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Lesson Guide: Polar Bears and Penguins

Investigation IV — Lesson 4

In this lesson you will be exploring polarity and bonding between 5 =
atoms in greater detail. A comic book will provide new information

about these topics and will introduce you to the concept of electronegativity, which
helps us to understand partial charges.

ChemCatalyst

Answer the following questions:

Consider the following illustration:
e Draw the Lewis dot structure for HCI.

e [f the penguin represents a hydrogen atom and the polar bear represents a
chlorine atom, what does the ice cream represent in the drawing? What do you
think the picture is trying to illustrate?

e  Would HCI be attracted to the charged wand? Explain your thinking.

Purpose: In this lesson you will be exploring polarity and bonding between atoms in
greater detail. A comic book will provide new information about these topics and will
introduce you to the concept of electronegativity, which helps us to understand partial
charges.

Use the comic book called “The Bare Essentials of Polarity” to answer the following
questions.
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1. How does the comic book define a “polar molecule?”

2. Define electronegativity as you understand it, after reading the first two pages of the
comic book.

3. Interpret the picture at the bottom of page 1. Explain how the iceberg, penguins,
and polar bears represent trends in electronegativity.

4. What is the artist trying to represent when there are two polar bears arm wrestling
together, or two penguins arm wrestling together?

5. What three types of bonds are represented on page 3 of the comic book? What
happens to the bonding electrons in each type of bond?
6. Explain why there are four scoops of ice cream in the illustration of Oy on page 3.

7. What do the six scoops of ice cream represent in the illustration of N, on page 47

8. Describe what you think is happening to the penguin in the CO5 molecule in the
picture on page 4.

9. Name three things that the picture of COg on page 4 illustrates about the molecule.

10. Describe what you think is happening to the penguins in the illustration of HyO on
page 4.

11. Explain what you think the crossed arrow represents in the comic book. é I

12. What are the two definitions of “dipole” given in the comic book?

Making Sense Question:

What does electronegativity have to do with polarity?

If you finish early. . .

Using polar bears and penguins, create an illustration showing a hydrogen sulfide
molecule, H,S. (Hint: You may wish to start with a Lewis dot structure.)
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Making Sense

When two atoms with different electronegativities are bonded together, they tend to
attract the bonded electrons to different degrees. This causes the electrons to spend
more time around one of the atoms, resulting in a partial negative charge on this atom.
This tendency of an atom to attract electrons shared between two atoms is called
electronegativity. An atom that strongly attracts the shared electrons is considered
highly electronegative. The atom with lower electronegativity will end up with a partial
positive charge on it. The result is a polar bond. Chemists have a specific name for a
molecule that has two poles - it is called a dipole.

Polar molecules are also called dipoles. The prefix di- means two. A dipole is a molecule
with two partially charged ends, or poles. Chemists refer to polar molecules as dipoles
and they also say that molecules with polar bonds have dipoles. These multiple
definitions can be a bit confusing.

Answer the following questions:

HI molecule

e [s the bond between these atoms polar? Explain your reasoning.

e How would the atoms be portrayed in the comic book — as polar bears, penguins,
or both? Explain.
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-
You don't have to go to the ends of the earth to find POLAR MOLECULES.
They're all over the place. A polar molecule is JI.IST a molecule with a

The electrical imbalance of POLARITY is caused by differences in
ELECTRONEGATIVITY between atoms. Electronegativity is the ability of
an atom/nucleus to attract bonding electrons toward itself.
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InHCL, Ih:hﬂﬂldpnrnfthﬂrﬂﬂ ’
spends more tene near the chloning’s
mcheus becaute chlorine i3 more

The periodic table shows a general trend in the electronegativity of the
elements. Electronegativity tends to rise as you move “northeast” on the . .-
periodic table, and fall as you move “southwest.” —— -

Mote: The noble gasses, in the periodic toble's far right columa, are of ten assigned an
electronegativity value of zero becouse they are relatively nonreactive. \
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When two atoms with unequal electronegativity values bond, they do not
share the bonding electrons evenly. The bonding electrons spend more time
around the more electronegative atom, creating a PARTIAL NEGATIVE
CHARGE on that atom. The other atom then has a PARTIAL POSITIVE
CHARGE, and the bond is polar.

OH, TRY To Be
MORE POSITIVE,

PoL ARITY
IS UNFAIR !

So the polarity of a bond is a function of the difference between the
electronegativity values of two bonding atoms. Bonded atoms with equal
electron-attracting strength will have nonpolar bonds,

i
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However, if the electronegativity of two bonded atoms is unequal, then their
bond will be polarized—maybe a little..
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Because the elements have such varying electronegativities and can come
together in so many different combinations, there is really a CONTINUUM
OF POLARITY IN BOMNDING. For convenience, we can break the
continuum down into three categories: (1) nonpolar covalent, (2) polar
covalent, and (3) ionic.

[NONPOLAR COVALENT |
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il a5 Ha. Mg, Oz, or Cly. Bonds between atoms with nearly the same electronegativity value,
such as carbon and hydrogen atoms, are usually alse considered nonpolar. Remember, this is
really a continuum, and conventicnal distinctions are somewhat artificial,

POLAR COVALENT
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In a polar covalent bond, two atoms still share bundﬂl pairs of electrons, but those
electrons are decidedly more attracted 1o one atom than the other. Examples include bonds
between carbon and exygen atoms, or between hydrogen end Fluorine atoms.

——

At the extreme of dif ference in electronegativity, pelar covalence shades into the wanner-take-all situation of ionic]
bonding. The more electronegative atom seizes all the bonding electrons and becomes a negative ion, while the
other atom becomes a pasitive ion. The opposite charges on the ions atiract each other.

©UC Regents, LS Living by Chemiatry, 2001

-_— S_——

90 Smells © UC Regents, LHS Living by Chemistry, 2003.



Polar Bears and Penguins

Lesson Guide: Investigation IV — Lesson 4

FU DUNUS D IwWERN WIOMS CONSTITUTE LLFULES, ACTually, The word dipale” can Ferer To
several different things that are relevent here: (1) the polarity of an individuel polar
bond between atoms, (2) the net polarity of a polar molecule that may have several polar
covalent bonds within it, and (3) the polar molecule itself.
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7 . & Confusing? Let’s look at some examples:

In M; melecule isn'f a dipole (it's not a poler
nolecule), and it doesn’t hovie amy dipoles (polar

sands] within it I
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MOLEEVLE: MAMNFILAR

HEl has a dipsle (2 polar bend) and it is e dipole (a |
wh‘mﬂﬂm:j.[

In the other hand, CO5 has two dipales (two polar
sonds). but the C0: malecule itself iz not o dipale
secaute ite polor bonds concel sach ather out and
make the molecule nonpolor overall,

BONDS: 4= +—>
MOLECULE = NONFOLAR

ok

Like €0y, H:0 has twa dipsles (two pelar bonds). But
becouse of HyO's bent shape (coused by lone pairs of
electrons on the coygenatom), HpO also hes o dipole
in the sense of on overall palarity. S0 H:O isa dipole
in the sense of being a poler malecule. |
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The polerity of molecules can affect many of their other properties, such as

their solubility, their boiling and melting points, and their odor.
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Complete the following for homework:

1. Using polar bears and penguins, create an illustration showing an ammonia
molecule, NH3. (Hint: You may wish to start with a Lewis dot structure.)

92 Smells © UC Regents, LHS Living by Chemistry, 2003.



