Name of the Teacher: DR. SUBHANKAR SARDAR
Class: Semester-6

Paper: C-14T (Physical Chemistry)

Topic: Colloids

Comments: The highlighted and the quoted portions
are must read. This portion 1s totally theory based
and only one derivation (Determination of N by
Perrin’s method) 1s present.

Reference:
Physical Chemistry: P.C. Rakshit



CHAPTER XXV
THE COLLOIDAL STATE

XXYV.1. The Colloidal System

The subject of colloidal system had a diffuse begmr}mg.s \{ar_lous stray ang
independent investigations carried out by Richter, Berzelius, Selmi, Graham apgq
others in the nineteenth century yielded results from which systematisation fo]lo“{ed
to form, in the early part of the present century, a sort of nucleus around whicl,
the science of colloidal system developed and rapidly proliferated.

1) Substances like sand, powdered glass, barium sulphate, etc. when added to
water sink to the bottom of the container; others such as naphthalene powder,
charcoal, etc. when added remain afloat in water as a distinct phase. This is not
only true for water as the medium but for many other solvents as well.¥On the other
hand lumps of sugar or salt in water or naphthalene in benzene form true solutions
in which the phase distinctions between the components—solutes and solvents—
are obliterated.

Between these extremes of heterogeneous coarse suspensions and homogene-
ous true solutions, exist systems with properties intermediate between those of the
former two. Besides, these systems have sets of properties which can be called as
characteristically theirs only. Examples of such systems are provided by suspen-
sions of gum in water, fine suspension of soil in water. suspension of NaCl in
alcohol or of arsenious sulphide in water. That these suspensions are really different s
from true solutions can be shown by allowing them to_percolate through parchment )L o
or cellophane papers, as Graham did. The true solutions will get through, but
these set of suspensions will not; only the continuous medijum water or benzene

N etc. will seep through. But these suspensions pass through ordinary filter paper
© like true solutions. The solute particles in true solutions are molecularly dispersed
A o= 10"%cm approx) and are invisible. In the case of these fine suspensions,
an be seen

“the particles are bigger (o between 10-" ~ 10~ cms approx) and ¢
either with the fielp of a high powered microscope or at Teastcar be Tadirecty
discerned utilising some optical effect gl‘yndall effect). ———— =
S Tces in such 4 stato of subdivision and suspended or dispersed in a
continuous medium as to demonstrate the above effects are said to be in the colloi-
dal state. The colloidal system, often called a so/, would thus consist of a dispersed
phase gg]um etc.) in aig ersion metc . ramm%mn
of a colloidal system is difficult to Tay down a worlaﬁgi;‘;[{m can be given
in the following words: g
Q‘A colloidal system is a two-phase heterogencoys System in which one phase is
dispersed in a fine state of subdivision (ranging from | ,,

: : to 50 mu approx) in another
medium termed the continuous or dispersion medimn_5 i approx)

o In actual instances, the size
limits are not rigid and may vary on either side byf most syst , 5
above description. ystems conform to

(Although we shall be dealing chiefly with colloidal systems in which the dis-

persé phase is a solid and dispersion medium a liquid ;

As,S, in water, the dlS.perng)-IP;—‘Mlpl may . alsoqbe a gglsleg ‘lvl"qlél'{l (siugl}} ;; g“?'r?;f
foams, we have a gas dispersed in liquid, where as jn smokes the disperse hase is 2
solid in gas medium. In fogs liquid is despersed in gas medium V\II)h pli uid is
dispersed in another liquid, it is often called an e : cn a liq

mulsi in.mi
carbon in steel are examples of one solid dispersecll‘ fxllogrfl;t;gﬂlgﬁa I;uby glass or

XXV.2. Preparation of Colloidal Systems

The preparation of a sol usually involyes three o ions:
_ (i) To obtain the substance directly or indirectlypierfatggl:ise's' d state of fine
division in the dispersion medium; ' R

v‘ . e —— - — o’ -~ - ot
o e .
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(i) To add protective or stabilisi i I

r"’{'if)’l’ﬂ ek iﬁ"’-’ncef,’ml?ov&rever, the protectine P ]
he reagents used in obtaining the finely div; : .
‘ Mgc cases, stabilising agents are to be sigcglﬁdﬁgd’el&b’m“ “Hertocelsiin
(i) To purify the colloidal System from' excess of rea ent d or b
3 ?mducts formed by suitable techniques, SIS Msediior s
" ;,“ T

~ © There are two general ways (a) Condensation method a jsi '
Kt dispersion method, in which a disperse phase can be formecrl1 (i]n(g)mngiﬁrt:gmmn

4 ture, concentration, agitatiqn etc. to form insoluble
" having sizes within ﬁhe colloidal range. The chemi

- (different cases, such as oxidation, reduction, hydrol sis, metathesi i
~ gpecific examples rather than a description deric A et e
~ cedures.

Gold Sol. A gold sol is convenient]
formate or hydrazine.
Sulphur Sol. Sulphur sols are easiy obtained b
or some dilute oxyacid and then purified.

When a solution of sulphur in alcohol is poured into water a sulphur sol is formed. The
addition of a solution of a substance to a solvent in which the solute js insoluble is often a
convenient process of preparing a sol.

