Paper Chromatography
Introduction

The fact that different substances have different solubilities in a given solvent can be used in several ways to effect a separation of substances from mixtures in which they are present.  One widely used technique, which depends on solubility differences, is chromatography.


In the chromatographic experiment a mixture is deposited on some solid adsorbing substance, which might consist of a strip of filter paper, a thin layer of silica gel on a piece of glass, some finely divided charcoal packed loosely in a glass tube, or even some microscopic glass beads coated very thinly with a suitable adsorbing substance and contained in a piece of copper tubing.  The components of a mixture pass down and are adsorbed on the solid to varying degrees, depending on the nature of the component, the nature of the adsorbent, and the temperature.  A solvent is then caused to flow through the adsorbent solid under applied or gravitational pressure or by capillary motion.  As the solvent passes the deposited sample, the various components tend, to varying extents, to be dissolved and swept along the solid.  The rate at which a component will move along the solid depends on its relative tendency to be dissolved in the solvent and adsorbed on the solid.  The net effect is that the components separate from each other and move along as rather diffuse zones as the solvent passes slowly through the solid.  With the proper choice of solvent and adsorbant, it is possible to resolve many complex mixtures by this procedure.  If necessary, we can usually recover a given component, removing that part of the solid from the system, and eluting the desired component with a suitable solvent.

The name given to a particular kind of chromatography depends upon the manner in which the experiment is conducted.  Thus, we have column, thin-layer, paper, and vapor chromatography, all in very common use.  Chromatography in its many possible variations offers the chemist one of the best methods, if not the best method, for resolving a mixture into pure substances, regardless of whether that mixture consists of a gas, a volatile liquid, or a group of nonvolatile, relatively unstable, complex organic compounds.


In this experiment, we shall use paper chromatography to resolve a mixture of substances known as acid-base indicators.  These materials are typically brilliant in color, with the colors depending on the acidity of a system in which they are present.  A sample containing a few micrograms of the indicator is placed near one end of a strip of filter paper.  That end of the paper is then immersed vertically in a solvent.  As the solvent rises up the paper by capillary action it tends to carry the sample along with it, to a degree that depends on the solubility of the sample in the solvent and its tendency to adsorb on the paper.  When the solvent has risen a distance of L centimeters, the solute, now spread into a somewhat diffuse zone or band, will have risen a smaller distance, say D centimeters.  It is found that D/L is, for a given substance under specified conditions, a constant independent of the relative amount of that substance or other substances present.  D/L is called the Rf value for that substance under the experimental conditions:
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The Rf value is characteristic of the substance in a given chromatography experiment, and can be used to test for the presence of a particular substance in a mixture of substances with different Rf values.

The first part of the experiment will involve the determination of the Rf values for five common acid-base indicators.  These substances have colors that will allow you to establish the positions of their bands at the conclusion of the experiment.  When you have found the Rf for each substance by studying it by itself, you will use these Rf values to analyze an unknown mixture.

Experimental Procedure


Take a clean dry beaker and a clean dry test tube to the stockroom and obtain six paper strips and a sample of your unknown.  Handle the strips carefully; whenever you need to work with them, handle them by their edges, because their surfaces can very easily be contaminated by your fingers.


Place the strips on a clean dry sheet of paper and make a pencil mark about ¾ inch from one end of each strip.

Put two or three drops of the following indicators into separate, clean, dry, small test tubes:


Bromothymol blue


Phenolphthalein


Congo red



Phenol red


Methyl orange

For an applicator use a fine capillary tube, which will be furnished to you by your instructor.  Test the application procedure by dipping the applicator into one of the colored solutions and touching it momentarily to a round test piece of filter paper.  The liquid from the applicator should form a spot no larger than ¼ inch in diameter.  Test the procedure several times.


Clean the applicator by dipping it in a few mL of acetone and blowing air through it to dry it.  Dip it in one of the indicator solutions and put a ¼” spot on the pencil line on one of the strips.  Label the strip at point X so that you can tell which indicator you applied.  Clean the applicator and repeat the procedure on the other strips for each of the other indicators and the unknown.  Each strip will look like that in figure 1 on completion.
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Get 50 mL of eluting solvent from the supply on the reagent shelf.  This solution is made by adjusting the pH of a convenient organic alcohol (ethanol, butanol or hexanol) with concentrated NH3 solution to about pH 10.  Pour this solution into three dry 250 mL Erlenmeyer flasks.  These will serve as developing chambers in the experiment.  Stopper each flask promptly to avoid evaporation of the NH3.  The final setup in the flask will resemble that in Figure 2.
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When you are sure the sample spots are dry, place two of the strips opposite each other on the side of a cork, and place the cork and the strips in the flask so that the ends of the strips, but not the sample spots, are in the solvent.  In the same way, place two strips in the second flask and two in the third.

Let solvent rise on the strips for 45 to 60 minutes, or until the solvent front has moved at least 3 ½ inches above the pencil lines.  Remove the strips from the beakers and put them on the sheet of paper used earlier.  Draw a pencil line along the solvent front on each of the strips and let the strips dry for several minutes.


When the strips have dried (you may need to hold them in the warm air over a piece of asbestos screen held over a small Bunsen flame), hold each strip over the open mouth of a bottle of concentrated NH3, and note the color of the band associated with each indicator when it is in the alkaline vapor.  Repeat the procedure, holding the strips over an open bottle of concentrated HCl, recording the color of each indicator in the presence of an acid.  When you are sure that you know the position of the band to be associated with each indicator; measure the distance from the center of the band to the point where the indicator was applied.  For each indicator, also measure the distance from the solvent front to the point of application.  Calculate Rf values for each indicator.

On the strip containing the unknown, measure the Rf values and the colors for each band in the presence of both basic and acidic vapors, and identify those indicators which are in the unknown.  Some of the indicators, particularly phenolphthalein, have colors that fade very rapidly, so you should be careful to check for the presence of each indicator separately.  If any bands overlap, the different indicator colors in the presence of acidic and basic vapors should enable you to make a positive identification.
Data and Calculations:

	
	Distance solvent moved (cm)
	Distance sample moved (cm)
	Rf
	Color in NH3 vapor
	Color in HCl vapor

	Bromthymol blue
	
	
	
	
	

	Congo Red
	
	
	
	
	

	Methyl Orange
	
	
	
	
	

	Phenol Red
	
	
	
	
	

	Phenolphthalein
	
	
	
	
	

	Unknown
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Composition of unknown(s)  ____________________________________________

Unknown #  __________________________
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