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Thermodynamic investigations of the adsorption of liquid mixtures
discuss almost entirely the equilibrium on free liquid surfaces (liquid gas
interfaces), discuss the free surface adsorption on a well elaborated theory.

Therefore, in our research work on the solid surface adsorption of liquid
mixtures determining the deciding factors of the properties of the interfacial
phase, we began the comparative studies on the adsorption equilibrium of liquid
mixtures on solid-liquid resp. liquid-gas interfaces.

The adsorption on the liquid-gas and that on the solid-liquid interfaces
have namely a very important common property, that is why the research
of the analogy can be permitted. Both adsorptions are namely essentially
of displacing character, i.e. to enrich the component 1 on the surface, a part
of component 2 is to be displaced from the interfacial layer.

In a generally accepted manner after GiBBs [1] the specific adsorption
can be determined so, that the adsorbed quantity on the unity of surface or
of mass is understood as the excess compared with the interior of the mixture.

Counting with mole fractions

o= O — %) — W& — x) = (nf + ng)(x’ — ) 1)
where
7% (mmole/g) = specific adsorption of the component 1
H® (mmole/g) = total molenumber of the liquid mixture pro g. ads
20, x = initial i.e. equilibrium mole fraction of the component 1
x’ = mole fraction of the component 1 in the interfacial
phase
W (mmole/g) = ni -+ nj = quantity of the components in the inter-

facial phase.

The positive results of the determinations of specific surface areas with
the adsorptions of liquid mixtures show [2] that in case of pure physical
adsorption of completely miscible liquid pairs the interfacial layer can be
regarded approximatively as a monomolecular one.
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In this case for the adsorption equilibrium the following relation can bhe

written:
ny®, —nj®, = F (2)

where @, and @, are the molar arcas (m*'mmole) of the components and
F is the specific surface area of the adsorbent.

From relations 1 and 2 knowing the specifie surface area of the adsorbent
and molar areas of the components, the composition can be countied in the
interfacial phase:

o — Fx 4Dy y . (3)
F+(D,— )y '

If it is correct and possible to suppose a monomolecular interfacial
laver — the test results on surface areas determination show this — then for
the adsorption equilibrium on solid-liquid interfaces the same thermodynamie
relations must be correct, which were stated by HrLpEsraAND [3] and others[4]
for the free surface adsorption supposing a monomolecular laver.

In equilibrium the chemical potentials being identical (1 = y}), for the
two components the following relations can be written:

Inf,x= —(ij—‘f)—g— —Inf]« (4/a)
nfy(l—x) = 2=0% g 471
nfy(l —x)= _RE,_"'"T'HZ( — ') (4/b)

where j. uf are the chemical potentials of the i-th component in liquid phase
and in interfacial one: f}, f, are the activity coefficients of the components
in the interior of the liquid phase (f = rational activity coefficient, equal to
unit for the pure liquid state; x = 1, f; = 1).

3. Vs are the surface free energy excesses of the pure materials, p that
of the mixture with given x equilibrium composition in the interfacial phase.

fi: fs are the activity coefiicients of the components in the interfacial
phase.

The usage of rational activity coefficients made it necessary to introduce

(=)@
RT

the right side first members of the relations (4). The ~ formula result

a reference state changing according to the composition, where a’ = f'x” is
the activity in the interfacial phase in case of such a hypothetic reference state
when the surface tension of the pure liquid is not the real one, but is as great,
as that of the mixture [3].

The absolute values of solid-liquid interfacial y-s cannot be determined
(in contrast with the free liquid surface), but on the results got measuring
heat of wetting [5] ¥ must be negative in case of wetting liquid pairs (the
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change in the energy of exothermic processes is taken with negative sign),
In contrast with the free liquid surface y means decrease of the free energy
on solid-liquid interface.

The investigation of activity coefficients of the interfacial phase, their
calculation with relations (4) is possible, if the other factors, inclusive the
values of v and x/, are known.

