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UNDERSTANDING
SOLUTIONS: A
DEEP DIVE INTO
SATURATED AND
UNSATURATED
STATES THROUGH
POGIL

Chemistry  often  feels
like a world of invisible
particles  and  precise
rules,  but  many of  its
core  concepts  are
b e a u t i f u l l y
d e m o n s t r a t e d  i n
everyday  life.  One  of
the  most  fundamental
topics  in  chemistry  is
t h e  b e h a v i o r  o f

solutions. Whether you
are  stirring  sugar  into
iced tea or mixing salt
into  a  pot  of  boiling
w a t e r ,  y o u  a r e
exploring the principles
o f  s a t u r a t i o n .
E d u c a t i o n a l
approaches like  POGIL
(Process  Or iented
G u i d e d  I n q u i r y
L e a r n i n g )  h a v e
t rans fo rmed  how
students  grasp  these
ideas  by  emphasizing
a c t i v e  l e a r n i n g ,
teamwork,  and critical
thinking. In this article,
we  wil l  explore  the
concepts  of  saturated
a n d  u n s a t u r a t e d
solutions, examine how
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P O G I L  a c t i v i t i e s
e n h a n c e
understanding,  and
discuss  the  practical
applications  of  these
chemical states. By the
end,  you  will  have  a
thorough,  naturally
flowing  grasp  of  the
topic, ready to apply it
both  in  the  classroom
and in the real world.

What Are
Solutions
? A Quick
Refresher
Before  we  dive  into
s a t u r a t i o n ,  i t  i s
essential to recall what
a solution is. A solution
is  a  homogeneous
mixture  composed  of
t w o  o r  m o r e
s u b s t a n c e s .  T h e
s u b s t a n c e  t h a t
dissolves is  called the

s o l u t e ,  a n d  t h e
substance  that  does
the  dissolving  is  the
solvent.  When  you
add table salt  (solute)
to water (solvent), the
salt  crystals  break
apart  into  ions  and
b e c o m e  e v e n l y
distributed  throughout
t h e  w a t e r .  T h a t
mixture  is  a  solution.
Solutions  can  exist  in
a n y  s t a t e  o f
matter—gas  (a ir ) ,
liquid  (saltwater),  or
solid  (metal  alloys).
H o w e v e r ,  i n
introductory chemistry,
we most often focus on
l i q u i d  s o l u t i o n s ,
particularly  aqueous
ones.
Now, the key question:
How much  solute  can
you dissolve in a given
amount of solvent at a
specific  temperature?
The answer defines the
concept of saturation.
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DEFINING
SATURATED AND
UNSATURATED

SOLUTIONS

The  terms  saturated
and  unsaturated
describe the amount of
solute  dissolved  in  a
solvent relative to the
maximum  possible
amount  under  the
same  conditions.

Unsaturat
ed
Solutions
A n  unsatura ted
solution  is  one  that
contains  less  solute
than  the  solvent  can
theoretically  hold at  a
given temperature and
pressure.  In  other
words,  you  could  add
more  solute,  and  it
would  cont inue  to
dissolve.  For  example,

if  you add a teaspoon
of sugar to a glass of
warm  water  and  stir,
the  sugar  dissolves
completely. If you add
another  teaspoon,  it
also dissolves. You are
still in the unsaturated
range. The solution has
the capacity to accept
addit ional  so lute.
V i s u a l l y ,  a n
unsaturated  solution
appears clear, with no
solid  residue  at  the
bottom.

Saturated
Solutions
A saturated solution
is one that contains the
maximum  amount  of
solute  that  can  be
dissolved in the solvent
at  that  temperature
and pressure. If you try
to  add  more  solute
beyond  this  point,  it
w i l l  no t  d i sso lve ;
instead,  it  will  remain
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a s  a  s o l i d  a t  t h e
b o t t o m  o f  t h e
container  (or  as  gas
bubbles  if  it  is  a  gas
solute). For instance, if
you keep adding sugar
t o  w a r m  w a t e r ,
eventually  you  will
reach  a  point  where
the sugar crystals start
to settle at the bottom,
no  matter  how  much
y o u  s t i r .  A t  t h a t
moment, the solution is
s a t u r a t e d .  T h e
d i s s o l v e d  s u g a r
m o l e c u l e s  a r e  i n
dynamic  equilibrium
with  the  undissolved
sol id—the  rates  of
d i s s o l v i n g  a n d
recrystallization  are
equal.

