that you do most of the 
investigation before studying about density in the chapter.  The 
introduction to the investigation refers to the “property of density.”  You 
will learn more about this when you read the chapter.   
a) Gather these materials for Part 1: graph paper and a ruler, balance; 

disposable cup, 250-ml beaker, 100-ml graduated cylinder, 6 identical 
small objects that will fit inside a 100-ml graduated cylinder (e.g., 6 
hex nuts). ___ 

b) Read the introduction, and do the sketch on a separate sheet. ___ 
c) Do 2. Finding the relationship between the mass and volume of a 

substance.  Copy the table into your notebook and fill it in.  Plot your 
data on graph paper and insert the graph in your notebook. ___ 

d) Do 3. Analyzing your results.  (For 3.c, get comparative data from the 
Units 6−8 Teacher’s Guide, page 23.)  Note: density (D) equals mass  
(g) ÷ volume (cm3). ___ 

e) Do 4. Using your knowledge.  Write your answers in your notebook. ___ 
f) Do 5. Compare class data.  (For Table 2 get comparative data from the 

Units 6−8 Teacher’s Guide, page 22.) ___  (Part 2 of Investigation 
17.1 is continued at step 4 of this study guide.) _________ 

 2. READ: FPS, Ch. 17 Properties of Matter, section 17.1 Properties of 
Solids, pp. 291−292, to heading “Hardness.” _________ 
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 3. PRACTICAL APPLICATION: Finding the density of clay.  Both partners 
do steps a) through c) independently: 
a) Make a solid cube of clay exactly 2 cm on a side, using a knife to 

shape the clay and a mm ruler to measure it.  Thus the volume 
should be 8 cm3.) ___ 

b) Use a balance to find the mass of the cube to the nearest 0.1 g. ___ 
c) Calculate the density of the cube of clay using the Density 

formula. ___ 
d) Compare your results with your partner. ___ ____  ____ 

 4. PRACTICAL APPLICATION: You will be doing the final steps of 
Investigation 17.1 “Properties of Solids,” pp. 122–123. 
a) Read 6. Using density to solve a mystery.  Your job in this 

investigation is to determine whether or not the composition of the 
penny actually was changed after 1982.  (If the composition was 
changed, assume the bill passed Congress.) ___ 

b) Gather these materials for Part 2: balance; 100-ml graduated cylinder; 
approximately 100 pennies. ___  

c) Do 7. Procedure.”  Copy the table to your notebook and fill it in. ___ 
d) Do 8. Analyze your results.  Answer in your notebook. ___ 
e) Have your partner verify that your notebook work for both Part 1 and 

Part 2 is correct and adequate using the Unit 6−8 Teacher’s Guide, pp. 
21−25.  If any errors or confusions show up, ensure they get fully 
cleared up and corrected. ___ 

f) Show your supervisor your notebook so he can check (on his 
discretion per step B.10 h) to see that you are maintaining the quality 
of the write-up expected. ___ ____  ____ 

 5. READ: FPS, 17.1, section “Hardness,” page 292.  _________ 

 6. PRACTICAL APPLICATION: A simple way to rank the hardness of 
objects is to see which items will scratch which.  The basic rules are these: 
• If object A can scratch object B, A is harder. 
• If objects A and B can scratch each other, they have the same hardness. 
• If object A can’t scratch object B, A is softer. 
Here are five items of different hardness: copper penny, emery board or 
emery paper, your fingernail, steel file, large steel nail, glass bottle.  
a) Using the scratch test, test the first five items and rank them in order of 

hardness from softest to hardest. ___ 
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b) Determine where a glass bottle is on the scale. ___ 
c) Check the answers on the last page of this study guide. ___ _________ 

 7. READ: FPS, 17.1, section “Elasticity,” page 292. _________ 

 8. DEMONSTRATION: Look around in the lab and find some objects by 
test that demonstrate some elasticity.  Compare what you found with your 
partner.  ____  ____ 

 9. READ: FPS, 17.1, section “Brittleness,” page 293, omitting the 
illustration and text on Cellulose nitrate.  Note: decibels is a unit for 
measuring the loudness of a sound. _________ 

 10. PRACTICAL APPLICATION: For this activity, you will need a 
workbench or board, a hammer, goggles, a piece of hard candy and a 
piece of soft candy.  
a) Put on the goggles and work on a bench surface or on a board. ___ 
b) Try to smash both pieces of candy with the hammer. ___ 
c) Discuss with your partner which is more brittle and why. ___ ____  ____ 

 11. DEFINE: (use a regular English dictionary) 
malleable ___ tensile ___ _________ 

 12. READ: FPS, 17.1, sections “Malleability,” and “Tensile strength,” page 
294.  Omit box “Inventing new materials: DuPont KEVLAR® brand 
fiber.”  KEVLAR is a synthetic fiber that has five times the tensile 
strength of steel on a weight basis, and is used to make canoe hulls, 
windsurfer sails, tennis racquets, helmets, sturdy gloves and bullet-
resistant vests. _________ 

 13. DEMONSTRATION: Get a piece of KEVLAR (such as a glove) and see 
if you can cut it with a pair of scissors. _________ 

 14. DEMONSTRATION: Show your partner what each of these qualities of 
solids means: 
a) density ___ d) brittleness ___ 
b) hardness ___ e) malleability ___ 
c) elasticity ___ f) tensile strength ___ ____  ____ 

*15. READ: FPS, 17.2 “Density of Fluids,” pp. 295−296. ____  ____ 

 16. ESSAY: If ice was denser than water, how do you think it would affect 
the climate where you live?  Compare your answer with your partner. ____  ____ 
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 17. PRACTICAL APPLICATION: You will be doing Investigation 17.2 
Density of Fluids in the Investigations manual, pp. 124–125. 
a) Gather these materials: 10-ml and 100-ml graduated cylinders, 

balance; 30 ml each of glycerin, corn syrup, molasses, water and 
vegetable oil; small steel object, cork, rubber stopper. ___ 

b) Read the introduction and do 1. Measuring the density of various 
liquids.  Use a 10-ml graduated cylinder instead of a 100-ml graduated 
cylinder to determine the mass and volume of each liquid.  Copy the 
table into your notebook and fill it in. ___ 

c) Do 2. Deciding how to stack your liquids, and 3. Constructing your 
density column.  Use a 100-ml graduated cylinder.___  

d) Do 4. Using your column to compare densities of solid objects.  Copy 
the table into your notebook and fill in your answers. ___ 

e) Do 5. Using the density column to predict the density of the rubber 
stopper.  Write your answers in your notebook.  When you finish, 
empty the density column in the sink and rinse it out well with 
detergent and water to clean out all the oily material. ___  

f) Have your partner verify that your notebook work is correct and 
adequate using the Unit 6−8 Teacher’s Guide, pp. 29−31.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

g) Show your supervisor your notebook so he can check (on his 
discretion per step B.10 h) to see that you are maintaining the quality 
of the write-up expected. ___ ____  ____ 

 18. READ: FPS, 17.3 Buoyancy of Fluids, pp. 297−298, to heading 
“Buoyancy and gases.” _________ 

 19. PRACTICAL APPLICATION: You will be doing Investigation 17.3 
Buoyancy of Fluids in the Investigations manual, pp. 126–127. 
a) Gather these materials: stick (or half-stick) of modeling clay (the sides 

must be straight so that length, width and height can be measured 
accurately); cm ruler; 100-ml graduated cylinder; balance; 250-ml 
beaker; displacement tank; disposable cup to catch displaced water 
when refilling tank; dishpan or shallow bucket for testing clay boats; 
paper towels and sponges. ___ 

b) Read the introduction and do 1. Finding the density of your stick of 
clay.  Answer the questions in your notebook. ___ 

c) Read and do 2. Testing your prediction. ___  
d) Do 3. Finding the mass and volume of the displaced water.  Record the 

data in your notebook. ___ 
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e) Do 4. Calculating the weight of the displaced water.  Record the data 
in your notebook. ___ 

f) Do 5. Calculating the weight of your clay.  Record the data in your 
notebook. ___ 

g) Do 6. Challenge: Can you mold your clay into a shape that floats?  
Test your boat design in a dishpan or shallow bucket filled with water.  
Note: It may take several tries to shape the clay so that it floats.  Put 
the boat into the water gently without pushing it down into the water 
or making waves.  Keep the clay dry between trials by patting it dry 
with paper towels to avoid it softening up too much.  Record your data 
in your notebook. ___ 

h) Do 7. Analyzing your data.  Copy the table into your notebook and fill 
it in. ___ 

i) Do 8. Drawing conclusions.  Record your answers in your notebook. ___ 
j) Have your partner verify that your notebook work is correct and 

adequate using the Unit 6−8 Teacher’s Guide, pp. 35−37.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

k) Show your supervisor your notebook so he can check (on his 
discretion per step B.10 h) to see that you are maintaining the quality 
of the write-up expected. ___ ____  ____ 

 20. ESSAY: Explain how a ship made of steel and weighing 50 tons is able to 
float.  Supervisor pass. ____  ____ 

 21. READ: FPS, 17.3, section “Buoyancy and gases,” page 299. _________ 

 22. PRACTICAL APPLICATION: For this activity you will use a large 
balloon, string, and a tape measure to verify Charles’ law. 
a) Blow up a balloon and tie it off. ___ 
b) Measure the circumference of the balloon with a string at its widest 

point.  Write the circumference here: _________. 
c) Place the balloon in a refrigerator for five minutes.  Then take it out 

and immediately measure the circumference again. _________ 
d) Place the balloon in a warm place.  Wait five minutes and measure the 

circumference again. _________ 
e) Discuss with your partner what you can conclude about the relation of 

gas volume to temperature. ___ ____  ____ 

 23. READ: FPS, 17.3, section “Gases and pressure,” page 300 only.  Note:  
SI (page 300, second paragraph) is the abbreviation for Systeme 
International (French), the International System (of Units).   _________ 
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 24. READ: FPS, 17.3, the rest of section “Gases and pressure” and “Example 
problem,” page 301.  Note: The box “Atmospheric pressure” mentions 
“760 millimeters of mercury (mm Hg).”  Hg is an abbreviation for 
mercury.  A tube of liquid mercury will rise 760 mm where one end of the 
tube is under a vacuum and the other end is open to the pressure of air. _________ 

 25. PRACTICAL APPLICATION: One emergency kit for fixing automobile 
flat tires includes an aerosol can of compressed gas which is used to 
inflate a tire enough so that a driver can drive to a repair shop.  Suppose 
one aerosol can contains 0.5 liters of gas under a pressure of 1013 kPa.  
The aerosol can is used to inflate a flat tire which has a volume of 20 L. 
a) How much will the aerosol can inflate the tire (to what pressure)?  Use 

Boyle’s law and show your calculations. ___ 
b) Normally the tire is inflated to 300 kPa, but it must be inflated to at 

least 5% of that pressure before the driver can risk driving to a repair 
shop.  Is a single can enough to inflate the tire to that pressure?  Show 
your calculations. ___ 

c) Compare your answers with your partner. ___ ____  ____ 

 26. READ: FPS, 17.4 Viscosity of Fluids, page 302 to heading “How does 
temperature effect viscosity?” _________ 

 27. DEMONSTRATION: Demonstrate to your partner how viscosity is 
affected by the shape of molecules in a liquid. ____  ____ 

 28. READ: FPS, 17.4, section “How does temperature effect viscosity?” 
page 303. _________ 

 29. DEMONSTRATION: Demonstrate to your partner why viscosity 
decreases in liquids as temperatures rise, but increases for gases. ____  ____ 

 30. PRACTICAL APPLICATION: You will be doing Investigation 17.4 
Viscosity of Fluids in the Investigations manual, pp. 128–129. 
a) Gather these materials: timer and two photogates, physics stand, two 

large rubber bands, ruler, three 100-ml graduated cylinders with 
removable bases; nine black, opaque glass marbles; 150 ml each of 
vegetable oil, clear shampoo and water; your results from 
Investigation 17.2. ___ 

b) Read the introduction and 1. Measuring viscosity. ___ 
c) Read and do 2. Setting up your viscometer.  Make sure that the 

connector for A is on top and the connector for B is on the bottom 
(nearest the base of the physics stand).  At step 5, begin with 150 ml of 
water for your liquid. ___ 
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d) Do 3. Using your viscometer.  Copy the table to your notebook and fill 
it in.  Make enough lines to record test data for three different 
substances. ___ 

e) Do 4. Comparing class data.  Next to group 1 write “vegetable oil.”  
Note: the “groups” refer to groups of students in a class, but you are 
doing the Investigation as a pair. ___ 

f) Repeat steps 2−4 with these other liquids: 
Group 2: clear shampoo ___ 
Group 3: water ___ 

g) Pour the vegetable oil and shampoo back into their containers so that 
the liquid can be reused.  Discard the water. ___ 

h) Rinse the graduated cylinders and marbles with water and dishwashing 
detergent until they are clean. ___ 

i) Dry the graduated cylinder and marbles with a towel. ___ 
j) Do 5. Analyzing class data.  Record your work in your notebook. ___ 
k) Have your partner verify that your notebook work is correct and 

adequate using the Unit 6−8 Teacher’s Guide, pp. 44−45.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

l) Show your supervisor your notebook so he can check (on his 
discretion per step B.10 h) to see that you are maintaining the quality 
of the write-up expected. ___ ____  ____ 

 31. (Optional) READ: FPS, 17.4, section “Physical science in action: Student 
research provides new hope for whales,” pp. 304−305.   _________ 

 32. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to page 290 of Chapter 17 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the FPS glossary for definitions, do the following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick two or three words from the list and ask you 
for the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 

 -15- PILOT Data Sheet #8208  15 Feb. 17 



and repeat the demonstration of the definition of that term before 
continuing this step. ___ 

When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 33. DRILL: FPS, Chapter 17 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 306–308.   
a) Divide the Concept Review questions by odd and even.  You will do 

one of these sets and your study partner will do the other set.  Write 
your answers on a sheet of paper and show any math work clearly. ___ 

b) Divide the Problems questions by odd and even.  You will do one of 
these sets and your study partner will do the other set.  Write your 
answers on a sheet of paper and show any math work clearly. ___ 

c) Applying your knowledge: The student who did the odd-numbered 
Problems questions does question 6; the other student does questions 
1 and 6. ___ 

d) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 93–94. ___ 

e) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

D. CHAPTER 18 ATOMS AND ELEMENTS 

 1. READ: FPS, Unit 6 Properties of Matter, Chapter 18, Atoms and 
Elements, Introduction to Chapter 18, page 309. _________ 

 2. READ: FPS, 18.1 Atomic Structure, pp. 311−312, to heading “John 
Dalton and the atomic theory,” including Figure 18.3.  Do not read the 
text in the box “Weather & atomic theory.”  Note: The Nobel Prize (page 
312, first paragraph) is an international prize given every year to five 
individuals for outstanding work in the areas of physics, chemistry, 
medicine, literature and peace.  The prize was set up in 1901 by the 
Swedish chemist, Alfred Nobel, and it comes with a medal, a personal 
diploma and a monetary prize of over $1 million to help the individual 
continue work in his field. _________ 