Nickel Sol. When a benzene solution of nickel carbonyl is heated, a fine nickel sol is obtained
through the dissociation process, Ni(CO), = Ni + 4CO.

Silver iodide Sol. To a suitably dilute solution of KI is added AgNO, solution in a quantity
appreciably less than the stoichiometric requirement. Silver iodide, produced by metathesis,
has particle sizes in the colloidal domain and the whole system is stabilised by a small amount
of iodide ions present in solution. The unwanted excess of all ions are removed during subsequent
purification by dialysis as described later.

Similar metathetical processes are employed in many instances, such as in preparation of
BaSO, sol from Ba(SCN), and (NH,),SO,; As,S, from As,0, and H,S; silicic acid sol from
sodium silicate and hydrochloric acid etc.

Ferric oxide Hydrosol, When small quantities of ferric chloride are added intermittently to
almost boiling water, ferric hydroxide is formed in celloidal state. Small quantities of ferric ions,
and possibly hydrogen ions stabilise the sol. The excess of nydrochloric acid lorme{d is ‘remo_ved
during the purification of the sol. Many such oxide hydrosols, such as aluminium oxide, tin oxide,
thorium oxide etc, are prepared by similar hydrolysis of their chlorides or nitrates.

y prepared by reduction of chlorcauric acid say with

e it o

y oxidation of H,S solution by oxygen or SO,

b) Dispersion Methods. This technique is a direc@ metho_d apd consists in
i ﬁmﬂ)s lzulverl;sing the substance to be dispersed in the medium which is to con_satltuée.
dispersion phase. Sometimes the pulverisation is spontaneously effected;
Or instance, when gelatine is heated in b -
Water with stirring, gelatine sol is produced.
- ols of agar, gum-arabic, etc. are obtained

I the same fashion and no stabilising ’ W

: ts need be added nor any purification

Rescnary. Flectrodes

% ‘o In certain instances, pulverisation >/

; colloidal range is done through TR I R S
e < Sparking. For example, dilute X x x [T T s xa
'Q gold, silver, platinum, etc. are pre- % X X e e = N

metZl bringing close two electrodes of ’;’,‘;‘e X WA BICE Sy R A

it o concerned under water so ﬁs to
= electric discharge between them. , (o soekh
ticles of the metal in the colloidal Fig, XXV.1 Bredig's pr
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’ ) io’s Process. Empioying the same teclmigue,
| using a{e fon?ed b}r':gsb;;gvc;ceﬁ,g,;eg;gcﬁfg metal electroges or tbetween Partially
1 cu;n u:t};gn:l:cfr%l;lés of inorganic compounds dnppeddug esrv\:;b?; gOr organic sof.
| vents, different hydrosols or organosols were prepare y :

|

oF . some cases can be brought to the colloida)
& / Freshly precipitated substances “Sl z(f)‘ suitable reagents or sometimes by contj.
|
|

i i all quantiti e T ; C
;ts:; ?v};ssﬁ]glvlvgiﬂ:vggt:ﬁloi. Thus( freshlypr ecipitated Fe(gH)s’ if Shak?l:l_wuh a
dilute solution of FeCl, would give rise to ferric oxide sol. This process of dispers-

ing a fine precipitate into colloidal state by adding a little specific electrélyte ig

called_peptisation. Freshly - precipitated tungstic oxide or vanadium oxide wil]
turn ifto-a sol on continued shaking or washing with water.)

| : s s : i f atomiser as in the dis-

| Dispersion is also sometimes carried out by the use o ! e d

{ persion of a liquid in a gas. ‘Colloid mills’ are also used in mechanically grinding
a solid dipped in the dispersion medium.

Parification of Sols. The final stage in sol preparation is its purification,

Mot all sols, as mentioned earlier, need this purification process. Even for those

‘M“‘ systems where purification is imperative, it is carried out only to a certain limit as
=5 complete purification induces instability of the sol.

The property common to all sols, namely the inability of the disperse phase

to percolate through some membranes such as parchment paper; cellophane etc.

ﬁﬁ,‘f? where as the dispersion medium, free ions, molecules in solution etc. can easily

| get through, is taken advantage of in purifying a sol. The most commonly employed
techniques are dialysis and electrodialysis. B

J Dialysis. The sol to be purified is taken in a parchment paper or cellophane
\ bag which is kept suspended in a basin containing sufficient amount of water
; (or the dispersion medium of the sol if it be not water), as in Fig. XXV.la. The
: unwanted ions in the sol move out through the
-. cellophane wall while some amount of solvent
| from outside may enter the bag. From time to
time, the solvent in the basin is replaced and
the process allowed to continue for several
days. To check the extent of purity, small
portions of the sol are pipetted out and its
electrical conductance is measured. When the
conductance reaches a sufficiently low limit as
desired by the experimenter, the process is
stopped. For reasons to be described later,
extreme purification induces instability of the

‘ . ... Sol. Such a process of separation or removal
’ ot io‘lub]e 1ons .th"X‘llg)l a B(al'tla”}{ ermeablms'ca led dialysis. In
‘ certain sols, as i Al,Uy hydrosol, the disperse phase is too eid
by cellophane paper. In such cases, dialysis phase 1s too small to be retai
temperatures with controlled heating. The
sizes.

