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Chemistry Daily Lesson Log
Week of 3/30/2020 - 4/3/2020

Each day
1. Check out the lesson for the day
2. Complete the activities listed
3. Complete a learning log entry for the day. The learning log must be completed each day (even if you don’t finish
all the work, still state what you learned), make sure to write the date and activities completed, and what you
learned from them.

Lesson # Materials Due @ the end of the lesson - check each item
off as you complete it!
6 [d Periodic Table Coloring Activity (d Color the periodic table according to
(Monday 3-30) [d Colored Pencils the directions
4 Answer the questions on the final page
of the worksheet entitled “Family Ties”
1 Learning Log
7 [d Stemscopedia on the periodic table Write a summary of what you learned

(Tuesday 3-31) pages 6-9 ONLY Write a list of questions you still have
about how the periodic table operates

d Learning Log

8 (4 POGIL on Coulombic Attraction (4 Complete POGIL activity and answer
(Wednesday questions as you go
4-1) 4 Learning Log
9 POGIL on Periodic Trends 4 Complete POGIL activity and answer

(Thursday 4-2)

qguestions as you go

(d Learning Log

10 [d Stemscopedia pages 9-12
(Friday 4-3)

Write a summary of what you learned
Write a list of questions you still have

about how the periodic table operates
1 Learning Log

(NN

Below are some video resources that you may find helpful. They aren’t required, but you may find them useful!

Coulomb’s Law simulation: https://phet.colorado.edu/sims/html/coulombs-law/latest/coulombs-law_en.html

Periodic Table: https://www.youtube.com/watch?v=tc9tEUgUmKw

Periodic Trends: https://www.youtube.com/watch?v=XK-WTYncldA



https://phet.colorado.edu/sims/html/coulombs-law/latest/coulombs-law_en.html
https://www.youtube.com/watch?v=tc9tEUqUmKw
https://www.youtube.com/watch?v=XK-WTYncldA
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Name: Period:

Color Coding the Periodic Table

There are a number of major groups with similar properties. They are as follows:

Hydrogen: This element does not match the properties of any other group so it stands alone. It is placed
above group 1 but it is not part of that group. It is a very reactive, colorless, odorless gas at room
temperature. (1 outer level electron)

Group 1: Alkali Metals — These metals are extremely reactive and are never found in nature in their pure
form. They are silver colored and shiny. Their density is extremely low so that they are soft
enough to be cut with a knife. (1 outer level electron)

Group 2: Alkaline-earth Metals — Slightly less reactive than alkali metals. They are silver colored and
more dense than alkali metals. (2 outer level electrons)

Groups 3 —12: Transition Metals — These metals have a moderate range of reactivity and a wide range of
properties. In general, they are shiny and good conductors of heat and electricity. They also
have higher densities and melting points than groups 1 & 2. (1 or 2 outer level electrons)

Lanthanides and Actinides: These are also transition metals that were taken out and placed at the
bottom of the table so the table wouldn’t be so wide. The elements in each of these two periods
share many properties. The lanthanides are shiny and reactive. The actinides are all radioactive
and are therefore unstable. Elements 95 through 103 do not exist in nature but have been

manufactured in the lab.

Group 13: Boron Group — Contains one metalloid and 4 metals. Reactive. Aluminum is in this group. It is
also the most abundant metal in the earth’s crust. (3 outer level electrons)

Group 14: Carbon Group — Contains on nonmetal, two metalloids, and two metals. Varied reactivity. (4
outer level electrons)

Group 15: Nitrogen Group — Contains two nonmetals, two metalloids, and one metal. Varied reactivity.
(5 outer level electrons)

Group 16: Oxygen Group — Contains three nonmetals, one metalloid, and one metal.
Reactive group. (6 outer level electrons)

Groups 17: Halogens — All nonmetals. Very reactive. Poor conductors of heat and electricity. Tend to
form salts with metals. Ex. NaCl: sodium chloride also known as “table salt”. (7 outer level
electrons)

Groups 18: Noble Gases — Unreactive nonmetals. All are colorless, odorless gases at room temperature.
All found in earth’s atmosphere in small amounts. (8 outer level electrons)



Name: Period:

Color Coding the Periodic Table Student Worksheet

This worksheet will help you understand how the periodic table is arranged.
Your teacher will give you a copy of the periodic table to color. Using map
pencils, color each group on the table as follows:

Number the top (columns) of the periodic table 1-18

Number the side (rows) of the period table 1-7

Color the square for Hydrogen pink.

Lightly color all metals yellow.

Place black dots in the squares of all alkali metals.

Draw a horizontal line across each box in the group of alkaline earth metals.
Draw a diagonal line across each box of all transition metals.

Color the metalloids purple.

o ® N o s W

Color the nonmetals orange.

U=y
(=)

. Draw small brown circles in each box of the halogens.

—_
—_

. Draw checkerboard lines through all the boxes of the noble gases.

[uy
N

. Using a black color, trace the zigzag line that separates the metals from the
nonmetals.
13. Color all the lanthanides red.

14. Color all the actinides green.

When you are finished, make sure you have a key that indicates which color
identifies which group on your periodic table!
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Name: Period:

Family Ties

Student Worksheet

Follow the instructions below to label the major groups and divisions of the
periodic table.

