Experiment 2: Recrystallization

Choosing a Solvent and Solvent Pairs


The proper choice of solvent is an important part of the art of crystallization. The ideal solvent should be chemically inert toward the solute and should dissolve the solute readily at the boiling point of the solvent but sparingly at the room temperature (0( to 25(C). It should dissolve impurities either very easily or not at all, be highly volatile so that it can be readily evaporated from the crystals, and be of low flammability, low cost, and low toxicity. No one solvent meets all these specifications. 


Solvent power usually increases with increasing boiling point. For example, ethanol dissolves about twice as much of a given solute as methanol. Most commonly used solvents for crystallization of organic compounds are flammable. Check to see that no flames are nearby when carrying out crystallization with these solvents. In addition, most of the organic substances are toxic or carcinogenic and should be used only with adequate ventilation, preferably in the hood.


To test the solubility of a solid, transfer an amount roughly estimated to be 20 mg (the amount that forms a symmetrical mound on the end of a stainless steel spatula) and approximately 2 ml of solvent to a test tube (exception: use 8 mL hexanes; hexanes is very volatile). Grind the solid gently with a spatula. If the solid dissolve immediately in solvent A, one should conclude that the solid sample is readily soluble in solvent A at room temperature. Undoubtedly, the solid should dissolve extremely well in hot solvent A.


 If the solid sample does not apparently dissolve in solvent A at room temperature, transfer a couple drops of solvent A from the solid/ liquid mixture (without any solid) to a watch glass. Evaporate the solvent and see if there is any solid film or residue left behind. If a thin film or little solid residue appears after the solvent evaporates away, one should conclude that the solid sample is slightly soluble in solvent A at room temperature. Put the test tube containing the solvent/solid mixture into a hot water bath. By increasing the temperature of the solvent, the sample may dissolve in solvent A.  If that is the case, one should conclude that the solid sample is slightly soluble in cold solvent A but is readily soluble in hot solvent A. Then solvent A is more likely a suitable solvent for recrystallization of that sample. After heating a sample in solvent A, one should place the test in an ice-bath (Ice + water; not just ice.) By cooling it in an ice-bath, crystallization may occur (the process takes about half an hour or even longer), which confirms solvent A is a suitable for recrystallization. After completing all these steps, one should construct a table to record data. Table 1 is a sample. By reading the data, one should choose Solvent A as a solvent. If solvent A is not available, solvent C can be employed as well (second choice.)

Table 1. Solubility test.

	Solvent
	Cold
	Hot
	Ice-bath
	Comment

	A
	No
	Yes
	Crystal formed after 20 min
	Thank you Jesus, praise the Lord (with Southern Accent)

	B
	Yes
	of course
	Nothing
	Need I say more?

	C
	slightly
	Yes
	Crystal formed after 1 hr
	Better than nothing!



 If the substance is readily soluble in methanol, ethanol, acetone, or acetic acid at room temperature, add a few drops of water from a wash bottle to see if a solid precipitates. If solid precipitates upon addition of water, one should conclude that the solid sample is readily dissolved in the solvent (mentioned above) but not in water. Recrystallization could be performed by dissolving the solid sample with a minimum amount of hot solvent; once the solid sample dissolves, hot deionized water should be added slowly until the solution turns cloudy. Cool the cloudy solution to room temperature slowly, and then further chill the solution in an ice water bath to induce crystallization.


 If the substance fails to dissolve in a given solvent at room temperature, heat the suspension and see if solution occurs. If the solvent is flammable, heat the mixture in a hot water bath. If the solid completely dissolves, it can be declared readily soluble in the hot solvent (good solvent for recrystallization). If some but not all dissolves in hot solvent, it is said to be moderately soluble. Add small amounts  of solvent until solution is complete (the solvent is still considered a good one for recrystallization). When a substance has been dissolved in hot solvent, cool the solution by holding the test tube under the tap and, if necessary, induce crystallization by rubbing the walls of the test tube with a stirring rod to make sure the concentration permits crystallization. Then reheat to dissolve the solid, let the solution stand undisturbed and inspect the character of the ultimate crystals.

