
CHMY 271 

Lab 3 

Chromatography and solid phase extraction
Introduction 
It is very important in Organic Chemistry to be able to understand and use chromatographic techniques.  Like many other lab techniques, chromatography most often takes advantage of differences in the strength of attractions between molecules.  Thin layer chromatography (TLC) and column chromatography are both examples of liquid chromatography techniques.  In liquid chromatography, there is a liquid phase moving in one direction over a solid stationary phase.  When a mixture of compounds is dissolved in the traveling liquid phase, they will travel over the surface of the solid.  If a compound that is dissolved in the liquid phase is strongly attracted to the solid phase it will travel slowly.  Conversely, if a solute is only weakly attracted to the stationary solid phase, it will travel along with the liquid at a faster rate.  Thus, slower moving solutes can be separated from faster moving solutes because of differences in their attractions to the solid phase.  Silica gel is most commonly used as a solid phase in organic chemistry, because it consists of highly polar Si-O bonds.  Since organic compounds have varying degrees of polarity, they travel over the silica at different rates.  Silica gel TLC plates are usually embedded with a fluorescent material so that compounds that absorb UV light can be seen on the plate when the plate is placed under a UV lamp.  Substances that don’t absorb UV light can usually be visualized in an iodine chamber.  For the first part of the lab, you will observe a TLC demonstration and gather data from the results of the demonstration to conclude what relative quantities are present in the mixture that was analyzed by TLC.  The demonstration will also help you to answer the 13 questions below that require you to make predictions about the way substances and reaction mixtures behave when analyzed by silica gel TLC.  The five-page TLC worksheet for silica plates must be completed and handed in with your report.
It is very important in Organic Chemistry to be able to separate components of mixtures to isolate pure compounds.  In the second part of this lab, each lab group will be given two sample vials, one containing an organic compound contaminated benzoic acid and the other containing an organic compound contaminated with ethyl p-aminobenzoate.  The goal of the second part of the lab is to purify both of the samples.  After purification and isolation of each compound, the purity of each should be assessed, and the success of the process should be analyzed.  Ideally, lab techniques use minimal amounts of materials and avoid toxic substances and solvents.  Do some research to compare and contrast the “greenness” of liquid/liquid extraction techniques, ion-exchange techniques, and silica gel column chromatography so that in your lab report, you can describe the advantages of the technique you choose.  You will have limited time to complete this lab, so it is HIGHLY RECCOMMENDED that you do background research and investigate possible approaches BEFORE COMING TO LAB.  Check with your lab syllabus or instructor to determine when the final lab report is due.
Procedure 

1. Start by using your text book, the lecture slides, the internet, and your brains to investigate TLC, liquid/liquid extraction, column chromatography, and ion-exchange methods.  It is also recommended that you investigate the specific compounds you will be working with to become familiar with their properties.  

2. Observe carefully and take notes as your instructor demonstrates the technique of TLC.  Once your instructor has demonstrated the TLC technique, analyze the TLC plates that your instructor produced to determine the relative quantities of the three components present in the mixture on which the TLC was performed.  Determine the Rf values for each substance in the mixture.  Rank in order from largest quantity to smallest quantity the three components of the mixture: benzaldehyde, benzyl alcohol, and benzyl chloride.  Write a detailed description explaining how silica gel column chromatography could be used to separate the individual components for the benzaldehyde, benzyl alcohol, and benzyl chloride mixture on a preparative scale to be turned in with your lab report.
3. Complete the five-page TLC worksheet for silica plates below, and check your answers with your instructor.

