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INTRODUCTION:
THE INVISIBLE
SCALE OF
CHEMISTRY

Chemistry  is  often
cal led  the  centra l
science  because  it
bridges  the  physical
world we can see with
the  atomic  world  we
cannot. Every reaction,
every  compound ,
every  proper ty  o f
matter depends on the
behavior of atoms and
molecules.  Yet  for
students,  one  of  the
most daunting hurdles
is  understanding  how
to  work  with  particles
that  are  far  too small

to  count  individually.
Th i s  i s  where  two
fundamental  concepts
c o m e  t o g e t h e r :
relative mass and the
mole .  The  phrase
Relative  Mass  And
The Mole Pogil refers
to  a  specific  guided
inquiry  approach  that
helps  learners  unpack
these  ideas  step  by
step. In this article, we
wi l l  exp lo re  what
relative  mass  means,
why the mole is such a
powerful tool, and how
a  POG IL  ( P rocess
O r i e n t e d  G u i d e d
Inqui ry  Learn ing)
activity  can  transform
confusion  into  clarity.
Whether  you  are  a
s tudent  t ry ing  to

https://www.remodelicious.com/


2

2 Relative Mass And The Mole Pogil2025-01-25

master  stoichiometry
or an educator looking
for  effective  teaching
s t r a t e g i e s ,
understanding  these
concepts  is  essential
f o r  s u c c e s s  i n
chemistry.

WHAT IS RELATIVE
MASS IN
CHEMISTRY?

Atoms  are  incredibly
tiny.  A  single  carbon
atom  has  a  mass  of
about  1.99  ×  10⁻²³
g rams .  We igh ing
individual  atoms  on  a
laboratory  balance  is
impossible.  Instead,
chemists use a relative
s c a l e .  R e l a t i v e
a t o m i c  m a s s
compares the mass of
an atom to a standard
reference.  Historically,
that  s tandard  has
evolved, but today it is
based on one atom of
carbon-12,  which  is
assigned  a  mass  of
exact ly  12  atomic

mass  units  (u).
This  means  that  the
relative atomic mass of
an  e lement  i s  the
average  mass  of  its
atoms,  taking  into
account  the  natural
a b u n d a n c e  o f  i t s
isotopes. For example,
chlorine has two stable
isotopes:  chlorine-35
( a b o u t  7 5 . 8 %
a b u n d a n t )  a n d
chlorine-37  (about
24.2% abundant).  The
ave rage  re l a t i ve
a t o m i c  m a s s  o f
c h l o r i n e  i s
approximately 35.45 u.
This  number  appears
on  the  periodic  table
and  i s  c r i t i ca l  fo r
chemical calculations.

Why
Relative
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Mass
Matters
Without relative mass,
we would have no way
to compare the masses
of  different  atoms.  It
allows us to say that an
oxygen atom is  about
16 times heavier than
a hydrogen atom. This
ratio  is  preserved  in
c o m p o u n d s  a n d
reactions.  When  we
combine  atoms  in  a
chemical  reaction,  the
ratios  of  their  masses
give  us  the  formulas
and quantities needed.
But relative mass alone
is  not  enough—we
need a way to connect
the mass of a sample
t o  t h e  n u m b e r  o f
particles  it  contains.
That connection is the
mole.

UNDERSTANDING

THE MOLE
CONCEPT

The mole is one of the
seven base units in the
International System of
Units  (SI).  It  is  defined
a s  t h e  a m o u n t  o f
s u b s t a n c e  t h a t
con ta i n s  exac t l y
6.02214076  ×  10²³
elementary  entities
(atoms,  molecules,
i o n s ,  o r  o t h e r
particles). This number
i s  k n o w n  a s
Avogadro's  number,
named after the Italian
sc ient i s t  Amedeo
Avogadro. One mole of
any  substance  has  a
mass in grams equal to
its  relative  atomic  or
molecular  mass.  For
example,  one mole  of
carbon-12 atoms has a
mass of 12 grams and
contains  Avogadro's
number  of  atoms.
The  mole  bridges  the
macroscopic  world  of
grams  and  liters  with
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the  microscopic  world
o f  a t o m s  a n d
molecules.  It  allows
chemists  to  count
particles  by  weighing.
If you know the molar
mass  of  a  substance
( t h e  m a s s  o f  o n e
mole), you can convert
between  mass  and
number  of  particles
u s i n g  s i m p l e
arithmetic.  This  is  the
f o u n d a t i o n  o f
stoichiometry.

