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Concerning the adsorption of liquid mixtures on solid surfaces, up till
now many opposite and conflicting theories are sustained. In our opinion
one of the main reasons for these contradictions lies in the widespread aim at
interpreting liquid adsorption on the basis of certain analogies with vapour
adsorption. whereas at the same time there is one fundamental difference
between the character of these two types of adsorption: viz. in the case of
vapour adsorption the degree of the surface coverage varies with the equi-
librium concentration, whereas in that of liguid adsorption the surface is
always completely covered and it is but the composition which can vary in
the interfacial laver, similarly to liquid-gas interfaces. We investigated, there-
fore, whether an analogy could be found between these latter two types of
adsorption, with the hope that by clearing up the problems related to the
adsorption of liquid mixtures this will promote such investigations.

Thermodynamic discussion of unimolecular adsorption

It was previously [1] shown, that in the case of pure physical adsorption
of completely miscible liquid pairs on solid surfaces, the interfacial layer can
be considered, to a good approximation, as being practically unimolecular and
the fact was briefly referred to that in this case thermodynamic relations
ought to be valid. identical to those which were given by HiLDEBRAND and
others [2] for the adsorption taking place on free liquid surfaces in but one
unimolecular laver. For each of the two components one may write accordingly:

tn () = VDU (s (= 1,2) 1)

RT
where f; x; = a; is the activity of the respective component in the bulk phase,
fi being its rational activity coefficient which is i unity in its pure state;
v resp. y are the free surface energy excesses characteristic of the pure liquid
resp. of the given composition (x}) in the interfacial phase; @, is the molar
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value of surface required by component i(m*/mmole); f/ x'; == a’; is its activity
in the surface layer. The absolute values of y for the solid-liquid interfacial
layer cannot be determined. In the case of wetting liquids (for our investiga-
tions only such ones have to he taken into account) y ought to be negative,
the more so with the increasing strength of the adsorptive interaction with
the solid surface. Hence, in contradistinction to the free liquid surface, »
does not mean an excess of free energy in the surface laver, but a correspond-
ing deficiency. Equation (1) may also be interpreted by saying that in the
interfacial laver the activity coefficient was split into two factors, the real

activity coefficient bheing:
B (2)

On the basis of relation (1), the equilibrium mole fraction (x') of the first com-
ponent in the surface layer. forming from a completely miscible hinary lignid
pair, can be expressed:
X == . (3)
fo  fF
£ = (1 — x) Ay
fi f3

1
where the ratio f1/f; can further be resolved into factors:

(i — )P

;P y
_f_‘i; . 1‘1_ . _____ﬂ__ . _f_ll_ . exp _‘?'1@1 — 9, . exp(@z — D)y (4)
f¥ VEy (72— 3) Dy 1y RT RT
exp ~~H—t=
RT
v X ”/1q‘)1“72¢2~ . - .
The factor ekpw—é—T——“ is a constant characteristic of the difference

in the adsorption potentials of the two components, its magnitude determined

by the free molar surface energies for the individual pure materials.

(@, — Py
RT

The factor exp — occurs only when the molar areas of the

components are different.

Concerning the adsorption at solid-liquid interfaces, it is well known
for a long time that adsorption isotherms and hence the character of the
adsorption can be divided in two main groups, according to whether there
occurs a change in sign on the isotherm, i. e. whether in the whole concentratinn
range it is the same component which is adsorbed more strongly or, depending
on composition, the adsorption of one or of the other component is positive.
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On the basis of relation (3), together with relation (4), the sign of the
adsorption, or otherwise the alternative whether the ratio x'/x is greater or
smaller than unity, is determined by the following factors:

1. The difference of the adsorption potentials of the pure components:

1P — P,
exP RT

2. The ratio of the activity coefficients of the components in the bulk
liquid phase:

f>

fi

3. The ratio of the activity coefficients in the surface layer:

4. The variation of the free surface energy with the composition, in
proportion to the difference of the molar areas:

The condition of a change in sign is that y should have an extremum value
for the corresponding composition. Similarly as in the case of tension equi-
librium, an extremun: value of the vapour pressure can occur only if the ten-
sions of the two purc components do not differ too much just as the adsorption
taking place at the solid surface does not change its sign, i. e. the adsorption
of one of the components remains positive (x’ > x) everywhere, when the
difference between the adsorption potentials is high enough.