Solubility Test


There are four given solvents for this recrystallization experiment. They are hexanes (non-polar hydrocarbon liquid), toluene, ethanol, and deionized water (polarity is in ascending order). Students should clean and label four test tubes (acetone free) for the solubility test. They should transfer an approximately equal amount (for comparison purpose) of unknown solid to each test tube. The impurities are sand and sodium sulfate (a white salt). Students should test the solubility of the unknown solid in cold and hot solvents. After the solubility in hot solvents is done, students should place the test tubes in an ice bath (ice bath consists of ice and water for efficient cooling) to induce crystallization. If there is no crystallization upon cooling, students should evaporate part of the solvent and then cool the solution again. The amount of solvent in this test needed to be evaporated is important for recrystallization.  In some cases, the major component dissolves in a particular solvent and the minor component (part of the impurities) doesn't. Therefore, precise observation and common sense are the criteria for choosing the right solvent for recrystallization. Another important point is that students should not discard any solutions or solids until the experiments are completed and ready to be turned in. This applies to all experiments.  Unless one is absolutely sure the chemicals are useless, one should store all chemicals until the experiments are completed. Once the chemicals are discarded, there is no way to recover them again. If one makes a mistake to discard the useful chemical, there is no way to save the situation unless they could do magic. Refill costs 1 point of the grade at least.). Prolonged heating of the solution may reduce the recovery yields.

Experimental Procedures:
1. Obtain an unknown sample form your TA.

2. Record the unknown no. on your report form.

3. Clean 4 test tubes, dry and label them.

4. Put approximately 20 mg of unknown into each test tube followed by addition of ~  2 mL of solvents (except hexanes; use 8 mL of Hexanes).

5. Agitate each solvent with a spatula at room temperature (clean the spatula before each use to avoid contamination).

6. Transfer a drop of liquid from each test tube onto a watch glass. Evaporate the drop of liquid by gentle heat.

7. Put all test tubes into a hot water bath. Heat each test tube for about 10 min. If solvent evaporates away, add more solvent to continue testing.
8. Repeat step 6.

9. Place all test tubes in an ice bath. Cool them for about 15 min.

10. Observe crystallization.

11. Fill out the table on the report form and choose a proper solvent for recrystallization (Note: It is your responsibility to choose the proper solvent. You may get advice from TA or your instructor. But it is still your decision and the TA or instructor is not responsible for the outcome of any of your experiments!).

12. Weigh the remaining unknown sample.

13. Transfer all the unknown sample and 20 mL of the recrystallization solvent into a 250 mL Erlenmeyer flask.

14. Place the Erlenmeyer flask into a hot water bath (organic solvents) or hot plate (water only). Never heat up any organic solvent directly on a hot plate! It is a fire hazard!
15. Add minimum amounts of solvent to dissolve the major component of your sample (~ 50mL?)
16. Once the desired component dissolves, perform suction filtration (p. 47-48 text book).

17. Rinse the Erlenmeyer flask with ~ 2-3 mL of hot solvent 3 times and pour it through the Buchner funnel.
18. Reduce the volume of the solution until a thin film forms; then cool it to room temperature slowly followed by cooling in an ice-bath for 15 min.

19. Collect the product by suction filtration again. (Weigh a weighing dish with a piece of filter first and record the weight before filtration)

20. Allow the product to dry in the weighing dish.

21. Weigh the weighing dish again. 

22. Calculate the weigh of your product by “weighing by difference”; final mass of the funnel minus the initial mass of the funnel.

23. Calculate % recovery: (Mass of the product/mass of the starting material)× 100 %
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Report form
Name(Print) _____________________

Unknown no._____________________

Unknown melting point

before recrystallization ______________

Solubility test

	
	Cold
	Hot
	Ice-bath
	Comment

	Hexanes
	
	
	
	

	Toluene
	
	
	
	

	Ethanol
	
	
	
	

	Water
	
	
	
	


Solvent chosen for recrystallization:__________________

Mass of product:_______________

% yield recovery:___________________

Melting point of recrystallized product:______________

Attach your product below!
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