 3. DEMONSTRATION: Imagine an averaged-sized man (the “proton”) 
sitting in a huge field.  A small bird (the “electron”) flies around him in 
loops, never getting closer than two miles.   
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Draw a sketch to get across the idea that a proton in an atom is much 
larger than the electron and that the distance between them is enormous 
compared to their sizes.  You can use the description above or create 
another image to get across the idea. ____  ____ 

 4. READ: FPS, 18.1, section “John Dalton and the atomic theory,” including 
box “Weather & atomic theory,” page 312. _________ 

 5. DEFINE: (in the glossary at the back of the study booklet) 
cathode cathode ray cathode ray tube _________ 

 6. READ: FPS, 18.1, section “The changing model of the atom,” page 313, 
first four paragraphs.   _________ 

 7. DEMONSTRATION: Sketch Dalton’s model of the atom. _________ 

 8. READ: FPS, 18.1, section “The changing model of the atom” (continued), 
page 313, fifth paragraph. _________ 

 9. DEMONSTRATION: Sketch Thomson’s model of the atom. _________ 

 10. READ: FPS, 18.1, section “The changing model of the atom” (continued), 
page 313, last paragraph, and page 314, first two paragraphs.  (You’ll read 
the rest of the section later.)  Note: Radioactive material (page 313, sixth 
paragraph) is material that gives off rays and particles as a result of the 
break-up of atoms.  Alpha particles, for example, are radioactive 
particles that consist of two protons and two neutrons.  An alpha particle 
is the same as the nucleus of a helium atomit has two protons and two 
neutrons.  In Investigation 18.1 you will carry out an experiment that 
imitates the use of alpha particles.  You can learn more about 
radioactivity and alpha particles in further chemistry studies.   _________ 

 11. DEMONSTRATION: Sketch Bohr’s model of the atom.   _________ 

 12. READ: FPS, 18.1, section “The changing model of the atom” (continued), 
page 314, remaining paragraphs.  Note: quantum mechanics is the 
branch of physics that deals with very tiny bits of matter called “quanta” 
that are smaller than atoms.  Electrons and bits of matter that make up 
protons are examples.  The word “quanta” comes from the Latin word 
quantus, meaning “how much.”   _________ 

 13. DEMONSTRATION: Diagram and label an electron cloud model for an 
atom.  Show and label these parts: nucleus (protons, neutrons), electron 
cloud. _________ 
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 14. READ: FPS, 18.2 Comparing Atoms, pp. 315−317, to heading “How 
many different elements are possible?”  Note: The periodic table of 
elements (page 316) is a table that organizes all the elements into rows 
and columns based on how they are similar and different.   _________ 

 15. DRILL: Work with your partner and designate one student as Student A 
and the other as Student B.  Both students turn to the periodic table inside 
the back of their FPS books and refer to it while doing this drill.   
a) Student A chooses an element from the periodic table and has Student B:  

• write the name of the element.  (The symbols used for the atomic 
names are explained in more detail in section 18.3.) ___ 

• write the atomic number. ___ 
• write the relative atomic mass number1 (round it off2 to a whole 

number). ___ 
• calculate the number of neutrons. ___ 
• write the element in isotope notation (as in Figure 18.11, but 

without circles). ___ 
b) Student A checks Student B’s work and has him correct it as 

needed. ___ 
c) Students change roles and repeat a) and b). ___ 
d) Students repeat a) through c) two times or more until both students can 

easily read the box in the periodic table for an element and convert it 
to isotope notation. ___ ____  ____ 

 16. READ: FPS, 18.2, section “How many different elements are possible?” 
including box “What holds the nucleus together?” page 317. _________ 

 17. DEMONSTRATION: Demonstrate to your partner why atomic nuclei 
might tend to fly apart, and why they don’t. ____  ____ 

 18. DEFINE: (in the glossary at the back of the study booklet) 
charge _________ 

 19. READ: FPS, 18.2, section “How are electrons arranged in atoms?” 
page 318. _________ 

1  The label “atomic mass” in Figure 18.10 means the same thing as “relative atomic mass” in the periodic 
table inside the back cover of FPS. 

2  The mass number of an element in the periodic table is an average of all the isotopes of the element and 
usually is not a whole number.  The mass of any specific isotope is a whole number because it has a 
specific number of protons and a specific number of neutrons.  An isotope of carbon with 6 protons and 
6 neutrons always has a mass of 12.00, but the relative atomic mass of carbon is 12.01 because some 
carbon isotopes have more than 6 neutrons.  
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 20. DEMONSTRATION: Demonstrate to your partner: 
a) an electron cloud around an atomic nucleus. ___ 
b) electron clouds at different energy levels. ___ ____  ____ 

 21. DEMONSTRATION: Sketch: 
a) an electron cloud for energy level #1 with 2 electrons. ___ 
b) an electron cloud for energy level #2 with 8 electrons. ___ 
c) an electron cloud for energy level #3 with 8 electrons. ___ 
d) an electron cloud for energy level #4 with 18 electrons. ___ ____  ____ 

 22. READ: FPS, 18.2, box “Fireworks and electron energy levels,” first three 
paragraphs, page 319.   _________ 

 23. DEMONSTRATION: Demonstrate to your partner an electron at one 
energy level  
a) gaining energy from being heated ___ 
b) moving to a higher energy level further away from the nucleus ___ 
c) falling back to its original position ___ 
d) giving off energy as visible light as it does so. ___ ____  ____ 

 24. READ: FPS, 18.2, box “Fireworks and electron energy levels,” last five 
paragraphs, and Figures 18.15 and 18.16, all on page 319.   
Note: electromagnetic radiation (page 319, paragraph 5) is energy in 
the form of electric and magnetic waves.  These include light, radio 
waves, x-rays, etc. 
Frequency is the number of waves per second. 
An ion (Chemistry 1 definition) is an atom which has gained or lost one or 
more electrons so that it is no longer electrically neutral.  (You can learn 
more about ions in further chemistry studies.) 
A nanometer (paragraph 6) is 1 billionth of a meter.   _________ 

 25. PRACTICAL APPLICATION: Do flame tests with metal compounds to 
see the visible colors given off when the electrons are excited.  You will 
need a burner, wood splints and matches.  Use the list of compounds in 
Figure 18.16 while you do these steps (add lithium chloride to the list): 
a) Gather these chemicals: copper chloride, barium chloride, sodium 

chloride, calcium chloride, strontium chloride and lithium chloride. ___ 
b) Turn on the burner and light it.  Keep the flame small and the lights 

low so you can see the colors produced when you burn the salts. ___ 
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c) Wet one end of a wood splint in water, then touch it to the first metal 
salt to pick up some chemical on the end of the splint. ___ 

d) Place the tip of the splint in the hottest part of the flame and notice 
how the color changes as the salt is heated.  (Don’t leave the splint in 
the flame long enough for the splint to catch on fire or the color of the 
burning splint will mask the color of the burning salt.) ___ 

e) Repeat steps c) and d) with each of the metal salts on the list using a 
new splint each time.  (Save lithium chloride for last.) ___ 

f) Discuss with your partner why these metal salts changed color when 
heated. ___ ____  ____ 

 26. PRACTICAL APPLICATION: You will be doing Investigation 18.2 
Comparing Atoms in the Investigations text, pp. 132–135. 
a) Gather these materials: atom building game, spectrometer, colored 

pencils. ___ 
b) Read the introduction.  Note: A stable isotope is an isotope where the 

atomic mass is stableit does not change over time.  Radioactive means 
the atomic mass is not stable and changes over time by emitting energy 
and particles until it becomes more stable.  When that happens the atomic 
mass of the isotope is reduced because of the loss of particles. ___ 

c) Read 1. Setting up the atom board and 2. The game of atomic 
challenge. ___  

d) Play the game of atomic challenge with one to three other students.  
The first player to run out of marbles wins. ___  

e) Repeat the game of atomic challenge one or two more times. ___ 
f) Do 3. What did you learn?  Write your answers in your notebook. ___ 
g) Read and do 4. What does atomic structure have to do with light and 

color?  Discuss with your partner, as best you can, your observations 
of the colors of various light sources listed.  (At step 5 you will 
actually take some measurements of several light sources.)  Answer in 
your notebook. ___ 

h) Read the following: White light is divided into bands of colors as in a 
rainbow.  A spectrum is a display of these separate colors of light.  A 
rainbow shows a spectrum of colors.  A spectrometer is a device for 
separating light into separate colors and measuring them.  Spectral 
means having to do with a spectrum or produced by a spectrum.   
Diffraction grating is a thin piece of plastic with many tiny cuts in it 
that cause light to bend and separate into colors.  In Investigation 18.2, 
a person sees a spectrum of a light by looking at the light though a 
small piece of diffraction grating in the spectrometer. ___ 
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i) Read and do 5. Using the spectrometer.  Refer to Science Teacher’s 
Guide Reference, section “Spectrometer,” page 197, for directions on 
how to set up and use the spectrometer. ___ 

j) Do 6. Observing different light sources.  Observe three or more light 
sources with the spectrometer.  For step 4, use the table “Spectral lines 
for some elements,” Teacher’s Guide Units 6−8, page 61. ___ 

k) Have your partner verify that your notebook work is correct and 
adequate using the Teacher’s Guide Units 6−8, pp. 55−61.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

l) Show your supervisor your notebook so he can check (on his 
discretion per step B.10 h) to see that you are maintaining the quality 
of the write-up expected. ___ ____  ____ 

 27. READ: FPS, Ch. 18.3 The Periodic Table of Elements, introduction, 
including box “Elements & alchemy,” to heading “Groups of elements,” 
page 320.  Note: alchemy was an earlier, non-scientific form of chemistry 
aimed at changing cheap metals into gold and developing life-prolonging 
potions.   _________ 

 28. READ: FPS, Ch. 18.3, section “Groups of elements,” page 320.  Note: 
groups of elements are the columns of elements on the periodic table. _________ 

 29. DEMONSTRATION: Point out three groups of elements to your partner 
in the Partial Periodic Table on page 321.  (Ignore the rest of the data in 
the table for now.) ____  ____ 

 30. READ: FPS, Ch. 18.3, box “The periodic table,” page 321.   _________ 

 31. READ: FPS, Ch. 18.3, section “The periodic table of elements,” page 
321.  Note: valence electrons are electrons involved in bonding atoms 
together to form new molecules.  Valence electrons are found in the 
outermost region of the electron cloud.  
Transition metals are elements in the middle of the periodic table, 
mostly hard metals like iron, copper and zinc.  Transition metals hold on 
to valence electrons more tightly than elements in groups on the left side 
of the periodic table but less tightly than elements in groups on the right.  
In this way they form a sort of “transition” between elements in groups to 
the left and elements in groups to the right. _________ 

 32. READ AND DEMONSTRATION: Find the elements mentioned on the 
Partial Periodic Table on page 321 as you read this: 
The Partial Periodic Table shows the first five rows of the periodic table.  
Each row corresponds to the highest electron energy level the atom has.  The 
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first row (energy level 1) can hold two electrons.  H for hydrogen has 1 
electron at energy level 1; He for helium has 2 electrons at energy level 1. 
The second row (energy level 2) can hold 10 electrons, 2 at level 1 and 8 at 
level 2.  Li for lithium has 2 electrons at energy level 1 and 1 at energy level 
2; Ne for neon, has 2 electrons at energy level 1 and 8 at energy level 2. 
The third row (energy level 3) starts off like the second row through Ar 
for Argon gas, but is more complicated after that and is beyond the scope 
of this course.  _________ 

 33. DEMONSTRATION: Point out three rows of elements in the Partial 
Periodic Table on page 321 to your partner. ____  ____ 

 34. READ: FPS, Ch. 18.3, “Reading the periodic table,” page 322. _________ 

 35. DRILL: The purpose of this drill is to learn how to read a periodic table 
easily.  Begin by turning to the Periodic Table in the back cover of your 
book.  (Note: This version of the Periodic Table does not list the mass 
numbers of isotopes, but you will not need these numbers for this drill.) 
a) Work with your partner and designate one student as Student A and 

the other as Student B. ___  
b) Student A points out an element on the Periodic Table and has Student 

B read aloud one of the following at random from the Table for that 
element: element symbol, atomic number, relative atomic mass, 
standard state of matter, material classification.  Note: a metalloid on 
the Periodic Table is an element with some characteristics of metals 
and some characteristics of non-metals. ___  

c) Students change roles and repeat b). ___ 
d) Students repeat b) and c) until both students can identify any part of 

the information in the Table without hesitation. ___ ____  ____ 

 36. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to page 310 of Chapter 18 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the FPS glossary for definitions, do the following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 
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b) Have your partner pick four or five words from the list and ask you for 
the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step. ___ 

When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 37. DRILL: FPS, Chapter 18 Review, sections “Concept review” and 
“Problems,” p. 324.   
a) Divide the Concept review questions by odd and even.  You will do 

one of these sets and your study partner will do the other set.  Write 
your answers on a sheet of paper and show any math work clearly. ___ 

b) Divide the Problems questions by odd and even.  One student does 
questions 1 and 3, and other does 2 and 4.  Both students do question 
5.  Write your answers on a sheet of paper and show any math work 
clearly. ___ 

c) Get the Reference Teacher’s Guide, page 95, and check each other’s 
answers. ___ 

d) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

I have completed the steps of this course.  I understand what I studied and can use it. 
 
Student _______________________________________  Date ____________________________  
 
The student has completed the steps of this course and knows and can apply what was studied. 
 
Academic Supervisor ____________________________  Date ___________________________  
 
The student has passed the exam for this course.  
 
Examiner _____________________________________  Date ___________________________  

 
Answers to C.6 

a) Softest to hardest: fingernail, copper penny, steel nail, steel file, emery board/emery paper  
b) A glass bottle is equal in hardness to a steel nail, and less hard than a steel file.  
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Foundations of Physical Science Series 

CHEMISTRY 2: CHANGES IN MATTER 

NAME _____________________________ SCHOOL ___________________________  

DATE STARTED ____________________ DATE COMPLETED _________________  
PREREQUISITES: Chemistry 1: Properties of Matter course, Physics: Work and Energy 
course. 

HOW TO DO THIS COURSE: Do the steps one at a time, in order.  When you finish a 
step, put your initials and the date on the sign-off line on the right.  A split line means to 
get a pass (and an initial) from another student (or your Academic Supervisor if it says 
that).  Essays are turned in to the Academic Supervisor.  This course should be done with a 
partner. 
PURPOSE: Learn what chemical reactions are so that you can predict how chemicals will 
form new substances under different conditions. 

ESTIMATED TIME: 30−35 hours. 