In the case of the difference between the adsorption potentials being
small, the variation of f,f, or of f1/fs can be such that the isotherm changes
its sign (adsorption azeotrope). Since at this point x = x', where also the
equality f; = f7 has to be satisfied.

According to our investigations, in some cases the course of the iso-
therms, their changes of sign are decisively determined by the course of the
ratio fif; [31.

The physical interpretation of the activity coefficients of the components
in the surface layer is still an unsolved problem. A preliminary condition for
the clarification of the physical background is to determine their magnitude.

1*
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By graphical integration of relation (5), (y; —y) @, and (y, —7) @, can be
determined [4] from experimental isotherms and thus, on the basis of relation
(1) and in the knowledge of x), the magnitude and course of f;can be given:

1L 1 Fdy ()
1—x RT dlna,
23RT D, [ 7
(s — ) D, = F : J 1= dlg a,
“T (6)
2 o
('}12 J— w) @1 — _1._3:‘_1?22;_ — i dlf{ a,
B F N %
=g (=121 @
= (®)
X

Knowing the specific adsorption z (mmole/g), the composition (x}) in the
interfacial phase can be con1putecl(1'3) with the aid of the relations (9) and (10)

2= (ny+n3) (x" — ) (9)
F=n® +n,®, (10)
NS kY (11)

F+ (P, —0)y
Zs
F
[pmolfm?
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Fig. 1. Adsorption isotherm of the mixture benzene-cyclohexane on carbon black at 25° C
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where ny and nj are the amounts of the two components contained in the
surface layer (mmole/g ads) and F'is the specific surface area of the adsorbent
(m%/g ads). Data characteristic of the adsorption equilibria in the system
benzene-cyklohexane-carbon black are shown in Table I, and Figures 1--4
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Fig. 2. The variation of composition of the  Fig 3. Variation of free surface energy of
mixture benzene-cyclohexane in the interfa- benzene-cyclohexane on carbon black
cial layer on carbon black (x") as a function
of the equilibrium composition of the bulk

liquid phase (xp)
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Fig. 4. Activity coefficients of the mixture acetic acid-benzene in the bulk
and in the interfacial phases, respectively

For this system no adsorption azeotrope occurs, i. e. along the whole
concentration range henzene is enriched only on the surface, y; for this compo-
nent having the more negative value.

Concerning the course of the activity coefficients f, the question arises
whether the splitting-off of the factor containing v from the global activity
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Table 1

Benzene (1)-cvclohexane (2)-carbon black* (F = 80 m*/g)
Benzene (1) (P, = 180 m/*mmole)

L ke 1:\- "B, f(y,_y)loa‘{ N - T
005 194 —1014 0137  —0.274 —466 0328 0296 125
010 166 —0780 0176 = —0.227 —3.86 0498 . 0344 112
020 142 | —0546 0225  —0.171 —290 0630 0452 109
0.30 132 © —0.402 0265  —0.136 —231 0737 0338 | 1.09
0.50 117 | —0.233 0320 —0.086 —1.462  0.872 = 0671 104
0.70 1.07 | —0.124 . 0357  —0.049 —0.832 0942 0796  1.02
0.90 100  —0.045 0400  —0.019 —0.323 0980 | 0918 1.0l
095 100  —0.021 0400  —0.009 —0.153 0991 0959  1.00

Cyclohexane (2) (@, = 215 m*'mmole)

PR |

s . ga - A S S L R S T £ A
0.05 1.69  —1.076 . —0.02 0376 ©  6.39 | 0.009 | 9.44 0.923
0.10 158 ' —0.801  —0.04 0367 ' 623 | 0020 | 87 0.910
0.30 127 | —0.419 1 —0.16 = 0.331 562 1 0058 | 636 0818
050 | L12  —0252 032  0.301 511 | 0128 | - 429  0.668
0.70  1.03 | —0.142 —0.62 0.248 422 0263 | 273 0.587
0.80 101 | —0.092 —0.90  0.210 3.57 | 0370 218 0.594
0.90 100 | —0.046  —1.60 | 0.162 275 0.502 174 0.650
0.95 100 | —0.022 260 0.110 1.87 0.672 141 ° 0.885
_i=nF ) F R

Bi="ggrr B Be=Tggpr— =03 f’—?,-'

fi==fiexp [“— i R{I)' Lo o — v = —6.5.10% cal/m?