The value x” can be calculated with relation (3) and in the case of the
adsorption on solid-liquid interfaces, ; can be calculated using the measured

i

specific adsorption (y) and the Gibbs™ definition of the adsorption:
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Fig. 1. Variation of the free surface Fig. 2. Diagram of the free surface
energy of mixture dichlore ethane adsorption equilibrium of acetic
(1.2)-benzene at silica gel adsorbent acid-benzene

The values (v, — ) and (y, — ) can be calculated by graphical integration
of relation (5) and so the numerical values of the activity coefficients f; and
f4 can be given from the relations (4) (Fig. 1}.

a

2.3RT® 7

(1 — ) By = =2 j L_dlga, (6/a)
F | p—

a;=1

a
2 To, .
'(yz—;»cbg:—-’%#'l— |~ L, (6/b)

/ _“f1 ) __("‘/1‘7’)@1\ -
fi==2 exp[ s it (1/a)
s (I —x)p < [__ (r2—7) Do b

T (i)

2 Periodica Polytechnica Ch. VIIj2.
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In connection with the solid-liquid adsorption it is well known that the
adsorption can have throughout the same sign (x" > x) and can change the
sign, i.e. in some concentration range one component enriches on the surface
and later the other (' = x).

Newer investigations showed, that isotherms with change in sign can
be found, at free liquid surface adsorption too [6]. On ground of relation (5)
the condition of the change in sign, too, can be given: it is the extremum value
of ¥ at x concentration, where the change in sign takes place, i.c. where
7= =0.

V30 t 32
e
29+ a 31}
&y &g
cm? 2
28 30k
%
27k 29r
26+ 28+
25 : : : 27 ) . .
a0 b2 0% a6 08 W0 a2 0% a5 08 10
Fig. 3. Variation of surface tension Fig. 4. Variation of the surface ten-
of the mixture acetic acid-benzene sion of the benzene(l)-dichlore etha-

ne(2) with the concentration (free
liquid surface adsorption)

The experimental data show that as the tension equilibrium relations
of the mixtures, y has an extremum value, if the surface tensions of the pure
components are not too different and the mixture is not an ideal one (Fig. 2, 3).

On ground of equation (4) it follows from this that the character of the
adsorption, at the isotherms with change in sign. is determined by the course
and the relation of the activity coefficients of the liquid and interfacial phase.

The further investigation of the factors determining the adsorption
properties is hindered by the fact that the interfacial activity coefficient has
not vet got any physical interpretation.

In connection with the physical interpretation of f” the question can
be put, how much formal the relations (4) are in this form and would not be
better to write the relation (4) (in case of rational activity coefficients) in

form

xfy = ' f} (8/2)

(1—2)f, = (1 — )% (8/b,
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i.e. to introduce the following activity coefficients

%7 ex (=P a
fi=Af Xp (9/a)

(vo — ) Dy

fi=/fi-exp RT

(9b)

The interpretation of f* in connection with free liquid surface adsorption
was discussed in the literature very much. The most important consequence
of these studies has been that f” is an explainable factor [7] (at free liquid
surface adsorption) and not a formal one in the equation (4). On ground of
these results we examined the explaining possibilities of the activity coefficients
in the solid-liquid interface.

At the thermodynamical investigation of the adsorption on the free sur-
face Pricociy, Deray and others [7] explained the interfacial activity
coefficients as follows:

With the method used for the regular mixtures a relation was established
between 7 and the change of the energy at substitutions (so called substitu-
tional mixtures).

fi = exp (¢ x82 - ¢" x3) (10)

The molecules in the interfacial phase are in contact with their inter-
facial neighbours (x'), on one side with the solution (x) and one part of it with
the gas phase, too.

