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EXTRACTION

A Soparation and Isolation Technlque

INTRODUCTION
ture by means of a

{ a substance from a mix

lves that substance. If the substance is

extracted from a solid phase} the process is called solid-liquid extraction, a:
in the isolation of caffeine from tea

Extraction of a substance from a licuid phase is ca
extraction. The most common applications of this latter technique are:

of an organic product from
products.

leaves by means of hot water.
Iled liqﬁid-liqixid‘,

a. The recovery a reaction mixture containir

excess unreacted materials and by-
b.Isolation of an organic substance from its natural source, such as a plar

\This is the most comm
miscible solvent whi

Liquid-Liquid Extraction. on type of extraction:
involves shaking the liquid mixture with an im

ves the desired . compound. . - On, standing, 'the t

preferentially dissol
y organic and aqueous) form two separat

e lay

(upper and lower) that can be separated by means of a separatory funnel.

The various solutes in the mixture distribute themselves between

organic and aqueous phases according to their relative solubilities in ¢

solvent. At equilibrium, the ratio of the concentration (C) or solubility

of the substance in the organic phase, (C, or S) to that in the aqueous p

(C,, or S,,) is called the distribution coefficient (Kp)-

K _C, S, oreanic
Ty v
w S“p ‘-’“**Qm

A large distribution coefficient implies that the compound is much

soluble in the organic phase than in the aqueous one and, in this c:

single extraction suffices to remove the desired compound fr
or

mixture. i i
re. When Kp is small, it means that the compound distributes
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more evenly in both phases, so (hay fepeated extractj
actions

arc require
recover such a compound from the ¢ quired to

aqueous mixture,

cient to divide the totg) volu
solvent over several extractions thap 0 use the who)
cv

In general, it is more coffj
me of extracting

olume in a single

extraction. r’=\y Ge N8
,.\ /ADI"AM’_’ "\|
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GENERAL EXPERIMENTAL CONSIDERATIONS

CholelSouent. A §Olvem used for extraction should have the following
characteristics:

1. Immiscible with the liquid in which the solute is present.
2. Readily disso1ve the solute to be extracted.

(F¥]

. Extract little or none of the impurities and other compounds

present
in the mixture.

. Non-flammable, non toxic, cheap and easily removable from the solute
after extraction (i.e., volatile).

Salting-out. Extraction of organic compounds from aqueous mixtures is
usually improved by saturating the aqueous phase with a salt such as NaCl
or NapCO3. This phenomenon is called salting-out and has the following
effects:
1. Decreases the solubility of organic compounds in the saturated
aqueous phase.
2. Decreases the solubility of the organic and aqueouvs phases in each
cther, thus improving their separation. This is particularly useful in

breaking up emulsions.

‘Emulsions., In certain cases, the two irmiscible phases do not separate
cleanly into two distinct layers; instead, they form an emulsion which, once
formed, is usually difficult to break. It is therefore advisable to prevent the
formation of emulsions during extraction. This is best achieved by avoiding

vigorous shaking of the layers whenever an emulsion is expected to form
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4 with chloroform or

(e.g., when alkaline @ o break it by:

dichloromcthnnc). Ifa
1. Stirring the emulsi

fied layer gently with a glass rod.

5 Saturating the aqueous 1ayer with a salt.

cé) Centrif_‘ugation. | |
The organic phase often shows rurbidity due &Lhe
Anhydrous CaClp,

Drying Agents.
from the a

ces of water
ay be used as drying age
When dry,

queous phase.

nts which absorb the traces

presence of tra

®
MgSO4, or NapSO4 m
. e
of water present i the organic phase. the organic phase

becomes clear.

Acid-Base Extraction
Mixtures of organic acids and bases are commonly separated by acid-base
re converted to their salts by treatment with

extraction. Such compounds a
the corresponding salts are

Unlike the original compounds,

acid or base.
g their transfer from the organic phase

usually soluble in water, thus enablin

to the aqueous layer. After separation of the layers, the organic acid or base

is recovered by neutralization of the aqueous layer. Since the acid or base

is insoluble in water it precipitates out, and is collected by filtration. A flow
diagram for such a separation is shown in Figure 16.
RCOOH + RNH, + RCl
l aqueous NaOH organic
RCOONa" (solub ‘\’
(soluble) RNH, + RCI
lHCl
. aqueous Hel
RCOOH (insoluble) organic
RNH, <NaOH _ pnp* 1
(insoluble) = RCI
_ i (soluble)
52
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Tenker (600 mL), 2 beakers (100 mL),™5
rCl ! I i , o '
Glasswot= aaks (100 ml), stand, wire gauze, clamp, ting

. "cyCl’ S .
Frlent gn,duulcd cylinder (10 L), Scparamhj

’I(JI(ICrv
- 100 mL), cheesccloth 20x20 cm.
fun"Cl( Tca leaves, 10 g sodium carbonate 30

(158
a .
gfll?ﬂlj‘—?;[:;o sthanc, 1.0 g anhydrous sodium Su]fa[c’ 1 g
jlorom
dic p_dich]orobcnzcnc, 25 mL cther, 4q mL o

mL
penzoic acid, 1 B
hydroxi

de, 20 mL concentrated hydmchloric'

4, sodium .
10% § hloride, blue litmus paper,

i [
acid nnhydmus CillClum
’

xTRACTION OF CAFFEINE FROM TEA LEAVES

the fruit and bark of some plants, @
offee, cocoa and cola beans. CHi v

The caffeine content in dried tea leaves 1S
|
CH;

“afene |

Caffeine belongs to a family of basic, nitrogen-containing, eycli

in tea leaves, €

about 3-4%.

compounds called alkaloids. It is a mild stimulant and is used ag such iy

many drugs and analgesics. The solubility of caffeine at room temperatyg

is 2.2 g/100 mL of water and 18 g/100 mL of chloreform.

‘In this experiment, you will extract caffeine from tea leaves with hot water

This treatment also extracts tannins, a class of acidic Organic compounds
also [ 1 |
l .present in the leaves. Sodjum carbonate is used to remove the acidic
a ] |
Pnmns by co rting them to water-soluble salts
rocedure, i \ |
re.You will be provided with a | Ini
ot 15 arge tea bag containing
& dry tea leayeg. PlacEthe teq by ;
10gof sty Carbonatel : 4 %4g ina 600 mL beaker, add
and 150 ;
mL of water, and boil the mixture
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®

gently for 20 minutes, @ol the dark brown aqueous solution to room
temperature and squeezce the tea bagq: extract the liquid fully before
discarding the bag,. ===

@ Transfer the dark solution to a separatory funnel and extract twice
with 15 mL portions of dichloromethane. ‘Avoid vigorous shaking of_,@

the funnel since emulsions may form readily; instead, swirl the funnel

gently or turn it upside down several times. E\-fter each extraction (&)

drain the denser dichloromethane layer into a small ﬂasla [[;ry the @

a combined organic extracis witi anhydrous sodiuzi’ salfate until thﬂ
solution is clear. [Decant the dichloromethane into a small beaker and

evaporate to dryness over a water bath in the furﬁc hot@ Eo not heat

the residue any longer than necessary since caffeine decomposes

readi]y] [\}eigh the crude caffeine and calculate its percentage in the

tea lcaveg @temine the melting point of your produci.]

"
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