Supersat
urated

Solutions:
A Special
Case
Although not the main
focus of a typical POGIL
s a t u r a t e d  a n d
unsaturated  solutions
activity,  it  is  worth
m e n t i o n i n g
s u p e r s a t u r a t e d
solutions.  These  are
unstable solutions that
contain more dissolved
solute than a saturated
solution  at  the  same
temperature. They are
usually  prepared  by
heating  a  solution  to
dissolve  extra  solute,
then  cooling  it  slowly
without disturbing it. If
you add a small crystal
(a seed) or disturb the
container,  the  excess
solute  crystal l izes
dramatically.  This  is
the  science  behind
instant  hand  warmers
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and rock candy.

HOW POGIL
(PROCESS
ORIENTED GUIDED
INQUIRY
LEARNING) HELPS
MASTER THESE
CONCEPTS

POGIL  is  a  student-
centered  teaching
methodology  where
learners work in small
groups,  guided  by
carefully  designed
activities  that  lead
them  to  d i s cove r
concepts on their own.
Instead  of  a  lecture,
s tudents  ana lyze
m o d e l s  ( s u c h  a s
g r a p h s ,  t a b l e s ,
diagrams)  and answer
c r i t i c a l  t h i n k i n g
ques t ions .  POGIL
activities  on  saturated
a n d  u n s a t u r a t e d
solutions  typically  use
real-world  examples,
d a t a  t a b l e s ,  a n d
particle  diagrams  to

help students visualize
what  happens  at  the
molecular level.

Key
Elements
of a
POGIL
Activity
on
Solutions

Model 1:
Solubility
Curves:
Students
examine a graph
that shows how
much solute
(e.g., KNO₃)
dissolves in 100
g of water at
various
temperatures.
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They identify
regions of
unsaturation,
saturation, and
supersaturation.
Model 2:
Particle
Diagrams:
Diagrams show
solvent
molecules (often
represented as
circles) and
solute particles
(different
symbols). In an
unsaturated
solution, solute
particles are
scattered and
there is empty
space. In a
saturated
solution, the
solvent is fully
occupied, and
undissolved
solute is shown
at the bottom.
Guided
Questions: “If
you cool a

saturated
solution from
60°C to 30°C,
what do you
predict will
happen?”
Students must
think about
solubility
changes with
temperature and
whether
precipitation
occurs.
Group
Discussions:
Teams debate
answers, correct
misunderstandin
gs, and build
collective
understanding.
The instructor
acts as a
facilitator.

B y  u s i n g  P O G I L ,
s tudents  deve lop
process  skills  like
c r i t i ca l  th ink ing ,
p r o b l e m - s o l v i n g ,
communication,  and
t e a m w o r k .  T h e y
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emerge  with  a  deep,
intuitive  grasp  of  why
saturation  occurs  and
h o w  t o  p r e d i c t
behavior.

FACTORS THAT
AFFECT
SATURATION

Severa l  var iab les
influence  whether  a
solution is saturated or
u n s a t u r a t e d .
Understanding  these
factors is central to any
POGIL  saturated  and
unsaturated  solutions
activity.

Temperat
ure
For  most  solid  solutes
(espec ia l l y  i on i c
compounds),  solubility
i n c r e a s e s  w i t h
temperature.  A  higher
temperature  provides
more  kinetic  energy,
a l l o w i n g  s o l v e n t

molecules  to  break
apart  solute  particles
more  effectively.
Therefore,  a  solution
that  is  saturated  at
20°C  may  become
unsaturated  if  heated
to  40°C—you  can
dissolve  more  solute.
Conversely,  cooling  a
saturated  solution
often  causes  excess
solute  to  crystallize
o u t ,  l e a v i n g  a
saturated  solution  at
the lower temperature.