[y

. The vertical columns on the periodic table are called

2. The horizontal rows on the periodic table are called

3. Most of the elements in the periodic table are classified as

4. The elements that touch the zigzag line are classified as

5. The elements in the far upper right corner are classified
as

6. Elements in the first group have one outer shell electron and are extremely
reactive. They are called

7. Elements in the second group have 2 outer shell electrons and are also very
reactive. They are called

8. Elements in groups 3 through 12 have many useful properties and are
called

9. Elements in group 17 are known as “salt formers”. They are called

10.Elements in group 18 are very unreactive. They are said to be “inert”. We
call these the

11.The elements at the bottom of the table were pulled out to keep the table
from becoming too long. The first period at the bottom called the

12.The second period at the bottom of the table is called the




Objectives
->  Describe the
structure of an
atom.

=  Use the periodic
table as a model to
predict the relative
properties of
elements.

=  Use the periodic
table to predict
trends in size,
reactivity, and
electronegativity.

=»  Distinguish
between ionic,
covalent, and
metallic bonds.

Key Terms
Atoms

Electron

Protons

Nucleus
Neutrons

Isotope

Energy levels
Valence electrons
Groups

Periods

Octet

lons

lonic bonding
Covalent bonding
Metallic bonding
Electronegativity
Atomic radii
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Periodic Table and Element Structure

Everything in the universe, including all matter on Earth, is formed from
unigue combinations of tiny, neutral particles called atoms. These
particles are so small that they cannot be seen with even the best
microscope. Atoms of the same kind come together to form elements.
To this date, there are 118 elements that have been discovered. The
elements’ names have been placed in a chart called the periodic table.
The placement of each element in this “warehouse” is based on
characteristics of that particular atom.

The Atom

Even though atoms cannot be seen by the naked eye, the concept has
been in existence for over 2,000 years. Around 442 BC, the Greek
theorist Democritus proposed a theory on the premise that if a stone
were continuously cut in half, you would eventually come to a point at
which the stone would be too small to halve. He called this atomos,
which translates to mean “indivisible.” An atom is defined as the
smallest component of an element that has the properties of that
element.

Later theories led the way to the discovery of subatomic particles, or
substructures. Today we understand that the atom consists of
electrons, protons, and neutrons. Each subparticle was discovered
by different investigations.

Electrons

Electrons were discovered in 1897 by the British physicist J. J.
Thomson in his cathode ray experiment. Thomson discovered the
negatively charged particle that orbits the atom’s center by sending an
electric current through an empty glass cathode tube. The rays were
bent toward the positively charged plate and away from the negatively
charged plate. This led to the theory that atoms consisted of a very
small particle with a negative charge, called the electron. An electron is
defined as a negatively charged subatomic particle with no known
substructure.



Protons

A proton is the positively charged particle found in the center of the atom. Protons were discovered in
1911 by Ernest Rutherford, using the gold foil experiment. This experiment shot a beam of alpha
particles at a thin, gold foil sheet. His theory was that particles should pass through the gold foil.
However, a small percentage of the atoms was deflected. Figure 1 shows how the gold foil

experiment was set up.

Figure 1

This led to the theory that a very small region of an atom has a positive charge, leading to the
subparticle called a proton. He further theorized that these protons were in a dense region of the
atom he termed the nucleus.

Neutrons

In 1932, James Chadwick, an English physicist who worked closely with Rutherford, discovered
neutrons. He based his findings on his and others’ work that measured the mass of atoms; yet when
compared to the number of protons, those numbers were different. He proposed that a neutron was
another particle in the nucleus that had a mass similar to the proton but no charge.

The Nature of Science in Action
Scientific Investigations Use a Variety of Methods
Scientific inquiry is characterized by a commaon set of values that include logical thinking,
precision, open-mindedness, objectivity, skepticism, replicability of results, and honest and ethical

reporting of findings.

The inquiry of these scientists set the stage for further investigation of the atom, including
structure and energy resources.

© Accelerate Learning Inc. - All Rights Reserved 2



Isotopes

There are elements with atoms that are not completely identical. These atoms have the same number
of electrons and protons and, therefore, possess the same chemical properties, but the mass of the
atoms differs. This is due to the number of neutrons found in the atoms’ nuclei. These are called
isotopes, which are atoms of the same element that differ in number of neutrons. Figure 2 shows the
two naturally occurring isotopes of helium. Not all elements have known isotopes. Those that do have
isotopes can have as few as one, such as lithium, ®Li and "Li (stated as lithium 6 and lithium 7). Tin
currently has the most known isotopes, with 10.

Proton @@

v 6 Meutron ()

Electron @

Figure 2

Atomic Structure
Once scientists understood the parts of an atom, it was only a
matter of time before there was inquiry into the movement,

e
/f"’ e “‘H\\ shape, and structure of its parts. During the late 19th century,
/’ H‘\\\ scientists began to theorize about the shape and structure of the
atom.
¢ &3 )
(NN : The Bohr Model
\‘\ N S Niels Bohr’'s model was developed in 1913 with concentric
~ o circles around a central nucleus. He proposed that these

concentric circles would have set energies and electrons would
@ 6Protons  © 6Neutrons @ 6 Electrons travel in those orbits, or energy levels, much like planets

Figure 3 orbiting the Sun. An energy level was defined as a discrete
region around the nucleus where electrons can exist. A diagram
of a carbon atom Bohr model can be seen in figure 3. Electrons
were able to move from one energy level to another if the atom
was exposed to enough energy to allow for the movement. He
also hypothesized that as these electrons moved to a lower
energy level, that energy was emitted in the form of a photon,
thus emitting light.

