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EXPERIMENT 8: EXTRACTION g (%) ctsbas e 5ams

' oLl i dog fapls
A Separation and Isolation Technique (Rgdys}a/’z"‘(’“ diskille tion ; chemalog faplry )
e

INTRODUCTION
g)}'ul /OpMi=ws)|  Extraction|is the separation of a substance from a mixtureans of a

Toadoing (- g0 slo CSie solvent that preferentially dissolves that substance. If the substance is

ol W\ 2\ PEY /\Vfé\iﬂ)‘u&&;du‘
Oleall dobs o239 oyiracted from a solid phase, the process is called Solid-liquid extraction, e LU
e 'a, 3 n

asin the isolation of caffeine from tea leaves by means of hot water.

Extraction of a substance from a liquid phase is called liquid-liquid

extraction. The most common applications of this latter technique are:

—

a. The recovery of an organic product from a reaction mixture containing
excess unreacted materials and by-products.

b. Isolation of an organic substance from its natural source, such as a plant.

@Liquid-Liquid Extraction. This is the most common type of extraction.

Mixdure bs It inyolves shaking the Jiquid mixture with an| immiscible solvent |which

immi scible [ preferentially dissolves the desired compound. On standing, the two
Wwe
%f immiscible phases [usually organic and aqueous) form two separate layers

(\37 ARl
,Sol\leﬂ"' s O (upper and lower) that can be separated by means of a separatoryfunnel. The G

0 b P 5254 various solutes in the mixture distribute themselves between theorganic and ., P e o
MX““"& StLe aqueous phases according to their relative solubilities in each solvent. At puedwe e
K . . . oq . /
equilibrium, the ratio of the concentration (C) (ofysolubility (S)of the

| substance in the organic phasd, (CSO) to that in the aqueous phase(Cy

or Sy) is called thedistribution coefficient (Kp).

i
C _/?Sofubj )ﬁ oan3
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D~ o~
By 5, Dk
Goncentfofio
A large distribution coefficient implies that the compound is much more

Kyt

soluble in the organic phase than in the aqueous one and, in this case, a single

extraction suffices to remove the desired compound from the mixture. When

< Kp is small,]it means that the compound distributes itself
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more evenly in both phases, so that repeated extractions are required to

recover such a compound from the aqueous mixture.

In general, it is more efficient to divide the total volume of extracting solvent
T

over several extractions than to use the whole volume in a single extraction.
‘/\W \~’_—_/

GENERAL EXPERIMENTAL CONSIDERATIONS
Choice of Solvent. A solvent used for extraction should have the following
characteristics:

1. Immiscible with the liquid in which the solute is present.

2. Readily dissolve the solute to be extracted.

3. Extract little or none of the impurities and other compounds present in

the mixture.
4. Non-flammable, nontoxic, cheap and easily removable from the solute

after extraction (i.e., volatile).

tYosm obic presute Salting-out. Extraction of organic compounds from aqueous mixtures is
G etin 1 €l usually improved by saturating the aqueous phase wfiw’l_gr
C;!-P‘J’ u[,,“g,b NapCO3. This phenomenon is called salting-out andxr:{jt:\e following
n 0“" effects: BGISIC, —> C‘lfygpieng_)lc,)"y’. —> e on/f
__vr_ 1. Decreases the‘s_orlubility of organic compounds in the saturated aqueous
L;—:z;}:& phase.

21 Decreases the solubility of the organic and aqueous phases in each other,

thus improving their separation. This is particularly useful in breaking

up emulsions.

Emulsions. In certain cases, the two immiscible 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 to We
_formation of emulsions during extraetion. This is best achieved by avoiding

vigorous shakmg of the layers whenever an emulsion is expected to form

Blayers e, . o
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dehydrating agent

a lkahoids z
& Basic

alkalsié —> Bas

Soluble in Basic ™M

(e.g., when alkaline aqueous solutions are extracted with chloroform or

dichloromethane). If an emulsion still forms one can often break it by:

1. Stirring the emulsified layer gently with a glass rod.

2. Saturating the aqueous layer with a salt.

3. Centrifugation.

Drving Agents. The organic phase often shows turbiditydue to’ the presence
of traces of water from the aqueous phase. Anhydrous CaCl2, MgSO4, or

Na2S04 may be used as drying agents which absorb the traces of water )

present in the organic phase. When dry, the organic phase becomes clear.

