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Recrystallization 
 
 
Recrystallization27 is the most common technique for purifying solid organic 
compounds. This technique exploits the fact that solids are generally more soluble 
in hot solvents than in cold. A solid is heated in a solvent, dissolving in it; the 
resulting solution is then allowed to cool, during which time the solute slowly 
recrystallizes, leaving behind the impurities dissolved in the mother liquor28. 
 
Successful recrystallization requires the solid of interest to be insoluble in cold 
solvent but soluble in hot. Moreover, impurities should either be soluble in both hot 
and cold solvent or be insoluble at all temperatures. In the latter case, the hot 
solution can be filtered to remove insoluble materials while the desired compound 
remains dissolved in the filtrate. 
 
 

 
 

Figure 20. Three possible solubility scenarios for a solid. 
 
 
Figure 20 shows the possible behavior of a solid in three different solvents. Solvents 
A and B are both unsuitable for recrystallizing the solid of interest. In solvent A the 
solid will not dissolve at any temperature; thus, impurities within the solid will 
forever stay there. In solvent B the solid dissolves irrespective of temperature; thus, 
soluble impurities and the solid of interest are again inseparable. Solvent C, 
however, is suitable for recrystallizing the solid of interest because soluble 
impurities will stay in solution as the desired compound recrystallizes during 
cooling. 

                                            
27The word crystal derives from the Greek krystallos, meaning ice. 
28 The mother liquor is not an abbess. Rather, it is the liquid from which a solute has crystallized. 
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Solvent Pairs 
 
Sometimes a solid is either too soluble or too insoluble in any one solvent. In this 
case, one can recrystallize the compound from a mixture of two miscible solvents, or 
a solvent pair, one in which the solid is soluble and the other in which it is 
insoluble. Solvent pairs commonly used are ethanol/water, benzene/petroleum 
ether, dichloromethane/hexane, and dichloromethane/methanol. 
 
If you cannot find a suitable single solvent, try a solvent pair: 

1. Dissolve the solid in a small amount of the solvent in which it is soluble. 
2. Heat the solution (in a beaker of water on a hot plate), and, with swirling, 

add dropwise the solvent in which the compound is insoluble. As each drop of 
the second solvent strikes the solution, the immediate area should become 
turbid. With continued swirling, though, that turbidity dissipates. 

3. Upon reaching the point at which the turbidity no longer dissipates, add one 
more drop of the first solvent, whereupon the turbidity should again 
disappear. Allow the mixture to stand. If crystallization does not occur, 
scratch the inside of the vessel with a glass rod, and/or cool the mixture in an 
ice bath. 

 
Crystallization as a Process 
 
The phenomenon of crystallization is actually a three-part process. The first part is 
the generation of a supersaturated solution, in which the solute is dissolved at a 
concentration above its solubility under those conditions. The formation of the 
supersaturated solution is discussed above. The second part is nucleation, in 
which a few molecules of solute begin to interact. Because nucleation requires the 
simultaneous interaction of several molecules, it may be a relatively rare event. The 
third part is crystal growth, in which the nucleation site accumulates solute 
molecules in (hopefully) an ordered fashion from the supersaturated solution.  
 
A scientist performing a crystallization procedure is well advised to consider (and 
record in a notebook) the features of the process that is occurring. In many organic 
chemistry recrystallization procedures, the rate of crystal growth is limiting, which 
means that the procedure will generate large numbers of relatively small crystals. 
Under some conditions, however, nucleation is limiting. For these conditions, few if 
any crystals form; the crystals that do form tend to be larger. If nucleation is 
limiting, it may be necessary to induce nucleation: nucleation can be induced by 
generating high frequency vibrations (usually by scratching the inside of the 
container with a glass rod), or by adding very small amounts of the compound being 
crystallized (preferably as finely crushed crystals of the compound). Finally, the 
most common mistake in a crystallization procedure is to use too much solvent, in 
which case the solution will not become significantly supersaturated with cooling.29 

                                            
29If you conclude that you have added too much of the recrystallization solvent, your options are to 
convert the solvent to a solvent pair (see above), or to remove the excess solvent can by evaporation. 
Evaporation can be performed by simply leaving the solution out at room temperature for an 
extended period, by using a rotovap, or by heating the solution to boiling. Because heating mixtures 
of organic compounds may cause undesirable reactions, the use of a rotovap is probably preferable. 
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Always allow the hot solution of your compound to cool slowly. Fast cooling causes 
fast (and usually disordered) crystal growth, which entraps impurities in the crystal 
lattice of your desired compound. Extremely slow cooling, however, may also entrap 
the mother liquor or other impurities. Solving these two problems entails 
compromise: it is generally best to allow the hot solution to cool slowly to room 
temperature by leaving it undisturbed on the lab bench, after which it may be 
useful to plunge it into an ice bath to complete the crystallization process. 
 
 
Hot Filtration 
 
For recrystallization to work as a purification technique, the desired material must 
exhibit differential solubility in the recrystallization solvent from any impurities 
present. One (preferred) outcome is that all of the impurities are more soluble in the 
recrystallization solvent than the desired compound, in which case the impurities 
remain dissolved throughout the procedure. However, in some cases, the impurities 
are effectively insoluble in the recrystallization solvent. Removing insoluble 
impurities requires a somewhat difficult technique known as “hot filtration”. 
 
