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To the
Teacher

This Calculator-based Laboratory, CBL, booklet is designed for use with
selected ChemLabs from Glencoe’s Chemistry: Goncepts and Applications Student
Edition. Page references to the ChemLabs in the student text are given at the
beginning of each experiment. This lab manual describes and explains the use of
the Calculator-based Laboratory and probes as an alternative means of carrying
out ten Chemlabs directly correlated with chapters in the textbook. Sample data
and answers to questions can be found in the Teacher Wraparound Edition.

The CBL System is an interface that collects data from the probes and sends
the information to the calculator. The calculator, in turn, runs stored data collec-
tion and processing programs, which interpret and plot data obtained from the
CBL System.

Macintosh or PC computers may be substituted for the calculator. A computer
interface (microcomputer) is then substituted for the CBL System. The com-
puter can run a variety of data analysis programs, which will graph and analyze
data collected from the interface.

Vernier Software and Pasco Scientific carry probes, software, and computer
interfaces. The CBL System is by Texas Instruments and is compatible with
Texas Instrument calculators, which include the TI-73, TI-82, TI-83, TI-85,
TI-86, TI-89, and TI-92. When using a TI-92, a slight difference in entering
probe information may occur with data collection programs.

The TI-Graph Link provides a link between your TI Graphing Calculator and
a Macintosh or PC-compatible computer. It is essential to have one in order to
transfer programs and data between your computer and calculator. The Graph
Link also allows you to copy and paste the calculator display into your com-
puter. The CHEMBIO data collection program is available to order from
Vernier Software or may be downloaded from its web site. Select the version to
match your TI Graphing Calculator model. Follow the instructions that come
with the Graph Link to download programs onto your calculator. Once loaded,
the programs can be transferred to other calculators through the calculator link
cable.

Vernier Software Pasco Scientific

8565 S.W. Beaverton-Hillsdale 10101 Foothills Blvd.
Highway PO Box 619011

Portland, Oregon 97225 Roseville, CA 95678-9011

(503) 297-5317 (800) 772-8700

info@vernier.com sales@pasco.com

WWW.vernier.com WWW.pasco.com

Texas Instruments

Customer Support

PO Box 650311, MS 3962
Dallas, TX 75265

(800) TI-CARES (800-842-2737)
ti-cares@ti.com

www.ti.com
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Name

Calculator-based Labs

Date Class

The Periodic Table of the Elements

Experiment 1
Use with ChemLab 3 pages 100-101

Problem
What is the pattern of metallic and nonmetal-

lic properties of the elements in the periodic
table?

Objectives

* Observe the properties of samples of ele-
ments, including metals, nonmetals, and
metalloids.

¢ Classify the elements as metals, nonmetals,
or metalloids.

* Analyze your results to discover trends in
the properties of the elements in the periodic
table.

PREPARATION

Materials
Stoppered test tubes containing small
samples of:

Cm‘ﬁfq/\

carbon, nitrogen, oxygen, magnesium,
aluminum, silicon, red phosphorous, sulfur,
chlorine, calcium, selenium, tin, iodine, and
lead

Plastic dishes containing samples of:
carbon, magnesium, aluminum, silicon,
sulfur, tin

1M HCI

test tubes (6)

test-tube rack

10-mL graduated cylinder

spatula

small hammer

glass marking pencil

CBL System

TT Graphing Calculator with unit-to-unit link
cable

CBL AC adapter (optional)

voltage probe

9-Volt battery

9-Volt battery clip

alligator clips (2)

paper clips (2)

Cpe

Voltage / -,

Alllgator
, “clip leads
— \

To CBL =
system
gc —_— Pprobe
I 9-Volt
battery

Figure 1
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Safety
_&1-§ oK) P
Ql®Ne

Wear goggles and an apron at all times. Be
cautious when using 1M HCI. If any acid
touches your skin or eyes, immediately rinse

]
w
h

with water and notify your teacher. Never test

chemicals by tasting.

PROCEDURE

1. Set up the voltage system for data collec-

tion by plugging the voltage probe into
Channel 1 of the CBL System. Using the

link cable, connect the CBL System and TI
Graphing Calculator. Push the link cable

securely into each jack.
2. Attach the 9-Volt battery clip to the bat-

tery. Hook the black probe tip (negative) of
the voltage probe to the black wire (nega-
tive) of the battery clip. Attach an alligator
clip to the red (positive) wire of the battery
clip. Attach the second alligator clip to the
red (positive) voltage probe tip. Bend the
free end of the paper clips so that one part
projects. Attach an alligator clip to each
paper clip. Figure 1 shows the alligator
clips with paper clips.

. Use the table provided for your data and
observations.

. Observe and record the appearance of
each of the 14 samples of elements. Your
description should include physical state,
color, and any other observable character-
istics such as luster. Do not open any of
the test tubes.

. Remove a small sample of each of the six

elements in the dishes. Place the samples
on a hard surface designated by your
teacher. Gently tap each of the elements
with a small hammer. An element is mal-
leable if it flattens when tapped. It is brit-
tle if it shatters when tapped. Record your
observation in the data table.

. Turn on the CBL System and graphing cal-

culator. Start the CHEMBIO program and
go to the MAIN MENU. If the CHEMBIO
program is not loaded, follow instructions
with the TI-Graph Link to download the
program from your Apple Macintosh or PC
computer to your graphing calculator.

. Select SET UP PROBES from the MAIN

MENU. Enter “1” as the number of probes.
On the SELECT PROBES MENU, chose
VOLTAGE. Enter “1” as the channel num-
ber. Next select COLLECT DATA from the
MAIN MENU. On the DATA COLLEC-
TION menu, select MONITOR INPUT.

. Touch the two paper clips together and

observe the reading on the CBL System or
graphing calculator. A good 9-Volt battery
should read close to 9-Volts. This is the
reading you should expect to have when
testing materials that are good conductors.
A reading of a volt or two below the bat-
tery voltage indicates a poor conductor.
With the leads separated in the air
observe the reading. This reading will be
the typical reading for non-conductors.

. Test the conductivity of each of the six ele-

ments in the dishes by touching the paper
clips to one of the elements. Take several
readings and record your measurements.
Indicate whether the element is a conduc-
tor or non-conductor.

Chemistry: Concepts and Applications
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10.

11.

13.

ANALYZE AND CONCLUDE

1.

2.

Use a graduated cylinder to measure 5 mL
of water into each of the six test tubes.
Label each test tube with the symbol of
one of the six element samples in the
dishes.

. Using a spatula, put a small sample of

each of the six elements (a 1-cm length of
ribbon or 0.1-0.2 g of solid) into a test tube
labeled with the symbol of the element.
Wash and dry the spatula between
samples.

Add approximately 5 mL of 1M HCI to
each of the test tubes, and observe the
samples for at least one minute. Evidence
of a reaction is the formation of bubbles of
hydrogen on the sample. Record your
observations in the data table.

Interpreting Data Which elements dis-
played the general characteristics of metals?
Interpreting Data Which elements
displayed the general characteristics of
non-metals?

. Interpreting Data Which elements

displayed a mixture of metallic and non-
metallic characteristics?

APPLY AND ASSESS

1. Construct an abbreviated periodic table

with seven 1-inch squares across and five
squares down. Label the squares across the
top from left to right as Groups 1 and 2 and
13-17. Label the squares down the side as
Periods 2—6. Write the appropriate atomic
number and element symbol in each square.
Based upon your answers to the Analyze
and Conclude questions, write your classifi-
cation of the metal, nonmetal, or metalloid
for each of the elements you observed
and/or tested.

. Do the metallic characteristics of the ele-

ments across a period seem to increase from
left to right or from right to left?

. Do the metallic characteristics of the ele-

ments in a group seem to increase from top
to bottom or from bottom to top?

. The metalloids indicate the approximate

border between metals and nonmetals on
the periodic table. Based upon your observa-
tions, draw a dark line along this border.

Chemistry: Concepts and Applications
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DATA AND OBSERVATIONS

Element

Appearance

Malleable
or Brittle

Electrical
Conductivity

Reaction
with HCI

carbon

magnesium

aluminum

silicon

sulfur

tin

nitrogen

oxygen

red phosphorous

chlorine

calcium

selenium

iodine

lead

4
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Name

Calculator-based Labs

Date Class

The Formation and Decomposition of Zinc lodide

Experiment 2
Use with ChemLab 4 pages 136-137

Problem

Can a compound be synthesized from its ele-
ments and then decomposed back into its origi-
nal elements?

