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With the help of a phase dividing plane, a liquid column containing a mixture of water and
an organic liquid may be physically divided into the bulk and interfacial phases. The surface
excess [, of water for this mixture becomes equal to An;—Ang X,/X; where X, and X, are the
bulk mole fractions of the water and the organic liquid components respectively. Ani moles
of water may be imagined to be bound to An] moles of the organic liquid thus forming an inter-
facial phase. From the variation of surface tension of the binary liquid mixture with the
change in the partial vapour pressure of water, I';, has been calculated using the Gibbs adsorp-
tion equation. For water mixed in varying amounts with an organic liquid such as pyridine,
formic acid, methyl alcohol, ethyl alcohol or propyl alcohol, I'; is observed to vary linearly with
X,/X, in the wide range of the mole ratio composition of the mixture. From the slope and
intercept of this linear plot, An] and An; may be calculated for each liquid mixture. Analysis
of the results further indicates that the bound liquid components in the interfacial phase form a
monomolecular layer so that the effective cross-sectional area of the oriented organic molecule
at the interface may be computed. Validity of the monolayer model for the surface phase allows
the calculation of Anj and An; even when I'; versus X,/X; plot is non-linear. In the case of
glycerol-water and acetone-water mixtures, the organic molecules at the interface are observed

to alter their orientations as the water content in the bulk phase is significantly decreased.

ILLARD Gibbs? introduced the concept
\x/ of the surface excess of a component in a

multicomponent solution by imaginarily
dividing a column of such liquid with the help of
a mathematical plane. McBain? presented precise
experimental evidence in support of this concept.
Guggenheim and Adam® pointed out some diffi-
culties associated with the physical concepts of the
Gibbs surface excess quantity. Guggenheim? pre-
sented an alternative derivation of the Gibbs ad-
sorption equation assuming certain physical thickness
for the interfacial phase. Several workers® have
estimated the thickness of this phase from the
experimental data. Efforts®? have recently been
made by wvarious workers to clarify the concepts
of the surface excess and the surface phase from
different approaches of thermodynamics.

In the present paper, an attempt has been made
to evaluate the absolute amount of water and
organic liquid components bound to each other
in the interfacial phase of a binary solution. The
data on the surface tension of variousliquid mixtures
have been used aporopriately for the evaluation of
such binding. Following a similar approacls, the
absolute compositions of the interfacial phases

*Author to whom correspondence should be addressed.

associated with various electrolyte solutions have
also been estimated by us previously.

Interfacial Binding

Let us imagine that s{ moles of water (com-
ponent-1) is mixed with #; moles of an organic
liquid (component-2) as a result of which a binary
solution in the shape of a liquid column A44'PP’
{Fig. 1) is formed. Let the wvapour phase above
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Fig. 1 — Model column for a liquid mixture
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the liquid column be represented AA4’SS’ and the
area of the air-water interface formed at the top
of this liquid column be one square centimeter.
Because of the existence of the interfacial-free
energy, the amount of the two components in the
surface region will be different from those present
in the bulk of liquid at the bottom and also from
those present in the vapour phase. Let C; and C,
stand for the concentrations of the two components
in the bulk liquid in moles per unit volume.
Similarly C; and C, are concentrations of these
components in the vapour phase above the liquid
column. According to Defay and Priggogine®, the
balance of the masses of the overall system of
this type may lead to Egs. (1) and (2),

