Crystallization of an Unknown
Reference: Smith, Chapters 1 and 2

In this experiment, you will purify a solid unknown and store the purified solid for future use. In ensuing experiments, you will identify it by two techniques, melting point and thin-layer chromatography. 
Crystallization is a technique for purifying solid organic compounds. A solid that has been prepared in the lab usually contains some impurities. An impurity is an unwanted substance, and crystallization separates the impurities from the desired solid. In general, a solvent is selected that does not dissolve the solid at room temperature but dissolves the solid organic compound when the solvent is heated. Filtration of the hot solution removes any insoluble impurities on a filter paper. The filtrate (solution that comes through the filter paper) is allowed to cool, and soluble impurities remain in the solvent while the solid solidifies (crystallizes) from the solvent. The desired solid is collected on a filter paper, and the soluble impurities remain in the solvent. The impurities remain in solution because the amount is so small that all of it remains dissolved in the cold solvent. Thus, both insoluble and soluble impurities are removed from the purified solid. This process works only when the percentage of impurities is relatively small. If the percentage is large, the amount of impurity will exceed the amount that can remain in solution.
Seven Steps of Crystallization The general process for the crystallization of a solid described in the above paragraph can be broken down into seven distinct steps.
1. Solvent selection

2. Dissolution 

3. Decolorization 

4. Filtration (Impurities)
5. Crystallization 
6. Filtration (Compound)
7. Drying 
In this experiment, you will apply the seven steps to an unknown solid to which a small amount of impurity has been added. Your unknown is one of the following three compounds, salicylic acid, acetylsalicylic acid, or acetanilide to which a small amount of charcoal (norit) has been added.
Step 1 Solvent Selection

For an unknown solid, the solvent is selected by experimentation. The solvent might be one or two liquids (a solvent pair). An ideal solvent is one that has a steep solubility vs temperature curve with respect to the solid. That is, the solid is very soluble in the solvent when the solution is hot (boiling), but the solid is very insoluble in the solvent when the solution is cool (room temperature). You will select one of three solvents, water, 95% ethanol, or the solvent pair t-butyl methyl ether/petroleum ether. Figure 1 shows structures of ethanol, t-butyl methyl ether and pentane.
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Figure 1. Solvents
Step 2 Dissolution of the Compound
The solid to be crystallized is placed in a test tube. The solvent (the better solvent of the pair if two solvents) is added to the test tube one drop at a time. A wooden splint or boiling chip is placed in the test tube to keep the solvent from overheating (becoming superheated). Air trapped within the wooden splint or boiling chip bubbles to the top of the liquid, causing the solution to boil evenly instead of all at once. When a superheated solution boils, it frequently results in a violent action called bumping; some of the solution might be lost. The boiling stick keeps the solution from bumping. Boiling chips work in a like manner, releasing air from within the pores of the porous chip. A boiling chip is more difficult to remove than is a stick, so a boiling stick is preferable. The solvent will be added to the test tube while the test tube is being heated on a sand bath. A sand bath (metal heating mantle filled with sand) is always used with a rheostat to control the temperature. A sand bath is never plugged directly into an electrical outlet. Enough solvent will be added to the solid to dissolve the solid, whereas, the insoluble material, charcoal in this experiment, will not dissolve. 
Step 3 Decolorization

This step is sometimes necessary and sometimes unnecessary. It is necessary when a colored impurity must be removed from the solution. A small amount of either powdered charcoal or charcoal pellets is added to the solution. Colored impurities adhere to the charcoal and are removed with the charcoal when the solution is filtered. Charcoal pellets are preferable to powdered charcoal because pelletized carbon is easier to remove. Charcoal is used because it presents a large surface area on which the impurity can adhere. If there are no colored impurities to remove, this step can be eliminated. In our experiment, the charcoal has already been added. In this case, charcoal serves as both an impurity and as an adsorbent for any colored impurities that might be present.
Step 4 Filtration with Fluted Filter (Removal of Impurities)

You will use gravity filtration through a fluted filter paper to collect the unwanted solid impurities, including the charcoal. A piece of very porous filter paper is fluted by folding it in half, then in quarters, eighths, etc. The fluted filter paper is then unfolded and placed into a stemless conical funnel. The funnel is stemless so that the solid does not crystallize in the stem during filtration. Your instructor will demonstrate how to flute a filter paper. The filter paper must be porous; otherwise, the solid crystallizes in the filter paper. Be sure to use the correct filter paper for this step. The fluted filter paper provides more surface area for the solution, making it more efficient than an unfluted filter paper. It is important for this step to be efficient to keep any solid from crystallizing in the filter paper. You will collect the filtrate in an Erlenmeyer flask.
Step 5 Crystallization

