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PURIFICATION TECHNIQUg

General principles involved in the separation o
precipitates =t

Precipitation is the one of the s?veral separation techniqueg g,y
in analytical chemistry. The ba-slc principle of separation . ¢
precipitation 1s that the concentration of a substance should xeee]
it solubility in a particular solvent. Solu_blllly (s) of a substance s
the amount of the substance required to give a Saturated solutiop o
the substance in a particular solvent at a pa_rticular temperatyre,
Thus, precipitation of a substance depends on its solubility (s) which
in turn depends upon the nature of the solvent, temperature elc,

. -~
{
\
L

9 Another important principle in effective precipitation is the
 solubility product (K p)_ Solubility product of a sparingly soluble sall
is the product of the concentration of ions raised to suitable powers in

a saturated solution.

Let as consider a sparingly soluble salt Ay B, . In its saturated
solution, the following cquilibrium will exist.

A, B, — xA'" + yB*”
The solubility product (Kp) of this salt is given by
K = (AT [BP
For example,

()  BaSO, = Ba’* + SO}~

2 -
K, = [Ba™"][SO]

—— ,..‘
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A

= + ~ 2—
i Ag, Cr 0, = 2Ag + CrQ;
Kp = [Ag" [CrO]7)

2 oy
(lll) Ca FZ # Ca ® + 2F
Ky, = [Ca*" ] [F]’
Let the solubility of the sparingly soluble salt A BY be s mole/lit.

The relationship between the solubility (s) and the solubility product

(K.,) can be written as follows.
P
A, B, ‘—_:\“.. x AT+ y B¥~
XS ys

(AT [B*TP

(xs)” (ys)
Ly x.x yy Sx t+y

Ksp

|

For example
i) AgCl = Ag" + CI
Here, x = y = 1.

(i) CaF, —= Ca’* + 2F
Here,x = 1, y=

In the same way we can write for other sparingly soluble salts.

By cmploying suitable methods, when we make the ionic product
Iol exceed solubility product, then the substance is precipitated. Using
this principles, substances are separated by precipitation.,

Explanation with examples

l.Precipitation of sulphides of group Il in qualitative analysis

. [n unalilalivc analysis, the sulphides of group Il (Cu, Cd. As. Sb
land Sn) are precipitated in presence of dil. HCI/ It can be cxplaincci
as follows. L

Hydrog_en sulphide is a weak acid and ionises to a lesser extent
as follows -

SR
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H,d <= |
» acid and 15 ionised completely
f

pot, HO e 2 glron | |
ol - H v

S 1 further Sll[’lpwaac{] by the addition Of

. Thercefore, the concentration (o

jon eflect
low concentration i I“fl'f.:r
a

¢! But cven this
{ the solubility product of sulphides of ¢,

of CuS is 8.5 % 10 7). Thus, these
in the group I analysis,

- beoomes ol

(than thal required 1O CX .Hll' .
( d. Hi. AL, }\h '-|l1{| Sn (rh{'. op "
calhions arc [‘lf{'{'ipliilll:{] as Hllphn CS

Il Precipitation of sulphides of group IV in qualitative

analysis | o
ke hility product of sulphides of Ni, Co, and Zn are
The sesnil ¥ [Ni§is 1.4x 1072

comparatively higher (For examplc, K¢, ol INES 15 7. ) u?an

that of group 1] etal ions like Cu, Cd, Bi, As ctc. The sulphide ion

oncentration in the presenct of dil. HCI is insufficicnt for their
il

ion. So, they arc nol precipitated in group [I. The sulphides
d only in the presence of NH, OH.

precipital / @
of group 1V arc precipitate
of NH, OH, thc hydroxyl 1ons combine with
unioniscd watcr. Hence, morc of H, S 10niscs
27 jons in solution Increascs. It becomes

exceeded and so

In the presencc
H' jons of H, 5 to gIve

and thus the concentration O

so high that the solubility product of Ni § clc. arc

they are precipitated out.
IIl. Precipitation of hydroxides of group Il in qualitative
analysis

