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The adsorption of vapours of CgHg, CCly and cyclo-CgH,, respectively on y-Al,04 is followed
by means of electric capacity measurements, and the dielectric isotherms are drawn for the three
heterogeneous systems. The shape of the isotherms is discussed, and equations are proposed for
calculating the apparent dielectric constants of the adsorbates from the slopes of the isotherms.

In physical adsorption the interaction of adsorb-
ed molecules with solids is mainly due to induction
forces acting between the surface electric field and
permanent or induced dipoles in the adsorbate, and
to Lonpon dispersion forces, these prevailing, for ex-
ample, in adsorption of apolar molecules 1.

In the last years it has been shown that the di-
electric behaviour of the heterogeneous adsorbent-
adsorbate systems is deeply affected by the pre-
dominant type of interaction; it became also ap-
parent that, while dielectric data relating to polar
adsorbed phases can generally be treated in terms of
hindered or restricted rotation of dipoles close to
the adsorbing surface, greater difficulties are in-
volved when dealing with apolar adsorbed phases 2.
In the latter case, e. g. some characteristic discon-
tinuities of dielectric isotherms have not been clearly
and uniquely explained.

In this work the dielectric behaviour of cyclo-
hexane, carbon tetrachloride and benzene, respec-
tively, adsorbed on y-alumina was experimentally
investigated at 25 °C. The adsorption isotherms of
these systems had been reported in a previous pa-
per 3.

Experimental

Apparatus and materials. The apparatus, includ-
ing vacuum pump and line, the thermostat and the
pyrex container of the dielectric cell, was substan-
tially the same as the one employed for previous

* Part I: M. Saxest and V. Wacner, Z. Naturforschg. 22 a,
203 [1967].
** Work performed with the partial support of the Consiglio
Nazionale delle Ricerche, Rome.
*** Chemistry Dept., High Temperature Chemistry, EUR-
ATOM C.C.R. Ispra, Italy.

adsorption measurements 3. By simply interchanging
the pyrex covers of the adsorption chamber, it was
possible to introduce into the latter, instead of the
bulb for gravimetric measurements, a capacitor-cell
consisting of two coaxial gold-plated brass cylinders
mounted on a stout teflon base and firmly held apart
by teflon spacers. Electrical vacuum-tight connection
was effected by two conical brass joints, exactly fit-
ting into ground-glass sockets on the cover, corre-
sponding to the condenser-cell terminals. Outside,
the joints allowed the insertion of a standard Gener-
al Radio Co. coaxial connector.

The measurements of electric capacitance and dis-
sipation factor were made by means of a General
Radio capacitance bridge type 716-CS1; variable
frequency oscillator and null detector system also
were from General Radio.

The geometric capacity of the cell was about
250 pF.

The materials used (cyclo-CgH,s, CCly, CgHg
and y-Al,03) were identical to those previously em-
ployed and were treated by the same procedures 3.

Results. For each of the systems studied the capa-
city increments of the condenser-cell filled with the
probe referred to the initial capacity due to Al,O4
alone, were measured as a function of the equilibrium
pressure of the vapour phase. Isothermal measurements
(25 °C) were extended over a frequency range from 0.1
to 1.4 Mc/sec, in order to reveal relaxation phenome-
na possibly occurring in that range. The very small
tg O values, however, showed no significant trend and

1 S. Ross and J. P. Ouivier, On Physical Adsorption, Inter-
science Publ. Co., New York 1964, p. 257.

2 D. H. Youxe and A. D. Crowert, Physical Adsorption of
Gases, Butterworths Publ. Co., London 1962, p. 326 ff.

3 M. Saxest and V.Wacner, Z. Naturforschg. 22 a, 203 [1967].
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Fig. 1. Electric capacity increments at 1 Mc/sec, as a function
of relative pressure. '
|
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Fig. 2. Dielectric isotherms on y-alumina at 25 °C.  — ¥ 50 100 150 200 250
a(mg/g) —
always remained approximately the same as with From the adsorption isotherms at the same tem-
Al O, alone. They required no discussion and con- perature® the amount adsorbed a was evaluated for
sequently were not reported in this paper. each pp value, thus allowing to draw dielectric iso-

In Fig. 1 the capacity increments 4C at 1 Mc/sec  therms (i. e., plots of AC vs. a). The experimental
are plotted vs. relative pressure pg=p/p,, where data are reported in Table 1, while the dielectric

po = vapour pressure of liquid at 25 °C. isotherms are shown in Fig. 2.
cyclo-hexane carbon tetrachloride benzene
a ac ‘ a 4C a ‘ ac
e mg/g ppo mg/g ppo PR mg/g | PF