»n'l = An'l-{-ClV—JrEIV ...(1)
w, = My +CV + GV -(2)

where ¥V and ¥ are the volumes of the liquid and
vapour phases respectively. Anj and An; moles
are the absolute amounts of components bound to
each other forming the interfacial phase AA'BB’.
Below this surface bound phase, there exists the
eatice bilk phase BB'PP’ in waich 5, (or C\V)
mdles of comoonent-1 is mixel with s, (or C,V)
moles of component-2 uniformly throughout the
s>1se s> that #.[s, b2:omes equal to X,/X, and

nl—n,;—{: —0 .(3)

waere X, anl X, are the bulk mble fractions
of the two components in the mixture. The two
comdoneats in the bulk phase will be referred to
exist in the free state of mixinz. The location
of the vlane BB’ is such that the mole ratio
com>sition of the eatire bulk liquid rezion below
this plane is X;/X; (or C,/C;), whereas above it,
the com>dsition in the interfacial region may deviate
from this value because of the influence of inter-
facial energzy. In a similar manner, the position of
AA’ may be definel such that the mole ratio
ch>mHosition of the vanour phase above the plane is
uniformly C,/C,, whereas below it, the value of this
ratio may deviate from C,/C;. The composition
of the interfacial rezion thus varies in a gradient
m1aae: from C,[C, to C[/C; between the planes A4’
anl BB’ in ajreemsat with the concepts of the
intesfacial phase according to Tolman® and others
basel on s-a‘istical mechanics and thermodynamics®.

Nezlectiny the volume of the interfacial phase
AA’BB’ which is normally infinitesimally small,
the total volume V; of the system may equal
V4V so that one may write from Egs. (1) and (2),

A”'I = n’L——CIVg+?(C1“‘-51) ---(4)

Any = wy—C,Vi+V(Co—Cs) (5}

Eliminating 7 from Egs. (4) and (5) and assuming
C;>C, and C,>C,

one may obtain the relations,

n —nh
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and

’ 7 X
why—nt X = Any—An, X—i (7
Here C,/C, has been replaced by X,/X,.

Since Willard Gibbs? introduced his unique concept
of the surface excess, the surface chemists®1011 have
accepted the operative definition of the relative
excess quantities I} and I'; of a binary solution
given by Egs. (8) and (9).

I, =ni~n‘1‘§_—: ...(8)
‘)% ..(9)

Combining these relations, it may also be shown
that

X1F2+X2F1 =0 -.-(10)

This is well-known Guggenheim-Adam relation?
which at once indicates that is at a given X,/X,,
I'; is calculated with the help of the Gibbs
adsorption equation, the value of I', becomes auto-
matically fixed and it is equal to —(X,I/X,).
I', and I, are thus interdependent and their signs
are opposice to each other. Here It and I
do not stand for the absolute composition of the
two components at the interface. The surface
excess of a strong adsorbate is positive and its
value is believed to be close to the absolute value
of this component within the interfacial phase.

The surface chemists even to date have faced
difficulties in determining the absolute values An;
and An, because in their opinion the actual position
of the interfacial plane BB’ dividing the interfacial
phase from the bulk region cannot be determined
with precision®1%1!,  Following an alternative
approach, these workers have divided the liquid
column into an imaginary surface and bulk phases
by placing a dividing plane at arbitrary position
PP’, Q@' or RR', etc. Equations (8) and (9) are
consistent with this concept of artificial division
so that the imaginary surface phase is assumed
to be composed of #} and #) moles of the two
liquid components. In reality, this composition is
related to the formation of the whole liquid column
AA'PP’ containing both the surface and bulk
phases. Further, at a fixed liquid composition,
#% and #% may also be varied arbitrarily so that
his liquid mixture may enclose lesser volume space
AA'QQ" (or AA’RR', etc.). This shows that the
expression of the interfacial composition in terms
of #{ and # may become imaginary without any
physical significance. Because of this, certain con-
ceptual difficulties may occur in some cases if
Eq. (8) is used as the expression for the surface
excess. This will be discussed in a later section.

