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Chemistry can often
feel abstract,
especially when trying
to visualize the
invisible dance of
atoms as they form
molecules. For
students and educators
alike, understanding
the three-dimensional
arrangement of atoms
within a molecule is a
fundamental step
toward grasping
chemical reactivity,
polarity, and

intermolecular forces.
This is where the PhET
Molecular Shapes
simulation becomes an
invaluable tool.
Developed by the
University of Colorado
Boulder, the PhET
Interactive Simulations
project offers a free,
research-based suite of
educational tools. The
"Molecular Shapes"
simulation, in
particular, transforms a
challenging topic like
molecular geometry
into an intuitive,
engaging, and highly
visual experience. By
allowing users to build
molecules and
instantly see how
electron repulsion
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determines their
shape, this simulation
bridges the gap
between theoretical
models and tangible
understanding.

This article will delve
deep into the world of
PhET Molecular
Shapes. We will
explore why molecular
geometry matters, how
the simulation brings
the Valence Shell
Electron Pair Repulsion
(VSEPR) theory to life,
and how you can
leverage this tool to
master the
complexities of
molecular bonding.
Whether you are a high
school student
struggling with your
first chemistry unit, a
college undergraduate
reviewing for an exam,
or a teacher looking for
dynamic classroom
resources,

understanding how to
use PhET Molecular

Shapes effectively can
transform your
perspective on
chemistry.

WHAT ARE PHET
MOLECULAR
SHAPES?

PhET Molecular Shapes
is an interactive
computer simulation
designed to teach the
fundamental principles
of molecular geometry
and bonding. Unlike

static images in
textbooks, this
simulation allows

learners to manipulate
atoms, add lone pairs,
and change bond types
in real time. The core

purpose of the
simulation is to
demonstrate how

electron groups—both
bonding pairs and lone
pairs—arrange

themselves around a
central atom to
minimize repulsion, a
concept central to the
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VSEPR theory.

The simulation features
several key
components:

e A Molecular
Playground:
Users can select
a central atom
and attach
different
numbers of
atoms or lone
pairs to it.

e Real-Time 3D
Visualization:
As you add or
remove electron
groups, the
molecule rotates
and reorients
itself into the
lowest-energy
shape.

e Multiple
Models: The
simulation offers
different viewing
options,
including "Real"
(showing atoms
as spheres) and

"Model" (showing
sticks and space-
filling
representations).
e Bond Angles:
Precise bond
angles are
displayed,
allowing users to
see how lone
pairs compress
bonding angles.
e Multiple
Molecules: The
simulation covers
a wide range of
electron domain
counts, from 2 to
6, encompassing
linear, trigonal
planar,
tetrahedral,
trigonal
bipyramidal, and
octahedral
electron
geometries.

The beauty of PhET
Molecular Shapes lies
in its simplicity. You do
not need expensive lab
equipment or



molecular model Kkits.
With just a web
browser, you can
explore the principles
that govern the shapes
of everything from
water (H20) to sulfur
hexafluoride (SFs).

WHY MOLECULAR
SHAPES MATTER
IN CHEMISTRY

Before diving deeper
into the simulation, it is
crucial to understand
why molecular shapes
are so important. The
shape of a molecule
determines its function
in the same way that
the shape of a key
determines what lock it
can open.

Molecular
Polarity

The three-dimensional
arrangement of atoms
dictates whether a

molecule is polar or
nonpolar. For example,
carbon dioxide (COz) is
linear, and its bond
dipoles cancel each
other out, making it
nonpolar. In contrast,
water (H20) is bent.
This bent shape
prevents the bond
dipoles from canceling,
resulting in a polar
molecule. Polarity
affects boiling points,
solubility, and how
molecules interact with
each other.

Chemical
Reactivity

The shape of a
molecule determines
which of its atoms are
exposed to reactants.
In larger organic
molecules, functional
groups must be
positioned in specific
orientations to react.
Enzyme-substrate
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interactions in
biological systems rely
entirely on geometric
fit. A molecule that is
slightly misshapen may
not fit into an active
site, making it
biologically inert or
even harmful.

