CHROMATOGRAPHY

Chromatography is a technique used to separate mixtures based on adsorption differences among a mixture's components. There are several methods of chromatography which range from simple and inexpensive to sophisticated and expensive. The simplest methods include paper chromatography, thin layer chromatography and column chromatography. These methods use relatively inexpensive materials but provide only qualitative results. These methods will separate liquid samples and must have visible components or be able to be detected by staining or viewing with UV radiation. The more sophisticated methods include gas chromatography and high performance liquid chromatography (or high pressure liquid chromatography). These not only provide qualitative results but also allow for quantitative analysis. Using these methods, samples are not limited to visible separations. Gas chromatography (GC) will separate mixtures of gases as well as mixtures of volatile liquids. High performance liquid chromatography (HPLC) will separate liquid samples, including colorless components. These latter two methods use a detection system other than the naked eye and allow for quantitative analysis.

The method of chromatography chosen depends upon the desired results. Regardless of the method of chromatography chosen, the principle remains the same. All methods employ two phases: a stationary phase and a mobile phase. Although the stationary and mobile phases vary from one method to another, their purpose remains the same. The mobile phase carries the sample over the stationary phase, which is where the mixture is separated. Separation occurs due to the interaction of the components of the mixture with the stationary and mobile phases.

If one of the components has greater affinity for the stationary phase, it will adhere longer to this phase and, hence, will separate from the other components in the mixture. Using paper and thin layer chromatography, this affinity will be detected by the component remaining on the stationary phase near the application of the sample. In column, gas, and high performance liquid chromatography, this component will be removed from the stationary phase last. The reverse is true if the component has a greater affinity for the mobile phase.

If the components have too great of an affinity for the stationary phase or no affinity for the mobile phase, the components will remain at the point of application and will not be separated. In contrast, if the components have too great of an affinity for the mobile phase or no affinity for the stationary phase, they will continue to travel with the mobile phase and will not be separated. The stationary and mobile phases are chosen to be able to separate all of the components. In order to do this the polarity of the components are considered. The one phase is more polar than the other phase and these are adjusted to give the desired separation. More polar components will adhere more strongly to the polar phase than the less polar or nonpolar substances. Remember, "like dissolves like".

Paper chromatography use a slightly porous paper (often filter paper) as the stationary phase, which is placed in a liquid mobile phase. The mobile phase is carried over the stationary phase by capillary action. Thin layer chromatography use the same method except the stationary phase is a thin layer of cellulose or silica gel coated onto a plastic or glass plate. In column, gas and high performance liquid chromatography, the stationary phase is a column packed with a finely divided material, such as alumina, octodecylsilane, etc. In these methods, not only does adsorption play a role in the separation process, but the size of the molecules in the mixture does as well. The smaller molecules will be able to travel through the column quicker than the larger more bulky molecules. The mobile phase for both column and high performance liquid chromatography is a liquid. The liquid mobile phase in column chromatography is carried through the column by the force of gravity, while in high performance liquid chromatography, the mobile phase is pumped through the column using high pressures. Gas chromatography uses helium gas as the mobile phase. The gas is forced through the column by pressure.

Each component of a mixture can be identified once it is separated by determining the retention time or Rf value of the components. If the sample is removed from the stationary phase as in column, gas and high performance liquid chromatography, the retention time is used. This is a measure of how long the component was retained on the column before eluting with the mobile phase. In paper and thin layer chromatography, the components are identified by the use of calculated Rf values. The Rf value is calculated using the following equation:

Rf =

distance from the point of application of the sample to one of the components ------------------------------------------------------------------------------------------------------​

distance from the point of application of the sample to the solvent front

The solvent front is the point where the mobile phase traveled before the stationary phase was removed. Comparing the retention times or Rf values of known compounds analyzed under the same conditions as the mixture was analyzed will allow for identification of the unknown components in the mixture.

CHROMATOGRAPHY OF MAGIC MARKERS

Introduction:

The colors in magic markers are often due to a mixture of several compounds. These inks can be separated using paper chromatography. Porous paper serves as the stationary phase. Depending on the type of ink, the mobile phase will vary. Permanent inks require isopropyl alcohol to separate, while washable markers require only water. After separation, one can observe the different colors that make up a particular color of magic marker.

Purpose:

The purpose of this experiment is to separate the inks in magic markers using paper chromatography.

Materials:

large test tubes
isopropyl alcohol
water

magic markers
scissors
ruler

large test tube racks
chromatography paper


Safety:

•
Always wear safety glasses and an apron in the lab.

Procedure:

1.
Obtain large test tubes (one for each marker to be tested), and place them in a test tube rack.

2.
Cut strips of chromatography paper slightly longer that the test tubes and slightly narrower than the diameter of the test tubes.

3.
In the center of each strip about 3 cm from the pointed end, place a dot of the marker to be tested. The dot should be about 0.2 cm in diameter and dark enough to be clearly visible.

4.
Place about 1.5 cm of water in each test tube.

5.
Carefully insert the chromatography paper into the test tube, dotted pointed end down. The dot must be above the water, and the sides of the chromatography paper cannot touching the sides of the test tube.

6.
Allow the test tube to remain undisturbed until a good separation is obtained or until the solvent front reaches the top of the test tube. In a good separation, the colors are separated and the solvent is clearly above the top color.

7.
Remove the chromatograph.

8.
Mark the solvent front with a pencil.

9.
Calculate the Rfvalues (Rf= distance solute moved/distance solvent moved). 10. Repeat for as many different colors as assigned.

11. Repeat using a 1:1 isopropyl alcohol to water mixture as the solvent.(opt.)

Name:_______________________​Name:_______________________​Period:________
Date:___________

CHROMATOGRAPHY OF MARKERS

Data Table:

Marker color and brand:_________________________________________

	Colors absorbed top to bottom

(Solvent: water)
	Colors observed top to bottom

(Solvent: alcohol)

	
	

	
	

	
	

	
	

	
	

	
	


Questions:

1. What color markers were mixtures?

2. Why is isopropyl alcohol a better mobile phase than H2O for permanent markers?

3.
Why does the spot need to be above the level of the solvent when the chromatogram is placed into the solvent?

CHROMATOGRAPHY OF MARKERS

TEACHER NOTES

Lab Time:
30 to 45 minutes

Answers to Questions:

1. What color markers were mixtures? Answers will vary.

2. Why is isopropyl alcohol a better mobile phase than H20 for permanent markers? Permanent ink is insoluble in water, so it will not move with the water

3.
Why does the spot need to be above the level of the solvent when the chromatogram is placed into the solvent?

The spot will "wash" into the solvent.

Considerations:

This lab is very simple. It demonstrates the concepts of chromatography well, even at a very low chemistry level while giving the students practice with the general skills of paper chromatography. This lab is also a very good predecessor to any of the paper or thin layer chromatography labs in this section. This lab is easily adapted to elementary students. Students often enjoy using their own markers for this lab.

Science in Motion

Materials List

Lab: Chromatography of Magic Markers

Number of Lab Groups Prepared:

	Equipment per lab group
	Delivered
	Returned

	Large test tubes
	
	

	Magic markers
	
	

	Large test tube racks
	
	

	Scissors
	_
	

	Ruler
	
	


	Consumables
	Delivered

	Isopropyl alcohol
	

	Chromatography paper
	

	Water
	