© Accelerate Learning Inc. - All Rights Reserved 3



Although Bohr’s model seemed to answer most questions about atomic
behavior for hydrogen, there were still questions about atoms with more
than one electron. Through the work of Louis de Broglie, Werner
Heisenberg, and Erwin Schrddinger, the quantum model of the atom
was established. The quantum model states that there are regions
within the atom where there is a high probability of finding the
electrons. These regions are referred to as electron orbitals. The
electron cloud is the region where there is the highest probability of
finding an electron within an orbital. Electrons do not follow a set path,
like the planets do, but instead move within the area of the electron
cloud at extremely high speeds. A good illustration is a fan’s moving
blades (figure 4). When turned on, the moving blades look like one
continuous blade instead of the individual ones. You know the blades
are moving within that area; however, you cannot say for certain where
a specific blade is at any precise moment. This is how you can describe electrons and their
movement in the electron cloud. We know they travel in a confined area (the electron cloud), but
we cannot say for certain where each one is found at any specific time. This is known as the
Heisenberg uncertainty principle.

Figure 4

The accepted modern atomic theory states that an atom consists of a positively charged, centrally
located nucleus containing protons and neutrons. Negatively charged electrons are found in the
area around the nucleus in the electron cloud. Protons are used to determine the atom’s identity,
while the valence electrons will determine the atom’s reactivity. Valence electrons are found in
the outermost energy level of an atom.

CICAETHE NSRS SR RO
A ML HAE S EEA

Organization of the Elements A

Dmitri Mendeleev

As atoms of elements were being studied in the late nineteenth century,
several scientists were looking for a way to organize the elements to keep
track of known elements and add new ones as they were discovered. The
person given credit for developing this organization was a scientist and teacher named Dmitri
Mendeleev (figure 5). In 1869, Mendeleev began by writing the physical and chemical properties of
each element on a card. When he organized them by atomic mass, he began to see a pattern.
Certain characteristics occurred periodically, or in a predictable manner. As he continued to place the
60 elements that were known at the time, he realized there were some open spaces on the table. He
predicted that elements would be discovered that would fill those spots, and he even went so far as to
describe what properties those elements would have. When gallium (1875) and germanium (1886)
were discovered and their properties were a close match to what Mendeleev predicted, the scientific
community realized the organization of the table was a powerful tool.

Figure 5

© Accelerate Learning Inc. - All Rights Reserved 4



The Modern Periodic Table

So, does the periodic table today look like the one Mendeleev made in 18697 Although Mendeleev’s
organization made sense, there were a few elements that seemed out of place. In 1913, British
scientist Henry Moseley used X-rays to investigate properties of the elements. He found that as you
moved up one element on Mendeleev’s chart of elements, there was a slight change in the
wavelength. He thus proposed an increase in charge. This would correlate to the number of protons
in each atom. Later that year, the term atomic number was coined and designated to represent the
number of protons found in an atom.

Carbon — Element name When organizing the elements using the the atomic number, the
8 | Atomic number anomalies of reactivity in Mendeleev’s table were resolved. The
modern periodic table has been organized by atomic number
C ———— Alomic symbol since then. Figure 6 shows how elements are represented with
12,011 ——  Atomic mass atomic numbers on the periodic table.
Figure &

Periodic Law

As elements were arranged by atomic number in the rows and columns of the table, a pattern of
properties emerged. The columns of the table were referred to as groups, and the elements in those
groups had similar chemical properties. The rows of the table were referred to as periods. The
repeating pattern of properties as you go across a period is a reflection of the periodic law. The
periodic law states that the physical and chemical properties of the elements are periodic functions of
their atomic numbers.

© Accelerate Learning Inc. - All Rights Reserved



Periodic Table and Element Structure

The Periodic Table

As the elements were organized by atomic number, the patterns of behavior became very obvious.
That allowed for some generalized classifications of the elements. As seen in figure 7, there are three
main classifications: metals (blue), nonmetals (white), and metalloids (yellow). It is very clear that
most elements on the periodic table are metals.

Metals, Nonmetals and Metalloids

Lanthanide Series

Actinide Series

Metals: blue
Wetalloids: yellow
Nonmetals: white

Figure 7

The Nature of Science in Action
Scientific Knowledge Assumes an Order and Consistency in Natural Systems

Scientific knowledge is based on the assumption that natural laws operate today as they did in
the past and they will continue to do so in the future.

Periodic law continues to be proven as more elements are discovered and added to the periodic
table.

©® Accelerate Learning Inc. - All Rights Reserved 6



Silver Bars, a metal

Sulfur, a nonmetal

Silicon (crystallized),
a metalloid

&)

Figure 8

© Accelerate Learning Inc. - All Rights Reserved

Periodic Table and Element Structure

Metals are located to the left of the stairstep of the periodic table and
are shown in blue in figure 7. Most metals share similar properties;
they are generally dense, shiny solids (except one) with high melting
points. Metals are malleable and ductile, meaning they can be
hammered thin or pulled into thin wires without breaking. Metals are
also good conductors of both heat and electricity.