* The values x” are taken from literature [6]

coefficient {7 of the adsorption phase does not represent but a purely formal
procedure, or else if it has a real physical meaning on the effect of interactions
between the liquid molecules which are strongly affected by the force ficld
of the solid surface.

It follows from equation (5) that the {ree surface energyv excess ¢ assumes
an extremum value where the isotherm changes its sign (7 = 0). As it has
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Table II

Acetic acid-benzene-charcoal (F = 620 m?/g)*

Acetic acid (1) (D; = 120 m*'mmole)

x h iga, = B, ¥ 7x i () 0
0.05 320 —0.796 111 —0.20 = 0326 0.49 054 —d4
0.1 282 —0.550 126 —0.10  0.386 0.73 0.69 2.2
0.3 220 —0.180  0.93 052 0.461 1.43 113 12.0
0.4 1.98  —0.101 0.2 059  0.463 1.71 1.31 13.0
0.5 171 —0.068 —0.30 0.60  0.465 1.84 1.39 13.3
0.6 130 —0.046  —1.40 059 0.470 1.92 1.48 13.0
0.7 132 —0.084  —3.17 052 0473 1.95 1.56 11.2
0.9 1.06  —0.020 —10.6 021 0.571 1.67 1.52 4.7
0.95 102 —0.014  —244 010 0.673 1.4 1.37 2.2
Benzene (2) (P, = 180 m?*mmole)
1 JA Ige - B, (1= % ROV IS
0.05 270 —0.869 |  1.28 056 | 0.327 041 0.28 12.3
0.1 241 —0.618 " 1.57 0.68 @ 0.429 0.56 0.35 14.8
0.3 172 —0.287 | 136 0.97 | 0.525 0.98 0.51 21.3
0.4 150 | —0.221 | 093 1.04 | 0.330 1.14 056 | 23.0
0.5 135 | —0.170 030 106 | 0535 126 o062 | 233
0.6 122 | —0.135 —0.62 1.05 | 0537 1.36 0.67 | . 23.0
0.7 114 —0.098 —2.16 101 0539 1.48 075 | 222
0.9 1.03 | —0.033  -—11.3 0.56  0.614 1.51 1.03 12,0
0.95 101 —0.017  —21.2 0.26  0.674 1.41 1.18 5.7
m:iﬂ:ﬁi;&~ﬂﬁ=miﬁﬁl=mmmm%=—mymwmﬁ

2.3 RT TT33RT

. T Gi— NP
fr == Py . fl ———fz exp L—‘"'ﬁ“—

*The values f; and @; are taken from literature [6, 7].

already been mentioned, a change of sign can take place only when y;, the
difference of the free surface energies of the pure components is small.

In view of relation (1) having been originally proposed for the adsorp-
tion on the free surface of liquids, it may be expected, that also in this latter
case adsorption isotherms with changing sign should occur, but hitherto no
investigations carried out from this point of view are to be found in literature.
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Acetic acid(1)-benzene(2), free liquid

Table III*

surface, at 25° C

% fi I a, (At D e
— 67.47 —
0.05 3.20 —0.795 66.68 14 £1.00
0.1 2.82 —0.550 66.20 —2.0 £1.32
0.3 2.20 —0.180 65.08 5.8 92.98
0.4 1.98 —0.100 64.55 —11.0 485
0.5 1.71 —0.068 64.00 —21.5 ~7.90
0.6 1.50 —0.046 63.47 —15.0 4.6
0.7 1.32 —0.034 63.23 —1.25 ~0.27
0.9 1.06 —0.020 63.47 295 —2.17
x, i < 17 f1 £ ] 13 73
0.05 320 0.066 2.42 2.55 101 0934 1.02 1.00
0.1 282 0124 2.26 2.35 1.03 | 0.876 1.06 1.03
0.3 2.20 ' 0.348 2.02 1.92 114 0.652 1.22 .17
0.4 1.98 0471 1.68 1.69 122 | 0529 1.38 1.34
0.5 171 | 0613 1.39 1.38 135 | 0.487 1.38 1.36
0.6 150 0.664 1.33 1.30 150 | 0.336 1.78 1.81
0.7 | 132 001 1.32 1.29 172 | 0.299 1.73 1.76
0.9 106 | 0875 1.09 107 1 241 | 0125 1.92 2.02
0.95 102 0.928 1.04 1.03 270 0.072 1.88 2.01
fi=

* The surface tension values are taken from the curve drawn through the experimental
points. :

The starting point of our further investigations was the criterion that
y has to assume an extremum value at the point of the changing sign. We
searched for mixtures with an extremum value on their surface tension curves
and chose the mixture acetic acid-benzene for a thorough examination. The
slightness in the difference between the surface tensions of these two compo-
nents corroborates our statement, showing this as one of the conditions to
be fulfilled for the sign to change (extremum value of the surface tension).