Biological
Function

Life itself depends on
molecular shape. The
double helix structure
of DNA is a direct
result of hydrogen
bonding between
complementary bases,
which requires precise
geometry. Proteins fold
into complex three-
dimensional shapes
that are essential for
their function.
Misfolded proteins are
associated with
diseases such as
Alzheimer's and
Parkinson's.

Physical
Propertie
S

Melting points, boiling
points, and density are
all influenced by how
molecules pack
together in a solid or
liquid state.
Symmetrical molecules
often pack more
efficiently and have
higher melting points
than asymmetrical
ones. PhET Molecular
Shapes helps users
understand why
methane (CHa) is a gas
at room temperature
while water is a liquid,
even though water
molecules are lighter.

UNDERSTANDING
VSEPR THEORY
THROUGH PHET

The Valence Shell




Electron Pair Repulsion
(VSEPR) theory is the

cornerstone of
predicting molecular
geometry. The

fundamental premise is
simple: electron groups
around a central atom
repel each other and
will arrange
themselves as far apart
as possible. These
electron groups can be
bonding pairs (shared
between atoms) or
lone pairs (non-
bonding electrons).
PhET Molecular Shapes
excels at making this
theory intuitive.

The Role
of

Electron
Domains

electron domains. A
domain is any region of
high electron density
around the central
atom. This includes:

e Single bonds (1
domain):
Represented by
a line or stick in
the simulation.

e Double bonds
(1 domain):
Counted as one
domain, though
they exert a
slightly stronger
repulsive force.

e Triple bonds (1
domain): Also
counted as one
domain.

e Lone pairs (1
domain):
Represented as a
cloud or balloon
in the model
view.

The number of electron
domains determines

The simulation is built the electron
around the concept of geometry. For
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example, 2 domains
give a linear
arrangement (180°),
while 4 domains give a
tetrahedral
arrangement (109.5°).
However, the
molecular geometry
only considers the
positions of the atoms,
not the lone pairs. This
is where PhET
Molecular Shapes
becomes particularly
illuminating.

How Lone
Pairs
Distort
Shapes

One of the most
challenging concepts in
VSEPR theory is that
lone pairs repel more
strongly than bonding
pairs. A lone pair is
closer to the nucleus of

the central atom, so its
negative charge is
more concentrated.
This stronger repulsion
compresses the bond
angles.

Using PhET Molecular
Shapes, you can
clearly see this effect.
Build a tetrahedral
molecule like methane
(CH4) with 4 bonds and
0 lone pairs. The bond
angle is exactly 109.5°.
Now, replace one
bonding pair with a
lone pair to create
ammonia (NHs). The
bond angle shrinks to
about 107°. Replace
another bonding pair to
create water (H:20),
and the angle shrinks
further to about
104.5°. The simulation
allows you to watch
this change happen in
real time, cementing
the concept in a way
that rote memorization
simply cannot.



EXPLORING
COMMON
MOLECULAR
GEOMETRIES WITH
THE SIMULATION

PhET Molecular Shapes
covers the full
spectrum of common
molecular geometries.
Here is a guided tour of
the shapes you can
explore, along with
examples.

Linear (2
Electron
Domains)

Select a central atom
and two surrounding
atoms. With no lone
pairs, the molecule
adopts a linear shape

with a 180° bond
angle. Classic
examples include

carbon dioxide (CO-2)
and beryllium chloride

(BeClz). The simulation
demonstrates that the
two bonding pairs are
as far apart as
possible. If you add a
lone pair, you create a
bent shape, but with
only two domains, the
electron geometry
remains linear.

Trigonal
Planar (3
Electron
Domains)

With three bonding
pairs and no lone pairs,
the molecule forms a
flat, triangular shape
with 120° bond angles.
Boron trifluoride (BFs)
is the classic example.
Using PhET Molecular
Shapes, you can see
the three atoms lying
in a single plane. If you
replace one bonding
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pair with a lone pair,
the molecular
geometry becomes
bent (or angular) with
an angle slightly less
than 120° due to the
stronger lone pair
repulsion.  Sulfur
dioxide (SO:) is a real-
world example of this.