Being f, = exp gxs, the activity coefficient in the liquid phase, where
g is proportional with the change of the energy at substitutions, at the ratio
of the contact surface parts at the different phases [7, 11]

g =05y g" = 0254
or

, 8 .9

q——gq 9—5‘6“91'

Ignoring the interaction between the interfacial phase and the liquid

~

phase in the first approximation we can count with ¢’ = EYaRK value [11].

We may suppose that this interpretation of the f” activity coefficient
can be applied without any insistance at the solid-liquid adsorption, too.

The dependence of f from x” and x can give some answer to the question,
how case x’ = constant is possible, if x changes. The product x.f (if the

%
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change of f is big enough) changes only slightly in a certain concentration

4

range, and this change can be compensated by ¢”- x5 in the interfacial phase
(at least in principle) and so the nearly constant interfacial composition as
supposition cannot be regarded as absurd.

The thermodynamic plausibility of the constant interfacial composition
is a great result from practical point of view too. The determination of the
specific surface areas from the liquid mixture adsorption isotherms is based
namely on the supposition of the constant surface composition [2]. The cor-
rectness of the supposition could not be explained on a thermodynamic base
until now.

The aim of the thermodynamic investigations of the free liquid surface
adsorption was generally that for the relation y — x a formula, could be given
with that is generally to be applied.

Between the measured and computed results of the concentration
relations of the surface tensions there were generally differences, but they
could be explained by the incertainty of the measurings and the roughness
of the mathematic approaching; objection of principal significance or problem
has not been brought up.

The interfacial composition of completely miscible binary liquid mix-
tures can be given by the contracted relations (4) too.

xfy | A=f 1P — 72 Py (P — @)y (11)

= exp — exp

1 —x)fa « f RT RT

Introducing the following abbreviations:
1P =P, . L. .

1. exp ~—————§§,—— = A it is a constant, characteristic only for the
given mixture pairs and the adsorbent, proportional with the difference of
the adsorptive potentials.

. (Dy — D)y
RT

requirements of the components, we have

2. exp = ky: a factor arising because of the different place

AL 12)

i fa

We investigated the interfacial activity coefficients of the 1,2 dichloro
ethane-benzene, regarded as an ideal mixture, in case of free liquid surface

Ak - (1 —x)+ 2

and solid-liquid adsorptions.
Surface activity coefficients were calculated from isotherms with dif-
ferent adsorbents and it was found that 1 > f* > 0.9, the f’-s have a well
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defined course in each case. Relating about ideal mixture, the deviation of the
interfacial activity coefficients from unit could not be explained properly..
therefore the free liquid surface adsorption was examined, where the disturb-
ing effect of the solid surface can be omitted. According the results, at the

i 10 100
X f

08 688 ¢

05L (9

g4+ 094}

02r 92}

ol L T

a0 0z 04 06 48 .10 o 6z 04 06 08 , 10
A1 - Xy

Fig. 5. Equilibrium diagram of the Fig. 6. Variation of theliquid-gasinter-
free liquid surface adsorption of ben- facialactivity coefficients of the mix-
zene(1)-dichloro ethane(2) ((xi—u) ture benzene(l)-dichlore-ethane(1,2)

(2) with the composition

a0 090 »
o0 0z a4 05 06 10 00 0z 0+ 06 28, 10
Fig. 7. Equilibrium diagram of the Fig. 8. Variation of surface activity
adsorption of dichloro ethane (1.2)(1)- coefficients of the dichloro ethane
benzene(2)-silica gel system (1,2)(I)benzene(2)-silica gel system,

with the composition

1.2 dichloro ethane-benzene mixture the free surface activity coefficients have
a similar course, as on the solid interface (Fig. 4—8).

At an ideal mixture from relation (10) — according to the present
theories — f” must be 1 in the whole composition range.

Tt must be mentioned that literature data [4, 7] can be found about
studies of the free surface adsorption of 1,2 dichloro ethane-benzene, the dif-
ferences between the calculated surface tensions and the measured ones was
not so great as to look for its reasons.
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The explanation of the difference of f* from the unit can be given apply-
ing the theory of the regular solutions according to the character of the inter-
facial phenomenon.

