EXTRACTION

Required Readings: Ege, Chapter 3, Mohrig, pp. 75 B84, 92 B99
Previously learned technigues you must understand and be able to perform: Identification by melting
point, vacuum filtration and collection of a solid.

In this experiment, you will receive 1.5 g of an unknown mixture of two or three of the compounds below
and you will use extractions to separate the compounds from one another.

benzoic acid Biphenyl naphthalene 4-bromoaniline
mp 121 - 122 °C mp 69 -72 °C mp 80 - 81 °C mp 62 - 64 °

This experiment is intended to simulate the type of problem often encountered by a practicing organic
chemist. A just-completed chemical reaction may have a mixture of products to identify. The separation
and identification process is called a Qvork-upQof the product. If organic acids or bases are present in the
mixture, extraction procedures effect the separation of a mixture with such ease that it would be foolish to
spend time on a lengthy chromatography or distillation. An experienced chemist can go through the
operations necessary to isolate and identify the components of an acid-base-neutral mixture in one or two
hours. To discuss this process it is first necessary to understand the solubility properties of organic acids,
bases, and their conjugates (Ege, chapter 3).

ORGANIC ACIDS

Of course, all substances containing hydrogen atoms may be considered acidic to some degree.
However, only those substances whose conjugate base is relatively stabilized will form salts with common
bases such as NaOH or NaHCO;. In general, the most acidic organic compounds are the carboxylic
acids, RCO,H or ArCO,H. The vast majority of carboxylic acids are soluble in organic solvents and
insoluble in water. In contrast, the conjugate bases of a of carboxylic acids (carboxylate ions) are usually
water-soluble. Thus, by reacting a water-insoluble carboxylic acid with an appropriate base, it can be
converted into a water-soluble salt, as suggested by the equation below. The process can be reversed by
treating a carboxylate ion with an acid, converting a water-soluble compound into one soluble in organic
solvents.

(o) base o
| — I ©
R—C—OH acid R—C—O0
carboxylic acid carboxylate ion
insoluble: water soluble: water
soluble: organic solvents insoluble: organic solvents
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ORGANIC BASES

All organic substances containing non-bonding electrons may be considered bases. However, only the
amino group is basic enough to form stable salts in dilute aqueous acid. The amines, themselves, are
insoluble in water, whereas their salts are freely soluble (see the equation below). By treating an amine
with dilute acid one can convert an insoluble base into its soluble conjugate acid. As with carboxylic
acids, the process may be reversed. Treating an ammonium salt with base will convert the compound to
an organic soluble (water insoluble) species.

acid ) ) ©)
RNH, or R;NH or R;N —= RNH; or R;NH, or Rz;NH
amines base ammonium salts
insoluble: water soluble: water
soluble: organic solvents insoluble: organic solvents

Note: Low molecular weight carboxylic acids or amines may be soluble in water (e.g., formic and acetic
acids, methylamine).

NEUTRAL COMPOUNDS

For this experiment, neutral compounds can be considered as those which cannot ionize in the presence
of acid (5 % HCI) or base (5 % NaOH). Since these compounds cannot accept or donate a hydrogen they
are insoluble in water, and soluble in organic solvents.

The take home message is:

If a compound is ionized (has a charge, exists as a salt) it will be soluble in water.

If a compound is neutral, (does not have a charge, is not a salt), it will be soluble in organic
solvents.

PROCEDURE

Since you will not know which of the unknowns you will have, you will need to go through the entire
extraction process. In some cases where you are asked to collect a precipitate (p-bromoaniline and
benzoic acid), you may not have any solid, not because you have performed the experiment incorrectly
but rather because you may not have been given any of that compound in your unknown mixture. So, BE
CAREFUL!" And remember: DON'T THROW OUT ANY LAYERS UNTIL YOU HAVE ISOLATED YOUR
UNKNOWN(S)

Record your unknown number!!

In an Erlenmeyer flask, dissolve your unknown in 50 mL of ether. Pour this into your separatory funnel
mounted in a ring.

Pour 15 mL of 5% HCI solution into the funnel, stopper, and swirl the funnel. Invert and open the
stopcock to vent the mixture. Shake a few seconds and repeat the venting. Once you no longer hear
gases vent, shake the mixture vigorously for several seconds, then place the separatory funnel back in
the ring, remove the stopper, and let the layers separate. Drain the acid/water layer into a 100 mL
Erlenmeyer flask. Repeat this procedure for two more 15 mL portions of HCI, combining the extracts.
Generally, "multiple extractions" are performed. Calculations shows that three 15 mL extractions are
more efficient than one 45 mL extraction. The equations can be found in Mohrig, pp. 77-79.

