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UNLOCKING THE SECRETS OF
SOLUTIONS: A DEEP DIVE INTO
CONCENTRATION AND MOLARITY
PHET CHEMISTRY LABS

For  many  students  stepping  into  the
world  of  chemistry,  the  concepts  of
concentration  and  molarity  can  feel
abstract and intimidating. These are not
just  numbers  on  a  page;  they  are

fundamental  descriptors  of  the  matter
around us.  Whether you are diluting a
cleaning solution, preparing a saline drip
in a hospital, or simply adding sugar to
your  coffee,  you  are  intuitively  dealing
with concentration. The challenge lies in
making that intuition quantitative. This is
where  the  Concentration  and
Molarity  PhET  Chemistry  Labs
simulation  becomes  an  indispensable
tool. Developed by the Physics Education
Technology  (PhET)  project  at  the
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University  of  Colorado  Boulder,  this
interactive  simulation  transforms  a
difficult  topic  into  a  visual,  hands-on
experience.  It  al lows  learners  to
manipulate  variables  in  a  virtual  lab
environment,  providing  immediate
feedback  and  deepening  conceptual
understanding in a way that a textbook
or a static lecture often cannot.
In  this  comprehensive  guide,  we  will
explore  the  depths  of  this  powerful
educational tool. We will break down the
core scientific principles it teaches, walk
through  its  key  features,  and  discuss
how  i t  br idges  the  gap  between
theoretical  knowledge  and  practical
application. Whether you are a student
struggling with stoichiometry, a teacher
looking  for  innovative  pedagogical
strategies,  or  a  l i fe long  learner

refreshing your chemistry fundamentals,
understanding the Concentration and
Molarity  PhET Chemistry  Labs  is  a
significant  step  toward  mastering  the
chemistry  of  solutions.

WHAT IS MOLARITY? THE CORE
CONCEPT

Before we dive into the simulation itself,
i t  i s  cruc ia l  to  establ ish  a  so l id
understanding  of  the  target  concept.
Molarity  (M)  is  the most  common unit
u s e d  i n  c h e m i s t r y  t o  e x p r e s s
concentration.  It  is  defined  as  the
number of moles of solute dissolved per
liter  of  solution.  The formula is  simple
yet powerful:
Molarity  (M)  =  Moles  of  Solute  /
Liters of Solution



Concentration And Molarity Phet Chemistry Labs 3

3

It is vital to note the distinction between
"liters of solution" and "liters of solvent."
When you dissolve a solute in a solvent,
the  final  volume  of  the  solution  is  not
simply  the  sum  of  the  two  individual
volumes due to interactions between the
molecules. The PhET simulation excels at
making this distinction clear. A mole, in
turn,  represents  Avogadro's  number
(6 .022  x  10² ³ )  o f  par t i c les—an
astronomically large quantity that allows
chemists to count atoms and molecules
by weighing them.

The "Why"

Behind Molarity
Why do chemists insist on using molarity
rather  than  simpler  terms  like  "grams
per liter"? The answer lies in the nature
of  chemical  reactions.  Reactions  occur
between  individual  particles  (atoms,
ions,  molecules).  Molarity  provides  a
direct  link  between  the  volume  of  a
solution and the number of particles it
contains. If you know the molarity of a
solution, you know the exact number of
moles  of  solute  in  any  given  volume.
This  is  essent ia l  for  performing
quantitative  chemical  reactions,  from
titrations  in  a  high  school  lab  to
manufacturing  pharmaceuticals  on  an
industrial  scale.  The  Concentration
and Molarity  PhET Chemistry  Labs
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simulation  allows  users  to  see  this
relationship  in  action,  connecting  the
abs t rac t  mo le  t o  the  tang ib l e
measurement of volume and the visual
presence of solute particles.

NAVIGATING THE PHET
SIMULATION: A VIRTUAL LAB
EXPERIENCE

The  Concentration  and  Molarity
PhET  Chemistry  Labs  simulation  is
designed with a clean, intuitive interface
that invites exploration. It typically has
two main screens: "Concentration" and
" M o l a r i t y . "  W h i l e  t h e y  a r e
interconnected, each screen emphasizes
a different aspect of solution chemistry.

The Molarity
Screen
This is the primary screen for introducing
the  concept  of  molarity.  It  usually
features a virtual beaker on a stand, a
salt shaker (for the solute, often generic
"Drink  Mix"  or  a  real  compound  like
cobalt(II)  nitrate),  and  a  water  faucet.
The key controls include:

Solute Amount: You can control
the number of moles of solute
added to the beaker.
Solution Volume: You can adjust
the total volume of the solution by
adding or removing water.
Evaporation: A slider allows you
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to control the rate of evaporation,
which removes solvent and
thereby increases concentration.

