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The process of soil formation is primarily a process

of disintegration or •weathering*. In the course of geolo

gical ages nearly 4$ of the igneous rocks of the eaths

crust have been weathered to clays,shales and surface soUs.

All these substaaces are made up of finely divided components

exhbitlng properties of association and dlspersion,floceu-

1ation and peptlsatlon or of undergoing surface reactions-

properties which rightly categorise them under the well

known form of matter named colloid. The four components of

soil occurlng in the state of fine sub-division are minerals,

organic matter,water and air.

The last thirty years or so have witnessed great

advancement in the field of soil science. Scientists from

different disciplines have contributed to the overall

development which has been jossible with the help of new

research tools like X-ray,differential thermal analysis,

electron microscopy,infra red spectroscopy etc. The growing

economic importance of clays has also been responsible for

the rapid progress in this direction.

Mineral arecies.

According to Fauling*,who was the first to eluci

date the structure of clay minerals,each plate like clay

particle consists of a stack of parallel unit layers. The

principal building elements of the clay minerals nre two-
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dimensional array of silicon-oxygen tetrahedra and

two-dimensional arrays of aluminium or magnesium-

oxygen-hydroxyl octahedra.In the sheet,three oxygen

atoms are shared by the neighbouring tetrahedra and the

fourth oxygen atom protruding from the tetrahedra!

sheet is shared by octahedral sheet. In the octahedral

sh^et Al or Mg atoms are coordinated with six oxygen

atoms or oH groups which are located around the Al or Mg

atom with their centres on the six corners of a regular

octahedron. The symmetry and almost identical dimensions

in the tetrahedral and octahedral sheets allow the

sharing of oxygen atoms between these sheets. This

sharing may occur between one silica and one alumina

sheet,as in a two layer mineral like kaollnite or

between alumina and two silica sheets giving rise to a

three layer mineral like montmorillomite,illite etc.

The combination of one octahedral and one or two tetra

hedral sheets is called a unit layer. Within each unit

layer a certain unit of structure repeats Itself in a

lateral direction and is known as unit cell. Such unit

layers stacked parallel to each other constitute

various clay minerals,

Montaorillonlte clays.

(Fig.3 )These are three layer minerals wherein

a tetravalent silica is replaced by trivalent Al or Al
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in the octahedral sheet is partly replaced by divalent

Mg without the third vacant position being filled.Such

substitutions by elements of lower valence results in an

excess of negative charge on the lattice. The adsorption

of catlons,both on the interior and the exterior surfaces

of the stack takes place to compensate the net negative

charge on the lattice. These compensating cations may

be exchanged for other cations and are known as exchange

able cations of the clay.

The most typical property of montmorillonites

is the phenomenon of interlayer swelling with water.

Water penetrates between the unit layers and pushes

the* apart a distance equivalent to 1-4 monomolecular

layers of water,which increases the c spacing from 10 A9

to 12.6-20 A*.

AttH*
These have the same basic structure as montmori

llonites. The total amount of lattice substitution is

largor than that for montmorillonites and is predominan

tly that of Si by Al in the tetrahedral sheet. The

striking feature of these clays is that the compensating

cations are mainly potassium ions. These minerals do not

show interlayer swelling which Is attributed to the

strong electrostatic attraction between the potassium



ions and the two charged unit layers on each side. In

the absence of interlayer swelling these cations are

not available for exchange.

It is a two layer mineral consisting of sheet

units ( of the type already described) continuous in

the a and b directions and stacked one above the other

in the c direction. The exchangeable ions are quite

low and are situated on the broken edges of the

kaolinite plates where they would compensate charge

deficiencies owing to broken bonds. The charge defi

ciency owing to isomorphous substitution is absent in

this case.

Phenomenon of ion-exchange.

The clay minerals have the property of sorbing

certain cations and anions and retaining them in an

exchangeable position. These ions are held around the

outside of the silica-alumina clay-mineral structural

unit,and the exchange reaction generally does not

affect the structure of the silica-alumina packet.The

exchange reaction is stoichiometric and the exchange

capacity is measured in terms of miliiequivaients per

100 gm. of clay. This property is of fundamental

importance in the study of clay minerals.

In agricultural solis,plant foods are frequently
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held in the soils as exchangeable lons,and consequent

ly their persistence in the soil and their availability

for plant growth depends on exchange reactions.The

r tention and availability of potash added In fertili

sers depends on cation exchange between the potassium

salt and the clay mineral of the soil. The replacement

of the :*a* by another ion,usualiy Ca+*will make the

soil more suitable for agriculture.

Similarly in the field of geology,during weath

ering process the liberation of alkalies may or may not

be retained in the secondary material depending on

exchange reactions.

In ceramics the plastic properties of clay can

be adjusted according to needs,by changing the exchange

able cations.

There are a number of factors on which the

exchange adsorption normally dependsi

(i) valency of the ion,(11) hydration of the ion,(iii)

ionic radii and (iv) structural configuration of the

clay micelle.

The valence and hydration of ions are the most

important factors in determining the energy of

adsorption and release. Ion exchange will be difficult

when the adsorbed ions have got a higher valency or are

weakly hydrated. It Is so,because ions of higher valency
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are adsorbed more strongly than those of the lower

valency and weakly hydrated ions are more tightly bound

up than those containing a large water hull, feigner

and Jenny8•• and Alten and Kurmies4 have overemphasised

the influence of hydration. Hendricks® and his colleag

ues,after careful dehydration studies have shown that

Na*fH* and S!4" are not hydrated when adsorbed by clay

minerals while Ca++,Mg"M' and LI"*" undergo hydration.

Another factor,which controls exchange phenomenon,

is the size of the exchanging ion. It is normally

observed,that ions of smaller ionic radii are easily

replaced by ions of larger Ionic radii and vice versa.

Apart from this the nature of the clay surface,

according to Gleseking and Jenny9,Jerusov* etc.,guides

the energy with which a given ion is held.

Basically there are three causes of the cation

exchange phenomenons

1. Substitution within the lattice structure of silicon

and aluminium by ions of lover valence results In

unbalanced charges in the structural units of some clay

minerals.

2. Broken bonds around the edges of the silica-alumina

units would give rise to unsatisfied charges,which would

be balanced by adsorbed cations.

3. The hydrogen of the exposed hydroxyls may be replaced
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by a cation which would be exchangeable. Some oH groups

would be exposed around the broken edges of all the clay

minerals,and cation exchange due to these would be

through the replacement of hydrogen.

When clays are subjected to acid leaching,or are

electrodlelysed,or passed through an ion exchange column

of resin like Aaberiite '.. ^.120 (labelled with H )

hydrogen Ions are preferentially adsorbed by clay

particles resulting in the formation of H - clays. 3aver

end Marshall*,Chatterjee and Paul',14u herjee and others*,

have shown that hydrogen montmorillonites and hydrogen

kaolinites are in reality hydrogen-aluminium systems.

According to them it is Impossible to prepare a clay

in which ail the exchange positions are occupied by H

since Al** moves from the lattice to exchange positions

before saturation with H* becomes complete. The conclu

sions are applicable to other clay minerals as well

and apply to a greatest degree to the expandlng-lattice

lalnerais. Ivaollnite is effected to a least degree with

the llllte showing an intermediate effect. Aldrlch and

^chanan* have developed methods of preparing clays

containing varying amounts of Al and H ions. The clays

with a minimal Al/H ratio are named as hydrogen clays,
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while those having a higher ratio are called Al-clays.

S&ktMsalmlMA. la&atwuai Hi Mian al M ^stri-
oal double layer.

Clay suspensions can neither be classified as

purely lyophilic or lyophobic colloids. A large influence

of other factors like adsorption,hydration etc.,apart

from charge of the particle,leads one to place them as

intermediate between the two well defined classes.

Because of the inherent structure the minerals

readily pass over to colloidal state when brought in

contact vith water. The clay particles have a highly

negative surface constituting the inner part of the

double layer, the outer layer being made up of a swarm

of loosely held cations surrounding the particle. When

such particles are dispersed In water,the cations get

hydrated and then dissociate to a certain distance from

the surface,finally leading to the formation of a

diffused electrical layer1*. These loosely held cations

which act as counter Ions are exchangeable. This exchange

capacity of the double layer Is an outstanding property

of clay and has a high value.

The charge of the electrical double layer on the

surface,solely depends on the type and degree of isomor-

phous lattice substitutions and so has a constant value
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and is independent of the presence of electrolytes

in suspension. Such a double layer is uncommon in

hydrophobic colloids where the cherge varies with bulk

electrolyte concentration. There are indications that

specific adsorption forces play between the lattice of

a mineral and the counter ions with the result that

a larger fraction of counter ions will be located on

the s rface and a smaller fraction will be In the

diffuse layer',i,a. Hence the Stern-3ouy model would

be more applicable to the clay double layer than the

Qouy model alone,

existence of Loslrively charged double lawyer.

Apart from the doable layer at the flat surface,

a possibility of the existence of a positive double

layer at the surface of broken edges has been postula

ted by van Olphen1*. His view point finds support in

the work of Thiessen1* on the interaction of kaolinlte

suspension with negatively charged gold sol. At the

edges of the plates the tetrahedral silica sheets and

the octahedral alumina sheets are disrupted,and

primary bonds are broken. The part of the edge surface

at which octahedral sheet is broken may be compared

with the surface of an alumina particle and would

carry a positive double layer in acid solutions with
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Al as potential determining ions and a negative double

layer in alkaline medium with oH as potential determin

ing ions15. The edge surface of a tetrahedral sheet may

be compared with the surface of silica particle. Though

silica surface carries a negative double layer its charge

is known to become positive in presence of even very

smell quantities of Al ions in suspension. Owing to

slight solubility of clay such small concentration of

Al ions would always be there. Moreover it is possible

that silica sheets are always broken at the places where

Al ions have substituted silicon. Hence a positive double

layer would always exist at broken edges.

a Soil surface and adsorption.

Chemically,solis are aimino-silicate systems and

as such are characterised by possessing exposed surface

layers rich in oxygen atoms and hydroxyl groups.Theso

surfaces are basically highly polar in character and

possess an intense residual force. Generally these

forces are responsible for holding the other ions or

molecules at the surface temporarily or permanently

depending on the nature of the forces operating at it.

Residual valence forces,dipolar attractions or any other

physical forces of the van der Waal type lead to adsorp

tion,where the molecules are held temporarily% while

A-
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chemical or electrostatic forces give rise to a

permanent binding and molecules stay permanently on

the surface. From soil engineering point of view,

physical forces play a dominant role In determining

the soil characteristics in relation to water and

other materials added. In the present work dyes and

proteins have been used,whlch ore preferentially

adsorbed at the surface giving rise to physical

adsorption.

geJHMsattialaMCis*3*i .mqUPJTifr

Investigations in the field of agriculture have

presented evidence for some sort of inorganic-organic

combination in many soils. Demolln and Barbier1*

showed a definite fixation of humic acid and protein

by clay and Mattson17 has demonstrated a reduced

base exchange capacity by complexlng clay with organic

compounds. Sedletsky'* investigated the rcatter in

considerable detail and concluded that many soils

contain clay mineral-organic complexes.

further evidence for such reactions is provided

by the color reactions produced when clays are mixed

with organic compounds**. The development or change in

colour requires some kind of interaction between the

clay and the organic compound added.
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The early work of Hofmann80 et al.showed that polar

compounds get adsorbed on the surface of the clay

mineral and the e axis dimension of s&ntmoriiionite

varied following treatment with alcohol,acetone etc.

*radleya,»a* and MacFwan8**84 at the same time quite

independently showed definitely that the non-Ionic

organic molecules could also be adsorbed on the clay

surface.

Hendricks8* has indicated that the organic ions

are held by Van der Waals forces in addition to the

Coulombic force. In -enerai the larger ions are more

strongly adsorbed because of the greater Van der Waals

forces. Grim et ai.a* hove shown that small ions are

adsorbed only upto cation-exchange capacity whereas

larger ions may be adsorbed in excess. Bradley and

Grim*7 beleive that the coulombic forces are further

supplemented byC-H...., 0 bonds between organic

molecule and clay mineral surface.

"sea of clay-organic reactions.

1. X-raj studiesi The montmorillonite mineral commonly

gives diffuse reflections and a nonintegral series of

basal reflections. Organo-montssorillonttes comparative

ly give high degree of regularity in c spacing and

sharp reflections. As such the identification of
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montmorlllonlte becomes simple if organic treated clay

is taken for X-ray studies.

2« Optical methodsi The adsorption of organic molecules

between the basal plane surfaces of montmorlllonlte cause

a definite change in their indices of refraction. This

characteristic can be used for identification of minerals.

3. Surface-area determinations! The total surface,

the external surface and by difference the internal

surface of a clay mineral can be determined by measuring

the retention or adsorption of polar molecules like

glycol,glycerol etc..

Besides the above mentioned applications the clay

•organic reactions have been used as a basis of many

other techniques for determining certain properties of

clay minerals themselves,and for the determination of

the geometry and properties of organic molecules.

BUst fttaml-fly* inv>ra,cUQnf

The Investigations on the clay mineral-dye

interactions start from the development of staining

methods of identifying clays**| besides this the work of

ossazsa8* and Smodl8* Is worth mentioning. They

investigated the adsorption studies of kaollnlte and

bentonite for a few dyes and corolated the quantity

adsorbed with mineralogioal composition. They obtained



14

low adsorption capacities,since the samples used by

them were not pure. Khite and Coven80 and Worrell81

worked on adsorption of methylene blue on fire clays

in a bid to develop a rapid method of measuring

exchange capacity but the results obtained were quite

abnormal. Systematic and critical studies on these

reactions are,however,lacking. Colortmetric and polaro-

graphlc studies can prove useful in understanding the

mechanism of adsorption and form a part of the present

work.

CI,ay-protein lnte ract}Ions.

Numerous explanations of the "Storehouse" of

nitrogen in soils have been advanced. The posjslbility

that complex formation can occur between clay minerals

and soil nitrogoneous components is an extremely

attractive hypothesis.

Although the existence of protein-day complexes

in the soil has not been shown,all evidence points to

the fact that the components necessary for their format-

Ion are available and the conditions necessary for

their synthesis are present in the soli.

Work done*8*** in this direction has shown that

one of the principal factors responsible for enhanced

retention of organic compounds (proteins,ailno acids etc.)
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is its ability to form complexes with clay minerals.

Waksman88 separated the humus complex into two fractions

alpha and beta humus and recognised the second as a

chemical compound between protein and clay constituent

of the soil.

i.nsminger and Glesklng** and Maclaren*7 investi

gated the adsorption of prot«Ins like lysoasyme and

enzymes on bentonite and kaoilnite and showed the forma

tion of interlamellar clay-protein complexes. Iheir

studies were,however,11mlted to proteins of low molecular

dimensions.Other works8*»8* reported in the field concern

with the formation of clay-protein complexes and a study

of their microbial degradation in natural conditions.

From what has been said above it is evident that

the problem of protein-clay interaction has not been

comprehensively studied and need much more work to get

a b tter understanding of the phenomenon. To achieve this,

reactions of fibrillar as well as globular protein on

different clay minerals were studied employing u.v.

spectrophotometric and vlscoaetrle studies. This approach

has proved quite useful in appreciating the possible

mechanism of protein-clay interaction.

Investigations carried out.

(1) The binding of the dye to the clays has been investi

gated at various dye concentrations and at different pli.
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Results have been explained on the basis of area per

exchange site and area covered by the dye molecule on

the surface of clay mineral.

(11) Polarographio technique has been used to identify

clays with the help of dyes and to determine their base

exchange capacity.

(ill) Adsorption of proteins on clays has been investi

gated spoctrophotometriesily at various protein concen

trations,keeping in view the stability of the clay-

protein complex on changing the pH of the medium.

Vlsco-imetrlc constants of aqueous suspensions

of bentonlte-protein complexes have been calculated and

used to determine the extent of particle-particle

interaction,hydrodynamic interaction and the dissymmetry

of suspended particles.

(iv) In the appendix experimental evidence for the

existence of positive double layer at the edge surface

has been provided with the help of radlo-lsotopic

technique.
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Adsorption of dyes with clay minerals.
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The clay minerals provide interesting materials for

the study of adsorption phenomenon. Of the different types

of adsorption possible at the solid liquid interface,the

clay minerals predominantly exhibit exchange adsorption

which can take place through variety of materials,both

inorganic and organic. Exchange reaction with inorganic

ions is stoichiometric and is of great fundamental and

practical Importance in all the fields in which clay

minerals are studied and used. It is with the help of these

exchange reactions that the base exchange capacity of

different clays can be determined and the original clay

material can be changed into different catlonie clays

having only one kind of counter ions la its double layor.

The organic cations also enter into exchange reactions

with clays like inorganic ions although the mechanism is

slightly different.Here the adsorption is not limited to

the exterior surfaces only but interlamellar adsorption is

also observed. The phenomenon is accompanied by an Increase

of the basal spacing of the clay resulting in the formation

of what may be called as clay-organic complexes. These

complexes are Important from the basic and applied view

point. Their existence besides providing a quicker method

for the determination of base exchange capacity with

reasonable accuracy allow the determination of surfaoe area
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of clays. For instance the uptake of glycerol or ethylene

glycol1 affords an excellent method of determining the

total internal and external surface area of clay minerals

and soil systems. Recent investigations on clay-organic

complexes have led to tho discovery of several commercial

clay products8'* which can be used as gelling agents,

lubricants,fillers etc..

X-Hay studies reveal that the organic molecules

arrange themselves In parallel layers between the struct

ural sheet of clay mineral and lie as flat as possible.

Bradley* has proposed a CH-0 bond formation between the

methylene groups and the oxygen ion layer of the clay

surface.

The Investigations on the adsorption of organic

compound also go to show that besides exchange adsorption

other types of adsorption can exist in clay minerals.

Hendricks9 with the help of •ontaorillonite complexes of

organic bases,showed that the organic cations are held to

the surface of silicate layers by van der Waal forces also,

In this process exchange sites are made in accessible and

the exchange capacity is consequently decreased. Allaway

and Cuthbert* found that small organic molecules replace

the exchangeable cations quantitatively but with larger

molecules the exchange is incomplete due to cover up

effect. Large amounta of the adsorbate are taken up due to

multilayer adsorption. To quote la the case of the

adsorption of quaternary ammonium compounds on montmorri-
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lonlte where about two and a half times more adsorption

than the amount equivalent to the base exchange capacity

Is adsorbed.

Besides the adsorption of the organic molecule

as such on the clay mineral there it another aspect

worth considering. It concerns with the adsorption of

organic compounds by clays in water suspensions. Very

few refer© ces on this aspect are available in the

literature. Recent studies by Brindley and Coworkers'1*,

Badder and Smith* have shown that water acts in competi

tion with organic material for sites on the clay

surface. In such cases the pH of the suspension should

also Influence the adsorption characteristics of clays.

Doehler and Young*9 on the basis of their

studies on the adsorption of qulnoline by clay

suspensions have shown that the adsorption of the

organic molecule depends on its concentration,pH,

salinity and temperature. According to them both

exchange and molecular adsorptions are operative. It

has been shown by Mackenzie'' that montmorlllonlte

adsorbs many organic compounds like monohydrlc and

dihydric alcohols,nitrlies etc. but when the clay is

immersed in a dilute aqueous solution of these compounds

preferential adsorption of solvent occurs.
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From what has been discussed above it is evident

that very littlo has bean done so far on the adsorption

of organic coaspounds by clay suspensions. This is

specially true for dyes where the available references,8~l*

are either of qualitative nature (dealing with the

development of some staining methods of identifying

clays) or describe results of semi-quantitative nature

obtained from faulty and unsystematic experimentation

applied to impure clay samples. Worrell •• drew attention

to an Important fact based on the investigations on the

adsorption of methylene blue on fire clays,that although

adsorption occurred mainly by cation exchange,it may not

be the sol® mechanism in the case of dye adsorption

phenomenon.

Dye adsorption from aqueous solution has its

practical Importance also. The adsorption of methylene

blue is employed for measuring the cation exchange

capacity of petroleum reservoir formations. This method

offers a considerable saving in operation time over that

required for the method based on the exchange adsorption

of Inorganic ions8*'81.

The problem of the adsorption of dyes by clay

suspensions thus needs a thorough and systematic investiga

tion. Investigations in this direction were initiated

by studying the adsorption Isotherms of some basic dyes
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using pure bentonitefkaoiinIte and illite (obtained from

Ward* s natural Science Est, Hew York) as adsorbents. These

isotherms were then analysed to elucidate the mechanism

of adsorption and to know hov this type of adsorption is

related to base exchange capacity of the clay. These

studies were extended to suspensions of varying pH to

differentiate between the face and the edge adsorption In

clays as has been postulated by some workers.

9
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Reagents.

Bentonite,kaollnite and illite used in these

studies were obtained from Ward* a Natural Science

Establishment,^* York.

Three basic dyestuffs used In these studies were

methylene blue,crystal violet and rhodamine 60. Xheaa

ware obtained from B.D.H.

Preparation of H-clay.