MATERIALS NEEDED FOR THIS COURSE 
Study booklet, Chemistry 1–3 
Exam: 8303, 8304 (answers), 8305 (review) 8306 (answers) 
Other texts:  
The following texts, all by Tom Hsu, come from CPO Science (www.cposcience.com): 

Foundations of Physical Science, 2nd Ed (2005) ISBN 1-58892-157-3 
Foundations of Physical Science Investigations, 2nd Ed (2005) ISBN 1-58892-158-1 
Foundations of Physical Science Reference Teacher’s Guide (2002) ISBN 1-58892-019-4 
Foundations of Physical Science Teacher’s Guide Units 6–8 (2002) ISBN 1-58892-023-2  

Other materials:  
(Student provides) notebook for keeping records of lab investigations for the course. 
Sheet of cardboard, pad of small sticky notes and marker, saltine cracker or piece of bread, 2 clean iron 
nails, baking soda, test tube, test tube holder, test tube rack, burner, Epsom salts or washing soda, 6 
sealable plastic sandwich bags, 50−ml beaker, copper chloride, teaspoon, sample of dried fruit (golden 
raisins or apricots) treated with sulfite, butane lighter, matches, dilute HCl, dish, 1 inch magnesium 
ribbon; access to Internet. 
Investigations: The list of materials for the investigations is extensive.  For the investigations, see the 
Setup and Materials in Foundations of Physical Science Teacher’s Guide Units 6−8, chapters 19−22.  
They include these items from CPO Science:  
Displacement tank, timer and two photogates, physics stand, atom building game (includes blank periodic 
table), periodic table tiles, spectrometer.  

NOTES TO ACADEMIC AND LAB SUPERVISORS 
1. There are two teacher’s guides used in this course, Foundations of Physical Science Reference 

Teacher’s Guide and Foundations of Physical Science Teacher’s Guide Units 6−8.  These are used for 
reference, checking lab work (done in the science lab) and Chapter Reviews (done in the courseroom).  
Minimally, one set should be kept in the science lab and another in the courseroom.  

2. For the Lab Supervisor: The following will need advance preparation: 
Investigation 19.3 Comparing Molecules.  The Lab Supervisor must prepare a “mystery box.”  See 
instructions in Teacher’s Guide Units 6−8, p. 83 under “Setup and Materials.”   
Investigation 20.1 Chemical Changes.  The Lab Supervisor must prepare red cabbage juice ahead of 
time.  See instructions in Teacher’s Guide Units 6−8, p. 89 under “Setup and Materials.” 
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Investigation 21.1 Classifying Reactions.  The Lab Supervisor must prepare six household chemical 
solutions.  See instructions in Teacher’s Guide Units 6−8, p. 117 under “Setup and Materials.”  
Study guide step C.10.  This step requires an animated demonstration of how a fuel cell works; internet 
sites exist for this. 

 A. CHAPTER 19 MOLECULES AND COMPOUNDS 

 A1. CHEMICAL BONDS 

 1. READ: Foundations of Physical Science (FPS), Unit 7 Changes in 
Matter, “Introduction to Chapter 19,” p. 325.   _________ 

 2. DEFINE: (use the FPS Glossary) 
chemical bond react _________ 

 3. READ: Atoms react chemically by gaining or losing electrons from each 
other, or by sharing electrons.  For example, two hydrogen atoms will 
each share an electron with an oxygen atom to form H2O (water).  The 
hydrogen atoms and the oxygen atom have formed a chemical bond.  This 
combining power of an atom is called its valence (from the Latin word 
valere, to be strong).  The word valence also refers to the number of an 
atom’s electrons that will be involved in forming such a bond.  Because a 
single hydrogen atom combines with other atoms by sharing one electron, 
it is said to have a valence of 1.  Atoms that tend to share or lose two 
electrons are said to have a valence of 2.  And so on.   _________ 

 4. READ: FPS, 19.1 Chemical Bonds, introduction and “section “Valence 
electrons and the octet rule,” p. 327 only.  Note: In Figures 19.1 and 
19.2 each ring of electrons corresponds to an energy level.  Thus there are 
2 electrons in the first energy level, 8 in the second, and there can be up 
to 8 electrons in the third level shown in Figure 19.2. _________ 

 5. CLAY DEMONSTRATION: A sodium atom with 11 electrons, 
showing 3 energy levels.  (Save for the next demonstration.) ____  ____ 

 6. CLAY DEMONSTRATION: A chlorine atom with 17 electrons, 
showing 3 energy levels and 7 electrons in the third level.  (Place this next 
to the sodium atom and save for the next demonstration.) ____  ____ 

 7. CLAY DEMONSTRATION: A sodium atom completing its octet by 
giving up its valence electron to a chlorine atom; a chlorine atom 
completing its octet by receiving a valence electron from a sodium atom. ____  ____ 

 8. READ: FPS, 19.1, section “Valence electrons and the octet rule” 
(continued) p. 328 only.   _________ 
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 9. ESSAY: Discuss these questions with your partner, then write your 
answers:  
a) Sodium and chlorine atoms react to form the compound sodium 

chloride.  After sodium and chloride react, they are stable, or not so 
likely to react with other atoms.  Why do you think they are stable? ___ 

b) Since lithium has a valence of one, would it be more likely to bond 
with sodium or chlorine?  Why? ___ ____  ____ 

 10. READ: FPS, 19.1, section “Electrons and the periodic table,” p. 329, first 
paragraph and the side box “Noble gases are useful.”  (Refer to the 
periodic table at the bottom of the page as needed.)  Note: Also refer to 
Data Sheet (DS) #8302 Notes for Chemistry 2: Changes in Matter, Note 
A1.10, which explains terms used in the side box and the periodic table. _________ 

 11. DEMONSTRATION: Demonstrate to your partner an atom of each of 
these elements, showing each electron shell, including the valence shell: 
sodium, chlorine, helium and neon. ____  ____ 

 12. READ: FPS, 19.1, section “Electrons and the periodic table,” p. 329, 
second paragraph.  (Refer to the periodic table below as needed.) _________ 

 13. READ: FPS, 19.1, section “Why chemical bonds form,” p. 330.  _________ 

 14. DEMONSTRATION: Draw dot diagrams to show the bonding between 
a) one oxygen atom and two hydrogen atoms; b) one oxygen atom and 
one beryllium atom; c) a sodium atom with and without its valence 
electron.  Compare your answers with your partner, then check the 
answers on the last page of this study guide. _________ 

 15. READ: FPS, 19.1, section “Ionic and covalent bonds,” p. 331.  Note: 
covalent means “having to do with the chemical bonds between two 
atoms that each share an electron with the other,” from co- (meaning 
“together with”) and valence (meaning “the power of atoms to combine”).  
An ion is an atom (or molecule) that has a positive or negative charge 
because it has lost or gained an electron.    _________ 

 16. DEMONSTRATION: Demonstrate the following to your partner: “An 
important difference between covalent and ionic bonds is that covalent 
bonds act only between the atoms in a single molecule, while ionic bonds 
act between all adjacent atoms (ions).”   ____  ____ 

 17. DEMONSTRATION: Draw dot diagrams to show: 
a) a chlorine atom pulls an electron off a sodium atom to get a stable 

number of 8 valence electrons. ___ 
b) a carbon atom in a diamond gets a stable number of 8 electrons by 

bonding with 4 other carbon atoms.  (In this case each of the other 4 
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carbon atoms bonds with 4 other carbon atoms, but you don’t have to 
show that.) ___  

Compare your answers with your partner, then check the answers on the 
last page of this study guide. _________ 

 18. CLAY DEMONSTRATION: an ionic bond ____  ____ 

 19. CLAY DEMONSTRATION: a covalent bond ____  ____ 

 20. READ: FPS, 19.1, section “The formation of bonds,” p. 332.  Note: 
(paragraph 2) “A neutral chlorine atom has 17 protons and 17 neutrons” 
should read “A neutral chlorine atom has 17 protons and 17 electrons.” _________ 

 21. DEFINE AND DEMONSTRATION: Look up the prefix di- in a regular 
English dictionary.  Demonstrate to your partner why covalently bonded 
pairs of atoms of the same type are called diatomic.   ____  ____ 

 22. DEMONSTRATION: Draw dot diagrams to show the covalent bonding 
between the following.  Make sure the octet rule is being followed:   
a) two atoms of hydrogen each share 1 electron to form a hydrogen 

molecule (H2). ___ 
b) two atoms of oxygen each share 2 electrons to form an oxygen 

molecule (O2).  Hint: You can show two atoms of oxygen, each 
sharing 2 electrons, like this O::O.  (The remaining electrons still need 
to be filled in to complete the octets for both atoms.) ___ 

c) two atoms of nitrogen each share 3 electrons to form a nitrogen 
molecule (N2). ___  

d) one atom of silicon shares 4 electrons with each of two atoms of 
oxygen to form a silicon dioxide molecule (SiO2).  Note: Silicon 
dioxide is the main substance used in the manufacture of computer 
chips, the tiny wafers containing complex electric circuits. ___ 

Compare your answers with your partner, then check your answers on the 
last page of this study guide. _________ 

 23. ESSAY: Explain why all atoms (except those of the noble gases) tend to 
form compounds, whether those compounds are formed with atoms of 
other elements (e.g., oxygen combining with hydrogen) or with atoms of 
the same element (e.g., oxygen combining with oxygen). ____  ____ 

 24. READ: DS #8302 Notes for Chemistry 2: Changes in Matter, Note A1.24. _________ 

 25. READ: FPS, 19.1, section “Environmental Issue: Paper or Plastic?,” 
p. 333.  Note: extruded (last paragraph) means “formed or shaped by 
forcing through an opening.”  Plastic thread is manufactured by forcing 
soft plastic through very small openings. _________ 
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 26. DEMONSTRATION: Demonstrate to your partner how inserting a starch 
molecule into a plastic polymer molecule could make it easier for the 
plastic to decompose. ____  ____ 

 27. PRACTICAL APPLICATION: The plastic industry adopted a code in 
1988 so that waste plastics could be sorted by their chemical composition.  
This makes recycling much easier.  To get a better understanding of this 
area, do the following:   
a) Look on the bottom of a plastic bottle and find the recycling symbol.  

It is a triangle with an abbreviation and a number 1–7 that identifies 
the kind of plastic the bottle was made from.  (The number 7 actually 
means that it’s one of many different kinds of newer plastics that don’t 
fit any of the first six types.) ___ 

b) Find a different kind of bottle with a different number in the recycling 
symbol.  Notice how the types of plastic are different. ___ 

c) Talk to the person in charge of recycling at your school and find out 
what types of plastics go where. ___ _________ 

 28. PRACTICAL APPLICATION: You will be doing Investigation 19.1 
Chemical Bonds in the Investigations manual, starting on p. 140.   
a) Gather these materials: atom building game; copy of periodic table; 

(optional) for part 4, a second atom building game. ___ 
b) Read the introduction and 1. Reviewing atomic structure. ___ 
c) Read and do 2. How many electrons are in the outermost level.  Copy 

the table into your notebook and fill it in. ___ 
d) Do 3. What are valence electrons?  Write the answers in your 

notebook. ___ 
e) Do 4. Modeling a chemical bond.  (If a second atom building game is 

not available, use the game to build a model of the chlorine atom, then 
draw another game board the same size on a sheet of cardboard with 
markers.  Use it to model a sodium atom next to the chlorine atom.  
Use objects to represent the protons, neutrons and electrons.  (This 
investigation is continued at step A2.9 below.) ___ ____  ____ 

A2. CHEMICAL FORMULAS 

 1. DEFINE: (use a regular English dictionary) convention _________ 

 2. DEFINE: (use the glossary at the back of the study booklet) formula _________ 

 3. READ: FPS, 19.2 Chemical Formulas, p. 334, introduction only. _________ 

 4. READ: DS #8302 Notes for Chemistry 2: Changes in Matter, Note A2.4. _________ 
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 5. DEMONSTRATION: Write the formula for each ion to show the charge, 
then rewrite it to show the oxidation number:  
a lithium (Li) atom which loses one electron _____ 
a strontium (Sr) atom which loses two electrons _____ 
a boron (B) atom which loses three electrons _____ 
a fluorine atom (F) which gains one electron _____ 
a sulfur atom (S) which gains two electrons _____ 
Compare your answers with your partner, then check the answers on the 
last page of this study guide. _________ 

 6. READ: FPS, 19.2, section “Chemical formulas and oxidation numbers,” 
p. 334. _________ 

 7. ESSAY: Explain why “All compounds have an electrical charge of zero; 
that is, they are neutral.” ____  ____ 

 8. READ: FPS, 19.2, section “Predicting oxidation numbers from the 
periodic table,” p. 335. _________ 

 9. PRACTICAL APPLICATION: Investigation 19.1 Chemical Bonds in the 
Investigations book (continued), p. 141.   
a) Do 5. Determining oxidation numbers.  Answer the questions in your 

notebook. ___ 
b) Have your partner compare your write-up to the Example Answers on 

pp. 73−75 of the Unit 6−8 Teacher’s Guide, and correct if needed.  If 
any errors or confusions show up, ensure they get fully cleared up  
and corrected. ___ 

c) Show the supervisor your notebook so he can check the quality of the 
write-up (this is not a repeat of the previous step and may be omitted 
by the supervisor if the students have demonstrated consistently high 
quality notebook work). ___ ____  ____ 

 10. DEFINE: (in a regular English dictionary) the prefix mono- _________ 

 11. READ: DS #8302 Notes for Chemistry 2: Changes in Matter, Note A2.11. _________ 

 12. READ: FPS, 19.2, sections “Writing the chemical formulas of ionic 
compounds,” and “Example: Writing a chemical formula,” p. 336.  Note: 
The next to the last sentence at the bottom of the page should read: “This 
means that two iron (III) ions bond with three oxygen ions to get a neutral 
compound.” _________ 

 13. DEMONSTRATION: Show how 2 iron atoms and 3 oxygen atoms bond 
through their valence electrons to form Fe2O3. ____  ____ 
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 14. PRACTICAL APPLICATION: You will be doing Investigation 19.2 
Chemical Formulas in the Investigations manual, pp. 142–143. 
a) Gather these materials: set of periodic table tiles (optional), or pad of 

small sticky notes and marker. ___ 
b) Read the introduction and do 1. Oxidation numbers and ions.  Note: 

The main group elements of the periodic table are groups 1, 2 and 
13–18.  You’ll notice this leaves out the transition metals, groups 3–12.  
The main group elements are the most naturally common elements, 
they make up 80 percent of the earth’s crust and they are the most 
important for living organisms.  Answer the questions in your 
notebook, but skip question a.  ___ 

c) Do 2. Predicting chemical formulas.  The oxidation numbers are 
written on the periodic table tiles.   
If a set of the tiles is not available, substitute small sticky notes.  Write 
the name or symbol of each element on a sticky note along with its 
oxidation number from the partial periodic table on p. 335 of FPS.  
Stick the notes together on a flat surface in the combination needed to 
make the compound.   
Note that it is possible that no compound may be formed. 

