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CFormative Assessment Activities for High School Chemistr\D Chemical Families and Periodic Trends

Matter and the Periodic Table
Chemical Families and Periodic Trends

Purpose

The purpose of this station is to reinforce students’ understanding of the organization and
predictive power of the Periodic Table of the Elements and students’ ability to use it to
explain the chemical properties of families of elements and periodic trends in element
families and periods.
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Matter and the Periodic Table
Chemical Families and Periodic Trends

Teacher Pages

Essential Understandings

e Alkali metals are the most reactive metal family, with one valence electron that is
easily lost, forming ions with a +1 charge.

e Alkaline earth metals are reactive and form ions with a +2 charge.

e Transition metals are typical metals that can have multiple oxidation states.

e Halogens tend to gain electrons, forming —1 ions.

e Noble gases have extremely low reactivity because they have full outer energy levels.

e A greater effective nuclear charge increases the attraction of the nucleus and pulls the
electron cloud closer to the nucleus, resulting in a smaller atomic radius.

e Anincreased number of energy levels increases the distance over which the nucleus
must pull and reduces the attraction for electrons.

e Full energy levels provide shielding between the nucleus and valence electrons.

Materials

Metal baking sheet (1 per station)
Magnetic tape roll (1 half-inch wide roll per station)

The following materials are included in the blackline masters for this station.

Station Information Sheet (1 per station)
Periodic Table Cards (1 per station)

Periodic Trend Arrows (1 per station)
Periodic Table Labels (1 per station)

Student Pages (1 set per student)

Periodic Table of the Elements (1 per station)

Advance Preparation

1. Print one copy of all the blackline masters for this station using a color printer. Color is
essential to the station activities. Make one copy of the Student Pages (including the
glossary) for each student.

2. Laminate the Station Information Sheet and the Periodic Table of the Elements.
3. Laminate and cut apart the Periodic Table Cards, Periodic Trend Arrows, and Periodic Table

Labels. Attach a short piece of magnetic tape to the back of the Periodic Table Cards and
Periodic Trend Arrows.
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Place the Periodic Table Cards, Periodic Trend Arrows, and Periodic Table Labels in separate
labeled envelopes.

Station Setup

1. Tape the Station Information Sheet to the station table. Students will use this to confirm the
station is set up correctly.

2. Place Periodic Table of the Elements, metal sheet, Periodic Table Cards, Periodic Trend
Arrows, and Periodic Labels at the table.

Procedures

1. Tell students to check the station setup against the Station Information Sheet when they
arrive at the table. If anything is missing or out of place, they should notify you.

2. Pass out a copy of the Student Pages to each student. Instruct students to work through the
procedures and answer the questions with their teammate(s).

3. As students work through the station activity, circulate around the room, checking their
work and responding to questions.

Guide to Student Responses

Note—The suggested student responses presented below in italics represent the best possible answers to the
student questions; actual student responses may vary.

Essential Question

How can the Periodic Table of the Elements be used to predict periodic trends in chemical
families and periods?

Elements in the same group on the table have similar chemical properties. Elements in
the same period on the table show trends in atomic and ionic radius, ionization energy,
and electronegativity.
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Part |: Periodic Table Trends

1. Arrange the Periodic Table Cards in a logical order on the metal sheet, creating a Periodic
Table of the Elements.

Answers:
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2. Using the information on the cards, place the Periodic Trend Arrows around the periodic
table, showing the direction of increase in each trend.
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Electronegativity is the ability of an atom to attract electrons. Based on the information on
the Periodic Table Cards, which element has the greatest electronegativity?

Fluorine
Explain the trend in electronegativity as elements go . . .

Down in a group:

As the elements go down in a group, electronegativity decreases because the distance
between the nucleus and valence electrons in the elements’ atoms increases. More
energy levels filled with electrons shield the nucleus.

Across in a period:
As elements move across a period, electronegativity increases as the nuclear charge
increases.