4. Collaborate with the other students in your group to develop a proposal describing how to purify and isolate the unknown substance you are given.  In the earliest planning and brainstorming stages, don’t limit yourself.  Let your ideas flow freely for discussion with your lab partners.  When creating your proposal, be sure to consider alternatives and/or substitutions for hazardous substances in favor of benign substances where possible.  Also, take into consideration that you will only be given about 0.15 grams of your unknowns, so make sure you propose microscale experiments to perform.  BEFORE YOU CONTINUE, CHECK WITH YOUR INSTRUCTOR to make sure your proposal is reasonable.  
5. Complete the steps outlined in your proposal.  Be sure to record all of your observations and data IN YOUR LAB NOTBOOK USING THE CORRECT FORMAT, SIGNIFICANT FIGURES, AND UNITS.  Don’t forget that any student’s lab notebook may be checked by the lab instructor at any time.
6. Use your collected data to discuss the purity or impurity of your isolated compounds and how effective your separation efforts were.  Discuss the certainty you have in your analysis and WHY you are certain or uncertain.  In addition, consider what you might have done differently if you were to repeat the lab experiment including ideas to obtain more/better data and ideas to complete the lab in a more environmentally friendly manner.

7. Once your instructor agrees that you have collected enough data, dispose of your waste as described in the waste disposal guidelines below.

8. Write your report using the lab report guidelines. 
TLC worksheet for silica plates
TLC plates are usually cut into a rectangular shape, and a line is drawn with a pencil near the bottom where the substance or mixture will be applied with a capillary tube.

1. Explain why the line is drawn, why it is in pencil rather than pen, and why it is drawn in near the bottom rather than making the spot at the very bottom of the plate.
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2. Explain what negative consequences could occur if the material is applied to the plate in a spot that is too great in diameter, in a concentration that is too great, or if it is applied in a quantity that is too small.
3. Draw what the plate would ideally look like after visualization if the substance applied to the plate were pure and if it were developed in the proper solvent, and explain your answer.
4. Draw what the plate would ideally look like after visualization if the substance applied to the plate were pure and if it were developed in a solvent that is too polar.  Next to that drawing, draw what the plate would look like if it were developed in a solvent that is not polar enough.  Explain your answers including an explanation that describes why solvent choice is important when analyzing for purity.
5. If a 50/50 mixture of two substances were applied to a silica TLC plate and the plate were developed in the ideal solvent and visualized, draw what the plate would look like both before and after development, and explain your answers.
6. If a 80/20 mixture of two substances were applied to a silica TLC plate and the plate were developed in the ideal solvent and visualized, draw what the plate would look like both before and after development, and explain your answers.  Assume that the more polar of the components of the mixture is the majority component.

7. Explain concisely how TCL could be used to identify an unknown substance.

8. Explain what an Rf value is and how it is used in TCL analysis.

TLC is often used to monitor chemical reactions as the progress.  A very small amount of material can be withdrawn from a chemical reaction and applied to a TLC plate while the remainder of the reaction continues to progress.  In this case, the plate is usually spotted with the reaction mixture as well as with each reactant as shown below.  Spot A and B are the reactants used in the reaction respectively.  Spot C is the reaction mixture after the reaction has progressed for some time.
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9. Assume reactant A is more polar than reactant B, draw the appearance of the plate if it were developed in the proper solvent before any product had a chance to form in the reaction mixture, and fully explain your answer.
10. Assume reactant A is more polar than reactant B, draw the appearance of the plate if it were developed in the proper solvent once the reaction is 50% complete, and fully explain your answer.

11. Assume reactant A is more polar than reactant B, draw the appearance of the plate if it were developed in the proper solvent once the reaction is 95% complete, and fully explain your answer.

12. Explain why solvent mixtures are often used rather than pure solvents to develop TLC plates.
13. Explain why solvent selection is one of the most critical and often time-consuming steps in TLC analysis.
WASTE DISPOSAL GUIDELINES

· Dispose of all solid unknown collected after purification and any remaining impure solid unknown by placing them in a sealed storage container for SOLID waste removal and incineration.
· Dry your used ion-exchange resins by flushing air through the columns, and then place the used resins in the appropriate containers labeled “used free base resin” or “used strong acid resin”.

· Discard the frits in the trash
· Clean and dry the columns and place them back on the cart for reuse.