Objectives

* Compare a compound with its component
elements.

* Observe and monitor a chemical reaction.

* Observe the decomposition of the compound
back to its elements.

PREPARATION

Materials

10 x 150-mm test tube
plastic stirring rod
zinc

test-tube holder
test-tube rack

iodine crystals

Figure 1

100-mL beaker

distilled water

CBL System

TT Graphing Calculator with unit-to-unit link
cable

temperature probe

9-V battery with terminal clip and leads

two 20-cm insulated copper wires stripped at

least 1 cm on each end
CBL AC adapter (optional)

Safety
& | Pl e
A ®

Todine crystals are toxic and can stain the skin.
Use care when using solid iodine. The reaction
of zinc and iodine releases heat. Always use
the test-tube holder to handle the reaction test
tube.

__Temperature
probe

S S S S o

| Test
tube

o o o o

-
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PROCEDURE

1.

Plug the temperature probe into Channel
1 of the CBL System. Using the link cable,
connect the CBL System and TI Graphing
Calculator. Push the link cable securely
into each jack.

Turn on the CBL System and the graphing
calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the CHEM-
BIO program is not loaded, follow instruc-
tions with the TI-Graph Link to download
the program from your Apple Macintosh or
PC computer to your graphing calculator.
Select SET UP PROBES from the MAIN
MENU. Enter “1” as the number of probes.
On the SECLECT PROBES menu select
temperature. Enter “1” as the channel
number.

The MAIN MENU will reappear. Select
COLLECT DATA.

Obtain a test-tube holder and a small
beaker. Place the test tube upright in a
test-tube rack.

Carefully add approximately 1 g of zinc
dust and about 10 mL of distilled water to
the test tube.

Place the temperature probe in the test
tube. On the graphing calculator display
under DATA COLLECTION, select MONI-
TOR INPUT. Record the starting tempera-
ture of the test tube contents.

Carefully add about 1 g of iodine to the
test tube. Record your observations.

10.

11.

12.

13.

14.

Stir the contents of the test tube thor-
oughly with a plastic stirring rod until
there is no more evidence of a reaction.
Record any observations of physical or
chemical changes. Note the highest
temperature reading on the graphing
calculator.

Allow the reaction mixture to settle. Using
a test-tube holder, carefully pick up the
test tube and pour off the solution phase
into the small beaker.

Add water to the beaker to bring the vol-
ume up to about 25 mL.

Obtain a 9-V battery with wire leads and
two pieces of copper wire. Attach the cop-
per wires to the wire leads from the bat-
tery. Make sure that the wires are not
touching each other.

Dip the wires into the solution in the
beaker and observe what takes place.
Record your observations.

After two minutes, remove the wires from
the solution and examine the wires.
Record your observations.

Figure 2

6
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ANALYZE AND CONCLUDE

1.

. Making Inferences

. Drawing Conclusions

Observing and Inferring What evidence
was there that a chemical reaction
occurred?

. Comparing and Contrasting How did

you know the reaction was complete?

What term is used to
describe a reaction in which heat is given
off? How can you account for the heat given
off in this reaction?

Checking Your Hypothesis What evi-
dence do you have that the compound was
decomposed by electrolysis?

Why do you think
the reaction between zinc and iodine
stopped?

APPLY AND ASSESS

1.

2.

What role did the water play in this
reaction?

Do you think zinc iodide is an ionic or cova-
lent compound? What evidence do you have
to support your conclusion?

. The formula of zinc iodide is Znly. Use

Lewis dot structures to show how it forms
from its elements. Hint: Zinc atoms have
two valence electrons.

DATA AND OBSERVATIONS

Temperature of water before reaction:
Temperature (maximum) of water after zinc and iodine reaction:

Step

Observations

8. Addition of iodine to zinc

9. Reaction of iodine and zinc

13. Electrolysis of solution

14. Examination of wires

Chemistry: Concepts and Applications
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Name C&lCUlator'based Labs

Date Class

lonic or Covalent

Experiment 3 4 small beakers (50- or 100-mL)
Use with ChemlLab 5 pages 172-173 stirring rod
balance
Problem graduated cylinder, small
How can you identify ionic and molecular com- 1- to 2-g samples of any 4 of the following: salt
pounds by their properties? substitute (KCl), fructose, aspirin, paraffin,
L urea, table salt, table sugar, Epsom salt
Objectives CBL System
* Examine the properties of several common TI Graphing Calculator with unit-to-unit link
substances. cable
* Interpret the property data to classify each thermocouple probe
substance as ionic or molecular. conductivity tester

CBL AC adapter (optional)

Safety

glass microscope slide

grease pencil or crayon Use care when handling hot objects.
hot plate

spatula

Figure 1

Thermocouple
probe under
beaker

Chemistry: Concepts and Applications Calculator-based Labs 9



PROCEDURE

1.

Plug the thermocouple probe into Channel
1 of the CBL System. Using the link cable,
connect the CBL System and TI Graphing
Calculator. Push the link cable securely
into each jack.

Turn on the CBL System and the graphing
calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the CHEM-
BIO program is not loaded, follow instruc-
tions with the TI-Graph Link to download
the program from your Apple Macintosh or
PC computer to your graphing calculator.
Select SET UP PROBES from the MAIN
MENU. Enter “1” as the number of probes.
Under the SECLECT PROBES menu
select MORE PROBES. Then select
MORE PROBES again. Choose THERMO-
COUPLE. Enter “1” as the channel num-
ber. Under CALIBRATION, select USE
STORED.

The MAIN MENU will reappear. Select
COLLECT DATA.

Use a grease pencil or crayon to draw lines
dividing a glass slide into four parts. Label
the parts A, B, C, and D.

Use a spatula to place about 0.1 to 0.2 g of
the first of your four substances on section
A of your slide.

Repeat step 6 with your other three sub-
stances on sections B, C, and D. Be sure to
clean your spatula after each sample.
Record in the data table provided which
substance was put in each section.

Place the slide on the hot plate. Lay the
wires of the thermocouple directly on the

10.

11.

12.

13.

14.

Figure 2

hot plate and hold them in place with a
beaker half-full of water. This will ensure
good heat transfer to the thermocouple. On
the graphing calculator display under
DATA COLLECTION, select MONITOR
INPUT. Turn the heat setting to medium
and begin to heat the slide.

Continue heating until the temperature of
the hot plate and slide reaches 135°C.
Observe each section on the slide, and
record in your data table which substances
have melted. Turn the hot plate off. Turn
off the CBL System and the graphing
calculator.

Label four beakers with the names of your
four substances.

Weigh equal amounts of the four substances
(1-2 g of each), and place the weighed
samples in their labeled beakers.

Add 10 mL of distilled water to each
beaker

Stir each substance, using a clean stirring
rod for each sample. Note in your data
table whether or not the sample dissolved
completely.

Test each substance for the presence of
electrolytes by using a conductivity tester.
Record whether or not each acts as a
conductor.

10
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ANALYZE AND CONCLUDE

1. Interpreting Observation What hap-
pened to the bonds between the molecules
when a substance melted?

2. Comparing and Contrasting Did all the

compounds melt at the same temperature?

3. Classifying Complete your data table by

classifying each substance you tested as

ionic or molecular compounds based on your

observation.

APPLY AND ASSESS

1.

2.

What are the differences in properties
between ionic and molecular compounds?
How did the melting points of the ionic com-
pounds and the molecular compounds com-
pare? What factors affect melting points?

. The solutions of some molecular compounds

are good conductors of electricity. Explain
how this can be true when ions are required
to conduct electricity?

Consider a mixture of sand, salt, and water.
How can you make use of the differences in
properties of these materials to separate
them?

DATA AND OBSERVATIONS

Did it dissolve Did the solution
Substance Did it melt? in water? conduct electricity? Classification
A
B
C
D

Chemistry: Concepts and Applications
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Name

Calculator-based Labs

Date Class

Molecules and Energy

Experiment 4
Use with ChemLab 10 pages 362-363

Problem

How does energy transferred to or from a mole-
cular substance affect the average kinetic
energy of its molecules?

Objectives

* Observe the temperature changes and
changes of state when a molecular substance
is heated and cooled.

* Make and use graphs to analyze tempera-
ture changes.

* Interpret temperature changes in terms of
the changes in average kinetic energy of a
substance’s molecules.