When a liquid (solvent) holds the maximum amount of a solid (solute) in solution at a given temperature, the solution is called a saturated solution. The fundamental rule of crystallization is that a solvent can generally hold more solid in solution at its boiling point than it can at room temperature. For example, if a given volume of solvent can hold 6 g of solid in solution at its (the liquid’s) boiling point and only 0.5 g of solid in solution at room temperature, then 6.0 – 0.5 = 5.5 g of solid can be recovered by crystallization from this volume of solvent. Thus, crystallization depends on the solubility of the solid at two temperatures, the boiling temperature and room temperature. The ideal solvent is one in which the solid is very soluble at the boiling temperature and very insoluble at room temperature. With this situation, the maximum amount of solid is recoverable. Thus, crystallization should start with a “hot” saturated solution near the boiling temperature of the solution. If too much solvent has been added, the solution will not be saturated. In which case, some solvent can be evaporated by heating the solution on the sand bath until the solution is saturated. The hot solution is then allowed to cool to room temperature. Because the “cold” solution cannot hold as much solid as the “hot” solution can hold, the solid will crystallize. This step is accomplished in the Erlenmeyer flask from the previous step. Hence, you will have a solid and liquid in the Erlenmeyer flask after the crystallization is complete. How do you know the crystallization is complete? You will observe the formation of crystals in your Erlenmeyer flask. When it appears to you that no more solid is forming, wait one or two minutes more, then cool the Erlenmeyer flask in an ice bath made by filling a beaker with ice and adding water so that the Erlenmeyer flask will be surrounded by ice water when it is immersed in the ice bath. Consider the example from above. If the solvent holds 0.2 g solid at the ice-bath temperature, then an additional 0.5 – 0.2 = 0.3 g of solid can be recovered, and only 0.2 g of solid will not be recovered from the crystallization.
Step 6 Filtration with Suction (Collection of the Solid)
The Erlenmeyer contains the desired solid and the solvent with a small amount of the desired solid still dissolved in the solvent. The liquid in contact with the solid is called the mother liquor and the solid—liquid mixture is called a slurry. This slurry is poured through a filter, which catches the solid and allows the mother liquor to pass through. If the desired solid contained a small amount of impurity, which is soluble in the solvent, that impurity will remain in the mother liquor. You will use either a Hirsh or Büchner funnel to collect the solid. If you have less than 0.5 g of solid, you will use the Hirsh funnel. If you have a half-gram or more, you will use the Büchner funnel. The instructor will explain how to set up and use these funnels. The solid is then washed. Washing a solid is a technique in which a small amount of cold liquid is poured over the solid, while the solid remains on the filter. Washing results in the loss of solid, so only very small amounts of cold liquid should be used in the washing process. As much liquid as possible should be squeezed out of the solid. This is accomplished by pressing down on the solid with a piece of clean filter paper. When as much liquid as possible has been removed from the solid, the solid is ready for the next step.

Step 7 Drying the Solid

The filtered and washed solid is placed in a safe place to dry. The solid is transferred to a watch glass with a metal spatula. The watch glass is labeled and set aside until the next lab period. During this time, any solvent that remains adhering to the desired solid will evaporate, leaving a pure, dry solid. 

                                                           Procedure
1. Obtain an impure solid unknown from the instructor and record its identification number directly on your data page in your lab notebook.
2. Select a solvent for your crystallization. There are three solvents (one is a solvent pair) available. They are water, 95% ethanol, and the pair t-butyl methyl ether—petroleum ether.
3. Place a spatula tip of the unknown into each of three small test tubes, and label the tubes with a pencil, #1, #2, and #3. 

4. Add one drop of water to tube #1, one drop of 95% ethanol to tube #2, and one drop of t-butyl methyl ether to tube #3.
5. Observe what happens in each tube. If the solid dissolves completely, the solvent in that tube is not useful for crystallization of your solid, because your solid is too soluble in that solvent at room temperature. Place the tube or tubes with unsuitable solvents aside and continue with the tube or tubes in which the solid is still visible after the addition of a drop of solvent.
6. Set up a sand bath by placing sand in a metal (never cloth) heating mantle designed for that purpose. Plug the electrical cord from the sand bath into a rheostat and plug the cord from the rheostat into the electrical outlet on your bench top. Adjust the setting on the rheostat to 80 and turn the on-off switch to the on position. In short order, the sand will become warm to the touch and you will know the system is working.
7. Conduct experiments with tubes #1 and #2, if they are still in the running, in the following manner. Place them, one at a time, on the hot sand bath. If the crystals dissolve while the tube is on the sand and reappear when you remove the tube from the sand, you have found a good solvent. If the crystals do not dissolve when you place the tube on the sand, add more of the solvent for that tube. Add the solvent one drop at a time with warming after each addition until the solid does dissolve. Again, the solid should reappear when the tube is removed from the sand in order for that solvent to be suitable for the crystallization. 
8. Conduct experiments with tube #3 in the following manner. Place #3 on the sand. Add t-butyl methyl ether, one drop at a time, until the solid dissolves while the tube is on the sand. When the solid dissolves, add petroleum ether one drop at a time and continue to warm the tube. Add petroleum ether in this way until the solution turns cloudy. When the solution turns cloudy, remove the tube and allow it to cool. If the solid reappears, then the solvent pair t-butyl methyl ether—petroleum ether is a suitable solvent.
9. If you find that none of the three solvents are suitable for your solid, check with the instructor to determine what to do next.

10. If you found that more than one solvent is suitable, use water, 95% ethanol and the solvent pair in that order. You have completed Step 1 of the seven-step crystallization procedure.

