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UNLOCKING THE SECRETS OF
MIXTURES: A GUIDE TO PAPER
CHROMATOGRAPHY SCIENCE
BUDDIES

Imagine being able to separate a single
drop of ink into a rainbow of individual
colors, or to determine whether a marker
was made using a single pigment or a
blend of several. This is not a scene from

a futuristic laboratory; it is a classic and
accessible scientific technique known as
paper  chromatography.  For  students,
educators, and curious minds, mastering
this method is a rite of passage into the
world of analytical chemistry. The phrase
Paper  Chromatography  Science
Buddies  encapsulates  a  powerful
combination:  a  foundational  scientific
procedure  and  the  world-renowned
educational  resource  that  makes  it
approachable  for  everyone.  Science
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Buddies has long been a trusted ally for
science  fair  projects  and  hands-on
learning,  and  their  approach  to  paper
chromatography  is  no  exception.  This
article  will  explore  the  fascinating
principles behind this technique, provide
a detailed walkthrough of  the process,
discuss  its  real-world  applications,  and
d e m o n s t r a t e  w h y  t h e  P a p e r
Chromatography  Science  Buddies
framework is the perfect starting point
for your next scientific investigation.

WHAT IS PAPER
CHROMATOGRAPHY? A DEEP
DIVE INTO THE PROCESS

At its core, paper chromatography is a
method used to separate mixtures into
their  individual components.  The name
i t s e l f  h i n t s  a t  t h e  p r o c e s s :

"chromatography" comes from the Greek
words "chroma" (color)  and "graphein"
(to  write),  a  nod  to  its  early  use  in
separating  plant  pigments.  While
modern chromatography uses advanced
equipment,  the  paper-based  version
remains a powerful educational tool. The
technique relies  on a  simple  principle:
different  substances  in  a  mixture  will
travel at different speeds across a piece
of  absorbent  paper  when carried by a
solvent.  This  differential  migration  is
what  allows  for  separation.

The Anatomy of
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a
Chromatography

Experiment
To  fu l l y  apprec ia te  the  Paper
Chromatography  Science  Buddies
approach, it helps to understand the key
components of any experiment:

The Stationary Phase: This is
the material that stays fixed in
place. In paper chromatography,
this is a sheet of specialized paper,
usually chromatography paper or
even high-quality filter paper. The
paper is made of cellulose fibers,
which are polar and have an

affinity for water.
The Mobile Phase: This is the
solvent that moves through the
stationary phase. Common mobile
phases include water, isopropyl
alcohol, acetone, or a mixture of
solvents. The choice of solvent
depends on the nature of the
sample being analyzed.
The Sample: This is the mixture
you want to separate. It could be
ink from a pen, food coloring, plant
pigments (like chlorophyll), or
even markers used in art.
The Development Chamber:
This is the container where the
chromatography process takes
place. It is usually a sealed
container, like a beaker covered
with plastic wrap or a jar with a lid,
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to ensure the atmosphere is
saturated with solvent vapor. This
prevents the solvent from
evaporating too quickly as it
travels up the paper.

When the bottom edge of the paper is
placed in the solvent, the mobile phase
begins to wick upward through the paper
via capillary action. As it passes the spot
where the sample was applied, it begins
to carry the different components of the
mixture along with it. Some components
are more attracted to the mobile phase
(they are more soluble in the solvent)
and travel  a long distance.  Others are
more attracted to the stationary phase
(they adhere more strongly to the paper)
and  travel  only  a  short  distance.  This
creates  a  pattern  of  separated  spots,

known as a chromatogram.

HOW SCIENCE BUDDIES
TRANSFORMS A SIMPLE
EXPERIMENT INTO A ROBUST
LEARNING EXPERIENCE

The Paper Chromatography Science
Buddies  resources  are  designed  to
guide you from a simple demonstration
to  a  rigorous  scientific  inquiry.  Science
Buddies,  a  nonprofit  organization,
provides  free,  high-quality  science  fair
project ideas,  procedures,  and analysis
tools.  Their  paper  chromatography
projects  are  no  different,  offering  a
structured  pathway  for  learning.
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Step-by-Step
Methodology
from Science