PREPARATION

Materials

hot plate

20 x 150 mm test tube
test-tube holder
400-mL beakers (2)

Figure 1

beaker tongs

clamp and ring stand

stearic acid

CBL System

TI Graphing Calculator with unit-to-unit link
cable

temperature probe

stopwatch or timing-device

CBL AC adapter (optional)

Safety
-~

Use beaker tongs when handling the beaker of
hot water and a test-tube holder when han-
dling the hot test tube.

Chemistry: Concepts and Applications
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PROCEDURE

1.

Plug the temperature probe into Channel
1 of the CBL System. Using the link cable,
connect the CBL System and TI Graphing
Calculator. Push the link cable securely
into each jack.

Turn on the CBL System and the graphing
calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the CHEM-
BIO program is not loaded, follow instruc-
tions with the TI-Graph Link to download
the program from your Apple Macintosh or
PC computer to your graphing calculator.
Select SET UP PROBES from the MAIN
MENU. Enter “1” as the number of probes.
On the SECLECT PROBES menu select
temperature. Enter “1” as the channel
number.

The MAIN MENU will reappear. Select
COLLECT DATA.

Use the two data tables provided to record
your data.

Pour 300 mL of tap water into a 400-mL
beaker and place the beaker on a hot
plate.

Place the temperature probe in the beaker
of water. On the graphing calculator dis-
play under DATA COLLECTION, select
MONITOR INPUT. Turn on the heat and
monitor the water temperature until it
reaches 90°C. Maintain the water temper-
ature at 90°C by using the heat control of
the hot plate or by adding cold water.

Half fill the test tube with stearic acid.
Remove the temperature probe from the
water and wipe the probe to remove water
from it. Insert the temperature probe into
the stearic acid. After the temperature of
the probe has adjusted to the temperature
of the stearic acid, record this temperature
on the first line of the Heating Data table.

10.

11.

1.

. Drawing Conclusions

. Relating Concepts

Attach the clamp to the test tube and
immerse the test tube in the beaker of hot
water. Read and record the temperature
and the physical state or states of the
stearic acid every 30 seconds until all of
the material has melted and its tempera-
ture is about 80°C.

Pour 300 mL of cold tap water into the
second 400-mL beaker.

Remove the test tube with the tempera-
ture probe and contents from the first
beaker and immerse it in the cold water in
the second beaker. Read and record in the
Cooling Data table the temperature and
physical state or states of the stearic acid
every 30 seconds until the material has
solidified. Turn the calculator and CBL
system off.

ANALYZE AND CONCLUDE

Making graphs Graph the heating data
by plotting temperature readings on the
vertical axis and time on the horizontal
axis. Connect the data points with straight
lines or smooth curves. Label the appropri-
ate segments of the graph solid, solid and
liquid, or liquid. Graph the cooling data in
the same way.

. Interpreting Data Divide each graph

into three intervals by drawing two vertical
lines at the points where the slope of the
graph changes. Label the intervals of the
first graph A, B, and C and those of the sec-
ond graph D, E, and F.

According to your
data, what is the approximate melting point
of stearic acid?

Describe how the
kinetic energy of the stearic acid molecules
changed during each interval.

14
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2. Suppose twice as much stearic acid was
APPLY AND ASSESS used. What would the graph look like?
1. Describe how the molecular motion changed Make a sketch.

during each segment of the heating and
cooling curves.

DATA AND OBSERVATIONS

Heating Data

Elapsed Time (s) Temperature (°C) Physical State

0

30

60

90

120

150

180

210

240

270

300

330

360

390

420

450

480

510

540

570

600

Chemistry: Concepts and Applications Calculator-based Labs 15



Cooing Data

Elapsed Time (s)

Temperature (°C)

Physical State

0

30

60

90

120

150

180

210

240

270

300

330

16
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Name

Calculator-based Labs

Date Class

Boyle's Law

Experiment 5
Use with ChemLab 11 pages 384-385

Problem

What is the relationship between the
volume and the pressure of a gas at constant
temperature?

Objectives

* Observe the length of a column of trapped
air at different pressures.

e Examine the mathematical relationship
between gas volume and gas pressure.

PREPARATION

Materials

thin-stem pipet

double-post screw clamp

fine-tip marker

food coloring

20 cm of flexible tubing

metric ruler

scissors

100-mL beaker

water

CBL System

TI Graphing Calculator with unit-to-unit link
cable

CBL DIN adapter

pressure sensor

CBL AC adapter (optional)

Safety

PROCEDURE

1.

Set up the pressure sensor for data collec-
tion by plugging the pressure sensor into
the DIN adapter and then into Channel 1
of the CBL System. Using the link cable,
connect the CBL System and TI Graphing
Calculator. Push the link cable securely
into each jack.

Cut off the stepped portion of the stem of
the pipet with the scissors.

Place about 20-mL of water in the beaker,
add a few drops of food coloring, and swirl
to mix.

Draw the water into the pipet, completely
filling the bulb and allowing the water to
extend about 5 mm into the stem of the
pipet.

Slide the piece of flexible tubing over

the end of the pipet. Make sure you have
a tight connection. Center the bulb in the
double-post screw clamp, and tighten the
clamp until the bulb is just held firmly.
Attach the other end of the tubing to the
three-way valve on the pressure sensor.
Position the pressure sensor so that it
does not put a strain on the pipet.
Caution: Do not allow water up into

the pressure sensor.

Turn on the CBL System and the TI
Graphing Calculator. Start the CHEMBIO
program and go to the MAIN MENU. If
the CHEMBIO program is not loaded, fol-
low instructions with the TI-Graph Link to
download the program from our Apple
Macintosh or PC computer to your graph-
ing calculator.

Chemistry: Concepts and Applications
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Figure 1

Pressure sensor ‘ ‘

F —— Mark

Air
Column

—— Water level

/—T o - llllllllllll@

=/

9.

10.

11.

system

Select SET UP PROBES from the MAIN
MENU. Enter “1” as the number of probes.
On the SELECT PROBES menu, choose
PRESSURE. Enter “1” as the channel
number. Then select USE STORED from
the CALIBRATION menu. Next the calcu-
lator will prompt you for the pressure
units. Select MM HG. You will be returned
to the MAIN MENU.

From the MAIN MENU, select COLLECT
DATA. Then select MONITOR INPUT
from the DATA COLLECTION menu.
Open the release valve to expose the pres-
sure sensor port to atmospheric pressure.
Place a mark on the pipet just below the
tubing as shown in Figure 1. Measure and
record the height in mm of the air column
between the water and the mark. Record
the pressure. Close the release valve.
Turn the clamp knob one complete turn,
and record the trial number and total
number of turns. Measure and record the
length of the air column and the pressure
reading.

Repeat step 10 until the height of the air
column is reduced by 25 to 30 mm.

18
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ANALYZE AND CONCLUDE

1.

[\J

Observing and Inferring Explain
whether volume (V) of air in the stem is
directly proportional to the length (L) of the
air column. What inferences can be made
about the pressure (P) of the air column and
the length of the air column?

. Interpreting Data Calculate the product

(LP) and quotient (L/P) for each trial.
Which calculation is more consistent? If L
and P are directly related, L /P will yield

Pressure and Length Data

. Drawing Conclusions

nearly constant values for each trial. On the
other hand, if L and P are inversely related,
LP will yield almost constant values for
each trial. Are L and P directly or inversely
related?

Explain whether
the data indicate that gas volume and gas
pressure at constant temperature are
directly related or inversely related.

DATA AND OBSERVATIONS

Turns,
Trial T

Length of Air Column,
L (mm)

Pressure
P (mm Hg)

Numerical
Value, L/T

Numerical
Value, LT

APPLY AND ASSESS

1.

For a mercury column barometer to mea-
sure atmospheric pressure as 760 mm Hg,
the column containing the mercury must be
completely evacuated. However, if the col-
umn is not completely evacuated, the

barometer can still be used to correctly mea-
sure changes in barometric pressure. How is
the second statement related to Boyle’s law?

. Using the kinetic theory, explain how a

decrease in the volume of a gas causes an
increase in the pressure of the gas.
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Name

Calculator-based Labs

Date Class

Household Acids and Bases

Experiment 6
Use with ChemLab 14 pages 504-505

Problem
What are the approximate pH values for vari-
ous household liquids?

Objectives
* Measure and compare the pH values for
various household liquids.

* Compare the functions of liquids with their

chemical makeup.