Cellophane bag

Fig. XXV.1a Dialysis

is carried out at somewhat higher
particles thereby grow bigger in

' ( t d ysis. To accelerate the process of purification and also to achieve
g a greater degree of purity sometimes the dialysis is carried out in a direct current
| electric field; the process is then called clectrodialzsis et 0

A simple electrodialyser consists of three detachable chambers A, B, and C.
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; dle chamber B which contains th i ‘ .
T m%idc 09 pactiiions of collophens the sol is separated on either side from
paper Dand E (Fig. XXV.2). The side-
chambers A gnd C are filled with water
in which are inserted two Pt-gauze elec-
trodes. A 220-volts direct current field
is applied to the system with a carbon-
filament bulb in series. On passing elec-
tric current, t_he ionic impurities travel
outwards, cations to the negative elec-
trode and anions to the positive. For
hastening the process, the water in A and
C are drawn out from time to time and
replaced afresh. With gradual removal
of ions, the resistance increases and the
fall in current strength is revealed from
the bulb in circuit. The process is stop-
ped when a certain degree of purity is
attained. Fig. XXV.2. Electrodialyser (diagrammatic)

\foV.& Classification of Colloid Systems

The colloidal systems are sometimes classified into two broad groups: (1)
Reversible sols and (2) Irreversible sols. In the reversible sols, the disperse phase is
spontaneously distributed in the surrounding medium due to thermal energy.
gucﬁ spontaneous dispersion leads to some equilibrium size distribution correspon-
ding to minimum value of thermodynamic potential. The reversible sols are charac-
terised by very low interfacial tension and hence low interfacial energy, 0.01 ergs/
cm?® approx. Once the disperse phase is thrown out of colloidal state its redisper-
sion is easily achieved.

The ‘irreversible sols’ are thermodynamically unstable; these have a natural
tendency to be thrown out of the dispersion medium from the colloidal state to
the macrostate. The concept of their colloidal stability is a kinetic one. It is
with considerable difficulty that the substance in such cases are taken into the
colloidal state.

But the more common way of classifying the colloids is to divide them into
two groups (a) Lyophobic and (b) Lyophilic sols. Lyophobic sols are those which

have no spontaneous tendency to pass into the colloidal state and are obtained
ith difficulty; hence these are irreversible in character, e:g., gold, As,S; etc.
yophilic sols are quite easily formed by the spontaneous dispersion of a substance

in the dispersion medium; these are reversible and even if thrown out of medium,

they easily revert back to the colloidal state, e.g., gums, starch etc. There are

other properties by which these two groups ONI sﬂgls '\;"tr“e distinguished.

Very small amounts of neutral e]ectleolgftc“solutions bring about precipi-
tation of the disperse phase in lyophobic sols, but have hardly any effect on the
lyophilic ones. ' . |

i) Lyophobic sol particles carry charges, either positive or negative, and
migrate towards the proper electrode when placed in an electrical field. The
charges on the lyophilic sol particles are not conspicuous, though truly lyophilic
sol particles do move towards one electrode or the other very slowly.

philic

sol *(lgi) The viscous properties of the t\ivlo 1grougs étre Widell)x, different. -tLyg hilic
s have very high viscosities whereas the lyophobic ones have VISCOSILY a1MOS!
%Eﬁ to that of the dispersion medium. "Tﬁéylyopholic sols can be obta1%5.only
Sm!!l] concentrations but lyophilic ones can be prepared at h_lgh concentrations.
disperse phase particles are often highly solvated in Iyophilic systems but not

80 in lyophobic ones.

Sols of Agl, SnO,, Pt, etc. are all ic in character, whereas agaragar,
~ Bum arabic, etc, are lyophilic, Iyophilic Examples are also available where the systems

o
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Is are characterised by many unique properties
der three heads, optical properties, electrical prope:
See Sec. XXV.7). . , ;
and electrical properties of lyophobic sols are taken up
ehaviour of the lyophobic systems will be dealt with later along

roperties with which these are similar. \

4

ptical Properties. The lyophobic sols are often coloured. The colour of
sol depends on the size of the particles in suspension and sometimes on'tﬁéf‘*
hape also. Thus, a gold sol is red when the particles are extremely fine but the =
is blue when the dispersed particles are bigger. But the most important property
lyophobic sols is the scattering of light by the suspended particles, commonly"' .

: 26 2 yndall effect. Visible Tight has wave lengths spannin |
I e over |
,_"mmg.&lppro&lmately and these are scattered when thev n‘i innidan+ ’f’:

R i ; =
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XXV .5. Electrical Properties of Lyophobic sols

~ The electrical properties of lyophobic sols are studied from their behaviour
(@) towards added electrolytes and (b) in applied electric fields. These two are
closely interrelated and a proper understanding of their behavioyr also leads to
~ an explanation of the fundamental question of the stability of the sols.

o (@) Effect of addition of electrolytes to Iyophobic sols. It has been stated earlier

- that while purifying a sol by dialysis the system should not be completely freed

~ from all foreign ions. The presence of small traces of suitable jons is necessa

Q’ig,?gn tability to the so]. IT the system be divested of all ions, the colloi
cles

- parti grow bigger and are ultimately thrown out as precipitates.