It can be supposed that the chemical potential change at the substitution
in the surface phase takes place not only, because the A— A and B—B inter-
action is not equal to A—B, but because the surface energy relations,
change too and this change has not been taken in notice in form of activity
coefficient.

Introducing an f factor the factis taken in notice that the interfacial
energy relations always differ from the simple summarizing, i.e. there, too,
the so called excess function can be deduced as it was with the function of the
free energy, and free enthalpy resp.[8].

Y— ('}"1 X+ VY, x,_,) = Ye (13)

where f; gives the change of the excess surface free energy (y,) because of the
substitution (Fig. 4).
Applying the theory of the regular solutions (8):

v, D LD
w, = [yerys — 71 _— Doy Dy — —2 : 2 (14)
4 " w L2 - .72 g
fi,=exp: R':IY“ X" = €Xp - g, %y (15)
fi=Ffo fo=exp(q x> +q" 23) - exp - g, %% (16)

A good agreement was found in the course and quantity of f and f
calculated on the mentioned way at free surface adsorption with dichloro
ethane(1,2)-benzene where in this form only f; = 1, but f; == 1.

The agreement is a good one, too, in case of the solid surface adsorption
at dichloro ethane (1,2)-benzene mixture (taking in account the rather
approaching character of the formulas).

According to the experiences ¢, is always negative and so f, too, is less
than one (f* < 1).

There is a possibility of determining ¢, in case of solid adsorption, too.
(y;— ) and (y, — ) at x = 0.5 can be determined from graphical integration

of 2 —Ig a, and X
1—=x x

—1g a,.

=) @12:[,/__&%'_72_]9512 (17)

Y 2
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Principally it would be more correct to use instead of relations (14) and
(17) the relation which takes in consideration the different molar areas (x =
= 0.5):
NP+ 7P
2

P4

(18)

w“/ - '}}@1,2 -

but at adsorption on solid surface the absolute values of y-s cannot be deter-
mined and therefore as afirst approximation we must calculate with relation 17.

The result of measurements with dichloro ethane (1,2)-benzene mixture
are shown on Tables I—IT1.

Table 1

Benzene (1) — Ethylene dichlorid (2) — free liquid surface (25° C)

= 1 fi | g ‘ v ergjem?® | e?g/_c;i i lfx ! ymoyl'“cmz i ‘ <
«‘ ~ ; | | pmoljem® | ,
| ,: | ! ] :
01 | 1 —23 | 304 —22 [ 0202 | 0182 | 0910 0129
0.2 | 1 . —161 209 | —L7 0338 | 0210 | 0928 = 0.244
03 ' 1 —120 206 | —Li @ 0390 | 0273 | 0963 = 0.315
0.4 1| —00915 | 2935 —115 | 0454 | 0272 | 0975 = 0.446
0.5 1| —0692 | 2015  —095 0.506 ‘ 0253 | 0985 @ 0.54
0.6 1| —0s1 | 200 | —08 | 055 | 0220 | 0997  0.638
0.7 1| —0.336 . 2875 —0.55 | 058 | 0174 | 0998  0.730
08 | 1 —0233 | 2858 —038 063 | 0127 | 1007 | 0.822
0.9 1| —0105 | 2840 | —0.2 0.70 | 0071 1000 0913
i i I :
v, == 28.2 erg/em? @, = 0.18 m?/umol
. = 3L35 erg/em? @, = 0.157 m*/pmol

- P2 o 4 A

0.9 1 L1 0963 | 0871

0.8 10 16 | 095 | 0736

0.7 1 1.9 0947 | 0.655

0.6 1 215 | 0.945 | 0.554

0.5 1 235 | 0944 | 0.56

0.4 1 2.5 0.943 | 0.362

0.3 1 275 | 0933 | 0.270

0.2 1 292 | 0933 | 0178

0.1 1 3.1 0.922 | 0.087

|
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Table 11

Benzene (1) — Ethvlene dichlorid (2) — free liquid surface

% g FoE .

