
Experiment: Identification of Metal Ions by Paper Chromatography 
 

!
BACKGROUND 
!
Chromatography is a term used to describe several laboratory techniques that separate mixtures on the basis of 
their differing affinities for a stationary phase.   It is one of the most common chemical and biochemical separation 
techniques.  In a variety of chromatographic methods, chemists use liquid solvents or mobile phase to move 
compounds over a stationary phase (a solid, gel, or polymer).   
 
Paper chromatography (PC) is a technique similar to the widely used thin-layer chromatography (TLC).  In TLC, 
silica gel – a material commonly used as a stationary phase – is coated onto a glass or plastic sheet.  In PC, the 
mixture is spotted onto a sheet of paper.  Both of these techniques can be used to help to identify an unknown in 
solution.   
  

Paper chromatography works because of the capillary action of 
aqueous solution or organic solvent, in the paper.  Capillary action 
is defined as the movement of liquid within the spaces of a porous 
material due to the forces of adhesion, cohesion, and surface 
tension.  The liquid is able to move up the filter paper because its 
attraction to itself is stronger than the force of gravity.  Compounds 
that are not soluble in the solvent or are very attracted to the 
stationary phase stay in place.  Compounds that are very soluble 
and less attracted to the stationary phase travel up the stationary 
phase with the solvent.  Some compounds are somewhat soluble 
and somewhat attracted to the stationary phase.  They travel up 
the paper, but at a slower rate.  You may have noticed a towel 
hanging into the bathtub, with one end in water and the other end 
out of the water on the floor.  Water travels through the towel, 
forming a puddle on the floor.  Capillary action or the affinity of 
water for the towel allows the water to travel through the towel.  
Think of a stain caused by an uncapped pen in a pocket.  Was 
there one spot or rainbow streaks?  Different dyes in the pen ink 
travel at different rates as capillary action pulls the material 
through the cloth at different speeds.   

 
Mobile phase:  This is the solvent.  It may be a single compound or a mixture of solvents, often with different 
polarities.  
Stationary phase:  This is the chromatographic medium – in our experiment, the paper.  
Origin:  This is where you put the mixture of compounds on the chromatography paper. Generally, you will make a 
pencil line to show you where you put the mixtures.  The baseline must be above the liquid level, so that the 
solvent does not dissolve the compounds into the liquid phase in the chamber.   
Solvent front:  This is the highest point that the solvent traveled during “developing”.  Note: You need to mark 
where the solvent front reaches before the solvent evaporates.  
 
Retention factor (Rf):  This is the ratio of how far the solute (metal ions) travels on the chromatograph vs. how far 
the solvent front travels.  In other words, the fraction of the distance each solute travels, relative to the distance the 
solvent travels.  The Rf is a property characteristic of a substance (intensive property) and will be the same if the 
solvent and stationary phase are the same.  In order for this technique to be effective, the paper and the mobile 
phase must be chosen such that each compound in the mixture has a different Rf.   

!
!
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PROCEDURE 
 
Part A: Prepare the Chromatography Paper  
 
1) Obtain a piece of chromatography paper already cut to size for the experiment. 
Refer to Figure 1 for a visual explanation of the steps 2-3: 

2) Draw a light pencil line 1.0-1.2 cm above the bottom of the paper. This will be the origin line for each sample. 
• Do not use pen, as the various dyes in the ink will separate as you elute the paper. 
• Do not press too hard or you may rip the paper. 

3) Place one very light pencil dot or hash mark 2.0-2.2 cm in from both the left and right edges of the 
chromatography paper. Place four additional hash marks evenly spaced along the origin line.  

4) Obtain a spot plate and place a few drops each of the three metal ion known samples and the two unknown 
mixtures assigned to you into separate, labeled wells on the plate. In a sixth well, place 2 drops each of the 
three known metal ion samples.  

5) Lightly label the chromatography paper with the identity of the metal ion or the unknown sample ID number (or 
ID letter) that will be spotted onto each hash mark on the origin line. 

6) Using a different toothpick for each solution, place a small amount of each sample on its corresponding hash 
mark. Allow the solution to dry for 3-5 minutes and spot again. Repeat this 2-4 more times. The goal is to get 
enough material on the plate that the developed spots will be visible, but not so much that the spot will be too 
large to get a reasonable measure of the retention factor. 

7) After the last spotting, roll the paper edge-to-edge and staple 3 times such that the left and right edges of the 
paper do not touch. Your instructor may demonstrate.  

