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To the instructor

Each activity in this set may be used independently, but some questions may depend upon
topics examined in earlier activities. Facilitation guides for each activity are available at the
Instructor Companion Site (www.wiley.com/college/garoutte). The facilitation guides give the
content and process learning objectives, instructor facilitation notes, and suggested answers
to the Critical Thinking Questions. Solutions to the Exercises at the end of each activity are
also available. The facilitation guides are not intended for distribution to students, although
the learning objectives and Exercise solutions may be shared with them.

This collection of POGIL activities is designed for use in a preparatory or introductory
chemistry course. These activities could also be used in a one-term GOB (General-
Organic-Biological) chemistry course, or perhaps even a high school chemistry course.
There is another collection of activities designed for a full-year GOB chemistry course
sequence. Information about both collections, including suggested orders of activities for the
types of courses listed above, may be found at the web link given in the first paragraph. For
orders of 25 or more books, Wiley Custom Select (customselect.wiley.com) currently allows
custom publishing of subsets of the activities and even inclusion of other activities or your
own uploaded content.

The Process Oriented Guided Inquiry Learning (POGIL) Project supports the dissemination
and implementation of these types of materials for a variety of chemistry courses (high
school, organic, physical, etc.) and in other disciplines such as materials science, biology,
and mathematics. Information about The POGIL Project and its activities, including additional
materials, workshops, and other professional development opportunities, can be found
at www.pogil.org.

Feedback regarding the effectiveness of the materials and suggestions for improvements
would be appreciated. Send this assessment information to the authors by email (addresses
available from our University websites). Another method to give feedback or ask questions is
the Yahoo discussion group moderated by the authors, available at: goo.gl/vfrr5Q

How to use this book (for instructors)
How instructors use these materials varies, but during most POGIL sessions:

e Students work in teams of three or four to answer the Critical Thinking
Questions. These questions are carefully designed to guide student teams toward
discovery of a concept.

¢ The instructor serves as the facilitator of learning rather than the primary
source of information. Effective facilitators spend significant class time observing
student group work, asking and answering questions, leading whole-class
discussions, and delivering just-in-time mini-lectures (usually no more than five
minutes long).

¢ Students are assigned specific roles, a key feature of POGIL pedagogy. Some
roles to try and other implementation tips are available at: goo.gl/xmtVvL

e These ChemActivities are designed to be a student’s first introduction to a
topic. A very short review of the previous activity can be helpful when delivered at
the beginning of the class. If you are employing a flipped classroom model or other
structure that includes some formal lecture, make sure that any lecture on a topic
comes after students have had the opportunity to discover that topic by completing
the activity. If you find that students are having difficulty completing the activity in
the allotted time, you might consider asking students to complete the first few
exploration questions of the activity on their own before coming to class. Some
instructors have employed this strategy successfully.

e Students will often ask you: “Is our answer right?” Remind them that their job
is to construct a valid understanding of the underlying concepts. Telling them the
“right” answer can bring their processing of the ideas to a premature end. Ask how



you can help. Usually students can rephrase their question to highlight the source of
their confusion. Often, if they proceed to a following question, they will find the
answer themselves.

e These activities do not replace a traditional textbook, but rather enhance
its use. Any standard text may be used, and you are encouraged to correlate
reading and/or homework assignments from the text for students to do after
completing the ChemActivities in this book.

How to use this book (for students)

These activities are designed to be used by students working in teams during class. For each
activity, read the Model or Information, and then work with your team to answer the Critical
Thinking Questions (or “CTQs"”) that follow. For each CTQ, be sure to compare answers with
your teammates before moving onto the next CTQ. Working together is everyone's
collective responsibility. Studies show that this method of learning allows students to
develop a deeper understanding of the material and retain it longer—even in later classes or
on standardized exams.

In a class such as this, you may be frustrated at times because you cannot immediately see
the “right” answer to a question. It is by design that some answers are not immediately
obvious. Sometimes you will write an answer and go on to a later question, only to find that
the later question causes you to reevaluate your earlier answer. This is OK! Later, when you
have the “aha!” moment, you will not easily forget what you have learned.

If you are unsure of an answer, even after checking with your teammates, some good
strategies are to read the following question, ask a nearby group, or (finally) pose a question
to the instructor. However, try to avoid asking the instructor: “Is our answer right?” Instead,
explain why you are confused, or ask a question that gets at the source of your confusion.