0.1 0910 0.964  0.963 0.999
0.2 0928 0973 0.956 . 0.997
0.3 0.963  0.980 | 0.947  0.994
0.4 0975 0985 045 0.990
0.5 | 0.985 0990 | 0944 0.986
0.6 0997 0.094 = 0.943 | 0.980
0.7 0.998 | 0.997 | 0933 | 0.975
0.8 L007  0.999 = 0933  0.968
0.9 1000 1000 0.922  0.961

W, = —118 - 10° erg/umol: g, = —0.05

At ethyl aleohol-benzene, ethyl alcohol-water and acetic acid-benzene
mixtures we investigated the courses of interfacial activity coefficients, i.e..
how the relation f” = f;- f7 can be applied at these nonideal mixtures.
The results of measurements and calculations are shown on Tables IV—IX
and Fig. 9—16.

At choosing the mixtures our further investigations with solid-liquid
mixture adsorption were taken in account (e.g. ethyl alcohol-benzene, Fig..

9—11).

1.000 | 0934

Table TI1
Ethylene dichlerid (1} — Benzene (2) — Silica gel (25° C)
dgeme T emelm i Fre
0.1 —64 | 0407 | 037 0946 0.138 | 098 = L00
02 —548 0755 030 0.961 0205 098 100
0.3 —d464 107 | 05 0968 0417 |  0.98 0.99
04 | —418 133 081 | 0975 0524 | 099 099
05 | —31+4 161 | 0805 | 0948 . 0621 | 099 = 0.99
0.6 | —244 180 072 | 0992 0507 | 099 | 0.98
07 —179 184 055 | 0998 0786 | 100 0.98
08 | —L1, 21 | 042 | 1000 = 0.861 | 1.0 097
0.9 —038 236 024 | 100 0.96
‘ | |
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x, erzjom? x f2 x4
pmol/m?

0.9 0,94 —0.41 100 0.842
0.3 1.82 —0.74 . 0.988 0.705
0.7 2,64 —1.07  0.988 0.583
0.6 3.43 —1.35  0.979 0.476
0.5 4.18 —1.61  0.966 0.379
0.4 1.85 ~1.80  0.960 0.293
0.3 3.52 —1.84 0,938 0.214
0.2 6.24 —2.1 0.920 0.139
0.1 6.75 —2.36 . 0.918 0.066

g, = —0.04

Table 1V

Ethanol (1) — Benzene (2) — free liguid

surface (257 ()

o
n

% fi Ina, ergemt  ebeme - e i 5
0.1 4.97 -—0.70 27.3 — 5.4 2.23 2.01 1.56 0.413
0.2 2.87 —0.55  26.4 —4.5 2.7 2.22 1.35 0.529
0.3 2.10 —0.46 25.7 —3. 3.26 2.28 1.21 0.625
0.4 1.69 —0.39 25.1 —3.2 3.64 2.20 1.12 0.703
0.5 1.45 —0.32 245 ~2.6 1.0 2.0 1.07 0.767
0.6 1.26 —0.28 24.25 —2.35 4.24 1.7 1.03 0.822
0.7 112 —0.24 238 —19 | 45 135 . 0985 0.873
0.8 1.05 —0.17 @ 23.35 —1.45 - 4.8 0.96 0.980 0.920
0.9 1.02 —0.09 22,65 —0.75 5.0 0.5 0.992 0.960
v == 22.0 erg/em? @, = 0.12 m*mol
.= 28.2 erg/em? @, = 0.18 m?*/pumol

