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Adsorption of cationic surface active agents like dodecylpyridinium chloride, dodecyl-
quinolinium bromide, dodecyltrimethylammonium chloride, tetradecylpyridinium bromide and
cetylpyridinium chloride on barium sulphate suspensions at two temperatures has been studied
in order to examine the effects of surface heterogeneity on the process and to assess the nature
of binding. Free energies of adsorption calculated from Stern-Grahame equation have been
compared with those obtained from thermodynamic considerations. Variation of the energies
with coverage in the initial stages of adsorption is assigned to the surface heterogeneity and it
is shown that free energies calculated from Stern-Grahame equation only qualitatively explain
the behaviour of long chain ions when these approach the surface from solution. To get a
quantitative idea of heterogeneity, adsorbate-adsorbate interaction and the nature of binding,
an equation for isosteric heats has been derived for adsorption from solution. Variation of gs¢
and sAcg with progressive adsorption is mainly due to the surface heterogeneity but with long
chain ions having large head group or chain length of C,; or more, their accommodation problem
on the surface and interaction between the chains of the adsorbing ions also contribute towards

the relative magnitude of both quantities.

of long chain ions at solid-liquid interface
increases many-fold particularly when the
selected surface active agents can be used as
collecting agents in ore beneficiation, The role
of adsorption of long chain ions at solid-liquid
interface has amply been discussed by Lejal on the
of metal-monolayer interaction. He has
ified them into two major groups, viz. (i) those
spread at air-water interface and (ii) those
do not. Reagents of the former group (long
chainjionic surface active agents) give rise to two
dsorption isotherms?6 the first step corres-
pondihg to the adsorption of monolayer and the
to the adsorption of other unilayer. The
compgunds of the latter group give rise to multilayer
adsorption. Several attempts™® have been made

THE importance of the study of adsorption

of interaction of long chain ions at the solid-liquid
interfpce, and most of the studies record S-shaped
isothdrms in the concentration range 106 to 102M,
instedd of two-step adsorption isotherms. However,

in the adsorption isotherms occurs at a low
tration region which according to them is
o the formation of ‘hemi-micelles’. These
authdrs!:13,14 haye interpreted the results obtained
both fon adsorption and electrokinetic potentials
on the basis of Stern-Grahame equation?s,

The studies so far made give only a qualitative
idea ¢f the nature of the binding of the long chain
ions 4t the solid-liquid interface, but fail to explain
the effect of surface heterogeneity and fail to give a
quantitative idea of the nature of binding in the
early| stages of adsorption and the adsorbate-
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adsorbate interaction. The present study, therefore,
is an attempt to obtain information about these
aspects of interaction for the adsorption of cationic

surface active agents at barjum sulphate-solution
interface.

Materials and Methods

Distilled water deionized by passing it through
a column of mixed acid-base Biodeminerolit (BDH)
ion exchange resin was redistilled before use (sp.
conductivity 1x10% ohm™ cm™). It was used in
the preparation of solutions and in washing preci-
pitated barium sulphate.

Surface active agents were prepared in the
laboratory from corresponding #-bromo or #-chloro-
hydrocarbons and pyridine or quinoline (Eastman
Kodak, USA). Dodecylpyridinium chloride (DPC)
and dodecylquinolinium bromide (DQB) were pre-
pared by the method described by Few ef al.26,

Dodecyltrimethylammonium chloride (DTAC) — An
excess of the alcoholic solution (109) of trimethyl-
amine was refluxed with 1-chlorododecane et §0-90°C
for 16 hr. The resulting yellow solution was
evaporated in pacuo to remove the excess amine.
The residue st to a colourless mass at room tempe-
rature. This was repeatedly crystallized from
ethanol-ethyl acetate in leafy crystal.

Tetradecylpyridinium bromide (TDPB) — 1-Bromo-
tetradecane (10 g) was refluxed with pyridine (3-5 g)
at 100-10° for 2 hr. The reaction mixture became
solid on cooling. This was taken up in hot moist
acetone (AR) and crystallized. Repeated crystalli-
zations gave a snow white solid.

Cetylpyridinium chloride (CPC) — 1-Chlorohexade-
cane (12 g) was refluxed with pyridine (3-7 g) at
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110° for 6 hr. On cooling the hard mass obtained
was taken up in dry acetone (AR). After the first
crystallization, the resulting mass was not very
soluble in cold acetone. It was, therefore, recrys-
tallized several times from- hot moist acetone in
long needles.