PREPARATION

Materials
100-mL beaker
distilled water
rinse bottle of distilled water
microtip pipets (8)
24-well microplate
solutions of:
eyewash
baking soda
lemon juice
borax
white vinegar
drain cleaner
table salt
soap
CBL System
TI Graphing Calculator with unit-to-unit link
cable
DIN adapter cable
pH probe—amplifier and probe
CBL AC adapter (optional)

Safety
-]~

Wear an apron and safety goggles. Some of the
solutions to be tested are caustic, especially the
drain cleaner. Avoid all contact with skin and
eyes. If contact occurs, immediately wash with
large amounts of water and notify the teacher.

PROCEDURE

1.

Using a clean pipet for each solution, add 25
drops of eyewash to well A1, lemon juice to
B1, white vinegar to C1, and solution of
table salt to D1, soap to A6, baking soda to
B6, borax to C6, and drain cleaner to D6.
Set the 24-well microplate aside for now.
Set up the pH system for data collection by
plugging the pH amplifier into the DIN
adapter and then into Channel 1 of the CBL
System. Using the link cable, connect the
CBL System and TI Graphing Calculator.
Push the link cable securely into each jack.

. Turn on the CBL System and the graphing

calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the CHEM-
BIO program is not loaded, follow instruc-
tions with the TI-Graph Link to download
the program from your Apple Macintosh or
PC computer to your graphing calculator.
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4. Select SET UP PROBES from the MAIN

MENU. Enter “1” as the number of probes.
On the SELECT PROBES menu select PH.
Enter “1” as the channel number. Then
select USE STORED from the CALIBRA-
TION MENU. After selecting USE STORED
you will be returned to the MAIN MENU.

. From the MAIN MENU, select COLLECT
DATA. On the DATA COLLECTION menu,
select MONITOR INPUT. After this selec-
tion the calculator will display a message
reminding you to allow the system to warm
up for 30 seconds and then press ENTER.
Since the CBL System will automatically
power down after periods of time it is
important to follow this reminder. A screen
message stating that the calculator is moni-
toring the active channel will be displayed
along with the pH value which is also visi-
ble on the CBL System screen.

6. Before each use of the pH probe, rinse the

tip of the electrode completely with distilled
water. Carefully hold the pH probe over a
beaker and gently rinse the tip with dis-
tilled water. Caution: The tip of the pH
probe is fragile and can be broken easily. Do
not let the probe dry out. When it is not in
use during the lab, keep the probe
immersed in a beaker of tap water.

. Carefully remove the pH probe from the tap

water beaker and place it into well Al. Fig-
ure 1 shows a sample setup with the pH
probe inserted into cell C1. Allow the pH
value reading to stabilize for 15-20 seconds.
Record your data in the table provided.

. Carefully rinse the electrode tip with dis-

tilled water by holding the pH electrode
over a rinse beaker and use the rinse bottle
to rinse the electrode tip. Repeat step 7 for
all eight wells. Record your data and rinse
the electrode between each use.

H probe
PP To CBL
system
T
= = >
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[ = >
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P o drab >

Figure 1
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ANALYZE AND CONCLUDE

1.

[\

s

Interpreting Data Are foods items

such as lemon juice or vinegar acidic or
basic? These solutions are either tart or
sour, so what ion probably accounts for this
characteristic?

. Interpreting Data Were the cleaning

solutions acidic or basic? What ion is proba-
bly involved in the cleaning process?
Observing and Inferring How do you
account for the great pH difference between
lemon juice (citric acid solution) and eye-
wash (boric acid solution)?

4. Using Variables, Constants, and

Controls Suppose that, in addition to
the solutions, you tested a well containing
pure distilled water. What purpose would
this test serve?

APPLY AND ASSESS

1. You may have noted that some shampoos

are described as pH-balanced. What do
manufacturers mean by this phrase? Why
would they do this to a soap or detergent?

. Hypothesize about the pH of other solutions

at home.

DATA AND OBSERVATIONS

Solution

Eyewash

Lemon juice

White Vinegar

Table salt

Soap

Baking soda

Borax

Drain cleaner
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Name C&lCUlator'based Labs

Date Class

Titration of Vinegar

Experiment 7 Safety

Use with ChemLab 15 pages 542-543
5 joo] PI{|E
dd
Problem

What are the volume percentages of acetic acid E

in several brands of vinegar?

Wear an apron and safety goggles. Sodium
hydroxide is caustic and can damage skin and
eyes. If you come into contact with any of this
solution, rinse the affected area with a large
volume of water and notify the teacher. Wash
hands thoroughly when you complete the lab.

Objectives

* Observe acid-base titrations of several
vinegars with a standard sodium hydroxide
solution.

e Calculate the volume percentages of acetic

acid in the vinegars.
* Compare the acetic acid concentrations of
various brands of vinegar.

PREPARATION

Materials

24-well microplate

several brands of vinegar

labeled microtip pipets

standard NaOH solution

toothpicks

distilled water in a wash bottle

beaker

TI Graphing Calculator with unit-to-unit link
cable

CBL System

DIN adapter

pH probe—amplifier and probe

CBL AC adapter (optional)

PROCEDURE

1. Set up the pH system for data collection
by plugging the pH amplifier into the DIN
adapter and then into Channel 1 of the
CBL System. Using the link cable, con-
nect the CBL System and TI Graphing
Calculator. Push the link cable securely
into each jack.

2. Turn on the CBL System and the graphing

calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the
CHEMBIO program is not loaded, follow
instructions with the TI-Graph Link to
download the program from your Apple
Macintosh or PC computer to your graph-
ing calculator.

3. Select SET UP PROBES from the MAIN

MENU. Enter “1” as the number of probes.
On the SELECT PROBES menu, select
PH. Enter “1” as the channel number.
Then select USE STORED from the CALI-
BRATION MENU. After selecting USE
STORED you will be returned to the
MAIN MENU.
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4. From the MAIN MENU, select COLLECT

DATA. On the DATA COLLECTION menu,
select MONITOR INPUT. After this selec-
tion the calculator will display a message
reminding you to allow the system to
warm up for 30 seconds and then press
ENTER. Since the CBL System will auto-
matically power down after periods of time
it is important to follow this reminder. A
screen message stating that the calculator
is monitoring the active channel will be
displayed along with the pH value, which
is also visible on the CBL System screen.

. Before each use of the pH probe, rinse the
tip of the electrode completely with dis-
tilled water. Carefully hold the pH probe
over a beaker and gently rinse the tip with
distilled water. Caution: The tip of the pH
probe is fragile and can be broken easily.
Do not let the probe dry out. When it is
not in use during the lab, keep the probe
immersed in a beaker of tap water.

. Use a microtip pipet to add 10 drops of one
type of vinegar to each of wells A1, B1, and
C1 of the microplate. Record the brand of
vinegar in the data table.

. Carefully remove the pH probe from the
tap water beaker and place it into well Al.
Figure 1 shows a sample setup with the
pH probe inserted into cell C1. Allow the
pH value reading to stabilize for 15-20
seconds. Record your data in the table
provided.

8.

10.

11.

Use a clean pipet to carefully add a drop of
standard NaOH solution to well A1, stir
with a toothpick, and take 10 readings.
Repeat this process, counting the drops,
until there is a sharp jump taking the pH
reading above 7.0. This is the endpoint.
Continue adding drops of NaOH until the
pH reads 8.8. Rinse the pH probe in dis-
tilled water and place it in a beaker of
water. Record the number of drops needed
to reach the end point.

Repeat step 8 for well B1. If the result dif-
fers by more than one drop from that of
the first titration, repeat again with the
sample in well C1.

Repeat steps 6 through 9 with the other
brands of vinegar using the other columns
of the microplate. Record your data after
each titration.

Rinse the pH probe and dismantle the
equipment as directed by your teacher.

Chemistry: Concepts and Applications

Calculator-based Labs



Figure 1

ANALYZE AND CONCLUDE

1.

Interpreting Data From the two closest
trials, find the average number of drops of
NaOH required to titrate each vinegar. Use
the average number of drops and the given
molarity of NaOH to calculate the molarity
of acetic acid in each brand of vinegar.
Assuming identical volumes for drops of
vinegar and drops of NaOH solution, the
ratio of reacting volumes in liters is the
same as the ratio of reacting volumes in
drops.