Nonmetals may be found to the right side of the periodic table and are
shown in white in figure 7. They are very different from metals. The
surface of most nonmetals is dull, and they are poor conductors of both
heat and electricity. Most nonmetals will melt at low temperatures, and
they also have a low density. Unlike metals, nonmetals are brittle and
will break when stretched or hammered.

Metalloids are elements that have properties of both metals and
nonmetals and are located in the stairstep area between the metals
and nonmetals. They are shown in yellow in figure 7. Like metals,
metalloids may be shiny. However, metalloids may also be dull, like
many nonmetals. They can conduct both heat and electricity, but not
as well as metals.

Valence Electrons and Groups

As the elements were organized on the periodic table, a pattern
emerged with reactivity as well. Chemical reactivity is based on the
outer electrons of an atom, referred to as valence electrons, as shown
in figure 8. As the elements move across the period, the number of
electrons increased by one. This pattern allowed for elements in a
group to have the same number of valence electrons and thus the
same reactivity. This holds true for the main group elements (1, 2, 13,
14, 15, 16, 17, 18). The transition metals behave a little differently
based on their electron configuration.



L Alkal Metals Group 1: Alkali Metals

These elements have similar physical properties related to their

_ metallic appearance. They are silver-colored, soft metals that

] EEEREE have never been found in elemental form in nature due their high
reactivity. Some alkali metals are involved in many biological

functions. They have one valence electron that is readily

transferred to other atoms.

Group 2: Alkaline Earth Metals
Alkaline Earth Metals The metals in this group are also silver-colored, soft metals, but
_ _ they are slightly less reactive than the alkali metals. Alkaline earth
‘ ‘ | ‘ ] j metals are also important in many biological processes. They
\
1]
[ 1]

have two valence electrons that can be readily transferred to other
} } } atoms.

Group 17: Halogens
Halogens The elements found in this group are highly reactive nonmetals
that are rarely found in elemental form in nature. They have
seven electrons in the outermost shell and will readily gain an
electron. Halogens are the only periodic table group that contains
T i \ - elements in all three familiar states of matter at standard
temperature and pressure.

Group 18: Noble Gases
Noble Gases The elements in this group consist of nonreactive gases that are
’ always found in elemental form in nature. They are known as the
noble gases and are odorless, colorless, and monatomic. They have
eight valence electrons in their outer shell, except for helium, which
[ 1] L1 only has two. All the elements in this group have a full energy level,
or octet, of valence electrons. This full set of valence electrons is
what makes these elements nonreactive, as they have very little or
no tendency to gain or lose electrons. There are many modern-day
applications for noble gases. As these gases emit different colors of
light when exposed to electrical discharge, they are often used as
decorative lighting in buildings or in signs. Examples include helium,
neon, argon, krypton, and xenon.

© Accelerate Learning Inc. - All Rights Reserved



Transition Metals

+

Inner Transition Metals

Periodic Trends

Predict Properties with Trends

Transition Metals

These elements include the transition metals found in the
middle columns of the periodic table, groups 3—12. They have
a variable number of outer electrons present in more than one
shell, leading to a variety of possible charges for each element.
Even though these elements have a variable number of
valence electrons, they share many similar chemical and
physical properties. As with all metals, the transition elements
are both ductile and malleable, are good conductors of both

electricity and heat, and have high density and high melting-boiling
points. Examples include iron, nickel, copper, gold, and silver.
Compounds of transition metals are usually colored.

Inner Transition Metals

This includes the lanthanide and actinide series. They are
located at the bottom of the periodic table and are called the
inner transition metals. It is rare to find these elements in a
pure form in nature. As a result, they are very expensive to
obtain. There are several modern-day industries and
applications that depend on rare earth metals, such as the
glass-polishing industry, certain computer applications, and

production of some magnets. All the actinides are radioactive, and
most do not occur naturally on Earth. Instead, they can only be
created in laboratories under very specific conditions, and most have
incredibly short half-lives.

As stated earlier, the elements on the periodic table follow periodic law. The characteristics can be
used to determine trends. These characteristic properties of elemental families can be attributed to
the valence electrons in the outermost electron orbital of each element. All periodic trends can be
explained by three simple concepts: attraction of the nucleus for the valence electrons (opposite
charges attract), the repulsion of the electrons from each other (like charges repel), and the energy

levels within the atom.

© Accelerate Learning Inc. - All Rights Reserved



Periodic Table and Element Structure

Atomic Radii

The atomic radius is the measurement from the nucleus of one atom

Abomic
radius

Figure 9
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overall trend in atomic radii on the periodic table.

Atomic Radii

.
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to the nucleus of the same atom it is touching and then divided in half.
The atomic radii of atoms will decrease when moving from left to right
on the periodic table. This is due to the increasing number of protons
within the nuclei pulling on the electrons. As you move down a group,
the atomic radii will increase. This is due to the addition of electron
orbitals. With more electrons farther away from the nucleus, there is
greater repulsion, resulting in a larger radius. Figure 10 shows the
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lons

Atoms are neutral because they have the same number of protons and electrons. However, based on
valence electrons, some atoms will easily gain or lose electrons to other atoms, creating an ion. An
ion is an atom with a charge. This charge is determined by the number of electrons either gained or
lost. In the case of atoms in group 1, they easily transfer their one valence electron to other elements.
This creates an atom with more protons than electrons, thus a positively charged ion called a cation.