Determination of surface area — The following
methods were used to have a relatively correct
estimate of the surface area of BaSO, prepared in
the laboratory.

Air permeametry (17) gave the surface area. to
be 0-15 m?/g while that obtained from photomicro-
graphy was 0-18 m?/gm. The specific surface area
of the sample was also determined by BET method18
using krypton adsorption at liquid nitrogen tempe-
rature. At this temperature the area determined
depends on the choice of py. It should be the value
of either saturetion vapour pressure of solid krypton
or of supercooled liquid gas'®. The use of the latter
improved the linearity of the BET plot. However,
it was pointed out?0 that the mathematical nature
of this equation is such that the calculated value
of V,, is not greatly affected by the choice of p,,
provided the numerical value of the parameter C
is high (€>100) and the difference may be partly
allowed for by an adjustment of molecular cross-
sectional area of the adsorbate molecule. Taking
19-5 A? area of the krypton molecule?!, the specific
surface area was found to be 0-23 m?/g. FEven if
the area so determined is out by several per cent
due to selection of p,, this error would not introduce
any serious error in the calculations for an average
value, i.e, 0-18 + 02 m?/g bas been used.

Determination of adsorption isotherm — Barium
sulphate (0-4 g) was weighed in a series of thoroughly
cleaned and steamed glass stoppered test tubes.
Solution (10 ml each) of the surface active agents
of known strength were added to each tube. These
were placed in a thermostat maintained at a desired
temperature for 48 hr in order to attain equilibrium.
The tubes were intermittently shaken during this
period. The supernatant liquid from each tube was
decanted into clean, steamed dry test tubes and
centrifuged. These solutions were then analysed by
the method of Ottewill and Few?2. Cationic surface
active agents could then be estimated to 10M or
even lower with an accuracy of +£29,. Theaccuracy
could be further improved by using 4 cm cell in a
very low concentration range instead of 1 cm cell.
The experiments were repeated at an interval
of 10°.

Results

The experimental results are shown in Figs. 1-4.
Isotherms in Figs. 1 and 2 correspond to low
concentration region, showing the conventional
plots and isotherms in Figs. 3 and 4 cover the whole
concentration range as log-log plot. Adsorption
isotherms at higher temperatures were similar in
shape and show that adsorption decreases with the
increase in temperature, .

The shape of isotherms in these figures is similar
and they give a comparative idea of adsorption of
different surface active agents when chain length
is increased from Cy, to Cyq and when head group
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Fig. 1 — Moles adsorbed per gram of BaSO, against equi-
librium concentration of different surface active agents
[(=a—)CPC; (—0O—) TDPB; (—[1—) DPB; temp. 293°K]
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Fig. 2 — Moles adsorbed per gram BaSO, against equilibrium

concentration of different surface active agent [(—A—)
DOB; (—O—) DPB; (—[J—) DTAC; temp. 298°K]
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Fig. 3 — Log moles adsorbed per gram of BaSO, against
the log of the equilibrium concentration [(—A~) CPC;
(~0O-) DPB; (~0O~) DPC; temp. 293°K] )
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Fig. 4— Log moles adsorbed per gram of BaSO, against
log of the equilibrium concentration [(—A —) DOB; (— )
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DPC; (—O—) DTAC; temp. 298°K]

size i$ increased from trimethylammonium to quino-
linium.
In| the low concentration region, the steep
gradignts in adsorption isotherms indicate that
ium sulphate has a high affinity for cationic
surfate agents. Obviously the exposed active sites
attrapt oppositely charged surface active ions and
theirjadsorption at these, therefore, be either due
to fdrces similer to electrostatic in nature or of
chemi i type. Consequently polar head
groups would point towards the surface with hydro-
carbdn chain floating in the bulk. This process
lead to the formation of thin or compact
monaqlayer, depending on the hydrophilic-hydro-
phobic balance and on the anchorage of the head
of the surface active agent at the interface.
more of surface active ions are added, the

tration they shape themselves as convex to this axis.
This [is because, with increasing coverage, the high
energy sites being occupied, the surface active ions
are adsorbed at sites of lower energy causing the
isotherm to become concave. At still higher cover-
ages, the surface becomes hydrophilic?® presumably
due to amphipathatic adsorption of second unilayer
of the surface active agent with polar groups oriented
towards the aqueous solution and paraffin chain
inwards, i.e. towards the surface. Such an adsorp-
tion {would cause the isotherms to become convex
to equilibrium concentration axis.