Buddies
A  typical  Paper  Chromatography
Science  Buddies  project  follows  a
clear,  replicable  methodology  that
teaches  both  the  technique  and  the
scientific  method.  Here  is  a  generalized
version of the process you would find in
their resources:

Prepare Your Materials: Gather1.
chromatography paper (or coffee
filters), a pencil, a ruler, a clear

container, a solvent (like rubbing
alcohol or water), and your
samples (various black or colored
markers).
Cut and Mark the Paper: Cut a2.
strip of chromatography paper.
Using a pencil (ink would run and
ruin the experiment), draw a
horizontal line about 1-2 cm from
the bottom of the strip. This is the
baseline.
Apply the Sample: Place a small,3.
concentrated dot of your sample
(e.g., a black marker) on the
baseline. Allow it to dry. Applying
multiple dots on top of each other
ensures a concentrated sample.
Prepare the Chamber: Pour a4.
small amount of your chosen
solvent into the container. The
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level of the solvent must be below
the baseline on your paper. If the
sample dot is submerged, it will
dissolve into the solvent instead of
being carried up the paper.
Develop the Chromatogram:5.
Carefully place the paper strip into
the container, ensuring the bottom
edge is in the solvent but the
baseline is above it. Cover the
container and observe. You will
see the solvent front (the wet
edge) rise up the paper. Wait until
the solvent front is about 1-2 cm
from the top of the paper.
Analyze the Results: Remove6.
the paper from the chamber,
immediately mark the solvent
front line with a pencil, and allow
the paper to dry. You will now see

a pattern of colored spots at
different heights on the paper.

Moving Beyond
Simple
Observation: The
Power of Rf
Values
One  of  the  hallmarks  of  a  Science
Buddies  project  is  the  emphasis  on
quantitative  analysis.  Instead  of  just
saying "the colors separated,"  you are
e n c o u r a g e d  t o  c a l c u l a t e  t h e
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Retardation Factor (Rf value). The Rf
value is a ratio that describes how far a
specific  component  traveled  relative  to
the solvent. It is a constant for a given
compound  under  a  specific  set  of
condit ions  (same  solvent,  same
temperature,  same  paper  type).
The formula is simple: Rf = (Distance
traveled  by  the  component)  /
(Distance  traveled  by  the  solvent
front).  By  measuring  these  distances
from the baseline, students can assign a
numerical value to each separated spot.
This transforms a subjective observation
(e.g., "that blue spot went higher than
the  red  one")  into  an  object ive,
reproducible  measurement.  Science
Buddies  provides detailed guidance on
how  to  take  these  measurements
accurately  and  what  factors  can  affect

an  Rf  value.

REAL-WORLD APPLICATIONS:
WHY PAPER CHROMATOGRAPHY
MATTERS

I t  i s  e a s y  t o  d i s m i s s  p a p e r
chromatography as a simple classroom
activity, but its underlying principles are
used in some of the most critical fields of
science and industry. Understanding the
Paper  Chromatography  Science
Buddies  approach builds  a  foundation
for  understanding  these  advanced
applications.

Forensic Science
Forensic  chemists  frequently  use
chromatography  to  analyze  evidence.
They might analyze ink from a ransom
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note to determine the brand and batch
of pen used, or they could separate the
dyes  found  in  fibers  from  a  piece  of
clothing  left  at  a  crime  scene.  The
specific  pattern  of  separated
components  acts  as  a  chemical
"fingerprint."

Pharmaceutical
Analysis
Quality  control  in  the  pharmaceutical
i n d u s t r y  r e l i e s  h e a v i l y  o n
chromatography.  It  is  used  to  ensure
that a drug contains the correct active
ingredients in the right proportions and
is  free  from  harmful  impurities.  While
pharmaceutical  labs  often  use  high-
performance  liquid  chromatography

(HPLC),  the  fundamental  principle  of
separation is identical to what you learn
with a paper strip and a jar.

Food and
Beverage
Industry
Have  you  ever  wondered  how  natural
food  coloring  is  verified,  or  how  the
ripeness  of  a  fruit  is  determined?
Chromatography plays a role. It can be
used to analyze the pigment profile of a
fruit, separating chlorophyll (green) from
carotene  (orange)  and  anthocyanins
(red/purple) to determine its maturity. It
can  also  be  used  to  detect  artificial
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coloring that may not be listed on the
ingredient label.

