Soxhlet extractor

A Soxhlet extractor is a piece of laboratory apparatus“] invented in

1879 by Franz von Soxhlet.m It was originally designed for the
extraction of a lipid from a solid material. However, a Soxhlet

extractor is not limited to the extraction of lipids. Typically, a Soxhlet
extraction is only required where the desired compound has a limited

solubility in a solvent, and the impurity is insoluble in that solvent. If
the desired compound has a significant solubility in a solvent then a
simple filtration can be used to separate the compound from the

insoluble substance.
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A schematic representation of a Soxhlet extractor
1: Surrer bar 2: Still pot (the stll pot should not
be overfilled and the volume of solvent in the still
pot should be 3 to 4 times the volume of the
$0: 1. chamber) 2: Distllation path +. Thimble
3: Selwl 6: Siphon top 7: Siphe exit 8
Expansion adapter 9: Condenso, 10 (Cocling

wates in 21 Cooling water out
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Normally a solid material containing some of the desired co_mpound s
Placed inside g thimble made from thick filter paper, which is loaded into

! - tor i1s placed
the main chamber of the Soxhlet extractor. The Soxhlet extractor is pla

onto a flask containing the extraction solvent. The Soxhlet is then equipped

— e ———

with a condenser.

The solvent js heated to reflux. The solvent vapour travels up a distillation
arm, and floods into the chamber housing the thimble of solid. The
condenser ensures that any solvent vapour cools, and drips back down into
the chamber housing the solid material.

The chamber containing the solid material slowly fills with warm solvent,
Some of the desired compound will then dissolve in the warm solvent,
When the Soxhlet chamber is almost full, the chamber is automatically
emptied by a siphon side arm, with the solvent running back down to the

q_is_tillation flask. This cycle may be allowed to repeat many times, over
hours or days, '

During each cycle, 3 portion of the non-volatile compound dissolves in the
solvent. After mani cycles the desired compound is concentrated in the

Gosidiauun fask. (Tie advaniage of Wils System 1s that instcad of many
= e . Tzl g . __--_-__
POi'ons ol warm svivent beirg passe! through the sample, just one baich

-_—

ssivent is r&:cycled) y

After extraction the solvent is removed, typically by means of a rotary

Fruit extraction in progress, The sample is Cvaporator, yielding the cxtracted compound. The non-soluble portion of the
placed in the thimble, extracted solid remains in the thimble, and is usually discarded.
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m a soluti

On adding a solid substance in a liquid and stirring it, the solid dissolves in the fluid. But when added more and
more Sﬂ'lid to lhc liqui{_L a pﬂint COImeEs ﬂﬁer “‘rhiCh Nno more Sﬂlid diSSﬁlvES iI'l the liqUId ThlS p(}int i&. CﬂllEd

saturation point and the fluid is called saturation solution.

Principle:
@J}rinuiplc behind the crystallization is that the amount of solute that can be dissolved by a solvent
increases with temperau}:. In crystallization, the impure substance is dissolved in a suitable solvent to reach

its nearly saturated solutfon at a temperature higher than the room temperature.

At this high temperature, the solute has very high solubility in that solvent, so a much smaller quantity ot hot
solvent is needed for dissolving the solute than the solvent at room temperature. When the solution is cooled,
the pure subsfance is crystallised. The solution left behind is called mother liquor. All the impurities are left
behind in the mother liquor. The purification method depends on the differences in solubility between the

compeund and the impurity.

Steps involved in Crystallization process

___The sol

ation is heated in an open coiitainer

stallization is a technique used for the purification of substances. A separation technique to separate solids

2. The solvent moiecuies start evaporatin, leaving behind the solutes
3. When solution cools, crystals of solute start accumulatin g on the surface of the solution
4. Crystals are collected and dried us per the product requirement
5. The undissolved solids in the liquid are separated by the process of filtration
6. The size of crystals formed during this process depends on the cooling rate. go)
7. Large nomber of uny orystals are formed, if the solution is cooled ai a fast rate M =
8. Large crystals ore formed at slow cooiing rates | 5=
2
Step 3
Step 2
Step 1
; % & L& 23 e
. f : 3 - ; 'u‘ : ' ~— crystals
1 / e . = = i gvaporaling .
; { w s B wazin The hot solution » dilawed
E-’éfz&éé;ij-;-féi:: e s pre crystats
solid ﬁ“‘;‘%‘;
stir 1o dissolve
solid Step 4
The impure solid is
glssolved in a solvent . *—axZatansnaletng

hiter paper

The solulion is healed 1o

evaporale mosl of tha solvant The cold solubion 15 poured

oil to obtain the crystals.