The minerals were ground to pass through a

100 mesh sieve, line clays were then treated with hydrogen

peroxide for few hours at room temperature and then in

an oven at 60*C,with occasional stirring till all the

organic matter was removed. The excess of hydrogen

peroxide was removed by heating the samples over a water

bath for sometime . These mirierals were then dried and

suspended in double distilled water. The suspension was

passed through an Aaberlite l.R.120 ion-exchange column

to convert it into H-clay. The process was repeated till

the conversion into H-clay was complete. The concentrat

ion of the stock suspension was determined by drying it

in air at 120*C for few hours.

Stock solutions of dyes were also prepared in

double distilled water.

Bauseh and Jkomb *Speetronle 20* was used for
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observing the optical density of dyes before and after

cdsorption.Beckmann model H-2 pH meter was used for

recording the pH values of various solutions.

Bm+rn ami a4.8.?gy^A9ft mumum*

Calibration curves of the dyes were first

prepared (Flg.l.).

Adsorption isotheres were run by taking different

concentrations of dyes In tubes.Definite amount of clay

was mixed in each tube and the total volume was made

up to 30 c.c. with double distilled water. The effective

concentration of clay was kept 30 mg.throughout. The tubes

were mechanically stirred for sometime and the readings

were taken after sufficient ti;se of mixing till the

equilibrium was attained. The concentration of dye in

equilibrium solution was obtained by measuring the

absorbance of the solution obtained after contrifuging

the contents of each tube for 20 minutes.

To study the effect of pi on adsorption varying

amounts of either HC1 or !iaOH were added to known

ssixtur^s of H-clay and dye. Adsorption was determined

color1 metrically as described above.

Surface era* and cation exchange capacity measurements.

Surface area was determined by glycerol retention

method1. The results are tabulated In Table «o.l. The

cation exchange capacity of each mineral was determined
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by the standard ammonium acetate method88. The values

are summarised in Table Mo.l. Tablea Jo. 2 to 10 give the

adsorption data while Tables Ho,11 to 13 depict the

variations in the adsorrtlon of methylene blue with pH.
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Clay Percentage
mineral of glycerol

retention
of clay
sample.

l ercentage
of glycerol
retention
of the same
after heat
ing the
sa*nple to

3CG°C.

..... |

Percentage Percentage external
of glycerol of glycerol area
retention retention m*/gm»
due to ext- due to inter-
ernal surfa-nal surface.
99m

Internal
area

m8/gm»

Total
surface

area

m8/gm

C. E.C.of the
mineral as deter
mined by standard
ammonium acetate
method in
ss.e./100 gm.clay.

Bentonite 26*3

Ulite 5.35

Xaollnlte 1.03

10.0

5.3

1.03

10.0 16.3 175.0

6*3 - 94.0

1.03 - 13.12

676.39 760.39

94.00

13.12

99

26

6*3

It has been computed by X-Ray studies that 1$ glycerol
retention correstonds to an external surface are of
17.65 m8/g*and internal surface area of 36.3 nr/gm.

to
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Aduomt

Tr>iru .•'.

of WWm Hue by b^oftUe^lite ajfl

Table ifo.2

Amount of bentonite added«30 mg.in each case.

Initial 0,D»of
cone,of dye In
dye. equlll-

x 10"**H ^r^UIiJ»

Equilibrium
cone,of dye
Ct,

X lO*^

2.00
1*46
3.00
3.66
4.3C
5.30

0.12
0.14
0.46
0.90
1.4C
1.30

0.13
0.15
0.60
1.00
1.60
2.00

Amount Milll equlv. Cg _ ,Qg
of dy© of dye x~ aw
adsorbed adsorbed

x 10**M p0P i0° gm*
of clay
(x).

1.30
2.26
2.49
2.65
2.70
3.30

60.0
75.0
33.0
35.0

90.0
110.0

0.021
0.026
0.060
0.110
0.170
0.130

Fig. 2

Table So, 3

Amount of 11lite added«30 mg.ln each case.

Initial
cone.of
dye,

x 1©**M

c, MO
1,130
1.710
2.220
2.420
3.100

0, D.of Squ 11 i brlum
dye in c -nc.of dye
©quili- Cg.
brium, „ u^

0,18
0.45
0.90
1.36
i.dO
1.90

0. soo
0.600
0.996
1.500
1.694
2,200

Amount
of dye
adsorbed

x lO"^

0,660
0,630
0.714
0.720
0.736
0.900

Fig.3

HUH equiv. C,
of dye "jj1
adsorbed
per 100 gm,
of clay
(x).

10*

21.9
22.7
88*1
24.1
24.2
23.0

0.009
0,022
0.042
0.062
0.070
0.073
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Amount of kaolinite added * 30 mg.in each case.

29

Initial O.D.of Equilibrium Amount Mill! equlv. C ft
cone.of dye in cone,of dy& of dye of dye
dye. equili adsorbed adsorbed per X

x 10**M brium. xlO*5^ x 10"*M 100 gm.of
clay
(x).

0.260 0.10 0.120 0,130 lei 0.027
0.360 0.18 0.210 0,140 4.6 0.046
0.630 0.34 0.390 0.140 4.6 0.086
0.650 0,45 0.600 0.150 6.0 0.100
0.950 0.72 0.794 0.156 5.2 0.133
1.260 0.93 1.090 0.160 5.3 0,213
1.300 1.30 1.140 0.160 5.3 0,213

?i•3.4

Adsorption of crystal vtoiat by bentonlte.illite and
l*T3WiI«e.

Afltt*.Ulsm 5

Amount of bentonlte added1 • 30 m>in each case.

Initial O.D.of equilibrium Amount M1U1 oquiv. SBm x 10*
Xcone.of dye in cone,of dye of dye of dye

dye. equili »gi adsorbed adsorbed

x 10-8M brium. x 10**M x 10"*M per 100 gm.
of clay
(x).

1.760 0.15 o.iio 1.650 55.0 0.020
2.340 0.24 0.130 2.160 72.0 0.022
2.920 0.31 0.260 2.670 39.2 0.023
3.310 0.72 0.630 2.730 91.0 0,062
3.450 0. 36 0.690 2.760 y <s. v 0.075
4.000 1.12 0. 390 3.110 102.0 0.036

Fig. 5.



Table ^>.6

Aaiount of lllite added«30 ag.in each case.

Initial O.D.of EqulllbrluB Amount Mill! equlv.
cone,of dye in cone.of dye of dye of dye
dye, ©quill- Cg» adsorbed adsorbed
x 10**M brlu*» x 10**M x io-»H P;r }°° *••

of clay
(x).

0,60 0.13 0.160
0.91 0.31 0*247
1.00 0.37 0.300
1.10 0.60 0.393
1.40 0.31 0.650
1.60 1.29 0.310

0.460 15.0
0.663 22.1
0.700 23.0
0.702 23.4
0.760 '"w'l W

0.790 26.3

Fig.6

Table Ho, 7

Amount of kaolinite added « 30 mg. in each case.

30

»i i x 10
X

0.100
0*113
0.130
0.166
0.380
0.380

Initial 0.D.of Equilibrium Amount Mllll equlv* C« ••^S-x 10*cone.of dye In cone,of dye of dye of dye
dye. equili Cg. adsorbed adsorbed

x 10**M brium* X 10-9M x 10'*M per 100 gm.
of day
(X).

0.26 0,13 0*100 0.150 5.0 0.020
0*31 0*16 0.142 0*163 5.6 0.025
0*69 0*66 0.613 0.177 5.9 0.035
0.93 0.94 0.760 0.130 6.0 0.125
1.12 1.17 0*937 0.183 6.1 0.153
1.38 1.43 1.190 0.190 6.3 0.190

ttg.7
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Adsorption of rhodamlne 6G by bentonlte.kaolinite and

tfim 'ihm
Amount of bentonlte added«30 mg* in each case.

Initid 0*D.of Equilibrium Amount Milll equlv. £a-x io*
cone,of dye in cone,of dye of dye of dye X

dye. equili Cg. adsorbed adsorbed

x 10**M brium. x 10**M x 10**M per 100
of clay
(x).

£>£a«

2.10 0.22 0.30 1.30 60.0 0.060

2.50 0.26 0.37 2*13 71.0 • 0.052

3.27 0,55 0.76 2*52 34.0 0.039

3.64 0.73 1.00 2*64 88.0 0.110

4.00 0.96 1.30 2.70 90.0 0.144

4.65 1.32 1.79 2.76 92*0 0.190

5.00 1.62 2.18 2* o2 «Hb#0 0.230

Fig.8

Amount of illlte added • 30 mg.ln each case.

initid
cone.of
dye.

x 10**M

1.10
1.53
1.87
2.10
2,40
3.10

0.D.of
dye in
equili
brium.

0.64
0.73
0.96
1.10
1.32
JL. 90

Equilibrium
cono.of dye

<V
x 10'*M

0.73
1.00
1,30
1.50
1.80
2.47

Amount
of dye
adsorbed

x 10-5M

0.37
0.63
0.67
0.59
0.60
0,63

Flg.9

Milii equiv. C,
of dye "T*
adsorbed
per 100 gm*
of clay

Mj

x 10

12.6
17.5
19.0
19.6
20.0
21.0

0.056
0.057
0.066
0.076
0.090
0.110
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Table Mq.10

Amount of kaolinite added « 30 mg.in each case.

Initid O.D.of Equilibrium
eone.of dye in eone.of dye
dye. equill- C9*
x 10-5M brlum» x 10**M

0.38

0.49

0.65

0.80

0*96

1*20

0.18

0.26

0.36

0.48

0.63

0.76

0.25

0.35

0.60

0.65

0.80

1.03

Amount Milli equlv. Cg ,rt-
of dye of dye •=*-* i0
adsorbed adsorbed

* *u n of clay
(x).

0,13 4.3

0.14 4.6

0.16 5.1

0.166 5.2

0.160 6.3

0.170 5.6

0.063

0.076

0.093

0.120

0.160

0.130

Fig.10



bentonlte.llllte and Haollnlte.

Table fto.ll

( Bentonlte - Methylene blue )

3

pH Milll equlv. pH Milll equlv.
of dye of dye
adsorbed per1 adsorbed per
100 gm.of day 100 ga.of clay

1.5 30.0 4.5 110.0

1.8 35.0 5.0 115.0

2.0 37.0 6*5 116.0

2.2 90.0 6.0 117.0
2.4 92.0 7*0 119.0

2.3 94.6 3*0 121.6
3. 2 96*2 9*0 123,0

ii. 1 93*0 10,0 124,0

Fig.

JtettJ

11

JJ2.12

( Ulite m Methylene blue )

pH Milll equlv. pH HUH equlv.
of dye of dye
adsorbed per adsorbed per
100 gm.of clay 100 gm*of clay

2.0 22.0 4.5 29*6

2.2 23.0 5.0 31.2
2.4 24.0 6.0 32.0

2.8 26.2 7.0 52.6

3.2 26.6 3.0 33.0

3.8 23.0 9.0 34.5
10,0 36.0

Flg.12



m

^

Table Ho.13

(Kaolinite - Methylene blue )

3 4

pH Milll aquiv.
of dye
adsorbed par
100 gnuof clay.

pH MUli aquiv.
of dye
adsorbed per
100 gm.of day

2.0 4.00 4.5 5.30

2*2 4.40 6.0 6.90

2.4 4.60 5.5 6.00

2,3 5.00 6.5 6.30

3,4 5,30 7.0 6.50

3» 3 5.50 8.0

9.0

7.00

7.60

10.0 7.30

Fig.13.
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RESULTS |B DlgCUSSlOU

ffature of Isotherm*

Adsorption isotherms of various dyes with

bentonlte,kaolinite and illlte are shown in igs.2 to 10

(Vide fables feel to 10). The plots have bean drawn

between the equilibrium concentration of dy© and tha

milli equlvdents of dye adsorbed per 100 gms.of clay.

Tha isotherms indicate a positive adsorption. All the

isotherms are regdar and concave to the concentration

axis. This suggests that a unl-molecular adsorption of

the dye takes place. Further confirmation is obtained

from the plot of Cs/x (equilibrium concentratlon/ansount

adsorbed) against the equilibrium concentration. The data

are found to fit in well in the Langmuir adsorption

equation showing that no multilayer formation of dye takes

place.

Area of exchange sites.

The area associated with each dye molecde was

ededated by dividing the surface area by the number of

adsorbed dye molecdes. The area of the exchange site

was determined by computing the values of surface area

and cation exchange capacity. Typicd calculation is

shown below|
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Cloy alnerd Bentonlte
Adsorbate Methylene blue

Area per exchange sUe.

Surface area » 760 mVga « 780 x 104 e»*/i*.

« 760 x 10*° A^Vgm.

C.E.C. » 99 sue./lOO gm. • 99/108 equlvdents per gm.

» 99 x 6,023 x 10**/10* cations per gm.

Area per exchange site.

Surface area/.'te.of cations

99 x 6.023 x 10**

« 126.8 A°*

Ar«f audited wltn each methylene blue molecule*

Methylene blue adsorbed • 0.3916 gm/gra of clay.

Actual number of methylene blue moiecdes.

366

Area ».»ociated with one methylene blue Iii*

»jsU 19** urn
6.023xl0**x 0.3916

• 113.2 A*1

results are tabulated In labia *o.!7.
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Areas of exchange aite and area associated per dye molecde

Area per Area assocla* Area aasocia* Area associa-
exchange ted per ted per ted per
sit© in methylene crystal rhodamine
A»». blue molecule violet mole* 60 molecde

in A0*. cde in in a**.
A°*.

Bentonlte 125.8 113.2 122.2 132.4

Illite 60.02 66.8 69.6 74.3

Kaolinite 47.4 56.7 47.1 63.7

The values of cation exchange capacity as determined from

dye adsorption data are given belowt

Table No.13

Cation exchange capacity as determined by

Ammonium Methylene Crystd Rhodamine 63
acetate blue violet adsorption,
method. adsorption.adsorption

Bentonlte 99m.e/100gm U0 m.e/100ga 102m.e/100g* 94».e/100gsi

Illite 26.0 »• 28.0 •• 26.3 •• 21.0 •*

Kaolidte 6.3 ,f 4.3 •• 6.3 »• 4.3

Kaolinite.

The c.e.c. vdues obtained from the dye adsorption

method are 4.3 for methylene blue and rhodamine 60 and 6.2
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in the ease of crystal violet. The c.e.c.found from

the conventional (ammonium acetate) method is 6.3.

The discrepancy can be explained by comparing the data

of tha area per exchange site of the clay and the area

covered by a particular dye. From the Table No.17 it

can be seen that the area associated per dye molecde in

the case of rhodamine 6a and ethylene blue is greater

than the area per exchange site • On the other hand tha

c.e.c.value determined by crystal violet adsorption

coincides well with the standard c.e.c.of the mineral.

The larger area associated per dye molecule in the oasa

of rhodamine 63 and methylene blue as compared to area

per exchange site naturally leads us to conclude that the

coverage effect is sore dominant in the case of these

two dyes. In other words each dye molecde has an access

to more than ana exchange site. It is for this reason

that the cation exchange capacity determined by these

two dyes have lower values than the normal c.e.c.value.

In the case of bentonlte and illite the area

associated per methylene blue molecde is lesser than

the area par exchange site which naturally gives a

higher value of cation exchange capacity. The area

associated per rhodamine 60 molecde is greater than the
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area par exchange site and as a result this dye gives

a lower vdue of c.e.c. than the standard value for both

the minerds. Hera again the most reasonable vdue is

obtained from the adsorption data of crysUl violet.

The discrepancy in the case of these two minerds can

again be explained in terms of coverage effect. Larger

coverage than required on the basis of area per exchange

site is9therefore dependant not cdy on the type of the

dye bound but dso on tha clay mineral used. In the

ease of bentonlte and illite the amount of methylene

blue adsorbed exceeds the cation exchange capacity of

ths two minerals. The additlond dye adsorption on both

clays can be due to purely physical(vsn der Wad )

adsorption. Assuming that the existence of the two kinds

of adsorption sites on the mineral surface wodd not

interfere with each other fthen the total dye adsorption

capacity car. be regarded as»

kb . taf • •#

vher© KB * Total ^y« adsorption capacity,

MBC» Cation tWhajif capacity in ra.e/gm.

MB!I«* Physical adsorption in cue/gm.
HFro© this equation we can cdculat© the value of MB ,i.e.f

we can have an estimate of the surface concentration of

the physical adsorption sitest

MBH e MB • MsF/Surface area in
per cm* cmVg®.
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Tha vduea obtained for the surface concentration of

physical adsorption sites In case of bentonlte and

illite is9

MBH ra.e/cm* x 10* * 5.0 for bentodte and 5.9 for
Illite.

which agrees well with tha value of MB'1 per sq.cm.for

silica (5.2) s* where the dye adsorrtion can be considered

solely due to physical adsorption.

BttllfiH of adsorpdou vfrtfr aj>

Tables »o.ll to 13 and the corresponding curves

(rigs.11 to 13) show the variations in adsorption due to

change in pB. It can be seen that title adsorption of the

dye Increases with increase in pH In the case of dl the

three minerals. To explain this behaviour one has to take

into account the possible existence of an electric 1

double layer on the edge surface also. This layer as

pointed out by Van Olphen** wodd be entirely different

from the layer existing at the basd plnacoids of clays

which get a negative charge as a result of isoxorthous

substitution of Si** by Al** or other elements of lower

vdence. This negative charge persists despite changes

in pK.

At the edges the tetrahedrd silica sheets and

the octahedral alumina sheets are disrupted and the

primary bonds are broken. The picture may be depicted
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by assuming -M-O-M-bond (M»Si or AD at the edges breaking

to give MO" and M+, A slightly acidic medium wodd

rasdt in the formation of a very weaktundissociable

acid M-OH and thus a neutral surface Is created, Addition

of more acid(decreasing pH) would result In the adsorpt

ion of H* ions leading to tha formation of a positive

double layer. On the other hand with increasing pK tha

weak acid,M-OH wodd be converted into hlgdy dissociable

M-OH ( R represents the dkdi metal Ion) resdting in

the formation of negative electrical double layer, Tha

edge wodd thus represent an electrical double layer of

changing polarity depending on the pH of the medium.

The variations in adsorption due to change in pH

can be interpreted In the light of the above discussion.

Since at low pH the edges are positively charged

therefore the dye cations are adsorbed ody at clay

surface and not at the edges. However9with increase of

pH the edges become negatively charged,the dye cations

get adsorbed at them dso with the result that tha

adsorption of dye as a whole is increased.

It Is further Interesting to note that the amount

of methylene blue adsorbed increases by 21 to 22 percent

as wa go from acidic to basic side in case of kaolinite

and illite. This percentage is presumably similar to the

percentage of the total surface area of the crystal by
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tha edge faces as found by Hendricks and Alexander1*.

In the case of bentonlte and illite two distinct

stages of adsorption can be recognised (from pH 2 to

10.0 ) one between 93 to 116 m.e. (difference 17 m.e.)

and 116 to 124 m.e.(difference 9 m.e.) for bentonlte and

24 to 31 m.e.(difference 7 m.e.) and 31 to 34 m.e,

(difference 3 sue.) for illite. The first stage

(corresponding to a difference of 17 sue.in case of

bentonlte and 7 m.e. in ease of Illite) wodd represent

the adsorption at edges caused by Sl-0 sites and the

second stage (corresponding to a difference of 9 nue.in

the caae of bentonlte and 3 m.e. in the ease of illite)

wodd represent the adsorption at the laterd surface

constituted of Al-0 adsorption sites. Since the slianol

group 01-010 in silica sol readily dissociates to give

£10* in slightly dkdlne mediumfthe first stage represents

adsorption of dye on tha Sl-0 sites. On the other hand

alumina due to its amphoteric character wodd get a

negative charge at much higher pH and therefore the

adsorption indicated by the second stage will be at

Al-0 sites.
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Table No. 14

Variation of dye adsorption with C.E.C.of bentonlte.

43

lereentage Clay . ;.C.in Ar*>unt Amount of Amount of
of silica, mineral m.e.per of meth- rhodamine crystal

percon- 100 gm. ylene 60 adsor- violet
tage. clay. blue adsor-bed in gma,adsorbed

bed in gx. per gm*of in gswper
per go.of clay. gra.of clay.
clay.

0.0 100 99.0 0.3916 0.4239 0.4523

20.0 80 73.12 0.3250 0.3412 0.3632

40.0 60 69.60 0.2368 0.2601 0.2760

60.0 60 43.20 0.2050 0.2123 0.2261

60.0 40 39.60 0.1568 0.1710 0.1350

80.0 20 13.40 0.0786 0,0847 0.0915

Fig.14.
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Table 36.16

Variation of dye adsorption with C.;:.C. of Illite,

Percentage day C.E.c.in Amount of Amount of Amount of
or silica, minerd n.e.per methylene rhodamine crystd violet

percen- 100 gm. blue 63 adsor- adsorbed in
taga. day. adsorbed bed in gm. gra.per gs.of

in gm.per per ga.of clay.
ga.of clay day.

