RECRYSTALLIZATION




Definition

* Recrystallization is the most widely used method for purifying solid organic

compounds. In this technique, an impure solid is dissolved in a solvent and

then allowed to slowly crystallize as the solution cools. The impurities

remain dissolved in the solvent while the compound forms a pure, ordered

crystal lattice.
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* Crystallization differs from precipitation. Crystallization involves a slow,

selective formation of an ordered crystal structure that excludes impurities,

producing a pure compound. In contrast, precipitation happens rapidly and

often produces an amorphous solid with many trapped impurities inside the

lattice.

Crystalline Amorphous
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Principle of Recrystallization

* The process depends on solubility changes with temperature. Most solids are

more soluble in hot solvent and less soluble at lower temperatures. By

heating the solvent, the impure solid dissolves completely; as the solution

cools, the desired compound crystallizes while impurities remain in solution.
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Steps of Recrystallization

Choose a suitable solvent.
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Dissolve the impure solid in a minimal amount of hot solvent.

Filter out insoluble impurities. obodll dldll s Cdloadl xesnyn @83

Slowly cool to allow crystals to form. . s s plawdl clas el o5 4

Filter and collect the purified crystals. lessz>s d:adl Slysldl meinyz o8 .5

Wash the crystals to remove any residual impurities. .. sigs o 2153 ool Lucl 6




Steps of Recrystallization
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Choosing the Right Solvent

* The compound should be highly soluble in hot solvent but sparingly soluble

at room temperature. .l sly> dxys 6 Lol Jul8 asly (5 ludl Caiall 5 oLodll Jle Syl 5555 ol Gy

* Impurities should either remain dissolved at room temperature or be

insoluble in hot solvent. Bl ays 8 asls Lol olodl A ‘J' =
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* The solvent must not react with the compound. =5/ 2o el Jelon A o

* The solvent should be volatile so it can be easily removed after

crystallization. Sy o Ilaze caiall o5y of o
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Conclusion

* Recrystallization is a reliable purification method for solid compounds. By

exploiting differences in solubility, it separates the desired product from

impurities. Careful solvent selection and slow crystallization are essential for

obtaining pure, crystalline compounds suitable for further analysis or use.
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Solid Mix = Desired compound + soluble impurities + insoluble impurities
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Crystal formation is a selective process and only molecules of the same

substance can fit into the crystl lmmce, excluding foreign molecules

(impurities) which remain in solution {Figure 14}.

Figure 14. The crismllamion process.

The solubility of a solid solute in a solvent is determined by two factars:

a. The relative polarities of the solvent and solute. eof ike dissalves like" is the
best summary of solubility belavior.

Polar solvenis dissolve p-:ﬂar solutes and nm-p-:rilar solvems dissolve non-

polar solutes. For example. solutes that contain polar groups like OH. NH2.
and COO0OH dissolve in polar solvents like water. methanol, el ethanol while
hydrocarbons and their halogenated derivatives are non-polar and dissolve
in non-polar solvemts like chioroform. carbon retrachloride. hexane. and

]:-em:-leum ether.
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b. The lattice energy of the crystalline solute. The crystal lattice, holding

solute molecules together in the solid state, is broken down  mposn
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The necessary energy is provided through "sefvation ™ of the solute bysolvem

molecules. The swhility of a crystal lattice is roughly reflecied by the melung

poim: a high melting poim indicates 2 high lanice energy. and vice versd.

For a given set of isOmers, the higher the melting peins, the less sofwble the

substance i5 i a given solvent.



d 6 O L] Lad8l pnd ol s slslio 351 of spanie of L 1]
west9 pla b Jlezadl L ye cole

If two or more solvents appear to be equally suitable, it is preferable

tochoose a solvent which is non-flammable, non-toxic, and cheap.
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1. Selection of the Solvent. The suitable solvent is determined

experimentally through solubility tests.