The
Connectio
n
Between
Relative
Mass and

the Mole
The  relationship  is
beautifully  simple:  the
m o l a r  m a s s  o f  a n
element  in  grams  per
mole  is  numerically
equal  to  its  relative
atomic mass in atomic
m a s s  u n i t s .  F o r
instance, oxygen has a
relative atomic mass of
about 16.00 u, so one
mole of oxygen atoms
has  a  mass  of  16.00
grams. For compounds,
you  sum  the  relative
atomic  masses  of  all
atoms in the formula to
g e t  t h e  r e l a t i v e
molecular  mass,  and
that  number in  grams
is  the  mass  of  one
mole of the compound.
Water  (H₂O)  has  a
relative  molecular
mass of about 18.02 u,
so  one mole  of  water
weighs 18.02 grams.
This  direct  numerical
correspondence  is  not
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a coincidence—it arises
from  the  definition  of
t h e  m o l e  a n d  t h e
atomic  mass  uni t .
Understanding  this
connection  is  a  key
learning  objective  in
the  Relative  Mass
And The Mole Pogil
activity.

WHAT IS POGIL?

P O G I L  s t a n d s  f o r
P rocess  Or ien ted
G u i d e d  I n q u i r y
L e a r n i n g .  I t  i s  a
s t u d e n t - c e n t e r e d
instructional  strategy
where learners work in
small groups to explore
m o d e l s ,  a n s w e r
q u e s t i o n s ,  a n d
construct  their  own
unders tand ing  o f
concepts. Instead of a
lecture  where  the
teacher  transmits
information,  a  POGIL
activity  provides  a
s t ruc tu red  se t  o f
problems  and  guiding
questions.  Students

analyze  data,  discuss
i d e a s ,  a n d  d r a w
conc lus i ons  w i th
m i n i m a l  d i r e c t
i n s t r u c t i o n .  T h e
approach  develops
cr i t i ca l  th ink ing ,
col laboration,  and
process skills alongside
content knowledge.
In chemistry,  POGIL is
particularly  effective
for abstract topics like
the  mole.  A  typical
Relative  Mass  And
T h e  M o l e  P o g i l
activity  begins  with
simple  analogies  and
gradually  builds  up to
formal  definitions  and
calculations.  Students
might first compare the
masses  of  different
objects (like paper clips
and pennies) to see the
idea  of  relative  mass.
Then  they  apply  that
logic to atoms, using a
periodic  table as their
reference.
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Key
Features
of a
POGIL
Activity

Model: A
diagram, table,
or set of data
that students
examine.
Guided
Questions:
Carefully
sequenced
questions that
lead students
from observation
to analysis to
application.
Group Work:
Students discuss
and record their
answers
together, often
with assigned

roles (manager,
recorder,
speaker, etc.).
Instructor Role:
The teacher
circulates,
clarifies
questions, and
facilitates
discussion but
does not give
direct answers.
Report Out:
Groups share
their findings,
and the whole
class synthesizes
the key ideas.

HOW A POGIL
ACTIVITY
EXPLORES
RELATIVE MASS
AND THE MOLE

A  w e l l - d e s i g n e d
Relative  Mass  And
T h e  M o l e  P o g i l
worksheet  typically
i n c l u d e s  s e v e r a l
sections.  Let  us  walk
through what a student
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might experience.

Section 1:
Introduci
ng
Relative
Mass
The  first  model  might
show  two  different
types of  objects,  such
as small metal washers
a n d  l a r g e r  n u t s .
Students are told that
one washer has a mass
of 2 grams and one nut
has a mass of 8 grams.
The  questions  ask:
What is the mass ratio
of a nut to a washer?
(4:1).  If  you need the
same  number  of  nuts
a n d  w a s h e r s  t o
balance  a  scale,  how
many  times  heavier
must the nut be? This
analogy helps students

grasp  the  concept  of
comparing  masses
us ing  a  re ference
o b j e c t .  T h e n  t h e
activity  transitions  to
atoms:  carbon-12  is
c h o s e n  a s  t h e
r e f e r e n c e ,  a n d
students  calculate
relative atomic masses
from given data.

Section 2:
Identifyin
g the
Mass of a
Single
Atom
Students  are  given  a
table of atomic masses
in  atomic  mass  units
(e .g . ,  hydrogen  =
1.008  u ,  carbon  =
12.011  u,  oxygen  =
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15.999 u). They might
b e  a s k e d :  W h i c h
element  has  atoms
about 16 times heavier
than  hydrogen?  They
identify  oxygen.  The
activity  emphasizes
that these numbers are
averages  because  of
isotopes.

Section 3:
Introduci
ng the
Mole –
Counting
by
Weighing
Here the POGIL models
a thought experiment:
Suppose  you  have  a
b a g  o f  i d e n t i c a l
marbles,  each  with  a

known  mass .  How
would you count them
wi thout  count ing
i n d i v i d u a l l y ?  B y
weighing  the  whole
bag and dividing by the
mass  of  one  marble.
That  is  exactly  what
chemis t s  do  w i th
atoms.  The  activity
t h e n  i n t r o d u c e s
Avogadro's  number as
the magic number that
makes the math work.
Students  learn  that  1
mole  =  6.02  ×  10²³
particles, and that the
mass in grams of one
mole of a substance is
equal  to  its  relative
atomic  or  molecular
mass.