0.0

20.0

40.0

50.0

60.0

80.0

100 26.00 0.0996 0.0947 0.1167

80 21.00 0.0310 0.0760 0.0940

60 16.40 0.0693 0.0572 0.0710

50 13.70 0.0611 0.0480 0.0610

40 11.10 0.0309 0,0380 0,0466

20 5.20 0.0199 0.0139 0.0234

rig.16
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Variation of dye adsorption with C.E.C. of kaolinite.

Percentage Clay min- C.E.C.in Amount of Amount of Amount of
01 silica, eral per- m.e.per methylene rhodamine crystal

centage. 100 gm. blue adso- 60 adsor- violet
clay. rbed in gm.bed In gm.adsorbed in

per gauof per gauof gm.per gm,
day. clay. of clay.

0.0 100 6.30 0.0133 0.0262 0.0279

20.0 80 5.20 0.0161 0.0205 0.0229

40.0 60 3.30 Q.0110 0.0162 0.0168

60.0 50 3.12 0.0089 0.0127 0.0136

60.0 40 2.80 0.0075 0.0105 0.0119

80.0 20 1.26 0.0034 0.0050 0.0055

Fig.16.
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Variation of dve adsorption with clav mineral content.

Each of the clay mineral was mixed with different

proportions of silica passing through 100 mesh sieve. The

cation exchange capacity of each saa$>le was determined

by the standard ammonium acetate method and the adsorpt

ion of dye was also determined by the method mentioned

above. Tables 14,15 and 16 give the amount of dye

adsorbed at different percentage of clay content. The

amounts of these dyes adsorbed on silica used in these

studies are 0.0015 gm./gm.for crystd violet and

0.0031 gms/gm. of methylene blue and 0.0022 gras/jm.of

rhodamine 60 and hence in the calcdation of dye adsorbed

by samples of clay with different minerdoglcd per

centage this amount was not considered.

"ince the area associated per adsorbed molecule

of dye depends on surface area and so the type of clay

alnerdfthe dya adsorption shodd show a linear relation

ship with the day mineral content or c.e.c. From the

curves given in iigs.14,15 and 16 it can be seen that

this relationship holds true in ail the cases.
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CHAPTER II.

Spectrophotometry studies of the aqueous suspensions

of clay-dye complexes,
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The importance of dya clay reaction in identi

fying*** clay mlnerds is wdl known. The reaction has

dso found use in determining the surface area* of clsys.

Quantitative atudlas on such reactions have,however,not
t

been undertaken so far dthough the problem can be vry

wall investigated from two angles!

(i) by carrying out adsorption studies using clays as
adsorbentsf

(11) by studying the reaction entlrdy in the liquid
phase using dilute clay suspensions.

The results on the first aspect have bean thorougdy

discussed in Chapter I. This chapter deds with the

Investigation on the second aspect of the problem.

Most of the dyes behave as ordinary electrolytes In

aqueous solutions dthough many tend to exist as colloid.

In the latter case dya aggregates are formed and sometimes

this phenomenon is exhibited even In fdrly dilute solut

ions. This fact shodd be kept In view when planning

studies on dye-clay reactions.

Reaction of dyes with colloidal suspensions other

than days were recently Initiated in these laboratories.

The binding of a number of dyes to hydrous oxide sola9 and

surfactants* was Investigated using the apectrophotometrie

method. On the basis of these studies the mode and extent
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of binding of various dyes with hydrous oxide sols and

the range of their micelle siae has been estimated.

The results on the binding of methylene blue,

crystd violet and rhodamine 60 to clays are described

In the following pages. Dye solutions below the aggrega*

tion point were used and Klota' s equation* was employed

to cdcdate the binding.

- UOOWEE
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Reagents.

Methylene blue,crystal violet,and rhodamine 60

used in these Investigations were B.D.H.products.Standard

clay mlnerds bentonite,kaolidte and Illite were obtained

from Herd1s Natural Science Establishment Mew York. H-

clays were prepared as described in Chapter I.

Apparatus.

A Bausch and Loab 'Spectrodc 20» was used for

absorption measurements. The molar extinction coefficients

were cdculated from the relationship,

j, 1
€ «( —mm]y log fL/t where e is the molar

extinction coefficient! IQ is the intensity of the

incident light falling on medium of thickness d. I is the

intensity of transmitted light and c is concentration.

pH measurements were made with a Cambridge Bench

Type pH-meter.

JHsMMMBw jhhbi

The binding of dye was calculated using Klots*s

equation which was orlglndly employed to study the

reaction of proteins with organic anions. The vdidity

of this equation was extended to very dilute day-dye

suspensions. The equation is,

6 free - Abound

£ apparent Is the apparent molar extinction



coefficient,£ bound is the raolsr extinction coefficient

of bound dye and £ free is the molar extinction coefflei-

ent of free dye. * la the fraction of free dye which has

been left behind unreacted.

Requisite amounts of dyes were taken in tubes to

gat U.e effective concentration as 1 xlO"9M,5 x 10**M and

2 x 10**M. The solution was made up to 26 c.c.by doude

distilled water. The absorption of theae tubes were noted

to cdcdate the molar extinction coefficient of free dy%*

A second set containing the same amount of dyes as

mentioned above and varying amounts of clay suspensions

(Tables 1-19) was arranged. The total was made up to 26 c.c.

by double distilled water. A time of about 5 hours was

allowed to lapse before making absorption measurements.The

data were used to know the apparent molar extinction

coefficient. The molar extinction coefficient of the bound

dya was found as follows!

The curve between the clay concentration and the

absorption values of clay-dye suspension was first plotted

lFig.i-''%) Since there was no change in the absorption vdues

after a certain clay concentration,a fiat portion was

obtained in the curve. This flat portion was extrapolated

to aero clsy concentration in order to avaiuate tha exact

absorbance of the bound dye. Dividing this absorbance



y

53

value by the dye concentration the value of molar extinct*

ion coefficient of bound dye was determined.
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lahjLgJ&.i

Absorption spectra of 1x10*^ methylene blue in presence
of different quantities of H-bentonite at pH 3.6.

Wave 12 3 4 5 6 7
length 0.016$ 0.020£ 0.0241 0.028* 0.0321! 0.0365? 0.04%

ZT c» Ml o.« -J. 0.73 0.TO J.-
660 0.61 0.64 0.68 0.75 0.74 0.30 0.8S

T 665 0.64 0.66 0.69 0.76 0.77 0.82 0.92
670 0.66 0.66 0.71 0.76 0.78 0.32 0.93
675 0.61 0.63 0.64 0.70 0.76 0.79 0.90

Total volume of solution in each case*25 c.c.

Flg.1.
Curve 1.

Wave 0.01!
length
in mu.

655 0.42
660 0.43
665 0.44
670 0.44
675 0.42

2

Absorption spectra of lxl0"aM methylene due in presence

of different quantities of H-bentonlt© at pH 9.0.

iAAtAAAlA*

1 2 3 4 6 *7„
0.0121 0.016JC 0.020$ 0.024$ 0.023| 0.032$ 0.036%

0.43 0.44 0.45 0.43 0.53 0.56
0^44 0^44 0U9 0.50 0.66 0.60
0.44 0.46 0.50 0.53 0.53 0.61
0.45 0.46 0.52 0.55 0.69 0.63
0.44 0.42 0.80 0.53 0.53 0.61

Totd volume of solution In each case « 26 c.c.

Flg.l.
Curve 2.

Percentage of clay added in each case is given at
the top of each table.
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Tiii(n ft*

Absorption spectra of 5xlO**M methylene due in presence

of varying amounts of H-bentonite at pH 3.5.

4ASAABAA<L8

Wave 0.012^ 0.014* 0.01651 0.018$ 0.02* 0.022*
length
In mu.

656 0.200 0.236 0.284 0.309 0.337 0.337
660 0,207 0.244 0.301 0.318 0.346 0.403
665 0.214 0.251 0.301 0.332 0.356 0.414
670 0.214 0.269 0.309 0.337 0.366 0.414
675 0.207 0.251 0,302 0.313 0,361 0,403

Total volume of solution in each case • 25 c,c.

Fig.2.
Curve 1.

Table No.4

Absorption spectra of 5xlO~*M methylene blue in presence

of varying amounts of H-bentonite at pH 9.0.

^bAAABAA0..8

Wave
length
in mu*

1
0.01$

2
0.012g

3
0.014?

4

0,0161
5 6

O.Ol^t 0.021

555
660
666
670
675

0.301
0.314
0.32?
0.332
0.327

0.332
0.342
0.356
0.361
0.351

0.366
0.376
0.397
0.397
0.395

0.337
0.403
0,420
0,431
0,420

0.476
0.494
0.503
0.515
0.607

0.622
0.537
0.652
0.560
0.652

Total volume of solution in each caaa • 25 i

Fig. 2.
Curve 2 .

Percentage of clay added in each case la
given at the top of each table.
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Tade la. 5

Absorption spectra of lxlO*5M methylene due in presence

of different quantities of H-illlte at pH 4.0.

4ASAABAACLI

1 2 3 4 5 6 7
Wava 0.038C 0.04$ 0.06* 0.08* O.lOfS 0.12* 0.14*
length
inmu.

565 0.314 0.426 0.494 0.630 0,623 0,721 0,920
570 0.318 0.434 0.601 0.537 0.633 0.725 0.939
575 0.327 0.437 0.508 0.545 0.642 0.732 0.953
580 0.337 0.443 0.511 0.860 0.647 0.769 0.978
585 0.327 0.431 0.508 0.552 0.638 0.757 0.968

Totd volume of solution in each case «25 c.c.

Flg.3.
Curve 1.

Tide tfo.6

Absorption spectra of lxlO**M methylene blue in presence

of different amount of H-illite at pH 9.0.

ASS OR B A SICE

1 2 3 4 5 6 7

Wave 0.036,1 0.038* 0.04$ 0.061 0.03* 0.10?o0.12*
length
In mu.

566 0.301 0.327 0.403 0.443 0.652 0.667 0.863

670 0.309 0,356 0.420 0.446 0.563 0.677 0.836

675 0.356 0.361 0.426 0.462 0.676 0.681 0.920

630 0.366 0.371 0.437 0.463 0.586 0.638 0,939

686 0.351 0.366 0.431 0.455 0.563 0.677 0.920

Total 1volume of solution in each case * 25 c.c.

Flg.3.
Curve 2.

Percentage of day added in each oaaa Is given
at the top of each table.
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Absorption spectra of 6xl0"*M methylene due in presence

of different quantities of H-iliite at pH 4.0.

Wave 12 3 4 5 6 7
length 0.024' 0.028* 0.032$ 0,0361? 0,04* 0.048* Q.063.3
4*# * aa*aag^

0,193 0.251 0.301 0.314 0.371 0.507 0.535
670 0.197 0.265 0.305 0.313 0.376 0.503 0.593
576 0.200 0.259 0.309 0.327 0.331 0.511 0.598
630 0.207 0.267 0.314 0.337 0.331 0.516 0.602
536 0.200 0.289 0.309 0.323 0.376 0.603 0.593

lotd volume In each case « 25 c.c.

Fig.4
Curve 1.

WKUurte*

Absorption spectra of 5xl0**M methylene blue in presence

of different quantities of H-iilite at pH 9.0.

^AAOABJLaAE

Wave 12 3 4 6 6 7
length 0.022* 0.024* 0.023* 0.032* 0.036* 0,040* 0.060*
in mus;

0.180 0.221 0.267 0.301 0.337 0,443 0,494
670 0,183 0.225 0.271 0.306 0.342 0.449 0.503
575 0.190 0.229 0.275 0.309 0.346 0.466 0.622
680 0.197 0.232 0.279 0.318 0.361 0.468 0.637

0.193 0.225 0.275 0.314 0.346 0.462 0.530

Total volume of solution in each case • 25 c.c.

Flg.4
Curve 2.

Percentage of clay added in each case Is given
at the top of each table.
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labia 80.9

Adsorption spectra of 6xlO**M methylene blue In preeence

of different quantities of H-kaoilnlte at pit 4.0.

AASAAB-AIA8

Wave 1 2 3 4 6 6

length 0,08* 0.1* 0.14* 0.18* 0.26* 0.88*
in mu.

560 0.327 0.443 0. 593 0.388 1*16 1.13

566 0.337 0.449 0,610 0.<tj92 1.16 1.22
570 0.342 0.466 0,619 0.903 1.18 1.26
575 0.462 0,619 0.920 1. 26 1.30
630 0.337 0.455 0.536 0.379 1.22 1.22

Total volume of solution in each case « 26 C.c

*Sf*8
Curve 1.

labia ?fo.lo

Absorption spectra of 2xlO~*M methylene blue in presenoa

of different amounts of ii- kaolinite at pH 4.0.

Wave
length

1
0.04*

2

0.06*
3

0,08*
4

0.10*
6

0.12*
6

0.15*

660
665
670
575
580

0.175
0,177
0.130
O.ldS
0.130

C.292
0.296
0.301
0.306
0.301

0,376
C.381
0.337
0.397
0.392

0.488
0.494
0.601
0*503
0.601

0.628
0.837
0.662
0.676
0.571

0.537
0.552
0.686
0.693
0*635

Totd volume of solution in each ease» 25 c.c.

Fig,5.
Curve 2.

Percentage of clay added in each case is given
at the top of each tade.
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Table ripdl

Absorption spectra of lxlO*5M crystd violet In preaence

of different amounts of H-bentonite at pH 4.0.

4.BAA*LBA.:LA8

Wave 12 3 4 5 6 7
length 0.016* 0.020* 0.024* 0*028* 0.032* 0.036,1 0.038*
in mu.

640 0.431 0,537 0.638 0.721 0,769 0*353 0*958
645 0,603 0*660 0*667 0*744 0*309 0*886 1.000
680 0*522 0.568 0.638 0.769 0.323 0.920 1.040
665 0.530 0*636 0.699 0.732 0.333 0.939 1.040
665 0.481 0.652 0.638 0,721 0,740 0,869 1,000

Total volume of solution in each case * 25 c,c.

Fig.6.
Curve 1*

J&*JftftJ*aVia

Absorption spectra of 5x10**M crystal violet in presence

of varying amounts of H-bentonite at pH 4.0*

ABSORBANCE

Wave 12 3 4 6 6 7
length 0*012* 0*014* 0*015* 0*016* 0*016* 0.019*0*02^
in mu,

635 0*337 0,463 0.503 0.552 0.619 0.677 0.699
645 0.366 0.601 0.576 0.610 0,667 0,721 0,744
650 0.387 0.630 0.602 0.628 0.683 0.732 0.769
668 0.397 %537 0.610 C.638 0.699 0.744 0.769
660 0.371 0.501 0.563 0.636 0*647 0.699 0.7a

Totd volume taken in each case » 26 c.c.

Fig.6.
Curve 2,

Percentage of clay added in each case is given
at the top of each table*



60

l8ts\8 M*m

Absorption spectra of SxlO^M crystal violet in presence

of varying amounts of h-lilite at pH 4*0,

4u%A°.AB-.UIA E

1 2 3 4 6 6
• sve

length 0,02* 0*032* 0*044* 0*056/, 0*068* 0.072*
In mu*

640 0,397 0*494 0.522 0.667 0.744 0,769
545 0,403 0,501 0,537 0,667 0,769 0,795
550 0.417 0.503 0.545 0.633 0.732 0.796
655 0.403 0.501 0.537 0.677 0.769 0.732
660 0.396 0.491 0.522 0.657 0.744 0.769

Totd volume of solution in each case «26 c.c.

Flg.7.

Absorption spectra of 2*6xl0**M crystal violet in

presence of different amounts of H-lliite at pH 4*0*

IJJJJJJJJJ

ww 1 2 3 4 5 6
length 0.010* 0.012* 0,024* 0.028* 0.036* 0.037*
in mu.

540 0.197 0.228 0.267 0.397 0.494 0.622
545 0.200 0.232 0.271 0.403 0.608 0.630
550 0.204 0.236 0.280 0.420 0.522 0.530

555 0,200 0*228 0.276 0.403 0,515 0.522

560 0.193 0*221 0.267 0.397 0.503 0.603

Total volume of solution in each case • 26 c*c*

Percentage of cla|*added in each case is given
at the top of each table.
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XlttBJfc*"

Absorption spectra of lxlO"5^ rhodamine 63 in presence

of varying amounts of H-bentonlte at pH 4.00*

Wave 18 3 4 8 6 7
length 0,012* 0,016* 0,02* 0,024* 0.032* 0.04* 0.042*
in mu.

515 0.552 0.623 0.699 0.732 0.939 1.03 1.15
520 0.602 0.699 0.744 0.823 1*000 1*12 1*13
526 0*657 0*744 0.796 0.336 1.040 1.15 1*22
530 0.677 0.769 0.323 0.903 1.070 1.22 1.26

0.663 0.744 0.809 0*886 1*040 1*20 1*26

Total volume of solution taken in each case »26 c*c*

Flg*9*
Curve 1.

J*o,*16,

Absorption spectra of 5xlO**M rhodamine 62 in presence

of varying amounts of H-bentodte at pH 4*0.

^L BAO.AB.AJIA8

12 3 4 5 6
v*ave
length 0.003* 0.012* 0.014* 0.016:1 0.018* 0.02*
in mu.

515 0.449 0.545 0.694 0.809 0.853 0.336
520 0.475 0.663 0.721 0.323 0.889 0.903
525 0.494 0.635 0.732 0.353 0.336 0.920
530 0.603 0.602 0.744 0.353 0.392 0.939
535 0.505 0.593 0.744 0.342 0.836 0.928

Totd volume of solution in each case » 25 c.c.

Fig*9*
Curve 2*

Percentage of clay added in each case Is given
at the top of each table.
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Tade No.17*

Absorption spectra of IxlO^M rhodamine 6G in presence

of different atnounts of H-iliite at pH 4*0.

tAMJllAAA1

X £3466

length 0,006* 0.084* 0.072* 0.03* 0.12* 0*16*
in mu*

525 0.431 0.630 0.593 0*66? 0.920 1.04
Ho 0 637 0 668 0.638 0.099 0.908 1.07
§36 0 502 0.619 0.677 0.744 0.978 1.09

0.063 0.633 0.699 0*757 1*000 1.12
640 0:l22 0.619 0.677 0.744 0.953 1.09

Totd volume taken in each case • 26 c.c.

fig.10.

Tlttl II **
Absorption spectra of 5xl0"*M rhodamine 63 in presence of

different amounts of H-illite at pH 4*0.

*4AlA1AA,lAi

18 8 4 0 6
length 0*024* 0.032* 0.036* 0.060* 0.068* 0.074*
in mu.

526 0.361 0.420 0.481 0.657 0.757 0.769
630 0.376 0.426 0.433 0.667 0.769 0.782
630 0.337 0.443 0,503 0.677 0.774 0.796
040 0l396 0.449 0.611 0.633 0.782 0.«
645 0.337 0.443 0.301 0.667 0.769 0.795

Total volusre taken in each case • 25 c.c.

Fig.ll.

Percentage of clay added in each case is given
at the top of each table.



Absorption apeotra of 5xlO**M rhodamine 6a In presence

of varying amount of H-kaollnlte at ai 4.0.

tAilAMAMJ1

1 8 3 4
Wave
length 0.14- 0.10* 0.20* 0.24*
In mu.

526 0*392 0.462 0*513 0*693

530 0.403 0*463 0*522 0*602

030 0*420 0*481 0.526 0*610

040 0.431 0.433 0*530 0*619

546 0*414 0*463 0*520 0*593

lotal volume taken In each case « 25 c.c.

Flg*12*

Percentage of clay added in each case is given
at the top of each table.
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5

0.26*

6

0*28*

7

0*30*

0*647 0.732 0.744

0.657 v. rT»a 0,748

0.661 0.757 0.757

0.667 0.767 0,769

0.638 0*744 0.744
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From the experimental results summarised in Tables

(1-19) it can be seen that by the addition of even a very

small amount of clay to the dye a marked shift In maxima is

observed. Tha shifts observed for the different cases arei

Dye Absorption maxima Absorption maxima Clay
without clay. vith clay.
mu. mu.

Methylene
blue. 606 670 Bentonlte

11 11 580 Illite

11 * i
575 Kaolinite

Crystal
violet. 530 665 Bentodte

•» 11
556 Illite

Rhodamine 60. 520 630 Bentonlte

11 11 540 Illite

«t t«
640 Kaolinite

Tha above observations provide sufficient proof of

the fact that clay dye interaction takes place and this

shodd be possible through hydrogen bonding with tha -810H

and -A10H groups existing at the clay surface. The possibi

lity of shifts In maxima due to structurd changes are

completely rded out since no possibility of dye-dye interac

tion exists in the concentration range studied. The pH of the

clay suspension dso does not bring about any change In maxima.
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The cation exchange capacity values calcdated

from the data of the amount of dye bound (Tades 20-38 )

give vdues which are very cloae to C.E.C. values obtained

by ammonium acetate method.

C.E.C* values obtained from

Clays Methylene Crystal Rhodamine Ammonium
blue in violet 60 in aoetate in
m.e./lOG ga,in m.e./ aj.e./l00gm. m.e./lOO gm.

lOOgm.