(This investigation is continued at step A2.22 below.) _________ 

 15. DRILL: Use the criss-cross method to determine the chemical formulas of 
the compounds that would result from combining an oxygen ion (O2−) 
with each of the ions listed. 
copper (I) ___ iron (II) ___  lead (II) ___  
copper (II) ___ chromium (III) ___ lead (IV) ___ 
Compare your answers with your partner, then check your answers on the 
last page of this study guide. _________ 

 16. READ: DS #8302 Notes for Chemistry 2: Changes in Matter, Note A2.16. _________ 

 17. READ: FPS, 19.2, section “Ionic compounds made of more than two 
types of atoms,” p. 337. _________ 

 18. DEMONSTRATION: With your partner, note that calcium hydroxide is 
written Ca(OH)2 and draw a simple representation of this compound 
showing how many of each kind of atom it is composed of.  Now show 
your partner with a simple drawing why the parentheses are used, 
showing how many of each kind of atom there would be if it were 
(incorrectly) written as CaOH2. ____  ____ 
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 19. READ: FPS, box “Rules for writing chemical formulas of ionic 
compounds that contain polyatomic ions,” and section “Example: Writing 
the chemical formula for aluminum sulfate,” pp. 338−339. _________ 

 20. DRILL: Write chemical formulas for the compounds listed below.  Use 
the periodic table on FPS p. 335 and Table 19.2 (p. 337) for oxidation 
numbers.  Compare your answers with your partner, then check the 
answers on the last page of this study guide.   
potassium hydroxide ammonium nitrate  
magnesium sulfate hydrogen peroxide  
ammonium carbonate   aluminum sulfite _________ 

 21. READ: FPS, 19.2, section “How do you name ionic compounds?” p. 339. _________ 

 22. PRACTICAL APPLICATION: Investigation 19.2 Chemical Formulas in 
the Investigations manual (continued), p. 143. 
a) Do 3. Naming ionic compounds. ___ 
b) Have your partner verify that your notebook work is correct and 

adequate using the Unit 6−8 Teacher’s Guide, pp. 79−81.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

c) Show your supervisor your notebook so he can check (on his 
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 23. READ: FPS, 19.2 section “Covalent compounds,” p. 340, first three 
paragraphs and Figures.  (You’ll read the last paragraph later.)  Note: A 
formula unit (first paragraph) is not a molecule, but in informal use, 
formula units are often called molecules anyway.  For example, sodium 
chloride is an ionic compound composed of formula units of sodium and 
chloride ions, but these units are still often referred to as “sodium chloride 
molecules.” _________ 

 24. DEMONSTRATION: Demonstrate to your partner the difference 
between a molecular compound and a formula unit. ____  ____ 

 25. DRILL: In chemistry there are formal names for compounds that follow 
the naming rules, but there also are common, informal names for many 
compounds that do not follow any formal naming system.  The common 
names for some covalent compounds are given below.   
a) Write the scientific names for them based on the rules for naming 

binary covalent compounds. ___  
sand, SiO2 _______ 
nitrogen oxide, N2O5 (an air pollutant containing nitrogen) _______ 
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nitrogen oxide, NO2 (a different air pollutant often called by the same 
common name) _______ 
sulfuric oxide, SO3 (an air pollutant containing sulfur) _______ 
water, H2O _______ 

b) Write names for these compounds.  Some are ionic and some 
molecular:  Write I (ionic) or M (molecular), then the name.  If you 
need to check the oxidation numbers of the ions, you can consult the 
oxidation number tables on pp. 334–337.   
NaCl  __________________________________________ 
N4O6 __________________________________________ 
MgSO4 __________________________________________ 
NH4OH __________________________________________ 
Na3PO4 __________________________________________ 
S2F5 __________________________________________ 
SbCl5 __________________________________________ 
CaCl2 __________________________________________ 
NaOH __________________________________________     ___ 

c) Compare your answers with your partner, then check the answers on 
the last page of this study guide. ___  _________ 

A3. COMPARING MOLECULES 

 1. READ: FPS, 19.3 Comparing Molecules,” Introduction and section 
“Comparing a water molecule to a formula unit of calcium carbonate,”  
p. 341.  Note: “amu” (third paragraph) is pronounced A-M-U. _________ 

 2. READ: DS #8302 Notes for Chemistry 2: Changes in Matter, Note A3.2. _________ 

 3. READ: FPS, 19.3, section “Chemical formulas and formula mass,”  
p. 342. _________ 

 4. PRACTICAL APPLICATION: Write the formula mass of a compound 
that consists of three different elements and about five atoms total.  It can 
be a real compound or one you made up.  Have your partner calculate the 
formula weight of the compound from the atomic masses of the atom, 
then check to make sure his answer is correct. ____  ____ 

 5. READ: FPS, 19.3, section “How do we make atomic mass units useful 
to work with?” first two paragraphs, and the box “The Avogadro 
number,” p. 343.   _________ 

 6. READ: DS #8302 Notes for Chemistry 2: Changes in Matter, Note A3.6. _________ 
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 7. READ: FPS, 19.3, section “How do we make atomic mass units useful to 
work with? (continued),” p. 343, last paragraph, “Example: Calculating 
the formula mass of a compound,” and section “How do you compare 
samples of substances?,” p. 344. _________ 

 8. PRACTICAL APPLICATION: Calculate the formula mass for each of 
these compounds.   
salt (NaCl) ______ carbon monoxide (CO) ______ 
hydrogen peroxide (H2O2) ______ magnesium sulfate (MgSO4) ______ 
Compare your answers with your partner, then check the answers on the 
last page of this study guide. _________ 

 9. PRACTICAL APPLICATION: You will be doing Investigation 19.3 
Comparing Molecules in the Investigations manual, pp. 144–145. 
a) Gather these materials: 10 bolts, each at least 2 inches long; 10 nuts, 

the same size diameter as the bolts, mystery box (from Lab 
Supervisor), balance. ___ 

b) Read the introduction and 1. Find the mass of the individual 
atoms. ___ 

c) Do 2. How many different compounds can you make?  Copy the table 
into your notebook and fill it in. ___ 

d) Read: FPS 19.2, section “Covalent compounds,” p. 340, last paragraph 
(“Empirical and molecular formula”).  Also read DS #8302 Notes for 
Chemistry 2: Changes in Matter, Note A3.9d. ___ 

e) Do 3. Determining the empirical formula of your compounds.  Copy 
the table into your notebook and fill it in. ___ 

f) Do 4. Challenge!  Write your calculations and a description of what 
you did in your notebook. ___ 

g) Have your partner verify that your notebook work is correct and 
adequate using the Unit 6−8 Teacher’s Guide, pp. 85−87.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

h) Show your supervisor your notebook so he can check (on his  
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 10. READ: FPS, 19.3, section “Hydrates and the chemical formulas,”  
pp. 345−346. _________ 
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 11. DEMONSTRATION: You will need a test tube, test tube holder, burner, 
and Epsom salts (magnesium sulfate) or washing soda (sodium 
carbonate).   
a) Notice that the chemical is dry. ___ 
b) Fill the test tube about 2 cm deep with the chemical. ___  
c) Heat the test tube over a flame for about a minute or until moisture 

collects at the upper end of the test tube. ___ 
Results: When moisture collects in the test tube when heated slightly, it is 
evidence that the chemical contained water in its molecular structure.  _________ 

A4. CHAPTER REVIEW 

 1. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to p. 326 of Chapter 19 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the glossary at the back of the book for definitions, do the 
following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick four or five words from the list and ask you for 
the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step. ___ 
When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 2. DRILL: FPS, Chapter 19 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 347–350.  Write your answers on a 
sheet of paper and show any math work.  If you need to check the 
oxidation numbers of the ions, you can consult the oxidation number 
tables on pp. 334–337.   

 
a) Divide the Concept review questions by odd and even.  You will 

do one of these sets and your study partner will do the other set.   
b) Do all the Problems questions, omitting  #10 and #13. ___ 
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c) Do Applying your knowledge questions #1 and 2.  ___ 
d) Get the Reference Teacher’s Guide, and check each other’s answers, 

pp. 97–100. ___ 
e) If you got them all right, you pass the drill.  If you miss any, restudy 

the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

 B. CHAPTER 20. CHEMICAL REACTIONS 

 1. READ: FPS, Ch. 20 Chemical Reactions, “Introduction to Chapter 20,” 
p. 351. _________ 

 2. READ: FPS, 20.1 Chemical Changes, introduction and sections “Physical 
changes” and “Chemical changes,” pp. 353−354. _________ 

 3. DEMONSTRATION: Get a saltine cracker or a piece of bread.  Take a 
bite and chew itchewing it into smaller bits is physical change.  Then 
keep chewing until it begins to taste sweeter (it should take about a 
minute)that is a chemical change.  (The saliva in your mouth contains 
an enzyme which breaks down the starch molecules in the cracker or 
bread into sugar molecules.) _________ 

 4. PRACTICAL APPLICATION: You will be doing Investigation 20.1 
Chemical Changes in the Investigations manual, pp. 146–147.   
a) Gather these materials: 4 plastic sandwich bags that can be securely 

sealed, permanent marker, 5 g of Epsom salts, 50 ml household 
ammonia, 50 ml hydrogen peroxide, slice of potato, 10 g baking soda, 
10 ml red cabbage juice, 5 g calcium chloride, glow stick, charcoal-
activated heat pack. ___ 

b) Read the introduction and do 1. Reaction #1. ___ 
c) Do 2. Reaction #2. ___ 
d) Do 3. Reaction #3. ___ 
e) Do 4. Reaction #4. ___ 
f) Do 5. Reaction #5. ___ 
g) Do 6. Reaction #6. ___ 
h) Do 7. Interpreting your observations. Copy the table into your 

notebook and fill it in. ___ 
i) Do 8. Developing your set of rules.  Between you and your partner, 

work out a set of rules and write them down in your notebook. ___ 
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j) Have your partner verify that your notebook work is correct and 
adequate using the Units 6−8 Teacher’s Guide, pp. 90–93. ___ 

k) If any errors or confusions show up, ensure they get fully cleared up 
and corrected. ___ 

l) Show your supervisor your notebook so he can check (on his 
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 5. READ: FPS, 20.2 Chemical Equations, pp. 357−362.  (Skip pp. 355−356 
for now.)  _________ 

 6. CLAY DEMONSTRATION: H2 and O2 (showing the atoms). _________ 

 7. CLAY DEMONSTRATION: 2H2  +  O2         2H2O (showing the atoms).  _________ 

 8. DRILL: Write the formulas for these molecules.  Make sure the subscripts 
and coefficients are correct.  Then check your answers on the last page of 
this study guide. 

  a)  b)  

 

 

 

    _________ 

 9. PRACTICAL APPLICATION: You will be doing Investigation 20.2 
Chemical Equations in the Investigations manual, pp. 148–149. 
a) Gather these materials: set of periodic table tiles (optional), or pad of 

small sticky notes and marker. ___ 
b) Read the introduction and do 1. Writing chemical equations. ___ 
c) Do 2. Trying out the reaction with periodic table tiles.  (Use tiles or 

sticky notes.  If you use sticky notes, write the information on the 
notes with a marker and stick them together on a table or flat 
surface.) ___ 

d) Read 3. Balancing the reaction. ___ 
e) Read and do 4. Writing balanced chemical equations. ___  
f) Do 5. Try balancing these chemical equations.  Copy the table under 3 

and fill it in. ___ 
g) Have your partner verify that your notebook work is correct and 

adequate using the Unit 6−8 Teacher’s Guide, pp. 96−99.  If any 

N 
H 

H 

H 
O 

O 

O O 

Si 
Si 
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errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

h) Show your supervisor your notebook so he can check (on his 
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 10. READ: FPS, 20.3 Conservation of Mass, p. 363.  (Skip p. 364 for now.) _________ 

 11. PRACTICAL APPLICATION: You will be doing Investigation 20.3 
Conservation of Mass in the Investigations manual, pp. 150–151.  
a) Gather these materials: 2 or more effervescent cold medicine or 

antacid tablets, two 250-ml beakers, calculator, 2 zipper-locking 
sandwich bags, 2 plastic pipettes, balance; access to water. ___ 

b) Read the introduction and 1. Testing the reaction.  Record your data 
and observations for a−f. ___ 

c) Do 2. Was there a difference in mass?  Write your answer in your 
notebook. ___ 

d) Do 3. Proving that mass is conserved in a reaction. ___ 
e) Do 4. Presenting your results to the class.  You don’t have to make a 

class report.  Write up your lab report in your notebook.  Make an oral 
report to your partner. ___  

f) Have your partner verify that your notebook work is correct and 
adequate using the Unit 6−8 Teacher’s Guide, pp. 102−105.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

g) Show your supervisor your notebook so he can check (on his  
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 12. READ: FPS, 20.4 Using Equations as Recipes, pp. 365−368. _________ 

 13. DEMONSTRATION: Demonstrate to your partner: 
a) limiting reactant ___ 
b) excess reactant ___ 
c) percent yield ___ ____  ____ 

 14. (Optional) READ: FPS, 20.1, section “Environmental Issue: Recycling 
tires,” pp. 355−356. _________ 

 15. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
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In FPS, turn to p. 352 of Chapter 20 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the glossary at the back of the book for definitions, do the 
following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick three or four words from the list and ask you 
for the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step. ___ 
When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 16. DRILL: FPS, Chapter 20 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 370–372.  If you need to check the 
oxidation numbers of the ions, you can consult the oxidation number 
tables on pp. 334–337.   
a) Divide the Concept review questions by odd and even.  You will 

do one of these sets and your study partner will do the other set.  
Write your answers on a sheet of paper and show any math work 
clearly. ___ 

b) Divide the Problems questions by odd and even.  You will do one of 
these sets and your study partner will do the other set.  (Omit 3.b.) 
Write your answers on a sheet of paper and show any math work 
clearly. ___  

c) Applying your knowledge: The student who did the odd-numbered 
Problems questions does question 5; the other student does 
question 6. ___ 

d) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 106–109. ___ 

e) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to  

 correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 
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 C. CHAPTER 21 TYPES OF REACTIONS 

 1. READ: FPS, Ch. 21 Types of Reactions, “Introduction to Chapter 21,” p. 
373.  (Note: There is an omitted word in the second sentence, which 
should read: “For example, when you breathe you take in oxygen, which 
reacts with the sugar in your cells to produce carbon dioxide and water.”) _________ 

 2. DEFINE: (use a regular English dictionary) 
classify aqueous decompose  
displace  insoluble precipitate (n) _________ 

 3. DEFINE: (use the FPS glossary) combustion reaction _________ 

 4. READ: FPS, 21.1 Classifying Reactions, pp. 375−379 (do not read p. 380). 
Note 1: The equation for the decomposition of NaHCO3 on p. 376 is 
incorrect.  Baking soda decomposes in two steps like this:  
  2 NaHCO3 (s)    →   CO2 (g) + H2O (g) + Na2CO3 (s) 
  Na2CO3 (s)   →   Na2O (s) + CO2 (s).   
The overall reaction is 2 NaHCO3 (s)  →  2 CO2 (g) + H2O (g) + Na2O (s). 
Note 2: In the “Try this” box on p. 379, respiration is given as a 
combustion reaction, but it does not fit exactly the definitiona great deal 
of heat is given off, but the substance does not burn or produce light. _________ 

 5. PRACTICAL APPLICATION: 
Addition reaction.  Place a clean iron nail in a sandwich bag with a little 
water, and let it sit overnight.  Notice what happens to the nail.  
Results: Rust (ferric oxide) begins to form on the surface of the nail.  
Write the equation of the reaction and balance it.   _________ 

 6. PRACTICAL APPLICATION: 
Decomposition reaction.   
a) Fill a test tube about 2 cm deep with baking soda (sodium hydrogen 

carbonate). ___ 
b) Heat the baking soda over a flame until the substance changes texture 

(water vapor in the crystals will come off first). ___ 
c) Compare the original baking soda with the heated baking soda and 

notice the difference. ___ 
Results: After moisture comes off the crystals, the compound decomposes  
to disodium carbonate (also called washing soda), carbon dioxide and water. _________ 
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 7. PRACTICAL APPLICATION: 
Single-displacement reaction.  
a) Fill a small beaker with 25 ml water.  Then dissolve 5 grams of copper 

sulfate in it. ___ 
b) Submerge one clean steel nail and let it sit for about a minute. ___ 
c) Use forceps to remove the nail and rinse off with nail with water.  