Before the next class, finish all assigned parts of the activity, including homework and
reading from a textbook. Even better: find a study partner or group, and meet regularly!
When you have study partners, you have a reason to be prepared (they are counting on
you), and if you can't come up with the answer together, then you are less shy about asking
the instructor.

Some comments from former students in this course

Being able to work with people was very beneficial. At first, it was a difficult adjustment to
this learning style - but now I really enjoy it.

| thought that | wouldn't like this class but it has been really interesting to come to class
every day and actually learn something that pertains to life.

If you work well with others and are able to learn as a group and be challenged by your
group of peers to strive to really learn the subjects then | recommend this class. But if you'd
rather work on your own and not get help from others then this class would be of no benefit
to you.

Group discussions really encourage a better learning atmosphere that helps all group
members understand the material better.

This is one of the hardest classes | have ever taken. But was the only one that taught me to
seek out the answer instead of having it handed to you. This class will help me in future
classes, because | have gained good study skills. For that | wish to thank [the instructor] :)

In high school | just memorized stuff, but now | finally understand.

Go to class if you don’t want to do a whole lot else...even by showing up and doing the
activities. | didn’t have to spend a lot of time outside of class. | learned but didn't spend a
huge amount of time doing it!

-jv -
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ChemActivity 1

Working in Teams; Estimation

Information: Brief description of roles

Much of the class time in this course will be spent working in teams of three or four. Each
member of the team will be assigned a particular role. Some typical roles (and their
descriptions) are listed below. If a team member is absent on a particular day, then one
member may have to fulfill more than one role. Your instructor will let you know how the
roles will function in your course.

Manager (or Facilitator): Manages the team. Ensures that members are fulfilling their
roles, that the assigned tasks are being accomplished on time, and that all members of the
team participate together in activities and understand the concepts.

Spokesperson (or Presenter): Frequently the instructor will ask what the team responded
to a particular question or whether the team agrees with another team's response. It is the
spokesperson's role to reply to these questions. If an outside source is needed, the
spokesperson ensures that everyone in the team agrees on what question to ask.

Quality Control: Guides the team to build consensus and ensures that the team agrees on
responses to questions. Verifies that the team’s answers to Critical Thinking Questions are
consistent on paper. Ensures that all team members make revisions, if necessary, after class
discussion.

Process Analyst (Reflector, Strategy Analyst): Observes and comments on team
dynamics and behavior with respect to the learning process. Reports to the team
periodically on how the team is functioning. For example, the Process Analyst might
comment that a particular team member is dominating the discussion, or that the team
needs to pause to allow one member to catch up.

Recorder: Records (on report form) the names of each of the team members at the
beginning of each day. Keeps track of the team answers and explanations, along with any
other important observations, insights, etc. The completed report with answers to any
questions asked may be submitted to the instructor at the end of the class meeting.

Model 1: A centimeter ruler

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Critical Thinking Question:

1. Estimate the number of table tennis (“ping-pong”) balls that would completely fill the
room you are working in. First, decide upon a “plan of attack” as a team. You may or
may not choose to use the centimeter ruler. For the purposes of this exercise, you may
choose to assume that the room is rectangular in shape and that it is completely empty
of desks, people, etc. You may get up and move around the room. When your team has
an answer, the spokesperson may be asked to write it on the board.

Exercise:
1. Read the assigned pages in the text, and work the assigned problems.

-3- CAO01



ChemActivity 2

Types of Matter; Chemical and Physical Changes

(How can we classify matter?)

Model 1: Examples of some pure substances at room temperature

ltem Classification State (or states) Formula
aluminum element solid Al(s)
hydrogen element gas H>(g)
mercury element liquid Hag(l)
baking soda  compound solid NaHCO;(s)
table salt compound solid NacCl(s)
water compound liquid H,O(l)

Critical Thinking Questions:
Refer to Model 1 to help you answer Critical Thinking Questions (CTQs) 1-3.

1. What is the formula for hydrogen gas? For liquid water?

2. How can you distinguish elements from compounds based on their chemical formulas?
Consult with your team and write your consensus answer in a complete sentence or two.

3. Based on your answer to CTQ 2, complete the definition for

A compound is composed of at least different that are
combined chemically.