Discussion

The adsorption of ions from solution at solid-
interface can be followed using Stern’s equa-
Although Mukherjee proposed a similar
equation2t based on the electrostatic adsorption of
counter ions, Stern’s equation differs from that of
Mukherjee’s in many technical details.

Nif[1+exp(AG’[kT) /%] (1)
q- (1) #; is the number of ions adsorbed per
t the Stern plane, N; the number of sites per
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cm? available for adsorption, #; the mole fraction

of the ion 4 in the bulk and AG’, the electrochemical
free energy of adsorption. In deriving this equation
Stern took recourse to the assumptions similar to
those used by Langmuir, hence the limitation of the
latter would be inherent in the derivation. Again
the magnitude of the free energy would depend on
the electrical potential difference between the ad-
sorbed monolayer and the bulk and the specific
adsorption potential and may be expressed as

AG® = AG°+ZeW'd (2)
in which AG° being termed as specific adsorption
potential and ¥'3, the Stern potential which in turn
can be put as (¥',-¥'g) ¥; and Wy being the potentials
at the monolayer and the bulk respectively. It
is difficult to frame a suitable definition of ¥'; to
give a meaning to separation shown in Eq. (2).
Therefore, Eq. (2) is not useful for quantitiative
calculations although a qualitative idea of the ad-
sorptive potential can be obtained if change in ¥
with progressive adsorption be estimated accurately.
Experimentally these determinations are difficult.
Attempts werc made to use electrokinetic poténtial
instead of W8 in Eq. (2), assuming an equivalence
between the two. This substitution would make
the situation worse because of the uncertainty of
the slipping plane. However, Grahame’s equation?®

nHP = 2rn eWinp/kT ...(3)

permits the calculation of AG° without using W3
or £ potential. The symbols used are defined as
n*HP the number of counter ions per cm? specific-
ally adsorbed at inner Helmholtz plane ((HP), n,,
the number of ions per mlin the bulk, 7 the radius
of upnhydrated adsorbed ion and WiHP, the work
done in bringing ions from the bulk to ¢HP. In
fact Eq. (3) is an improvement over that of Stern’s
equation (1), the limitation of the latter will also
be associated with it. Eq. (3) can be modified to

vacq 5 o

1000 | RT

in which x/m is the amount of surface active agent
adsorbed per gram, A the surface area in cm? per
gram, C,, the equilibrium concentration in moles
per litre, and AG°, the change in electrochemical
freeenergy of adsorption'when one gramion is brought
to igP from infinity. The equation permits the
calculation of AG® with coverage provided  is known.
This parameter has been calculated from the area
of hiead group of pyridinium and quinelinium ions®
on the basis of assembled model. This is valid only
when charged head group is adsorbed at the active
site on the barium sulphate crystal. Even if there
is an error in the values of » so calculated, it would
only slightly affect the numerical values of AG®
by a constant amount. Fig. 5 shows the variation
of AG® with coverage. These curves are very similar
to those obtained by Ball and Fuerstenau®®. This
data has been compared with surface free energy
changes computed from the Eq. (22) derived from
thermodynamic consideration. In these calculations
the concentration of the surfactants and the

In x/m =1In [
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Fig. 5 — Variation of electrochemical free energy calculated

(a) from Stern-Grahame equation, (b) from Eq. (22)

against the amount adsorbed per gram of adsorbent

[(@) ~A— DQB and —O— DPB; (b) —A— DQB and

— @ — DPB]

temperatures used are the same as computed from
Egs. (18 and 19).