The cryslals may be dried by
prossing them betwoen
sheels of hiter paper

Separation technique of substance by Crystallization
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blimation is a process of a soFid getting directly converted into its vapour on heafirng |

without becomning a liquid. This l?apﬁ:)en_s below the melting point of the solid. The vapour on
condensation gives back the solid. Sublimation is an alternative to crystallization| for the |
purification of some solids. The diffe:ring vapour pressures of the substance which sublimes ‘
and the impurities help in 1::;urifyi1"ag:.-5;T substance using sublimatl}:.‘.‘.> |

t
!

|
Sublimation |
|

e S ——

Principle
s - |
The process of sublimation can be understood by studying the pressure-temperature phase

d’fé'g_ram for a substance)which sublimes (Fig. 6.9). The figure relates the solid, liquid and

| 9!
vapour states of the-substance with pressure and temperature. It Indicates that the liquid state |

cannot exist with conditions of tem perature and pressure below those depicted at point O <irnce
the liquid state is thermodynamically unstable. The vapour pressure of the solid at any |
temperature below the melting Qohit Is given by the curve OA, This curve represents the |
equilibrium between the solid and vafpour, which is of importance for sublimation. The point 5
O is called the triple point and if 316 temperature of the vapour dat a pressure below the triple |

|

pointis reduced, the vapour will directly condense to form a solid.

Q S \

Pressure

Vapour

e | i ' g
| 4' z y \
i - I ¥
| mp | - "
! . Temperature '
| ,

Fig.; 6.'5!J Phase Diagram for-Suinminalion

'

At the triple point solid, liquid arlid vapour co-exist. In order that a solid may pass': :‘:‘i.ire;tly

into vapour without the intermediate formation of a liquid Phase, the pressure of the vasour
]I - v AU
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Purification Techniques 73

must 110t be 2!fowed to exceed that of the triple point. This can be done il the vapour pressure
at the (tiple poiutis fairly high and consequently the rate of vaporization will be considerable.
# Under these conditions, purification of the solid by sublimation at atmospheric pressure is

pos sible.

Exomple

Camphor has a triple point at 179° C and an equilibrium pressure of 370 mm. When it is
slowly heated below 179° it will vaporize without melting and il the vapour is deposited on a
cold surface, the pressure will be kept below 370 mm and hence vaporization will continue
until all the s¢’id has disappeared. Condensation occurs on the cold surface directly because

the pressure is below that at the triple point.

.-.-‘1"' -
Technique of Zublimation ~

LA simple form of apparatus for sublimation is shown in F ig. 6.10. The substance to be sublimed
is placed in an evaporating dkish. A narrow ring of pyrex glass is fitted near the rim, which
supports a filter paper with a humber of small holes made in an upward direction. A funnel
with a piug of glass wool in the stem is Kept inverted over the paper. The dish is gently
heated. Vapours escape through the holes in the paper and condense on the upper surface of
the {ilter paper and also on‘the walls of the funnel. Heating is stopped when most of the
material in the dish has vaporised. Supply of heat should be such that the funnel does not
become Lot. The rate of sublimation 1ay be increased by applying very gentle suction at the

stern of the furnel. This will draw the vapour into the condensing chambey

( 1(— Cotton
) <— Sublimate

=

Fig.6.10 Sim>ie Sublimation Apparaius

- Types < Sublination

L. Simple & ' j j

;.yr:TrTﬁ.'e : 1bl ‘-u]atﬂon. A simple sublimation is conducted al atmospheric pressure. For