Bentonlte 100.0 10C.0 83.0 99.0

Kaolinite 6.6 - 6.6 6,3

Illite 29.0 £7.0 25.0 26.0
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Binding of aethylene blue with H-bentonite at pH 3*0*

Dye concentration IxlO^'M.

66

Cone* of <r apparent
elay^mg, c %iq9 ?

8]

C

Cone.of
free dye
xlO'*K. ?

Conc.of
bound dye.

CXlO*8!!. )

4*0 0*6576
5*0 0.6676
6.0 0.7100
7.0 0.7696
8.0 0.7826
9.0 0.3239

10.0 0.9388

6 bound«0.9393 xlO9

0.520
0.600
0*423
0.313
0*290
0.203
0.000

c" free»Q

0.620
0.500
0.420
0.313
0.290
0.203
0.000

•3979 xlO»

0.480
0.000
0.677
0.637
0.710
0.797
1.000

Binding of methylene blue with H-bentonite at pH 9.0*

dy% concentration 1 xlO*9^

Conc.of t apparent « Cone,of Conc.of
claying.)

t xlO* > free dye* bound dye.

c xlo*sM ; (xlO**M )

3.0 0.4437 0.32 0.52 0.48
4.0 0.4609 0.49 0.49 0.61
5.0 0.4680 0*45 0.46 0.55
6.0 0*6229 0*31 0.31 0.69
7.0 0*5523 0*23 0.23 0.77
3.0 0*6930 0*12 0*12 0.88
9.0 0*6386 0*00 0*00 1.00

^ bound • O.6380X1O9 ^free» 0.2676 xlO*
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Binding of methylene blue with H-bentonite at pH 3.6.
Dye concentration 5 x 10**H,

Conc.of
clay4«g^

3*0
3.5
4.0

4.5
5.0
5,5

£ apparent

xlO8 ->

Cone*of Cone*of
free dye* bound dye*

C X10~*M ^ cdO**M 3

0.429
0*619
0*619
0*674
0.733
0.329

0.684 3.420 1.530

0.529 2.645 2.365

0.369 1.300 3.200

0.264 1.350 3.660

0.166 0.330 4.170
0.000 0.000 5*000

xi0s C~free»Q*244 xlO6

Jable ,Nfc*23*

Binding of methylene blue with H-bentonite at pH 9.0.
Dye concentration 6 xlO**M*

Conc.of fr apparent
olay&&? c xxo1 >

2.0
3.0
3.0
4.0
4.5
6,0

0.66
0.72
0.79
0.86
1.03
1.12

0.660
0.430
0.400
0*310
0*100
0*000

Conc.of
free dye.

C xlO-*M 3 CxlO"*M )

2*30
2*40
2.00
1.56
0.50
0.00

I mi I ••'•

Conc.of
bound dye.

2.20
2.60
3.00
3.45
4.50
6.00

bound m 1*18 xiu9 ^ free «C.297 xlO*
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Binding of methylene blue with H-llllte at pH 4.0.
Dye concentration 1x10**^

Conc.of
claying.)

(r apparent

xl0»jL

0.766
0.631
0.551
0.493
0.390
0.246
0.000

Cone*of Conc.of
free dya bound dye.

L X10"*M ) CdO*^ )

0.766
0.631
0.661
0.493
0.390
0.246
0.000

0.244
0.369
0*449
0.607
0*610
0*704
1*000

9»5 0.337
10.0 0.443
15.0 0.611
20.0 0.860
25.0 0,647
30.0 0.709
35.0 0.978

c~ bound stQ.873 xlO8 (-' free • 0*130 xlO*

Conc.of
cleyi»g>

•—

Tajdejio.26

Binding of ^ethylene due with H
Dye concentration ld0**M.

t apparent

Ci x!0s ;

1—

0.366
0.371
0.437
0*468
0,686
0,683
0*939

0*708
0.702
0.620
0.688
0,438
0.311
0.000

•Illite at pH 9,0.

Conc.of Conc.of
free dye. bound dy%m

c xlo**M; cxlo-9M )

0.708
0.702
0.620
0,582
0,488
0,311
0.000

0*292
0*293
0*380
0*413
0*662
0*689
1.000

9*0 /
9*6

10*6
15.0
20.0
20.0
30.0

(r bound « 0.939 x!0e &free -0.130 d0®
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Binding of methylene due with Tl-illite at pH 4.0.

Dye concentration 5xlO~*M»

60

Cone*of - apparent
clay*tmg,> c ^a

Cone*of
free dya.

*Mcxio )

Conc.of
bound dye.

C xlO**M 3

6*0 0.414 0*722 3.610 1*88
7.0 0.534 0.612 3.060 1*94
8.0 0*628 0.627 2*630 2*360
9.0 0*674 0*486 2*420 2.67

10.0 0*763 0*404 2*020 2*93
12.0 1*030 0.337 1*930 3*06
17.0 1. 204 0.000 0*000 5.00

r- bound m 1.204 xlO* ^trm «0.11 dO9

JLtAkf *?9»27

Binding of methylene blue with H-llllte at pH 9.0.

Dye concentration 5xlO"*M

Conc.of 6 apparent «c Conc.of Cone*of
daylBg*

C
""*

free dya.

C dO**K )

bound dye*

£dO**M* 3

5*5 0.394 0.704 3.520 1.480
6.0 0.464 0.632 3.160 1.840
7.0 0.553 0*533 2.665 2*330
3,0 0*636 0*452 2.260 2.740
9.0 0.702 0*383 1.910 3.030

10*0 0.936 0.139 0.690 4.300
L5.0 1.070 0*000 0.000 5.000

r bound » 1.07 dO9 e free « 0*11 xlO9
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Binding of methylene blue with H-kaolinite at pH 4.0.

Dye concentration 5xlO~aM.

70

Conc.of
clayimg.)

<r apparent

C xlO8)

* Conc.of
free dye,

C xlO"«M ;

Conc.of
bound dye.

C xlO"«M. )

15.0
25.0
35.0
45.0
65.0
70.0

* bound

0.692
0.924
1.230
1.840
2.520
2.600

= 2.6 xlO5

0.775 3.87 1.13
0.684 3.42 1.58
0.556 2.78 2.22
0.310 1.55 3.45
0.033 0.16 4.83
0.000 0.00 5.00

efree = 0.15 xlO5

Binding of

Tabli

methylene b.

tration 2x10

3 No. 29

lue with
-*».

H-kaolinite at pH 9.0.

Dye concen °M.

Conc.of
clay^mg.;

£~ apparent
xlO5

oC Conc.of
free dye.

CxlO"6M >

Conc.of
bound dye.

( xlO"fiM. ;

10.0
15.0
20.0
25.0
30.0
35.0

0.915 0.744
1.520 0.524
1.930 0.357
2.540 0.152
2.880 0.029
2,960 0.000

and = 2,96 xlO5 ^

1.480
1.040
0.714
0.300
0.058
0.000

free 0.215 x:

0.51
0.95
1.28
1.70
1.94
2.00

r boi LO5
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Binding of crystd violet with H-bentodte at pH 4.0.
Dye concentration ldO"1^.

232* 'Tnrnt " &?&• K&Vclay<«g* C3tl0s, ^^^ ^.^

4.0 0.530 0.603 0.603 0.497
6.0 0.036 0.453 0.453 0.547
to 0.699 0.339 0.339 0.661
7.0 0*782 0.207 0.257 0.743
3*5 olaSa 0.202 0.202 0.795
o!o 0.939 0.104 0.104 0.396
9.0 1.046 0.000 0.000 1.000

* bound « 1.046 dO9 ^free • 0.022 dO9

XfHe Ho. 31

Binding of crystal violet with H-bentonlte at pH 4.0.

Dye concentration 5xlO**M*

71

Conc.of * apparent « $2?*5' teSSi Le
clay<;*go , xl0a , ***G •*•« ^^ dye*

<• Xi J C dO*«M P CxlO"*M 1

3.0 0.780 0.436 2*42 2.88
3.5 1.070 0.303 1.41 3.49
3.8 1.220 0.204 1.02 3.98
4.0 1.270 0.171 0.35 4.14
4.0 1.398 0.037 0.43 4.06
4.8 1.480 0.033 0.16 4.34
Ci 1.53 0.000 0.00 5.0

Abound « 1.03 dO9 C'free « 0.017 dO9



Binding of crystal violet with H-lliite at pH 4.0.
Dya concentration 6xlO"*M.

7 n

Conc.of
clay*jBg*

6 apparent

C xlO9 ~)

Conc.of Conc.of
free dye. bound dye,

CiiO"«H) CXlO**M)

0.835
1.017
1.090
1,376
1,565
1,591

0.738
0.661
0.489
0.219
0.026
0.000

3.690
2.800
.440

1.095
0.130
0.000

1.310
2*200
2.560
3.906
4,370
5.000

5.0
3.0

11.0
14.0
17.0
13.0

<c bound • 1.691 xlO9 e froe « 0.563 xlO9

Tjiblo 30.33

Binding of crystal violet with H
Dye concentration 2.5 x!0**M*

-Ullte at pH 4*0.

Conc.of e apparent
claytag, c %lQ* ;

2*5
3.0
6.0
7.0
9.0
9.2

0.316
0.946
1.130
1.630
2.091
2.120

0.7520
0.6770
0.5630
0.2530
0.0167
0.0000

Conc.of
free dye.

( dO'*M)

1*380
1*690
1.420
0.632
0.041
0.000

Conc.of
bound dye.

Cx!0**M )

0.620
0.807
1.030
1.367
2.450
2.500

£ bound « 2.120 dO9 C' free • 0.388x10'



Iaj&eJo.34

Binding of rhodamine 60 with H-bentonite at pH 4.0.
Dye concentration 1x10~9M«

73

Conc.of
claying*)

6 apparent

C xlO9;

Conc.of Conc.of
free dye. bound dye,

xlO*9M; CxiO^j

3*0
4*0
5.0
6.0
8*0

10.0
10.4

0.677
0.769
0. 323
0.903
1.071
1.220
1.260

0.703
0.695
0.516
0.430
0.220
0.088
0.015

0.703
0.595
0.516
0.430
0.220
0.088
0.015

0.297
0.405
0.484
0.670
0.730
0.986
1.000

(~ bound • 1.260d09 6free « 0.4318 xlO9

Ta.de 3o. 36.

Binding of rhodamine 60 with H-bentonite at pH 4.0.
Dye concentration 8dO**M.

Conc.of
claytJsg.)

2.0
3.0
3.5
4.0
4.5
6.0

6 apparent

C xlO9;

1.016
1.204
1.480
1.707
1.7d6
1.878

0.610
0.384
0.278
0.120
0.065
0.000

Abound « 1.873 dO9

Conc.of Conc.of
free dye. bound dye.

C x!0'*M y CxlO**M )

3.050
1.920
1.370
0.600
0.325
0.000

1.96
5.03
3.62
4.40
4.67
5.00

free « 0.464 x!0!



Binding of rhodamine 6a with H-llllte at pH 4.0.

Dya concentration lxlO"9^

74

Conc.of e apparent •c Conc.of Conc.of
clay.Hag*)

xio9;
free dye. bound dye.

L C dO'fy ) CxlO"9M J

14,0 0*068 0.693 0.698 0.302
16,0 0.633 0.611 0.6U 0.389
18.0 0.699 0.534 0.534 0.486
20*0 0.757 0.463 0.463 0.537
30.0 1.000 0.157 0.157 0*843
40.0 1.120 0.000 0.000 1,000

e bound a 1*12 xlO9 £ free • 0.3273 dO5

TiMi »*"

Binding of rhodamine 60 with H-llllte at pH 4*0*

Dye concentration 5x10""*M.

Conc.of

claytmg*)

6.0
8.0
9.0

15.0
17.0
18.5

(r apparent

xlO9 )C

0.739
0.899
1*082
1*370
1.560
1.618

0.663
0.674
0.478
0.194
0.044
0.000

Conc.of Conc.of
free dye. bound dye,

C x!0**M ) c xlO*9M.j

3.310
2*370
2*390
0*970
0*223
0.000

1.680
2*130
2.610
4.030
4.777
5.000

6 bound a 1.619 xlO9 efree a 0.367 xlO9



75

jfade 19*38

Binding of rhodamine 60 with H-kaolinite at pH 4.0.
Dye concentration 5 xlO**M.

Concof Apparent « g^*^ Conc.of^
ciay^-g.) c%lo*) Crto^) Cdo-*M*;

36*0

40.0

00.0

60*0

65*0

70.0

75.0

0*363 0.629 2aVT»U 2.350

0*976 0,440 2.200 2.800

1*060 0,375 1.876 3.120

1*239 0,234 1.170 3.830

1.336 0,159 0.798 4.206

1.514 0*028 0.140 4*860

1.539 0*000 0.000 5.000

i bound « 1.539 dO9 &free • 0.026 dO9



76

auahar of baffloalta units boiind per dye mo;e*

Analyticd data give the following composition of

bentonlte*

810a .... 60.96$

AlsOs •••• 13.27$

FeiOs .... 2.83$

FaO .... 0.14$

MgO .... 2.96$

CaO .... 0.10$

NasO .... 1.44$

KaO .... 0.31$

H80 .... 12.00$

TlOa •••• 0.03$

The generd formda for the members of montmorlllonlte

group ist

(Sia-y Aly )(Ala.y Fe*b Fe*c Mgd Cr*# lte»g Mn»rU^0,o

.(0H,F)a

Xx( Exchangeable cations)

By making the following assumptions the formda of the
clay can be calculated from its chemical composition.
1. There are twenty oxygen atoms and four -OH groups per

unit cell*

2. All the silica present is assigned to tetrahedral
sheet. The remainder of the tetrahedrd positions are
filled exclusively by d. Any other Al la assigned to
octahedral sheet.
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The analyticd values for the percentage of the

oxides of the lattice elements and the exohan leable ions

must be reduced to atomic proportions. The percentage of

the oxide of lattice elements is divided by the molecdar

weight of the oxides and multiplied by the number of

atoms of the positive dement In the oxide. The percentage

of oxidea of the exchangeable ions are divided by the

equivalent weight of the oxidea. The atomic proportiona

thus obtained are represented by the same letters as those

given in the general forada but the lettera are capitdised.

-theee proportions must be mdtiplied by a factor K to

obtdn actual amounts in the formda. K x D a d. The atodc

proportions of silica are represented by Z,therefore

K x 2 a 4 -y. since the total number of negative charges

shodd be equal to the total number of positive charges.

K(4Z+3Y+3A-3Y*3B*2C+2D*3E+3F+23fH+X ) a 22.

From these equations K and Y can be calcdated and

the formda for this clay is obtained as,

(S13.91 Alo.09 > <^1.32 Fe0.13 M«0*29 > de (OH) a

(NaO*20 Ca0.02 Ko.OS >
The formula for H-bentonite wodd be,

(si3.91 ^0.09 > < All.32 Fe0.13 M*0,29 > •** <0I« •

<«0.26 >
with a weight a 356*46. Considering this to be the weight
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of bentonlte unit,the number of such day units bound

par aole of dye has bean calculated in the following

table,

Dye Concentration Concentration Huraber of clay
of bound dye of clay In units bound to

( x 10*^ ) *•• l mole of dye#
Methylene 1.000 0*010 U0
blue* 0*577 0.006 112

0.500 0*006 111

Crystd 1.000 0*0095 106
violet* 0.661 0.006 102

0.647 0.006 100

Rhodamine 1*000 0.0104 116
60* 0.070 0.006 1U

0.434 0.005 113

from these observations the following conclusions

may be drawnt

1. A fraction of the day unit offers site for reaction

dth the dye.

2, Since Klots'a equation which Is applicable to

aacroaoleodar solutions has been applied,it can be

said thfct 100 to 110 clay units fora the colioidd

micelle which wodd Interact with 1 mole of the dye.
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-x CHAPTER III.

Polarographio reduction of methylene blue In presence

of elay alnerda*
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Of the various electroaetric techniques employed

In investigating physico-chemical jhenoaenon,the polaro-

graphic method occupies a unique position as far as its

universal appllcabUity In different branches of chemistry

is concerned* It has not ody helped in solving problems

relating to Inorganic cations but Is also being success

fully used In reactions involving organic compounds and

products of biological importance.

Most of the polarographio studios,which have been

taken up,concern dth the reduction or oxidation of

substances at the dropping mercury electrode In the form

of true solutions1**. Very few references are available

on the polarographio behaviour of colloidal solutions.

Mica* while working with suspensions of active

charcod hae shown that the solid materids may dso be

determined by polarographlc technique. He has further

shown that various insoluble substances*"*,in the form

of auspenslon,undergo direct reduction at dropping aercu-

ry dectrode. He has further observed that in a suspension

of heavy metal oxides*,which is kept stirred by means of

a stream of nitrogen bubbled through a polarographio cell,

a relativdy great reduction current flows through the

ceil,while in a quiet suspension no current is observed.

H 1-A.V.,-.-.
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It dll not be out of piece to mention that the function

*~ of stirring is not only to keep the particles suspended

and to renew the surfaces near the dropping mercury

olectrode,but dso to eliminate the diffusion current as

far as possible.

In a more recent work Mica' has shown that the

> current flowing during the production of the maxima,

corresponds to the electrochemical reduction of particles

in suspension* In case of carbon black the current is

either anodic or cathodlc,dependlng upon the chedcal

treatment of the materld,

Zagorski* has dso carried out work with solid

suspensions,connecting the dissolution rate of the suspens-

> Ion dth its surface area,

Kalvoda* has reported certain Interesting observa

tions,regarding the polarographio redaction of suspensions,

(a) colour of the substance has a certain significance,
i

(b) larger the radius of the cation the better the reduci-

blllty of the insoluble substance,(c) size of the Insolu

ble particlcss also plays an important pert*

Besides this attests have also been made to apply

polarographio technique to problems of minerdogy

though not with great success. Purl and Hoon10 in a bid
to determine cation exchange capacity took some current
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voltage curves of soil suspensions saturated with various

oations and compared these polarograms with those obtained

from the chlorides of the respective cations,drawing tha

close andogy between the two,but did not elaborate

their findings.

Mdik and Jupta11 did polarography of clay

suspensions without the addition of any supporting

electrolyte with a view to distinguish various clay

alnerda* They observed a well defined wave with

El/2 * * *"•* volt and fav klftks or KJ&xlma ** ail ciay
suspensions except bentonlte* These data were used in

distinction of day minerals.

Certain dyes like methylene due,are known to give

wall defined waves in buffered media. The polarographio

reduction of dyea has been utilised to study their aggrega-

tion as well as for the estimation of aurfactant concentre*

tion18. The effect of day mlnerds or other suspensions

on the polarographio reduction of dyes has however not

been investigated so far. Investigations were therefore

planned In this direction in order to know whether It

will be possible to differentiate between various clay

minerals with the help of polarographio technique. The

results of these atudles are Incorporated In this chapter.
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Reagents.

Bentonlte,kaolinite and illite used In these

investigations were obtained froa Ward*s latural Science

Eatadlshment iew York.

Methylene due uaed In theae studies was obtained

froa B.D.H.

Stock suspension of these mlnerds were prepared

and converted Into H-clay by the procedure mentioned in

Chapter I*

Artaratua.

Heyrovsky polarograph (Model LP 68A ) was operated

manually In conjunction with Pya Scalaap Galvanometer

(Model 7903/5 )• Irlple distilled mercury was used for

the dropping mercury electrode. pH adjustments were made

with a Caabrldge Bench Type pH meter.

Procedure.

The following dye-clay mlxturea were prepared!

1* Requisite amount of dye (effective concentration

1 x 10"**M and 8 x 10**1! ) was taken in tubes dong with

different amounts of H-bentonlte suspension. The voluae

waa aade up to 20 c.c. and the pH vaa maintained at 2.9,

4*9 and 9*2*

2* 8 x 10-9M dye solution was mixed with different

amounts of kaolinite and illite suspension and the pH
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was maintained at 2.9. The mixtures were kept for few

hours till equilibrium was attained.

Before taking the polarograas the mixtures were

deaerated by pasalng pure hydrogen for about 20 to 30

minutes In the polarographio cell. The aensitivity of

the instrument was kept lt7 throughout. All measurements

were carried out at 25° + 0.1°C in water thermostat.

Figs.( 1 to 5) show the polarograms of methylene

blue ( at different concentrations) in presence of vary

ing ataounts of bentonlte at different pH.

Flgs.( 6 and 7 ) show the polarograms of methylene

blue (concentration 3 x 10-9M ) in presence of different

amounts of kaolinite and illite.



METHYLENE BLUE

IXl6"3M pH 2-9
CONCENTRATION

Tr~—V

POTENTIAL I PIV = OI VOLT

EACH CURVE STARTS AT f O-l VOLT

VALUE IN PARENTHESIS REPRESENTS

THE AMOUNT OF BENTONITE IN GM.

FIG.I.