Model 2: Examples of some mixtures at room temperature

ltem Classification State (or states) Formula (or formulas)
hydrogen peroxide ; .
solution (3%) homogeneous mixture aqueous solution H,O(l) and H,0,(aq)
salt water homogeneous mixture aqueous solution H,0(l) and NaCl(aq)
coffee (“black”) homogeneous mixture aqueous solution H,O(l) and many others
muddy water heterogeneous mixture liquid + solid H,0(l) and other stuff

Critical Thinking Questions:

4. The 3% hydrogen peroxide solution available in drugstores is 97% water. What is the
formula for the hydrogen peroxide present in this solution (consult Model 2)?

5. Elements and compounds are considered pure substances. Compare Models 1 and 2.
How does a substance differ from a mixture? Discuss with your team and write a
consensus answer.

CA02 4.



6. Devise a team hypothesis about the meaning of the labels (s), (I), (g), and (aqg) on the
formulas.

Information: States of matter

Matter can be classified by its physical state (or phase): solid, liquid, or gas. Most solids
can be melted and even vaporized if the temperature is high enough.

The phase labels (s), (1), or (g) can be written after a formula to signify the physical state.
So, H,0(g) would mean gaseous water, i.e., water vapor.

Model 3: Equations for some chemical and physical changes

Equation Type of change
I H,O(l) = H,0(s) physical
Il 2 Hy(g) + O2(g) - 2 H,0(g) chemical
] 2 H,02(aq) — 2 H0(1) + 02(g) chemical
v C3HgO(l) — C3HgO(g)

Critical Thinking Questions:

Questions 7-10 refer to Model 3. Manager: For each question, ask a different team member
to begin discussion by explaining his or her answer to the team.

7. Write a complete sentence to describe in words (no formulas) what is happening in
Equation I. Why is this process considered to be a physical change?

8. Describe in words what is happening in Equation Il. Why is this a chemical change?

9. Describe in words what is happening in Equation Ill. Why is this a chemical change?

10.The formula for acetone is C3HgO. Without using formulas, write a sentence to describe
what is happening in Equation IV. Is this a chemical or physical change? Fill in the blank
in Model 3.

-5- CA02



Model 4: Flow chart for classifying matter

Matter

[(pure) Substance } Mixture

1 I
| | I 1

\ Element } [ Compound } fHomogeneous] ( Heterogeneousj

Information: Classifications of matter
Matter can be divided into two main types: pure substances and mixtures of substances.

A substance cannot be separated into other kinds of matter by physical processes such as
filtering or evaporation, and is either an element (e.g., aluminum) or a compound (e.g.,
H,0). Compounds are made of two or more elements chemically combined. The elements
themselves cannot be separated into simpler substances even by a chemical reaction.

On the other hand, mixtures can be separated by physical means. Mixtures that have the
same composition throughout are called homogeneous (e.g., salt water); those that do not
have uniform composition throughout are called heterogeneous (e.g., ltalian salad
dressing).

Critical Thinking Questions:

11.Have one team member reread your team’s answer to CTQ 5 out loud. Add to or revise it
if necessary.

12.As a team, try to brainstorm a physical method that you could use to separate salt water
into two pure substances. Write your idea here.

Model 5: Some different representations of the water molecule

H,0 HOH H-O-H /O\H

v

formulas Lewis structures ball-and-stick Spacefilling

Critical Thinking Questions:

13.The “2" in H,O is subscripted (written below the line). Based on Model 5, what do
subscripts following an element in a formula represent?

14. Look at the periodic table of the elements. About how many elements are known?

15. Approximately how many elements are metals? (Estimate, don’t count!)

CA02 -6 -



16. There are thousands of organic compounds known—compounds formed out of only a
few different elements (carbon, hydrogen, oxygen, and nitrogen). How might this be
possible?

17.Did everyone in your team contribute to the activity today? If so, explain how. If not,
identify what individuals need to do to ensure participation by all in the next session.