Examine it and notice the change of color. ___    
d) Pour the copper sulfate solution down the sink (don’t touch the solution 

as it is toxic) and rinse out the beaker with water.  ___  
e) Discard the nail in the trash. ___ 
Results: After a minute, the submerged nail surface is covered with a 
reddish coating of elemental copper.  Steel is mostly iron.  Iron atoms at 
the surface of the nail give up electrons to copper ions in the solution, and 
dissolve into solution as iron ions.  The copper ions do just the opposite.  
When they receive electrons from the iron atoms, they change to 
elemental copper atoms and “plate out” or form a thin coating on the 
surface of the iron nail.  The equation is CuSO4 + Fe  → FeSO4 + Cu. _________ 

 8. PRACTICAL APPLICATION: 
Double-displacement reaction.  Get some dried fruit (apricots or golden 
raisins) treated with sodium sulfite.  Notice the sulfurous smell produced 
by the sulfur dioxide gas, which is one of the products of the sodium 
sulfite reaction.    _________ 

 9. PRACTICAL APPLICATION: 
Combustion reaction  
a) Light a butane lighter. ___ 
b) The fuel butane (C4H10) (l) burns with oxygen (O2) (g) to produce 

heat, light, carbon dioxide (CO2) (g) and water (H2O) (l).  Write the 
equation for the reaction and balance it.  Compare your answers with 
your partner, then check the answer on the last page of this study 
guide. ___ _________ 

 10. PRACTICAL APPLICATION: Get an Internet animation on fuel cells 
from your Lab Supervisor.  Watch it to find out how a fuel cell works.  
(Many of these animations can be found.  You may watch as many as you 
wish.) _________ 

 11. DRILL: With your partner, practice writing the general equation for each 
of the types of chemical reactions (see p. 379) until you know each of 
them well.   ____  ____ 
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 12. READ: FPS, 21.1, section “Example: Predicting the products of a 
reaction,” p. 380. _________ 

 13. PRACTICAL APPLICATION: You will be doing Investigation 21.1 
Classifying Reactions in the Investigations manual, pp. 156–157.  
a) Gather these materials: set of six labeled solutions of household 

chemicals in 50-ml beakers: Solution 1: ammonium hydroxide;  
 Solution 2: calcium chloride; Solution 3: magnesium sulfate; Solution 

4: sodium chloride; Solution 5: sodium hydroxide; Solution 6: sodium 
phosphate; reaction plate (spot plate), 6 pipettes (one for each 
solution), periodic table. ___ 

b) Read the introduction and do 1. Writing the chemical formulas of the 
reactants.  Copy the table into your notebook and fill it in. ___ 

c) Do 2. Deducing your rules for solubilitypart 1. ___ 
d) Read and do 3. Determining products and writing the equations. Copy 

the table to your notebook and fill in the data. ___ 
e) Do 4. Finalizing your solubility rules.  Write the rules you developed 

in your notebook. ___ 
f) Do 5. Applying your rules.  Below are the reactions.  Predict if there 

will be a precipitate (if any) and what it will be.  Write the equations 
and your answers in your notebook:  

BaCl2 + Na2SO4               BaSO4 + 2NaCl 
SrCl2 + 2NH4OH               Sr(OH)2 + 2NH4Cl 

KCl + NaOH              KOH + NaCl 
g) Have your partner verify that your notebook work is correct and 

adequate using the Unit 6−8 Teacher’s Guide, pp. 119−121.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

h) Show your supervisor your notebook so he can check (on his  
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 14. READ: FPS, 21.2 Energy in Reactions, introduction and section 
“Exothermic reactions,” p. 381.  Note: exo- means “outside or external” 
and thermic means “relating to heat or heat energy.”  An exothermic 
reaction produces heat or gives off heat and results in the reaction mixture 
warming up. _________ 

 15. PRACTICAL APPLICATION: Demonstration of exothermic reactions. 
Wear protective gearyou will be working with an acid and flame. 
a) Gather these materials: test tube, test tube rack, dilute hydrochloric 

acid, 1 in. magnesium ribbon, matches. ___ 
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b) Place the test tube in the test tube rack. ___  
c) Pour 2−3 centimeters of dilute hydrochloric acid into the test tube. 

Feel the temperature of the test tube. ___ 
d) Add the strip of magnesium ribbon to the test tube.  Feel the heat of the 

test tube as the acid and magnesium begin to react. ___ 
Results: The reaction generates gas and heat, and the test tube warms up. 
The equation for the reaction is:  
Mg (s) + 2H+ (a) + 2Cl− (aq)          Mg+2 (aq) + H2 (g) + 2Cl− (aq)+ energy. 
e) Immediately light a match and bring it next to the mouth of the test tube. ___ 
Results: Hydrogen burns with oxygen in the air with a “pop,” producing 
water and heat.  The equation for the reaction is:  
2H2 (g) + O2 (g)          2H2O (l) + energy. _________ 

 16. DEFINE: (use a regular English dictionary) 
refine ore _________ 

 17. READ: FPS, 21.2 Energy in Reactions, section “Endothermic reactions,” 
p. 382.  Note: endo- means “inside or internal.”  An endothermic reaction 
takes in more energy than it gives off, and results in the reaction mixture 
cooling down. _________ 

 18. DEMONSTRATION: Demonstrate to your partner why the cold pack 
reaction is both an endothermic reaction and a dissolution reaction. ____  ____ 

 19. DEMONSTRATION: Demonstrate to your partner why refining 
aluminum ore to produce aluminum metal is an endothermic reaction. ____  ____ 

 20. PRACTICAL APPLICATION: You will be doing Investigation 21.2 
Energy in Reactions in the Investigations manual, pp. 158–159.  
a) Gather these materials: three 250-ml beakers, stirring rod, thermo-

meter, water, 30 g ammonium nitrate (the chemical in a cold pack will 
do), 150 ml hydrogen peroxide, slice of potato (freshly sliced), 30 g 
calcium chloride (snow melt chemical will do). ___ 

b) Read the introduction and do 1. Measuring energy changes in 
reactions. Answer the questions in your notebook. ___ 

c) Do 2. Reaction #1 Dissolution of ammonium nitrate. ___ 
d) Do 3. Reaction #2 Decomposition of hydrogen peroxide.___ 
e) Do 4. Reaction #3 Dissolution of calcium chloride. ___ 
f) Do 5. Classifying the reactions and showing energy changes.  Note: If 

there is no temperature change, just write “no temperature change.” 
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Have your partner verify that your notebook work is correct and 
adequate using the Unit 6−8 Teacher’s Guide, pp. 125−127.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected.  
Note: Energy change was omitted in these answers for part 5, p. 127:   
#1 should read NH4NO3 (s) + energy              NH4

+ (aq) + NO3
− (aq) 

#3 should read CaCl2 (s)               Ca2+ (aq) + 2Cl− (aq) + energy ___ 
g) Show your supervisor your notebook so he can check (on his 

discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 21. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to p. 374 of Chapter 21 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the glossary at the back of the book for definitions, do the 
following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick three or four words from the list and ask you 
for the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step. ___ 
When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 22. DRILL: FPS, Chapter 21 Review, sections “Concept review,” and 
“Problems,” pp. 383–384.   
a) Divide the Concept review questions by odd and even.  You will 

do one of these sets and your study partner will do the other set.  
Write your answers on a sheet of paper and show any math work 
clearly. ___ 

b) Divide the Problems questions by odd and even.  You will do one of 
these sets and your study partner will do the other set.  Write your 
answers on a sheet of paper and show any math work clearly. ___ 
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c) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 104–105. ___ 

d) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

 D. CHAPTER 22 CHEMISTRY AND THE ENVIRONMENT 

 1. DEFINE: (use the FPS Glossary) nuclear reaction _________ 

 2. READ: FPS, Ch. 22 Chemistry and the Environment, “Introduction to 
Chapter 22,” p. 385. _________ 

 3. DEFINE: (use a regular English dictionary) 
irradiate irradiating _________ 

 4. READ: FPS, 22.1 Nuclear Reactions to heading “What is a nuclear 
reaction?,” p. 387. _________ 

 5. DEMONSTRATION: Demonstrate to your partner an example of fusion 
of two small nuclei and fission of one larger nucleus. ____  ____ 

 6. READ: FPS, 22.1, section “What is a nuclear reaction?,” p. 388. _________ 

 7. DRILL: Using Figure 22.3, practice sketching the beginning steps of a 
fission reaction until you can diagram the concept without looking at the 
book. ____  ____ 

 8. READ: FPS, 22.1, section “Forces in the nucleus,” p. 389.  Omit Figures 
22.4 and 22.5.   _________ 

 9. DEMONSTRATION: Demonstrate why more neutrons are needed as the 
size of an atomic nucleus increases. _________ 

 10. READ: FPS, 22.1, section “What is radioactivity?,” p. 390, and Figure 
22.5, p. 389.  Note: Uranium−238 is a form of the element uranium that 
has a total of 238 protons and neutrons in the nucleus of each atom.   _________ 

 11. CLAY DEMONSTRATION: alpha decay. ____  ____ 

 12. CLAY DEMONSTRATION: beta decay. ____  ____ 

 13. CLAY DEMONSTRATION: gamma decay. ____  ____ 
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 14. DRILL: Write the isotope notation for the following.  Compare your 
results with your partner. 
hydrogen (H): mass 1, atomic number 1 mass 2 atomic number 1 
carbon (C): mass 12, atomic number 6 mass 14, atomic number 6 
iodine (I): mass 127, atomic number 53 mass 131, atomic number 53 
uranium (U): mass 235, atomic number 94 mass 238, atomic number 94 _________ 

 15. PRACTICAL APPLICATION: You will be doing Investigation 18.3 The 
Periodic Table of Elements in the Investigations manual, pp. 136–139.  In 
this game you will learn what is required to build stable atomic nuclei that 
are not radioactive. 
a) Gather these materials: atom building game, periodic table tiles, copy 

of periodic table that comes with the game. ___ 
b) Read the introduction. ___ 
c) Read 1. Introduction to Nuclear Reactions. ___ 
d) Read 2. Playing Nuclear Reactions. ___ 
e) Read 3. Scoring points. ___ 
f) Read 4. Miscellaneous rules. ___  
g) Play the Atom Building Game with one to three other students.  The 

first player to earn 20 points wins. ___ 
h) Read and do 5. Applying what you learned.  Answer in your 

notebook. ___ 
i) Have your partner verify that your notebook work is correct and 

adequate using the Unit 6−8 Teacher’s Guide, pp. 67−69.  (The 
answers to 5a−5c are given on p. 68 under 4a−4c.)  If any errors 
or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

j) Show your supervisor your notebook so he can check (on his 
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 16. DEFINE: (use a regular dictionary) DNA _________ 

 17. READ: FPS, 22.1 Nuclear Reactions, section “Using nuclear reactions for 
our energy needs,” pp. 391−392.  (On p. 392 is an illustration of a nuclear 
reactor.  If you want a simple description of how it works, read DS #8302 
Notes for Chemistry 2: Changes in Matter, Note D.17.) _________ 

 18. PRACTICAL APPLICATION: Do research to find out the following: 
a) Why some experts feel a central permanent storage facility for nuclear 

wastes is needed ___ 
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b) Why others object to that solution ___ 
c) What France, which gets 75% of its electricity from nuclear power, 

does with its nuclear wastes ___ 
d) What might be some advantages and disadvantages in using nuclear 

fusion instead of nuclear fission?  (Hint: Refer to FPS, p. 392.) 
Write an essay describing your findings and any conclusions.  Supervisor 
pass. ____  ____ 

 19. PRACTICAL APPLICATION: You will be doing Investigation 22.1 
Nuclear Reactions in the Investigations manual, pp. 160–161.  
a) Assemble these materials: 100 pennies in a jar, tray or box to collect 

the pennies when they are poured out, graph paper. ___ 
b) Read the introduction and with a partner do 1. Discussing 

radioactivity. Answer the questions in your notebook. ___ 
c) Do 2. Making a prediction.  (Here “sample number” means the number 

assigned to the sample, such as 1,2,3, etc. ___ 
d) Copy the table in 4. Recording the data into your notebook.  Then do 

3. Simulating the process of radioactive decay and fill in the table. ___ 
e) Do 5. Graphing your data.  Plot Sample Number on the x-axis and 

Number of Decayed Atoms on the y-axis, and label the overall graph 
Number of Decayed Atoms vs. Sample Number. ___  

f) Do 6. Interpreting your graph.  Then insert your graph in your  
notebook. ___  (Skip step 7.) 

g) Have your partner verify that your notebook work is correct and 
adequate using the Unit 6−8 Teacher’s Guide, pp. 131−133.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

h) Show your supervisor your notebook so he can check (on his 
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 20. DEFINE (use the FPS Glossary): carbon dating _________ 

 21. READ: FPS, 22.1 Nuclear Reactions, section “Using nuclear reactions in 
medicine and science,” all of p. 393. _________ 