2 crgjem: iz %

0.9 1.08 0.9 1.55 0.587

0.8 1.20 1.8 1.79 0.471

0.7 1.33 2.5 2.07 0.373

0.6 1.51 3.1 2.43 0.297

0.5 1.74 3.7 2.92 0.233

0.4 2.05 3.95 3.45 0.178

0.3 2.43 4.4 4.16 0.127

0.2 2.85 4.85 5.01 0.08

0.1 3.66 5.55 6.1 0.04



86 L. GY. NAGY

V10 30
| 1
«f
o8} 7 28F
erg
cm?
a6t 26
04t 24
azt 22
oY - 20 - ,

a gz g4 G 48, W a9z g% 05 08 5 12
Fig. 9. Equilibrium diagram of the Fig. 10. Variation of surface tension
free surface adsorption of the ethanol- of the mixture ethanol-benzene with

benzene the concentration
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.
T Fig. 11. Free surface activity Tcoef- Fig. 12. Isotherm of free surface
{._ 1 . ficients of ethanol-benzene adsorption of ethanol-water
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Fig. 13. Equilibrium diagram of free Fig. 14. Variation of surface tension

surface adsorption of ethanol-water of ethanol-water
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Table V
Ethanol (1) — Benzene (2) — free liquid surface*
Y O A - B
' I m I v v ol mooom v v
0.1 1.56 1.50 0.987 1.024  1.524 155 ) 1.22 . 0.994 | 126 | 1.232
0.2 135 1.30 0.902 = 1.028  1.312 . 1.79 | 1.40 | 0.990  1.27 = 1.409
0.3 1.21 1.18 0.995 1.020  1.186 2.07 1.59 | 0.986 1.28 = 1.611
04| 112 | 111 | 0997  1.000 1113 243 1.80  0.982  1.32  1.828
0.5 1.07 1.061 | 0.998 . 1.001 1.068 292 201 0979, L42  2.036
0.6 1.03 1.038 0.999 0.992 = 1.039 3.45 . 220 0.976 ! 1.51 | 2,281
0.7 0.985 1.018 0.999 0.966 @ 1.020 4.16 l 247 0 0972 1 1.64 | 2511
0.8+ 0.980 1.008 1.000 0.972  1.008 5.01 2.74 1 0.969 o L7 2.819
0.9 0992 1002 | 1.000 0990 1.002 61 | 298 0967 198  3.083
? ] :
TF'A,, = — 9.1(? erg/imol; gy = — 0.036
) ; (v; — ) D; .
il =lg fi=lg fm— BIHT g v
FiII = fg; fi
Fo 1T = exp ¢, (1 — xj)?
[ IV = e
qi
faV =expq (1 —xi)
Table VI
Ethanol (1) — Water (2) — free liquid surface (25° C)
* h lna, erg}/cmz ex’-é_;x;]: 1 pmol/m? : X ‘ A Sl S x{
| ! :
0.1 3.00  —1.203 36.4 —14.4 6.48 3.82 | 0.875 1.45 | 1.078 0.69
0.2 | 2.25 —0.800 29.7 —7.7 6.2 4.95 | 0.926 1.35 | 1.073 0.71
0.3 1 1.77 ‘ —0.634 27.6 —5.6 5.55 3.88 | 0.998 1.27 | 1L.073 0.70
0.4 | 145 —0.545 26.35 | —4.5 4.86 2.92 | 1.023 1.20 | 1.073 0.70
05| 1.24 . —0.477 @ 9254 & —3.4 ; 437 | 218 1.003 | 1153 1059 | 0.73
0.6 | 1.13 ; —0.388 . 24.6 Po—2.6 3.52 1.41 | 1.026 1.09 | 1.050 0.75
0.7 | 1.06 1 —0.298 23.85 | —1.85 3.04 0.91 | 1.015 1.05 | 1.032 0.80
0.8 | 1.02 —0.203 23.2 —1.2 2.43 0.49 | 1.018 1.03 | 1.018 0.85
0.9 | 1.00 { —0.106 22.6 —0.6 2.02 0.2 1.01 1.01 | 1.005 0.92
, 8 .. 9 )
fig=expe q(gp (87 + g 7) 5 =12

fiq2=eXP'Q' Tg.xi-
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Sill = fg £

