of 0—15 %. The theoretical radial distribution
curve corresponding to 15 9, anti conformer
was also found to be in poorer agreement with
the experimental one than the curve for a
model based on only the syn conformer. We
concluded that there is no evidence for the
presence of a second conformer.

The results from our present study compared
very well with the earlier electron diffraction *
and microwave 2 works (see Table 3). Compar-
ison with the recent electron diffraction work
on dimethyl carbonate (CH,;OCOOCH,)? showed
no substantial difference between values of
comparable parameters. In both the formate
and carbonate only comparable conformers
syn and syn-syn were found.

It is of interest to compare two structurally
related molecules like methyl formate and
methylvinyl ether.!* The C(sp?)—O bond is
longer by 0.02 A in the ether than in the
formate and the C— O —C value is 4° greater in
the ether. Also, in contrast to methyl formate,
two conformers (73 9, syn and 27 %, anti) are
observed for methylvinyl ether at 210 °C.
Assuming that the entropy differences of con-
formers are similar, these results are in agree-
ment with the ab ¢nitio molecular orbital
calculations 1 showing the anti form to be
4 —8 kcal mol—! above the syn form in methyl
formate while the ant{ form is only 1-—2 kcal
mol~? above the syn form in methylvinyl ether
(1 kecal=4.184 kJ).
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The Coefficients for Isothermal
Transport. II. Cation Exchange
Membrane and Electrodes Reversible
to One of the Cations

SIGNE KJELSTRUP RATKJE

Laboratory of Physical Chemistry, The Norwegian
Institute of Technology, The University of Trond-
heim, N-7034 Trondheim-NTH, Norway

A rigorous thermodynamic description of
electrolyte transport across a membrane has
been given in a previous publication by Ferland,
Forland and Ratkje.! Specific for their presenta-
tion is that the number and kind of components
used to describe the system, conform with the
phase rule. The presentation deals only with
measurable quantities. This ensures an in-
dependent choice of forces in the flux equations.

When restrictions such as selectivity of the
membrane and of the electrodes are imposed
on the mass and charge transfer, relations
between the phenomenological coefficients of
the flux-force system may be developed.l?
Relations were obtained for anion electrodes
and a cation selective membrane.! This com-
munication is a supplement to the previous
work. The effect of substituting anion elec-
trodes by cation electrodes is investigated.
Information of the relative size of the phenom-
enological coefficients is developed.

Transports in an ton exchange membrane
placed between electrodes reversible to a cation.
The number of mass fluxes in a transport
system of n components is (n — 1), the flux of the
n’th component being chosen as the zero refer-
ence.! With an electric current passing through
the system there are independent forces.
In the Ferland-Ratkje formalismm these are
the (n— 1) gradients in chemical potential and
the gradient in electric potential.! The fluxes
J; are linear combinations of the forces Xj:

n
JF—jZl LyX; _ (1)

When the fluxes are linearly dependent

Sag=0 @)

i=1

general relations between the phenomenological
coefficients have been developed.l:?

L
i; 0L=0 j=1l,..,n (3)

o, i=1,...,n, are coefficients giving the inter-
dependency.
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Consider as an example the transport of the
components HCl, NaCl and H,0O with reference
to the membrane component HM. The mem-
brane is conducting cations only. The system
which includes electrodes reversible to the
H+t-ion, is illustrated in Fig. 1.

When anion reversible electrodes are chosen,
an electrolyte flux is defined by the flux of the
cation of a component. In the present case,
with a common anion C1~ and cation reversible
electrodes, the total flux of electrolytes,
Jac+Jxnacr i8 defined by the flux of ClI.
As no current is carried by Cl~ the linear
dependency among the fluxes is

Juact+JInac1=0 4)

Eqn. (4) corresponds to (2) with a,=a,=1 and
ag=a,=0. The relations between the phenom-
enological coefficients are thus

L/ +Ly=0 i=1,.,4 (5)
The coefficients are primed to indicate that
cation reversible electrodes are used. The phys-
ical meaning of eqn. (4) or (5) is that the
transport of charge in one direction across the
membrane is balanced by a charge transport
in the opposite direction. This is obviously
so when no net current is passing (simple
interdiffusion) but due to the specific choice
of electrodes the statement is also true for
I+0 in this macroscopic description where
Jyc1 includes the transfer of H+ via the elec-
trodes.

For comparison, the relations (3) are for the

same system with chloride reversible electrodes *
(indicated by unprimed coefficients)
L+ Lg=Ly i=1,...,4 (6)
While L,,’<0, from eqn. (5) and the require-
ment L;>0, L,, need not be negative from
eqn. (6). The transport of HCl and NaCl do not
balance when current is passed. The excess
transfer of say H+ relative to Nat in one
direction is compensated by the electrode yield
of CI” to achieve electroneutrality in each
compartment.

s ¢

Solution Membrane Solution

H*
—_—

HCL (Cy) HCL (C)

H z/H’/ NaCl (Cy) NaCl (C7) \Hz i

0 X

Fig. 1. A cation exchange membrane separating
two solutions of HCl and NaCl. The electrodes
are reversible to the H+-ion.

The description given above for selective
cation transport across membranes is redundant,
due to eqn. (2). But as the cation restricted
transport is a limiting case of the general case
allowing passage also of anions, it may be
useful to keep the redundant equation system
(1). This is because the redundant coefficient
sots of Ly and Ly’ are subject to the restric-
tions (3) which will give a limit behaviour
of nonredundant coefficient sets, as shown
below:

We have previously ! defined the electrode
independent diffusion coefficients l;; which are
related to L; by

biy=Lij— (LpjLin)/Lyn (7)

In our case of cation selective membrane
transport the diffusion coefficients obey

ly+ly=0 i=1,.. (8)

From eqns. (7—8) and the general restriction
l;=0 we have

L llL 24

lyy=Ly— =L —t,$,L4<0 9)
L

t, and ¢, are electric transference numbers of the
component 1 and 2, respectively. ¢ is defined by
(see Ref. 1 for details)

t=Li/L, i=12

Ast,+t,=1or ;<1 we have from eqn. (9)
L,;<0.25 L,, (11)
Lu.<L, i=12 (12)

By inserting eqns. (11) and (12) into (6) one
obtains

(10)

L;<0.76 L,, i=1,2 (13)

Conclusion. The relations which can be
developed between the phenomenological coeffi-
cients for ion-selective membrane transport
from a rigorous thermodynamic description,
are electrode dependent, but permit a detailed
analysis of the system on the macroscopic
phenomenological level. They furthermore pro-
vide experimental testing criteria for the single
phenomenological coefficients, as limits for
their behaviour can be developed.
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