0,0277 7,8 j 2,42 0,0307 32,0 | 1,37 0,0214 15,0 9,51
0,0625 14,8 : 3,85 0,0492 4.5 | 2,77 0,0693 323 | 16,95
0,0809 17,9 4,29 0,0527 46,7 | 2,99 0,1971 51,4 25,07
0,1107 22,7 547 | 0,0650 52,6 4,55 0,2664 66,0 28,33
0,1414 £7.5 6,47 0,0843 61,0 6,32 0,3090 77,9 30,89
0,1681 31,9 7,51 0,1045 68,8 8,54 0,3356 86,5 | 32,90
0,1988 37,3 8,54 0,1299 77,1 10,43 | 0,3676 97,0 | 35,60
0,2326 44,1 10,02 0,1677 88,0 | 1294 | 0,4049 108,1 | 38.32
0,2644 51,0 11,80 0,2151 . 1019 1540 | 0,4581 122,0 42,51
0,3003 60,2 13,47 0,2529 L1139 1747 | 0,5902 144.1 47,62
0,3279 67,9 15,35 0,2932 128,0 19,54 0,8353 157.2 52,16
0.3740 80,8 18,22 0,3336 144.5 21,71
0,4243 94,1 21,18 | 0,4065 175,1 26,15
0,5134 111.6 25,32 | 0,4627 198.8 29,50
0,6589 127.0 29,55 | 0,5338 | 225,0 33,16
0,7399 132.4 31,23 0,6321 252,8 36,61

Table 1. Electric capacity changes at 1 Mc/sec (25 °C).
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Discussion

The curves in Fig. 1 are generally similar in
shape to type IV isotherms, thus suggesting propor-
tionality between AC and a. Actually (Fig. 2), for
the system cyclo-C¢H ;s — y-Al,05 the dielectric iso-
therm is given by a single straight-line; for the sys-
tem with CgHg there are two linear portions inter-
secting at a=40.2 mg/g, and in the case of CCly
a linear relationship is obeyed for a>96.5 mg/g.
The occurrence of a discontinuity in the dielectric
isotherm of CgHg was first found by Tuore4, but
not surely confirmed in later experiments by the
same author 5. He writes: “at such low sorptions the
values of AC are very small, ... so little emphasis
can be put on this break of the isotherm, although
it does occur in the region of monolayer comple-
tion” 6. In the present case, however, the use of a
dielectric cell having a geometric capacity about ten
times as large as that used by Tuorp, has enabled us
to bring the phenomenon to evidence with certainty.

The simple relationship first suggested by ArcuE
and Maass 7

SZZQDI'&{, (1)

where ¢ = apparent dielectric constant of the hetero-
geneous system, ¢; = dielectric constant of i-th phase,
®; = volume fraction of the same phase, was repeat-
edly employed 8719, although it was recognized by
several authors 112 to be of empirical nature only.
Recently the usefulness of BruccEMANN’s and Borr-
cHER’s calculations !3 of dielectric constants of he-
terogeneous systems formed with crystalline powders
and gases (or liquids) has been emphasized 4. By
an extension of these treatments to the systems stud-
ied in this work, these can be considered as consist-
ing of two phases: the adsorbate and the solid with
residual void space (thus neglecting the contribution
to the polarization from the vapour) ; then Brucce-
MaNN’s and BOTTcHER’s equations can be written re-
spectively as follows:
Eq—E&

SR B Vele, (2)

Ea—&s

4 J. M. Tuore, J. phys. Chem. 66, 1086 [1962].

5 L. H. Bourton, B. R. Crark, M. F. CoLeman, and J. M.Tuorp,
Trans. Faraday Soc. 62, 2287 [1966].

6 Ibid. 3, p. 2299.

7 G. H. Arcue and O. Maass, Can. J. Res. B 13, 156 [1935].

8 1. Hieurr, Bull. Inst. Phys. Chem. Res. (Tokyo) 20, 489
[1941].

9 R. McIntosu, H. S. Jonnxson, N. Horries, and L. McLeop,
Can. J. Res. B 25, 565 [1947].

Ut
=1

e—e&s £a—&5

se =% (2550 (3)
where & = apparent dielectric constant of the hetero-
geneous system, & — apparent dielectric constant of
the adsorbent, ¢, = dielectric constant of the adsor-
bate and @, = fraction of total volume occupied by
the adsorbate.

When e ¢, from Eq. (2) it follows

EZES,+ q’)a(ea“fs/)- (4')
In turn, Eq. (3) can conveniently be given the form
e=¢ + § Dy(ea— &) + (6:\/2) (85’/8_ 1)
which, applying the same condition, reduces to
£:£s’+g(l)u(3a_es’)' (5)

It can be noted that Eq. (4) is identical to Eq.
(1) written for the two phases under consideration,
while Eq. (5) differs from it by a factor 3/2. For
the present systems, as well as for all those in which
the adsorbed phase is apolar and consequently has
a low value of the dielectric constant, the approxi-
mation € = ¢, is quite acceptable.