: While small amounts of specific foreign ions are essential, the addition of
. comparatively larger amounts of a neutral electrolyte proves destructive to the
- stability of the sol. For example, a small quantity of NaNQ, solution, when added

to, say, 10 c.c. of a dialysed Agl-sol, will cause the colloidal silver iodide particles

_;1. to precipitate out as a flocculant gelatinous mass, often called coagulum, leaving .

- a supernatent liquid. This phenomenon of coagulating the sol particles is

- known as ‘flocculation’. 1f insufficient sodium nitrate be added, either no floccu-
. lation or partial flocculation will occur. Such coagulation is found with other
Iyophobic sols also. . . b AR
. Experimental observations on the coagulation of various sols with different
. electrolytes led to two general conclusions:

e Ions carrying the charge opposite to that of the colloid particles are effec-
" tive in inducing coagulation. o : .
Y \() The larger the valency of the coagulating ion, the smaller is the quantity
" of electrolyte (containing that ion) necessary to flocculate a given amount of sol
~ in a given time.

. d 'gti'hse generalisations are often mentioned as Hardy-Schulze rule, There
~ may be some exceptions to rule (if) abc;ve where conspicuous adsorbability of the
. coagulating ion may violate the principle. .
- Continuing Wigl our example of silver iodide sol, it can be coagulated by, say,
NaNO,, Ba(NO,),, AI(NOy),, Th(NO,),. Silver iodide sol has negatnvely_cha;ged
- dispersed particles. So the positive ions Na*, Ba** etc. are the coagulating ions.
*‘i Chis is established from the fact that if NO,~ ion were responsible for flocculation,
then the minimum molar concentrations of the different electrolytes used in equal
Yolumes to coagulate a definite amount of sol completely in just a given time would
have been in the ratio 4 :3 : 2 : 1. Butex imentally it is found that the concen-

3
ons WW much less than this. Thus if x c.c. of
'?(anqJ'lx wosy M Ba(NO,), solution would be

1
R

b ¢ c.c. of 0.000
) ulation, This proves that oppos .
the v increase. O1 the

*
-
1.

Scanned with CamScanner

’I"‘—‘)



, the flocculation of lyophobic sols by a(%di-

bf electrolytes also suggested the same The migrati i
rsed particles in electric field is called electropiiorass o ea-tae_colloidally
e b cﬁtapﬁgrﬁvis. IC 11 ed electrophoresis or sometimes, ¢ ough
On the other hand, if the sol is enclosed by com i |

5 . . pact diaphragms,

motion of the sol particles be mechanically prevented and th% tw% elegtc;:g:; :12:
I serted in the dispersion medium outside the diaphragm (Fig. XXV.4b), then the
 dispersion medium moves through the diaphragm towards one of the electrodes.

' This relative motion of the dispersion medium i I i
. ium in the electric field is kno
 electroosmosis or endosmosis, S

o

ot .. 3 vn et

R R T TN AL

Sgan Faln T 2 T AT b e )
N OSSO

St e tpedant :
| S P R LS4 N ST GLzigs

(a) Electrophoresis (b) Endosmosis

Fig. XXV.4

r ~ Both electrophoresis and electroosmosis observed with colloidal systems are
- Just the specific illustrations of the general interface phenomena, namely the

 electrokinetic effects. These therefore can be explained in terms of the electrical
: ﬂ'ouusle layer theory as before (section XXI.9 et s;e_q.). In colloidal slzstems, due to
- Smaliness of sizes of sol particles, a very large surface area exists, Becaue of this,
- the adsorption is very %m&l'ﬁ%\fﬁé?esultant electrokinttic phenomena
dre consglemmounding the charged sol particles, there exist
- double layers trailed by diffuse layers with their zeta-potentials. The zeta-potentials
- Play an important role in the stability of colloidal state and it is necessary to
'ﬁd,e’(ermjne them. The experimental determination of zeta-po?ntlal of sols is done
3 by electrophoresis or by endosmosis. There are different ways of carrying
Ut the two techniques, we shall discuss here briefly one for each.
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o1, Streaming potential : In electroosmosis, it is seen that there results a
nanical flow of liquid across a diaphragm or a capillary from an application
of an electrical po_tential. The reverse of this process, called streaming potential,
_involves a generation of a potential difference between the liquids on either side
~ of a diaphragm or a capillary, when a solvent is forced to flow through the latter
by hydrostatic pressure.  Liu d/3clvent Hawse, oma resulh, Potental afuansle), o dlehwds
. \HI. Electrophoresis : The third type of electrokinetic phenomenon is electro-
* phoresis, also commonly called cataphoresis. Fine grains of solid or liquid or gas
* held in suspension in a solvent, such as, colloidal particles of clay, emulsion globules
* or foams, move towards electrodes when an external field is applied. Electro-
. phoresis, thus, constitutes a relative motion of one phase past another phase (viz.
~ dispersion medium) and is, like electroosmosis, a mechanical effect at the expense
= of an externally applied electrical field.