This is done by shaking about 0.1 g of the powdered solid with 2 mL of

the given solvent in a dry test tube. If all the solid has nearly dissolved

in the cold solvent, the solvent is considered unsuitable.




1§ ot the mixture is heated gently o the hoiling pomt with stiming (waler
hath for flammable solvents). 1f most of the solud dad pol dissnlve. the
snlvend 1v alvo unsitable.

If & substance s found 1o be too soluble in one solvent and insoluble in
another. then a mixture of both solvents (solvent pair) may be used. In
such cases the two solvents mast be completely miscible. The compound
to be rocrystallized is first dissolved in the solvent in which itis very
soluble. then the other solvent is added gradually. with hesting.until a
sight marbidity occurs. The solution is thea allowed 1o stand al foom
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L. Preparation of the Selution. To prepare the hot solution. the solid
is placed in an Erlenmeyer flask and the selected solvent is added
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cach addition. until the solid dissolves completely. A slight excess .
of the solvent ks usually added to compernnate for any lowses (through 230 P 08l Sjal
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3. Hot Filtration (Gravity Filtration). Filtraton of the hot solution is
necessary to remove insoluble impurities. A fluted filter paper and a
short-stem funnel (Figure 15) allow rapid filiration and avoidpremature

crystallization inside the stem and on the filter paper.
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4. Cooling. To induce crystallization, the clear, hot filtrate is allowed to

cool down to room temperature, undisturbed, until a large number of
crystals has formed. The mixture is finally chilled in ice to complete
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5. Collecting and Drying of Crystals. The crysials are collected by
suctionfiltration (cold filtration) using a Buchner funnel to ensure rapid
and complete removal of the solveni. The crystals are then washed with
a few milliliters of fresh, ice-cold solvent to get rid of the last traces of
mother liquor. The crystals are finally dried in an oven or allowed to air-

dry. in case the melting point is low, by spreading them over a sheet of
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FPROCEDURE

1. Weigh our a 1.5-g sample of impure unknown and use a few milligrams ro
determine the melting poine. Record the melting point on the report sheet.

L Place the rest of the unknown in a 100-ml. conical flask, add boiling suitable
solvent 1l wo more solid appears o dissolve.

3 Remove the hear source, allow the flask 1o cool a few moments.

d Add a small amount (abowt 0.2 g) of decolorizing charcoal to the contents of
the flask.

5. Meanwhile, set up the hort filtration (graviry [ilirarion ) apparatus shown up,
uxing fast-flow flused filter paper and a 125-ml Edenmever flask as the receiver,
then powr [5=20 ml. of boiling water through the funnel to warm it and 1o wer
the filter paper. Discard this warer.

b Hear the acetanilide solution again for a few seconds then filter the hot
selution withowt delav. If particles of charcoal pass through the filter paper,
return the filtrate o the origingl flask, hear the solution 1o boiling, and filrer it
again through the same piece of filter paper.

LAx the filtrate cools, crystals will begin 10 form immediately. Place the
Erlenmever flask in a pan of ice 1o complete the crystallization.

& Meanwhile, set up the vocuum-fiftrarion apparatus using a 125-mL filver flask
Set a piece of filter paper (Use only the correct size filter paper that completely
covers the inside of the Biichner funnel) in place, connect the flask 1o the
aspirator, and mrn it on. Pour 1520 mL of cold water through the funnel 1o
wet the filter paper. Discard rthis warer. Reconnect the Flask ro the aspirator.

9. When crystallization is complete, collect the crystals by vacuum filtrarion.
Rinse the crystaly (with the vacwum on) with a few milliliters of ice-cold water.
Use a clean spatila te press the crystals as dry as possible on the funnel,

10, Transfer the crystals 1o an oven or store them in vour locker for drving
antil the next laboratory period.

1. Weigh the dried product and determine its *s vield and melting point.
12,
« _ Mmass of purified products
mass of crude sample

x 1og

NOTE
The valne showld be less than 102 If it is greaver, your recrysiailized material is wet o
_mpury.
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