 22. PRACTICAL APPLICATION: All living organisms on Earth are carbon-
based life forms and thus have a certain level of carbon−14 in their cells.  
In 5,730 years (the half-life of carbon), half of the carbon−14 atoms will 
decay to nitrogen−14, and the concentration of carbon-14 will continue to 
decrease by half every 5,730 years.  Suppose a frozen mammoth is found 
in Siberia, and carbon dating is performed.  The mammoth has only 1/16 
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the level of carbon−14 per gram dried tissue compared to a living 
elephant.  Assuming that mammoths and elephants take up carbon−14 
from the environment at the same rate, how many half-lives of carbon−14 
does the fraction of 1/16th represent, and what is the likely age of the 
mammoth? 
Compare your calculations with your partner, then check the answer on 
the last page of this study guide. _________ 

 23. ESSAY: Carbon dating is not considered reliable for fossils more than 50 
to 60 thousand years old.  Consider with your partner why that might be 
and write what you decide in an essay. ____  ____ 

 24. READ: FPS, 22.2 Carbon Reactions, introduction and section 
“Photosynthesis,” p. 394.  (Note: There are two typos in the section 
“Photosynthesis”: The word “Use” is incorrectly capitalized in the middle 
of a sentence and the word “of” is incorrectly added near the end of the 
last sentence.)  _________ 

 25. PRACTICAL APPLICATION: Write the equation for photosynthesis and 
balance it.  The reactants are CO2 (g) + H2O (l), and the products are 
C6H12O6 (glucose) (aq) and O2 (g).  After you write the reaction, compare 
your results with your partner.  Then check the answer on the last page of 
this study guide.  _________ 

 26. READ: FPS, 16.1 Classifying Matter, box “Petroleum is a heterogeneous 
mixture,” p. 279. _________ 

 27. DEFINE: (use a regular English dictionary) 
hydrocarbon renewable nonrenewable _________ 

 28. READ: FPS, 20.3 Conservation of Mass, section “Conservation and 
petroleum,” p. 364. _________ 

 29. DEFINE (use the FPS Glossary): fossil fuels _________ 

 30. READ: FPS, 22.1 Nuclear Reactions, section “Carbon reactions and fossil 
fuels” and box “Carbon dioxide,” p. 395. _________ 

 31. READ: FPS, 22.1, section “Global warming,” p. 396.  Note: The formula 
for ozone (Figure 22.9) is O3 (g). _________ 

 32. READ: DS #8302 Notes for Chemistry 2: Changes in Matter, Note D.32. _________ 

 33. READ: FPS, 22.1, section “The combustion reaction in cars,” p. 397.  _________ 
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 34. PRACTICAL APPLICATION: You will be doing Investigation 22.2 
Carbon Reactions in the Investigations manual, pp. 162–163.  
a) You will need: access to the Internet, calculator. ___ 
b) Read the introduction and do 1. Choosing a car or truck.  For step 2 go 

to one of the Internet sites listed to find the fuel economy for your car 
or truck for highway and city driving, and do what it says. ___ 

c) Do 2. The environmental effects.  Iso-octane, or octane, is the main 
hydrocarbon molecule in gasoline.  It has the formula C8H18. (If you 
don’t remember what kilojoules are, review FPS, section 5.1 Work, 
pp. 83−86.) ___ 

d) Do 3. Using the sun’s energy. ___  
(Omit 4. and 5.) 
e) Discuss this question with your partner: Do you think that planting 

trees is a workable answer to all the excess carbon dioxide produced 
by burning fossil fuels?  Then write your conclusions in your 
notebook. ___ 

f) Have your partner verify that your notebook work is correct and 
adequate using the Unit 6−8 Teacher’s Guide, pp. 137−139.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

g) Show your supervisor your notebook so he can check (on his 
discretion per step A2.9) to see that you are maintaining the quality of 
the write-up expected. ___ ____  ____ 

 35. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to p. 386 of Chapter 22 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the glossary at the back of the book for definitions, do the 
following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  (For “global warming,” use the definition given above.)  If any 
misunderstood words show up, get them fully cleared up before 
continuing the drill. ___ 

b) Have your partner pick four or five words from the list and ask you for 
the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
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and repeat the demonstration of the definition of that term before 
continuing this step. ___ 

c) When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 36. DRILL: FPS, Chapter 22 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 398–400.   
a) Divide the Concept review questions by odd and even.  You will 

do one of these sets and your study partner will do the other set.  
Write your answers on a sheet of paper and show any math work 
clearly. ___ 

b) Divide the Problems and Applying your knowledge questions into 
these two groups:  
Student A: Problems 1, 3a, 5, 7a 
Student B: Problems 2, 3b, 4, 7b and Applying your knowledge #3. 
You will do one of these sets and your study partner will do the other 
set.  Write your answers on a sheet of paper and show any math work 
clearly. ___ 

c) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 106–109. ___ 

d) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

I have completed the steps of this course.  I understand what I studied and can use it. 
 
Student _______________________________________  Date ____________________________  
 
The student has completed the steps of this course and knows and can apply what was studied. 
 
Academic Supervisor ____________________________  Date ___________________________  
 
The student has passed the exam for this course.   
 
Examiner _____________________________________  Date ___________________________  
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Answers  
                   H    
A1.14: a) H:O:               b) Be:O:               c) Na., Na  
 
                                                                        C  
A.17: a) Na.           .Cl: ,  :Cl:              b) C:C:C  
                                                                        C 

A.22: a) H:H          b) O::O          c) N:::N         d) O::Si::O  
 
A2.5: lithium ion: charge, Li+1 or Li+

; oxidation number, Li1+or Li+ 
  Strontium ion: charge, Sr+2; oxidation number, Sr2+ 
  Boron ion: charge, B+3; oxidation number B3+ 
  fluorine ion: charge, F1− or F−; oxidation number F− 
  sulfur ion: charge, S−2; oxidation number, S2− 
 
A2.15: copper (I)   Cu+O2− = Cu2O                         chromium (III)  Cr3+O2− = Cr2O3 
 copper (II)  Cu2+O2− = CuO                        lead (II)   Pb2+O2− = PbO 
 iron (II)      Fe2+O2− = FeO                           lead (IV)  Pb4+O2− = PbO2 
 
A2.20: potassium hydroxide   KOH ammonium nitrate   NH4NO3 

 magnesium sulfate      MgSO4 hydrogen peroxide  H2O2 
 ammonium carbonate  (NH4)2CO3  aluminum sulfite      Al2(SO3)3 

 
A2.25a: SiO2, silicon dioxide SO3, sulfur trioxide 
  N2O5, dinitrogen pentaoxide H2O, dihydrogen monoxide 
  NO2, nitrogen dioxide   
 
A2.25b: NaCl   I, sodium chloride 

 N4O6   M, tetranitrogen hexaoxide  
 MgSO4   I, magnesium sulfate  
 NH4OH   I, ammonium hydroxide 
 Na3PO4   I, sodium phosphate 
 S2F5   M, disulfur pentafluoride 
 SbCl5   M, antimony pentachloride 
 CaCl2   I, calcium chloride 
 NaOH   I, sodium hydroxide 

 
A3.8: NaCl = 58.44 g CO = 28.01 g  

 H2O2 = 34.02 g MgSO4 = 120.39 g 
 
B.8: a)  NH3 b)  2CO2 
 
C.9: 2C4H10 (l) + 13O2 (g)                8CO2 (g) + 10H2O (g) 
 
D.22:  4 half lives x 5,730 years/half life = 22,920 years  
 
D.25:  6CO2 (g) + 6H2O (l)                 C6H12O6 (aq) + 6O2 (g) 
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Foundations of Physical Science Series 

CHEMISTRY 3: WATER AND SOLUTIONS 

NAME _____________________________ SCHOOL ___________________________  

DATE STARTED ____________________ DATE COMPLETED _________________  
PREREQUISITES: Physics: Work and Energy course, Chemistry 2: Changes in Matter 
course. 

HOW TO DO THIS COURSE: Do the steps one at a time, in order.  When you finish a 
step, put your initials and the date on the sign-off line on the right.  A split line means to 
get a pass (and an initial) from another student (or your Academic Supervisor if it says 
that).  A * means get a checkout.  Essays are turned in to the Academic Supervisor.  This 
course should be done with a partner. 
PURPOSE: Learn the chemistry of water and its vital importance to living things.  

ESTIMATED TIME: 23 hours 

MATERIALS NEEDED FOR THIS COURSE 
Study booklet, Chemistry 1–3 
Exam: 8311, 8312 (answers), 8313 (review) 8314 (answers) 
Other texts:  
The following texts, all by Tom Hsu, come from CPO Science (www.cposcience.com): 

Foundations of Physical Science, 2nd Ed (2005) ISBN 1-58892-157-3 
Foundations of Physical Science Investigations, 2nd Ed (2005) ISBN 1-58892-158-1 
Foundations of Physical Science Reference Teacher’s Guide (2002) ISBN 1-58892-019-4 
Foundations of Physical Science Teacher’s Guide Units 6–8 (2002) ISBN 1-58892-023-2  

Other materials:  
(Student provides) notebook for keeping records of lab investigations for the course. 
Tap water, sugar, salt, coffee stirrer, magnifying glass, vinegar (for tasting), milk of magnesia (for 
tasting), hot water and cold water samples brought from home, gallon container, small measuring cup; 
magnesium sulfate (Epsom salts), small pan, hotplate or burner, glass, wad of cotton, wax paper, 
[conductivity apparatus: 6V battery, 6V bulb and socket, 3 insulated wires (with bare ends), beaker or 
bowl]; gallon container, butane lighter, rubbing alcohol, tablespoon and teaspoon.  

NOTES TO ACADEMIC AND LAB SUPERVISORS 
1. There are two teacher’s guides used in this course, Foundations of Physical Science Reference 

Teacher’s Guide and Foundations of Physical Science Teacher’s Guide Units 6−8.  These are used for 
reference, checking lab work (done in the science lab) and Chapter Reviews (done in the classroom).  
Minimally, one set should be kept in the science lab and another in the classroom.  

2. For the Lab Supervisor: The following will need advance preparation: 
Investigation 23.1 What Is a Solution:  See preparation in Teacher’s Guide Units 6 through 8, page 
143.  A Tyndall effect viewer must be constructed ahead of time. 
Investigation 24.1 Water: A water quality testing kit is needed.  It should include tests for at least the 
following: pH, hardness, chloride and chlorine.  The Hach “Just Add Water Kit”—Drinking Water Kit 
is satisfactory.  This and more complete water-testing kits from LaMotte and Hach can be purchased 
from any number of scientific suppliers.   

(continued on next page) 
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 Item D.30 (substitute for Investigation 24.2): A water monitoring kit is needed.  It should include tests 
for at least the following: dissolved O2, biological O2 demand, nitrate, pH, phosphate, turbidity.  The 
LaMotte Green Basic Water Monitoring Kit is satisfactory.  As in Investigation 24.1, this and more 
complete water-monitoring kits from LaMotte and Hach can be purchased from any number of 
scientific suppliers. 
Investigation 25.1 Acids, Bases, and pH: See preparations in Teacher’s Guide Unit 6–8, page 172.  
Solutions must be prepared and pH measurements done prior to the investigation; two “mystery” 
solutions also must be labeled.   
Investigation 25.2 Acid Rain: See preparations in Teacher’s Guide Unit 6–8, page 179.  Solutions must 
be prepared ahead of time, and paramecium organisms acquired (from biological supplier).  Note that 
daphnia are used in the original investigation, but paramecia are substituted here because they are 
easier to grow and maintain.  

A. CHAPTER 23. WATER AND SOLUTIONS 

 1. READ: Foundations of Physical Science (FPS), Unit 8 Water and 
Solutions, “Introduction to Chapter 23,” page 401.   _________ 

 2. DEFINE:  
a) deionize: remove ions from. (Wordnetweb.Princeton.edu) ___ 
b) (Use a regular English Dictionary): 

potable (as in potable water) ___ seltzer (as in seltzer water) ___ 
spring (as in spring water) ___ reverse osmosis ___ _________ 

 3. READ: FPS, 23.1 What is a Solution? up to section “Colloids and 
suspensions,” pp. 403–404.    _________ 

 4. DEMONSTRATION: (to your partner) 
a) solution ___ 
b) solute ___ 
c) solvent ___ 
d) dissolved ___ 
e) alloy ___ ____  ____ 

 5. DEMONSTRATION: Demonstrate a solution by stirring a little salt or 
sugar (solute) in water (solvent) with a coffee stirrer until it dissolves. _________ 

 6. READ: FPS, 23.1, section “Colloids and suspensions,” page 405. _________ 

 7. PRACTICAL APPLICATION: You will be doing Investigation 23.1 
“What is a Solution?” in the Investigations manual, pp. 164–165. 
a) Gather these materials: Tyndall effect viewer (constructed by lab 

supervisor), permanent marker, utility knife or scissors, flashlight (or 
laser pointer), 8 250-ml heat-resistant glass beakers, 10 coffee stirrers, 
mortar and pestle for grinding chalk, 2−3 pieces of chalk, 40 ml corn 
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oil, food coloring, 2.5 g corn starch, 9 g granulated sugar, 3 g 
modeling clay, 2.5 g plain gelatin, heat source, filter paper (coffee 
filters work well) and funnel. ___ 

b) Read the introduction. ___ 
c) Skip 1. Preparing the Tyndall effect viewer.  Use one previously 

prepared by the Lab Supervisor. ___ 
d) Read and do 2. Testing the Tyndall effect viewer. ___ 
e) Read: In this experiment, you are testing substances mixed with water 

to see if 1) they form visible particles, and 2) whether a light shined on 
the liquid mixture produces a visible beam of light.  Since all the 
substances are mixed with water, you must ensure that water alone 
does not form visible particles or show a visible beam of light.  If it 
does, you can not be sure that any other positive results are not due to 
the water. 
A control is part of an experiment that is a standard for comparison 
and is used to verify the results of an experiment.  In this case, plain 
water is the “control” or “control solution.”  If you get negative results 
with water alone, you can assume that positive test results in other 
solutions are due to the substances you are testing, not the water. ___ 

f) Do 3. Preparing the mixtures.  Label the beaker of plain water as the 
control solution. ___ 

g) Read and do 4. Designing your procedure.  Answer in your notebook. ___ 
h) Read and do 5. Collecting your data.  Answer in your notebook. ___ 
i) Read and do 6. Cleaning up. ___ 
j) Read and do 7. What are your conclusions?  Answer in your  

notebook. ___  
k) Have your partner compare your write-up to the Example Answers 

on pp. 143–145 of the Unit 6−8 Teacher’s Guide, and correct if 
needed. ___  

l) Show your supervisor your notebook so he can check the quality of the 
write-up (this is not a repeat of the previous step and may be omitted 
by the supervisor later in the course or series if the students have 
demonstrated consistently high quality notebook work). ___ ____  ____ 

 8. READ: FPS, 23.2 Dissolving Rate, introduction and section “Molecular 
motion and dissolving rate,” page 406.   _________ 

 9. DEMONSTRATION: Demonstrate to your partner how increasing 
molecular motion increases dissolving rate. ____  ____ 

 10. READ: FPS, 23.2, section “Surface area and dissolving rate,” page 407.  
(Note: The second sentence in the first paragraph is worded poorly.  It 
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would be clearer if it said this: “When the tablet is whole, many billions 
of iodine atoms remain completely surrounded by other iodine atoms, 
protecting them from water molecules.”) _________ 

 11. DEMONSTRATION: Demonstrate to your partner how increasing the 
surface area increases dissolving rate. ____  ____ 

 12. PRACTICAL APPLICATION: You will be doing Investigation 23.2 
“Dissolving Rate” in the Investigations manual, pp. 166–167. 
a) Gather these materials: approximately 25 g rock salt (coarsely ground 

salt), 100-ml graduated cylinder, balance, source of room-temperature 
water, 3 400-ml beakers, 3 glass jars with lids (minimum capacity 300 
ml), timer or stopwatch, calculator, stirring rod, wire or nylon screens 
of different size mesh for separating pieces of rock salt, zipper-lock 
plastic freezer bags. ___ 

b) Read the introduction and 1. Guidelines for your experiment. ___  
c) Read and do 2. Brainstorming ideas and formulating your hypothesis.  