Environmental
Monitoring
Env i ronmenta l  s c i en t i s t s  use
chromatography to test  water  and soil
samples  for  pollutants.  For  example,
they  can  separate  and  identify  different
types  of  pesticides  or  industrial  waste
products that have contaminated a local
water  source.  While  field  tests  may  use
more  portable  methods,  the  core
principle  of  differential  migration  to
separate  and  identify  compounds
remains  unchanged.

DESIGNING YOUR OWN SCIENCE
FOX FAIR PROJECT WITH PAPER
CHROMATOGRAPHY

The Paper Chromatography Science
Buddies  website  is  a  goldmine  for
project  ideas.  They  don't  just  tell  you
how to do the experiment;  they teach
you  how  to  ask  a  scientific  question.
Here are a few project concepts inspired
by the Science Buddies framework that
can take your learning further:

Exploring the
Variables
One of  the best  ways to deepen your
understanding is to change one variable
at  a  time  and  observe  the  effect.
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Consider  these  investigations:

Solvent Polarity: Compare how
the same mixture (e.g., chlorophyll
extract from spinach) separates
using water (polar), isopropyl
alcohol (moderately polar), and a
non-polar solvent like vegetable
oil. You will need to research
solvent safety, but the results will
be dramatic and informative.
Paper Type: Test different
stationary phases. How does the
separation pattern change when
you use chromatography paper vs.
a paper towel vs. a coffee filter vs.
printer paper? This teaches you
about how the structure of the
paper affects the process.
Temperature Effects: Does the

temperature of the solvent or the
environment affect the Rf values?
You can try running the same
experiment in a warm room and a
cool room (or even a refrigerator)
to see if the separation improves
or degrades.
Ink Brand Comparison: This is a
classic and highly visual project.
Collect black markers from
different brands. Are the black inks
all the same? You will likely find
that some are made from a single
pigment while others are a
complex mixture of blue, red,
yellow, and purple dyes. This
project is directly from the Paper
Chromatography Science
Buddies playbook and is always a
crowd-pleaser at science fairs.
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Data
Presentation:
The Key to a
Winning Project
Learning to present your data clearly is a
skill  that  Science  Buddies  emphasizes.
When you present your chromatography
results, do not just show the dried paper
strips. Include a table of your measured
distances  and  calculated  Rf  values.
Create  a  bar  graph  comparing  the  Rf
values  of  different  samples  under  the
same conditions. A photograph of your
final  chromatograms,  with  the  baseline

and solvent front clearly marked, is also
excellent evidence. Remember, a good
scientist does not just collect data; they
communicate it effectively.

TROUBLESHOOTING COMMON
ISSUES IN PAPER
CHROMATOGRAPHY

Even  with  a  great  guide  like  Paper
Chromatography  Science  Buddies,
experiments do not always go perfectly.
Here are some common problems and
how to fix them:

The colors all ran together in a
smear: This usually means your
sample dot was too large or too
concentrated. Apply a smaller,
more focused dot. Alternatively,
the solvent might be too polar or
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too non-polar, causing all
components to move at a similar
speed.
The solvent front is not
straight: This can happen if the
paper is not cut straight or if the
container is not level. Ensure your
paper has straight, clean edges
and that your container is sitting
on a flat surface.
The chromatogram is very
faint or no colors appear: Your
sample may be too dilute. Try
applying several layers of the
sample dot, allowing it to dry
between applications. You can also
try a more concentrated sample.
The solvent front reaches the
top of the paper too quickly or

too slowly: This is usually a
solvent issue. If it is too fast, the
solvent may be too volatile
(evaporating quickly). If it is too
slow, the solvent may be too
viscous or not have enough
capillary action. Experiment with
different solvent mixtures.

The process of troubleshooting is itself a
valuable learning experience. It teaches
persistence, careful observation, and the
importance of  controlling variables.  Do
not  be  d iscouraged  by  a  fa i led
experiment; use it as a stepping stone to
a  more  refined  one.  This  iterative
process  is  at  the  heart  of  all  scientific
discovery.

CONCLUSION