Section 4:
Calculatin
g Molar
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Mass
Students  pract ise
s u m m i n g  a t o m i c
m a s s e s  f r o m  t h e
periodic  table  to  find
the  molar  mass  of
compounds  like  CO₂,
H₂O,  or  NaCl.  They
then  work  through
problems  converting
between  mass  and
m o l e s  u s i n g  t h e
formula: moles = mass
( g )  /  m o l a r  m a s s
(g/mol).  The  guided
questions often include
real-world  examples,
such  as  how  many
moles are in 50 grams
of table salt (NaCl).

Section 5:
Connecti
ng Back

to the
Macro
World
Finally,  students apply
their new knowledge to
stoichiometry:  i f  a
reaction  requires  2
moles of hydrogen for
e v e r y  1  m o l e  o f
oxygen,  how  many
grams  of  oxygen  are
needed for 10 grams of
hydrogen?  By  th is
p o i n t ,  t h e y  h a v e
constructed  a  working
unders tand ing  o f
relative  mass  and the
mole  that  i s  more
durab le  than  rote
memorization.

COMMON
CHALLENGES AND
HOW POGIL
OVERCOMES THEM

Many students struggle
with the mole concept
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for  several  reasons.
First,  the  numbers
involved are enormous
(Avogadro's number is
602,200,000,000,000,0
00,000,000).  Second,
the  idea  of  relative
mass can feel abstract
when  you  cannot  see
the  atoms.  Third,  unit
conversions  (grams  to
moles  to  particles)
r e q u i r e  c a r e f u l
dimensional analysis. A
l e c t u r e - b a s e d
approach  often  leaves
students  memorizing
formulas without deep
understanding.
POGIL addresses these
challenges by:

Building
intuition:
Starting with
physical objects
that can be held
and weighed
makes the
concept
concrete.
Encouraging

teamwork:
Students explain
ideas to each
other, which
reinforces
learning.
Promoting
active
processing:
Instead of
passively
listening,
students answer
questions and
make
predictions.
Correcting
misconceptions
in real time:
The instructor
can spot errors
during group
work and guide
students toward
the correct
reasoning.

INTEGRATING
TECHNOLOGY AND
ADDITIONAL



Relative Mass And The Mole Pogil 11

11

RESOURCES

While  the  Relative
Mass And The Mole
Pog i l  a c t i v i t y  i s
designed for a printed
worksheet ,  many
teachers  complement
i t  w i t h  o n l i n e
s i m u l a t i o n s .  F o r
e x a m p l e ,  P h E T
Interactive  Simulations
offers  a  "Molarity"
s i m u l a t o r  a n d  a
"Molecules  and  Light"
tool.  Another  useful
resource  is  the  "Mole
Lab"  where  students
physically measure out
one  mole  of  different
substances (like water,
salt,  copper  shot)  to
see  how  much  mass
t h a t  r e p r e s e n t s .
Combining  hands-on
lab  work  with  POGIL
creates  a  multi-modal
learning  experience
t h a t  a p p e a l s  t o
different  learning
styles.
For  students  studying

independently,  Khan
Academy  and  other
educational  platforms
provide video tutorials
and practice problems.
However,  the  guided
inquiry  structure  of
POGIL  is  particularly
powerful  because  it
forces  the  learner  to
u n c o v e r  t h e
relationships  rather
than simply being told
them.

CONCLUSION: WHY
MASTERING
RELATIVE MASS
AND THE MOLE
MATTERS

The mole is not just a
n u m b e r — i t  i s  a
conceptual bridge that
links the abstract world
o f  a t o m s  t o  t h e
tang ib le  wor ld  o f
g rams  and  l i te r s .
Without  it,  chemistry
would be a collection of
disconnected  facts.
The  Relative  Mass
And The Mole Pogil
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activity  exemplifies
bes t  p rac t i ces  i n
science  education  by
engaging  students  as
active  participants  in
their  own learning. By
starting  with  simple
ratios,  building  up  to
Avogadro's  number,
and  app l y i ng  t he
c o n c e p t s  t o  r e a l
calculations,  students
d e v e l o p  a  r o b u s t
mental  model  that
s e r v e s  t h e m
throughout  future
studies  in  chemistry.
Whether you are a high
s c h o o l  s t u d e n t

preparing for an exam,
a  co l lege  s tudent
t a c k l i n g  g e n e r a l
chemistry, or a teacher
looking  for  effective
classroom  strategies,
understanding  the
connection  between
relative  mass  and the
mole  is  a  milestone
that opens the door to
s t o i c h i o m e t r y ,
chemical  reactions,
and  beyond.  Embrace
the  inquiry  process,
work  with  others,  and
remember  that  even
the  largest  numbers
can  be  mastered  one
step at a time.