In the early stages of adsorption, the sharp fall
in the values of AG®° indicates the presence of sites
of high energies at which surface active ions are
adsorbed by some force similar to electricalin nature,
Subsequently this fall becomes gradual in the case
of DQB with increasing coverage while DPB shows
no pattern. However, the results in both the cases
suggest that the surface exposed is heterogeneous.
But at corresponding coverages, the fall in values
of surface free energy changes calculdted from Eq.
(22) are much steeper and regular in both the cases
and clearly point out the difference between the
two set of data though the adsorption of ions has
been restricted up to the formation of monolayer
only. Stern-Grahame equation?® has its limitation
for it was mainly developed to explain data at
mercury-solution interface, the surface of mercury
being treated as homogeneous with energy sites
uniformly distributed over it. As such it can quali-
tatively explain the adsorption of long chain ion
at the solid-liquid interface. In order to get a
quantitative idea of the effect of surface hetero-
geneity, the nature of binding and adsorbent-
adsorbate interaction, one will have to develop an

equation based on thermodynamic concept free
from any restriction due to model consideration of
the double layer.

Derivation of an expression for the heat of adsorption
Sfrom  solution phase — Adsorption from solutions
phase on solids involves (i) solution phase «, (ii)
solid phase and (iii) two-dimensional surface phase
(6) formed by the adsorption of long chain ions
from aqueous phase. The equilibrium between
the surface phase and the bulk phase can be
expressed by Eq. (5)

MRS = Ap (5)
in which Apf = ppf— i and Apf = pl—w® w?
and ,’¢ are standard electrochemical potentials

when ions of unit activity are transferred from the
solution to surface phase and when activity
coefficient of the same ions in solution is unity
respectively.

Electrochemical potential of the ions in solution
is the function of osmotic pressure, temperature
and potential due to them in the bulk, i.e.

us =/ (P.T.4% 0
and ,# of the same species in the surface phase is

also a function of surface coverage 0, besides P, T
and ¢°. It can be expressed as

o =/(P,T9,4¢) (7)

Deviating slightly from equilibrium defined by
Eq. (5) and the system still remaining in equilibrium
we have
dpg = dp® - (8)

From Egs. (6), (7) and (8) it can be shown that

) () ars()
(5?) T,¢“dp+ ( or P,<;!»°°dTJr <9¢°‘ T’qus“
g H ) (5)
== AP\ = ar+\| — do
( oP )T,e,qga 2 oT /p,0,40 + 00 P.T,¢

+ (SEE)P,T,ed(ﬁG (9

Rearranging and remembering that

O\ oY (aﬁzi) _
(ﬁ)P_ - (éT)T~ v and o8 Jea~ !

Eq. (9) at constant 6 reduces to
AP(V*—V°) = dT(S*—S°) +[g°d¢c—q2dg™] . ...(10)
The last terms of Eq. (10) give the difference be-
tween work done in bringing ions from infinity to
the surface phase and to the solution phase. The
net work done may be put as *Ad9¢d$. Considering
the adsorption of the ions up to the formation of
monolayer, the partial molar volume (V%) of the
adsorbed phase can be neglected in comparison
with V¢ Eq. (10) is then modified to

) S5 1 L)
(ﬁ)e" pa T V“[Aq(dTe

The term ®A°%(d$/dT)g can be taken as change in
entropy in analogy with the temperature coefficient of
potential E of a chemical cell, i.e. #F(dE[dT)P, when
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ion ¢ is transferred from the bulk to the surface phase.
Hence Eq. (11) becomes

(dP) *ASS
arfy Ve
in which *ASS = S§*—5°~%4°S. *2°S is dejpendent
on the sign of (d$/dT)p and represents the molar
diffefential entropy when one mole of ion is adsorbed
relat{ve to standard stete defined above.

Aghin considering free energy changes for trans-
fererice of the ions of unit activity from the bulk
phas¢ to the surface phase, keeping MiCroscopic
area lof the interface constant and making use of
Eq. {5), it can be shown that

aAoS| = eAH|T .. (13)
whete °A°H denotes the heat evolved when ions of
unit|activity of the component passes from phase
« tolsurface phase ¢ provided the process occurs at
constant 0. Substituting the value of ®A9S in Eq.
(12),) we get

..(12)

iP) _
=4 = AH[TV¢ ...(14
( 7T ’0 AH|TT (14)
which is similar to Clausius-Clayperon equation.