As you manipulate these variables, the
simulation provides real-time readouts of
the solution's molarity. A visual counter
shows the number of solute particles in
the beaker, and a concentration meter
can be dipped into the solution to give a
reading.  This  immediate,  multi-modal
feedback  (numerical,  visual,  and
graphical)  is  a  hallmark  of  the  PhET
design philosophy and is what makes the
Concentration  and  Molarity  PhET
Chemistry  Labs  so  effective.

The
Concentration
Screen
The "Concentration" screen builds upon
the concepts from the "Molarity" screen
but focuses more on the qualitative idea
of  "how  much  is  present"  versus  the
quantitative precision of molarity. In this
screen, you often have a wider variety of
solutes  to  choose  from,  including
different  colored  compounds  like
potassium  dichromate  (yellow)  and
copper  sulfate  (blue).  The  visual
representation of concentration is more
explicitly  linked  to  color  intensity.  A
darker  solution  is  more  concentrated.
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This screen also includes a "Drink Mix"
mode that relates molarity to the taste
of  a  beverage,  making  the  concept
relatable to everyday experience.

KEY LEARNING OBJECTIVES AND
PEDAGOGICAL VALUE

The true power of  the Concentration
and Molarity  PhET Chemistry  Labs
lies not just in its interface but in how it
facilitates  deep learning.  Here  are  the
core  pedagogical  objectives  the
simulation is designed to achieve:

Visualizing the

Particulate
Nature of Matter
Chemistry  happens  at  the  atomic  and
molecular level, a scale invisible to the
naked  eye.  This  simulation  makes  the
invisible visible.  By representing solute
particles as distinct objects, students can
literally see what "moles" look like in a
solution. They can observe how adding
more  solute  part ic les  increases
concentration  and  how  adding  more
solvent  separates  those  particles,
decreasing  concentration.  This  visual
bridge  between  the  macroscopic  (the
liquid in the beaker) and the microscopic
(the  particles)  is  perhaps  the  most
significant contribution of the simulation.
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Establishing
Proportional
Relationships
A major stumbling block for students is
understanding  the  direct  and  inverse
proportionalities  that  define  molarity.
Through  guided  inquiry,  users  can
discover  for  themselves  that:

Direct Relationship: If you
double the moles of solute while
keeping the volume constant, the
molarity doubles.
Inverse Relationship: If you
double the volume of solution
while keeping the moles constant,

the molarity is halved.

Instead  of  memorizing  these  facts,
students  build  the  relationships  by
turning  the  knobs  and  watching  the
numbers change in real-time. This is a
powerful example of "learning by doing."

Mastering the
Dilution Equation
The dilution formula, M₁V₁ = M₂V₂, is a
cornerstone of  solution chemistry.  This
formula states that the number of moles
of  solute  remains  constant  during  a
dilution  (Moles₁  =  Moles₂).  In  the
simulation,  students  can  practice
dilutions by starting with a concentrated
stock solution and adding water to reach
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a target concentration. They can verify
the formula by calculating the expected
final  concentration  and  comparing  it  to
the meter reading in the virtual beaker.
This  hands-on  verification  builds
confidence and corrects misconceptions.

PRACTICAL APPLICATIONS IN THE
VIRTUAL LAB

The  Concentration  and  Molarity
PhET Chemistry Labs  is  not  just  for
learning theory;  it  simulates  real-world
laboratory practices. This is particularly
valuable when access to a physical lab is
l imited  or  when  students  need  to
practice  techniques  safely  before
handling  real  chemicals.

Serial Dilutions
A common lab technique is to create a
series  of  solutions  of  decreasing
concentration. In the simulation, this can
be accomplished by repeatedly taking a
sample of the concentrated solution and
adding  water.  The  user  can  track  the
concentration after each step, observing
the exponential decay pattern of a serial
dilution.  This  is  crucial  in  fields  like
microbiology (for counting bacteria) and
medicine (for preparing drug doses).

Preparing a
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Solution from a
Solid
The simulation guides users through the
proper  sequence  for  preparing  a
solution: weigh the solid, dissolve it in a
portion of the solvent, and then dilute to
the  final  volume  in  a  volumetric  flask.
The  simulation  emphasizes  that  you
should  not  add  the  entire  volume  of
solvent  at  once;  instead,  you  dissolve
the  solid  first  and  then  "top  off"  to  the
mark. This is a critical procedural nuance
that is often overlooked but is correctly
emphasized in the virtual lab.