The opposite occurs when an atom gains an

18e- electron. In this case, the atom now has more
electrons than protons, creating a negatively
charged ion called an anion. Figure 11 shows a
chlorine atom and a chlorine ion.

Clatom i Clion
igure 11

lonization Energy

Another important periodic trend is ionization energy, which is the amount of energy required to
remove an electron from a neutral atom. The ionization energy of elements within the same chemical
family decreases with increasing atomic number. lonization energy generally increases as you move
from left to right across a period and as you move up a group.

lonic Radii

As with the atomic radius, there is a trend with the ionic radius. As you move down a group, in
general, the ionic radii will increase due to the addition of an electron orbital. As you go across a
period, there is a decrease in the ionic radii of cations. Then you will see a jump in the ionic radii as
anions are formed. But as you continue across the period, the anion radii will decrease as well. Refer

to figure 12.
- romicraai This trend makes sense when you look at the forces occurring in the
e ‘e "o e ions. The positively charged ion will become smaller due to larger
Mg . wie o: 0 attractive forces between the protons in the nucleus and the
{ T e “@- "®- electrons. The negatively charged ion will become larger due to an
®:'®: e ® '@ increased number of electrons and the resulting electron repulsion,
Ionic radii thereby increasing the ionic radius.

Figurs 12
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Figure 13
Electronegativity

The electronegativity of an element reflects its ability to attract electrons to itself in a chemical bond.
Electronegativity generally increases when moving from left to right across a period and decreases
when moving down a group. This makes fluorine the most electronegative element and francium the
least electronegative element.

Atomic Bonding

When stating that atoms lose or gain electrons, the reality is that electrons are being transferred or
shared with other atoms, creating a bond. In atomic bonding, there are three main types of bonds:
ionic, covalent, and metallic. The nature of these bonds is based on the behavior of the electrons in
each atom.

lonic Bonding

In ionic bonds, electrons are generally transferred from a metal to a
nonmetal, creating an ion. The atom that loses electrons becomes a
positively charged ion, or cation. The atom that gains electrons becomes a
negatively charged ion, or anion. The attraction between the newly formed
cation and anion results in the formation of an ionic bond. The basic unit of
ionic bonds is known as a formula unit. Therefore, the formula unit of
sodium chloride is a sodium cation and a chloride anion.

© Accelerate Learning Inc. - All Rights Reserved 12
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© Accelerate Learning Inc. - All Rights Reserved

Periodic Table and Element Structure

Figure 14 shows the ionic bond formation between sodium and
chlorine. Sodium has one valence electron, while chlorine has seven
valence electrons. The goal is to reach an octet, so sodium will
transfer its one valence electron to chlorine, creating a cation
(sodium) and an anion (chlorine). The two ions will attract each
other, creating an ionic compound: sodium chloride.

In covalent bonds, the valence electrons of each atom are shared
and localized between two atoms (figure 15). Starting with the
central atom, the electrons are placed around each atom in order to
fulfill the octet rule. Important exceptions to the octet rule include
hydrogen and helium, as both atoms only require two valence
electrons to have a full outer electron orbital.

Sharing two electrons between two atoms is considered a single
bond. In many cases, however, covalent compounds cannot form
through single bonding.

Double Bonds

Molecules can also form between atoms that share more than one
electron pair. For example, in a molecule of oxygen gas (O,), each
oxygen atom (O) has six valence electrons, so each atom needs two
electrons to complete its valence orbital (figure 16). Thus, two
electron pairs are shared between the two oxygen atoms. The
sharing of two electron pairs between atoms creates a double bond
that is represented by two parallel lines in Lewis diagrams.

Triple Bonds

In another example, the nitrogen atoms (N) in a molecule of nitrogen
gas (N,) share three electron pairs (figure 17). This type of covalent
bond is known as a triple bond. Double and triple bonds can also
occur between different elements. Triple bonds are represented by
three parallel lines in Lewis diagrams.

13



Periodic Table and Element Structure

Trends and Bonding

Most often, ionic bonds occur between metals and nonmetals, while covalent bonds occur between
two nonmetals. The electronegativity of the elements, however, can actually provide a more
accurate prediction of the type of bond. To determine what type of bond will occur, you will need to
look at the difference in electronegativities. If the electronegativity difference is greater than 1.67,
the bond will be ionic, meaning the electrons have been transferred between the elements,
creating ions and an ionic bond. If the electronegativity is less than 0.2, the electrons will be shared
equally and considered nonpolar covalent. If the difference in electronegativity is between 0.2 and
1.6, the electrons will be shared unequally and considered polar covalent.

Metallic Bonding

In metallic bonding, the electrons in the substance are delocalized,
which means that they do not remain attached to any one atom.
Metallic bonding is formed from the attraction of the electrons to the
metal cations. The valence electrons of metals, while in the solid
state, are free to move around the cations within the metals, as
shown in figure 18. This freedom of electron movement forms
something called the electron sea. Examples of substances that
contain metallic bonds include gold bars, sheets of aluminum fail,
iron pans, and copper wires.