Pressure
P r e s s u r e  h a s  a
significant effect on the
solubility  of  gases  in
liquids.  According  to
H e n r y ’ s  l a w ,  t h e
solubi l i ty  of  a  gas
increases as the partial
pressure  of  the  gas
a b o v e  t h e  l i q u i d
i n c r e a s e s .  F o r
example,  carbonated
beverages  are  bottled
u n d e r  h i g h  C O ₂
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pressure,  making  the
s o l u t i o n
supersaturated.  When
you  open  the  bottle,
pressure  drops,  and
CO₂  bubbles  out—the
so lut ion  becomes
saturated at the lower
pressure. For solid and
liquid solutes, pressure
has little to no effect.

Nature of
Solute
and
Solvent
“Like  dissolves  like.”
Polar  solvents  (like
water)  dissolve  polar
solutes  (like  salt  and
sugar ) .  Nonpo la r
solvents  (like  hexane)
dissolve  nonpolar
solutes (like oil). If the
solute  and  solvent
have  very  different
polarities, the solubility

is  extremely  low,  and
the  solution  reaches
saturation  quickly.  A
POGIL  activity  often
i n c l u d e s  a  t a b l e
c o m p a r i n g  t h e
solubility  of  different
compounds  in  water
and  in  oil,  prompting
students  to  infer  the
polarity rule.

Stirring
and
Surface
Area
St i r r i ng  does  no t
change  the  maximum
a m o u n t  t h a t  c a n
dissolve (the saturation
point), but it speeds up
the dissolution process.
Similarly,  grinding  a
sol id  solute  into  a
powder  increases  the
surface  area,  allowing
the solvent to contact
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more particles at once.
These  factors  affect
the  rate  a t  wh ich
saturation  is  reached,
not the saturation limit
itself.

REAL-WORLD
EXAMPLES AND
APPLICATIONS

U n d e r s t a n d i n g
s a t u r a t e d  a n d
unsaturated  solutions
is not just an academic
exercise.  It  explains
countless  phenomena
around  us.

Ocean and
Lakes: The
salinity of
seawater is
below saturation
for most salts,
making it an
unsaturated
solution.
However, in
extremely arid
regions like the
Dead Sea, the
water is so rich in

salts that it is
nearly saturated,
causing salt
crystals to form
on shores.
Pharmaceutical
s: Drug
manufacturers
must control
saturation to
produce stable
liquid
medications. If a
drug solution
becomes
supersaturated,
it may crystallize
inside the bottle,
changing the
dosage.
Food and
Beverages:
Brewing coffee
involves
extracting
soluble
compounds from
ground beans.
The amount of
coffee you can
dissolve in hot
water is limited
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by saturation;
using too many
grounds just
leaves sludge.
Similarly, making
simple syrup
requires heating
water to dissolve
more sugar.
Geology: The
formation of
stalactites and
stalagmites in
caves involves
supersaturated
calcium
bicarbonate
solutions. As
water drips and
evaporates,
carbon dioxide
escapes, causing
calcite to
precipitate.

Using
POGIL to

Connect
Theory to
Real Life
P O G I L  a c t i v i t i e s
d e s i g n e d  a r o u n d
s a t u r a t e d  a n d
unsaturated  solutions
often  include  context-
based  scenarios.  For
example,  students
might  analyze  why
rock candy forms when
a supersaturated sugar
solution is cooled and a
string  is  introduced.
They  calculate  how
m u c h  s u g a r  i s
dissolved  at  different
temperatures  using  a
solubility  curve,  and
then predict  the mass
o f  sugar  tha t  w i l l
crystallize  when  the
solution is cooled. This
b r i d g e s  t h e  g a p
between  abst ract
graphs  and  tangible
outcomes.
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COMMON
MISCONCEPTIONS
AND HOW POGIL
ADDRESSES THEM