METHYLENE

I Xio3m
BLUE CONCENTRATION

pH 4-9

POTENTIAL I DIV OI VOLT

EACH CURVE STARTS ATtO-l VOLT

VALUE IN PARENTHESIS REPRESENTS

THE AMOUNT OF BENTONITE IN GM.

FIG.2.



to

Ul
or
UJ
a

2
<

O
DC
o

'2
X

oo

X

z
UI
cc
a.

o

METHYLENE BLUE CONCENTRATION

I X l63M PH 9 2
—i 1 r r

POTENTIAL 1 DIV - OI VOLT

EACH CURVE STARTS AT-OI VOLT
VALUE IN PARENTHESIS REPRESENTS THE

AMOUNT OF BENTONITE IN CM,

FIG 3

METHYLENE BLUE CONCENTRATION

PH 2-9

POTENTIAL I DIV - OI VOLT

EACH CURVE STARTS AT + OI VOLT
VALUE IN PARENTHESIS PEPRSENTS

THE AMOUNT OF BENTONITE IN m%-

FIG4



*

METHYLENE _ BLUE
8 X IO M

POTENTIAL

CONCENTRATION

PH 9-2

VOLT

EACH CURVE STARTS AT -OI VOLT

VALUE IN PARENTHESIS REPRESENTS

AMOUNT OF BENTONITE IN MG

FIG 5

V

METHYLENE BLUE

8 XIOSM
CONCENTRATION

pH 2-9

OI VOLT

EACH CURVE STARTS AT-I-OI VOLT

VALUE IN PARENTHESIS REPRESENTS

THE AMOUNT OF KAOLINITE IN MG

FIG6



0-
z
UJ
or
or

METHYLENE BLUE CONCENTRATION

8X IO~5M PH 2-9

\sJLr>*b"U^ U^' "^ "^
POTENTIAL » DIV.-OM VOLT

EACH CURVE STARTS AT + O-I VOLT
VALUE IN PARENTHESIS REPRESENTS
THE AMOUNT OF ILLITE IN MG.

FIG 7

Ul

or
UJ
a

2
<
O
or
o '

2
CM

i g
X

03

X

h-
Z
UJ
or
or

¥

METHYLENE BLUE CONCENTRATION

8 X IO 5M pH 2-9
6 i 1 1 r 1 r

f°-°Jo[2oJ
UoJ

A°2S f607

J^L-^w
POTENTIAL I DIV-=OI VOLT

EACH CURVE STARTS AT + OIVOLT
VALUE IN PARENTHESIS REPRESENTS
PERCENTAGE OF MINERAL IN BENTONITE

FIG 8



I

•oO
f

I

C
M

O
O

>
-»

T
5

of
i
t
!

i
I

o

5
Si

3
§

g
g

J
j

j
J

•
*

O
O

O
O

O
O

8
5

5
8

8
8

o
o

o
©*

o
o

3o

oo
r*

o
P

*
*

,-f
-?

-?
•

o
o

o
o

o

I
8

9
U

H

S
a

Q
n

a
ft

04
r-t

H
0

3
M

So

oO*
<&

$
15

8
6

o*
o*

o*

s

at

%o



t u

Table :fe.2

Binding of methylene blue with bentonlte at pH 4.9.

Dye concentration 1 x 10~*M*

^o146 x 3 x lO'* microamperes.

Amount of clay
added."ga^

<1d>
(xaxiQ** )
microamperes.

<*d>o * (1d>
(x8xl0*a )
microamperes.

(1d>o

Concentration Concentration
of free dye of bound dye

( x!0**M ) ( xl0"*M )

0*046 44 2 0.96 0.98 0*08

0.06 42 4 0.91 0.91 0.09

0.066 39 7 0.84 0.84 0.16

0.18 24 22 0*62 0.62 0.43

0.30 12 34 0.26 0.26 0.74

0.36 9 37 0.19 0*19 0.31

Fig.11.

on

C?2
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l>blo Ho.3

Binding of methylene blue with bentonite at pH 9.2.

Dye concentration 1 x 10**M*

(1(|)0 • 42 x 8 x 10** microamperes.

Amount of
clay added,
(ga.)

(ld>
(x8xl0~*
microampi

)

cres.

(1d>o • (id>
( x 8 x 10"* )
microamperes.

(id>o

Concentration
of free dye.

( x 10~*M )

Concentration
of bound dye.

( x 10"* M )

0.08 30 12 0.71 0.71 0.29

0.10 28 14 0.66 0.66 0*34

0.13 20 22 0.47 0.47 0.53

0.20 19 23 0.45 0*46 0.66

0.22 16 26 C.33 0.38 0.62

0.24 14 28 0.33 0.33 0*33

Fig.12.
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Binding of methylene blue with bentonlte at pH 2*9*

Dye concentration 8 x 10~*M*

(I^q « 33 x 8 x 10"* microamperes.

Amount of
clay added.

Cng.)

(id>
(x3xl0** )
microamperes

(Vo-
( x 3 x

• aicroaax
10"*
ieres.(} <*d>o

Concentration
of free dye

( x!0"*M )

Concentration
of bound dye.

( xlO^M )

m.e.of dye
bound per
100 ga*clay*

12 23,0 5.0 0*86 6.80 1.20 101

16 26.0 7.0 0.78 6*24 1.76 100

40 16.0 17.0 0.43 o*34 4.16 102

45 14*0 19*0 0.42 3*36 4.64 103

50 12.0 21.0 0.36 2.38 5.12 102

55 10.0 23.0 0.30 2.40 5.60 101

Fig. 13.

GO
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Table Ho. 5

Binding of methylene blue with bentonlte at pH 9.2.
Dye concentration 8 x 10*8M*
(UA » 32x 3x 10** microamperes.

u O

mmv**~ »•»*•*)

Aaaaat of clsy (ij (ij - (iJ (1.) Concentration Concentration sue.of dye
added^mgi ~_ «*a \ at free dye of bound dye bound per

microamperes. micrompmB, <id>0 i xlO «K > kxw ~n ,

10 27.0 6.0 0.84 6.72 1*28 123

20 21*0 11.0 0.65 5.20 2.30 140

26 1£.0 13.0 0*59 4.72 3.28 135

30 17.0 15.0 0.53 4.24 3.76 126

35 15.0 17*0 0.46 3.68 4.32 123

40 12.0 20,0 0.37 2.96 5.04 126
I Ml I I • • Ci • •• - ""«"» "»•' ' ' I'll" I " '•' ' "" " — "

Fig*13*

oe>
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Table to.6

Binding of aethylene blue with kaolinite at pH 2.9,
Dye concentration 3 x 10*"^.
(1^ « 33 x 8 x 10"8 microamperes.

Amount of (i ) (t i . (A \ (i \ Concentration Concentration aue.of dye
clay added. <r o a „,., g of free dye. of bound dye. bound per

microamperes, kcroamperes. ^o ( xlO *M ) ( xlO «M ) clay-
, I, 1 — | -- — __________ i .i Hi •! ii » ~*~~~i—n ' • •

12 32.6 0.4 0.990 7.92 0.07 5.8

16 32.4 0.6 0.985 7*88 0*11 6.8

20 32.2 0.8 0.932 7.86 0.13 7.0

25 32.0 1.0 0.930 7.83 0.165 6.6

40 31.6 1.4 0.965 7.72 0.28 6.3

50 31.6 1.6 0.958 7.67 0.33 6.3

Fig.14.

CO
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Xgble 3o.7

Binding of methylene blue with illite at pH 2.9.
Dye concentration 8 x 10**^
(1J « 33 x 8 x 10"* microamperes.

Amount of
clay sdded.

.ag.;

"d>
(xSxlO** )
microamperes.

<Vo - (id>
(xSxlO"* )
microamperes

Concentration Concentration
of free dye. of bound dye.

( xlO"*M ) ( xlO"^ )

m.e.of dye
bound per
100 gm.of
clay.

12 31.6 1.4 0.957 7.66 0.330 27.0

16 31*2 1.3 0.944 7.55 0.44 28.0

20 30.5 2.5 0.927 7.42 0.53
•

29.0

25 29.5 3.5 0.90 7.27 0.72 28.0

30 29.0 4.0 0.39 7*13 0.87 29.0

40 28.0 5.0 0.86 6.38 1*12 23.0

fig.15.

CO



Talflo IJO.3

Variation of id of methylene blue(8xlO*9M ) at pH 2.9 by
adding bentonlte of varying mineral percentage.

( 1. ). « 33 x 3 x 10"* microamperes*
a o

Q 0

Percentage Clay mine- C»E.C.of the (1^) **Vo*^*d?
of silica, ral paroen-aaxple In (3.3x10"* ) ( ,8x10"* )

tage. 3s.e.per 100 go.^--^.
of clay. spares. •»**«••**»•

0,0 100.0 99*0

20*0 30.0 78.12

40*0 60.0 69.60

60.0 50.0 48*20
60.0 40*0 39*60

80.0 20,0 13.40

12.0 21.0
16.0 17.0
21.0 12.0
23.0 10.0
26.0 7.0
30.0 3.0

Fig*16.

Table No.9

Varittion of (1^) of methylene blue (8x10"^ ) at pH 2.9 by
adding kaolinite of varying mineral percentage.

(id) » 33 x 8x 10** microamperes.

Percentage Clay mine- C.S*C.of the (1^ ^Ve"*1-*
of silica rel percen* sample In (x8x!0*a )( x8xl0*a )

tage. ??#tp9r **' »loro" mlcroaaperea.
cxay. aaperes*

0,0
20.0
40.0
60.0
60.0
80.0

00.0 6.3
33.0 5.2
60.0 3.30
50.0 3.12
40.0 2.80
20.0 1.26

Fig.17

31.5 1.5
31.3 1.2
32.2 0*8
32.5 0*6
32.7 0*3
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Variation of (i^ of methylene blue ( 8x10*^ ) at FH 2.9
by adding illite of varying mineral percentage,
(i) »33x3x 10** microamperes.

Percentage Clay mine- C.:..Cof the (ia> (id>0 * <V
of silica, ral percen- same in m*e. (xSxlO*2) (x8x!0"a )

Uf#* olSJ. »l«o. lBlcroam^r08
amperes.

0*0 100*0 26.00 28.0 5.0

20.0 80*0 21.00 29.0 4.0

40*0 60.0 15.40 30.0 3.0

60*0 60.0 13.70 30.5 2.5

60*0 40.0 11.10 31.0 2.0

80*0 20,0 5.20 32.0 1.0

Fig. 17.
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RESETS AID DISCUSSIQH

Clark1* observed a well defined wave of methylene

blue and found that Che half wave potential of the normal

wave corresponds closely,but not exactlyjto the oxidation

potential of the thennodynaaically reversible methylene

blue system and that it changes with pH. In a study of the

reduction of organic compounds in acid medium Brdlcka*4

reported the existence of a prewave Just before the normal

reduction wave. Ihe compounds studied included substances

like riboflavin,methylene blue etc.*

In these studies the reduction of methylene blue

at the dropping mercury electrode was observed at pH 2*9,

4*9 and 9,2. Ine half wr.ve potential of this dye was found

to be -0.02 volts at pH 2.9,-0.28 volts at pH 4.9 and

•0.32 volts at pi 9.2. A prewave with \/0 ••0.01 volts was

realised with solution of pH 4*9* The normal reduction

wave disappeared below the concentration 6 x 10*^ and

therefore a concentration higher than this was chosen for

subsequent studies*

Froa the polarograms of methylene blue (Figa*l to 5 )

in presence of varying amounts of bentonlte at different

pH it can be seen that the diffusion current of the dye

solute is considerably reduced* The Ew?,however,does not

change. A similar decrease in diffusion current of the dye,
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(without any change in mjjm > although to a lesser extent

is also observed in the cases of kaolinite and illite.

The results in the case of these two class are shown in

Figs.6 and 7,

The effect of clay mlnerola on ttie diffusion

current of methylene blue is moat pronounced in the case

of bentonlte(Table &>.4 ). The diffusion current reduces

from 33 x 8 x 10*8 microamperes to 16 x 8 x 10*2 micro

amperes in presence of 40 rag.of clay. The corresponding

decrease in the case of illite and kaolinite for the same

amount cf clay vtlnoral is very such less,being 23*8x8x10**

microamperes and 31*6 x 8 x 10** aleroaaperes respectively.

The order for tne decrease in diffusion current in the

presence of the three cley Rdnerals is bentonlte > Illite >

kaolinite.

X linear relationship is found to exist in between

the dedreate in wave height (i(J)0 - (i^) end the amount

of mineral present (Figs.ll to 16 )• tt should thus be

possible to estimate the clay fraction present la a soil

sample by the polarographio method*

The data on the amount of dye bound to the three

clay minerals at different pi are given in tables < 1 to 7).

The amount of dye bound to bentonlte is abnormally high
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with concentrated solution 1 x 10"*M* This can be

explained on the baais of aggregation of dye at such

higher concentration and multiple adsorption. At the

lower concentration i.e.,8 x 10*®H the binding

( Table 4 to 7 ) is small and is of the same order as

required for exchange adsorption (Chapter I.).

Polarograms at pH 4.9 (Fig.ll Table 2 ) show that

low amounts of bentonlte added have no effect on prewave

but decrease the ld of the normal reduction wave* Higher

amounts of this mineral,however,shift the half wave

potential of prewave towarda more positive side along with

the decrease in the height of the normal reduction wave.

It is further observed that the asiount of bound

dye increases with increase in pH. This can again be

explained by assuming that the edges acquire a negative

charge at higher pH (through broken 81*0 and Al-0 bonds)

with the result that more of the cationic dye is adsorbed.

Similar data were obtained on the basis of adsorption

studies described in Chapter I*

Variation of ld with the percentage of the r^ineral content.

Powdered silica passing through a 100 aeah sieve

was mixed in different amounts with bentonlte,kaolinite,

and illite in order to Increase the amount of non clay

aaterial and prepare sables of varying cation exchange

capacity. Polarograms of methylene blue of concentration
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8 x lO*8!* were then taken at pH 2*9 in presence of

samples of bentonlte,kaolinite and illite having
different mineral composition. The polarograme are

shown in Figs.( 8 to 10 ) and the i4 values are given

in Tables ( 8 to 10 ). A linear relationship is found

to exist between the mineral percentage of these samples

(which is proportional to cation exchange oapacity ) and
the decrease in diffusion current i.e. ttd) 0~UJ <vide
figs.16 and 17 ). This goes to show that polarographio
reduction of methylene blue in presence of any clay or

soil sample can be a very quick method of determining

ita cation exchange capacity. It may,however,be emphasi

sed that the above relationship holds for one particular

clay sample and not between the cation exchange capaci
ties of different clays and their decreaae in the

diffusion current.
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qHAFT&E IV.

Interaction of proteins with clay minerals.
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For quite some time investigations1"8 are being

carried out to find the interrelationship between the

clay mineral of the soil and its nitrogenous component.

The possibility of the two existing in the form of a

complex compound is an attractive hypothesis although very

little has been said about the nature of such a complex.

The presence of various kinds of amino acids in

soil hydrolysates suggest the possibility of the exist

ence of proteins in the soil. Bremer4 has reported that

35 to 40 %of the total nitrogen in most of the soils is

in the form of proteins. It can therefore be assumed

that any search for finding the interrelationship between

the clay part of the soil and its nitrogenous component

should envisage an interaction of proteins with clays.

Thinking in this direction has revealed that protein-

clay complexes can exist in the soil since the conditions

necessary for the existence of such complexes are

supposed to be present in the soil system. Ensmlnger5*6

and Olesking have prepared bentonlte lysozyme complexes

and found that the adsorption of protein of low molecu

lar dimension takes place in interlamellar spaces of

the mineral also in addition to the amount bound at the

surface. Vaksman7 has separated the humus complex into
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two fractions,alpha humus and beta humus,and recognised

the second as a chemical compound between protein and

one of the clay constituents of tha soil* The adsorpt

ion of enayraes on clay surfaoe has also been studied

by Maclaren*, The problem of the stability of these

complexes as Influenced by microbial degradation has

also bean a subject of interest with the soil chemist*

The investigations described in this chapter are

concerned with a more fundamental approach to the

problem of clay-protein reaction than hitherto taken

up and deals with the following aspecta of the problem!

1* Extent of adsorption of fibrillar (transfusion

gelatin ) and globular ( egg albumin ) on bentonlte,

Illite and kaolinite Including the role of iso-electric

pH on adsorption*

2* Stability of clay-protein complexes with changing

pH and in presence of potassium chloride*

3* Turbidlasetric studies on clay-protein reaction

carried out in dilute solutions of clay as well as

protein*
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g X_P E_H_I_I_E_K_T_^_I.
mm mm mtm mm mm mm mm mm mm mm mm

toMKBmm*
Clay minerals bentonlte,kaolinite and illite

used as adsorbents were obtained from Wards Natural

Science Est.United States* Pure crystalline egg albumin

used in theae studies was a B.D.H* product. Transfusion

gelatin was obtained from National Chemical Laboratory

Poona*

Minerals were finely powdered,passed through a

100 mesh sieve,suspended in double distilled water and

converted Into hydrogen form* The concentration of the

stock suspension was determined by drying it in air at

120*C for few hours*

Solution or egg albumin was prepared by dissolv

ing it in double distilled water* The aolutlon was

centrifuged and its concentration detaffs&ned by drying

a known aliquot in an air oven at 105°0^ Transfusion

gelatin was originally supplied as a 6$ solution.

MmmmmJmmM \
Absorbance measurements were carried out with

Unlearn S.P.S00 spectrophotometer.Turbidity was measured

by Bosch and Lomb •Spectronic-20» at a wave length

3760 A*. pH measurements were made with a Cambridge

Bench Type pH meter*

Procedure for adsorption,aeamiffflta*

A number of tubes were set up having a clay
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concentration of 0.051 and varying amounts of proteins

(vide tables 2 to 7 ). The pH in these tubes was adjusted

by adding buffars. The total volume was made up to 20 ml.

in each case. The tubes were intermittently agitated in

an electrical shaker for about six hours and then left

over night to attain equilibrium. The suspension was then

allowed to sediment by centrifugation and the concentrat

ion of protein determined by noting the absorbance at

wave lengths of 2610 A° and 2810 A6 for transfusion

gelatin and egg albumin respectively*

^rbldlty meatHremen.^1*

Very dilute solutions of clay-protein mixtures

( vide tables 11 to 14 ) were prepared In buffer solut

ions and a time of about ten hours waa allowed for

equilibration of these mixtures. Turbidlmetrlc measure-

Bents of the suspensions were carried out at 3750 A°.

Tables 2 to 7 give the adsorption data of the

two proteins at iso-electric pH* Adsorption Isotherms

at various pH values are given in Figs*5 to 10*Figures

11 to 13 depict the changes in adsorption due to pH*
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Transfusion gelatin,a fibrillar protein is a

modified form of gelatin and is suitable for intravenous

injections as a substitute for plasma. The average

molecular weight of this protein is 76000* 2gg albumin

is a globular protein with a raol*wt.of 45000.

Proteins have many ionlaable groups. The extent

of their ionisatlon In aoiution depends on the hydrogen

Ion concentration. The iso-electric points of these

proteins were checked by observing the cataphoretic

velocity of proteina stained with Rhodamine 3 (these

proteins do not react with this dye over the entire

pH range). The results are depicted in Table I (Fig.I )*

Amount of Egg albumin Transfusion gelatin
0*011 HC1
added in al* pH Velocity

K per sec*
pH Velocity

/^per see*

0*4 9.6 -2.75 9*1 -1*33

0*8 9.2 -2.63 3.7 •1*01

1*6 6.3 -2.52 5*9 -0.67

2*0 • • 5*0 ♦0.00

2.6 5.0 -0.33 4.7 ♦0.61

2*7 4*8 +0.00 4.5 ♦0.73

2*3 4.75 ♦0.20 — —

3*0 4*7 ♦0.52 4*1 ♦1.21

3.6 4*4 ♦1.42 3*4 ♦1*32

From Fig.I it is observed that egg albumin is isoelectric

at pH 4*8 while transfusion gelatin is isoelectric at
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pH 5*0. A protein containing a high proportion of tha

diamino-raono carboxyllc acids arglnlne and lysine might

be expected to be more basic and leas acid and to have a

higher iso-electric pH than proteins having a low content

of theae constituents. The different ionlsable groups

of egg albumin and transfusion gelatin are given belowi

mUmtomU OTUP« _• tMrnmrnUmmM MJHU
Ionlsable groups Reasonable analytical Observed

— VaV">s • value-
* Carboxyl • cl ?

