                                 Thin-Layer Chromatography

Reference: Smith, Chapters 1-5
Pre-lab assignment: After you read the following discussion, predict the relative mobility of acetanilide, salicylic acid, and acetylsalicylic acid on silica gel. How does the trend in melting points (Table 1, page 3, Melting Point Experiment) of these compounds compare to your relative mobility prediction? 
In previous labs, you have crystallized your unknown and determined its melting point. You have a good idea about its identity. In today’s experiment, you will carry out a third experiment on the unknown. This experiment is called thin-layer chromatography (TLC). You will use TLC to determine the identity of your unknown. This is one of the six basic uses of TLC. You will also assess the purity of your unknown, which will give you an indication of how well you performed the crystallization experiment.
Thin-layer chromatography is a micro laboratory technique that separates compounds dissolved in a solvent (mobile phase) according to their mobility on a thin surface coating (stationary phase), usually silica gel (SiO2) or alumina (Al2O3). Figure 1 below shows the final result, looking down on the coated surface. Figure 1 depicts a developed thin-layer plate, which is visualized as a chromatogram.
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Figure 1. Thin-layer chromatogram
The chromatogram shown above was made in a series of steps, involving three processes, spotting the plate, developing the plate, and visualizing the plate. Spotting: A drop of a mixture of three compounds, A, B, and C was spotted on the TLC plate with a capillary tube at the point marked spotting line or origin. The plate consists of a piece of plastic coated with silica gel, a fine grade of sand.  Developing: The spotted plate was placed in a beaker containing a solvent. The solvent rose on the plate. The amount of solvent in the beaker was enough so that the spotting line did not dip into the solvent. The solvent passed through the spotting line and continued to move up the plate until the plate was removed from the beaker. The dotted line labeled solvent front in Figure 1 shows how far the solvent moved (i.e., from below the spotting line to the upper dotted line) when it was removed. As soon as the plate was removed from the beaker, the experimenter scratched a line with a pencil and straight edge across the plate to indicate the solvent front. The solvent is still visible on a plate immediately after the plate is removed from the beaker. However, the solvent quickly evaporates. Therefore, the solvent front must be marked with a pencil before the solvent dries. After the solvent dried, the pencil line (solvent front) and origin were all that was visible. Visualizing: As the solvent moved up the plate, compounds A, B, and C also moved up the plate but at different rates. Of the three compounds, A moved furthest up the plate because it traveled faster. How fast a compound, referred to as a spot, moves up a plate is a measure of its mobility in that particular coating and solvent combination. To see the individual spots, the plate must be visualized. The coating contains a fluorescent indicator, which is visible under ultraviolet (UV) light. The three spots, A, B, and C became visible when the experimenter viewed the plate under a UV lamp. While the plate was under the lamp, the experimenter circled the spots A, B, and C with a pencil, so that their locations would still be discernable when the plate was removed from the UV light. After the plate was visualized, the experimenter had the chromatogram shown in Figure 1. The final step was to analyze the plate.
Analyzing: Chromatography literally means separation by colors.  Envision the colorful layers in the Grand Canyon. Over the years, colored compounds became dissolved in water (mobile phase) and were separated or stratified according to how easily the water could “push” the compounds through the soil (stationary phase). Because these compounds were colored, the term chromatography had a literal meaning. Over time all separations that involve a mobile phase and a stationary phase, such as gas-liquid chromatography and column chromatography, incorporated the word chromatography. Because the individual substances have different molecular structures, they interact differently with both the stationary and mobile phases, and consequently are "pushed" or move at different rates.  After a fixed time, as measured by how far the mobile phase has moved, the process is stopped, and the dissolved substances have moved different distances. The ratio of how far the substance moved to how far the solvent moved is called the Rf. R stands for ratio and f stands for front. To find the Rf of compound A, we make two measurements of length on the developed plate. We measure how far the solvent front moved (y) on the plate in any unit of length (e.g., centimeters) and how far the spot of compound A moved (x). The y distance is measured from the spotting line to the solvent front. The x distance is measured from the spotting line to the center of the spot. Although the solvent actually starts below the spotting line, the spotting line is the common start point for measurement. The Rf is the ratio of how far A moved (x) to how far the solvent front moved (y) or x/y. The unit of length cancels, because the units are the same in the numerator and denominator. Thus, Rf  is a dimensionless ratio. The larger the ratio, the farther up the plate the compound moved relative to the solvent front. Which compound A, B or C has the larger Rf? Figure 2 shows an analysis of Compound A by this procedure.
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Figure 2. Analysis of a TLC Plate

The experimenter determined the Rf values of compounds A, B, and C.  
Three Common Problems in TLC

1. Spots too Large  Sample spots made with capillaries should be no larger than 1-2 mm in diameter and even smaller if possible. The larger a spot, the more difficult it is for the experimenter to determine the Rf. A large spot from one compound might also overlap a spot from another compound, leaving both unresolved. Small spots maximize the potential of complete separation of components.