Table IT shows the course of the activity coefficients in the system acetic
acid-benzene-charcoal, whereas table III contains our determinations of the
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Table IV -

Ethanol-benzene, free liquid surface, at 25° C*

“ Iz e, Came T e
0.25¢ 0597 | —0.224 61.0 | —14.0 0.77
0.298 | 0.629 | —0.201 i 60.5 C—20.0 1.05
0.335 | 0.660 —0.181 60,0 —46.0 2.26
0.362 1 0.673 —0.172 59.65 —57.0 2.66
0.630 ¢ 0.755 . —0.122 56.6 —60.0 1.63
0.836  0.861 | —0.065 53.6 —55.0 0.66
X, A x fE o I 1—xy [ i
— - o | - S N
0.254 | 235 = 0376 159 107 1.27 | 0.624 1.52 1.33
0.298 211 L0457 138 166 1.33 0.543 1.72 1.49
0.335 197 0.653 1.01  1.225 138 0.347 2.65 2.26
0362 186  0.725 093 LI2 142 | 0.275 3.20 | 227
0.630 120 0.841 0.90  1.02 2.16 | 0.139 504 | 3.87
0.836  1.03 0.919 .  0.9¢ . 1.00 3.06 | 0.081 6.20 | 4.34

* The values y and f, are taken from literature {6, 8].

Xa/F
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!

-

Fig. 5. Adsorption isotherm of the acetic acid-benzene mixture on charcoal and on the
free liquid surface at 25° C. o == charcoal (620m%g); x = free surface

dependence on concentrations of the surface tension of the mixture acetic
acid-benzene, of the free liquid surface adsorption isotherm and of the course
of the activity coefficients in the free liquid interfacial layer. As regards the
course of ff.. the following should be kept in mind
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ff < fi m the range x> x;
fi = f; at the point x} = x; (azeotrope)

f7 > fi in the range x; < x;

Figures 5—9 show the adsorptive behaviour of the mixture acetic acid-benzene
on charcoal and on the free surface, respectively. Contrary to the adsorption

{’5,1
A

as

Ac

s

7
/.

A

— -

Fig. 6. Equilibrium diagram of the acetic acid-benzene mixture at 25 C. o = charcoal
(620 m*/g); x = free surface

(% -716°
[tfa//mf/ 11 N

/

Fig. 7. Free surface energy excess of the acetic acid-benzene mixture on charcoal and on free
surface. 0 = charcoal (620 m*/g): x = free surface

of solid surfaces on the free surface the course of the f;-s does not differ in
its character from that of the fi-s.

In Table IV, data characteristic of the adsorption on the free liquid
surface of ethanol-benzene mixtures, whereas in Tables V and VI those on
charcoal from the same system, and comparative data of these two kinds of
adsorption isotherms are to be found (Figures 10—14).
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In Figure 10 the adsorption isotherms of the system ethanol-benzene.
measured on two types of charcoal and on the free liquid surface, are llustrated.
On the solid surface, there appears an adsorption azeotrope, whereas on the

Fig. 8. Activity coefficients of the acetic acid-benzene mixture in bulk and interfacial phases,
respectively. © fi(x) 1 fg(x): 0 f4,(x"): fp(x’): on charcoal: x f4(x): fg(x): free surface

67
Tt | T——,
[catim?
55
53 o .
08 66 94 02 log az

Fig. 9. y — lg a diagram of the acetic acid-benzene mixture for the determination of surface
concentrations .

x 3
[/umuf/mzj
2
7 e
713 NI5 X, A

_Jr

Fig. 10. Adsorption isotherms of the ethyl alcohol-benzene mixture on charcoal and on fr/ee
liquid surface, at 25° C, respectively. o = charcoal, 615 m?/g: x = charcoal. 620 m*/g:
A = free surface (8)
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free surface it is always the aleohol which is enriched (hence, from the point
of view of the type of isotherm, this latter ought to be compared to the system
henzene-cyclohexane-charcoal). It can be seen from the curves f;, showu in