P Carboxyl 33 33

3*8

CD

Imidazole 3.4

•c Amino -

£• Amino 72 22

Phenolic 1 IL

Ouanldlno 39 43

Total cationic 65 70

IonlstbJ,e gryypa |n fgs ajb^ln

Groups By total residues By titration
•—— atatta
Aspartlc 32 „

Glutamic

Amide

Free carboxyllc 46 81
Phosphorio 2 •

Arglnlne ig j^
Histidlne 4 0
Lysine 20 23
Total basic 41 40-42



O EGG ALfeUMIN

D TRANSFUSION GELATIN

1 = PH 4- o

2 =
PH 4-8

3 =
pH G o

4 ~ ]oH a o

SZ O-ttX °-'$%o o.ol% o.o3% o-o5% °°7% °-°

FIG. Z CONCENTRATION OF EGG. ALE»UM\N
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fl^ihration curves for the flttfrBlnfitton of MBtflal
concentration*

The ultra violet spectra of proteins can be

divided into 3 regions (1) above 2600 A" (2) between

2100 to 2800 A* (3) below 2100 A°. The first region is

simple while the second and third regions are complex.

loldfarb* found that in several proteins the

molar absorptivity p^ peptide bond falls in the range

2600 to 3100 A*. Following this lead several suggestions

have appeared for determining the protein concentration

from obaorbsnee measurements.

Transfusion gelatin was found to give a sharp

maxima at 2610 A° and egg albumin shows maximum

abaorbance at 2810 A°* The wave-length of maximum

absorbance did not depend on pH in the case of these two

proteins. Hence calibration curves (Fijs.2 and 3 were

obtained by plotting absorbance against concentration

of protein solutions at different pH values. No change

in.absorbance was noted below 4 pH in both cases and

above 7 pH in the case of transfusion geletin and 3 pH

in the i*6e of egg albumin.

Calibration BBB for fc-d-MUtt iMQ-aaraiienti.
A calibration curve (Fig.4) was constructed

to convert percentage transmittance into turbidity

using a standard solution of silica (Hellige Standard

Stock Suspension) equivalent to 200 parts per million

of turbidity nsanufactured by Hellige Inc.,Garden city,

New York*



Initial cone*
of protein
solution*

Table Ho.2

Adsorption of agg albumin by H-bentonite at pH 4.8.

0*0*of protein
solution In
equilibrium*

Equilibrium concentration Protein
of protein solution* solution

adsorbed.

r

mg*of protein
adsorbed per mg.
of clay*

U16% 0*05 0*002$ 0*02 ag/al* 1*7480 1*743

2.10? 0*11 0*0080 0*06 mg/ml* 2*09 % 2*09

2.42* 0*61 0*030 0*24 mg/ml. 2*39 % 2*39

2*63$ 0.84 0*04 % 0*40 ag/al* 2*49 % 2*49

2*65* 1.34 0.064* 0*64 mg/ml. 2*636;- 2*68

2*73g 1*75 0*032$ 0.82 ag/al* 2*6480 2*66

Concentration of clay suspension in each case a 0.05;?

Total volume of solution in each case m 20 c.c.

Fig.5

OS



u

Adsorption of agg albumin by H-illite at pH 4.8.

Initid concentret- 0»B*ef protein Lqullibrium concentration Protein
ion of protein solution in of protein solution, solution
solution* equilibrium. adsorbed.

ag.of protein
adsorbed par ag*
of clay*

0.4 0 0.06 0*0020 0*02 ag/al* 0*3980 0*393

0.7 0 0.21 0*01 0 0*1 ag/al* 0*60 0 0*60

0,760 0*5 0.034,3 0*24 ag/al* 0.726 0*726

0.780 0*92 0*0440 0*44 ag/al* 0.736' 0.736

0*300 1*27 0*0610 0*61 ag/al* 0.739JC 0*74

0.852 1*7 0*0820 0*32 ag/al* 0*7680 0.77

Concentration of clay suspension in each caaa » 0*060

Total voluae of solution In each case * 20 c.c.

Flg.6

c_r>



T^ble Mo.4

Adsorption of egg albumin by H-kaolinlte at pK 4.3.

T

Initid concentrat
ion of protein
solution*

O.D.of protein Equilibrium concentration Protein mg.of protein
solution in of protein solution. solution adsorbed

0.02 $

0.035^

o.o4s;£

0m012$

0.090$

0.12 %

equilibrium*

0.05

0*21

0*38

0.92

1*3

1.78

0.0023

0*010*

0.0132

0.044^

C.O620

0*09 0

0.02 ag/ml.
0.1 mg/ml*

0*13 ag/al.
0.44 mg/ml.

0.62 mg/ml.

0.9 ag/ml.

Concentration of clay suspension in each case
lotal volume of solution taken in each case

Flg*7*

adsorbed*gm.of clay*

O.OIS?

0.025'

0*027$

0*023$

0*0280

0*03

a 0*05 0

» 20 C.c*

13.0

25.0

27.0

2S.0

28.0

30*0

CO



u

lJLbi__J_2.5

Adsorption of transfusion gelatin by H-bentonite at pH 6*0,

Initid concentrat- O.D.of protein Equilibrium concentration
ion of protein solution in of protein solution*
solution* equilibrium.

1*360

1.80"

2.003

2.201

2.401

2.60!

0.035 0.021 0.2 mg/ml.

0.12 0.070 0.7 mg/ml.
0.24 0.140 1.4 mg/ml.
0.47 0.270 2*7 b;/b1.
0.70 0.401 4.0 mg/al.
1.0 0.68;I 5.3 ag/al.

Concentration of clay suspension in each

Totd volume of solution in each case

Fig. 8

Protein mg.of protein
solution adsorbed per mg,
adsorbed, of day.

1.335* 1*33

1.730 1.73

1.860 1.86

1.930 1.93

2.000 2*00

2.02& 2.02

« 0.05 0

& £0 c.c•

c_?



tf

Igble fo.6

Adsorption of transfusion gelatin by H-illlte at pH 5.0,

Initid concentrat- O.D*of protein
ion of protein solution in
solutlon* equil 1br1um.

Equilibrium concentration
of protein solution.

Protein mg.of protein
solution adsorbed par
adsorbed, mg.of clay*

0.48£

0.60,f

0.63^

0.730

1.000

1.220

0*03 0.02& 0.2 mg/ml. 0.4300 0.43

0.12 0.07€ 0.7 mg/al. 0.6300 0.53

0.21 0.12$ 1.2 mg/al. 0,6600 0.56

0.35 0.2 % 2.0 mg/ml. 0*6800 0.58

0.70 0.4 0 4.0 mg/ml. 0*60 % 0.60

1.05 0.610 6.1 ag/al* 0.61 0 0.61

Concentration of clay suspension in each case • 0.06 0
Totd volume of solution in each case * 20 c.c.

Fig.9



Table So.7

Adsorption of transfusion gelatin by H-kaolinlte at pH 5*0.

V
I

Idtid concentrat- 0*D.of protein Equilibrium concentration Protein ag*of protein
ion of protein solution in of protein solution. solution per gm.of
solution. equilibrium. adsorbed, clay.

0.035?-

0.077?

0.1300

0.490?

0.5300

0.5500

0.03 0.02t 0.2 ag/al. 0*0160 15*0

0.10 0.063 0.6 ag/al. 0.0170 17.0

0.19 0.110 1.1 mg/al. 0.02^ 20.0

0.49 0.283 2.3 ag/al. 0.021* 21*0

0.375 0.5080 5.03ag/ml. 0.0220 22*0

0.905 0.52715 5.27ag/al* 0.023$ 23.0

Concentration of clay suspension in each case a 0.05rS
Total volume of aolution taken in each case 20.0 c.c.

Fig.10
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.jj^^he aflrerpUon 9* m%*lm Hf cj«r _a_fMaal

am tip* 8

Clay aineral Proteins ag.of proteins adsorbed per mg.of
clay r

at pH

3*0 4*0 4*3 6.0 8*0

Bentonlte Sgg
albuatn 1,75 2.46 2.60 2.10 1.60

at pH

3,0 4,0 5,0 7.0 8,0

Bentonlte Transfusion

gelatin 1,1 1.43 1,93 1,70 0.35

rig.ll

l&J&&_j&«S<

•>> !••••> tn'imw

Clay mineral Proteins aig,of proteins adsorbed per mg,of
elay

at pH

3,0 4,0 4,8 6,0 3,0

Illite Egg
albumin 0,52 0,71 0,74 0,63 0,44

at pK

2.0 4.0 5*0 7,0 8,0

Illite Transfusion
gelgtin 0.29 0,47 0,£9 0,6ft 0,31

Flg,12
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Is_&£_Je»*o

Clay aineral Proteins ag.of proteins adsorbed per ng»of
clay

at pH

3,0 4,0 4,3 6,0 8,0

Kaolinite Egg
dbuffiin 13.4 27.0 29.0 21.5 16.0

at pH

3.0 4,0 5.0 7,0 3.0

Kaolinite Transfusion
gelatin 11,0 15,5 21,0 18,6 9,0

mmWmmWmWmWmWmW99mm' — WmmW/mWrnWrn" 8 »i*<*tmmm** BB—BBJBB—*"*w»i*iiiei aBBB-BBBBB_MBB_MBB_l BBBsBJ—^—-WBBji

Fig.13,
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Concentration of H*illite sol • 0,02 %

Total volume in each tube • 25 ml.

lie

Concentration of hi Transmlttance, Turbidity.
albumin.

mg/mg.clay.

pH 4,8

«. * ao.& 60.0
0,00061 0.03 76.0 78.0
0.0016* o.oa 70.6 96.0
0.003 % 0.16 67.0 110.0
0.003 % 0.3 63. 5 122,0
0.003 % 0.4 62,6 126,0
o.ou $ 0.56 61.5 130. C
0.014 % 0.7 61.5 130.0

TH 4.0

m <* 80.5 60.0
0.0014$ 0.0? 77,5 71.0
0.0028^ 0.14 72,5 90.0
0.004 i 0.2 70,0 100.0
0.006 % 0.3 63.0 106,0
0.008 i 0.4 67.0 110.0
o.ou % 0.55 66.5 114,0
0.014 i 0,7 65.5 114,0

pH 6.0

m •» 32.0 54,0
0.002$ 0.1 77.0 73,0
0.004? 0.2 73.5 35,0
0,006' 0.3 '''2,0 92.0
o.ooaf 0.4 70.1 96,0
0.0101 0.5 70.0 98,0
0.012* 0.6 69.5 100.0
0,014$ 0.7 66. 5 100,0

FiK.13
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SSSULiq ASP DISCUSS10.8

The adsorption Isotherms have been drawn by

plotting tho equilibrium protein concentration in mg.

per ml.) and amount of protein adsorbed. Ail the iso

therms are regular and show a positive adsorption*The

faot that the data neither fits in the Langmuir type nor

in the Freundllch adsorption equation and that higher

a ounts of protein are adsorbed indicate that interla*

meller spaces have also been covered by the adsorbate

molecules*

From the shape of adsorption isotherm it would be

observed that isotherms of clay and egg albumin rise

more steeply than that of transfusion gelatin at lower

protein concentrations. It may therefore be concluded

that globular protein shows greater activity towards the

adsorption sites as eoapared to fibrillar protein.

Apparently these isotherms have two distinct

regions,one of the lower equilibrium concentration

corresponding to Initial rise in adsorption and the

other is the region of higher equilibrium concentration.

In the Initial stages the adsorption Is rapid and the

up take of protein is more. This initial rise in adsorp

tion reflects a binding to random sites on the clay

surfaoe. At higher values it is possible that protein-

protein interaction and a necessity for such a transla

tions! movement of protein molecule Is there which may
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cover up the uncovered areas isolated by random adsorp-

tion.and too small to accomn-odate a protein molecule.

These factors decrease the adsorption rate and prevent

the isotherm from levelling off more sharjly to parallel

the concentration axis in the higher concentration region.

ifcrmally the process of adsorption involves some

ion-exchange as well as simple adsorption to the surface

of the particles,still the binding can be most suitably

accounted by the interaction between COOH and NH« groups

of protein molecule and OH groups on a clay surface,

Since a proteir aoleeule has both anionic and cationic

groups,both anionic and cationic displacement may play

roles in the mechanism of prot©in binding to the clay

surface*

Effect of rH on ad son:tion.

The amounts of protein adsorbed by the mineralsy

bentonlte.kaolinite and illite is influenced by the pH

of the system (vide Figs.li to 13 ). It is found that in

each case the maximum adsorption occurs close to iso

electric pH and falls low if the hydrogen ion concentra

tion is changed on either side of iso-eicetric pH.

Because of amphoteric nature,the molecule of

protein is cationic at pH below the iso-electric point

and anionic above the Iso-electric point, When protein

is in cationic form its adsorption to clay mineral is
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only due to the attraction of opposite charges on the

adsorbate and the adsorbent.

iow values of the amount of protein adsorbed

at pH less than iso-eleetric point.can be explained

on the basis of increased charge density of protein

molecule as acidity Is increased. From the titration

curves of Tanford and Wagner '• it is known that the

positive charge on protein molecule will increase with

decrease in pH. The free amino groups are protonated

at this j>U and carry positive charges. The protonation

of imidazole and carboxyl groups at lower pH would

further increase the positive charge and thus the total

number of positive charges carried per protein molecule

is increased and less protein need be adsorbed to

satisfy the negative charge on the clay surface, Ihus

the decreased adsorption with increasing acidity may

be attributed to the increased charge density of protein

molecule.

As the pH is increased above the iso-electric

point a sharp decrease in adsorption of protein takes

place. The protein molecule in this pH range Is anionic

and the decreased adsorption is a result of repulsion

of the protein molecule by the clay particle. The basic

sodium also increases the negative charge on total
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surface (plane + edges) of the clay particle and this

further acts in reducing the extent of adsorption in

this region, 6till,however,there is some adsorption of

protein on clay particles even above the iso-electric

pH which can only be explained on the basis of

following!

Mehta" has pointed out the importance of Al-bond

mechanism and shows the existence of bonds joining the

elay surface with an organic anion forming a bridging

net work through a polyvalent inorganic cation like

clay-Al-OOCR. :ven in H-clay some Al exists at the

surface and this along with the lattice Al at the broken

edges of the clay platelets enter into the formation

of such bonds. The aggregate stabilisation in soil has

also been explained on the basis of this theory. As such

toe binding of protein with clay when it is in the

anionic form takes place by means of a bridging net

work through a polyvalent inorganic cation(Al).

Another possibility is the presence of some

localised sites on the protein molecule which may retain

positive charges n.% pH values higher than iso-electric

value. Any adsorption at this pH is due to attraction of

these localised sites to the nwgatlvely charged clay

surface. Any further increase in pH would reduce such

localised sites which would cause a further reduction in



12 0
hi

the amount adsorbed.

Effect of nH on clay protein complexes*

It would be of interest to see the effect of

changing pH on protein-clay complexes.

These studies were carried out by reporing

protein-bentonlte and protein-illite complexes at the

iso-electric pH. The isolated complexes were re-equili

brated in media below and above the iso-electric pH. The

change in pH resulted in desorption of the protein from

the original complex. The results are given belowi

Bentonlte Egg albumin Transfusion
ifftflUnj

Amount of bentonlte taken. 10.0 mg. 10.0 mg.

Amount of protein added. 2.731 1*35 %
pH of the suspension. 4.3 6*0
Amount of protein adsorbed
in mg*/mg.of clay. 2.65 2.02
Readjusted pH. 3*2 8*2

Protein detected in solut
ion in mg. 0,90 9.6

irotein released In mg/ug.
clay. 0.09 0.96
Protein adsorbed in mg/mg.
clay. 2*56 1*06
irotein released. 3*5,2 42.&1

Percentage of protein released «

irotein released per mg.of clarion
Protein adsorbed per mg.of clay
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Amount of illite taken.

Amount of protein added

pH of the suspension.

Amount of protein adsorbed
in mg./mg.of clay.

Readjusted pH.

Protein detected in solution. 0.60 mg.

Protein released in mg/rsg.
of clay. 0.06 0.52

Protein adsorbed in mg/mg,of
clay. 0.71 0,09
Protein released 7.7 $ 85.0 %

It is observed frcm the above data that change in the pH

of egg albumin below its iso-electric point resulted in

the release of 3.5 i and 7.7 $ of protein.Results in the

pH range above the iso-electric point show that 42.6"' and

85$ of protein is released in the case of transfusion

gelatin.
i

At pH values below the iso-electric point the

adsorption as well as desorption of protein is small. On

the other hand the protein desorbed at values higher than

the iso-electric point is much higher. It goes to show

that the protein from the interlayer spaces of oiay

minerals is removed at pH above the iso-electric point

while it does not do so in the region below the Iso

electric pH,

The ionization of carboxyl and amino groups would

123

Egg albumin Transfusion
gelatin

10 mg. 10 mg.

0,35 % 1*22 %

4,8 5*0

0,77 0.61

3.2 3,2

0.60 mg. 5.2 mg.
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depend on pH even when the protein is adsorbed on the

mineral. At pH above the iso-electric point,the nega

tive charge on the adsorbed protein will increase

thus causing strong forces of repulsion between the

protein molecules themselves and between protein

molecules and clay surface. The forces of repulsion

would be strong enough to remove the protein from the

interlayer spaces of minerals.

On the other hand in the acidic side of iso

electric pH such forces of repulsion would exist only

between the protein molecules and not between the

protein molecules end clay surface with the result

that very little protein would be removed from inter

layer spaces of the mineral.

further more large aniount of protein is desorbed

from illite as compared to bentonlte. This goes to

show that lesser amount of protein goes In the inter

layer spaces of illite than that of bentonlte,

MtMm -CaJdHtttt-a-di __ff, ftd.tor.pMS'il*
The presence of electrolyte has a marked

effect on the amount of protein adsorbed below the

iso-electric pH, Figs,14 And 18 show the effect of

0,05 M 101 to buffered bentonite-egg albumin system

at pH 3.0.
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The amount of protein adsorbed increases in

presence of electrolyte. It appears that the chloride

ions form an ionic atmosphere around the positively

charged protein molecule. This would result in a

decrease in the charge density of the protein with the

result that a larger amount of protein would be required

to cover up the adsorption sites.

t illilMlir
Tables (11 to 14 ) give the turbidimotry data

of clay protein interactions at various pH, Figs.(16 to

19 ) show the plot of turbidity developed in the

solution against the amount of protein added. The flat

portion of the curve depicts the point of maximum

interaction beyond which no rise in turbidity value is

noticed on further addition of protein.

Turbidity data also support the results reported

in adsorption measurements. The extent of interaction

which is denoted by the amount of turbidity developed

depends on pH end being maximum at iso-electric-pH.

Three regions of interaction may be considered!

1, Below the iso-electrio pH the interaction takes

place between the free amino,guanidino and imidasole

group* which are protoneted in this pH range and carry

a positive charge.

2. At the Iso-eleotrlc pH only the Interaction of
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carboxyl groups is possible,but since the number of

COOH groups available for Interaction would be much

less in this region the binding of protein would be

mostly due to physical forces.

3, Above the iso-electric point the imidazole groups,

amino groups,etc. will bo ionised imparting a negative

charge to protein molecule. Under these conditions a

saall turbidity will be developed in the mixture.
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CHAPT&E V.

Flow properties of clay-protein mixtures.
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The viscosity measurements have proved to be of

value in studying the colloid chemical behaviour

of days,and,although its theoretical aspects are less

appreciated this technique finds great many industrial

and technological applications. In fact,the flow proper

ties (including the deformabliity) find so many diversi

fied applications that a new field,known as,'Rheology of

clays* is fast developing.

The viscosity variations in days are usually

explained in terms of mutual Interactions between clay

particles,those between the suspended particles and

dispersion medium or between molecules of dispersion

medium itself. But other important factors to keep in

view are the existence of clay colloidal micelles,their

lonlsation and subsequent hydration for instance clay

suspensions,insplte of their large dependence on charge

and seta potential for stability,unlike the hydrophobic

colloids,show a fairly high degree of hydration. This
unique behaviour has resulted in the endowment of proper

ties like thixotropy,rheopexy,dilstancy etc. to clay

minerals. Attention to these facts was drawn by Kruyt1,

Pauli" and Marshall8 during the last few decades.

Equations with numerous modifications have been

put forward from time to time to explain the variations in
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viscosity with concentration. Einstein4 gave the

equation i\m* -qB (1 ♦ 2.5 $) for systems containing
hydrated particles*where *i_ is the viscosity of the

suspension and -r^ is the viscosity of the medium and

dS is the ratio of the volume of dispersed phase to that

of the whole system. His equation suffers from the

draw back that it is only applicable to rigid and

spherical particles,and that too,for the low concentra

tion of the colloidal micelle. His equation is therefore

not applicable for clay systems. Similarly the modified

equation of Smoluchowski5 which takes into account the

electrical properties of the suspended particles cannot

be applied to clay systems where factors other than

charge and hydration play and also influence the visco

sity.

In a dilute suspension during Newtonian flow the

shape and orientation of the suspended particles affect

the flow pattern and so the viscosity. If olcctrically

charged,the orientation,interaction and hydrodynamics

of the particles will be affected and in turn the visco

sity. Many viscosity equations have been proposed to

account for the particle-particle Interaction and for

the determination of the intrinsic viscosity. A modified

form of Kraemer's* equation is the Sohula-Maschke7

equatlont
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V/c* **1 *** CTl)
%«•_« is th« specific viscosity,(a) is the intrin

sic Viscosity and k is the interaction index of the

ay/stem and is valid at concentrations (c) such that
l/c i> mwhere si •m(*U * Sranqulst* and Van der Watt®
have tested the validity of Schuls-aiaschke equation over

various systeas and have emphasised its advantages over

other equations wwntioned in literature.