In our opinion, I'} and I'y may be most rationally
expressed by the relations,

, , X

1-'1 — AH‘I—AMZX—: .(11)
; , X

I =As—A ”}?f ...(12)
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These two equations can easily be converted to the
forms which are similar to the expressions for
the composite isotherms used by Kipling1?, Schay
and Nagy!®. Equations (11) and (12) indicate that
a bulk phase BB'PP’ (or BB'QQ’, etc.) of a given
composition X,/X, is associated with a physically
defined interfacial phase A4’BB’ containing Anj and
Anj moles of liquid components. At a given value
of X,/X,, Anj and Anj are definite and independent
of the positions PP’, QQ’, RR', etc. The com-
position of the interfacial phase is by definition
not equal to its bulk composition X,/X,, and the
bulk and the interfacial phases are separated by a
real phase dividing plane BB'.

In Eqgs. (6) and (7), I} and I', will remain the
same whether these quantities are defined by Egs.
(8) and (9) or by more rational Eqs. (11) and (12).
The variations of %4 and #{ in Eq. (9) with the
position PP’, QQ’, RR’, etc., are due to the involve-
ment of variable amounts of bulk phases BB'PP’,
BB'QQ’, BB'RR', etc., with the actual interfacial
phase A A’BB’ thus forming different volumes of the
imaginary interfacial phases.

From Egs. (11) and (12), it is apparent that
at a given value of X,/X,, An; and An and hence
I', and T, are definite and independent of positions
PP’, QQ', RR’, etc. Each component in the liquid
column AA’PP’ is existing partly in the surface
bound and partly in the bulk (free) states of
mixing so that #f and #£ in Egs. (8) and (9) may
be replaced by #,+An] and #,-+An, and

, X X
L= (A”'l—A"‘-'z )T:)TL(”V’”: X_—i) ...(13)
The last term is zero according to the relation (3)
so that unlike #t and #§, I and I, defined by
Egs. (8) and (9) remain invariant to the imaginary
position of the dividing plane.

I'y and I';, may be calculated from the experi-
mental data with the help of the Gibbs adsorption
equations which at a given temperature will be
given by :

ay d(Y)

I'= ~ RT da, ...(14)
_ _ &
T = " RT da, -(13)

Here a; and a4, stand for the activities of the
respective components in the mole fraction scale
and Y represents the surface tension of the liquid
mixture. R and T are the gas constant and
absolute temperature respectively.

From the data of surface tension of liquid
mixtures, an attempt has been made in the sub-
sequent sections to evaluate the absolute com-
positions of the interfacial phase 4A’BB’ in terms
of Axnj and An,.

Evaluation of the Surface Excess

The surface tensions of the following liquid
mixtures in the whole range of liquid compositions
are considered in this paper: pyridine-water¢ at
50°; formic acid-water!? at 30°; acetone-water'¢ at
25°; propyl alcohol-waterl4 at 25°; glycerol-water¢
at 25°; ethyl alcohol-water® at 25° and methyl
alcohol-water?® at 30°. The partial vapour pressures

#, of the organic liquid for the various compositions
of the mixtures of pyridine and water4 at 50°,
formic acid and water*® at 30°, acetone and water4
at 25° glycerol-waterl® at 25°, propyl alcolol and
water4 at 25° have also been taken from the
literature. The vapour in contact with tke liquid
mixture at any given composition may be regarced
to behave as an ideal gas mixture so tkat Eq. (15)
may be written in tke form?

Pq dY
I, = ~ RT 3p, ...(16)
Values of aY/dp, for various liquid mixtures at a
given p, have been obtained by plotting Y against
¢, and determining thke slope of the curve by tle
chord-area method!®. I, is then calculated for
various values of p, (or X,) using Eq. (16). I,
for methyl alcohol-water and ethyl alcolol-water
mixtures calculated in this manner has alreacy teen
reported in the literature®1%, The values of I', for
these two systems have been used by us directly.
Using values of I';, X; and X,, tte negative surface
excess Iy of water in tke liquid mixture is esti-
mated as function of X;/X, with tte lelp of
Eq. (10).