Fig. 11. Adsorption equilibrium diagram of the ethyl alcohol-benzene mixture at 25° C.
g p q rivm g 3
0 = charcoal, 615 m?¥/g (6); x = charcoal, 620 m*g;: A = free surface

4
(T-7)10°
[ealim?]
3
2
\
|
| '4
0 8 05
K
-1t

Fig. 12. The variation of the free surface energv of the ethyl alcohol-benzene mixture, as a
function of equilibrium concentrations. 0 = charcoal (615 m*/g) (6): » = charcoal (620 m?*/g):
£ = free surface (8)

Figures 13—11, that on the free surface the values f; do not greatly differ
from the corresponding values f;, whereas on the solid surfaces the respective
courses are considerably different and are not even the same for the two
types of charcoal. This seems to strengthen our assumption that the resolution
of the activity coefficients is not a mere formalism.
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Table V

Ethanol(1)-benzene(2)-charcoal (620 m3/g)
Ethanol(l) (?, = 120 m*/mmole)

* Fi log a; — B, C(y— 108 x 1 i
9.10 497 | —0303 | 102 L28 281 | 0.331 | 130 085
0.30 210 —0.201  0.714  1.40 3.08 0411 153 0.86
0.50 145 —0.140 —0.4 140 3.08 0432 168 0.89
0.70 112 —0.106 —3.24 1.30 285 0.482 1.66 0.92
0.90 102 —0.037  —12.0 1.00 220 0.620 1.48 0.95

Benzene(2) (@, == 180 m*/mmole})

I—x 1. log a, - B, (nr ) 102 ) S—e 3 73

0.10 | 3.66 . —0.436 1.33 —0.17 —0.373 0.380 0.96 1.08

0.30 2.43 —0.137 1.38 0.14 0.308 0.518 141 1.29

0.50 1.74  —0.060 0.4 0.22 0.483 0.568 1.53 | 1.33

0.70 1.33 —0.034 = —1.66 0.23 0,505 0.589 138 1.36

.90 1.08 —0.012 © —9.2 0.12 0.264 0.669 145 1.34
B; =exp Gi=nk

2.3RT

o ('}’1"‘7"2)F .
By = Bo="ggr =

Y1 — 7a=2.5.10"% calm?

’ % Vi D;
fi=ffesp— v(_/’LRT’)V 2L

In Table VII, surface tension values taken from earlier literature [3]
are quoted for some bhinary liquid mixtures, whose surface adsorption isotherms
show areversal of sign. Although the reliability of these data may be questioned,
as it can be safely stated that there exist completely miscible liquid pairs, for
which the free surface adsorption reverses its sign.

A closer examination of the liquid pairs quoted in Table VII reveals
that the two conditions for the occurrence of isotherms with changing sign
are the same as in the case of the adsorption on solid-liquid interfaces: i. e.
an only small difference of the surface tensions of the pure components and
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Table VI

Ethanol — Dbenzene

Charcoal (615 m?%¢g)

Charcoal (620 m?/g)

Liquid surface

X, Y4 X 4lF N %4 1y F Xy V4 vu/F
T om | ]
o1 039 063 01 0,92 148 | 0.0 652 | —147
0.2 0152 0248 — — — 025 6.10 | —105
0.5 —040 —065 0.3 050 0.807 | 0.30 6.05 | —1.00
05 —L26| —205 05 | —0.20 —0.323| 0.333 6.00 | —0.95
07 —188 —3.06 07 | —077 —L36  0.36 5.96 | —0.91
0.8 —194| —316 — = 0.3 5.66 | —0.61
0.9 | —138  —257 09 | —12  —104 100 505 0.0
.. _ mmole
g-ads

a rather considerable deviation from the ideal behaviour. Thus, for instance,

the difference of the surface tensions of benzene and toluene is small (Jy,, =

== 0.35 erg’cm?®), but their mixture can be considered as practically an ideal

one, therefore, the surface tensiou has no extremum value.