To perform hot filtration: 

1. Add heated solvent to the solid to be recrystallized.  
2. Once the material that is soluble at high temperature has all dissolved, 

inspect the mixture for the presence of insoluble material. 
3. Remove any insoluble material remaining by filtering the hot mixture 

through a preheated short-stem glass funnel into a beaker or Erlenmeyer 
flask. Use fluted filter paper and gravity filtration for the process. 

4. Pour a small volume of hot solvent through the filter to resolubilize any of the 
desired material that crystallized during the filtration. 

 
 
Oiling Out 
 
Sometimes the desired compound does not crystallize from solution, but rather 
comes out of solution as a viscous liquid; this aggravating phenomenon is known as 
oiling out. The oil is actually a two-liquid phase comprised of solutes and solvent 
(the desired compound and impurities, and the mother liquor). Although the oil will 
eventually solidify30, it contains more impurity than it would have contained had 
the compound crystallized, because the impurities partition between the oil and the 
solution. Thus, as the desired compound crystallizes and separates from the two-
liquid phase, it will likely contain impurities. Methods for dealing with oils depend 
on the compounds involved and on the reason for the oil formation. In some cases, 
cooling the mixture is sufficient to induce crystallization; in some cases, the use of a 
different recrystallization solvent prevents the problem; in others, some method for 
removing the predominant impurity is helpful. Unfortunately, some compounds 
appear to unavoidably form oils due to their structural properties. 
 

                                            
30Some oils have been known to stand for years without solidifying. 
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The Suction-Filtration Apparatus 
 
Once crystals form, they must be separated from the mother liquor. This separation 
is usually accomplished by suction filtration using a Büchner funnel31. Filter 
paper is manufactured to fit Büchner funnels of any size. 
 
The funnel is placed into a one-hole rubber stopper, and fitted into the top of a 500-
mL filter flask (Figure 21). Always clamp the filter flask to prevent it from tipping 
over during the filtration. Between the filter flask and the aspirator is the water 
trap, which will catch any water that happens to back up into the filtration 
apparatus. In the neck of the trap flask is a two-hole rubber stopper holding two 
pieces of glass tubing. One glass tube connects with the aspirator; the other bears a 
short vacuum hose, which is pinched. Finally, the side arm of the trap flask 
connects via a short vacuum hose with the side arm of the filter flask. 
 

 
 

Figure 21. Suction filtration apparatus 
 
 
Performing a Suction Filtration 
 

1. Make sure that your filter flask is clean (so that in case of problems with the 
filter, you can recover your crystals and mother liquor and refilter them). 

2. Select filter paper that covers all the holes in the Büchner funnel and that 
lies flat. (Note that most filter paper disks have some curvature; placing the 
filter paper disk in the funnel with the convex side pointing upwards 
reduces the likelihood of leaks.) Wet the paper with a small amount of 
recrystallization solvent. Doing this helps to hold the paper tightly to the 
bottom of the funnel. 

3. Connect the trap flask to the aspirator. 
4. Open the aspirator faucet to maximum. This should suck the filter paper 

                                            
31Ernst Büchner invented this funnel in 1888. He is not the same scientist as Eduard Buchner who 
won the 1907 Nobel Prize in Chemistry for discovering cell-free fermentation. 
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down against the Büchner funnel surface. 
5. Gently swirl the crystals in their mother liquor, and slowly pour the mixture 

onto the filter paper. 
6. After the solvent has been pulled through, triturate to remove any residual 

mother liquor. Triturating is accomplished by releasing the vacuum, and 
then adding enough pure, ice-cold recrystallization solvent to cover the 
crystals, followed by reapplying the vacuum to remove the solvent. Do not 
leave the crystals in the solvent for prolonged periods, because some of the 
crystals will dissolve. 

7. Let the aspirator draw air through the crystals, and then press the crystals, 
in the funnel, with the bottom of a beaker to help them dry further. The 
alternative to pressing with a beaker is to place a rubber dam over the 
funnel, allowing the suction to dry the crystals further. 

8. Break suction by loosening the clamp on the trap. 
9. If your crystals are still wet, spread them out thinly on a watch glass, and 

allow them to air-dry overnight. 
10. You may observe crystals in the filter flask. If you used a clean filter flask, 

you may wish to recover these crystals. 
 

 
 

Study Questions 
 
1. Describe the consequences of using simple gravity filtration instead of suction 
filtration to separate crystals from mother liquor. 
 
2. Compound X is insoluble in cold benzene and in hot water. Would a 
benzene/water solvent pair be suitable for recrystallizing X?  Explain. 
 
3. Explain the appearance and disappearance of the turbidity discussed in step #2 
under "Solvent Pairs". 
 
4. A student suspected that his unknown was undergoing a chemical change at its 
melting point. Suggest a simple method for testing his hypothesis. 
 
5. Why must a sample be dry (free of water) before the melting point is determined? 
 
6. Why is it sometimes necessary to obtain a mixture melting point using different 
ratios of the component compounds? 
 
 
 
 
 
 
 
 