;;llt.;-mplﬁ }L.}CE.' n*?l..oethane attains a vapcur pressure of 760 mm below its meltino p.orn
HIptioficat so.ic hexachloroethane abzve 180°C (760 mm) in an unstoppered ’v’tf&t}t wili

Causce an vutso ag of the vapour and the y
50 1g o1 ¢ whole materi ' - - -
atmosphicr, ial will sublime and escape intg the
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2. Sublimation Under Reduced Pressure. This can be carried out by using the apparatus

shown in Fig, 6.11. The cold finger is fitted into the larger tube by means of rubter stopper and.g

carries a disc slightly smaller in diameter than the outer tube. The pressure can be reduced by
a water or an oil pump. The impure malerial is taken in the wider tube. On heating gently,
either with a small [lame or by an oil bath, the substance sublimes and collects on the cold
surlace of the disc,

Water —> (]
N
Cold Finger —> e e e
N\
L] R
—J—> To Pump
2 Syblimate
g@‘ 245K Impure Substance

Fig. 6.11 Sublimation under Reduced Pressure

3. Vacuum Sublimation. Very [ew organic compounds exhibit vapour pressure adequate for
sublimation at atmospheric pressure. Reduced pressure (vacuum) is necde | to increase the
rate of evaporation of the solid. This method is similar to the use Uf“faLLLL.LH distillation for
high boiling liquids. Most solids melt at temperatures below those at wiizh their vapour
pressures reach 760 mm. Naphthalene and phthalic anhydride beleng to this type. These are
sublimed readily under reduced pressure and this lechnique is called vacuum sublination.

Sublimation under high vacuum is eflective for separating a substance {rom a mixture.
i

4. Entrainer Sublimation. This is a technique of subliming a substance (whica must otherwise
be sublimed under vacuum) at atmospheric pressure below the melling point by introdu. ng an
inert gas as an entrainer. The vapour of the substance is swept by tie inert gas into a corizenser
where it crystallizes.

Aducﬁttages of Sublimation

1. Sublimalion is a convenient and rapid method for purification of solids whei: irnpurities
are cither non-volatile or considerably more volatile than the desired compound.

2. In distillation, volatile impurities tend to dissolve in the newly forme-i distillate as the
distillate is formed in the condenser; in sublimation this is impossib.e -fmf'rwtajs are

[ormed directly from the vapour, the impurity molecules still remaining as vapour.
3. The apparatus required for sublimation is simple and inexpensive.
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Purification Techniques 75

Sublimation is restricted to relatively non-polar substances having symnmetrical structures.
In these cases, crystal forces are weaker and vapour pressures are higher. These properties
imcrcase the ease with which a molecule can escape from the solid to the vapour phase. Weak
initermolecular attractive forces between the molecules of the solid promote easy sublimation.
'n a symmetrical structure, the electron density is symmetrically distributed and as such dipole
moments are smaller and intermolecular attractions are weaker. A smaller dipole moment
implies a higher vapour pressure. The van der Waals forces also influence the ease of sublimation,
but to a lesser extent compared to electrostatic forces. When the van der Waals forces are of

high magnitude as with large molecules, the substance is less likely to sublime.

,F‘i._::ﬁ:b-—f"—'
Zone Refining

This is a process for the purification of certain solid materials. In this process, the impure

solid material in the form of Tod is slowly passed through a small heated zone (Fig. 6.12). The

temperature of this zone is kept above the melting point of the solid material using an electrical

heating coil. The impurities (solutes) dissolve in the molten metal {solvent). When the rod

emerges from the heating coil, it gets cold and the pure metal crystallizes in the cold emerging
rod and the impurities migrate to the hot molten zone of the rod which is still in the heating
coil. ~he metal crystal lattice formed on cooling does not accommodate the impurities. The
process of heating and cooling is repeated due to which all the impurities reach one end (hot) of
the rod. Then this impure end is cut off and discarded; the remaining rod is of pure metal.
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Fig. 5.12 Zone-refining Technique for Purifying Metals

- This method is actually fractional crystallization; the impurities tend to remain dissolved.

in the molten metal rather than in the solid metal. Zone melting is another name for this
process.
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