ACID-BASE EXTRACTION

Mixtures of organic acids and bases are commonly separated by acid-base
extraction. Such compounds are converted to their salts by treatment with
acid or base. Unlike the original compounds, ‘the corresponding salts are
usually soluble in water, thus enabling their transfer from the organic phase
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.

alkaloides .
wader ~RCOOH £ RNH,j+ RCl—> Organc

l

el L
chies
fmpu NaOH ;
aqueous organic

aqueous

lll(.‘l

RCOOH (inscoluble)

RNH, <200 pNH;*cr RCI
o m’insoluble)ﬁa(solublc)

wl,\a\f" Figure 16. Flow chart for separation of a mixture by acid base extraction.
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APPARATUS AND PROCEDURE

The set-up for an extraction
using the separatory funnel is
shown in Figure 17. The
stopcock and stopper should be

greased before use. The

e — .
separatory funnel is held upside

down in both hands, such that
the stopper is firmly held in the
left hand, while the right hand

controls the stopcock (Figure

17). The funnel is shaken gently

Figure 17. Correct position for holding a

at the beginning and vented separatory funnel.

periodically through the (=
Lo A

7

St_Qp@QkZLQ_LeJﬂa.LG_?X\Cgsg_m:essure which builds up inside. Once there is no

more pressure build-up_in the funnel, shaking may be more vigorous to

ensure goodextraction.

The mixture is left standing for some time until the two layers are well
separated. The lower layer is drained through the stopcock, while the upper
( : . .
layer is poured through the top of the funnel into a separate container.

o determine whether a given layer is organic or aqueous, place a few drops
of it on a watch glass containing a few milliliters of water and check the

solubility. As a precaution, never discard any layer before you get your

product.

OBJECTIVES

1. Isolating caffeine from tea leaves.

2. Separating a two-component mixture (acid and neutral).
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Introduction

®m The active ingredient that makes tea and coffee valuable to humans is
Ceaffeine Caffeine 1s an alkaloid, a class of naturally occurring

compounds containing nitrogen and having the properties of an organic
amine base. Caffeine 1s found in over 60 plant species. ongs
to a family of naturally occurring compounds known asfxanthines. Yhe
xanthines, which come from plants, are possibly the oldest kKnown 7 Him?wl
stimulants. Caffeine is the most power ful xanthine in its ability to 1,3, 77"

@ Increase alertness(t}i;ut off sleep and t&*Increase ones capacity for M

thinking. Caffeine is a vasodilator (relaxes the blood vessels) as well as Kont ]
0 7 . . . 04 &w/

a diuretic (increases urination i R Fhi * Casl
( )* R@[@X&S air Possage — improve Rreathing Vsle Gantacho

TEN T

: : . . ansf/iféﬁbw
m (Caffeine does not exist alone in tealeaves; the leaves are mainly
cellulose,CFigments and chlorophylls, and tannins. Tannins are phenolic m f/CVh/BLZ
compounds of high molecular weight. The acidic phenols of tannins can [EEEEE=———

complex with metals like calcium to form solid precipitates. U bl

n Bain

gl (S 9ull oS3 V

. athafi
cafdere —’g:fmm B Some of the better-known plant sources are coffee and cocoa
: beans, tea leaves, and kola nuts, While coffee and tea are both

) F?f}:,,’fﬁﬁg’: popular products containing caffeine, the amounts vary widely in
- a single serving. To further confuse the matter, coffee beans
Consgifiction
(Conttal) contain less caffeine than tea leaves when measur¢d dry .
However, a serving of coffee contains roughly twice the caffeine
of tea. Much of the flavor of coffee and tea comes from tannins

and other flavoring agents. -
¥©
B (affeine has a slightly bitter flavor. As a result, decaffeinating

coffee beans and tea leaves will leave the flavor slightly changed
even if no other compounds are lost

X D% )\> Todse x
Caffeine can trigger a headache.

When caffeine is consumed regularly, the
body becomes dependent on its effects.
And because caffeine narrows the blood
vessels that surround the brain, when
consumption is stopped, the blood vessels
enlarge. This causes an increase in blood
flow around the brain and pressures
surrounding nerves. This can then trigger
what is known as a caffeine withdrawal
headache. These headaches can last for a

couple of weeks because it takes the body a

while to adjust to not having caffeine in its

system.