AmmQnium
a very small extent as follows :

NH,OH = NH; + OH"

hydroxide is a weak base and ionises in solution to

But, NH, Cl salt is ioniscd completely.
NH, Cl-»NH,; + CI”

In the presence of highly ionised NH, Cl due to an increase n
the number of NH; ions, the ionisation of NH, OH 1s further
suppressed due (o common ion cffect. Thus, the concentration of
OOH  ions becomes very low. Under these conditions, the solubility
product of the hydroxides of Al, Fe, Cr and Mn alonc 1s rcached (For
cxample, the KLP of Fe (OH)4 15 1 X 10‘33) and these are pmcipitalcd

oul.
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| The hydroxides of Zn, Ni, Co, Mg are not precipitated from their

colutions. It 1s becausce lhu:?t: hydroxides have comparatively higher n,l
values (K of Zn (OH),is 1.8 x 10717 -

5;]“
I(:;p
\} quantitative Analysis

{In quantilative analysis an excess of the prcaipitating reagent is
s cmployed to ensurc complete precipitation.
Jlway!

For cxample, in the precipitation of barium chromate, a small
" Jantity of Ba Cr O4 may be left out in solution if equal quantitics of
cactants arc uscd.

BaCl, + K,CrO, T—= 2KCl+ BaCrQ,

r

if a littlc excess of K,CrQ, is used, the ionic product
B az+] [Cr ()i_] far exceeds the solubility product of Ba Cr 0, and 1t

is prccipilalt‘:d completely. |

golvent Extraction

" [t is a separation technique employed to separate a solid or liquid
present in a muxture by extracting it with a solvent.

principle: The substance to be extracted should be soluble in a
particular solvent while all the other constituents in the mixture should
be insoluble. After the extraction, the solvent should bc easily

separable.

Superiority of solvent extraction over precipitation methods

(i) 100 % separation is possible in solvent extraction method,
whereas in precipitation methods, there is a possibility of some

substance remaining in the mixture.
(ii) The procedural portion is simple.

(iii) In solvent extraction methods, a small amount of solvent 1s
enough as it is recovered and recycled.

—

Uses of solvent extraction

Solvent extraction is used to separate —
(i) Dissolved substances [rom their solutions.
(ii) One constituent from a solid mixture.

(ili) Unwanted impurities [rom substances.

E——
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explatmed with the tollowing worked example.

WORKED EXAMPLE

The pactitton coetticient of i solute (A) between water wndd ether
s 100 Calentnte how mueh solute A wounld be extreacted trom | It ol
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,m:l')"ical Chemistry 75
containing 20 g of the solute if extracted with 200 ml of ether

ater : .
Mt((i?) one lot (ii) using 100 ml ether in two stages.
in :

| Using 200 ml ether in one lot

The amount of solute thal remains unextracted at the end of one
cﬂraclion, W] IS gIven bY!

[ KV )
g Tl | o
\ )
1
Here, W = 208 Kp = 10 = 01V = 1000 ml; v = 200 ml.

3 wl

0 0.1 X 1000
0.1 X 1000 + 200

. 100 B 100
- (100 + 200) = WXz = 667¢.

-~ The amount of solute extracted = 20 - 6.67 = 1333 g.

[I. Using 100 ml ether in two extractions
)

[ KgV Y

KnV +v
| 2 j

| — o0 1
Here, W = 20 g; Kp = 0 = 0.1, V= 1000 ml; v= 100 ml

W, =W

2
| W, = 20 0.1 X 1000
j o 0.1 X 1000 + 100

.
= 100} _ ‘dud 1
20 X (200) -20)((—2-) =20xz=5g

“. The amount of solute extracted = 20 — 5= 15¢g

| Hence, the sccond process (1 .
! 2 b ) wo Ste 5 * - -
efficient, ( pPs cxtraction ) is more

| ELECTROPHORESIS

T " - L
| e dhj colloidal parl:clcs carry spccilic charge. When current s
i - 4 }rzrouglz colloidal solution, the colloidal particles migrate and
| " Wil . .