Ionization energy is the energy required to remove an electron from an atom. Based on the
Periodic Table of the Elements, how do the ionization energies of Group 1 compare to the
ionization energies of Group 17?

Ionization energy of Group 1 is low compared to that of Group 17.

What causes the differences in ionization energies for these two groups?

The elements in Group 17 have larger effective nuclear charges than those in Group 1.
Positive ions (cations) tend to be smaller than their corresponding neutral atoms. What is a
possible explanation for this?

Cations have fewer electrons than their corresponding neutral atoms, which increases

the effective nuclear charge that draws the remaining electrons closer to the nucleus.
Negative ions (anions) tend to be larger than their corresponding neutral atoms. What could
be an explanation for this?

Anions have more electrons, and repulsion forces between electrons push them further
apart. When electrons outnumber protons, the nucleus cannot pull the electron cloud as
tightly around itself.

The following table shows the ionic radius for elements in Periods 2 and 3:

Period Li* Be?* B3* c* N* o F
2 60 31 20 15 171 140 136
Na* Mg** | AP* Sitt P> s> cr

3 95 65 50 41 212 184 181

What is the general trend that occurs across each period?

Ionic radius decreases for positive and negative ions, although negative ions are larger
than positive ions.
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9. What do you predict the trend will be for ionic radius down a group?

Ionic radius increases as energy levels are added.

Part Il: Chemical Families

Locate the Periodic Table Labels. Use the information in the Glossary to answer the following
questions.

10. Place the Periodic Table Labels for alkali metals, alkaline earth metals, transition metals,
halogens, and noble gases on the large Periodic Table of the Elements.

(Answers shown below.)
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11. Why is it important to know the properties of different groups of elements in the Periodic
Table of the Elements?

Classifying elements into groups with similar properties gives us information about
their chemical reactivity.
12. Compare the reactivity of alkali metals and noble gases. What property of these groups of
elements accounts for the differences in their reactivity?

The alkali metals are very reactive, losing their single valence electron and forming
compounds easily. Noble gases are very stable as they have a complete outer energy
level.
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13. Compare the reactivity of alkali metals and halogens. What accounts for their differences?

The alkali metals tend to lose their single valence electron, forming positive ions.
Losing one electron allows the alkali metals to achieve a stable noble gas configuration.
Gaining one electron allows the halogens to achieve a stable noble gas configuration.

The halogens tend to gain one electron, forming negative ions. The reactivity of the
alkali metals increases as you move down the group because the outermost electron is
more easily lost as it gets further away from the nucleus. The reactivity of the halogens
decreases as you move down the group because electrons are less easily attracted by
the nucleus due to increased shielding.

14. Now that you have completed these exercises, return to the Essential Question. Would you
like to modify or change your answer? Write any modifications to your answer below.

Answers will vary.
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Station Information Sheet
Chemical Families and Periodic Trends
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Periodic Table Cards
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Periodic Trend Arrows
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Periodic Table Labels
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Matter and the Periodic Table
Chemical Families and Periodic Trends

Student Pages

Purpose

The purpose of this station is to understand the organization and predictive power of
the Periodic Table of the Elements and to use it to explain the chemical properties of
families of elements and periodic trends in families and periods.

Before You Begin...

Check to see that all the items are present and organized according to the Station
Information Sheet. If you notice a problem, notify your teacher immediately.

Materials

Station Information Sheet
Periodic Table of the Elements
Metal baking sheet

Periodic Table Cards

Periodic Trend Arrows
Periodic Table Labels

Essential Question

How can the Periodic Table of the Elements be used to predict periodic trends in
chemical families and periods?

The Charles A. Dana Center at The University of Texas at Austin Student Pages
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Part I: Periodic Table Trends
Locate the Periodic Table Cards and the metal baking sheet.

1. Arrange the Periodic Table Cards in a logical order on the metal sheet, creating a
Periodic Table of the Elements.

2. Using the information on the cards, place the Periodic Trend Arrows around the
Periodic Table, showing the direction of increase in each trend.