Tetrahedr
al (4
Electron
Domains)

This is perhaps the
most common
geometry in organic
chemistry. Four
bonding pairs create a
tetrahedron with
109.5° angles.
Methane (CHa4) is the
perfect example. The
simulation shows the
three-dimensional,
pyramidal-like shape.

As discussed earlier,
replacing bonds with
lone pairs yields
trigonal pyramidal
(NHs) and bent (H20)
shapes. PhET Molecular
Shapes allows you to
toggle between the
electron geometry
(always tetrahedral)
and the molecular

geometry (which
changes with lone
pairs).

Trigonal
Bipyrami
dal (5
Electron
Domains)

This geometry
introduces a new level
of complexity. The five
domains arrange
themselves with three
equatorial positions (at



120° angles) and two
axial positions (above
and below the plane).
Phosphorus
pentachloride (PCls) is
a common example.
The simulation
beautifully illustrates
the difference between
axial and equatorial
positions. When lone
pairs are present, they
always occupy the
equatorial positions
first because there is
more space there,
minimizing repulsion.
This leads to molecular
geometries like seesaw
(SF4), T-shaped (CIFs),
and linear (XeF2).

Octahedr
al (6
Electron

10

Domains)

Six electron domains
arrange themselves
around a central atom
in an octahedral shape,
with all angles at 90°.
Sulfur hexafluoride
(SFe) is a textbook
example. The
simulation shows the
four equatorial atoms
forming a square
plane, with one atom
above and one below.
Adding lone pairs gives
square pyramidal (IFs)
and square planar
(XeFs4) shapes. The
ability to rotate the
molecule in 3D space
within PhET Molecular
Shapes makes it much
easier to see these
relationships compared
to a static image.

HOW TO USE PHET
MOLECULAR
SHAPES

10

Phet Molecular Shapes

2025-07-10



Phet Molecular Shapes 11

EFFECTIVELY

To get the most out of
this simulation, it helps
to have a structured
approach. Here is a
step-by-step guide for
learners and a
pedagogical approach
for educators.

For
Students:
A Step-
by-Step
Learning
Path

1. Start with the
Real Molecules
Tab: Do not
jump straight
into the model
building. Begin
by exploring the

11

"Real Molecules"
section. Select a
molecule like
H20, NHs, or CHa.
Observe the
displayed bond
angle and the
three-
dimensional
shape. Toggle
between the
"Real" and
"Model" views to
see how the
simulation
simplifies the
representation.

. Focus on

Electron
Geometry
First: In the
"Model" tab,
ignore the atoms
and focus on the
electron
domains. Count
how many
domains are
present. Notice
that regardless
of whether a
domain is a bond
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or a lone pair,
the electron
geometry stays
the same for a
given number of
domains.

. Introduce Lone
Pairs
Gradually: Start
with a molecule
having zero lone
pairs (e.g., BeHz,
BHs, CH4). Note
the ideal bond
angles. Then,
one by one, add
lone pairs. Watch
the bond angles
decrease. Write
down the angles
for each step.
This builds a
mental map of
how lone pairs
affect shape.

. Compare and
Contrast: Use
the simulation to
test your
predictions.
Before clicking,
guess what the

shape and bond
angle will be. For
example, predict
the shape of SFa
(5 domains, 1
lone pair). Did
you guess
"seesaw"? Check
your answer in
the simulation.

. Use the Bond

Angle
Measurement
Tool: The
simulation
provides
accurate bond
angles. Pay
attention to
them. Notice that
the angles are
not arbitrary;
they are
determined by
physics and can
be calculated
theoretically.
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For
Educators

Integratin

g the

Simulatio

n into

Your

Curriculu
m

PhET Molecular Shapes

is not

just a

supplementary
resource; it can be a
core part of your
teaching strategy.

13

¢ Use Guided

Inquiry: Do not
lecture on VSEPR
first. Have
students play
with the
simulation for
10-15 minutes
with a guided
worksheet. Ask
them to discover
the rules
themselves. For
example, "What
happens to the
bond angle when
you add a lone
pair?" This
constructivist
approach leads
to deeper
understanding.
Address
Misconceptions
: Many students
believe that
molecules are
flat. The
simulation's 3D
rotation