vihe dispersion medium does not migrate, the phenomenon is known

45 electrophoresis. This c
. an 3 a
“periment. (Fig 4.1). b demonstrated by Burton tube

L P N
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This consists ol a U - tube provided

with a stop cock through which 1t 18
connected to d funncl shaped reservorr.
A small amount of watcr is lirst placed 1in
the U - tube and a reasonable quantity ol
the colloid is taken 1n the reservorr. The
stop cock 1s then slightly opened and the
reservoir is gradually raiscd so as 10
troduce the colloid into the U - tubc
ocntly. The water 1s displaced upwards
producing a sharp boundary in cach arm.
A voltage of 50 to 200 volts is then applicd
by mcans of plainum clectrodes which
arc immersed in water layer only.

The movement of the particles can
be readily followed by obscrving the
position of the boundary by mcans of a

|
|
I
!

Water l

i
[

TrrrrryriYrrd

NERNERENRREERERNE

Electrophoresis

nakcd cyc or a lens or a cathctometer. When the particles are

ncgatively charged,

lowards the positive clectrode.

APPLICATIONS

as in the case of As, 53 collond, the boundary on
the negative clectrode side is scen to move down and that on the |
positive clectrode side 1o move up showing that the particles move

(i) By noting the dircction of motion of the particles in the
clectric field, it is possible to determine the sign of the charge

carried by the particles.

(i) It is also possible by this technique to dctermine the rate al
which colloidal particles migrate in an electric field.

(ii1) The sign of charge on bacteria and viruscs can be dctermined

(iv) Rubber can be clectrodeposited  on metal objects as 1n

clectroplating,

(v) Biomolccules like proteins, carbohydrates, nucleic acids can
be scparated using clectrophoresis rom their solutions.

PURIFICATION OF ORGANIC SOLIDS

Soxhlet Extraction: [t is the extraction of a solid with an organic

colvent, in which the impunties are insoluble us

(Fig. 4.2)

ing the Soxhlet extractor
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= sonhlet

onsists of @ plass
nder € with a side tube 1
dl; siphon, S, A waley
! ltn“" attached at the
-_-lﬂm lﬂ (\(The cample lrom
Mlif;l the wohd o h‘u
| racted 18 powdered. TE s
B a4 thimble made up

: 1|.1i.'l.‘d i" .
1 I'he

inl“ 1 thick Oilter paper.

| lvent is taken in the boiling
hﬂhk. The solvent is boiled.

(s VApOUT TISCS through T

| and enters the water condenser

Porous
Thimble

Siphon__,
(S)

Bolling
[ himble 1 placed al the  pask ATRTEERRES
ol the water 0000 = me e
hottom The extracting axtracting .
- condenscer. Ihe  extre 2, erlant

. . "‘ 'i " . . A . ."
| condensed solvent falls on the sample n the (himble. The substance

1

- - P e e el T TS k. Sl

Side
Tube

(1)

Soxhlat Extraclor
Fig. 4.2

_The vapours condense there. I'he

0 be extracted dissolv
fillered by the thimble

s while the impurities do not. The solution 18
and collects m the cylinder C. When C becomes

Nask through S. The solvent becomes

' . solution reaches the | | .3
e I The extracted solid remains

vapour again and rises up through
the task.

Thus. the solvent extracts the solid continuously from the aanﬁnp\u
and l)r'né,:. (1o the flask. Finally, the solution from the Hask is distilied.
F 1 S AhLY

The solvent distills off, leaving, behind the organic substance.

Advantages | |
(i) This method provides a thorough contact and heating, with the

solvent.

A small quanuty of the solvent is enough Lo extract a maximum
amount of solid as the solvent s reeyeled.,

(ii)

RN
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