So far the reaction between the clays and the

rroteins has not been exploited to study the rheologlcal

data of clay minerals. It is felt that investigations

in this direction can provide a better understanding of

the problem and the rol® of many factors like electrical
and hydrodynamic interaction,dissymmetry etc.hltherto

ambiguous,can be clearly appreciated. With this aim in

view the viscosity variations of bentonlte in presence

of transfusion gelatin and egg albumin were determined

using Newtonian mixtures of the two. The results are

reported in this chapter.
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The clay mineral used in these investigations

is bentonlte obtained from Wards Natural Science Estab

lishment United States, A suspension of H-bentonite of

known concentration was prepared by the method mentioned

in Chapter I.

Al and Ca clays were obtained by passing the

hydrogen bentonlte suspension repeatedly through

Amberlite IR 120 column (originally labelled with

aluminium and calcium cations) till the exchange was

complete. Their concentrations were determined by the

usual method.

Solution of egg albumin was prepared as

mentioned in Chapter IV. The tranefusion gelatin used

was a €% solution of the product.

Viscosity measurements.

The viscosity measurements were made at a

constant temperature of 30*C. The method used was the

one devised by Scarpa*0 as modified by Farrow1' and

latter by Joshi,a. The apparatus used is shown in

figure I. It consists of three parts (D viscometer,

(11) apparatus for generating low constant pressure and

(iii) thermostatic water bath(vide Fig.l ).

Ostwald viscometer,B,S.S.Type number 2,was used
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for these estimations. A number of viscometers were

used simultaneousiT to facilitate • larger number of

determinations within a short time interval. The

viscometers were connected through the rubber tubings

to the source of reduced pressure, They were cleaned

with chromic acid,washed with distilled water and

dried by air blower before use in each case.

The second part of the apparatus consisted

of two large aspirator bottles inter connected to

each other with pressure rubber tubings so that any

diminution of pressure in one caused a simultaneous

and equivalent reduction in the other and could be

read off by a manometer (*lg.l ). The manometer

consisted of a clean glass U tube of suitable dimen

sions fixed along a scale to read the pressure.

Coloured water was used in the manometer. Ihe reduction

of pressure could be affected by means of a suction

pump connected to the bottle A and was carefully

regulated, ihe bottle I was connected to two glass

tubfcs counted over a stand each carrying a system of

stoppers. A vacuum cou_d be applied on the viscometer

connected at V| or 7$ by opening the stoppers Tt or

Ta respectively. This caused a rise in the liquid

pieced in the viscometer. Access to air was provided

to the viscometers by opening suitable stoppers.
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The temperature was controlled by immersing

the viscometers In a thermostatic water bath,the
temperature of which was reguleted by means of amercury
regulator which worked through an electromagnetic
relay to an accuracy of + 0.01'C. Sufficient time was
allowed for the viscometer to attain the temperature

of the bath before actual measureraents were carried out.

The viscosity was determined by the formula.

• t tta
>n m k — •

t i+ta

where *> is the viscosity of the liquid and tt and t»
are the times for rise and fall of a given volume of
liquid under constant pressure and temperature and kis
the viscometer constant. The value of the constants of
the viscometers used were obtained by determining t« and
ta for standard solvents at a pressure of 22 cms.of
water and a temperature of 30»C. Great care was taken

in regulating the pressure so that it remains constant

at the time of operation.

The procedure employed for determining the

viscosity of unknown mixtures was as followst Aconstant
volume of mixture was taken in viscometer which was

fitted to a clamp stand attached to the constant tempera-

ture bath.
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The limb carrying the capillary of the viscometer was

connected to aspirators for introducing low pressure.

After a definite time the readings were taken by open

ing the stopper Tt and keeping T closed, This caused

the liquid in the viscometer to rise. The time of rise

tt was noted. The stopper Tt was then closed and T was

opened. The liquid now started to fall and the time of

fall ta was noted. Knowing the constant k,the viscosity

was calculated.

The following sets were made for viscosity

measurementsi

A number of tubes were set up having !I-bentonitc of

concentration 0,16 #.solution of transfusion gelatin

was then added to give a protein concentration of 6,0,

12.0,80.0,40.0,50.0 gm,per 100 gm.cl&y. Buffer solution

was added so that the pH of the mixture was 5.5* Before

taking the observations the tubes were equilibrated

for six hours. Similar sets having transfusion gelatin

and H-bentonite were repeated having clay concentrations

0.25 £,0.35 $,0.4 £,0,5 $ .

Viscosity measurements of H-bentonite and egg

albumin mixtures were done having protein concentrat

ions as 2.0,6.0,3.0,10.0,12.0 gms.per 10C *ms.clay and
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clay concentration as 0.15^,0.25^,0,36^,0,4^ at pH 4.6.

The entire set of observations with the two

proteins were also repeated with Ca-bentonite and

Al-bentonita. Tables 1 to 9 give tha viscosity variations

of H-bentonite (at various concentrations) in presence of

different amounts of egg albumin and transfusion gelatin.

The results are depicted in Figs.2 and 3,

S_tt.Uo" O^d the frerffig UMg*

The following viscosity terms have been used in

this chapter*

t^ Viscosity of the solution*

i^ Viscosity of the pure solvent*

iy_i Relative viscosity.

(n/*U )*^*I*«n Specific viscosity.

(_L___3_? m̂ ep/o Viscosity number.
% c

•W/yM 1\ ) Intrinsic viscosity.

0-4 o

( e • concentration of suspended particles in gm/ml) •

The Schulz-aiaschk© equation,

2KB • k <n >^wp * ( * >
c

has been used to determine the value of *k* which is

taken to be the measure of the extent of particle-particle

interaction of the system. It is named as*Interaction

Index* and is dlmenslonless.
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Concentration of H-bentonite

pH of clay-protein suspension

sol • 0,15$

* 0,0015 gm per ml.

« 5*5

Concentration Absolute
of transfusion viscosity
gelatin in of tha mix-
gms,per 100 gms.ture in
clay, centlpolses.

Specific Viscosity
viscosity, number.

0,0 0,8732
6,0 0,3395

12,0 0,9184
20,0 0,9352
40,0 0,9544
50,0 0.9736

0,0906 60,4
0.1110 74,0
0,1470 93.0
0,1680 112.0
0.1920 123,0
0,2160 144.0

Fi_*4.

JEftlOdLJS'B

Concentration of H-bentonite sol « 0.25 %
a 0.0025

pH of clay-protein suspension » 5,5

gms. per ml.

Concentration
of transfusion
gelatin in gms,
per 100 gms.clay.

Absolute
viscosity
in centl
polses.

Specific
viscosity.

Viscosity
number.

0.0
6.0

12.0
20.0
40.0
50.0

0,3351
0.9633
1.0038
1,0369
1.0689
1.2266

0,1055
0,2100
0,2600
0,2950
0.3350
0.5320

70.2
24.0

104.0
113.0
134,0
152,0

Fig,4.
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Ta,ble No.3

Concentration of H-bentonite sol « 0.35 $

a 0.0035 gms.per ml.

pH of clay-protein suspension ft 5.5

Concentration Absolute Specific Viscosity
of transfusion viscosity

of the mix
viscosity. number.

gelatin added
In gms.per 100 ture in

gms. clay. centipoises.

0,0 1,025 0.2310 30,3
6,0 1,036 0,3325 95,0

12.0 1,103 0,3350 110.0
20.0 1.145 0,4305 188*8
40.0 1.193 0,4900 140.0
60,0 1# 343 0,5530 153.0

Flg.4,

^ftble fr.4

Concentration of H-bentonlte sol

pH of clay-protein suspension

a 0.4 %
a 0,004 gms,per ml,

S3 5, 5

Concentration Absolute
of transfusion viscosity of
gelatin in gms, the mixture
per 100 gms.clay.in oentipoises.

Specific Viscosity
viscosity, number.

0,0 1,076 0,3440 36*0 •

6,0 1,121 0,4000 100,0
12,0 1.166 0,4560 114.0

20,0 1,204 0,5040 126.0
40.0 1*255 0,5630 142.0
50,0 1,316 0,6440 161,0

Fig.4.
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TablQ Mo* 5

Concentration of H-bentonite sol a 0,5 %
a 0,005 gms, per ml,

pH of clay-protein suspension a 5,5

Concentration Absolute
of transfusion viscosity
gelatin in gms, of the mix*
per 100 gms.clay, ture in

centipoises.

0.0
6.0

12,0
20,0
40,0
50.0

-_„ .L.- •«n%in—I

1.1770
1.2410
1.2311
1,3291
1,3932
1.4732

Flg.4,

Specific
viscosity.

0,470
0,550
0.600
0.660
0,740
0.340

Viscosity
number.

94.0
110.0
120.0
132.0
143.0
163.0

TftlU »"

Concentration of H-bentonite sol

pH of clay-protein suspension

a0,16 %
•0.0015 gms.per ml.

•4.5

Concentration
of egg albumin
in gms*per 100
gms* clay.

Absolute
viscosity of
the mixture
in centipoises

Specific
viscosity.

Viscosity
number.

0,0 0.3935 0.1162 77.50

2,0 0,9015 0.1260 34.00

6,0 0,9134 0.1470 98,00

8,0 0,9323 0.1660 111.00

10,0 0,9448 0.1300 120,05

12,0 0,9544 0.1920 123,00

Fig.5.



Table :*o. 7,
mmmmnmmmmmi i -'«•-•— *

1 0 ft

Concentration of H-bentonite sol a 0,25 $
« 0,0025

pH of clay-protein suspension a 4.5
gms.per ml.

Concentration
of egg albumin
in gms,per 100
clay.

Absolute
viscosity

gms,of the mix
ture in
centipoises*

Specific
viscosity.

Viscosity
number.

0,0
2.0
6,0
8,0

10.0
12.0

0*9538
0,9723
1,0000
1,0270
1.0440
1.0609

0.1975
0.2150
0.2600
0.2837
0,3050
0.3250

79.00
36,00

100,05
113,60
122,00
130,00

Flg.5.

TnHf tor*

Concentration of H-bentonite sol • 0,36 %
a 0.0035 gms.per ml.

pH of clay-protein suspension a 4.5

ConcernOration Absolute Specific Viscosity

of egf albumin viscosity of viscosity • number.

in gms,.per 100 the mixture

gms.clay. in centipoises •

0,0 1.0276 0,2335 81,0

2*0 1.0473 0,3080 88.0

6,0 1,0338 0,3605 103.0

8.0 1.1250 0,4060 116.0

10.0 1.1430 0,4340 124.0

12.0 1.1670 0,4530 131.0

Fig. 5.
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Table Ho.9

Concentration of H-bentonite sol * 0*4 %

• 0,004 gms,per ml,

pH of the clay-protein suspension* 4.5

Concentration
of egg albumin
in gas,per 100
jras.clay.

Absolute
viscosity in
centipoises.

Specific
viscosity.

Viscosity
number.

0.0 1.0633 0,3280 32.0

2.0 1.0887 0,3560 39.0

6,0 1.1350 0,4130 104.6

8.0 1,1750 0,4680 117.0

10,0 1.2010 0.5000 125.0

12,0 1,222 0.6280 132.0

Fig.5.



VALUE IN PARENTHSIS REPRESENTS
THE AMOUNT OF TRANSFUSION GELATIN
ADDED IN crm^.joe* loo^rrv, CLAY

FIG. 2 SPECIFIC VISCOSITY C^sK)

oc 130
UJ

cQ

:_ no
Z ^-^

V tJ

1- yo

O
u

r
•>w/ 70

V)

> 50

0-1 0-3

VALUE IN PARENTHSIS REPRESENTS
HE AMOUNT OF EGG ALBUMINADDED
N Qrrv, pe^ |0O O/nv . CLAY.

0.5 0-7 o-9

FIG.3 SPECIFIC VISCOSITY (^5/0



A.

Z

o

1-

-j

0
V)

_>

<

08

a8

-0-005 <i>^< peA, yr\A-.

: O- ooAcVr^f,p^v mX .

0.0035 °>yy^f. ^Vi "rrj-- •

_ 0.00.2 5 arw.
V

<, faM,mX.

=O.OOI5 <3"m* fa-24- rrj-.

(C-COt4C. OF CLAY SUSPENSIOVI)

/o.o 2oo 300 4o-o So-o 6o-o 700

F\d.4 CONCE.NTR.ATIOU OF TRANSFUSION GE.LATVH ADDED
in ^""v. ptA -iooamy. CLAY.

Cr O.O04 <3>w, pe\ mX-

C=0-0035 ^-n^* f0*^ "m^-

Cr O.o025 <?">'** \&irrd.

= 0.00\*3 arw. .-bM^'Wvt.

£c -Cone- OF CLAy SUSPENSVoW)

zo 6-o /oo i4.o t8.o
FIC5 CONCtV4TRAT\OVi Of EGG £L_UMW l*J £*«<>.f>e_ too ^nv>. CLAy.



i8o

160

c_r 140 i —- —'

2 (2o :_— — ~~
r>

"Z
_. ^^

>. l°o •

i- -— — -""

8 BO .

U
0) •"*
^ 60 5»' —-

«—s

-4i 4o .

^ , zo
VJ

0

[VALUE IN PARENTHESIS REPRESENTS THE
AMOUNT OF TRANSFUSION GELATIN IN
am. peA foo arrvt CLAY_)

o.ool 0.002 0-003 0.004 0.005 O.OOtS

FIG. 6 CONCENTRATION OF H-CLAY IN ym* pirnl.



14

Table Ito-lO

Concentration
of clay in
grcs.per ml,

(c)

Specific
viscosity

Viscosity
nuazber

^sp/c

Intrinsic Interaction
viscosity index

(^ m

0.0015
0.0025
0.0035
0.0040
0.0050

0.0015
0.0025
0.0035
0.0040
0,0050

0.0015
0.0025
0.0035
0.0040
0.0050

0.0015
0.0025
0.0035
0.0040
0.0050

0.0015
0.0025
0.0035
0.0040
0.0050

(Transfusion gelatin 0.0 gms. per 100 gms. clay)

0.0906
0.1055
0.2310
0.3440
0.4700

60.4
70. 2
SO.3
33.0
94. 0

52.0 1*8

(Transfusion gelatin 6.0 gas.per 100 sms.clay)

63.0 1.80,1110
0.2100
0.3325
0.4000
0.5500

74.0
34.0

95.0
100.0
110.0

(Transfusion gelatin 12.0 gms.per 100 gms.cley)

0.1470
0.2600
0.3360
0.4560
0.6000

93,0
104.0
UO.O
114,0
120,0

80.0 0,88

( Transfusion gelatin 20,0 -jess, tor 100 gas.clay)

0.1680
0.2950
0,4305
0.5040
0.6600

112.0
lio.0
123.0
126.0
132.0

104.0 0.45

(Transfusion gelatin 40.0 gras.per 100 gas.clay)
120.0 0,340,1920

0.3360
0.4900
0.5630
0.7400

123.0
134.0
140.0
142.0
143.0

Contd...
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Concentration Specific Viscosity Intrinsic Interaction
of clay in viscosity number viscosity index
ffimt-rtttf* mil. ti 11/ (TV ^-**gas,per ml,

(c) 'sp (k)

(Transfusion gelatin 50.0 pas,per 100 gas,elay )

0,0015 0,2160 144,0 136.0 0,27

0,0026 0.5320 15K.0

0.0035 0.6530 158,0

0,0040 0,6440 161.0

0.0050 0.8400 163.0

1 l"*ill»lH fclm
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Table Ifo.ll

Concentration Specific Viscosity Intrinsic Interection
of clay In viscosity number viscosity Index,
gms.per ml. (i^p) (i^p/e ) (1$ (k)

(c)

Sgg albumin 0.0 gas.per 100 gas. clay.

0.0016 0,1162 77.5 75.0 0,27
0,0026 0,1975 79,0 - •
0,0035 0,2835 31,0 - •
0.0040 0.3230 32.0

Egg albumin 2,0 gms.per 100 gms.clay.

0.0016 0,1260 34,0 il.5 0,24
0,0025 0.2150 36,0 • •
0.0035 0,3030 33.0
0.0040 0.3560 89.0

Egg albumin 6.0 gms.per 100 gms.clay,

0.0015 0.1470 93,00 94,5 0,22
0,0025 0,2500 100.05
0,0035 0.3605 103.00
0,0040 0.4130 104,00

Egg albumin 3.0 gas.per 100 gms.clay,

0,0015 0,1660 111,0 103.0 0.17
0.0025 0.2337 113.5 - •
0,0035 0,4060 116.0
0.0040 0.4630 117.0

£g_ albumin 10.0 gms.per 100 gms.clay,

0,0015 0,1300 120.05 113.0 0,11
0.0025 0.3050 122.00
0.0035 0,4340 134.00
0.0040 0.5000 125.00

Egg albumin 12,0 gms, per 100 gas, clay,

0,0015 0,1920 1O3.0 126.0 0.03
0,0025 0.3250 130,0
0,0035 0,4530 131,0
0,0040 0,6230 132.0 - -
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RBSqiaS AND DISCUSSION

Before determining the Influence of protein

concentration on the viscosity of clay suspensions

and evaluating various constants like intrinsic

viscosity and interaction index It was considered

necessary to know whether the suspensions under invest*

igation exhibited a Newtonian flow or not. i?or this

purpose the viscosity numbers were plotted against

specific viscosity. Linear plots were obtained thereby

indicating that our suspensions exhibited Newtonian

flow. The results in the case of H-bentonite are shown

in Figs. 2 and 3.

Figs.4 and 5 show a plot of the viscosity values

of I!*bantonite with increasing concentration of trans*

fusion gelatin and egg albumin. It is observed that the

viscosity goes on increasing along with the addition of

protein although the rise is more steep in the beginning

in the ease of transfusion gelatin than in the higher

concentration range of protein. The initial decrease

in viscosity ( due to peptisatIon) on adding alkaliv

which is the main characteristic of all the minerals,is

not observed here,instead a continuous rise occurs over

the whole concentration range. These results indicate



145

flocculation of clay particles on adding proteins to

the clay.

A better understanding of the nature of protein

clay interaction could not be,however,obtained from the

above data. In order to know this the intrinsic visco

sity was determined In each case (Figs.6 and 7 ) and

the values of interaction index were calculated by

Schula-BGLeschke equation. The values of Intrinsic visco

sity and the interaction lr.dlces are given in Tables 10

and 11. These constants were then plotted against

protein concentrations(ft ;s.8-lD , A comparison of the

values of the two viscometrlc constants in the case of

H and /Jl clays would reveal that these constants are

higher in the case of H-clay than Al clay. Since the

intrinsic viscosity of a system is also a measure of

their dls-syrametry it can be concluded that H-bentonite

-protein complexes have higher dls-symmetry as compared

to Al complex.

The difference in the interaction index values

can be explained in terms of factors like electrical

interaction,hydrodynamlc interaction,extent of dis

symmetry etc.. Here again the Ii clays show a higher

electrical and hydrodynamlc interaction than Al clays.

It has been shown by Hohta,s that the presence

of a polyvalent cation on the clay surface leads to the
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formation of a bond like cicy-Al-OOC. Existence of

such bonds can also be contemplated in tho case of

clay-protein interaction. In the pH range 4.6 and 5.6

an appreciable number of carboxyl groups will offer

sites for reaction with the clay particles resulting

in the formation of A1-00C bonds with either of the

two proteins. These results confirm the view point

that variations in k are due to electrical factors

because the formation of these bonds will always be

accompanied by decrease in electrical interaction.

Moreover there Is a greater decrease in the value of

k with Al complex than the corresponding H complex.

This is obvious because the H bentonlte would provide

sites for the formation of A1-00C bonds at the broken

edges only with the result that the value of k will

be higher in the case of H bentonlte than Al bentonite.

Moreover under these conditions H bentonlte-protein

particles would form larger units of higher dis

symmetry.

It naturally goes to show that H bentonite

and protein particles would link to form larger

units of higher dis-symmetry through the lattice Al

present at broken edges extending the unit also in

the direction of b axis along with the lnterplanar
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adsorption.

in the ease of Al bentonite and proteins an

additional site exists at the flat surface apart

from edges thus causing vertical face to face stacking

of units to form blocky aggregates of reduced dis

symmetry.

ffltc^ Of Pff .on IgwtmWmU Yi«99fUy»

Fig.12 shows the effect of pH on the intrinsic

viscosity of R bentonite protein oonplexes at concentre*

tlons 20.0 gm, of transfusion gelatin and 6.0 gm.of

egg albumin per 100 gm.of clay. It is observed that the

intrinsic viscosity is maximum at pH 4,6 in ease of egg

albumin and at pH 6,6 In case of transfusion gelatin.