S i IV =

Si

Sai

Fi I = exp - g, (1 — xi)?

faV =exprg- 5 (1— )

e f, i 5 5 x5
2 £ 2 2, Fa,, 2
0.9 1.01 35.8 1.23 1.19 1.452 0.31
0.3 1.06 43.5 1.04 1.2286 1.485 0.29
0.7 1.16 14.6 0.915 1.245 1.469 0.50
0.6 1.28 45.85 0.840 1.282 1.469 0.30
0.5 1.44 46.8 - 0.834 1.351 1.521 0.27
0.4 1.63 47.6 0.831 1.427 1.556 0.25
0.3 1.86  48.35 0.862 1.532 1.652 0.20
0.2 2.02 49.0 0.821 1.72 1.762 0.15
0.1 220 496 0.823 1914 1.950 0.08
D, = 0,12 m?*1rmol 7 = 22,0 erg/em?
D, = 0.06 m*{rimol 2, == 72.2 erg/em?
e 1 8 [ 9 3
fip=esprar |55 00 55
, 17,
Flo=exp g 55517
Table VII
Ethanol (1) — Water (2) — free liquid surface
Wy = — 1.95.104 erg/pmol gy = —0.79
£l f1 Fon Fin o S 72 I fn fé
o I 1 mw v v i i1 354 N v
0.1 . 0.875 0.987 0.927 0.813  1.078 © 1.23 0.997 ‘: 0.687 © 0.848 1.452
6.2 ° 0926  0.989 .931 0.863  1.073 | 14 0.995 0.671 . 0.699 | 0.485
0.3 0.998 = 0.989 0.931 0.930 ' 1.073 | 0.9I5 0996 0.679 @ 0.623  1.469
0.4 1.023 | 0.989 0.931 0.953  1.073 | 0.840 = 0.996 = 0.679 © 0.572 1.469
0.5 1.002  0.997 0.944 0.948 & 1.059 | 0.83% ' 1.000  0.658 - 0.5348 1.521
0.6 1.026 | 0.999 0.952 0.977 + 1.050 | 0.831 - 1.002  0.641 = 0.333 1.556
0.7 1,015 ‘ 1.000 0.969 0.982  1.032 | 0.862 ; 1.002 = 6.603 0.520  1.652
0.8 1.018 | 1.000 0.982 1.000 | 1,018 | 0.921 = 0.997 ; 0.366  0.466 @ 1.762
0.9 101 1.000 0.995 1.005 . 1.005 | 0.823  0.997 | 0.512  0.421  1.950
y ! (v; — )D;
fil =lgfi=lgfix; — —W—L—]gxz
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Tabie VIII

Acetic acid (1) — Benzene (2) — free liguid surface {25° C)

Vi~ Z

i h z . » -
xSy Ina ergem? ergjem? T = - umoel/m? fi RitH Hus £

—~1.02 0105 0.100 4262 0.66

0.05 320 —1.83 7.9 255 2.5

0.1 | 282 —127 LT 082 0165 0132 235 218 234 0121

0.3 | 220 —0414 273 —0.37 0426 0298 1.92 1.67 160 0.348
0 —0.J12  0.803 0485 1.69 143 137 0471

0.4 | 198 —0.23

[0 - I SR B R SR R R R N

0.5 | L7, —0.16 | 2.8  -0.08 158 0790 ; 1.38  1.31 130 | 0.613
0.6 | L50 —0.106 266 = 028 115 0460 1.30 117 113  0.664
0.7 132 —0.078 265 038  0.093 0027 129 110 LIl 0.701
09 1106 —0.046 " 266 ' 028 217 —0.217 1.07 @ 1.03 1 1.02  0.875
0.95 | 1.02  —0.032 67 =018 —335  —0.17% 1.03 1.01 101  0.928
o , 8 .9,
@, = 120m?/mmol figy=exp-q- (56_ MY *2'
@, = 180m*/mmol
, 17

v, == 26.88 erg/em” Sflgs=exp-y- _)(;_ - xy?