2. A Curved Solvent Front  The solvent front may appear to bow either up or down. An uneven solvent front produces an uneven advance of the spots and inaccurate Rf determinations. The developing chamber (beaker) should have a flat bottom. Chambers with curved bottoms such as bottles can cause the solvent front to curve. A bowed solvent front may also result from too little developing solvent in the chamber; an improperly cut TLC plate in which the sides are not perpendicular to the bottom edge; or from a plate that is not positioned vertically in the tank. What property of water might cause it to form a curved solvent front?

3. Streaking A plate that is spotted with too much sample will streak or form an elongated trail along the direction of travel. Streaking may be eliminated by diluting the spotting solution until discrete spots instead of streaks are produced.
Uses of TLC
1. To determine the number of compounds in a mixture.

2. To determine whether or not two compounds are identical.

3. To monitor the progress of a chemical reaction.

4. To determine the effectiveness of a purification procedure.

5. To determine the solvent and stationary phases for a column chromatography.

6. To analyze column chromatography samples.
Relative Mobility
A common question about TLC is which of several compounds will migrate fastest in a given solvent system? Alternatively, the problem might ask you to rank order several compounds in order of increasing mobility on TLC. Two general rules are summarized as follows. (1) The more non-polar a compound, the faster it will migrate. (2) The more polar a solvent, the faster a solute will migrate. Thus, a general understanding of polarity is very important in the prediction of TLC mobilities. Table 1 shows organic families rank ordered from the least polar family (alkanes) to the most polar family (sulfonic acids). Table 2 shows typical solvents ranked from non-polar (pet ether) to highly polar (acetic acid).  
Table 1. Organic Families in Order of Polarity

	Alkanes                   Least Polar (Migrate Fastest)

	Alkyl halides

	Alkenes

	Alkynes

	Arenes

	Aryl halides

	Ethers

	Esters

	Amides

	Ketones

	Aldehydes

	Amines

	Alcohols

	Phenols

	Carboxylic Acids

	Sulfonic Acids        Most Polar (Migrate Slowest)


Table 2. Organic Solvents in Order of Polarity
http://www.chemistry.nmsu.edu/studntres/exercises/solvents.html

	Pet ether                          Least Polar (Solutes Migrate Slowest)

	Ligroin 

	tert-Butyl methyl ether

	Diethyl ether

	Dichloromethane

	Ethyl acetate

	Acetone

	Isopropyl alcohol

	Ethanol

	Acetic acid                      Most Polar (Solutes Migrate Fastest)


Acetanilide is an aromatic amide. Salicylic acid is an aromatic acid and a phenol. Acetylsalicylic acid is an ester and a phenol. Consider these functional features and rank order the mobility of the three known compounds in ethyl acetate. How do you handle multiple families?
Procedure
You will determine Rf values for your unknown and for the three known compounds, salicylic acid, acetylsalicylic acid, and acetanilide. Initially, you will perform two TLC experiments. In one experiment, you will spot any two of the compounds and determine their Rf values. Then you will repeat the procedure for the other two compounds. Finally, you will conduct a third TLC experiment in which you run your unknown against the known you believe to be your unknown. The identity of your unknown will be revealed by the identical Rf values you obtain.
Preparing a spotting capillary (Note: The instructor may give you pre-prepared capillaries.)
1. Light a Bunsen burner and adjust the flame so that a blue cone is visible.
2. Hold a melting point capillary at the apex of the blue cone until the glass just begins to soften. Quickly pull the two ends of the soft capillary in opposite directions. [The central, soft part of the glass will elongate to a small diameter capillary.]

3. Carefully snap the elongated tube in the middle of the thin portion to obtain two TLC spotting capillaries.

4. Make a total of six good spotting capillaries. 

5. As soon as you are finished making spotting capillaries shut down the Bunsen burner.

Spotting the Plate 
1. Obtain a UV active silica gel TLC plate that is approximately 2.5 cm wide and 5 cm long. 
2. Make a small tick mark with a pencil about 1 cm from one end of the plate. Why can’t an ink pen be used for this step?
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3. In a small test tube, dissolve 0.02 g of the unknown in 1 mL of ethanol or ethyl acetate. [This is the spotting solution for your unknown. The spotting solutions for the three known compounds are already prepared, making a total of four spotting solutions.]