11. Next, you will dissolve the solid in hot solvent. Begin warming 25 mL of your solvent of choice on a hot plate. [Obtain the hot plate from its storage location and return it at the end of the period.] If water is your solvent, set the hot plate on a high setting. If 95% ethanol or t-butyl methyl ether is your solvent, set the hot plate on a low setting.

12. Fold a piece of weighing paper diagonally and weigh your unknown on the paper. Record the mass of the solid directly on a data sheet in your lab notebook.
12. Pour your solid unknown into a 25-mL Erlenmeyer flask.
13. Prepare a fluted filter and place it in a stemless funnel resting on a new 25 or 50-mL Erlenmeyer flask. 

14. Prepare a saturated solution of your unknown at the boiling temperature of the solvent. Do this by bringing your solvent to a boil on the hot plate (boiling stick or chip) and transferring the hot liquid to the Erlenmeyer flask containing your solid (boiling stick) while keeping the solid’s Erlenmeyer flask on the sand bath. Add the hot solvent, one drop at a time, until the solid dissolves. Note that the charcoal in the sample will not dissolve. You have completed Step 2 of the crystallization process. Since charcoal has been added to your sample, Step 3 is also complete.
15. As soon as the unknown dissolves, pour the hot solution (with tongs) through the fluted filter paper. The hot liquid will pass through the filter paper, carrying your dissolved unknown along in the mother liquor. What happens to the insoluble charcoal? Step 4 is complete.
16. Set the Erlenmeyer flask containing your unknown aside and let it cool slowly to room temperature. [Note: If you are using the solvent pair, add petroleum ether to your Erlenmeyer flask until the solution turns cloudy, then set the flask aside.] Crystals should form during the cooling process. Generally, the slower the solution cools, the larger the crystals. What if crystals do not form? If crystals do not form, we know that the solid is still dissolved in the solvent at room temperature. We either have too much solvent or the solution is supersaturated. If the solution is supersaturated, you can induce crystallization by scratching the inside wall of the Erlenmeyer flask beneath the liquid’s surface. If crystallization does not occur, place the solution on the hot plate and boil off some solvent and again let the flask cool to room temperature. If crystals do not form, repeat the last procedure until crystals do form. Do not panic, the solid does not evaporate, so you can’t lose it. You have simply used too much solvent in procedural step 14.
17. After the crystals have been at room temperature for five minutes, place the Erlenmeyer flask containing them in an ice-water bath. Leave the Erlenmeyer flask in the ice bath until you observe no further solid formation (crystallization). Step 5 is complete.

18. Collect your crystals on a Büchner funnel. Clamp the Büchner funnel to a ring stand to keep it from falling over and breaking. Place a piece of filter paper in the Büchner funnel. Wet the filter paper with your crystallization solvent. Turn on both the hot and cold water taps to their full open positions. This provides the maximum suction. Your filter paper should be flat and tightly sealed on the bottom of the Büchner funnel.
Quickly pour your crystals into the Büchner funnel. The solvent should rapidly disappear into the suction flask, leaving your crystals on the filter paper. Add about five drops of your solvent to the cold Erlenmeyer flask, swirl the flask in the ice bath and pour the cold solvent over the crystals while maintaining suction. Make sure your crystals are as dry as possible before you remove them from the Büchner funnel. Step 6 is complete.
19. Transfer your crystals to a watch glass with the aid of a metal spatula. Place the watch glass on a piece of paper with your name on it in a location specified by the instructor. Leave the crystals undisturbed until the next lab period, then weigh the crystals and record their mass on your data sheet. Determine the percent recovery. Describe your crystals before and after the crystallization process. Store the purified crystals in the location specified by the instructor. They will be used later for the melting point experiment.
Cleanup: Cleanup is everyone’s responsibility. Place any used filter papers and any other solid waste in the trash receptacles. Wash glassware with water and then acetone and store them in the designated locations. Pour the hot sand into the designated container, and store the hot plate, heating mantle and rheostat in their storage locations. Check your area and make sure that it is clean and neat and that you have not left any of your items on the bench top. Check the balance area. Return any chemicals to their original locations clean the area and turn off any balances that are left on.
Crystallization Questions
Last name____________________________, First name___________________

1. Look up and draw the structures of acetanilide, salicylic acid and acetylsalicylic acid.

2. Draw the structure of an acetyl group. [Hint: A group is a partial structure; how does salicylic acid differ from acetylsalicylic acid?]

3. Explain what is meant by a saturated solution. You’ll be expected to know this next semester!
4. How would you prepare a saturated solution of table salt (NaCl) in water at 25 oC?
5. Explain how a small amount of soluble impurity is removed by the crystallization procedure.

6. Explain how a small amount of insoluble impurity is removed by the crystallization procedure.

7. Why does a research chemist recrystallize newly discovered compounds?

8. How does the expression, “structure begets properties,” apply to solubility?

9. What action should be taken if a solid forms in the fluted filter paper during a crystallization?

10. You have a solid X and a solvent Y. Explain how the solubility of X in Y should change with temperature in order for Y to be a good solvent for the crystallization of X.
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