Vo == 28.20 erg/cm?

g =117

= f dien: | B T fwmw

095 101 . 03 | 10051 1.01 1.03 . 0.934

0.9 | 103 | 05 1.02 1.03 1.04 0.876

07 | L4 095 114 112 1.14 0.652

06 122 | L2z | 127 123 = 128 0529

05 135 14 125 14l 152 0.487

0.4 139 16 16 | 136 1.63 0.336

0.3 172 1.7 153 1.73 1.72 0.299

0.1 2,41 1.6 172 2.18 2.34 0.125

0.05 270 LS5 1.70 2.54 2.59 0.072

s

, 8 .9 .
fﬂ;rl:exP'Q‘ (?5-‘1"7"2—6‘-1'1

2

fig, =exp-q- TA_ X




90 L. GY. NAGY

Table IX
Acetic acid (1) — Benzene (2) — free liquid surface
W, = —LI1I - 10° erg//mol
7, = —0.045
A Ao B R e L e Fe Fh

. 1 I m v O T T R T
0.05 255 | 232 0962 0973 ‘ 262 1.005 | 1.03 1000 0980 103
0.1 235 226 0966 , 1.004 234 1.02 104 0999 0980 = 1.04
03 192 157 0981 120 160 Ll¢ 114 0995 100  LI4
0.4 . 169 135 0987 | 1.23 | 137 | 127 | 127 0990, 0.992  1.28
0.5 138 | 129 | 0990 | 1.06 130 | 1.25 = 149 0983 0823 152
0.6 130 112 099 115 | 113 1.60 160 0980 0.893 163
0.7 . 129 111 0996 116  L10 | 1.53 = 1.65 0978 0890  L72
0.0 107 102 0999 1065 . 1.02 | 172 226 0966 0735 234
0.95 103 | LOI 1000 162 | 1LOI | L70 249 0962 0.658 259

| ; — B
£l =efi=le fim— DI gy
Fill=fi i

S L= exp-q.(1 — xi)?

fi

:T.
¢ 17

S V=oexp q- 5% (1 — xp)*,

FiIV

The free surface adsorption isotherm of the ethanol-water mixture is
of type 3: the isotherm can be used to surface determination, too [2] (Fig.
12—15). Its significance is that the graphical evaluation of the free surface

L

=0 A

[

: Mi?:;?--o
4 : 2
a0 a2 04 a6 a8 X1 0 ac gz 04 [ a8 17
X
Fig. 15. Free surface activity Fig.16. Freesurface activity coef-
coefficients of ethanol-water ficients of the mixture acetic acid

benzene
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isotherm after NAcy—ScHAY [2] proves the monomolecular surface layer [9].
At the acetic acid-benzene mixture it is interesting, that its free surface
adsorption isotherm, too, has a change in sign.

On ground of these results it can be said that the thermodynamic in-
vestigations of free liquid surface adsorption cannot be thought as finished up.
The correction of the activity coefficients with f factor seemed to be an effec-
tive method in first approaching, it can be a hopeful beginning for further in-
vestigations. A further task is to increase the number of the investigated
systems to extend the investigations to the solid surface adsorption and to
complete the calculating method for f.

Measuring methods

The measuring of the free surface adsorption (surface tension) was done
with the modified stalagmometer, with the drop weight method [6].

The adsorption of the liquid mixture on solid surface was determined
measuring the change in refractivity [2, 10].

Summary

Determining the activity coefficients of the components of the liquid mixtures in the
interfacial phase, also the difference of the surface tension from the additivity was taken
in account. The modification of the interpretation of the activity coefficients in the interfacial
phase gives a good explanation to the appearance of the interfacial activity coefficients at
the free surface and solid surface adsorptions of ideal mixtures.
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