To fletermine *A°H experimentally, identified as
isosteric heat of adsorption, Eq. (14) is simylified to

alnP\ _ ipre
( it )e_ ¢*[RT

Integrating Eq. (15) belween two temperatures T,
and |7, and remembering the solutions are dilute,
P bding proportional to the concentraticn C, we get
2:303 R (log Cy—log C\)T\T,
| ,-T;

The values of ¢ calculated from Eq. (16),
depdnd considerably on the accuracy with which
equilibrium concentrations (C; and C,) are deter-
minéd. It has been mentioned earlier that in the
low |concentration region, these can be estimated
withl an accuracy of 29, i.e. root mean square error
of their ratio is of the order of +2-89%,.

Thetefore

In (C;/C,)(1 £0-028) ~1In(C,/C,)0-028
(16) then becomes

: R[T,T [T y—T,)[InCy—InCy] £ R[T4 T/
T,—T,) x0-028 ...(17)

It follows, therefore, that factor R[T,T,/Ty—1,]
governs the accuracy in calculating ¢%. Since T
and |7, differ by 10°, the estimated error will be of
the jorder of +500 cal per mole.

In view of the possible interaction between the
hydtocarbon chains of diflerent surface aclive agents
at Higher coverages, heats up to 0~0-2 were cal-
culalted and Fig. 7 shows the variation of ¢% against
the lamount adsorbed per gram of adsorbent.

Since T, and T, differ by 10°, the values of ¢
computed may be taken to represent both the iso-
thenms. For a better approximation, the average

..(15)

...(16)

qst —

Eq.
qst

I
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Fig. 6 — Variation of jsosteric heat of adsorption of different
surface active agents as a function of amount adsorbed per
gram of BaSO, [(—a—)TDPB; (—@—) DPC; experi-
mental temperatures 293° and 305°K (—[1—) DQB; (—O—)
DTAC; experimental temperatures 298° and 308°K]

temperature or concentration can be calculatec?
from LEqs. (18) and (19)

= T T2 (18)

C = (Cr—C,) ...(19)

Dependence of isosteric heats om  concentration —
The variation of isosteric heats for different surface
active agents with progressive coverage can be
assigned to factors, viz. surface heterogeneity, ad-
sorbate-adsorbate interaction and/or to the combined
effect of both depending on their relative magnitude
at a particular adsorption site.

The initial sharp fall in ¢¢ due to the adsorption
of different surface active agents shows the presence
of high energy sites. The origin of these may be
due to strong residual valence forces or due to
forces arising out of crystal defects. The energy
associated with them will also be cependent on the
nature of the adsorbent and the particle size. Non-
uniformity of this type gives rise to surface hetero-
geneity, as a result of which different degrees of
interactions would occur between the adsorbate
and adsorbent.

Surface active cations should, therefore, be pre-
ferentially acdsorbed due to electrostatic attraction
at sites of high energy with their head pointing
towards the surface. Therefore, in the initial stages
of adsorption high values of ¢% are expected. When
these sites are filled up, subsequent fall in ¢
becomes gradual with increasing coverage. This
adsorption pattern is followed by TDPB, DPC and
DTAC. The efiect of large head group, e.g. quino-
linium associated with Cy,, is quite apparent. The -
gradient of the curve for this surfactant in the
initial stages is muck steeper than for pyridinium
or trimethylammonium ions associated with the
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same chain length. However, numerically, it seems
that for the same fraction of the surface covered,
DP* ions are more strongly adsorbed than DQ* ions,
~This apparent anomaly could be explained by taking
into consideration the size of the ions as well as their
‘accommodation on the surface. This aspect of the
problem becomes clear by considering the variation
of surface entropy with coverage, discussed in the
sequel. -

It is difficult to assess the contribution of
adsorbate-adsorbate interaction from the data on
g% If this factor outweigh the heterogeneity
factor, ¢% coverage curve should show a minimum?s.
A situation of this kind may arise if one is working
with surface active agents with chain length C,q or
more or with large head group. 1In these cases, the
possibility of interaction between adsorbing mole-
cules even at low coverage becomes much more.

Surface entropy and its depemdence on coverage —
Surface entropy for the system can be represented by

®A%S == ASe (configurational) -+AS¢ (thermal)
The contribution of AS¢ (configurational) should
play an important role in governing ©A°S, for it
takes into account the possible arrangement of
adsorbate molecules or ions on the surface. Changes
in rotational and vibrational entropies, if any, of
the adsorbing ions are incorporated in the term
AS© (thermal). The contribution of the latter when
adsorbing ions are long chain ions and adsorb on
ionogenic surface to entropy change is difficult to
assess. Again separate estimation of changes in
configurational entropies in the case also seems to
be difficult. However, ®A95 can be calculated from
Eq. (20). Free energy change for the adsorbed
phase is given by

@A9 C = oASH —T°A9S ...(20)

Terms involved in Eq. (20) have been defined earlier.
Numerically??

qst _ aAaI—{ (21)
and
*AG = 2:303 RT log C .(22)

in which C is the equilibrium ccncentration and T,
the absolute temperature given by Egs. (18) and
(19) respectively.