.~ MV. Sedimentation Potential : The last of these phenomena, and incidentally,
- also the last one to be discovered, is the sedimentation potential first studied by
~ Dorn. It stands in the same relationship to electrophoresis as does streaming
" potential to endosmosis. If small grains of an insoluble solid, such as clay particles,

are allowed to fall in sufficient number through a long vertical column of dilute
. Solution, an electrical potential difference can be registered between any two
~ points, not in the same horizontal plane, of this column of solution. The points
~ ¢hosen should preferably be far from each other and sufficient number of particles
~ should stream down the solution to cause an effect appreciably enough for experi-
- Mental discernment.
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" Different ideas regarding the structure of the double layer at an interf:
have been put forward. Helmholtz, to whom the original concept of the double

layer is due, Gouy and Stern, all held separate views as to its structure. The jqe,
of Stern, mostly accepted nowadays, is briefly described here with qualitatjye
representations in Fig. XXI.11. According to him, in the case of a solid-liquiq
interface, the charges in the first part of the double layer remain fixed on the sojig
surface at / ; the solution side of the double layer containing the counter jong can
be divided into two parts—a fixed part (/;) of the counter ions at a distance of 5
few angstroms from the solid surface and another diffuse portion of counter jopg
with concentration gradually falling off (Fig. XXI.11a) or rising (Fig. XXI.11b)
to that uniform value as prevalent in the bulk, say at /;. i

(b)

Fig. XXI.11

The ions in the diffuse layer have a limited freedom of movement as compared
to that of ions of like charge in the bulk of solution. Under a more or less modera-
tely drastic external condition viz., the impression of an electrical potential differ-
ence or the mechanical application of hydrostatic pressure, the ions in the diffuse
part of the double layer along with the solvent molecules in the region may be
SW:tPt away tangentially from their usual place of habitation near the solid
surface.

( In the undisturbed conditions, there exists a shar drop of potential from the
solid surface (/;) to the fixed part (/) of the doubleplayerpon It)he solution side.
It is then followed by a gradual change in potential across the diffuse part upto t
bulk of the solution (Figs. XXI.11). The total potential drop from the;e%'rdﬁl‘i':’
face (/) to the bulk of the solution is called the double layer potential #, while
the difference in potential between the fixed part of the double layer (/,) and the
solution bulk (s.e., the potential change across the diffuse portion of the double
layer) 1s termed zeta potential or electrokinetic potenital and conventionally repre-
sented by the symboll’.)“‘ ickat
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~__ (¢) Origin of charge
~ of flocculation: Theories of of sols.
~ The conspicuous effect of ions of particu-
~lar charge type on the coagulation of sol
and the litui}:e behaviour in applied electric
field are indicative of the presence of
charges on the surface of the colloidal
units. The way of acquirement of these
charges is mainly by adsorption and, some-
times, by self-dissociation. Structurally a
lloidal unit may be viewed as an aggre-
gate of thousands or fens of thousands of
molecules forming a“sort of microcrystal.
als have enormous surface
area And hence pronounced adsorption
Characteristics. They adsorb ions, either

positive or negative, from the efivironmental medium in which they are
prepared. Often they exhibit a preference for those ions which are common with
one of the ions composing the colloidal microcrystal.
+Thus, the colloidal particles of Fe,O, sol, in its preparation from hydrolysis

of FeCl, by hot water, adsorb Fe*++ ions and acquire a positive charge. Fe***ions

~ dre common to both microcrystals and medium. But when Fe,O, sol is prepared
~ from FeCl, soln with excess of caustic soda solution, the sol particles adsorb OQH-

ions and become negatively charged, the hydroxyl ions being common to the
medium and the hydrated colloidal particles of Fe,O,.

To cite another common instance, the colloidal silver iod
negative charge due to adsorption of I~ ions when excess potassium iodide is used
in its preparation. But if in its preparation excess AgNOjy is used, the resulting
sol particles carry a positive charge due to adsorption of Ag* ions.

The structures of the colloidal units of positively and negatively charged
Fe,0, sols, Agl sols, may be expressed as:

g

ide particles have a

() [xFe,04, yH,0] zFet++ and [x'Fe 04, y'H,0] z’OH-
(i) [x, Agl]y,Agt and [x",Agl] y'\I-

The preference for common ion adsorption stems from the fact that these
ions easily fit in the lattice of the microcrystals. Other ions of similar charge or
more or less of similar dimensions may also be adsorbed to impart charge to the
colloidal particles. While in positvely charged Al,O4 sols Al+++ jons (and some
H* ions) are adsorbed by the colloidal particles, it is the adsorbed AlO,~ ion which
is responsible for the charge in the negative Al,0, sols. Sulphide sols, such as
As,S, sol, are generally stabilised by adsorption of HS- ions. The charges on
. Metal sol particles are attributed to either the adsorption of OH- ions from water
% or the dissociation of certain surface complexes formed on the metal bodies by
- the action of water, e.g., [aPt, bPtO,] Pt(OH)—-,

i Mechanism oé flocculation. The fact that the colloidal particles are charged
‘and ions 'ing charge opposite to that of the colloidal particles have pro-
~ nounced flocculating power led to the adoption of the idea in primitive stages
- that flocculation was caused by direct adsorption of oppositely charged ions on
~ the surface. This adsorption would neutralise the particle charge and thus favour
- Loagulation. This idea, though partially true in a sense in specific cases, was found
- to mdeqmte for many reasons and soon renounced. Since coagulation is

to the question of stability of colloidal system, we may therefore explain
e theories suggested for stability. g
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706 PHYSICAL CHEMISTRY ‘ XXV.5

Critical Potential theory for colloid stability. From our concept of electrical
double layer at the solid-liquid interface, it is readily understood that each colloidal
particle will have a double layer surrounding it. The solution panme

‘ﬁ"y’ei’o"o%sﬂ%ts of a and a diffuse portion (Sec. XXI.9). The diffuse portion
will predominantly contain ions bearing opposite charges. .Thc same is true of
the fixed part of the solution side of the double layer. Thus, in negatively charged
As,S; sol, each particle carries a number of stabilising HS™ ion on its surface,
In the close neighbourhood of this particle, there exists in the solution side one
layer of oppositely charged H+ ions which are more or less fixed and beyond this is
the diffuse portion also with H+ ions predominance. When two such As,S, colloid
particles with their accompanying shrouds of diffuse layers approach each other,
there is repulsion of similar charges and the particles are prevented from coalescing.