45

Ko K

Fug. 13. Activity coefficients of the ethyl al-
cohol-benzene mixture in bulk phase and in
solid-liquid interface, respectively. ‘@ = fi(x);
0 = 615 m?g: x = 620 m*g:fi{(x") charcoal

Fig. 14. Activity coefficients of the ethyl’al-
cohol-benzene mixture in bulk phase and on
free surface, respectively. @ = fi(x);

o == fi(x") free surface
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Table VII¥

Mixture E tc? { Ve % Vi i i Note
oot ) TN e s
Coton wvtlonia (0| g T e 05 |
L T I I
Gltem () TR e oos |
ﬁiﬁ)oa?fol(l(é) | o 30 3%21} 7 22,55 0.4 %maximum'?
Ee ot () T
Qi e ) Cn W owe ow
WS w38 e w
mee @ ow BE oww o
By O e ma s
A el LT

*

v, == surface tension of pure liquid, )
¥ = extremum value of the surface tension,
x,, = mole fraction at the extremum value.

Method for the determination of the adsorption of free liquid surfaces

The investigation of the properties of the free liquid surface phase was
carried out by measuring the surface tension, using the drop weight method [9].

A sketch of the modified stalagmometer used is shown in Figure 15.
Electrolytic gas is developed from the sodium hydroxide solution contained
in vessel 4. The uniformity of the current is ensured by a stabilized power
supply as well as by a high resistance, in series with the cell. By the pressure
of the uniformly developing electrolytic gas, the liquid to be investigated
flows {rom reserveir B into the tempered stalagmometer C, and drops out
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from there into the weighing vessel D. Into the latier a certain initial amount
from the liquid to be measured has to be introduced in order to ensure equilib-
rium of the drop with its own vapour. The vapour space is conveniently shut
off by the upper bubble vessel also filled with the liguid to he measured.

Fig. 15. Stalagmomeler for measuring surface tension using the drop weight method

The lower capillary end of the stalagmometer is shaped according to the usual
prescriptions, outer diameter 7.0 mm, bore diameter 0.78 mm.

The sensibilitv resp. accuracy of the drop weight method depends on
the following factors:

thermostating,

number of drops to be weighed,
speed and uniformity of dripping.

e N

eventual concentration change due to evaporation and

(V2]

purity of vessels and of the material itself,

Ad 1. Thermostating was better than -0.05° C. Since the temperature

'

dy
1 —0.13
dtJ 7

Y . > . 3 1
coefficients of the surface tension of water and butyl-alcoholl are {

and —0.08 dyn em™?! degree™ !, respectively, the maximal error caused by the
temperature uncertainty amounts to --0.008, resp. +0.004 dyn/em. ~hich
corresponds to —=0.01°, for water and to --0.029; for butyl-alcohol.

Ad 2—4. Somewhat conflicting requirements are raised by the factors
enumerated in items 2-—4. In order to get the maximum out of the sensibility
of the analytical balance the number of drops ought to be high, at the same
time the speed of dripping has to be greatly decreased. or else the kinetic
energy at the separation of the drop cannot be neglected. For the diminution
of the errors due to evaporation, the measurement has to be carried out, on
the other hand. as rapidly as possible. Hence, the optimal measuring conditions
had to be established by simultaneous consideration of the above-mentioned




ADSORPTION EQUILIBRIUM OF LIQUID MIXTURES 107

factors. The error due to evaporation was eliminated by producing at the very
beginning a vapour space of equilibriumn composition in the measuring vessel
D. According to preliminary experiments, a rate of two drops per minute and
a total amount of 20 drops proved to be the most favourable conditions.

Ad 5. The substances employed were:

distilled water;
analytically pure benzene (Chinoin), distilled fractionally from over sodium,
and crystallized four times fractionally; acetic acid distilled fractionally twice
and crystallized four times fractionally.

The reproducibility of the measurements was first examined for water
and benzene which are accepted as bases of reference. The pertaining data
are contained in Table VIII, where g is the weight of 20 drops, in mgs. In
order to be able to reproduce the drop weight measurements with such accu-
racy (of 0.05%;). apart from controlling the conditions already described
above, the stalagmometer hud to be suspended on a rabber strip to adequately
prevent the vibration of the pending drop.

The ratio of the two surface tensions (water/benzene) is 2.54, £ 0.19,
according to data from literature, whereas from our measurements we have:
2.52, == 0.07%,. According to literature, the surface tension of acetic acid at
the temperature of 25.0° C lies between 26.9-~27.3 erg/em®, whereas, as a
result of our own measurements we cbtained 26.98 =+ 0.015 erg/em®.