Answer in your notebook. ___  
d) Read and do 3. Collecting your data.  Copy the table into your 

notebook and fill it in. ___ 
e) Answer 4. What did you learn? in your notebook. ___  
f) Have your partner verify that your notebook work is correct and 

adequate using the Units 6−8 Teacher’s Guide, pp. 149−151.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

g) Show the supervisor your notebook so he can check (on his discretion 
per step A.7.l) to see that you are maintaining the quality of the write-
up expected. ___ ____  ____ 

 13. DEFINE: (use a regular dictionary) 
gelatin  silicone cellulose _________ 

 14. READ: FPS, 23.2, Dissolving Rate, section “Timed-release capsules: 
making less medicine more effective,” page 408.  Note: The word 
microencapsulation comes from micro- (meaning very small) and 
encapsulation (the process of enclosing something completely).  In the 
process of microencapsulation, tiny bits of medicines or nutrients (such as 
vitamin C) are covered with coatings that dissolve slowly in the stomach so 
that the chemicals are released slowly into the bloodstream, instead of all at 
once. _________ 

 15. DEMONSTRATION: Demonstrate to your partner how timed-release 
capsules work. ____  ____ 
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 16. DEFINE: (use a regular English dictionary) 
lactic acid urea  
metabolism metabolic _________ 

 17. READ: FPS, 23.3 Solubility to heading “Solubility,” pp. 409−410.   _________ 

 18. DEMONSTRATION: Look at grain of salt with a magnifying glass and 
notice that it is a crystal with a cubic shape. _________ 

 19. CLAY DEMONSTRATION: How the molecules of a crystal dissolve in 
water. ____  ____ 

 20. READ: FPS, 23.3, Solubility, sections “Solubility” and “Temperature-
solubility graphs,” pp. 411–412. _________ 

 21. PRACTICAL APPLICATION: You will be doing Investigation 23.3 
“Solubility” in the Investigations manual, pp. 168–170.  
a) Gather these materials: 50 ml ice water, room-temperature, and hot 

water; 3 glass 100-ml beakers (graduated or marked at the 50 ml-
level); 3 Styrofoam cups for collecting water samples; 6 to 10 sugar 
cubes; water-soluble markers (blue for ice water, green for room-
temperature water, and red for hot water), a thermometer or 
temperature probe, drawing paper. ___ 

b) Read the introduction and do 1. Experiment 1: temperature and 
solubility. ___ 

c) Read and do 2. Procedure.  Copy the table into your notebook and fill 
it in. ___ 

d) Read and do 3. Analyzing your results.  Answer in your notebook. ___ 
e) Read and do 4. How does temperature influence solubility?  Answer in 

your notebook.  (You will continue the Investigation later.) ___ _________ 

 22. READ: FPS, 23.3 Solubility, sections “The solubility of gases” and 
“Pressure influences the solubility of gases,” page 413.  Note: An 
ecosystem (last paragraph) is all the living things of a place (plants, 
animals and microscopic life) together with the environment (water, soil, 
light, etc.) where they are living.  Forests and rivers are examples of 
ecosystems.   _________ 

 23. ESSAY:  
a) Explain how temperature affects the solubility of gases and solids 

differently. ___ 
b) Give two ways that heated water in waterways can harm fish. ___ 
c) Compare your answers with your partner. ___ ____  ____ 
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 24. PRACTICAL APPLICATION: Continue FPS Investigation 23.3 
“Solubility,” pp. 170–171.  
a) Gather these materials: one-liter bottle of plain seltzer, balloon to fit 

over mouth of bottle. ___ 
b) Read 5. Experiment 2: pressure and solubility and answer the 

questions in your notebook. ___  
c) Read and do 6. Procedure and 7. Drawing conclusions.  Write your 

answers in your notebook. ___  
(Omit 8. Challenge questions.) 
d) Have your partner verify that your notebook work is correct and 

adequate for both this step and step A.21 using the Units 6−8 
Teacher’s Guide, pp. 155−159.  If any errors or confusions show up, 
ensure they get fully cleared up and corrected. ___ 

e) Show the supervisor your notebook so he can check (on his discretion 
per step A.7.l) to see that you are maintaining the quality of the write-
up expected. ___ ____  ____ 

 25. DEFINE: (use the FPS glossary) 
equilibrium _________ 

 26. READ: FPS, 23.3 Solubility, section “How much will dissolve?” page 
414.  _________ 

 27. PRACTICAL APPLICATION: Growing crystals on wax paper from a 
supersaturated solution. 
a) Gather these together: magnesium sulfate (Epsom salts), small pan, 

hotplate or burner, glass, teaspoon, water, wad of cotton, waxed 
paper. ___ 

b) Add roughly a quarter cup of water to the pan. ___ 
c) Continue heating the water and stir in magnesium sulfate slowly until 

no more will dissolve.  This may take three or four teaspoons.  You 
have created a super-saturated solution. ___ 

d) Remove the pan from the heat. ___ 
e) Spread out a sheet of wax paper on a table. ___ 
f) With a cotton wad spread out some of the solution on the wax paper.   

Try to spread it evenly.  Then leave it undisturbed as crystals begin to 
form. ___ 

Results: As the supersaturated solution cools, the solubility of magnesium 
sulfate in water decreases and water evaporates.  Needles of magnesium 
sulfate crystallize on the wax paper surface. 
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Cleanup: When you have finished, wash the pan thoroughly to dissolve 
any magnesium sulfate still in the pan.  Wipe the table clean and throw 
away the used wax paper. _________ 

 28. READ: FPS, 23.3 Solubility, section “Science in the Real World: Scuba 
diving,” page 415.  Note: narcosis (third paragraph) is a state of 
drowsiness or unconsciousness caused by a chemical or drug.  It comes 
from the Greek word narkisos (numbing) and -osis (the condition of). _________ 

 29. ESSAY: Based on the prior step and what you observed in Investigation 
23.3, explain how an understanding of the influence of pressure on the 
solubility of a gas could help a person scuba dive more safely.  Compare 
your answer with your partner. ____  ____ 

 30. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to page 402 of Chapter 23 to find the section marked 
“Vocabulary,” which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the FPS glossary for definitions, do the following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick out four or five words from the list and ask you 
for the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step. ___ 
When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ___ ____  ____ 

 31. DRILL: FPS, Chapter 23 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 417–418.   
a) Divide the Concept review questions 1−8 by odd and even.  You will 

do one of these sets and your study partner will do the other set.  Write 
your answers on a sheet of paper and show any math work clearly. ___ 

b) Both students do Concept review, question 9. ___ 
c) Divide the Problems questions by odd and even.  You will do one of 

these sets and your study partner will do the other set.  Write your 
answers on a sheet of paper and show any math work clearly. ___ 
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d) Applying your knowledge: One student does question 3 and the other 
does question 4. ___ 

e) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 110–111. ___ 

f) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

B. CHEMICAL OPPOSITES 

 *1. READ: Data Sheet #8308 Chemical Opposites.  ____  ____ 

 2. DEMONSTRATION: Taste vinegar, a food acid. _________ 

 3. DEMONSTRATION: Taste a little Milk of Magnesia, a base used as 
medicine for upset stomachs.  _________ 

 4. CLAY DEMONSTRATION: Neutralization between an acid and a base. ____  ____ 

C. CHAPTER 25 ACIDS AND BASES 
(Skip Chapter 24 for now.) 

 1. READ: FPS, Unit 8 Water and Solutions, Chapter 25 Acids and Bases, 
“Introduction to Chapter 25,” page 435.   _________ 

 2. READ: FPS, 25.1 Acids, Bases, and pH,” to heading “pH and the pH 
scale,” pp. 437−438.  (Note: Because the sequence of Ch. 24 and 25 has 
been switched to cover the subject of pH in more detail first, you haven’t 
done the Investigations referred to in the introduction.  You will be doing 
investigations on water quality in both chapters.) _________ 

 3. CLAY DEMONSTRATION: The reaction of a molecule of hydrochloric 
acid with a molecule of water. ____  ____ 

 *4. READ: FPS, 25.1, section “pH and the pH scale,” page 439.  ____  ____ 

 5. DRILL: List these common substances from most acidic to most basic 
along with their pH values: human blood (7.35−7.45), lemons (2.2−2.4) 
oven cleaner (13.5), tomatoes (pH 4.0−4.4), sour pickles (3.0−3.4), 
seawater (7.8−8.3), carbonated water (5.6), milk of magnesia (10.5), pure 
water (7.0), cow’s milk (6.3−6.6).  Have your partner check your work. ____  ____ 
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 6. READ: FPS, 25.1, section “The pH of common substances,” page 442.  
(Skip pp. 440–441 for now.) _________ 

 7. PRACTICAL APPLICATION: You will be doing 25.1 Acids, Bases, and 
pH in the Investigations manual, pp. 176–177. 
a) Get these materials: reaction plates (12 wells are needed), permanent 

marker, several eyedroppers or pipettes, 2 250-ml beakers (one 
contains warm water for rinsing pipettes, empty beaker for discarding 
rinse water; 10 ml red cabbage juice pH indicator, 12 pieces of red 
litmus paper; 12 pieces of blue litmus paper; 2 ml of each of the 
following: lemon juice, vinegar, seltzer, red cabbage juice pH 
indicator, baking soda solution, bar soap solution, household 
ammonia; 2 ml of each of the following: green tea, antibacterial 
cleaner, apple juice, 2 mystery solutions from the Lab Supervisor. ___ 

b) Read the introduction and do 1. Setting up as a check to ensure you 
have all the materials needed. Copy the table under 2 into your 
notebook. ___  

c) Read and do 2. Make a pH scale using indicators. ___  
d) Read and do 3. Evaluating the role of the pH test plate.  Answer in our 

notebook. ___ 
e) Read and do 4. Using pH indicators to measure unknown pH. ___ 
f) Read and do 5. Identifying mystery solutions. ___ 
g) Read and do 6. What did you learn? Omit part b. ___ 
h) Have your partner verify that your notebook work is correct and 

adequate using the Units 6−8 Teacher’s Guide, pp. 175−177.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

i) Show the supervisor your notebook so he can check (on his discretion  
per step A.7.l) to see that you are maintaining the quality of the write-
up expected. ___ ____  ____ 

 *8. READ: FPS, 25.1, section “Acid-base chemistry,” page 440. ____  ____ 

 9. DEMONSTRATION: Demonstrate to your partner: 
a) why water can be thought of as a weak acid or a weak base. ___ 
b) why water is a weak acid/base and not a strong acid/base. ___ ____  ____ 

*10. READ: DS #8309 Blood Chemistry and pH. ____  ____ 

*11. READ: FPS, 25.1 Acids, Bases and pH, section “Electrolytes and 
nonelectrolytes” and box “Electrolytes and your body,” page 441.  Note: 
resorportion (box “Electrolytes and your body”) means “to absorb 
again.” ____  ____ 
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 12. DEMONSTRATION: Demonstrate to your partner why you need to 
replace electrolytes when you sweat heavily. ____  ____ 

 13. DEMONSTRATION: Show your partner the meanings of “dissociate” 
and “ionization” and the relationship between the two.   ____  ____ 

 14. PRACTICAL APPLICATION: Conductivity demonstration: 
For this activity you will need a 6 V battery, insulated wires (with bare 
ends), a 6 V bulb and socket, a beaker or bowl, tap water, sugar, salt, 
teaspoon, coffee stirrer. 
a) Set up a conductivity test apparatus like 

the one shown to the right.   
When you have it set up, touch the ends 
of wires A and B together to make sure 
the circuit is complete and the bulb will 
light.  If it doesn’t, get help from the Lab 
Supervisor. ___ 

b) Put wires A and B in place in the beaker 
or bowl and fill the container with tap 
water.  Note here if the bulb lights or 
not: _________ 

c) Stir in a teaspoon of sugar with a spoon 
or coffee stirrer until it dissolves.  Note 
here if the bulb lights or not:  
__________ 

d) Stir a teaspoon of salt into the same beaker until it dissolves.  Note 
here if the bulb lights or not: __________ 

Results: Tap water contains few dissolved ions, so very little current 
passes through the water and the bulb does not light up.  Sugar molecules 
do not ionize and do not pass current either.  However, salt molecules 
ionize completely and easily pass electrical current, causing the light bulb 
to light up. 
Clean-up: Rinse the wires and beaker/bowl to get the sugar and salt off 
before putting them away. _________ 

 15. READ: FPS, 25.2 Acid Rain, pp. 444−445.   _________ 

 16. DRILL: Practice writing the equations for the production of the pollutants 
sulfuric acid and nitric acid (page 445) until you know them by memory.  
Then get a pass by your partner.  ____  ____ 

 

6 V 
battery 

A    B 6 V bulb 
& socket 

wires 

solution 
goes here 

beaker 
or bowl 
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 17. PRACTICAL APPLICATION: You will be doing Investigation 25.2 
Acid Rain in the Investigations manual, pp. 178–179, except you will be 
using a different organism.    
a) Read the introduction.  Instead of Daphnia, you will be using 

paramecium, a single-celled organism which is easier to grow. ___ 
b) Gather these materials: test tube of pond water containing paramecium 

individuals; control test tube with 20 ml of water, 5 test tubes for each 
of the five treatment solutions, 10 ml of treatment solution in each test 
tube; 2 wide-bore pipettes for transferring paramecia, microscope, 
metric ruler, timer or watch, 6 pieces of wide-range pH paper. ___ 

c) Read and do 1. Observing Daphnia.  (Substitute paramecia.) 
Paramecia are small single-celled creatures that can be seen 
under a microscope.  Use the illustration to the right to help you 
identify some of its parts, but draw and label only what you see.  
If neither you nor your partner knows how to use a microscope, 
get help from the Lab Supervisor.  Illustration notes: #1s are 
“pumps” in the cell which regulate the amount of water in the 
cell; #2 are tiny hairs all called cilia, which are all over the 
surface of the organism.  A paramecium beats the cilia in time 
together to swim and to direct food particles to #3, which is its 
“mouth.” ___ 

d) Read and do 2. Making predictions. ___ 
e) Read and do 3. Simulating the effect of acid rain on Daphnia. 

