Molecular Structures

Middle School

NAME THAT MOLECULE 3D CHALLENGE



* Review atoms and elements.

Objectives * Learn how to decipher molecular formulas.

MSPS1-1 * Discover the different ways to diagram
and visualize molecules.

Vocabulary * Atoms e Structural Formula
* Elements * Ball and Stick model
* Molecules * Space Fill Model
* Bond * Perspective Drawing

e Compound

* Molecular formula

NAME THAT MOLECULE 3D CHALLENGE


https://www.nextgenscience.org/pe/ms-ps1-1-matter-and-its-interactions

Before we dive into molecular structures, we need
to know what they are made of.
First, let's review atoms and elements.

NAME THAT MOLECULE 3D CHALLENGE



What is an atom?

Discuss with a partner for 30 seconds.

Make a list of all the words that come to
mind when you think of an atom.
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Atoms

Atoms are found in everything around us and
are the building blocks of matter. They are
like the tiny bricks that make up this world.
The word “atom” comes from the Greek
word “atomos” which means undividable.

Atoms are made up of particles called
protons, neutrons and electrons. The
protons and neutrons make up the nucleus.
Protons have a positive charge and neutrons
are neutral. Electrons have a negative charge
and buzz around the nucleus.

Proton

Nucleus

Neutron

\ Electron
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Atoms & Elements

There are different types of
atoms, called elements.
Elements come in different
sizes, shapes and colors.

Examples of elements include
oxygen, gold, carbon, mercury
neon and mercury.
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Elements

There are 118 known elements and
they can be found listed in the
Periodic Table of Elements.

The Periodic Table tells us the name
of an element, atomic symbol, the
atomic number and its properties.
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Elements Periodic Table of the Elements
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Carbon

The atomic number tells us
that carbon has 6 protons and
6 neutrons. If this carbon is
neutral, it will also have 6
electrons.

@® 6 Protons @ 6 Neutrons @ 6 Electrons
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The American Chemical Society has over 50 million
substances on record. How do you think 118 elements
become over 50 million substances?

Discuss with a partner for 15 seconds

E
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The atoms of elements combine to become molecules.

When 2 or more atoms combine, molecules are formed. Molecules help make up the 50 million plus substances/chemicals on
Earth.
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Molecules

Mostly everything around
us is molecules. Molecules
make up the air we breathe,
the food we eat, the clothes
we wear, tbe plastics our
electronics come in, and the
cells in our body.

hydrogen

oxygen

nitrogen chlorine

0 Foafo OO

mtrogen oxide

H,O
water

NO> CO»
nitrogen dioxide carbon dioxide
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Molecules
Even though molecules are

everywhere, they are way too H
small to see. So, scientists |{| /N“{H
have come up with different H/ \H H H
ways to represent and
. . Structural Perspective Ball and Stick Space Fill
V|Sua||2e them- Formula Drawing Model Model
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Molecular Formula H.O (Water)

The molecular formula is the

simplest way to represent a NH: (Am monia)

molecule. This chemical

formula shows the total CH.O (Methanol)

number and kinds of atoms in .

a molecule However, it does CsH10N:O: (CaffEIHE)
not show how they are

structurally arranged.
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Decoding the
Molecular Formula

In order to decode what the
molecular formula is telling
us, we need a periodic table
and a few steps to follow.

Step 1) Number of Elements:
Underline the capital letters.

This will tell you how many
elements are in your
molecule.

How many elements are in
Methanol? Caffeine?

E

H:0 (Water) 2 elements
N H: (Ammonia) 2 elements
C H:0O (Methanol) ?

CsH10N2O: (Caffeine) ?
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Decoding the
Molecular Formula

Step 3) How many atoms of each
element?

If there is a small number beside
the symbol, this indicates how
many atoms of this element
there are in the molecule. If
there is NO small number beside
the Atomic Symbol, it has 1
atom.

How many atoms of each
element are there in Caffeine?

Hzg (Wate r) 2 Hydrogen & 1 Oxygen
N ﬂs (Ammonia) 1 Nitrogen and 3 Hydrogen
C H.O (Methanol)

1 Carbon, 4 Hydrogen and 1 Oxygen

CsH10N2O: (Caffeine) ?
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Structural Formula

Since molecular formulas are
limited to telling us what is in
molecules, we use structural
formulas to show us where
the molecules are bonded.

Let’s take a look at water and
ammonia molecules.

H,O (Water)

/ \ NH; (Ammonia)
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Bond
Structural Formula

The structural formula shows
what elements are in the
molecule and how the atoms
are bonded.

What elements are in
ammonia? How many atoms
does it have of each element?

H

Chemical

«— Symbol
~ O
/ \ / H,O (Water)
H
H
|
/ N\ NH; (Ammonia)
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Perspective Drawing NimH |
A perspective drawing of a molecule shows H / \H Ammonia

the bonds to atoms coming toward you
(bolded wedge) or away (hash wedge).

\C — 0\ Methanol
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Ball and Stick Model

The ball and stick model shows the
3D positions of the atoms and
bonds between them. The atoms
are represented by spheres and the
bonds are sticks.

Typically, the color of the spheres
represent specific elements. In this
case the red sphere is oxygen and
the white spheres are Hydrogen.

What molecule is this?

Bond

Atom

Bond
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Ball and Stick Model Ammonia

Take a look at these other examples
of ball and stick models.

Can you identify the atoms and

bonds?
Methanol
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Space Fill

The Space Fill Model or calotte model is a 3D
model where atoms and the space they take
up are represented by spheres. The sphere
size is typically proportionate to the size of
the atom.

Ammonia

Methanol
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Molecule Visualizations NHs (Ammonia)

H

| n
N /N"\H

H/ \H H H

Structural Perspective Ball and Stick Space Fill
Formula Drawing Model Model
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Optional Activity: Decoding Molecular Formulas

Learn what molecules are made up of by learning to decoding molecular formulas. See the Molecular
Structures Lesson Plan for the Worksheet
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Optional Activity: Building Simple Molecules

Use toothpicks and marshmallows or a molecular ball and stick kit to build a variety of simple molecules.
See the Molecular Structures Lesson plan for sample molecules to build. Then proceed to the

Brainstorming lesson to explore your “Name that Molecule”.
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