Interpreting Data Use your results to
calculate the volume percentage of acetic
acid in each brand of vinegar according to
the formula: M acetic acid x (1.00 percent
acetic acid/0.175M acetic acid) = percent
acetic acid by volume.

. Comparing and Contrasting Which of

the brands of vinegar you tested contained
the highest volume percent of acetic acid?

APPLY AND ASSESS

1. How could you have changed the experi-

mental procedure in order to more accu-
rately determine the concentrations of the
vinegars?

. If the cost and volume of each brand of

vinegar are available, calculate the cost per
percent of acetic acid per unit volume for
each. Which is the best buy based on this
criterion?
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DATA AND OBSERVATIONS

Type of
Vinegar

Trial 1—Drops
of NaOH

Trial 2—Drops
of NaOH

Trial 3—Drops
of NaOH

Brand A

Brand B

Brand C

Brand D

28 Chemistry: Concepts and Applications

Calculator-based Labs




Name

Calculator-based Labs

Date Class

Oxidation-Reduction and Electrochemical Cells

Experiment §
Use with ChemLab 17 pages 606-607

Problem
How may a spontaneous redox reaction be used
to construct an electrochemical cell?

Objectives

* Observe a simple oxidation-reduction reac-
tion.

* Relate the reaction to the oxidation tenden-
cies of the reactants.

¢ Utilize the reaction to construct an electro-
chemical cell that can operate electrical
devices.

PREPARATION

Materials

craft-stick support with V-cut and slit cut

25-mm (flat diameter) dialysis tubing (15 cm in
length)

magnesium ribbon (10 c¢cm in length)

magnesium ribbon (1 ¢cm in length)

copper foil (10 cm % 1 cm strip)

metric ruler

250-mL beaker

wire leads with alligator clips (7)

10 x 100 mm test tubes

flashlight bulb: 3-V type for a 2 cell lamp

walkman radio

0.5M sodium chloride solution

0.5M copper(II) chloride solution

0.1M magnesium chloride

TI Graphing Calculator with unit-to-unit link
cable

CBL System

voltage probe

CBL AC adapter (optional)

Safety

Wear an apron and safety goggles. Rinse the
solutions down the drain with large amounts of
tap water. Wash your hands after performing
the lab.

PROCEDURE

1. Soak the dialysis tubing in tap water for
about ten minutes while you complete
steps 2 and 3.

2. Pour a small amount of copper(II) chloride
solution in the 10 x 100 mm test tube, and
drop a 1-cm length of magnesium ribbon
into the solution. Observe the system for
about one minute, and record your obser-
vations in the data table provided under
Data and Observations. After completing
this, pour this solution down the drain
and discard the magnesium strip in the
wastebasket.

3. Repeat step 2 using magnesium chloride
solution and the small piece of the copper
foil.

4. Tie two knots near one end of the dialysis
tubing and open the other end by sliding
the material between your fingers. Pour
copper(II) chloride solution into the open
end of the tubing to a depth of 6 cm to
8 cm, and insert the strip of copper foil.
Slide the top of the tubing and copper strip
into the V-cut in the stick as shown in
Figure 1. Suspend the tubing in the
beaker.

5. Slide the length of magnesium ribbon into
the slit cut in the craft stick, as shown.
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Figure 1

10.

11.

Pour about 200 mL of sodium chloride
solution into the beaker.

Plug the voltage probe into Channel 1 of
the CBL System. Using the link cable, con-
nect the CBL System and the TI Graphing
Calculator. Push the link cable securely
into each jack.

Turn on the CBL System and the graphing
calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the
CHEMBIO program is not loaded, follow
the instructions with the TI-Graph Link to
download the program from your Apple
Macintosh or PC computer to your graph-
ing calculator.

Select SET UP PROBES from the MAIN
MENU. Enter “1” as the number of probes.
On the SELECT PROBES menu select
voltage. Next, enter “1” as the channel
number.

The MAIN MENU will reappear. Select
COLLECT DATA. On the DATA COLLEC-
TION menu, select MONITOR INPUT.

On the voltage probe, hook up the red (+)
probe clip to the Cu electrode and the
black (=) probe clip to the Mg electrode.
Read and record the potential difference or
voltage. Press + on the calculator to stop
data monitoring.

Mg ribbo

NaCl solutio

12.

13.

probe

-
a

Craft stick
/su pport

/( Cudl, solution
—— in dialysis
tubing

| Cu foil

[« >

—Knots

Cooperate with other lab groups in the fol-
lowing way to light the light bulb, see Fig-
ure 2, and to operate the walkman radio,
see Figure 3. The light bulb requires about
2.5-3 Volts to light and the walkman radio
requires a similar potential. One may
work while the other does not. The light
bulb may require more charge than the
radio and the cells may not produce a suf-
ficient amount. The voltage recorded from
step 11 is the voltage produced by one cell.
Cells connected in series are additive, that
is their voltage will be the sum of each
individual cell. Connect the appropriate
number of individual electrochemical cells
in series (copper to magnesium) to provide
the desired voltage.

In the series of cells connected to the light
bulb measure the voltage generated. Press
ON again on both the CBL System and
graphing calculator if the screen has gone
blank; the equipment powers itself down
after several minutes of non-use to con-
serve battery power. Press COLLECT
DATA and MONITOR INPUT. Have your
lab partner hold the light bulb steady and
touch the leads of the cell to the bulb.
Touch one lead to the circular metal case
surrounding the bulb and one lead to the
small dull metal tip in the middle of the
bulb base. What voltage did you observe?

30
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14. Replace the light bulb with the Walkman 15. Turn off the CBL System and graphing
radio. Locate the positive terminal, where calculator. Disassemble your cells, observ-
the tip of the battery goes, and locate the ing the pieces of copper and magnesium.
negative terminal, where the base of the Record your observations. Rinse the pieces
second battery goes. The voltage should be of copper and magnesium, and dispose of
between 2.5-3.5 volts. Increase or decrease them according to instructions from your
the number of cells so the voltage falls in teacher.

this range. Turn on the radio and tune in
your favorite station.

To CBL
system

Beaker #1

d Beaker #2
Walkman

radio Beaker #1

Figure 2

To additional beaker

Figure 3
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ANALYZE AND CONCLUDE APPLY AND ASSESS

1. Interpreting Data Write the balanced 1. When an electrochemical cell is used to
equation for the single-replacement reaction operate an electrical device, in which
between magnesium and copper(II) chloride direction do electrons move in the external
that occurred in step 2. Which metallic ele- circuit?
ment, Cu or Mg, has the greater tendency 2. Is it possible to construct an electrochemical
(or oxidation potential) to lose electrons? cell in which lead (Pb) is the anode and

2. Relating Concepts In an electrochemical lithium (Li) is the cathode? Explain.

cell, oxidation occurs at the anode, and
reduction occurs at the cathode. Which
metal was the anode and which metal was
the cathode? Write the equations for the
half-reactions.

DATA AND OBSERVATIONS

Data and Observations

Mg — Cu?*
Cu — Mg?*
Voltage

Pieces of Cu and Mg
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Name

Calculator-based Labs

Date Class

Catalytic Decomposition—It’s in the Cells

Experiment 9
Use with ChemLab 19 pages 674-675

Problem

How does temperature affect the catalytic
decomposition of hydrogen peroxide by catalase
from carrot cells?

Objectives

* Observe the action of catalase on the decom-
position of hydrogen peroxide.

* Compare the rate of reaction at various
temperatures.

* Make and use graphs to interpret results

PREPARATION

Materials

hot plate

small (13 x 100 mm), clean, unscratched test
tubes (8)

test-tube rack

small beakers (4)

carrot-cell slurry

Temperature

— 37°C
I | water
T
\/
Cold bath
Figure 1

probe i.
ii' T water
]

3% hydrogen peroxide solution

crushed ice

10-mL graduated cylinder

metric ruler

glass stirring rod

thermal glove

marking pencil

CBL System

TI Graphing Calculator with unit-to-unit link
cable

temperature probe

stopwatch or timing device

CBL AC adapter (optional)

Safety

& -4 jes] Fie
KY

Wear safety goggles and an apron. Wear ther-
mal gloves when handling hot items. Hydrogen
peroxide can harm the eyes

Room
temperature
bath

aa o

~
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PROCEDURE

1.

Plug the temperature probe into Channel
1 of the CBL System. Using the link cable,
connect the CBL System and TI Graphing
Calculator. Push the link cable securely
into each jack.