» Caffeine’s main effect on your body is o make you feel more awake and
alert for a while, but it can also cause problems.

e 3&?&(} o Catfiene
» Many studies conﬁn&paﬁemes (lf it consumed properly ‘ablr bo (v N
(®Denhance mood and%xercise performance, the speed at whic S / }in e

information is processed @loreness (%enhon and fégchon time.

e Ef’?ec!l 4 Catf iene

» Non prop cansuming of caffeine can make you hoky ma éﬂhord e D o
LDPC(")_YQ‘ Qol oo v

fall asleep, “your heart beat faster yow pmwro

hoadochos ervousness, ‘In:mhs':iv'o doses, caffei ,\_/) '
» Afatal dosg of caffeine is moce}bgg_]g_gg_gg__\s (obouf 170 mg/kg body 1 5o 4l
weight). = @ g ok

Mechanism of action

» }(Adenosine) is a central nervous.-system neuromodulator that has specific

»  When adenosine binds 1o ils recepioss, neural aclivily slows down, and you 7ee
sleegy Adenosine thus' fociliiafes sleep and dilal‘es the blood vessels
: -———-—-—“ : o

> Coﬁehef acts as an odenosnne-recep'o: onlogon:sl Ihls me - sto
these same receptors, but without teducmg neural ac . Fewer recepfors are
: thus available to the nalural “braking™ action of adenosine, :

therefore speeds

» Caffeine also cduses the pilvitary gland to secrete hormones that in turn caiuse
- the adrenal glands o produce more adrenalin so il increases your aﬂenhon
level and gives your enfire system an exira burst of energy.

B | I e e el .
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B Caffeine (C8H10N402) is an alkaloid. Alkaloids are bitter
tasting, natural nitrogen-containing compounds found in plants.
Alkaloids are often found to have potent physiological activity.
Some better known examples are morphine, heroin, lysergic acid
(LSD), cocaine, quinine, strychnine, and nicotine.

B The basic property of alkaloids come from the lone pair of
electrons found on at least one nitrogen. The basic N in caffeine
can be used to increase or decrease its water solubility. Acidic
conditions will form the conjugate acid salt giving caffeine
increased water solubility as a cation. On the other hand if
caffeine is in a basic environment it takes the neutral form and is
only somewhat polar.

B In order to successfully extract any substance from one
solvent into another, we must maximize differences in
solubility.

B |. Adding NaCl to the caffeine in water solution:

The water will be more attracted to the very polar NaCl and
less attracted to caffeine thus “salting out” the caffeine from

water solution.

M 2. Adding Ca(OH)2 or CaCO3 to a caffeine in water
solution:

a. This makes the solution basic so puts caffeine in its least
polar form and so more readily solvated in organic solvents
and less attracted to water.

b. The water solution contains much more than just caffeine,
and some of these compounds are also soluble in organic
solvents. Basic Ca(OH)2 reacts with tannic acids to form
insoluble tannin salts which precipitate and so can be
removed from the solution before the caffeine is extracted.




EXPERIMENTAL

Glassware: Beaker (600 mL), 2 beakers (100 mL), 2
Erlenmeyer flasks (100 mL), stand, wire gauze, clamp, ring,
clamp holder, graduated cylinder (10 mL), separatory funnel
(100 mL), cheesecloth 20x20 cm.

MATERIALS Chemicals: 15 g Tea leaves, 10 g sodium carbonate, 30 mL
NEEDED dichloromethane, 1.0 g anhydrous sodium sulfate, 1 g
benzoic acid, 1 g p-dichlorobenzene, 25 mL ether, 40 mL of
10% sodium hydroxide, 20 mL concentrated hydrochloric

acid, anhydrous calcium chloride, blue litmus paper.

» EXTRACTION OF CAFFEINE FROM TEA LEAVES
L&?M»ﬁn\;@)ﬂu‘m

¢ Lo ssmigdead Caffeine 1s an organic compound present
) -
Qo‘/‘”’JM"}AW . In the fruit and bark of some plants, as O
Cyo Ao 4t \owsorl 4':‘ - —— C H%\
e Y el as in'tea leaves, coffee, cocoa and
Lol (ombLlohadl ) w2l ) . .
lafy Swduce at D cola beans. The caffeine content in dried
tion T .
Qa:;ﬁ :wm ~v| tealeaves is about- ( 0
’ o et 3
. 71‘9 > ngﬁf’> %aew Ce#fein L Caffeine
ox G (Se o Jeaves, ‘6’.53?1'8'/. vy Teel awake % afert Jora Wi

c Cleaves ;Beans
Caffeine belongs to a family of basic,| nitrogen-containing, cyclic

Jrinks §
compounds calle@. It is a mild stimulant and is used as such in € ene®y 3
Cafwh

many drugs and analgesics. The solubility of caffeine at room temperature 3rnk
is 2.2 g/100 mL of water and 18 g/100 mL of chloroform.