As a result of the electrons’ ability to move freely among the cations, metals are good thermal and
electrical conductors. The structure of the electron sea in a metallic bond provides many other
properties observed in metals. The abilities of the electrons to move throughout the electron sea
and of the cations to slide past each other make metallic bonds more flexible than ionic or covalent
bonds. This flexibility makes metals both malleable (able to be hammered and bent into shapes)
and ductile (able to be stretched into long, thin wires).

The properties of elements are determined by their structure. This structure allows for organization

on the periodic table. The periodicity of the elements helps predict how elements will interact with
each other, including the number and types of bonds.

© Accelerate Learning Inc. - All Rights Reserved 14



Periodic Table and Element Structure

Advanced Topics

Electron Configuration

Further study provided more information to help predict the location of electrons based on
energy. Ultimately, the electrons were organized based on their proximity to the nucleus and
the shape of the orbital in which they traveled. This organization included a principal
quantum number, a sublevel, the number of orbitals within that sublevel, and the spin within
that orbital. With this organization, scientists could account for where an electron would
most likely be found in the electron cloud.

The principal quantum number, indicated by n, relates to the main energy level an electron
could possibly occupy. This quantum number currently starts at 1 and goes up to 7. As n
increases, so does the energy of the electron as well as the distance from the nucleus. So, if
an electron has a principal quantum number of 1, it would occupy the first energy level, with
the lowest amount of energy and closest to the nucleus. An electron with a principal
quantum number of 7 would have the higher amount of energy and be farthest from the
nucleus.

Within each energy level, there are sublevels that represent different-shaped orbitals. These
have a designation of s, p, d, or f. As n increases, the number of sublevels will increase. The
figure below represents the different shapes that s, p, and d orbitals are described as. The f
orbital is very complicated and hard to represent graphically. The shapes in general
represent the likelihood of where electrons are found within that sublevel.

-
-
B, By P
™ %> Q. - 4
d d I d, d d

Orhital shapes within sublevels
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Refer to the table below to see the overall organization of quantum numbers used for
electron configuration.

Number of Total Number
e L T Sublevels | Number of Orbitals Electrons per B
Number (Energy Level) Sublevel per Energy
Level
1 S 1 2 2
S 1 2
2 8
p & 6
S 1 2
3 p 3 6 18
d 5 10
s 1 2
p 3 6
4 32
d 5 10
f 7 14

When writing electron configurations, there are guidelines that must be remembered.
1. Electrons will always fill the lowest energy level first.
2. The Pauli exclusion principle states that an orbital can only contain, at most, two
electrons, and those electrons must have an opposite spin.
3. Hund’s rules state that electrons must fill orbitals of the same energy one at time
before a second electron will enter.
Using these guidelines, here are two ways to represent the electron configurations for a few
elements:

Carbon 1s? 2s? 2p2 -U- J—l- J_Z_L_ — Oxygen 152 282 2p4 _u_ _Ll_ J_LE_IL_ J_

15 25 15 235

There are two electrons in the 1s and 2s. This is represented by two arrows pointing in a
different direction. This does not mean that the electrons point up and down, but rather it
means that their spins are opposite each other (Pauli exclusion principle). There are two
electrons in 2p; based on Hund’s rules, an electron is placed in each orbital before the
second electron will fill that orbital. This is represented by placing one arrow in each orbital.
In contrast, you can see that oxygen’s representation has four electrons in 2p. One arrow
was placed in each orbital before the second down-spin arrow was added to the first 2p
orbital.

© Accelerate Learning Inc. - All Rights Reserved 16



Beyond the Classroom

Dmitri Mendeleev had a huge task trying to arrange the 25 elements known at that time into a
usable manner that made sense and could be understood by all those who would need that
information. The information he had available included just the physical and chemical
properties of each element.

You are now going to put yourself in Mendeleev’s shoes. Instead of elements, you will design
your periodic table of foods.

List your 20 favorite foods. Be specific.

Organize these foods into groups and periods.

Provide a name for each group.

Be able to explain how your foods were organized so others could use your periodic
table of food, if needed.

5. Is there any other format you can have used to organize your table, such as a circular
chart? If so, explain what other format you would use and why it would work better than
a traditional table with rows and columns.

hown -

17
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Periodic Table and Element Structure Review

Reviewing Key Terms

Use each of the following terms in a separate
sentence.

Valence electrons
lonic bonding
Nucleus

Period

b~

Use the correct key term to complete each of
the following sentences.

1. is the name for the columns on
the periodic table.

2. are characterized as being
brittle.

3. Most of the elements on the periodic
table are classified as

Reviewing Main Ideas

1. Which element has the smallest radius?
a. Fluorine
b. lodine
c. Chlorine
d. Bromine

2. Which of the following represents the
subparticles for magnesium?
a. 12p, 12e, 13n
b. 12p, 13e, 14n
c. 12p, 13e, 14n
d. 12p, 12e, 12n

© Accelerate Learning Inc. - All Rights Reserved

3. Which type of bond will share valence
electrons between two atoms?
a. lonic
b. Covalent
c. Metallic
d. All of these

Making Connections

1. Explain the difference between an ionic
compound and a covalent compound,
and give two elements that would
combine to form each.