4. Dip the narrow end of a capillary tube into the unknown solution. The solution will rise in the tube, loading the capillary. 
5. Once the capillary is loaded, hold it vertically right at the spotting line on the plate and in about 1 cm from the left side of the plate. Lower the capillary until it just touches the plate. The liquid will quickly flow out of the capillary making a visible circle. This is the origin for this compound. When the circle is about 1 mm in diameter, raise the capillary and allow the solvent to completely evaporate.

6. Make a second application directly on the same spot with the capillary. Again allow the solvent to completely evaporate.

7. Starting with a clean capillary tube, repeat the spotting process with one of the known compounds. Make the spot on the spotting line about one cm away from the unknown spot. The tiny spot on the spotting line is the origin of the second compound.
Developing the Plate
1. Select a beaker that is large enough to hold the plate vertically and also be covered with a watch glass.

2. Pour ethyl acetate solvent into the beaker to a height of about 4-5 mm. 
3. Place the TLC plate vertically into the beaker, making sure that the spotting line does not dip into the solvent. 

4. Cover the beaker with a watch glass. [While this plate is developing, spot a new plate with the remaining two compounds and have it ready for developing as soon as this one is completed. All of the procedures will be repeated for the second plate.]
5. Leave the plate in the beaker until the solvent has advanced to within 8-10 mm of the top of the plate. If the solvent has moved about 75% of the way up the plate and appears to stop moving, go on to the next step.
6. Remove the plate from the beaker and mark the solvent front with a pencil before the solvent dries. 

7. Place the plate flat on the bench top and allow the solvent to completely evaporate. When the plate is completely dry, it is ready for visualization.

Visualization of the Plate
1. Place the plate under a UV lamp in the next room.
2. While the spots on the plate are visible, trace the boundary of each spot with a pencil so that the shape of the tracing matches the shape of the spot. 
3. Remove the plate from the UV lamp and check to ensure the chromatogram resembles the plate shown in Figure 1. All of the spots should be traced on the plate.

Analyzing the Plate
1. Determine the Rf of your unknown and that of the other compound on its plate.

2. Determine Rf values for the other two compounds.

The Rf of your unknown should closely match the Rf of one of the known compounds.

If you are confident in your results, this concludes the experimental part of this lab period. If you are not confident in your result, run a third TLC with your unknown and the one compound you feel most closely matches the unknown. A direct side-by-side comparison is a good way to compare two compounds.

Clean Up 
Wash and replace all glassware. Check your immediate area and any other areas of the lab you used. Make sure all reagents are replaced on the cart and all trash is removed and placed in the proper disposal containers. Ethyl acetate may be washed down the sink with copious amounts of water.
Report of Determination of Unknown
Complete the write up of the three experiments in which you collected information about your unknown. You should have three major sections: crystallization, melting point and thin-layer chromatography. Clearly explain how you concluded which of the three known compounds was your unknown. Turn in the TLC questions with your report at the beginning of the next lab period. 
TLC Questions
Last name________________________, First name__________________________
1. Why doesn’t an Rf have units?

The following graphic shows a developed TLC plate. 
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2. Use a ruler for measurements and calculate a numeric value for the Rf  of compound B?

3. What experimental procedure could you modify to improve the quality of the chromatogram (i.e., the shape of the spots) above?

4. In which solvent, diethyl ether, acetone, or ethanol, would a ketone move farthest up a given TLC plate?
5. Which compound is more polar, ethyl bromide or bromobenzene?

6. On the basis of your answer to problem 5, which compound would have the smaller Rf in ethyl acetate.

7. Did your experimental Rf values for acetanilide, salicylic acid, and acetylsalicylic acid match your prediction?          If so, why; if not, why not?

8. Explain what would happen if a TLC solvent is too polar for the compounds being analyzed.

9. An unknown compound has the same Rf as benzoic acid. What can you say about the structure of the unknown compound?

10. A chromatogram shows three spots. What can you say about the composition of the spotting solution?

Some Solvent Properties: 
dielectric constant at 20°C; nD20  refractive index at 20°C
bp  boiling point and mp  melting point in °C
viscosity in mPa.s; dipole moment in Debye
	Solvent
	mp,°C
	bp, °C
	D20
	nD20
	 