In calculations, activities for ions should have
been used. However, this approximation will not
introduce any serious error because equilibrium
concentrations substituted in Eq. (22) were of the
order of 10°8M. Variation of °AdS for different sur-
face active agents versus amount adsorbed per gram
of adsorbent is shown in Fig. 7.

Barium sulphate-solution system is constituted
of the bulk phases, the interface and the oriented
water. molecular layers, if any, near the surface.
Therefore, such a system would present a surface
statistically with the same disorder arising due to
dissociating surface groups or uneven distribution
of adsorbing sites or exposition of a particular crystal
face or due to the combined effects of these factors.
Long chain ions when added to the system, will

60

Y

40

0 20 50 . 60
Grams adsorbed per gram of adsorbent X10

Fig. 7 — Variation of surface entropy of different surface

active agent as a function of amount adsorbed per gram of

adsorbent [(—z~—) TDPB; (—@—) DPB; (—[J—) DTAC
and (—0O—) DQBJ . :

cause a change in surface entropy depending on
their accommodation carability on the surface and
on the hydrophobic-hydrophilic balance. To tilt
the balance, the chain length has been increased
from Cy, to C,, with same pyridinium group and
the head group size from trimethylammonium to
quinolinium having same chain length, C,,.

The addition of surface active agents in increas-
ing doses affects the environmental conditions around
the barium sulphate particles responsible for the
changes in surface entropies with coverage (Fig. 7).
It may be noted that for the same amount of
different surfactants adsorbed (per gram) the effect
on surface entropies is different though the surface
area exposed was the same in each case. It seems
the process depends only on the nature and size of
the adsorbing ions.

A sharp fall in °ASS at low coverages for DTAC,
DOB, DPC and TDPB, again shows that the
surface exposed is heterogeneous. The variation of
surface entropies even when the coverage does not
exceed ~0-2, indicate that Langmuir adsorption
equation is not applicable to the data thoughalinear
relationship exists between °A°S and *A°H for DPC,
TDPB and DTAC up to corresponding to ~3x 105
g per gram of adsorbent. The scatter of points
{see Fig. 8) for pyridinrium ions both for DPC anrd
TDPB is such that a single straight line can be drawn
baving a slope of 3x103. The theoretical values
for the slores are 3-36x10-? (298°) and 3-30x 108
(302:9°K). The two sets are comparable anditcan
be said that ‘the relationship between both the
quantities shows more or less an ideal behaviour up

to the coverages indicated.
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Fig. 8 }— Variations of aAoS with aAcH for. different surface
active fagent [(—3—): TDPB; (—O—) DPC; temp. 298°K.

—A-—) DQB; (— x—) DTAC; temp. 305°K;

Like entropy versus coverage curve, ®A%S versus
aAof | curve for DQB follows a pattern completely
differént from those of other surface active agents.
Such p behaviour may be due to the accommodation
‘problpm of adsorbed large quinolinium group side
by sife and the interaction between the adjacent
moledules on the surface. A combined effect of

the two leads to a situation at which °A°S mayt end

to zero and it does so at ~4x 107 g of adsorbate.

FurtHer increase in its concentration causes *A9S
to become positive. The effect of increasing chain
length with the same head group should also show

phob

amphipathatic

a similar effect for it not only increases the hydro-
“10 character but also the possibility of
b

interaction between hydrocarbon

chaink. The interaction of this type could be felt
in the case of compounds having chain length C,4
or mgre. The increase in chain length from Cy, to Cyy
does ot increase hydrophobicity to such an extent
as toleffect entropies as in the case of DQOB. From
the dhanges in entropies one can infer that TDPB
is miore strongly adsorbed than DPC, as was

expedted.