2. Describe the difference between AP
and N*.

Open-Ended Response

1. Explain how metallic bonding supports
the properties of metals.

2. Describe at least two types of tests you
could perform to determine if a
substance was a metal or nonmetal.

3. Choose a group from the periodic table
that you encounter the most in your
everyday life.

4. Compare and contrast 'H, 2H, and °H.

18



Why?

Coulombic Attraction

What variables will affect the force of attraction between charged particles?

Coulombic attraction is the attraction between oppositely charged particles. For example, the protons in
the nucleus of an atom have attraction for the electrons surrounding the nucleus. This is because the pro-
tons are positive and the electrons are negative. The attractive force can be weak or strong. In this activity,
you will explore the strength of attraction between protons and electrons in various atomic structures.

Model 1 — Distance and Attractive Force

Force of Attraction

(Newtons)
0.10 nm
< >0 2.30 x 108
0.20 nm
< »O 0.58 x 107
0.30 nm
< ) 0.26 x 10t

. What subatomic particles do these symbols represent in Model 12

(+) e

. Would you expect to observe attraction or repulsion between the subatomic particles in Model 1?

. Consider the data in Model 1.

a. What are the independent and dependent variables in the data?

b. Write a complete sentence that describes the observed relationship between the independent
and dependent variables in Model 1.

If the distance between a proton and electron is 0.50 nm, would you expect the force of attrac-
tion to be greater than or less than 0.26 x 10~* N?

If two protons are 0.10 nm away from one electron, would you expect the force of attraction to
be greater than or less than 2.30 x 10* N?

Coulombic Attraction 1



Model 2 — The Alkali Metals

Lithium

Sodium

Potassium

l#*

Stronger Force of Attraction

Consider the diagrams in Model 2.

a. What do the arrows represent?

b. How does the thickness of the arrows relate to the property given in part 2?

Using a periodic table, locate the elements whose atoms are diagrammed in Model 2. Are the ele-
ments in the same column or the same row?

. Circle the outermost electron in each of the diagrams in Model 2.

a. As you move from the smallest atom to the largest atom in Model 2, how does the distance
between the outermost electron and the nucleus change?

b. As you move from the smallest atom to the largest atom in Model 2, how does the attractive
force between the outermost electron and the nucleus change?

¢. Are your answers to parts # and & consistent with the information in Model 1?

POGIL™ Activities for High School Chemistry



Model 3 — Number of Protons and Attractive Force

Force of Attraction

(Newtons)
A 0.10 nm
2.30 x 1078
D 0.10 nm
+ = ) -
4.60 x 1078
E 0.10 nm
+ J= )
6.90 x 10t
F 0.10 nm .
ﬂﬁ - 9.20 x 107

9. Consider the data in Model 3.

a. What are the independent and dependent variables in the data?

b. Write a complete sentence that describes the relationship between the independent and
dependent variables in Model 3.

10. What would be the attractive force on a single electron if five protons were in the nucleus of an
atom? Show mathematical work to support your answer.

11. Imagine that a second electron were placed to the left of a nucleus containing two protons
(Model 3, set D). Predict the force of attraction on both the original electron and the second
electron. Explain your prediction with a complete sentence.

Coulombic Attraction



Read This!

The attractive and repulsive forces in an atom are rather complex. An electron is attracted to the protons
in the nucleus, but it is also repelled by the other electrons in the atom. It is important to note however
that the attractive force of the nucleus is NOT divided up among the electrons in the atom. Each electron
gets approximately the full attractive force of the nucleus (minus the repulsive effects of other electrons).
Compare the diagram below to set D in Model 3. Notice the similarity in attractive force.

0.10 nm 0.10 nm
O= > +

A

»O approx. 4.60 x 107
(on each electron)

12. What is the approximate attractive force on each electron below?

0.10 nm N _ 0.10 nm

A
+
A

O=

»)
[ 4
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Model 4 — Period 3 Flements

Sodium Aluminum Chlorine

13. Using the periodic table, locate the elements whose atoms are diagrammed in Model 4. Are the
elements in the same column or the same row?

14. Circle the outermost electron(s) in each of the atoms in Model 4.

15. Which of the three atoms diagrammed in Model 4 has the strongest attraction for its outermost
electron(s)?

W16. Consider the information in Model 4.

a. As you move from the smallest atom to the largest atom, does the distance between the outer-
most electron(s) and the nucleus change significantly?

b. Can the differences in the attractive force shown by the arrows be explained by a change in
the distance between the electron(s) and the nucleus?

¢. On the diagrams in Model 4, write the number of protons located in the nucleus of each
atom.

d. Can the differences in attractive forces shown by the arrows in Model 4 be explained by a
change in the number of protons in the nucleus? If yes, explain the relationship in Model 4.

17. For each set of elements below, circle the element whose atoms will have a stronger attractive
force between their outermost electron(s) and the nucleus.

a. Baand Ca b. Crand Cu ¢. Arand Xe

Coulombic Attraction 5



Extension Questions
18. Consider the atom diagrams in Model 2.

a. On each diagram write the number of protons in the nucleus of the atom.

b. When comparing elements in the same column of the periodic table, which factor—distance
to the nucleus or number of protons in the nucleus—seems to be the dominant factor for
determining the attractive force between the outermost electron(s) and the nucleus? Explain.

19. Consider the data presented in Models 1 and 3.

a. Describe the mathematical relationship between the distance (4) and the attractive force (F)
between protons and electrons.

b. Describe the mathematical relationship between the number of protons in the nucleus (2)
and the attractive force () between the nucleus and electrons.