If now an indifferent electrolyte, say

BaCl,, be added, Ba++ ions will be preferen-

tially adsorbed on the fixed part of the solu-
tion side of the double layer. The colloidal
particle together or with the fixed part of the
solution side will now have a resultant sur-

Bl face density (o) considerably less than before.

; The consequence will be the release of a-

number of H* ions from the dffuse part of

H*

# e the double layer. These will mj grate to the

" bulk solution effecting a contraction of the

Fig. XXV.7. Colloid particle value of the zeta-potential. It follows that,
with fixed and diffuse layers after addition of BaCl,, two As,S; colloid
(diagrammatic) particles can approach nearer because of

contraction of the diffuse layer thickness.
When the contraction of double layer is quite large, there would be a considerable
lowering of (-potential, the thermal motions then may overcome the electrical
effect and cause coagulation.

The measurements of zeta-potentials in many sols indicate that when coagu-
lation starts, the [-potential values are lowerec down to the range 0.02 to 0.05
Yolts. Ellis and Powis, from a series of experiments, suggested that for a given sol

e is a critical value of {-potential at which coagulation commences. This is true
irrespective of the nature of the electrolytes used for flocculation. Plenty of ins-
tances were found supporting the critical zeta-potential theory of colloidal stability.
On the other hand, there were cases which contradicted the theory, though in

many cases the discrepancies were due to neglect of certain factors in {-potential
measurements,
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6. Properties of Lyophilic sols

- Certain distinctive features of lyophilic colloidal systems have ioned
earlier. In general, lyophilic sols show very weak Tyzldall scatter?x?;nallrllgntm
~ Iyophobic s.ols, do not coa}gulate with the addition of small-quantities of ’electro-'
~ Iytes. Considerable quantities .of electrolyte solution added to lyophilic systems
- cause the latter to separate out in clusters of coacervates

e . Generally it is often called
r__g___‘saltin_ out’. The ability of different cations or of anions in salting out varies
rom ion to ion; and the v?.lences of ions concerned also have definite influence
in the process of coacervation. -

A §eries? based on experimental observations and called Hofmeister series or
lyotropic-series, has been drawn up for anions and for cations demonstrating
gl_lahtauvely their capacity in salting out the lyophilic micelleg. The series are

(a) for anions: Ac>Cl>NO,;>Br>1>CNS
(b) for cations:  Th>Al>H>Ba>Sr>Ca>K>Na>Li etc.

When two lyophilic systems with opposite charges of the disperse phases are
- brought together, coacervation occurs. Thus gum and gelatine suspensions having
- opposite charges when brought together, they are both salted out together in thick
- micelles. Electrostatic interaction tends to cause coagulation but this is resisted
by the elasticity of the water shéll surrounding them. The ‘individual charged
micelles are held together by electrostatic attraction to form a coacervate.

707

-

L The principle in cottrell precipitation is also similar, Extremely fine dust or solid particles”
. suspended in a gas can be removed by subjecting them to strong electric fields. A high tension
current is applied to wires kept hanging in the gas; the suspended solid particles in the gas become
charged. These then recede away from the wires and are deposited at the bottom plates having
opposite electrical charge. This method has been profitably applied in purifying gases frcmdusts,
in removing dust of cement plants and of gases from smelters etc.

(a) Viscosity of Lyophilic sols. A striking difference between lyophobic and
Jyophilic sols is the high viscosity of the latter. This is due to the extensive sol-
vation of the disperse phases particles _which increases the resistance to_flow.

- LS ITO B [ERs. |
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vophilic sols, the large vi
ik reslgg of small amounts of

eC I e s such as sols of starch, gg
ue for many SYSEINS U et 1 e presence of elee.

SRV ‘ ‘1ic sols are added to | ‘. |
_ \@)_ Protective action o“'yophﬂic,soltséwzlézne;g&ggigfes depends on how g:d.
bic sols, the sensitivity of the 55 9 %15 e Iyophilic sol is added slowiy
T what manner the lyophilic sol is added. 8 "ol B g contation on addition
 to a lyophobic system the latternll)egc:;rtlieje}’; lzrge > mount is added to a lyophobic
toa l 3 s
glmgt:ﬁe Ec‘){lg:vc%‘;;z: xflorepstab’le and thus less lseléss]t;‘é; é::l’:'rds electrolyte
yiss 3 s - role ers. -
addig“ﬁl-l Lyfﬁblllc"l?di Jh;lgtc:gb%a}tlht I;;%chzzree of protection to any given
ic sols . 7 :
lyophobicyzgl. As a measure of their protective capacities ZSlgg?%lgg’t Si:tc:ﬁeg
standard by which protective capacities are express;d in terms g
‘Gold numbers’. (The weight in milligrams of the disperse phase 0 fe y Pdllg
solin the dry condition, which ought to be added to a 10 c.c. portion of a standar
Gold sol (appr. 5.5 10~29 by wt.) to just prevent its turning from red to blue
on the addition of 1 c.c. of a 10% solution of NaCl, is called the ‘gold number
of the Iyophilic sol.) The change of colour is indicative oii}ll_gﬁs_twar_t_gl_f_'won.
It is evident that the lower the gold number the greater is the protective action of a
lyophilic colloid. Gelafine, salts of protalbic and lysalbic acids ‘qB.fam"d"fe rom
<Ibumen, etc. have low gold numbers and thus high protective capacities. Some of