Evaluation of Ani and Anj

In Figs. 2-4, variation of the negative surface
excess I} of water for different mole ratio com-
positions X;/X, of the various liquid mixtures are
shown graphically. Such a plot for tke pyridine-
water mixture is linear in the entire range of
pyridine mole fractions 0-01 to 0-60 considered by us.
The magnitudes of the intercept and the slope
values of the linear plot represent the respective
values of Ani and Amy; according to Eq. (11).
In the range of mole fractions 0-04 to 0-20 for
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Fig. 2 — Surface excess (I';) of water as a function of the

mole ratio composition X,/X, [(A) Formic acid+H,0,

low X,/X, (scale I-I); (B) pyridine+H,0 (scale II-I); and
(C) formic acid+H,0, high X,/X, (scale III-11))
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formic acid, this type of plot is linear with
significant positive slope and negative intercept
so that An; and Any for this system may also be
evaluated. In Fig. 3, I is observed to vary
linearly with the change in the mole ratio com-
position for the aqueous mixtures of methyl alcohol,

30 |
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ethyl alcohol and propyl alcohol in the range of
mole fractions 02 to 09, 0:05 to 0-60 and 0:03 to
0-50 for the respective organic components. The
values of Axn] and Awny evaluated for all these
systems with the help of Eq. (11) along with their
standard deviations, are presented in Table 1.
It is apparent from Table 1 that Ang for all these
liquid mixtures are positive and their magnitudes
lie in the range 10-® to 101° mole cm=2. Anj for
these cases are also positive and the order of their
values lies between 10-? and 101! mole cm™2.

In the light of Egs. (8) and (11), let us now
more critically examine the physical meaning of the
two constants evaluated from the linear plot of
T, against X;/X,. The feature of this plot indicates
that these two constants must be independent of
X:/X, so that they cannot be identified with
ny and #h according to Eq. (8). This is because
of the fact that either s} or s5 or both have to
vary with changes in X,/X,, and I'} versus X, /X,
plot should never be linear according to Eq. (8).
The linear plot thus indicates that Eq. (8) is

\
| TaBLE 1 — VALUES OF Anj AND A#n, FROM LINEAR PLoTs
‘|k Liquid system Anyx 1010 An;x10® g,x 108
. 'o (molefcm?)  (mole/cm?) (cm?/mole-
; 2.
i 20 40 €0 # cule)
500 1000 1800 ' 4 Ppyridine+H,0 3721001  020+015 444
- X) Iy 2. Formic acid+H,0 3-87+007 9-38+0-58 18-8
b C 3. Methyl alcohol+ H,0 6-8940-13 044+0-23 242
Fig. 3 — Surface excess (I';) of water as a function of the g g:gg}l,lailcggfgﬁ}_}%f% gggfgﬁg };gé iggg %(2)3
mole ratio composition X,/X, [(A) Ethyl aleohol+H,0 " s 45,014 O 3 340 5500 34-5
{scale I-I); (B) methyl alcohol4+H,0 (scale I-I) (C) propyl 7' Glycer01+H20 0-89 0-60 181-0
alcohol+H,0, low X,/X, (scale II-II); and (D) propyl ! 4
alcohol+H,0, high X,/X, (scale ITI-ITI)]
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Fig. 4 — Surface excess (I'}) of water as a function of the mole ratio composition X,/X, [(A) Acetonet+H,O, low

X,/ X, (scale I-I); (B) acetone+H,O, high X,/X, (scale III-III); and (C) glycerol4+H,O (scale II-II}]
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incorrect and inconsistent for the physical descrip-
tion of the real interfacial phase of constant com-
position even though the value of I'; expressed by
this equation is correct. The two constants evaluat-
ed from the linear plot must be free from X, and
X, terms of bulk so that they may be rightly
identified with An; and Anj according to Eq. (11).
The actual composition of the interfacial phase
in terms of As{ and A#ny; remains thus unaltered
with the variation of the composition of the bulk
phase. The change of surface ener3y Y at constant
comnosition of the interfacial phase possibly indi-
cates that the surface activity coefficient does not
remain constant when the comnosition of the bulk
phase is altered.