 
Part B: Prepare the Eluting Chamber 
 
8) In the fume hood, pour enough of the prepared eluting solution into the bottom of a large beaker to create a 

pool of the solvent not more than 0.5 cm above the bottom of the beaker. This will allow enough solution for 
eluting the paper, but not so much that the origin line will be below the initial solvent level. 

 
9) Take the beaker out of the fume hood and immediately cover with plastic wrap and rubber band.  

• Do not use the plastic wrap in the fume hood, because stray pieces inside the fume hood can get 
pulled into the exhaust system and prevent it from functioning properly. 

• Covering the chamber will prevent the volatile component of the solution (acetone) from evaporating, 
changing the concentration of the solution and its eluting properties. 

 
Part C: Eluting the Chromatography Paper and Visualizing Spots 

 
10) After the chromatography spots are dry, remove the plastic wrap, carefully place the chromatography paper 

inside, and reapply the plastic wrap. Do not disturb the chamber as elution continues, as it may cause the 
solution to splash onto the paper and/or move unevenly up the paper. 

11) Allow the solvent to move up the paper until it is approximately 1.5-1.0 cm from the top of the paper. At that 
point, carefully remove the plastic wrap and take out the chromatography paper. Using a pencil, mark the 
solvent front lightly. Replace the plastic wrap on the solvent chamber.  

12) After the paper is dry, remove the staples carefully, and more clearly mark the solvent front (if needed). 
13) Spray the paper with a solution of potassium hexacyano ferrate (II), K4[Fe(CN)6]. 
Refer to Figure 2 for a visual explanation of the steps 14-15: 

14) Measure dsolvent front for the paper. Note that it is possible that different lanes may have different dsolvent front 
values if the solvent did not move evenly up the paper. Typically, all lanes have the same value.  

15) Measure dspot for each spot on the paper. Calculate the Rf (retention factor) for each spot.  
16) Based on spot color and Rf values, identify the metal cations in the unknown mixtures.   
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Figure 2: Calculating the Retention Factor (Rf)

Notes:

1) For dspot always measure 
from the center of the spot.

2) For dsolvent front always 
measure for the "lane" the 
spot is in.

3) Measure both values in 
metric units to the full 
precision of your ruler.

min. 1.0 cm

Draw a pencil line a minimum of 
1.0 cm from the bottom edge of 
the chromatographic paper.

min. 1.0 cm

As the solvent moves up the paper, do not 
allow the solvent front to get closer than 1.0 cm 
to the top of the paper before removing from 
the eluting chamber.

Spot your knowns and unknowns 
onto chromatographic paper at 
least 2.0 cm from each edge of 
the paper.

  min. 
2.0 cm

Figure 1: Setting up the chromatographic paper



Data Tables 
 
Table A: Known Metal Cations 

Ion Color (after spraying) dspot dsolvent front Rf (show calculation) 

Fe3+ 
 

   

Cu2+     

Co2+     

The rows below are for the metal ions in the mixture that you prepared in the well plate.  

Fe3+ 
 

   

Cu2+     

Co2+     

 
 
For the unknowns, be sure to record you appropriate Unknown ID. Unknowns may have 1,2, or 3 spots. 
 
Table B: Unknown ___ 

Ion Color (after spraying) dspot dsolvent front Rf (show calculation) 

Spot 1 
 

   

Spot 2     

Spot 3     

 
 

Table C: Unknown ___ 

Ion Color (after spraying) dspot dsolvent front Rf (show calculation) 

Spot 1 
 

   

Spot 2     

Spot 3     

 
 
  

Prepare in your 
Laboratory Notebook 

Prepare in your 
Laboratory Notebook 

Prepare in your 
Laboratory Notebook 

Prepare in your 
Laboratory Notebook 



Experiment: Paper Chromatography  Name:       
 
PRELAB QUESTIONS: Please answer the questions directly on this handout. 
 
 
1) Why do we use pencil instead of pen when marking on the chromatography paper? 
 
 
 
 
 
2) Why do we cover the beaker with the eluting solution? 
 
 
 
 
 
3) What problems might arise if we move the eluting chamber during the elution of the chromatogram? 
 
 
 
 
 
4) Calculate the Rf values for the spots on the chromatogram below. Show your length measurement values 

(including units). Also show the calculation of the retention factor values. Pay attention to significant figures. 
 

 
  

Lane 1 2 3 4