Turn on the CBL System and the graphing
calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the CHEM-
BIO program is not loaded, follow instruc-
tions with the TI-Graph Link to download
the program from your Apple Macintosh or
PC computer to your graphing calculator.
Select SET UP PROBES from the MAIN
MENU. Enter “1” as the number of probes.
On the SECLECT PROBES menu select
temperature. Enter “1” as the channel
number.

The MAIN MENU will reappear. Select
COLLECT DATA.

Place carrot-cell slurry into each of four
test tubes to a depth of about 2 cm.
Carefully measure 3.0 ml of 3% hydrogen
peroxide solution into each of another four
test tubes. If large quantities of bubbles
are produced, obtain a new tube or thor-
oughly clean the original one.

Set one carrot tube and one hydrogen per-
oxide tube in each of four small beakers.
Label the beakers A, B, C, and D. Add
crushed ice and tap water to one beaker,
hot tap water to a second beaker, and
room temperature tap water to the
remaining two beakers.

8.

10.

11.

Place the hot tap water beaker and one
beaker with room temperature tap water
on the hot plate. On the graphing calcula-
tor display under DATA COLLECTION,
select MONITOR INPUT. Heat them until
the water temperatures reach 60-65°C
and 37-38°C respectively. Move the tem-
perature probe between the two until
these temperatures are reached.

After the beakers on the hot plate have
reached their respective temperatures,
take them off the hot plate, and remove
the temperature probe. Record the temper-
atures and labels of the beakers in the
data table provided.

Place the temperature probe into the ice-
water bath beaker. Record the tempera-
ture and label in the data table. Place the
temperature probe in the second room-
temperature beaker. Record the tempera-
ture and label in the data table. Let the
test tubes sit in the beakers for 5 to 10
minutes. Turn the calculator and CBL
System off.

Pour each tube of hydrogen peroxide into
the carrot-cell slurry tube in the same
beaker. Stir each test tube quickly with a
glass stirring rod, and start timing. Mea-
sure the height of foam, from the top of the
liquid mixture to the top of the foam, at
one-minute intervals for four minutes or
until the foam reaches the top of the test
tube. Record your data in the table.
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ANALYZE AND CONCLUDE

1. Interpreting Data Use your data to con-

APPLY AND ASSESS

1. Peroxide ions are produced in plants and

struct and label a graph for each of your
temperature trials. Plot foam height on the
vertical axis and time on the horizontal
axis.

. Interpreting Data Construct another
graph, plotting foam height at three min-
utes on the vertical axis and temperature
on the horizontal axis.

. Comparing and Contrasting Which of
the temperatures appears to be optimum for
the catalyzed decomposition of hydrogen
peroxide by catalase? How does this temper-
ature compare with body temperature?

animals as a result of cellular reactions.
Given that these peroxides can oxidize and
damage cell structures, why is the presence
of catalase in cells beneficial?

. Suggest a way in which the gas in the foam

might be tested to verify that it was oxygen.

DATA AND OBSERVATIONS

Beaker Temperature Height of Height of Height of Height of
Number of Reactants Foam After Foam After Foam After Foam After
1 Minute 2 Minutes 3 Minutes 4 Minutes
A
B
C
D
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Name

Calculator-based Labs

Date Class

Energy Content of Some Common Foods

Experiment 10
Use with ChemLab 20 pages 722-723

Problem
How much energy is released during the com-
bustion of some common food items?

Objectives

* Interpret data to calculate the energy
released during combustion of pecans,
marshmallows, and a food item of your
choice.

* Compare the energies obtained from the
food items.

¢ Infer, based upon the chemical compositions
of the foods and upon the amounts of energy
obtained, which types of foods contain the
greatest amount of energy.

PREPARATION

Materials

oven mitt

bottle opener with can-piercing end

balance

ring stand

small iron ring

empty, clean soft drink can

matches

beaker tongs

empty, clean can, minus the top and bottom
lids, approximately the same diameter as
the soft drink can

pecan half

2 small marshmallows

large paper clip

100-mL graduated cylinder

food sample of your choice

CBL System

TT Graphing Calculator with unit-to-unit link
cable

temperature probe

CBL AC adapter (optional)

Safety

B KV ET Y E0
7

Wear an apron and goggles. Wear the oven
mitt to handle hot items. Be careful in using
the match and in handling the cans after each
experiment because they may be hot. Perform
the experiment in a well-ventilated room
because acrid fumes may be produced during
the combustion process.

PROCEDURE

1. Plug the temperature probe into Channel
1 of the CBL System. Using the link cable,
connect the CBL System and TI Graphing
Calculator. Push the link cable securely
into each jack.

2. Turn on the CBL System and the graphing
calculator. Start the CHEMBIO program
and go to the MAIN MENU. If the
CHEMBIO program is not loaded, follow
instructions with the TI-Graph Link to
download the program from your Apple
Macintosh or PC computer to your graph-
ing calculator.

3. Select SET UP PROBES from the MAIN
MENU. Enter “1” as the number of probes.
On the SECLECT PROBES menu select
temperature. Enter “1” as the channel
number.

4. The MAIN MENU will reappear. Select
COLLECT DATA.
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Figure 1

5. Use a can opener to open holes near the

bottom of the open-ended can. Bend a
large paper clip to fashion the food
support.

Use the graduated cylinder to measure
100 mL of tap water, and pour the water
into the soft-drink can. Support this

can by the ring stand as shown on this
page. Put the temperature probe through
the opening in the top of the can. On the
graphing calculator display under DATA
COLLECTION, select MONITOR INPUT.
You can now monitor the temperature on
the graphing calculator screen. Allow the
probe to reach the temperature of the
water. Record the initial water tempera-
ture to the nearest 0.1°C in the data table
provided.

Temperature

probe
v n ?
_ Paper
~= I clip
Pecan—

Lappppby

. Weigh a pecan half, record its mass, and

impale it on the paper-clip food support.
Hang the support on the edge of the open-
ended can with the food sample inside,
and rest the can on the ring stand.

. Use a match to light the pecan. Quickly

swing the water-filled soft-drink can
assembly directly over the lower combus-
tion can, allowing a small separation
between the two cans.

. Allow the pecan to burn as completely as

possible. If the flame goes out during the
process and the pecan is still unburned,
you must empty the water in the can and
start over with fresh water and a new
pecan half. After the pecan has burned
out, continue monitoring the temperature
until it drops 0.3°C from the highest tem-
perature reached during the experiment.
Record the highest temperature.
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10. Carefully disassemble the apparatus,

11.

12.

ANALYZE AND CONCLUDE

1.

empty the water from the soft-drink can,
and dispose of the burned food item after
it has cooled.

Repeat steps 6-10 with two small
marshmallows.

Repeat steps 6-10 with a small food item
of your choice.

Interpreting Data Use your data to cal-
culate the number of kilojoules of energy
liberated per gram of each food item.
Assume that the water in the soft-drink can
has a density of 1.00 g/mL and that the spe-
cific heat of water is 4.19 J/g°C.

. Comparing and Contrasting Compare

and rank the food items according to the
amount of energy liberated per gram.

. Inferring Based upon the chemical com-

positions of the foods you tested (protein,
carbohydrate, fat, etc.), what type of food
provides the greatest amount of energy
per gram?

APPLY AND ASSESS

1. Would it be desirable to eat mainly the type

of food that provides the greatest amount of
energy per unit mass? Explain.

2. What aspects of your procedure may have

caused error in your calculated results?
How would each of these sources of error
affect your results?