If you had any amine in your unknown, it will now be in the water solution as the amine hydrochloride.
The amine can be liberated by treating the solution with base. Add 3 M NaOH until pH paper indicates
that you have neutralized the HCI. If you have amine in your unknown, you will now have a precipitate,
which you can collect by vacuum filtration, wash with water, and allow to air dry.
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The ether layer, which is still in your separatory funnel, now contains a neutral compound (biphenyl or
naphthalene) and possibly a carboxylic acid. Extract with three 15 mL portions of 5% NaOH, combining
the extracts as before. The base/water layer may now contain the sodium salt of benzoic acid. Acidify
with 6 M HCI. A precipitate should be benzoic acid, which you need to collect, wash with water, and dry.

Now the ether layer contains only neutral product, so you can proceed to isolate either biphenyl or
naphthalene. The ether will be QvetQ so first wash it with ca. 25 mL of saturated NaCl solution to partially
remove water (Mohrig, p. 83, salting out). Then pour the ether layer through the top of the separatory
funnel into a dry Erlenmeyer flask. Add anhydrous Na,SO, until it stops @lumpingOand some remains as
a white powder (Mohrig, p. 93-95). Carefully decant the liquid into a tared round-bottom flask, rinsing the
drying agent with a little more solvent and adding it to the round-bottom flask, if desired. The solvent can
then be evaporated on the rotary evaporator and the identity of the neutral compound determined by its
melting point.

If you run out of time, you may record the melting points next week while you elute your TLC plates!

Avoiding Unnecessary Grief

1) Which layer is the water layer?? Look at both layers in the separatory funnel and get an idea of
how big they are in relation to one another. Now, add water to the funnel. Watch where the water
goes. Watch which layer grows. Water to water. That's how to find the water (aqueous) layer.

2) How come I got three layers?? Sometimes, when you pour fresh water or some other solvent into
your separatory funnel, you get a small amount hanging at the top, and it looks as if there are three
layers. Yes, it looks as if there are three different layers but actually there are only two layers, and
one which has lost its way. Gently swirl the funnel and your third layer should disappear.

3) What's the density of sodium hydroxide?? You've just done a wash with a 5-10% sodium
hydroxide solution, you've just read something about finding various layers in the funnel by their
densities, and, by this question you've just missed the point. Most wash solutions are 5-10% active
ingredient dissolved in water. This means they are 90-95% water. Looking up the density of solid
reagents then is a waste of time since the density of these solutions is very close to water.

4) When shaking your mixture of organic and aqueous solvents in your separatory funnel, don't be afraid
to shake the funnel vigorously! Just sloshing the solutions back and forth isn't very effective. The
effectiveness of your extraction depends upon a thorough mixing of these two layers.

5) If only the top layer is being extracted or washed, it does not have to be removed from the funnel.
Just rain off the bottom layer and then add more fresh extraction or washing solvent.

6) If you get an emulsion you will not have two distinct layers but rather a fog of particles. Sometimes
you can break up the charge on the particles by adding a little salt. Or stir the solution slowly with a
glass rod. If you decide to add salt to the separatory funnel, don't add so much that it clogs up the
stopcock!! For the same reason, keep drying agents out of the separatory funnel.

7) Never, never, never, never, ever throw away any layer until you are absolutely sure you will never
need it again. Not very much of your product can be recovered from the sink trap!
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EXTRACTION

DATA SHEET
Name:
Section Number:
Unknown Number:
Initial amount of unknown:
Amount of recovered acid: melting point:
Amount of recovered base: melting point:
Amount of recovered neutral: melting point:

Post lab questions:
Why did you pour the ether layer through the top of the separatory funnel after the acid and base
extractions, rather than draining it through the bottom?

Use the principle of dike dissolves likeOto explain the solubility properties of benzoic acid and its sodium
salt. Do the same for 4-bromoaniline and its hydrochloride.

A crude non-acidic product mixture dissolved in ethyl ether contains acetic acid. Describe an extraction
procedure to remove the acetic acid from the product mixture.
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You have been given 25 mL of a solution of benzoic acid in water, estimated to contain about 0.80 g of
the acid. The distribution coefficient of benzoic acid in ether and water is approximately 10. Calculate the
amount of acid that would be left in the water solution after three 20 mL extractions with ether. Do the
same with one 60 mL extraction to determine which method is more efficient. Show your work

Write equations for the reactions of all the unknowns used in this experiment, and use curved arrows to
show electron movement. Clearly identify those reactions involving your unknown(s).
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