It decreases with an increase in pH showing thereby a

lesser dissymmetry at higher pH values which may be

a result of repulsion between elay particles and protein

since both of them got negatively charged at high pH.
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When the organic cations interact with clay

mineraIs,other types of adsorption besides the exchange

adsorption can exist and these cations may be held to

the clay surface by Van der Waal forces also. It was

observed that the exchange is quantitative with small

organic molecules but big molecules might show a cover

up effect. The amount of the organic substance adsorbed

would also dependton the pH of the medium,concentration

of the adsorbate,and on whether the compound is taken as

such or its aqueous suspension has been used. The existing

literature provides little information on these points,

especially in the case of big molecules. It was,therefore,

considered worthwhile to carry out investigations in this

direction.

The big molecules chosen for these studies were

substances which themselves exist in the colloidal form,

namely,dyes and proteins. The interaction of dyes with

clays was studied by colorimetric and polarographio

techniques while _het of proteins was studied by visco-

metric and u.v. spectrophotom>trie methods. In the

appendix a few data on adsorption studies by radioisoto

pic technique have been included.

A resume of the results obtained on the basis of

the above mentioned studies is presented belowt

foftmc.lqni, 9f mWLJmmm llHBN

Clay dye reactions have mostly been qualitatively
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used to identify clay minerals. However,these reactions

are used to determine the base exchange capacity. Uniform

vai ies are not obtained. They differ from dye to dye. A

critical study of the adsorption of three dyes existing

in different states of aggregation was undertaken in

or*er to exrlein this discrepancy. The dyes used were

methylene blue,crystal violet and rhodamine 6G.

The absorption studies give isotherm curves which

are concave to the concentration axis in the case of all

the three dyes. The data fits In well in the Langmulr's

adsorption equation thereby indicating that multilayer

films of the dye are not formed on the clay surface

at least in the lower concentration range ( 1 x 10*s M to

4 x 10*» M ).

The cation exchange capacity values calculated

from dye adsorption are given below. The standard values

of cation exchange capacity obtained from the ammonium

acetate method are also listed for the sake of comparison.

c.e.c. values in sue.per 100 go.clay as
obtained fromt

Methylene Crystal Rhodamine 60 Ammonium
blue adsor- violet adsorption. acetate
ption. adsorpt- method.

Bentonite 110 102 M 99

Illite 23 21.0 26

Kaolinite *K« O 6.3 4.3 6.3

The values of cation exchange capacity of bentonite and
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illite obtained in the case of methylene blue are

hi$ier while those obtained from rhodamine 60 are lesser

than the standard value. In the case of kaolinite both

these dyes methylene blue and rhodamine 6G give lower

values than the standard on®. However most reasonable

values are obtained in the case of crystal violet.

The difference in c.e.c. values can be explained

in terms of area occupied by one dye molecule on the

clay surface (Total surface area/Number of dye molecules

adsorbed) and arsa pQT exchange site ( Total surface

area/number of exchange cations )• Xhe surface area of

clay minerals as determined by glycerol retention method

is 780.4 mVgm.for bentonite,94.00 m*/gm.for illite

and 13.12 mVgm. for kaolinite. The values are given

belowt

Area p9t Area assect- Area asso* Area asso-
exchange ated/methylene elated per elated per
site in blue molecule crystal rhodamine
-o?. in A*8 violet molG-60 mole-
* cule in A*8 cule in

A®8

Bentonlte 128.S 113.2

Illite 60.02 88.8

Kaolinite 47.4 86.7

Since the area occupied by one rhodamine 60

molecule is more than the area per exchange site,each

dye molecule appears to cover up more than on© exchange

122.2 132.4

89.6 74.3

47.1 83.7
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site with the result that smaller c.e.c. values are

obtained. On the other hand the higher c.e.c. values with

methylene blue are due to the fact that more than one

dye molecule attaches Itself to one exchange site. This

behaviour is however restricted to three layer clay

minerals and not to kaolinite where the adsorption pattern

is similar to rhodamine 60.

Assuming the tots! dye adsorption capacity as

equal to the sum of exchange adsorption and physical

adsorption ( due to Van der Wall forces ) , the surface

concentration of physical adsorption sites were calcula

ted by dividing the total dye adsorbed by the exchange

capacity. The values obtained in the case of bentonite

and illite are 5.0 and 6.9 m.e. per cm8, ihese values

agree well with the data obtained for the adsorption

of dyes on silica surface. There the adsorption Is purely

physical and the value is 8.2 which Is not far from the

calculated values given above,

It is farther observed that the adsorption of

dye increases with the increase in pH of the medium. This

behaviour can only be explained if we assume that another

double layer also exists in clay minerals besides the

usual negative layer. This layer would be formed at the

broken edges due to the disruption of -S10 tetrahedral
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and A10 octahedral bonds. The clay would then behave as

a hydrophobic colloid on the edge surface,the charge of

whose double leyer would be aolely governed by potential

determining ions. The double layer at the edge surface

would therefore be positive in the acidic media due to

adsorption of H Ions or negative in the alkaline range due

to adsorption of hydroxyi Ions or the dissociation of

BiOSa into £10* and Ha*. Under these conditions a large

amount of the cationic dye will be adsorbed In the alkaline

medium whereas lesser amount would be adsorbed in the acidic

medium due to electrostatic attraction and repulsion forces.

Two distinct stages of adsorption 93 to 118 m.e. and 115 to

128 sue. for bentonite and £4 to 31 and 31 to 34 m.o. for

Illite are realised in the pH range 2 to 10(Page 4£3 •

n approximate idea of the amount of dye bound to

the clay mineral was obtained by carrying out colorimetric

studies with the dilute clay-dye complex suspensions.The

calculations were made on the basis of Klots*s equation

and assuming the formula of H-bentonlte unit reacting with

the dye as,

(Bia.Aoe1 (A1i.3a?*o.i^«o.» >°io(on)2

v

«0.M >
with a weight of 356.46.
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The following conclusions were arrived at on the basis

of these studies (Pa^e 76 to 78 ).

1. A fraction of the clay unit offers site for reaction

with the dye.

2. ^ince Kiotz's equation,which is applicable to macro-

molecular solutions has been applied it can be said that

100 to U0 clay units form the colloidal micelle which

would interact with 1 mole of dye.

The dye-clay adsorption studies can be put to

another analytical use na«-®iy»the estimation of the

mineral content in a particular soil-sample. On carrying

out adsorption experiments with clay samples containing

varying amounts of powdered silica,It was found that the

amount of dye adsorbed is linearly related to the percen

tage of mineral content in the sample(Page 43*46 )
The clay*dye Interaction was also investigated

using polarographio technique. Methylene blue dye gave

a well defined wave at pH 2.9,4.9 and 0.2 with a E^g

as -0.02,-0.28 and -0.32 volts respectively. A prewave

with E,y2 as -0.01 volts was realised at apH 4.9 only
(Page 94 )• The normal reduction wave disappears below
a concentration of 6 x 10'5 M and so the concentration

maintained in these studies was 3 x 10*" M. It was

observed that the diffusion current of the dye was

considerably reduced in presence of clay mint rals. The •

S /a however did not change. The diffusion current reduces
L/ d
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from 33 x 3 x 10~8 microamperes to 16 x 8 x 10*a micro

amperes,23.8x8 xlO**8 microamperes and 31.6 x8 xl0~*
microamperes In presence of the equal amounts of bento

nlte,illite and kaolinite; so the order for the decrease

in diffusion current Is bentonite > illite > kaolinite.

urther a linear relationship has been observed

between the decrease in wave height (1(^-1,1 ) «w* *»•

amount of clay mineral present (vide "tables 1 to 7

Chapter III ) and this can possibly be utilised for

estimating the clay fraction of a soil sample. On taking

the polarograms of methylene blue in presence of day

samples of varying cation-exch&nge capacity a linear

relationship is observed between the decrease in the

diffusion current and the cation exchange capacity of

the mineral. Thus this technique can be used as a very

rapid method of determining the c.e.c. of clay samples.

Clay-protc^n interactions.

Controversy exists about the state in which

nitrogenous components are present in the soil. Although

some amino acids have been identified in soil hydro*

lysates,there is very little evidence of the presence

of proteins as such in clays. A postulate which has

found favour in recent years,is that the protein forms

a complex with the clay and In a few cases microbial
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degradation of clay-protein co flexes has been investiga

ted. The available references,however,do not throw any

light on the physico-chemical aspect of the reaction

between these two substances. This problem was investiga

ted firstly by carrying out adsorption studies and secondly

by studying the flow properties of clay-protein complexes.

The Isotherms obtained on the basis of adsorption

studies do not follow either Langmuir or Freundlich adsor

ption equation (Pages 113,119 ). On the other hand the

amount of protein adsorbed Is so high as to cover up both

the surface layers and interlamellar spaces. In the Initial

stages the adsorption is rapId,due to binding of the

protein to the random sites on the clay surface, kike

dyes here too the adsorption is physical as well as

exchange with ths? only difference that the protein gets

randomly bound.

Unlike dyes the pH of the medium would influence

the charge of both the protein as well as clay. In the

acidic medium,below the iso*electrlc*pHfthe protein gets

positively charged and above the iso-electric pH it will

start acquiring negative charge becoming almost negative

at high pli. The clay is negatively charged in fairly

acidic medium but would acquire a positive charge due to

adsorption of H ions at the broken edges in highly acidic

medium. The adsorption of the protein will therefore be
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small at low pH but would go on increasing with pH due

to lesser positive charge on the edges. Maximum adsorp*

tion is however achieved when the protein molecule is

uncharged and electrostatic attraction and repulsion

forces are not at all operative. Above the iso-electric

point the protein is negatively charged and the clay is

predominantly negative. This would result In a decrease

in adsorption above the lso*©ioctrlc pH. As the pH Is

further Increased the adsorption would continue to decrea

se and the protein which is nov? anionic may still contain

some localised sites of positive charges and gets attached

to the clay surface through these sites.

he role of the iso-electric point In the ©dsorp*

tion phenomenon Is also evident from the desorption

experiments. It is observed that the amounts of protein

releated at different pi are different,for Instance,

42.6 % protein is released in the case of bentonite

complex and 35 £ in the case of illite complex when the

reequliibration is carried out at a pH higher than the

iso-eioctrlc-polnt. £uch a high release go to show that

the forces of repulsion ore so strong that even the

protein present at tnterlamellar sites Is also released.

On the other hand in the pH range below the Iso-electric
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point the desorbed protein is much smaller (3.6$ in the

case of bentonlte complex and 7.7 I In the case of illite

complex ) thereby showing that the forces of repulsion

exist between protein molecules only and are not strong

enough to remove the protein from interlamellar spaces.

This explanation finds support by the fact that the adsor*

ptlon t pH below the Iso-electric point increases in

resence of an electrolyte like KC1 whose chloride ions

form an ionic atmosphere around the positively charged

protein molecule thereby reducing its charge density and

consequently Increasing the protein adsorption.

Viscosity variations of protein-bentonite suspensions

have been measured with a veiw to have an Idea of particle-

particle Interaction. Viseoslmetric oonstants like intrin

sic viscosity and interaction index have been calculated

using fchuiz-*u.asohke equation

Is specific viscosity, ( t\ ) is Intrinsic viscosity,

c if? the concentration In gm. per ml. of the suspended

particles and k Is the interaction index. These constants

have been calculated for H-bentonite,Ai-bentonite and Ca-

bentonite protein complexes ( vide fables 10 and 11

Chapter V ).

The Intrinsic viscosity of the system is a measure
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of dissymmetry and hydrodynaraic interaction between the

particles. It has been found that the Intrinsic viscosity

of H-clay protein complex is more than Al-clay-protein

complex shoving thereby a larger amount of dissymmetry

in the case of H-complex than in the case of Al-complex.

Likewise the value of k (Interaction index ) is higher in

the case of H-complex showing a larger amount of electri

cal interaction In this clay complex in comparislon to

the Al-clay complex.

The large dissymmetry In the case of hydrogen

clay protein complexes can be attributed to stacking

through the Al Ions present at the edges. This results

in aggregation along the direction of b axis. In Al-bento-

nlte the Al ions are also present in the flat surface with

the result that vertical face to face stacking takes place,

This results In the formation of aggregates of much

reduced dissymmetry.



APPENDIX

Edges as the site for adsorption.
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Clay suspensions move towards the positive

electrode of the electrophoresis tube and are,therefore,

considered to be negatively charged. The existence of

this charge is attributed to isomorphic substitution in

the flat layer surfaces. Recently the existence of

another double layer of comparatively very small magni*

tude,carrying a positive charge,has been postulated'.

Its existence has not been unambiguously established
TV

although the electro-aicrograph of kaolinite sols
A

flocculated by negatively charged gold sol8,adsorption

of anions on the clay surface,possible reversal of

charge by changing the medium from highly acidic to

highly alkaline,go in support of such a postulate.

evidence on this point is also forthcoming on the dye

adsorption and protein adsorption studies described

in Chapter I and Chapter IV of this thesis. In spite of

all these evidences the need of a more direct and subtle

method for proving the existence of a positive double

layer was felt.

The most straight forvaTd proof for showing the

existence of positive electrical double layer can be

had from adsorption experiments. However,since the

adsorption will be very small a far more sensitive

method to register It has to be employed. It was
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considered that a radioisotopic method using a suitable

isotope as adsorbate could be of some value. In the

following pages the results of the preliminary studies

carried on H-bentonite using CdM* as adsorbate are

described.
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A suspension of H-bentonite (Standard Mineral

from Wards ) of known concentration was prepared by

usual procedure.

A stock solution of cadmium sulphate

( 3 CdS0«.8H_0 ) was prepared In double distilled

water.

Cd-llSm (specific activity 8.8 mc/g ) in the form of

cadmium nitrate in dilute nitric acid solution was

obtained from the Isotope Dlvision,Bhabha Atomic

Research Centre Bombay. The tracer was sufficiently

diluted so as to give activity of the order of 3000

counts per mln.

Solutions of JlaoH and cetyl pyrldlnlum bromide

were used for flocculating the clay.

Apparatus.

A O.M. counter was employed for beta counting

measurements. The slope of the 3, M, tube employed for

activity measurements was 0.065/100 V.and its length

180 volts. For all activity measurementstG.K.counter

was operated at 1400 volts. A standard beta source

Ha D-E was employed to check the response of the

counter for day to day work.

Requisite amount of cadmium solution was taken
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in a number of pyrex boiling tubes and 0,8 ml,of the

diluted tracer solution was added in each ease. The

solutions were mechanically stirred for one hour to

bring about complete isotopic exchange. Clay suspension

vat added to each tube so as to have an effective

concentration 0.06:1. Final volume was made upto 10 ml.

The tubes were again stirred for 1 hour and left for

24 hours to attain equilibrium. The contents of each

tube were cantrifuged and 0.5 ml. of the supernatant

liquid were with drawn and dried on stainless steel

planchet under infra red lamp. The activity was counted

for 6 minutes and three such counting measurements were

done in each ease. In order to evaluate total activity

added a blank (containing no clay suspension) was also

simultaneously run. Since the counting rate was small

coincidence loss corrections were not applied.

The clay suspension was then flocculated by

adding NaoH and cetyl pyridinlum bromide (cationic

surfactant ) successively and pH was maintained at 6.0.

Two more adsorption sets were run by the same procedure

using this clay as adsorbent.

The observations are reported in Tables 1*3,



Adsorption of cadmium on H*bentonlte at eH 3.2.

Concentration of H*ber.tonite « 0.06 %

Total volume in each tube • 10 ml.

164

Observed Average Background net counts
counts counts counts per per min.
per min. per min. min. (A)

3841
3702
3258

3599 45 3854

Initial
conc.of
cadmium
solution.

Observed
count s

per min.

Average
counts
per min.

Met counts
per rain.
(A»).

M/10000 900
920
922

914

M/3000 1670
1680
1692

1680 1638

M/S000 1304
1932
1939

1891 1846

K/2000 2326
MEL 3
2800

2735 2740

M/1000 2725
2845
2836

2802 2757

\

M/600 3319

3417
3332

3372 3327
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Adgorptlon of cadmium on H-bentonlte flocculated hy Nflgg
mlmmmmJmmm

Concentration of H-bentonlte

Total volume In each tube

m 0.06 %

* 10 ml.

JJf AJI K

Observed Average Background et counts
counts per counts counts per per mln.
min. per min. min. (A) •

2962
2792
2890

2881 44 2337

Initial cone.Observed
of cadmium counts
solution. per mln.

Average
counts per
mln.

let counts per
mln,(it)

Fyi2000

M/10000

H/3000

M/6000

M/8000

1340
1920

1832

1910
1980
2089

1970
2032

2035

2187
2120
2122

2273

1364 1320

1973 1929

2029 1038

2143 2099

2259 2218



Table Ho.3

MmnUm °f _p_ij___ • Hnbs^0^^.. f3,o,9^

Concentration of E*bentonite • 0.06 $

Total volume in each tube « 10 ml.
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_*m ig

Observed Average
counts counts
per mln. per min.

Back ground .'let counts
counts per per min,
min. (A) .

2460
2520 2478
2483

42 2436

Initial cone
of cadmium
solution.

• Observed
counts
per min.

Average
counts

per min.

Met counts
per mln.
(A* ).

H/12000 1900
1990
2104

1998 1S56

M/10000 1907
2120
2090

2039 1997

M/aooo 2097
2060

2137
2093 2086

M/6000 2160
2190
2076

2142 2100

K/5000 2206
2200
2180

2135 2143
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RESULTS AND DISCUSSION

If a radioisotope is mixed with an Inactive

isotope of the same element,then because of their virtual

Identity in physical and chemical properties,the two

isotopes will always res;ain In the same proportion in

eolution,that Is,the specific activity (activity per

unit wt.) will remola same,even if total amount of the

Isotope (inactive active both) is different.

Specific activity of Cdnttm.

Let the total activity present in 0.6 ml,of dlffe*

rent solutions be A counter per mln,(from blank),

Let total amount of Cd present in 0.5 ml.of

different solutions before adsorption be M gm.

Specific activity • A/W counts per mln./gm.of Cd.

Calculation of equilibrium concentration.

Let the ar-ount of Cd present in 0.5 ml.after

adsorption be W* gm.and its activity be A* counts per

mln*
Specific activity * A*A*

Since the specific activities should be same

A , A'

or W • XX-W ga.
A

Therefore the amount of cadmium present In total volume

(10 ml.) after adsorption,

A X v.O

m —-i- x W x 20 gm.
A



nm to*

JmmWmUmmMmmlm mmmmm^fLmm AJmm
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Initial, ccnc. Concentration
of cadmium of cadmium in

( x!0"s )ga. •<-»**-ibri a*
( xlO*a ) gm.

Amount
adsorbed

( xlO"3) gm

Amount adsorbed
in m.e./l00 gm.
clay.

•

0.346
0.429
0.683
X. OiirW

3.379
6.740

0.0330
0,1470
0,3480
1,3030
2.9590
6.400

0.263
0.232
0.338
0.333
0.420
0.340

65.0
78,0
83,0

100,0
112,0
100,0

Table No.8

Amount of cadmium adsorbed at aH 6.0 (HaoH )

Initial Concentration Amount Amount adsorbed
conc.of of cadmium In adsorbed in ra.e,/100 gm.
cadmium equilibrium / j-io** * — clay.
( xlO"8 ) gm. ( xlO'3 ) gm.

m*m *mmwMWm*mmmmmmmmmmm>mmmm —I -I umMmmvmmmmmmMmmmmmrmmm+mmmmmmmmmmmmmmm^^

0.290 0.135 0.105 28.0
0.346 0.235 0.111 31.0
0.430 0.301 0.129 38.0
0.871 0.422 0.149 42.0
0.633 0.832 0.181 44.0



fohla Np_6

f. g"A^W ^.yy-bed .ftt. r-H 6aO(WftCytftti.

lfitf

Initial cone. Concentration /.mount Amount adsor-
of cadmium of cadmium in adsorbed bed In m,e,/
( xlO-8 ) gm. «q»ili»rlum ( xi0-3 , m, 100 gm.ciay.

( xlO*8 ) gm.

0.290 0.232 0.058 15,0

0.346 0.233 0.063 17.0

0.430 0.361 0.069 20.0

0.571 0.491 0.030 23.0

0.633 0.899 0.084 23,4
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On the basis of these calculations the amounts of

cadmium adsorbed In various cases has been calculated

and tabulated in Tables 4-6.

It can be seen from the values of Table 4,that

the amount of cadmium adsorbed Increases with the

concentration of cadium solution and the maximum value

(112 m.e./100 gn.clay) shows that a complete exchange

of H Ions with cadmium takes place and basically this

would be through exchange adsorption.

How on repeating the adsorption experiments with

the flocculated clay the adsorption of Cd118 would take

place on broken edges only. However,the amount adsorbed

will be very much less. The results given in Tables 5

and 6 show that very little cadmium is adsorbed in the

case when the negative charge on clay surfaoe has been

neutralised by the cationic surfactant or ItaoH.

Further it is observed that the amount of

cadmium adsorbed when the clay has been flocculated with

>?>H is more than in the ease when it has been floccula

ted by the surfactant.This may be due to the greater

coverage of the surfactant cation on the neutralised

clay leaving smaller number of sites for adsorption.
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