DATA AND OBSERVATIONS

Food Item Mass (g)

Final Water
Temperature (°C)

Initial Water
Temperature (°C)

Pecan

Marshmallow

Other food

Chemistry: Concepts and Applications

Calculator-based Labs 39



	Student Worksheets
	Calculator-Based Labs
	Experiment 1: The Periodic Table of the Elements
	Experiment 2: The Formation and Decomposition of Zinc Iodide
	Experiment 3: Ionic or Covalent?
	Experiment 4: Molecules and Energy
	Experiment 5: Boyle’s Law
	Experiment 6: Household Acids and Bases
	Experiment 7: Titration of Vinegar
	Experiment 8: Oxidation-Reduction and Electrochemical Cells
	Experiment 9: Catalytic Decomposition—Its in the Cells
	Experiment 10: Energy Content of Some Common Foods

	Chemistry CBL Manual
	To the Student
	Organization of Activities
	Sending Data to Graphical Analysis
	CBL Equipment
	Safety in the Laboratory
	Safety Symbols
	Laboratory Activities
	Lab 1: Quantitative and Qualitative Observations
	Lab 2: Conductivity
	Lab 3: Melting and Freezing Points
	Lab 4: Boyle’s Law
	Lab 5: Gay-Lussac’s Law
	Lab 6: Determining Molar Mass Using Freezing Point Depression
	Lab 7: Calorimetry
	Lab 8: Hess’s Law
	Lab 9: Determine the Molar Mass of an Unknown Acid
	Lab 10: Reaction Potentials of Metals


	Chemistry Forensics: Laboratory Manual
	Introduction to Forensic Science
	To the Student

	Forensic Skills
	Observing the Scene and Collecting Data
	Fingerprints
	Blood Identification

	The Truth Table
	Safety in the Laboratory
	Safety Symbols
	Crime A: The Counterfeit Coin Caper
	Lab A1: What Metal Can It Be?
	Lab A2: Separation of a Mixture
	Lab A3: Analyzing and Identifying White Solids

	Crime B: The Case of the Problem Patent
	Lab B1: Using Paper Chromatography to Separate a Mixture
	Lab B2: Conductivity
	Lab B3: pH
	Lab B4: Effects of Acids and Bases on the Color of a Dye

	Crime C: The Case of the Fallen Walkway
	Lab C1: Oxidation and Reduction
	Lab C2: Sources and Causes of Corrosion
	Lab C3: Identifying Sacrificial Metals


	Chemistry Small-Scale Laboratory Manual
	To the Student
	Small-Scale Laboratory Techniques
	Safety in the Laboratory
	Safety Symbols
	Laboratory Activities
	Lab 1: Small-Scale Laboratory Techniques
	Lab 2: Comparing the Density of Metals
	Lab 3: Separation of Aspirin
	Lab 4: Periodicity and the Properties of Elements
	Lab 5: Properties of Transition Metals
	Lab 6: Modeling Molecular Shapes
	Lab 7: Solutions and Precipitates
	Lab 8: Determining Avogadro’s Number
	Lab 9: Measuring Boiling Point
	Lab 10: Relating Gas Pressure and Gas Volume
	Lab 11: Effect of Temperature on Solubility
	Lab 12: Specific Heat of Metals
	Lab 13: Energy Changes in Chemical and Physical Processes
	Lab 14: Determining Reaction Orders
	Lab 15: Observing Equilibrium
	Lab 16: Exploring Chemical Equilibrium
	Lab 17: Comparing the Strengths of Acids
	Lab 18: Testing the Acidity of Aspirin
	Lab 19: Reduction of Manganese
	Lab 20: Plants Produce Oxygen


	ChemLab and MiniLab Worksheets
	Laboratory Safety
	Chemical Storage and Disposal
	Small-Scale Chemistry Techniques
	Chemicals and Equipment Lists
	Safety Symbols
	Microplate Templates and Data Forms
	Graph Paper
	Chapter 1
	ChemLab 1.1: Observations of a Candle
	ChemLab 1.2: Kitchen Chemicals
	ChemLab 1.3: The Composition of Pennies
	MiniLab 1.1: 50 mL + 50 mL = ?
	MiniLab 1.2: Paper Chromatography of Inks
	MiniLab 1.3: Copper to Gold: The Alchemists’ Dream
	MiniLab 1.4: Waiter, what’s this stuff doing in my cereal?
	MiniLab 1.5: It’s a Liquid, It’s a Solid . . . It’s Slime

	Chapter 2
	ChemLab 2: Conservation of Matter
	MiniLab 2.1: A Penny for Your Isotopes
	MiniLab 2.2: Line Emission Spectra of Elements

	Chapter 3
	ChemLab 3: The Periodic Table of the Elements
	MiniLab 3.1: Predicting the Properties of Mystery Elements
	MiniLab 3.2: Trends in Reactivity Within Groups

	Chapter 4
	ChemLab 4: The Formation and Decomposition of Zinc Iodide
	MiniLab 4.1: Evidence of a Chemical Reaction: Iron Versus Rust
	MiniLab 4.2: The Formation of Ionic Compounds

	Chapter 5
	ChemLab 5: Ionic or Covalent?
	MiniLab 5.1: A Chemical Weather Predictor
	MiniLab 5.2: Where’s the calcium?

	Chapter 6
	ChemLab 6: Exploring Chemical Changes
	MiniLab 6.1: Energy Change
	MiniLab 6.2: A Simple Exchange
	MiniLab 6.3: Starch-Iodine Clock Reaction

	Chapter 7
	ChemLab 7: Metals, Reaction Capacities, and Valence Electrons
	MiniLab 7.1: Colored Flames—A Window into the Atom
	MiniLab 7.2: Electrons in Atoms

	Chapter 8
	ChemLab 8: Reactions and Ion Charges of the Alkaline Earth Elements
	MiniLab 8.1: What’s periodic about atomic radii?
	MiniLab 8.2: The Ion Charges of a Transition Element

	Chapter 9
	ChemLab 9: What colors are in your candy?
	MiniLab 9.1: Coffee Filter Chromatography
	MiniLab 9.2: Modeling Molecules

	Chapter 10
	ChemLab 10: Molecules and Energy
	MiniLab 10.1: Molecular Race
	MiniLab 10.2: Vaporization Rates

	Chapter 11
	ChemLab 11: Boyle’s Law
	MiniLab 11.1: Relating Mass and Volume of a Gas
	MiniLab 11.2: How Straws Function

	Chapter 12
	ChemLab 12: Analyzing a Mixture
	MiniLab 12.1: Determining Number Without Counting
	MiniLab 12.2: Bagging the Gas

	Chapter 13
	ChemLab 13: Solution Identification
	MiniLab 13.1: How many drops can you put on a penny?
	MiniLab 13.2: Hard and Soft Water

	Chapter 14
	ChemLab 14: Household Acids and Bases
	MiniLab 14.1: What do acids do?
	MiniLab 14.2: Antacids

	Chapter 15
	ChemLab 15: Titration of Vinegar
	MiniLab 15.1: Acidic, Basic, or Neutral?
	MiniLab 15.2: What does a buffer do?

	Chapter 16
	ChemLab 16: Copper Atoms and Ions: Oxidation and Reduction
	MiniLab 16.1: Corrosion of Iron
	MiniLab 16.2: Testing for Alcohol by Redox

	Chapter 17
	ChemLab 17: Oxidation-Reduction and Electrochemical Cells
	MiniLab 17.1: Electrolysis
	MiniLab 17.2: The Lemon with Potential

	Chapter 18
	ChemLab 18: Identification of Textile Polymers
	MiniLab 18.1: How unsaturated is your oil?
	MiniLab 18.2: A Synthetic Aroma
	MiniLab 18.3: When Polymers Meet Water

	Chapter 19
	ChemLab 19: Catalytic Decomposition—It’s in the Cells
	MiniLab 19.1: DNA—The Thread of Life
	MiniLab 19.2: Yeast Plus Sugar—Let It Rise

	Chapter 20
	ChemLab 20: Energy Content of Some Common Foods
	MiniLab 20.1: Dissolving—Exothermic or Endothermic?
	MiniLab 20.2: Heat In, Heat Out

	Chapter 21
	ChemLab 21: The Radioactive Decay of “Pennium”
	MiniLab 21.1: A Nuclear Fission Chain Reaction
	MiniLab 21.2: Radon—A problem in your home?