the gold numbers are given here:

!

TABLE: GOLD NUMBERS OF LYOPHILIC SOLS

JE—

Sol Gelatine | Haemog lobin Albumir'z. Gum arabic | Dextrin | Potato starch

E

Gold number 10.005—0.01 0.03—0.07 | 0.1-02 | 0,15—0.25 6—20 >25

—

It is not clearly understood how the lyophilic sol affords protection to lyophobic

colloidal particles against flocculation but i ; : : e
two sols are associated or united in some m;tnlge;)bwous that the particles of th
./
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wnian motions which haye .
rticle at :ﬁ' ht /o from the bottom g
:olacements in 'giver89 arbitrary directiony
" displacement of the vertical axis will meag
of the resultant €78 T or downward, of the particle from p
plane at /. It %s ee‘rvfthdegntlzhat in the case of dowgwagl' dllsplacement it
m‘fm& and in the opposite event, the Brownian cisplacement ac

‘against gravity settling. ‘steibuti f pressure and, hen,

s arco B li® Te Sl the distribution of pressure and, hence
F& The slwﬁ?:gl:sqo‘;‘r a..neaégg:l: tt:u vertical column. The dxs.tnbutlon of the
gas molecules at different heights is obtained in the following way:

Let the pressure at height, 4, (reference plane) = p,
and the psssure at height, i, + dhy = Po—dPo
The downward thrust of the gas due to the column between /%y and /o + dh,
heights is counterbalanced at equilibrium by the upward thrust (F,) of the said
portion originating from the kinetic motions of the gas molecules.
If o be the cros-setion of the column and p, the density at height A, then
opeg dhy = F,
or o:;g dh‘:, = -Edpo.cr ..
The upward thrust F, is equal to | dp,o | , the negative sign in (A) is due to
the fact that dp, denotes increment of pressure.
Again, from kinetic theory.

dpy = § mc*dn, = $.% mc.dn, . . o

where 7, is the number density of he molecules at height A4, Substituting §mc*
by 3/2 kT per molecule, kX being Boltzmann constant, we have

dpy = kT dn,
On introducing this in equation (A),
mnogdhy = —kT dn, (. mny, = pg)
or kT% = —mg dh, . (€
0

Integrating (C) over a height A, to 4, wi ) code
ny and n,, we have (Fig. XXV.8), With the corresponding number densitie

n, &
"T”’;,; = mg (hy—h)) = mgAh
Sim k = R/No» %‘]:ln

n,
i mg/Ah

i.e., Avogadro's number, N, = }ﬂzﬂ%ﬂ .. @
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nination of N,, therefore, demands the experimental measurémm
lowing quantities:
~ ny and n, or ny/n, at heights 4, and #,,

(d—d,), the effective density of the sol particles,
the radius 7 of the sol particles.

In a series of painstaking and laborious investigations Perrin and, afterwards,

investigators determined the quantities involved in equation (XXV.1) and
aluated N,. The methods followed for such determinations are very briefly
AT below. The experiments were made with a dilute and as far as possible

nomogeneous suspension of gamboge. The sol was allowed to stand in a cylinder
- to attain distribution equilibrium.

Scanned with CamScanner



T ; 15. . jation Cou()ids

 There are instances where in a solution, with increase in concentration, the
solute molecules or their ions come together to aggregate spontaneously to form
~ thermodynamically stable bigger particles of colloidal dimensions. These are
~ called association colloids and these usually incorporate into the aggregate appre-
~ ciable quantity of solvent molecules. The association colloids cannot be regarded
a5 macromolecules as the latter are individual molecules of giant size in solution.
They also differ from lyophobic colloids which are thermodynamically unstable. The
term ‘micelles’ is almost universally employed for the clusters or aggregates formed
in solution by association colloids. Although there are some examples of micelle
* formation from neutral or nonionic molecules, such as polyethylene oxide, but
mostly micellizations occur from the large ions of molecules in solution. Usually
such molecules have a lyophobic group and a lyophilic group. A typical example
of association colloid is that of sodium oleate, v
[C;;H35] COO~ Nat. The long hydrocarbon part
C,;H,; is the lyophobic portion which tries to
recede away from the solvent water. But the
‘head’ COONa is the ionisable lyophilic group
which tends to go into water resulting into ions.
When the concentration is quite low say less than
3% 10~3 M, we have a simple solution of sodium
oleate. But as the concentration is increased, the
lyophobic hydrocarbon parts receding away from
~ the solvent approach each other and form a
-~ cluster as in Fig. XXV.12. The micelle formed is
thﬁrefgr:d one of anioln's. The micelle m(elly contain
a hundred or more oleate ions clumped together. - ; .
It is more or less spherical, the hydrocarbon ends Fig. XXV.12. Micello formaiag
are in the interior and —COO~ groups projecting
outward, in contact with the solvent. It is thus a colloid particle with charges on
~ the surface to which oppositely charged Na+ ions would be attracted forming
double layers. The name ‘colloidal electrolyte’ is also often used for such sus-
.pensions. Sim:ilar micellization with anionic groups are found in other soaps,