To make the above conclusion pointedly complete,
it is further neczessary to demnonstrate that the
slode anl the inte:cedt of the linear plot do not
redreseat somes fraction values of the total moles
of the twd co>moonents in the interfacial phase.
T> vrove this p-odosition, one may divide the
actual interfacial phase by placing an imaginary
plane LL’ within AA’'BB’ so that As; and Awns
become resde:tively equal to As{+An{ and Anj+
Any. Here As{ ani Aué are moles of comdonents
existiny in the first layer AA'LL’ of interface and
Ani and Amj are the comoonents present in the
second interfacial layer LL’BB’. Eq. (11) will then
read

X X,
I, = (An{—Av;z’ }—(i) +(Awi—An‘2 }—(—’) ...(17)
The evaluitel coastants of our linear plots cannot

also be identifiel with An{ and Anf since Aw}/An}
#X,/X, according to our definition of the inter-
facial phase. Tae two constants of the linear plot
thus represent the absolute compositions Asni and
An; of the physically definel interfacial phase
as a whole. Thie linear plot also gives experimental
evidence that the position of the Gibbs dividing
plane is not arbitrary but is fixed at a physically
well-defined position BB’. Below this plane, there
exists bulk phase of composition X,/X, and above
it is the interfacial phase composed of Axn{ and
An; moles of the two components.

Monolayer Model

From the ge»matric staninoint, let us now make
an extra-therm» lynamic assumotion that the bound
phase AA'BB’ of 1 cm? interfacial area is a
monomdlecular layer so that one will be permitted
to write Eq. (18).

N(o,A%1+0,Anz) =1 ...(18)

Here 4, anl o, are the efective cross sectional
areas (in cm?) per surface bound water and organic
molecule respectively and N is the Avogadro number.
o, may be put?® equal to 10 x 10-28 ¢cm? per molecule
so that by inserting appropriate values of An; and
An; from Table 1 in Eq. (18), 5, for methyl, ethyl
and propyl alcohols are calculated to be 24, 22 and
20 A2[mole respectively. These agree well with the
values of ¢, for the alcohol systems obtained by
others after using various surface chemical tech-
niques’. Here the hydrocarbon chains are assumed

to be oriented in the vertical direction with respect
to the interfacial plane. ¢, for the formic acid
molecule is 19 A? which is also very reasonable.
g, for a surface bound pyridine molecule is as high
as 44 A% This suggests that the large pyridine
ring is oriented parallel to the interfacial plane.
From all these results, it appears that our assump-
tion about the monolayer nature of the surface
bound phase may be essentially valid. Many other
workers!1:22 have also shown that the adsorbed
phase of the non-electrolytes at the solid-liquid and
gak-liquid interfaces are monomolecular in nature.
Thus for mixture of organic liquid and water,
the interfacial phase is made up of a monolayer
formel by these two components in which water
always exists as a negative surface excess. The
concentration of organic liquid in water in the
interfacial phase may be regarded to be considerably
higher than that of the attached bulk phase
concentration of the non-aqueous component. How-
ever, the average packing of the molecules within
the surface layer may be inhomogeneous. Further
for different orientations of the adsorbed molecules,
varied and significant amounts of the surface void
may anpear in the interfacial phase. The effects of
all these factors are implicitly included in a,.
Using the surface tension data of various aqueous
solutions of electrolytes, we have previously shown8
that significant amount of water bound with
negligibly small amount of an inorganic electrolyte
may form multimolecular layers at the interfacial
phase. The number of such interfacial layers may
range from 2 to as high as 100 depending upon
the nature and valency of the ions composing the
electrolyte. Thus, in the presence of KCl, NaNO,,
K,S0O,, MgCl,, MgSO,, Al(SO,); the number of
water layers existing in the interfacial phase are
shown to be 3, 2, 3, 4, 31 and 19 respectively.
In all these cases of electrolyte solutions, water is
behaving as positive surface excess. The concen-
tration of the electrolyte in the interfacial water is
insignificant compared to the high aqueous con-
centration of the electrolyte in the bulk.