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 present in the leaves. Sodium carbonate is used to remove the acidic

tannins by converting them to water-soluble salts.

Procedure. You will be provided with a large tea bag containing about 15 g
dry tea leaves. Place the tea bag in a 600 mL beaker, add 10 g of sodium
carbonate and 150 mL of water, and boil the mixture gently for 20 minutes.

Cool the dark brown aqueous solution to room temperature and
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squeeze the tea bag to 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. After each

extraction drain the den ichloromethane layer into a small ﬂas@e

combined organic extracts with anhydrous sodium sulfate until the solution

risﬂ{r. Decant the dichloromethane into a small beaker andevaporate to
dryness over a water bath in the fume hood. Do not heat the residue any longer
than necessary since caffeine decomposes readily. Weigh the crude caffeine
and calculate its percentage in the tea leaves. Determine the melting point of

your product.

» SEPARATION OF A TWO COMPONENT MIXTURE
In this part, a mixture of benzoic acid and p-dichlorobenzene (or any other
neutral compound such as naphthalene, p-dimethoxybenzene or

diethoxybenzene) will be separated into its components by means of

extraction.
@COOH Cl @— Cl
benzoic acid p-dichlorobenzene
L\)J@J éoku.ﬂe —

Procedure. Obtain from your instructor a 2.0 g sample of the two-
component mixture, dissolve it in 25 mL of ether, and pour the solution
into a 100 mL separatory funnel. To extract the benzoic acid from the
mixture, shake the ether solution with 20 mL of 10% NaOH solution.

Draw off the lower (aqueous) layer into a flask and repeat extractionof
the ether solution with another 20 mL of 10% NaOH solution followed by
10 mL of water. Combine the three aqueous extracts and cool in an ice

71-



bath. Neutralize the cold aqueous phase by adding concentrated HCI until
the solution is acid to blue litmus paper (about 8 mL). Collect the
precipitated benzoic acid by suction filtration.

Dry the product, determine its weight and its melting point. Pour the
remaining ether solution (which contains the neutral component) into a small
flask and add enough anhydrous calcium chloride to remove any traces of
water. Decant the dry ether solution into a small, weighedbeaker and
evaporate the solvent in the fume hood (use a low temperature water bath

since p-dichlorobenzene may sublime). Determine the weight of yourproduct.

PROCEDURE SUMMARY DIAGRAM
First extraction: ddowfol"fﬂ Second extraction:

#~Add25 ml. 7N AAD2S wl

() eefs) e () () Gasm) o €

__ o ouk > Sl WD S 3 Mgttt \ S
\"—"—/ =4 M:‘m\.:;/ = /= o 3"\ / \‘\‘—"'
Pt Zn / Aqnemu\\ / Aquecun\ / G’GM \qveum\
) = b) 4D
S - - -
' '
Swirl and drain bottom l n \—f L?
A 0)
£y ./) [ FllTY_f ot /- ) \ combine oeganic layers /...
. - YO e (E==2) Y )
PP e / = % RN / .
Adia [ J l,‘ X CH,C3, CH,Cl,
4&3 /&A){ < &3

Useful links

Extraction of Caffeine from tea leaves:
https://www.youtube.com/watch?v=5K1t4-1TDdo

How to use the separatory funnel:
https://www.youtube.com/watch?v=EFiFPoOzqtk&t=161s
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Experiment §

Caffeine extraction
Name;: Section No.

The objective of the experiment

Tsolating Cadbere Fom The fe leares

Weight of tea bag:

Prelab work:

Draw the structure of caffeine and find the expected amount of

caffeicpe in tea leaves?
/C s

%C“N

c‘n3 1,8 ‘-I—-}nme/h lme:mc

Fill the following table

ﬂ Weight of empty beaker used to
dry the solvent in final step
'> Weight of beaker and caffeine
without the solvent
) Weight of caffeine B-A

peight o4 catteint

Percentage of caffeine in tea //_}j";q—
leaves UJCIﬁ nt o J