6 POGIL™ Activities for High School Chemistry



Why?

Periodic Trends

Can the properties of an element be predicted using a periodic table?

The periodic table is often considered to be the “best friend” of chemists and chemistry students alike. It
includes information about atomic masses and element symbols, but it can also be used to make predic-
tions about atomic size, electronegativity, ionization energies, bonding, solubility, and reactivity. In this
activity you will look at a few periodic trends that can help you make those predictions. Like most trends,
they are not perfect, but useful just the same.

1.

Periodic Trends

Consider the data in Model 1 on the following page.

a. Each element has three numbers listed under it. Which value represents the atomic radius?

b. What are the units for the atomic radius?

¢. Write a complete sentence to convey your understanding of atomic radius. Noze: You many
not use the word “radius” in your definition.

In general, what is the trend in atomic radius as you go down a group in Model 1? Support your
answer, using examples from three groups.

. Using your knowledge of Coulombic attraction and the structure of the atom, explain the trend

in atomic radius that you identified in Question 2. Hinz: You should discuss either a change in
distance between the nucleus and outer shell of electrons or a change in the number of protons
in the nucleus.

In general, what is the trend in atomic radius as you go across a period (left to right) in Model 12
Support your answer, using examples from two periods.

. Using your knowledge of Coulombic attraction and the structure of the atom, explain the trend

in atomic radius that you identified in Question 4.



Model 1 — Main Group Elements

1 2
H He
O @
37 31
1312 2372
2.1 N/A
3 4 5 6 7 8 9 10
Li Be B C N O F Ne
@ | ©
152 112 83 77 71 66 71 70
520 900 801 1086 1402 1314 1681 2081
1.0 1.5 2.0 2.5 3.0 3.5 4.0 N/A
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
©
186 160 143 117 115 104 99 98
496 738 578 786 1011 1000 1251 1521
0.9 1.2 1.5 1.8 2.1 2.5 3.0 N/A
19 20 31 32 33 34 35 36
K Ca Ga Ge As Se Br Kr
227 197 122 123 125 117 114 112
404 550 558 709 834 869 1008 1170
0.8 1.0 1.7 1.8 1.9 2.1 2.5 N/A

Note: The transition ele-
ments and f-block elements
have been removed from the
periodic table here to ease the
analysis of the trends.

Atomic Number
Element Symbol
Electron Shell Diagram
Atomic Radius (pm)

Lst lonization Energy (k]J/mol)

Electronegativity
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6. Locate the numbers in Model 1 that represent the ionization energy. The ionization energy is
the amount of energy needed to remove an electron from an atom.

a. Using your knowledge of Coulombic attraction, explain why ionization—removing an
electron from an atom—takes energy.

b. Which takes more energy, removing an electron from an atom where the nucleus has a tight
hold on its electrons, or a weak hold on its electrons? Explain.

7. In general, what is the trend in ionization energy as you go down a group? Support your answer
using examples from three groups.

8. Using your knowledge of Coulombic attraction and the structure of the atom, explain the trend
in ionization energy that you identified in Question 7.

9. In general, what is the trend in ionization energy as you go across a period? Support your answer
using examples from two periods.

10. Using your knowledge of Coulombic attraction and the structure of the atom, explain the trend
in ionization energy that you identified in Question 9.

11. Atoms with loosely held electrons are usually classified as metals. They will exhibit high con-
ductivity, ductility, and malleability because of their atomic structure. Would you expect metals
to have high ionization energies or low ionization energies? Explain your answer in one to two
complete sentences.

Periodic Trends 3



Read This!

Electronegativity is a measure of the ability of an atom’s nucleus to attract electrons from a different atom
within a covalent bond. A higher electronegativity value correlates to a stronger pull on the electrons in a
bond. This value is only theoretical. It cannot be directly measured in the lab.

12. Using the definition stated in the Read This! box above, select the best visual representation for
electronegativity. Explain your reasoning.

A B
O em—
“
(=)

13. Locate the electronegativity values in Model 1.

C D
.

a. What is the trend in electronegativity going down a group in Model 1?

b. Explain the existence of the trend described in part  in terms of atomic structure and
Coulombic attraction.

¢. What is the trend in electronegativity going across a period in Model 1?

d. Explain the existence of the trend described in part ¢ in terms of atomic structure and
Coulombic attraction.

"N14. The two diagrams below can summarize each of the three trends discussed in this activity. Write
“atomic radius,” “ionization energy,” and “electronegativity” under the appropriate diagram.

| «
HigE

Lovl
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Extension Questions

15. During this activity you may have noticed that not all of the data provided in the models fol-
lowed the trends.

a. Identify two places in Model 1 where the property listed does not fit the trend identified in
this activity.

b. Why is it still beneficial for chemists to understand as many periodic trends as they can?

¢. Propose an explanation for one of the exceptions you identified in part 2. Use your knowledge
of atomic structure and Coulombic attraction in your hypothesis.

16. Rank the following elements from smallest to largest electronegativity based on the trends you
have discovered thus far in the periodic table: barium (atomic number 56), bromine (atomic
number 35), and iron (atomic number 26). Explain your reasoning.

Periodic Trends 5