Binding in the Non-linear Region

The linear plot between I'y and X,/X, according
to Eq. (11) will be valid only so long An{ and
Ans themselves are independent of the mole ratio
composition X,/X,. When X,/X, is very high or
very low, the plots of Il versus X,/X, for the
alcohols and formic acid deviate significantly from
linearity (vide Figs. 2 and 3) because of the
dependence of Anj and A, on X,/X, in tbis region
of concentration. In the case of propyl alcohol,
the plot in the rezion of high water content
becomes dome-shaped because of the significant
variation of As; and An, with X,/X,. It may be
pointed out here that Eq. (11) may be suitably
combined with the Gibbs Eq. (15) so that the
resulting equation after replacement of the term
4, by X, (ideal equation) may be integrated at

constant values of An] and Asxj leading to the
relation of the form

Y / /
RT = AnyIn X, +An" 1In (1 X))+ constant ,,,(19)
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TABLE 2 — VALUES OF A%; AND An; IN THE
NON-LINEAR REGION

XX, —T;%X101° Angx 101 An;x 101 ¢, x 1018 T, x 1010
(mole/cm?) (mole/cm?) (mole/ (cm,/mole- (mole/cm?)
cm?) cule)
PropPYL aLcoHoL+H,0
999-0 163-0 0-18 18-0 20-0 0-16
499-0 1777-5 3-58 10-0 20-0 3-55
199-0 8356 4-24 89 20-0 4-20
82-3 594-9 7-24 2:0 20-0 7-23
375 2344 6-29 41 20-0 6-20
METHYL ALcoHOL-+H,0O
39-0 122:0 3-35 8-60 24-2 313
19-0 73-5 4-21 6-58 242 3-87
9-0 50-0 5-85 265 24-2 5-56
40 27-5 6-87 0-44 242 6-87
Forumic acip+H,0
253-0 170-7 0-74 15-8 18-8 0-67
99-4 148-5 1-64 14-0 18-8 1-49
484 110-8 2-54 12-2 188 2:29
229 77-5 3-80 9-9 18-8 3:37
GLYCcEROL+H,0

460 229 0-83 15-3 181-0 0-50

For very dilute solutions when X,—0, Y according
to Eq. (19) may tend to an absurd value of
infinity. It is thus a thermodynamic requirement
that the plot —I' versus X,/X, should not be
linear when X; or X, tend to zero. For many
liquid mixtures considered by us this kind of
non-linear feature has been exhibited in Figs. 2-4.
For a few other systems, accurate values of ¥ for
low values of X; or X, are not available.

Assuming the validity of the monolayer model
for the interfacial phase, AA’BB’ in the non-linear
region also and combining Egs. (11) and (18),
it may be shown that

1
——T
NO'1 !
) ...(20
e & )
G X
and
X
Ang = Anj f-}—l"l ...(21)
2

Values of An, and An’ for several compositions
of a liquid mixture calculated with the help of
Egs. (20) and (21) are presented in Table 2
assuming plausible values of ¢,. From the scrutiny
of the results in Table 2, it appears that Amg
increases with increase of the water content of
the bulk and simultaneously As, is reduced in
appropriate proportions. In the case of ethyl
alcohol-water and formic acid-water mixtures, the
non-linear behaviour in the low region of X,/X,
may be explained in a similar manner.