(diagrammatic)
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o : Iso known as in g:

T dani gk ith cations are 2 Ming
mIPhOnatcs somed es etc. leulfauonozlium brO'ml_de), (Cﬂ_;?sa]:{)g?al;lls)aNi-Br‘.
salts such as in CTA (c_etyltnmefh)'ium oleate and .sln?ll-ar (;:no positive ?:c’i Which

I very e ot Pl molecles 2 R e

‘ llize, remain icular con g at 5

g::‘ ig:smiﬁeioeuizaﬂon occurs when 2 %ﬁt)ln at which micellization beging
g 1 concentr: abbreviated as ‘cmc’, Eve

i ture. The initial con ration
m::;lpgame critical mic_ellxzauogt ‘;"gi"‘f:; temp:eratu_re- Increase of tf?mpera.
association colloid has a definite :r?fom ions to micelles 18 rf;ers:)lﬁe.i nHlenc.e, b
dnillredﬁ)gwers . °'gi'io'£hgofll:,‘:f§g "+ is possible to revert to the original simp

u an assoc , R | _
solutiotann. i : dilute solution if the concentration is gradlllJa?a INCreaseq,
the > fﬁg :lgt} ?h‘;e?:)h:t;rex such as equivalent Con;lsu:}iatﬁcsealfltil;)n(s:eoft‘e;smn’
osmg;?:l::eoct;mcnt change regularly an smolfctglxitrzlltl?;n i.e., the cmc, these ror?,g

1 ertain cO LAY -

ele:ntzgll)l';?é B(;l Lﬂ‘:ﬁﬂur;a thngi This is obviously due to the :nt:srtt :gr;h?‘ micelfe

Jf):rmation. Irrgifﬁct,ﬂxese - Lo Observedban:kp?fttte}(nleacg:urve as Zhl:)r:::qn

; — n bre ’ in
e \/m._ e 'th: csctlxcliciiltration would be known.

Fig. XXV.13, the critical micellizatio The study of association colloids hag

. become of great importance In recent

'A\ years as many of these fungthn as excel-

PR lent detergents and emulsifying agents,

8 4G These colloids also play a very important

part in solubilization of sol_vent repellant

substances by accommodating the latter

ey inside the micelle clusters. Water insoluble.

/ dyes are solubilized in soap solutions

and subsequently deposited uniformly on
fabrics (McBain).

A

Equv. Conductance

cL XXV.16. Emulsions

An emulsion is obtained when fine
droplets of a liquid are dispersed in ano-
ther liquid immiscible with it. Milk is a
naturally occurring emulsion in which fine
globules of fat are dispersed in water. The
sizes of the droplets are approximately in

Fig. XXV.13. Eqv. conductance of the region of 1z in diameter. Emulsions

association colloid vs. v/m are often prepared by vigorously shaking
. . j together the two liquids, or sometimes
these are mechanically mixed in homogenizers in which one liquid is atomised
and sprayed into another. High frequency ultrasonic waves have also been employ-
ed in some cases to obtain emulsions. When the emulsions are formed from two
pure liquids, their stability is poor and on standing for some time these separate
into the two layers of pure liquids. To prepare stable emulsions, it is necessary to
add a small amount of an emulsifying agent. Soaps of diﬁcrent,types detergents,
long chain sulphonic acids, lyophilic colloids such as gelatine, albumin, etc. actas
emulsifying agents in different cases. In milk, the protein c’asein ser\,/es ;13 the
emulsifying agent. The creation of a large number of droplets of a liquid into
another liquid increases the surface area and hence re uilzes I ; al?munt of
energy. The required energy would be less if the surface teqns' i afige ased. The
function of the emulsifying agents s to diminish the e
& d}__?,mulsion;:re broadly classified into two types:
B e e ol mciam waier w5y T 2
vater droplets -1Spersed in oil. Here the term ‘oil’ i th any
liquid immiscible with water. The type of emulsio A ORYMON AR the
nature of the emulsifying agent used. Tys ! Produced depends upon

. g 4 ¢ v k) Wh 1 1 g an
emulsifier, an oil in water emulsjon s formed, Buetr}f ZOdlum Blgatt {spsccihy

v'm

(1) oil in water typein which

soap with a bivalent cation
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is employed, say calcium oleate, a water in oil type emulsion ; i

oil in water emulsion stabilised by sodium oleat}el:l,) a calciu;n;i ﬁ’efggii?dn{f t(ita'n
added, the emulsion tends to be unstable at a particular concentration ra:?o oli‘
Nat : Catt. If the concentration of Ca*+ be quickly increased, the inversion of
the type ot_' emulsion occurs and water-in-oil emulsion is produced.

Scanne d with CamScanner