	Critical Thinking and Problem Solving
	Chapter 1: Separating Mixtures
	Chapter 2: The Nuclear Atom—What If?
	Chapter 3: Solar Cells
	Chapter 4: The Octet Rule and Bond Formation
	Chapter 5: Ionic Clues to Atomic Identity
	Chapter 6: Carbon Dioxide Overload
	Chapter 7: Orbital Investigations
	Chapter 8: An Ion Filter
	Chapter 9: Electron-Pair Repulsion and Molecular Structure
	Chapter 10: Phase Diagrams and Physical States
	Chapter 11: Pressure and Moving Molecules
	Chapter 12: Just How Big Is It?
	Chapter 13: The Equilibrium of a Solution
	Chapter 14: Understanding Acids and Bases
	Chapter 15: Titration
	Chapter 16: Oxygen—A Closer Look
	Chapter 17: Fuel Cells
	Chapter 18: Isomerism
	Chapter 19: Oxygen-Carbon Dioxide Exchange in the Lungs
	Chapter 20: Energy Value of Foods
	Chapter 21: Nuclear Decay Series

	Laboratory Manual
	To the Student
	Safety in the Laboratory
	Laboratory Safety Agreement
	First Aid in the Laboratory
	Safety Symbols
	Laboratory Equipment
	Equipment Checklist
	Laboratory Techniques
	Treating Data in Chemistry
	Tables
	Laboratory Activities
	1-1: Determining Boiling Point
	1-2: The Eight-Solution Problem
	2-1: The Thickness of Aluminum Foil
	2-2: Identifying Elements by Flame Tests
	3-1: An Alien Periodic Table
	3-2: Periodicity of Halogen Properties
	4-1: Determining Melting Points
	4-2: Distinguishing Ionic and Covalent Compounds
	5-1: Making Models of Compounds
	5-2: Formulas and Oxidation Numbers
	6-1: Types of Chemical Reactions
	6-2: Effects of Concentration on Chemical Equilibrium
	7-1: Atomic Spectra
	7-2: Transition Metals
	8-1: Periodicity and Chemical Reactivity
	8-2: Comparing Activities of Selected Metals
	9-1: Diagnostic Properties of Bonds
	9-2: Electron Clouds
	10-1: Crystal Shapes
	10-2: Relating Gas Temperature and Pressure
	11-1: Determining Absolute Zero
	11-2: Charles’s Law
	12-1: Determining the Avogadro Constant
	12-2: Stoichiometry of a Chemical Reaction
	12-3: Molar Volume of a Gas
	13-1: Relating Solubility and Temperature
	13-2: The Effect of a Solute on Freezing Point
	14-1: Acidic and Basic Anhydrides
	14-2: Using Indicators to Determine pH
	15-1: Hydrolysis of Salts
	15-2: Acid /Base Titration
	16-1: Oxidation /Reduction of Vanadium
	16-2: Corrosion as an Electrochemical Process
	17-1: Comparing the Abilities of Metals to Give Up Electrons
	17-2: The Six-Cent Battery
	18-1: Examples of Organic Reactions
	18-2: Analysis of Aspirin
	19-1: Biochemical Reactions
	19-2: Qualitative Analysis of Food
	20-1: Energy Changes in Physical and Chemical Processes
	20-2: Measuring the Heat of Reaction
	20-3: Heat of Hydration
	21-1: Radioactive Dating—A Model
	21-2: How Does Microwave Radiation Affect Seeds?


	Spanish Resources
	1.1: El rompecabezas de la materia
	1.2: Propiedades y cambios de la materia
	2.1: El átomo y su estructura
	2.2: Los electrones en el átomo
	3.1: Desarrollo de la tabla periódica
	3.2: Uso de la tabla periódica
	4.1: Variedad de compuestos
	4.2: Cómo forman compuestos los elementos
	5.1: Compuestos iónicos
	5.2: Sustancias moleculares
	6.1: Ecuaciones químicas
	6.2: Clases de reacciones
	6.3: Naturaleza de las reacciones
	7.1: Ampliación de la teoría atómica
	7.2: La tabla periódica y la estructura atómica
	8.1: Principales grupos de elementos
	8.2: Elementos de transición
	9.1: Enlaces atómicos
	9.2: Estructura molecular y polaridad
	10.1: Comportamiento físico de la materia
	10.2: Energía cinética y cambios de estado
	11.1: Presión de los gases
	11.2: Las leyes de los gases
	12.1: Cálculo del número de partículas en la materia
	12.2: Uso de los moles
	13.1: El agua, una sustancia única
	13.2: Las soluciones y sus propiedades
	14.1: Ácidos y bases
	14.2: Fortaleza de ácidos y bases
	15.1: Reacciones de ácidos y bases
	15.2: Aplicaciones de las reacciones ácido-base
	16.1: Naturaleza de las reacciones de oxidación-reducción
	16.2: Aplicaciones de las reacciones de oxidación-reducción
	17.1: Electrólisis: La química a partir de la electricidad
	17.2: Pilas galvánicas: Electricidad a partir de la química
	18.1: Hidrocarburos
	18.2: Hidrocarburos de sustitución
	18.3: Plásticos y otros polímeros
	19.1: Moléculas vitales
	19.2: Reacciones vitales
	20.1: Cambios de energía durante reacciones químicas
	20.2: Medición de cambios de energía
	20.3: Fotosíntesis
	21.1: Tipos de radiactividad
	21.2: Reacciones nucleares y energía
	21.3: Herramientas nucleares

	Study Guide
	1.1: The Puzzle of Matter
	1.2: Properties and Changes of Matter
	2.1: Atoms and Their Structure
	2.2: Electrons in Atoms
	3.1: The Development of the Periodic Table
	3.2: Using the Periodic Table
	4.1: The Variety of Compounds
	4.2: How Elements Form Compounds
	5.1: Ionic Compounds
	5.2: Molecular Substances
	6.1: Chemical Equations
	6.2: Types of Reactions
	6.3: Nature of Reactions
	7.1: Expanding the Theory of the Atom
	7.2: The Periodic Table and Atomic Structure
	8.1: Main Group Elements
	8.2: Transition Elements
	9.1: Bonding of Atoms
	9.2: Molecular Shape and Polarity
	10.1: Physical Behavior of Matter
	10.2: Kinetic Energy and Changes of State
	11.1: Gas Pressure
	11.2: The Gas Laws
	12.1: Counting Particles of Matter
	12.2: Using Moles
	13.1: Uniquely Water
	13.2: Solutions and Their Properties
	14.1: Acids and Bases
	14.2: Strengths of Acids and Bases
	15.1: Acid and Base Reactions
	15.2: Applications of Acid-Base Reactions
	16.1: The Nature of Oxidation-Reduction Reactions
	16.2: Applications of Oxidation-Reduction Reactions
	17.1: Electrolysis: Chemistry from Electricity
	17.2: Galvanic Cells: Electricity from Chemistry
	18.1: Hydrocarbons
	18.2: Substituted Hydrocarbons
	18.3: Plastics and Other Polymers
	19.1: Molecules of Life
	19.2: Reactions of Life
	20.1: Energy Changes in Chemical Reactions
	20.2: Measuring Energy Changes
	20.3: Photosynthesis
	21.1: Types of Radioactivity
	21.2: Nuclear Reactions and Energy
	21.3: Nuclear Tools

	Supplemental Practice Problems
	Introduction
	Chapter 1: Chemistry: The Science of Matter
	Chapter 2: Matter Is Made up of Atoms
	Chapter 3: Introduction to the Periodic Table
	Chapter 4: Formation of Compounds
	Chapter 5: Types of Compounds
	Chapter 6: Chemical Reactions and Equations
	Chapter 7: Completing the Model of the Atom
	Chapter 8: Periodic Properties of the Elements
	Chapter 9: Chemical Bonding
	Chapter 10: The Kinetic Theory of Matter
	Chapter 11: Behavior of Gases
	Chapter 12: Chemical Quantities
	Chapter 13: Water and Its Solutions
	Chapter 14: Acids, Bases, and pH
	Chapter 15: Acids and Bases React
	Chapter 16: Oxidation-Reduction Reactions
	Chapter 17: Electrochemistry
	Chapter 18: Organic Chemistry
	Chapter 19: The Chemistry of Life
	Chapter 20: Chemical Reactions and Energy
	Chapter 21: Nuclear Chemistry
	Appendix A: Supplement to Chemistry Skill Handbook, Appendix A, of the Student Book
	Appendix B: Data Tables

	Tech Prep Applications
	Chapter 1: Solve It: Mystery of the Lost Labels
	Chapter 3: You Are the Designer
	Chapter 4: Who Can Grow the Biggest Crystal?
	Chapter 5: Solve It: Mystery of the Missing Mass
	Chapter 6: Solve It: Mystery of the Moonlight Ride
	Chapter 7: Design Atomic Models
	Chapter 8: Is It Gold or Fool’s Gold?
	Chapter 11: Expanding Gases: Friend or Foe?
	Chapter 13: Make the Water Clean
	Chapter 14: Solve It: Mystery of the Sick Potato
	Chapter 15: Solve It: Mystery of the Acid Lake
	Chapter 16: Solve It: Mystery of the Corroded Engine
	Chapter 17: An Excursion into Electroplating
	Chapter 18: Synthesizing Aspirin
	Chapter 19: Urinalysis
	Chapter 21: Radiation Safety