Both Eq. (4) and (5) account for linear dielec-
tric isotherms, if dielectric constant and density of
the adsorbed phase remain constant. A behaviour
of this type is shown by cyclo-CgHy,, no character-
istic point being detectable in coincidence of mono-
layer completion. For the other two systems, how-
ever, the attainment of complete monomolecular sur-
face coverage? is clearly indicated by the presence of
breaks in the corresponding dielectric isotherms? *.
(The a,, values shown in Fig. 2 are in good agree-
ment with those obtained from adsorption iso-
therms 3) .

According to the very simplified description of
Eq. (4) and (5), the abrupt change in slope might
be caused, all other conditions being unchanged, by
variations of the adsorbate density or of its dielec-
tric constant or of the electric field acting on mole-
cules before and after monolayer completion. Gener-
ally such effects might be concurrent.

The assumption of a density change, which had
already been shown not valid in other cases !5, can

10 J. M. Tuore, Trans. Faraday Soc. 55, 442 [1959] ; J. Phys.
Chem. 66, 1086 [1962] ; 67, 2617 [1963].

11 R. McIntosn, E. K. Ripear, and J. A. SxeLcrove, Proc. Roy.
Soc. London 208, 292 [1951].

12 See ref. 2, p. 329.

13 See C. J. F. Borrcuer, Theory of Electric Polarization, El-
sevier Publ. Co., Amsterdam 1952, p. 416 ff.

14 H. Looyenca, Physica 31, 401 [1965].

15 S.E.Perrie and R. McIntosn, Can. J. Chem. 35, 183 [1957].
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be considered as furthermore disproved by the pre-
sent results, especially on account of the striking
difference existing between the isotherms for cyclo-
CgHy, and the other two. On the same ground, it
seems possible to exclude that the effect might be
mainly due to changes of the electric field. This lat-
ter hypothesis had been put forth principally be-
cause discontinuities in dielectric isotherms had
been previously observed only with apolar vapours
adsorbed on porous solids, while straight-line iso-
therms with no discontinuties had been obtained
with non-porous adsorbents (e. g., butane on rut-
ile 16)

The starting portion of the CCly dielectric iso-
therm, markedly differing from that of the other
two, might be considered as an interesting indication
of a “stepwise adsorption” 17 taking place at very
low surface coverages, which could not be sufficient-
ly revealed by the “classic”’ adsorption isotherm?
because of the experimental conditions. It appears
worth studying this particular point more deeply.

Finally, Eq. (4) and (5) have been employed to
calculate the dielectric constants of adsorbate, over
the capillary condensation range, after transforma-
tion into the more convenient forms

,34C 1000 dy
= ) 7C07d5’ (6)

=& =3,

and
o .. 2934c 10004y 7
2= % =33, Cudy ’ Y

16 E. W. Cuaxnex and R. McIytosn, Can. J. Chem. 33, 172
[1955].

17 B. H. Davis and C. Pierce, J. Phys. Chem. 70, 1051 [1966].

18 H. L. McDermor, Can. J. Chem. 34, 1693 [1956].

19 B, P. Beriy, M. M. Dusmvin, E. G. Znukovskava, and V. V.
Sereinsk1y, Dokl. Akad. Nauk SSSR 130, 793 [1960].
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where a is expressed in mg/g; d.’ = apparent density
of adsorbent (for the Al,O; sample employed, d,’
=1.008) ; d, =density of adsorbate as a liquid;
Cy=geometric capacity of the condenser-cell. The
results are reported in Table 2, where a denotes the
value of the slope 94C/Qa calculated by the least
square method; for comparison, the dielectric con-

£q cale.
adsorbate o dp,20 ‘ | er?l
Eq.(6) Eq.(7)|
cyclo-hexane 10,2257 0,774 2,80 2,55 2,015
carbon ‘
tetrachloride 0,1405 1,585 296 2,66 & 2,228
benzene 0,2252 0,874 2,90

2,62 | 2,274

Table 2. Dielectric constants of the adsorbate at 25 °C.

stants of the corresponding liquids and the literature
dy, values used in the calculation are also reported
in the table. It is seen that ¢, values obtained by Eq.
(6) deviate more from those of the liquid state than
those calculated by Eq. (7). The latter seems there-
fore preferable. The fact that the calculated values
are higher than those for the liquids might be due,
on one hand, to the adsorbate density being lower
than that of the corresponding liquid (as reported
in other cases'®19); and on the other hand to the
contribution (at least in the case of CgHgy and CCly)
of induced dipole moments.

20 J. Trmmermans, Physico-chemical Constants of Pure Organic
Compounds, Elsevier Publ. Co., Amsterdam 1950, p. 145,
195, 226.

21 A. A. Marvorr and E. R. Swrn, Table of Dielectric Con-
stants of Pure Liquids, Nat. Bur. Stand. Circ. No. 514,
Washington 1951.