3. Electronegativity is the ability of an atom to attract electrons. Based on the
information on the Periodic Table Cards, which element has the greatest
electronegativity?

4. Explain the trend in electronegativity as elements go . . .

Down in a group:

Across in a period:

5. Ionization energy is the energy required to remove an electron from an atom.
Based on the Periodic Table of the Elements, how do the ionization energies of
Group 1 compare to the ionization energies of Group 17?

What causes the differences in ionization energies for these two groups?
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6. Positive ions (cations) tend to be smaller than their corresponding neutral atoms.
What is a possible explanation for this?

7. Negative ions (anions) tend to be larger than their corresponding neutral atoms.
What could be an explanation for this?

8. The following table shows the ionic radius for elements in periods 2 and 3:

Period Li* Be?* B** c* N> o* F
2 60 31 20 15 171 140 136
Na* Mg>* | AP* si*t P> s* cr

3 95 65 50 41 212 184 181

What is the general trend that occurs across each period?

9. What do you predict the trend will be for ionic radius down a group?

Part II: Chemical Families

Locate the Periodic Table Labels. Use the information in the Glossary to answer the
following questions.

10. Place the Periodic Table Labels for alkali metals, alkaline earth metals, transition
metals, halogens, and noble gases on the large Periodic Table.
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11.

12.

13.

14.

Why is it important to know the properties of different groups of elements in the
Periodic Table?

Compare the reactivity of alkali metals and noble gases. What property of these
groups of elements accounts for the differences in their reactivity?

Compare the reactivity of alkali metals and halogens. What accounts for their
differences?

Now that you have completed these exercises, return to the Essential Question.
Would you like to modify or change your answer? Write any modifications to your
answer below.

NOTE: Because other students are going to do the activity after you, be sure to put all
the materials at the station back as you found them. Sometimes there will be materials
that need to be renewed or replaced. If you need assistance or have any questions, ask
your teacher.
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I Need to Remember. ..

Complete this part after class discussion of this station.

I need to remember . . .
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Glossary for Chemical Families and Periodic Trends

Alkali Metals

Alkali metals have one valence electron, which is easily lost, causing ions that carry
a +1 charge to form. As metals get larger, the outer electrons are more easily lost
because they are shielded from the positive nucleus by electrons in lower energy
levels.

Alkaline Earth Metals
Alkali metals have two valence electrons and form ions carrying a +2 charge.

Atomic Radius

The atomic radius is equal to one half the distance between the two nuclei in a
molecule made up of two identical atoms.

Electronegativity
Electronegativity is the tendency of an atom in a molecule to attract electrons to it.

Halogens

Halogens are nonmetals that tend to gain an electron and form ions carrying a —1
charge. As you move down the group on the Periodic Table and more energy levels
filled with electrons shield the positive charge of the nucleus, halogens have more
difficulty gaining electrons.

Ionic Crystal

An ionic crystal is a compound held together by ionic bonding and formed from the
attraction between oppositely charged ions, such as NaCl.

Ionic Radius

The ionic radius is the radius of an ion in an ionic crystal.

Ionization Energy

Ionization energy is the energy needed to remove the most loosely held electron
from an atom in the gaseous state.

Noble Gases

Noble gases are also called inert gases because they generally do not react with any
other elements.
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Formative Assessment Activities for
High School Chemistry

This full-color book provides 14 hands-on, interactive activities
designed to assess and reinforce students’ knowledge of chemistry
content and scientific practice skills in five categories: matter and the
periodic table, atomic structure and nuclear chemistry, bonding and
chemical reactions, gases and thermochemistry, and solutions and
chemical reactions.

These activities address key chemistry standards from the Next
Generation Science Standards and the Texas Essential Knowledge and
Skills. A table in the introduction lists the specific standards addressed
Py each activity.

The book comes with a full-color DVD so you can print blackline
masters. The DVD provides a complete electronic copy of the book
and may be purchased separately.

DVD with teacher and student resources: $30.00
Full Color Printed Book: $95.00
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