Tt can be concluded from the variation of eAdF
with | progressive adsorption for different surface
active agents, the adsorbing surface is heterogeneous

othernwise numerical values of *A¢S would have been
the same for each surfactant had the Langmuir
postiylate of equi-energy sites been valid for the
systen. For coverages cerrespending to 4% 107 g
of adsorbate (DQB), the surface is practically covered
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reducing the surface disorder to a minimum.
Furtter adsorption of the same ion reverse the so-
called order to increasing disorder, a case where
interaction between adsorbing jons is strongly feit.
The change in sign of A0S further suggests the for-
maticn of second layer before the first one is
completed. The cther extreme case should be with
surface active agents having Cyq chain or more, The
variation of °A9S with the amount adsorbed for
other surfactant should follow a course intermediate
between the two extremes.

Acknowledgement

The authors are thankfu! to Dr R. P. Rastogi,
Professor of Chemistry, University of Gorakhpur,
Gorakhpur, for helpful discussion.

References

1. LEJA, J., Proc. IInd International Congress of Surface
Activity, Vol. 111 (Butterworths, London), 1957, 237.

2. HELp, N. A. & SamocuwaLrov, K. M., Kolloid Z., 72
(1935), 13.

3. HELp, N. A. & Sawmocawarov, K. M., J. phys. Chem.
USSR, 16 (1936), 1210.

4. SaLeEs, F. Z,. Z. phys. Chem., 244 (1970), 85.

5. SaLeee, F. Z., Kolloid Z., Z. polymer, 239 (1970},
602. ‘

6. CvmmINGg, B. D. & ScuuLvax, J., Aust. J. Chem., 12
(1939), 413.

7. TamamusHi, B. & Tamaxi, K., Trans. Faraday Soc.,
55 (1959), 1007.

8. TamamusaI, B. & Tamaxi, K., Proc. IInd International

Congress of Surface Activity, Vol. 111 (Butterworths,
London), 1957, 449.

9. Javcock, M. J., OrrEwirL, R. H., & Rastoar, M. C.
Proc. Ind International Congress of Surface Activity,
Vol. IT (Butterworths, London), 1957, 283.

10. Josut, L. D., Ph.D. thesis, Lucknow University, Lucknow,
1966.

11. SomasUNDRAN, P. & FuersteNau, D. W., J. phys.
Chem., 70 (1966), 90. .

12. Dick, S. G., FuerstENaUu, D. W. & HErarv, T. W,
J. colloid intevface Sci., 37 (1970), 595.

13. Barr, B. & Fuerstenau, D. W., Disc. Favaday Soc.,
52 (1971), 361. :

14. SomasUNDARAN, P., Hearv, T. W. & FEERSTENAU,
D. W., J. phys. Chem., 68 (1962), 3582.

15. GrauAME, D. C., Chem. Rev., 41 (1947), 441.

16. FEw, A. V., GILBY, A. R., OTTEWILL, R. H. & PARREIRA,
H. C., J. chem. Soc., (1958), 1712.

17. Annual book of ASTM standards with velated wmaterials,
Part 9 (American Society for Testing & Materials),
1964, 208.

18. BRUNAUER, S., EmmMerT, P. H. & TELLER, B. D, J.
Am. chem. Soc., 60 (1936), 309.

19. BeEBE, R. A., BeEckwitH, J. B. & Honig, J. M., J. 4m.
chem. Soc., 67 (1945), 1554.

20. AmnscoucH, J. B., Natuve, London, 195 (1962), 1089.

21. ZETTLEMOYER, A. C., CHAND, A. & GawmsLE, E., [
Am. chem. Soc., 72 (1950), 2752.

22. Orrewii, R. H. & Few, A. V., J. Colloid, 11 (1956),
34.

23. Ortewitt, R. H. & Rasroct, M. C., Tvans. Favaday
Soc., 56 (1960), 880.

24. STERN, O., Z. Electrochem., 30 (1924), 508.

24. (a) MUKHERJEE, J. N., Trans. Faraday Soc., 15 (1921),
103

25. OrrEwiLL, R. H. & Rastoct, M. C., Trans. Favaday
Soc., 56 (1960), 866.

26. Ross, S. & OLIVIER, J., On physical adsorption (Inter-
science, New York), 1964, 80, 146.

27. Apamsons, A. W., Physical chemistry of surface (Inter-
science, New York), 1967, 611.