Many  students  harbor
incorrect  ideas  about
s a t u r a t i o n .  F o r
instance, some believe
that “saturated” means
the solution is thick or
“full,”  or  that  stirring
can make more solute
dissolve  beyond  the
saturation limit. Others
think that all solutions
can become saturated
equally quickly.
P O G I L  a c t i v i t i e s
systematically  expose
these  misconceptions.
By  examining  particle
diagrams,  students
realize  that  saturation
i s  a b o u t  t h e
equilibrium  between
d i s s o l v e d  a n d
undissolved  solute.
They  see  that  even
though you cannot see
t h e  p a r t i c l e s ,  a
saturated  solution  still

l o o k s  p e r f e c t l y
clear—until  excess
solute  accumulates.
T h r o u g h  g u i d e d
inquiry,  they  discover
that  s t i r r ing  on ly
speeds dissolution, not
the maximum capacity.
This  self-discovery  is
far more powerful than
being told the answers.

STEP-BY-STEP:
HOW TO CONDUCT
A POGIL ACTIVITY
ON SATURATED
AND
UNSATURATED
SOLUTIONS

Here  is  a  typical  flow
for a classroom or self-
study POGIL exercise:

Divide into1.
groups of 3–4.
Each student
receives a copy
of the activity.
Examine Model2.
1: A solubility
curve for
potassium nitrate
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(KNO₃) in water.
The graph has
temperature on
the x‑axis and
grams of solute
per 100 g water
on the y‑axis.
The line shows
the saturation
point. Points
above the line
represent
supersaturation
(unstable), points
below are
unsaturated.
Answer critical3.
thinking
questions: “For
a solution
containing 50 g
of KNO₃ in 100 g
water at 40°C, is
the solution
saturated or
unsaturated?
How do you
know?” Students
must locate the
point on the
graph and
compare it to the

line.
Model 2 shows4.
particle
diagrams.
Students label
each diagram as
saturated or
unsaturated.
They explain why
some diagrams
have undissolved
solute at the
bottom.
Apply to a new5.
scenario: “You
have a saturated
solution of salt in
water at 25°C.
You add more
salt. Describe
what happens at
the molecular
level.” Students
reason that no
more salt
dissolves; it
remains as solid.
Report out.6.
Groups share
their answers,
and the
instructor
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clarifies. The
entire process
develops both
content
knowledge and
collaborative
skills.

This  method  ensures
that POGIL saturated
and  unsaturated
solutions  activities
a r e  n o t  m e r e
memorization  but  an
exercise  in  scientific
reasoning.

ASSESSING
UNDERSTANDING:
WHAT STUDENTS
SHOULD KNOW

After  completing  a
POGIL  uni t  on  th is
topic,  learners  should
be able to:

Define saturated,
unsaturated, and
supersaturated
solutions in their
own words.
Read and

interpret
solubility curves
to determine
saturation status
at given
temperatures.
Explain the
dynamic
equilibrium in a
saturated
solution.
Predict the effect
of temperature
changes on
saturation.
Identify how
particle diagrams
represent
different
saturation states.
Apply the
concept to real-
world situations
like carbonated
drinks, hand
warmers, and
crystallization.

CONCLUSION

U n d e r s t a n d i n g
s a t u r a t e d  a n d
unsaturated  solutions
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is  a  cornerstone  of
chemistry that reaches
f a r  b e y o n d  t h e
classroom.  Whether
you are a student using
POGIL  activit ies  to
uncover  the  principles
firsthand  or  an
enthusiast  eager  to
g r a s p  e v e r y d a y
p h e n o m e n a ,  t h e
concepts  are  both
a c c e s s i b l e  a n d

powerful.  The  POGIL
approach  transforms
passive  learning  into
act ive  d iscovery ,
helping learners build a
robust mental model of
h o w  s o l u t e s  a n d
solvents  interact.  By
exploring  solubility
c u r v e s ,  p a r t i c l e
diagrams,  and  real-
world applications, you
gain  not  just  factual
knowledge but the