[paramecia] ___ 
f) Read and do 4. Analyzing results and drawing conclusions.  At 4.e use 

the lab report format in Reference Teacher’s Guide, page 138. ___ 
g) Have your partner check your notebook work.  Since you are using a 

different organism, the results will not exactly match the answers 
given for the original investigation, but you may use Units 6−8 
Teacher’s Guide, pp. 181−183 for comparison, if you wish.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

h) The Units 6−8 Teacher’s Guide does not fully cover this investigation.  
Show the supervisor your notebook so he can see that you are 
maintaining the quality of the write-up expected.  Supervisor pass. ___ ____  ____ 

 18. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to page 436 of Chapter 25 to find the section marked 
Vocabulary, which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   

1 

1 

2 

3 
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Using the FPS glossary for definitions, do the following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick three or four words from the list and ask you 
for the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step. ___ 

When you have completed steps a) and b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 19. DRILL: FPS, Chapter 25 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 447–448.   
a) Divide the Concept review questions by odd and even.  You will do one 

of these sets and your study partner will do the other set.  Write your 
answers on a sheet of paper and show any calculations clearly. ___ 

b) Divide the Problems questions by odd and even.  You will do one of 
these sets and your study partner will do the other set. ___ 

c) One student does question 2 in section “Applying your knowledge,” 
page 448.  The other does question 3. ___ 

d) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 114–115. ___ 

e) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

D. CHAPTER 24 WATER QUALITY 

 1. READ: FPS, Unit 8 Water and Solutions, Ch. 24 Water Quality, 
Introduction to Chapter 24, page 419. _________ 

 2. DEFINE (use a regular English dictionary):  
universal _________ 

 *3. READ: FPS, 24.1 Water, introduction and section “Water is a nearly 
universal solvent,” page 421.  Note: electronegativity (paragraph 3) is the 
tendency of an atom in a molecule to attract electrons.  Note also that 
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there is a typo in the last paragraph on the page: “…because it has a two 
poles…” should read “…because it has two poles….” ____  ____ 

 4. DEMONSTRATION: Draw an electron cloud for a water molecule that 
shows the electrons of the hydrogen atoms drawn more closely to the 
nucleus of the oxygen atom than to the hydrogen atoms.  (If needed, 
review data about electron clouds in FPS on pages 314 and 318.)  Show a 
partial negative charge at the oxygen end and partial positive charges at 
the hydrogen end.  These are examples of polar covalent bonds.  Have it 
checked by your partner. ____  ____ 

 5. DEMONSTRATION: Draw an electron cloud for a methane molecule 
that shows the electrons of the hydrogen atoms evenly distributed 
between the hydrogen nuclei and the carbon atom.  This is an example of 
nonpolar covalent bonds.  Have it checked by your partner. ____  ____ 

 6. READ: FPS, 24.1 section “The nature of water and hydrogen bonding,” 
first three paragraphs, page 422.   _________ 

 7. DEMONSTRATION: Place a small piece of wax paper on a flat surface 
and sprinkle several drops of water on it.  Notice how the water droplets 
bead up on a waxy surface.   _________ 

 8. DEMONSTRATION: When water molecules evaporate from the leaves 
of plants, more water molecules are pulled up from the roots.  
Demonstrate to your partner how hydrogen bonding helps this process. ____  ____ 

 9. DEFINE: (in the glossary at the back of the study booklet) 
lattice _________ 

 10. READ: FPS, 24.1 section “The nature of water and hydrogen bonding,” 
last two paragraphs, page 422.   _________ 

 11. DEMONSTRATION:  
a) Review Figures 17.7 and 17.8 on page 296.  Notice the lattice 

arrangement of water molecules in ice and snowflakes. ___ 
b) Compare Figure 17.7 to the illustration on the right.  It 

shows the arrangement a layer of water molecules in a 
crystal of ice.  Because water molecules form a lattice 
in solid water, there is much more space between 
molecules than in liquid water.  The dark balls are 
oxygen molecules.  The small light balls are hydrogen 
atoms bonded to the water molecules by covalent 
bonds.  Notice that the hydrogen atoms are oriented to 

 -13- PILOT Data Sheet #8307  15 Feb. 17 



the front and back as well as side to side.  The faint lines are hydrogen 
bonds which keep the polar ends of the water molecules oriented 
negative to positive.   _________ 

 12. CLAY DEMONSTRATION: How a single layer of water molecules is 
arranged in ice, showing molecular bonding, hydrogen bonding and the 
open space created.  (Show at least six water molecules.) ____  ____ 

 13. PRACTICAL APPLICATION: Most molecules with very low mass (such 
as hydrogen, oxygen, nitrogen, methane, carbon dioxide, etc.) are gases at 
room temperature.  Larger molecules tend to be liquids and the largest 
molecules are solids.  However, water does not follow that pattern.  It has 
a lighter mass than all the molecules listed above (except hydrogen), but 
the forces of hydrogen bonding between water molecules are so great that 
water exists mainly as a liquid on earth.   
In this activity you will compare characteristics with two other low-mass 
compounds and notice the differences that hydrogen bonding make.  You 
will need a butane lighter, rubbing alcohol and water.  Butane (C4H10) 
does not show hydrogen bonding, rubbing alcohol (C3H7OH) shows 
some, and water (H2O) exhibits a great deal.   
a) Try to pour a drop of each chemical onto a waterproof surface (such as 

a tabletop) (avoid lighting the butane).  Notice how the liquid pours 
and if drops form. ___ 

Results: The butane evaporates immediately; the alcohol forms droplets 
that spread out; water forms tight beaded drops. 
b) Try to rub a drop of each chemical on your fingers and notice what 

happens. ___ 
Results: Butane evaporates immediately, carrying off heat and thus 
cooling the fingers.  Rubbing alcohol evaporates next and water 
evaporates last.  Hydrogen bonding requires an input of energy (in this 
case heat energy from the fingers) to break the bonds.  Water evaporates 
slowest because it has the strongest hydrogen bonding, even though 
butane and alcohol molecules are more than three times larger. _________ 

 14. READ: Data Sheet #8310 Water and Minerals. _________ 

 15. READ: FPS, 24.1 Water, section “What dissolves in water?,” page 423.  
Omit the last paragraph. _________ 

 16. READ: FPS, 24.1, section “Water at home,” page 424. _________ 

 17. PRACTICAL APPLICATION: You will be doing Investigation 24.1 
Water in the Investigations manual, pp. 172–173. 
a) Gather these materials: 2 100-ml graduated cylinders, paper towels; 

hot water and cold water samples (brought from home), each in a 
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gallon size freezer bag; 10 50-ml glass beakers, test tubes or plastic 
bags; water quality test kit (for testing pH, water hardness, copper, 
chlorine, etc.) ___ 

b) Read and do 1. Obtaining your water samples.  Notice that you are 
expected to collect water samples from where you are living. ___ 

c) Set up a table like this in your notebook: 
 

Name of Test Cold Water Color Meaning of 
result 

Hot Water Color Meaning of result 

pH     

Hardness     

Chlorine     

(any additional tests)     

     

 
d) Define: leached: (some or all of a solid substance) dissolved and 

washed away.  Iron and copper can be leached from pipes if the water 
is too acidic. ___ 

e) Read and do 2. Testing your water quality and 3. Analyzing results 
and drawing conclusions using your table. ___ 

f) Have your partner verify that your notebook work is correct and 
adequate using the Units 6−8 Teacher’s Guide, pp. 163−165.  If any 
errors or confusions show up, ensure they get fully cleared up and 
corrected. ___ 

g) Show the supervisor your notebook so he can check (on his discretion  
per step A.7.l) to see that you are maintaining the quality of the write-
up expected. ___ ____  ____ 

 18. READ: FPS, 24.2 The Water Cycle, introduction and section “Earth is a 
water planet,” page 425.   _________ 

 19. DEMONSTRATION: Do this demonstration in the science lab: 
a) Fill a 1-gallon container with water.  This represents the total amount 

of water (100%) available on Earth. ___ 
b) Remove 1 1/3 ounces of water (2 tablespoons and 1 teaspoon) and 

discard.  This amount represents the 1% of water (freshwater) 
available for use. ___ 

c) Remove another 2 2/3 ounces of water from the gallon container (4 
tablespoons and 2 teaspoons) and discard.  This amount represents the 
2% of water frozen in ice at the poles. ___ 

d) Look at the amount of water left in the gallon container.  This 
represents the 97% of the planet’s water which is in the oceans. ___ _________ 
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 20. DEFINE: (in the glossary at the back of the study booklet) 
groundwater aquifer hydrology _________ 

 21. READ: FPS, 24.2, section “What is the water cycle?,” page 426, first two 
paragraphs, and look at Figure 24.8 on page 427.   _________ 

 22. DEMONSTRATION: “Groundwater” and “aquifer” are not specifically 
labeled on page 427 in Figure 24.8.  Point out in that illustration where 
the ground water and aquifer might be.   _________ 

 23. DEFINE (use a regular English dictionary): 
percolate percolation transpiration _________ 

 24. READ: FPS. 24.2, section “What is the water cycle?,” page 426, last two 
paragraphs and section “What drives the water cycle?,” page 427.  Note: 
Some dictionaries include “percolation” as part of the definition of “water 
cycle.”  Thus water cycle can also be defined as “the constant circulation 
of water between atmosphere, land and sea by evaporation, transpiration, 
precipitation and percolation through soils and rocks.” _________ 

 25. CLAY DEMONSTRATION: The water cycle, showing at least 
evaporation, transpiration, condensation and precipitation. ____  ____ 

 26. DEFINE: (use the glossary in the back of the study booklet) 
meteorologist  cumulus cloud _________ 

 27. READ: FPS, 24.2, sections “Cloud seedinga way to modify the 
weather” and “The distribution of water on Earth,” pp. 428−429.  Note: In 
Figure 24.9, convective means “produced from rising heat.”  Moist warm 
air rises above land or sea, then cools off, forming cumulus clouds.  _________ 

 28. DEMONSTRATION: Draw a pie graph (or bar graph) to show the 
distribution of water on earth as shown in Table 24.2 on page 429.   _________ 

 29. READ: FPS, 24.2, section “Analyzing water quality: Using a pond as an 
example,” pp. 430−431.   _________ 

 30. PRACTICAL APPLICATION: This activity is a substitute for 
Investigation 24.2.  In this activity you and your partner will collect water 
samples from local surface water (outside of class time) and perform 
water quality testing.  If that is not possible, you may perform the same 
tests using water from an aquarium.  

a) With the help of your Lab Supervisor, choose a site to test. ___  
b) Become familiar with the water monitoring test kit available at your 

school.  You should have equipment and materials to test for at least 
these factors: temperature (using a thermometer), dissolved oxygen, 

 -16- PILOT Data Sheet #8307  15 Feb. 17 



biological oxygen demand, turbidity, nitrate, phosphate and pH.  
(Other factors may be tested if equipment is available.) ___ 

c) Make a table in your notebook to collect data.  It should look 
something like this: ___ 

Date: Time: 

Location: Description of site: 

Temperature reading: Description of the weather: 

Test 1: Dissolved O2 (results) 

Test 2: Biological oxygen demand (results) 

Test 3: Turbidity (results) 

Test 4: Nitrate (results) 

Test 5: Phosphate (results) 

Test 6: pH (results) 

(any additional tests) (results) 

 
d) Discuss your results with your partner.  Then write a short report in 

your lab notebook.  Include these headings: 
Introductionexplain what you were doing.  Give date, location, time, 
description of site, description of weather (if outdoors). 
Procedures usedGive the name of the tests.  Where a commercial kit 
is used, give the name of the manufacturer. 
ResultsInclude results from the table. 
ConclusionsAnswer in this section if you have comparable data 
(from the kit manufacturer or government agency) about what the 
standards should be.  Otherwise omit it. 
The Teacher’s Guide Unit 6−8 does not cover this investigation.  Have 
your partner read your report and verify that it is correct.  If any errors 
or confusions show up, ensure they get fully cleared up before going 
on. ___ 

Supervisor pass. ____  ____ 

 31. DRILL: The purpose of this drill is to review the precise meanings of key 
words from the chapter just studied to ensure you know and can use these 
key words with confidence and certainty.   
In FPS, turn to page 420 of Chapter 24 to find the section marked 
Vocabulary, which lists key words you should have gained an 
understanding of (or cleared up as needed) while studying the chapter.   
Using the FPS glossary for definitions, do the following: 
a) Taking the first column of words, demonstrate each definition to your 

partner.  Then have him demonstrate each definition from the first 
column to you.  Do each column of words this way, taking turns going 
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first.  If any misunderstood words show up, get them fully cleared up 
before continuing the drill. ___ 

b) Have your partner pick three or four words from the list and ask you 
for the definition and an example of how the word is used.  If you have 
any uncertainty or hesitation, clear up any misunderstood words found 
and repeat the demonstration of the definition of that term before 
continuing this step.  ___ 

When you have completed steps (a) and (b) above and have achieved the 
purpose of the drill, your partner passes you on the drill. ____  ____ 

 32. DRILL: FPS, Chapter 24 Review, sections “Concept review,” “Problems” 
and “Applying your knowledge,” pp. 433–434.   
a) Divide Concept review, Problems and Applying your knowledge 

questions into these two groups:  
Student A: Concept review 1, 3 and 5; Problems #2; Applying your 
knowledge #1. 
Student B: Concept review 2 and 4; Problems #1 and #3; Applying 
your knowledge #2. 
You will do one of these sets and your study partner will do the other 
set.  Write your answers on a sheet of paper and show any math work 
clearly. ___ 

b) Get the Reference Teacher’s Guide, and check each other’s answers, 
pp. 112–113. ___ 

c) If you got them all right, you pass the drill.  If you miss any, restudy 
the appropriate sections to clear up any confusions and correct your 
answers.  Show your partner what you restudied and what you did to 
correct your answers.  When you and your partner are both satisfied 
that you fully understand the materials, the drill is passed.  If there is 
any question or uncertainty about this, see your supervisor. ___ ____  ____ 

I have completed the steps of this course.  I understand what I studied and can use it. 
 
Student _______________________________________  Date ___________________________  
 
The student has completed the steps of this course and knows and can apply what was studied. 
 
Academic Supervisor ____________________________  Date ___________________________  
 
The student has passed the exam for this course.   
 
Examiner _____________________________________  Date ___________________________  
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