For the computation of absolute values of surface tensions, either the
value of the surface tension of water (primary standard) or that of benzene
(secondary standard) usually serve as a basis. For aqueous solutions, logically
pure water, whereas for organic mixtures, particularly mixtures containing
benzene, the surface tension of benzene is considered as the reference basis.

The kind of relation assumed between the surface tensivn and the drop
weight presents, however, a problem of its own. According to the simplest,
but only approximative relation, the surface tension is directly proportional
to the drop weight at the moment of dripping, this weight being just equal
to the surface forces acting at the separation limits (circumference of a circle}

2r oy =g (12)
where r = the radius of the contact cirele.
Hence
y= L 13
P - g
R e (13)

the relation is a linear one., and the proportionality factor is the circumference
of the circle. In order to calculate the surface tensions from the drop weight

2 Periodica Polytechnica Ch. VIZ2.
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for different substances with the aid of this relation., it has to be assumed
that the proportionality factor is independent of the drop’s substance, i. c.
that the contact cirele of the separating drop is identical for any substance.
In principle this assumption is not correct, just because of the difference of
the surface tensions, the dimensions of the drops, and owing to this fact also the
circumferences of the contact circles may differ for different substances. The
situation becomes even more complicated because the drop does not break
off instantaneously. And so after the breakdown of the above force equilibrium
a drop more or less smaller than that corresponding to this equilibrium falls
down.

To account for these phenomena. empirical correction factors are generally
applied to relation (13). '

According ito the procedure of Harkins and Brown, which is mostly
accepted in literature [11. 12], the weight of the drop ought to be multiplied
by a correction factor depending on F7)* and this corrected value has to he
substituted into relation (13) in order to obtain a correct value for the surface

tension (7= the volume of the drop which can be calculated in the knowledge

of the specific weight of the liquid; r := the outer radius of the stalagmometer
tube end).

According to their measurements the factor suggested by Harkins and
Brown is independent of the stalagmometer material and of the liquid. and
can be well reproduced.

Table VIII

The dispersion of the drop weight measurements (at 25.0° C)

Lwater El : < : Tbenzene : 4 g2
1870.4 —6.2 385 743.5 —0.8 0.64
1875.3 —1.3 1.69 713.0 —1.4 1.96
1878.5 +19 361 745.0 0.6 . 0.36
1878.7 421 441 7439 —0.5 0.25
1873.2 | —3.4 11.56 746.8 +2.4 5.76
1877.7 411 L2 743.8 = —0.6 °  0.36
1878.7 2.1 4.41 7448 0.4 0.16
1777.9 +1.3 1.69 ‘
1879.0 +24 5.76

Mean value: 1876.6 744.4

Standard deviation: +1.0 = +0.05%: 0.4 = --0.06%

1)
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However, computing our own data of measurements by assuming simple
proportionality according to (13), a better agreement with surface tension
values, considered as the most reliable ones in literature, was obtained.

In view of the failure of a better and absolutelv reliable method, the
surface tension values were, therefore, computed in this manner.

It should be noted, that the determination of ahsolute surface tension
values with the precision needed in onur case (about --0.059%,) cannot be con-
sidered as a solved task, as can be seen by surveving data given in literature.
The probable errors of the surface tension values indicated in literature as
well as the deviations between different author’s values exceed the 4-0.059,
limit (for acetic acid, for instance. one finds about ==19;). For the satisfactory
solution of the problem. we intend to carry out further measurements, not
only by the drop weight but also by other methods.

Method adopted for investigating the adsorptien on solid-liquid interfaces

As it is known, the determination of the adsorption taking place from
liquid mixtures on solid interfaces is carried out by immersing the adsorbent
into a solution of known amount (I'°, H7) and of known initial composition
(¢°, x7) and by measuring the {inal equilibrium composition in the bulk phase
{c. x).

The conditions for the reproducibility of the adsorption isotherms of

binary mixtures are:

1. Strict absence of any other components in the initial and equilibrium
mixtures besides the two in question:

2. Real establishment of adsorption eqguilibrium:

o

3. Constancy of temperature:
4. Application of an adequate analytical method.

Fulfilment of the first condition is the most strenuous requirement. [t
meaus, namely, that the components forming the mixture should be extremely
pure, hence, for instance, completely free from water, and that the adsorbent
cannot be allowed to contain anv components, impurities, water, which are
scluble in the mixture in question. The complete removal of water from the
liquid components as well as that of the soluble ash and humidity contents
of the adsorbent is a task requiring great and lengthy lahour.