Exercises:
1. Write the formula of each molecule for which the ball-and-stick structures are shown.
Key: . = carbon J = oxygen J = hydrogen

b.
2. Using the periodic table, identify the elements represented in each formula, and state

the number of atoms of each element in the formula. The first one has been done for
you.

a. NHsz (ammonia) one nitrogen atom, three hydrogen atoms
b. CgH1206 (glucose)

c. Mg(OH); (milk of magnesia)

d. H,SO0, (sulfuric acid, “battery acid”)

e. C;7H;58F3NO (fluoxetine, Prozac)

3. Using the flow chart in Model 4 to help you, first classify each of the following as either a
mixture or a pure substance. Then, for each substance, tell whether it is an element
or a compound. For each mixture, tell whether it is homogeneous or
heterogeneous; then list two or more components of the mixture.

a. a lead weight

b. apple juice
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c. baking soda (NaHCOs)
d. air

e. a l4-karat gold ring

f. a 24-karat gold coin
g. helium in a balloon

h. beach sand

i. concrete

j.  whole blood

k. carbon dioxide

4. In the space below, draw a picture of three water molecules in the ball-and-stick
representation.

5. Which of the choices below (I or II) would best represent the three molecules you drew in
Exercise 47 Explain your choice.

Choice | Choice Il
HeOs3 3 H,0

6. Can you think of some commercial products you might have at home that are
heterogeneous mixtures? List one or more.

7. Learn the names and symbols of the elements your instructor suggests. A good
starting point is the first 30 elements, plus Br, Sr, Ag, Sn, |, Ba, Pt, Au, Hg, and Pb.
Spelling counts! You do not need to memorize any numbers, as the periodic table will
always be available for your use.

8. Read the assigned pages in the text, and work the assigned problems.
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ChemActivity 3

Atoms and the Periodic Table’

(What are atoms?)

Model 1: Schematic diagrams for various atoms

® proton (+)

O neutron (no charge)

o electron (-)

Hydrogen Hydrogen Hydrogen Hydrogen ion
IH ZH 3H 1H+

o o o)

® o S @
1.0078 amu 2.0141 amu 3.01605 amu 1.0073 amu

Carbon Carbon Carbon ion
12C l3C o l3c—
o © o © o
o o o o

-]

g o
o o
6 protons 6 protons

o
o
o
©'\6 protons

6 neutrons 7 neutrons 7 neutrons
exactly 12 amu 13.0034 amu 13.0039 amu
Magnesium Magnesium Magnesium Magnesium ion
24 5 26 24N [ 512
o o | *Mg o Mg o o ‘Mg Mg
o © 0© 9 o o o 0o0©
) o o o o o o 6
o o ° o ° o o
o o o (o] o (e o] o o]
© \12 protons © \12 protons © \12 protons © "\ 12 protons
12 neutrons 13 neutrons 14 neutrons 12 neutrons|
23.9850 amu 24.9858 amu 25.9826 amu 23.9839 amu
'H, ?H, and *H are isotopes of hydrogen.  '?C and '*C are isotopes of carbon.
12C and 1C may also be written as "carbon-12" and "carbon-13"
The nucleus of an atom contains the protons and the neutrons (if any).
An "amu" is an atomic mass unit.
' Adapted from ChemActivity 1, Moog, R.S. and Farrell, J.J., Chemistry: A Guided Inquiry, 5th ed., Wiley, 2011, pp. 2-6.
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Critical Thinking Questions:
Manager: For questions 1-3, identify a different team member to give the first explanation.

1.

Look at the schematic diagrams for carbon. What do all three carbon atoms (and ions)
have in common?

What do all four hydrogen atoms (and ions) have in common?

What do all magnesium atoms (and ions) have in common?

Look at the periodic table (e.g., in your text). Considering your answers to CTQs
1-3, what is the significance of the atomic number, above each element in the table?

How many protons are in all chlorine atoms? Do you think chlorine atoms exist with
18 protons? Why or why not? Confer with your team and once you agree, write
your answer in a complete sentence.

How many electrons are found in **C? B3¢? 3¢

Engage in a team discussion to identify what feature distinguishes a neutral atom from
an ion. Write the consensus answer in a complete sentence.

Engage in a team discussion and once your team agrees, write a formula for calculating
the charge of an ion. Spokesperson (Presenter): Be prepared to share the team
answer with the class.

A positively charged ion is called a cation (pronounced “cat ion”), and a negatively
charged ion is called an anion (pronounced “an ion”). Which term applies to the
magnesium ion?

10. Process Analyst (Reflector): Comment to your team on strengths and needed

improvements for your teamwork so far.
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