	mPa.s
	D

	Acetic acid 
	17 
	118 
	1.049 
	1.3716 
	6.15 
	 
	1.68 

	Acetone 
	-95 
	56 
	0.788 
	1.3587 
	20.7 
	
	2.85 

	Acetonitrile 
	-44 
	82 
	0.782 
	1.3441 
	37.5 
	
	3.45 

	Anisole 
	-3 
	154 
	0.994 
	1.5170 
	4.33 
	 
	1.38 

	Benzene 
	5 
	80 
	0.879 
	1.5011 
	2.27 
	
	0.00 

	Bromobenzene 
	-31 
	156 
	1.495 
	1.5580 
	5.17 
	
	1.55 

	1-butanol
	-88.6
	117.7
	 
	1.3993
	17.5
	2.54
	 

	Carbon disulfide 
	-112 
	46 
	1.274 
	1.6295 
	2.6 
	
	0.00 

	Carbon tetrachloride 
	-23 
	77 
	1.594 
	1.4601 
	2.24 
	
	0.00 

	Chlorobenzene 
	-46 
	132 
	1.106 
	1.5248 
	5.62 
	
	1.54 

	Chloroform 
	-64 
	61 
	1.489 
	1.4458 
	4.81 
	 
	1.15 

	Cyclohexane 
	6 
	81 
	0.778 
	1.4262 
	2.02 
	
	0.00 

	Dibutyl ether 
	-98 
	142 
	0.769 
	1.3992 
	3.1 
	
	1.18 

	o -Dichlorobenzene 
	-17 
	181 
	1.306 
	1.5514 
	9.93 
	
	2.27 

	1,2-Dichloroethane 
	-36 
	84 
	1.253 
	1.4448 
	10.36 
	 
	1.86 

	Dichloromethane 
	-95 
	40 
	1.326 
	1.4241 
	8.93 
	
	1.55 

	Diethylamine 
	-50 
	56 
	0.707 
	1.3864 
	3.6 
	 
	0.92 

	Diethyl ether 
	-117 
	35 
	0.713 
	1.3524 
	4.33 
	
	1.30 

	1,2-Dimethoxyethane 
	-68 
	85 
	0.863 
	1.3796 
	7.2 
	
	1.71 

	N,N -Dimethylacetamide 
	-20 
	166 
	0.937 
	1.4384 
	37.8 
	 
	3.72 

	Solvent
	mp,°C
	bp, °C
	D20
	nD20
	 
	mPa.s
	D

	N,N -Dimethylformamide 
	-60 
	152 
	0.945 
	1.4305 
	36.7 
	
	3.86 

	Dimethyl sulfoxide 
	19 
	189 
	1.096 
	1.4783 
	46.7 
	
	3.90 

	1,4-Dioxane 
	12 
	101 
	1.034 
	1.4224 
	2.25 
	
	0.45 

	Ethanol 
	-114 
	78 
	0.789 
	1.3614 
	24.5 
	
	1.69 

	Ethyl acetate 
	-84 
	77 
	0.901 
	1.3724 
	6.02 
	
	1.88 

	Ethyl benzoate 
	-35 
	213 
	1.050 
	1.5052 
	6.02 
	
	2.00 

	Formamide 
	3 
	211 
	1.133 
	1.4475 
	111.0 
	
	3.37 

	Hexamethylphosphoramide 
	7 
	235 
	1.027 
	1.4588 
	30.0 
	
	5.54 

	Isopropyl alcohol 
	-90 
	82 
	0.786 
	1.3772 
	17.9 
	
	1.66 

	Methanol 
	-98 
	65 
	0.791 
	1.3284 
	32.7 
	
	1.70 

	2-Methyl-2-propanol 
	26 
	82 
	0.786 
	1.3877 
	10.9 
	
	1.66 

	Nitrobenzene 
	6 
	211 
	1.204 
	1.5562 
	34.82 
	
	4.02 

	Nitromethane 
	-28 
	101 
	1.137 
	1.3817 
	35.87 
	
	3.54 

	Pyridine 
	-42 
	115 
	0.983 
	1.5102 
	12.4 
	
	2.37 

	1-propanol
	-126.2
	97.2
	 
	1.3856
	20.33
	 
	 

	2-propanol
	-88.0
	82.3
	 
	1.3772
	19.92
	 
	 

	Tetrahydrofuran 
	-109 
	66 
	0.888 
	1.4072 
	7.58 
	
	1.75 

	Toluene 
	-95 
	111 
	0.867 
	1.4969 
	2.38 
	
	0.43 

	Trichloroethylene 
	-86 
	87 
	1.465 
	1.4767 
	3.4 
	
	0.81 

	Triethylamine 
	-115 
	90 
	0.726 
	1.4010 
	2.42 
	
	0.87 

	Trifluoroacetic acid 
	-15 
	72 
	1.489 
	1.2850 
	8.55 
	
	2.26 

	2,2,2-Trifluoroethanol 
	-44 
	77 
	1.384 
	1.2910 
	8.55 
	
	2.52 

	Water 
	0 
	100 
	0.998 
	1.3330 
	80.1 
	
	1.82 

	o -Xylene 
	-25 
	144 
	0.880 
	1.5054 
	2.57 
	
	0.62 
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