INTEGRATING THE PHET

SIMULATION IN TEACHING AND
SELF-STUDY

Whether you are an instructor planning a
l e s s o n  o r  a  s t u d e n t  s t u d y i n g
independently,  the  simulation  can  be
adapted to different learning styles. Here
are  some  effective  strategies  for  using
the Concentration and Molarity PhET
Chemistry Labs:

Guided Inquiry
Activities
Teachers  can  create  a  ser ies  of
questions that students must answer by
using the simulation. For example:

Set the volume to 1.0 L and add1.
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2.0 moles of solute. What is the
molarity? Now double the solute to
4.0 moles. What happens to the
molarity? What does this tell you
about the relationship between
moles and molarity?
Now, with 4.0 moles of solute,2.
double the volume to 2.0 L. What
is the new molarity? Explain this
result.
Can you create a solution with a3.
molarity of exactly 2.5 M starting
from a 5.0 M stock solution?
Describe your procedure.

This  type  of  structured  exploration
prevents  aimless  clicking  and  focuses
cognitive  effort  on  the  core  concepts.
The  immediate  feedback  from  the
simulation  helps  students  self-correct

and  builds  a  resilient  understanding.

Conceptual
Challenge
Problems
The  simulation  can  be  used  to  test
understanding  in  a  dynamic  way.  A
teacher  could  ask,  "Which  is  more
concentrated:  a  beaker  containing  0.5
moles of solute in 100 mL of solution, or
a beaker containing 1.0 mole of solute in
500 mL of solution?" Students can set up
both  virtual  beakers  and  compare  the
readings.  This  makes  the  problem-
solving process interactive and concrete.
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Self-Directed
Exploration
For  independent  learners,  the  best
approach is to start with the "Molarity"
screen  and  simply  play.  The  "Salt
Shaker" mode is a great place to begin.
Add  a  few  "shakes"  and  observe  the
molarity  reading.  Then,  use  the  water
tap  to  change  the  vo lume.  The
exploratory nature of  PhET simulations
encourages curiosity and self-discovery.
The user can ask their  own questions,
such as,  "What happens if  I  evaporate
half  the  water?"  and  immediately  find
the  answer.

ADDRESSING COMMON
MISCONCEPTIONS

Every  chemistry  teacher  knows  the
specific misconceptions that cling to the
concept  of  concentration.  The  PhET
simulation  is  uniquely  equipped  to
address  them.

Misconception:
Volume is
Additive
Many  students  believe  that  when  you
add solute to a solvent, the total volume
is the sum of the solute's volume and
the  solvent's  volume.  The  simulation,
especially  when  using  solutes  like
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cobalt(II) nitrate that have a noticeable
color,  can  subtly  demonstrate  that  as
you  add  solute,  the  liquid  level  rises.
However, the simulation is designed to
use  a  "volumetric  flask"  approach,
emphasizing  that  the  final  volume  must
be  brought  up  to  a  specific  mark  after
the  solute  is  d issolved.  Careful
observation  reveals  that  the  volume
change is not a simple sum, reinforcing
the correct laboratory procedure and the
definition of molarity.

Misconception:
Concentration is

Only About
"Strength"
Students often think of concentration as
simply  "how  strong"  a  solution  is,
without  a  quantitative  framework.  The
simulation  forces  them  to  become
precise. You cannot just say "this is more
concentrated";  you  have  to  read  the
molarity  value  and  compare  numbers.
This  shifts  the  understanding  from  a
qualitative, fuzzy concept to a precise,
measurable  one.  The  strength  of  the
color  of  the  solution  in  the  simulation
serves as a visual cue, but the numerical
readout is the authoritative measure.
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Misconception:
Evaporation
Removes Solute
When water evaporates from a solution,
the  solute  remains  behind.  The
simulation makes this  obvious.  As  you
use the "Evaporation" slider, the water

level  drops,  the  visual  particles  crowd
together,  and  the  molarity  reading
increases.  The  number  of  particles
(moles) in the counter does not change,
on ly  the  vo lume  o f  the  so lvent
decreases.  This  direct  visualization
corrects  the  mistaken  belief  that
evaporation  somehow  "uses  up"  the
solute  or  changes  its  nature.
BEYOND THE CLASSROOM:
RELEVANCE IN THE