From Egs. (11) and (12), it has been noted with
interest that

I, =A% [1 —X_I/Xz] .(22)

Any|Ans
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(23}

Iy=Anj |1~ .Xf/Xl,

Am/Am
For relatively strong surface active component
such as propyl alcohol, An./An;> X,[X; so that
sI'y; according to Eq. (23) is very close to An2
(vide Table 2). For strong adsorbents, therefore,
Any; may be replaced by I', without making any
significant error. However, for weak surface active
components, viz. methyl alcohol, formic acid and
glycerol, I', is less than A#ss because of some
contribution of the second term of Eq. (23). For
all the liquid mixtures considered here, the term
(X1/X,)[(Ani[An,) is significantly greater than unity
so that Iy in Eq. (22) is always significantly
negative. I'; and An, thus differ in magnitude and
sign. For large value of the second term of
Eq. (22), I', becomes nearly equal to —(X,/X,)/An),
and I'; becomes again approximately equal to Anj
in the light of Eq. (10). Values of I'| are very
important for the evaluation of An] and An; using
Eq. (11).

Molecular Orientation at the Interface

For the range of glycerol mole fractions 0-05 to
0-15, the plot of —T, against X,/X, appears to be
linear (Fig. 4). From the slope and the intercept
of this plot, Anj, An; and o, are calculated in the
usual manner. Value of ¢, is as high as 181 A2
(vide Table 1) which may not be unexpected if the
glycerol molecule in the interfacial monolayer is
assuming flat orientation with three of its attached
hydroxyl groups directed towards the water com-
ponent in the bulk phase. Values of Az are quite
small here and the fraction of the surface area
(equal to No,An;{) covered by water molecules is.
only 0-036. The total surface of 1 cm? area is
thus fully covered by glycerol molecules having
flat orientation. For X,>0-15, the plot of —TI,
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Fig. 5 — Variation of the cross-sectional area (s,) of the
surface bound organic molecule of glycerol with the mole
ratio composition X,/X,
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against X;/X, is observed to be non-linear. This
behaviour can only be explained in terms of the
gradual alteration in the orientation of the glycerol
molecules within the surface phase 44A’BB’ as the
glycerol mole fraction of the bulk is gradually
increasel above 0-15. Neglecting An; in Egs. (11)
and (18), calculated value of ¢, is observed to vary
linearly with change of X,/X, (vide Fig. 5). At
very low value of X,/X,, o, is as low as 20 A?
which may possibly indicate that the orientation
of the hydrocarbon groups of the glycerol molecules
in the interfacial phase is nearly vertical at this
stage. For X,<0-05, —TI', versus X,/X, plot again
deviates from linearity possibly due to the
appearance of the significant amount of water in the
interfacial phase with subsequent displacement of
the bound glycerol molecules (vide Table 2) from it.

In Fig. 4, I'; for acetone-water mixture is
observed to vary linearly with X,/X, in the range of
acetone mole fractions 0-005 to 0-03. A#x; and An,
calculated on the basis of these linear plots are
given in Table 1. Using Eq. (18), ¢, for a bound
acetone molecule is found to be 34-5 A% This
high value for ¢, may also indicate that the
acetone molecules in the interfacial phase exist
in the flat orientation with respect to the planes
AA’ or BB'. At X,>0-03, —TI'; versus X;/X, plot
is non-linear possibly due to the increase in the
value of An} as a result of the decrease in the
value of An; in the interfacial phase. At very
low values of X,/X,, most of the water from the
interfacial phase is expelled. An; in this region
may also increase due to the reduction in the
value of ¢, as a result of the gradual orientation
of the bound acetone molecules from the flat to
vertical position. In the case of glycerol water
interface such orientation effect has been actually
-observed before.

Thus, from foregoing results it can be concluded
that (i) The Gibbs dividing plane mnecessary to
obtain the relative surface excess quantities is not
arbitrary. It is fixed and has a position somewhere
near the surface.

(ii) With the help of the derived Egs. (11) and
(12) the absolute composition of the surface phase
can be found out.

(iii) The surface composition may reveal orienta-
tion behaviours of organic compounds at the
air-water interface.
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