The correct choice of the of ratio amounts of liquid and of adsorbent is
another decisive condition for the isotherm to be reproducible. The following
contradictory requirements have to be satisfied:

a) The polluting effect of the adsorbent should be negligible: high
liquid-adsorbent ratios are desirable.

o]
s
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b) The concentration change caused by adsorption sheuld be high, in
order to facilitate a more exact determination: this means a small liquid-
adsorbent ratio. In the case of a sufficiently great concentration change, for
the mixtures benzene-ethvlalcohol or acetic acid-benzene, for instance, instead
of the interferometer also an immersion refractometer could be conveniently
used, because only small amounts are needed and the determinations are
quicker and simpler than measurements carried out by interferometer,

In the case of particles having a diameter of 0.3-—1.0 mm, the equilibrium
of physical adsorption is practically completely established within 8 hours.
At the end of the first hour 70—90°, of the equilibrium value can be meas-
ured.

The temperature dependence of the adsorption of mixtures ethyl aleohol-
benzene was examined between 0—40° C on silica and charcoal. The maximum

A
—Tf— 100 =: 0.5%, on siliva and 0.3%; on char-
A

temperature coefficient is

coal respectively.

To determine the concentration changes of binary nonelectrolyte or
weak electrolyte mixtures, in the majority of cases measurement of the re-
fractive index and especially the interferometric method is the most suitable
one. Because of the high sensitivity of the interferometer, in fact, the deter-
mination of concentration changes in almost any mixture is possible (with
a 10 mm cuvette, a change of 2 - 1075, with that of 20 mm, one of 1 - 1078
and with the 40 mm cuvette, a change of 5 - 1077 can be measured in the
refractive index). Determinations of adsorption isotherms by this method,
however, become rather cumbersome. and for this reason the possibilities for
using other methods have been.investigated. One of these is the use of the
temperable double prism immersion refractometer. Its sensitivity is 1.5—
2 - 1075 refractivity units. Though this method requires very careful thermo-
stating owing to the high temperature coefticient, but an amount of 0.1 ml
of liquid is sufficient (the volume of the 20 mm cuvette of the interferometer
is 6 4+ 6 ml), and the measurement can quickly be carried out. 1t is to be
noted that also the interferometer has to be tempered and until the tempera-
rure is not quite equalized in the cells, the band svystem 1s blwrred and migrat-
ing; the equalization time amounts to 5—10 minutes and depends zreatly
on the temperature cocfficient of the refractivity of the mixture in question.
With the immersion refractometer, the temperature of the thermostat is
rapidly taken up (in 30—50 second) by the small amount of liquid on the
prism.

The use of the immersion refractometer is restricted, hut not excluded
by its lesser sensitivitv. It proved suitable in the case of mixtures for which
the difference of the refractivities of the components is great enough, and also
the concentration change arising from adsorption is sufficiently great.
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In Table 1X, the differences in the refractivities of the components
of some mixtures as well as the concentration changes (/x) corresponding
to a change of 2 - 1075 in the refractivity are contained (i. e. the change which
can be detected by the immersion refractometer).

Table IX
Mixture ks Angg L e
SORUCIES T
sroplachd NS s 1w
Summary

The adsorptive properties of completely miscible binary liquid systems on free liquid
and solid-liquid interfaces have been compared. It could be ascertained that in both cases the
same two conditions have to be fulfilled for a reversal of the sign of the adsorption: the surface
free energies of the pure components have to differ only to a small extent and the mixture must
deviate from the ideal bebaviour.

Adsorption on the free liguid surface was examined by surface tension measuremenis
using the drop weight method. by a modified stalagmometer. The optimal measuring conditions
were chosen taking into account the factors influencing the precision.

The adsorption on solid surfaces can be determined by the concentration changes oc-
curring in the liquid phase. We investigated the conditions to be fulfilled for the mixture
adsorption isotherms being reproducible, and also in which cases could the concentration
changes be determined by the tempered double prisin immersion refractometer. instead of the
more complicated interferometric method.
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