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Donnan Equilibria in Polyelectrolyte Solutions 
MEMBRANE equilibria, involving a macromolecule, 

impermeable through tho membrane, and a permeable 
salt, were first investigated by Donnan'. He found that at 
equilibrium the salt was unevenly distributed between the 
two sides of the membrane, and ho advanced a theory to 
explain the effect. Since then this effect has been inten
sively examined, first especially with proteins, later oven 
with linear polyelectrolytos. 

In recent years numerous theoretical•-• papers on the 
subject have appeared whereas much loss attention has 
been given to the experimental side of the problem, and 
accurate data aro, in general, lacking. In the work 
recorded here precision measurements on a linear poly
electrolyte and a non-electrolyte polymer are reported. 
It is shown that tho classical Donnan theory alone does not 
explain the behaviour of linear polyelectrolytos and that 
in addition an 'excluded volumo' effect is present. In 
this it is assumed that the permeable salt is partly exclu
ded from the interior of the polyoloctrolyto moloculo. 
The excluded volumo offoct has also been considered by 
Strauss and Andor7 in an investigation of polyphosphato 
solutions. 

The polymers used in tho prosont oxpcrimonts were 
poly-methacrylic acid (PMA) and poly-oxy-ethylene 
(POE (CH 2CH20),.). The permoablo oloctrolytos woro 
sodium hydroxide and sodium hydroxide in tho presence 
of sodium chloride. The dialysis cell was essentially an 
enlarged block-type osmometer cell, made of polyethylene 
and with a mom brano of 'Collophane'. The equilibration of 
the solutions was carriod out at 25° C for 24 h. This was 
well in oxcess of the actual time neemmary for tho equili
brium to be established. 

The concentration of sodium hydroxide was determ
ined by titration with hydrochloric aeid. In solutions 
containing PMA a sharp oquivnlencfl point was found 
near pH 10, whero tho excess sodium hydroxide was 
neutralized, but tho PMA was still in the form of its sodium 
salt. This point could be accurately determined with 
thymolphthal<,in as indicator. In tho actual experiments 
25 ml. of tho equilibrated solutions wero transforrnd with 
a pipette to glass stoppered flasks and weighed. Most of 
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Fig. 2. McaHurement• at constant polymer concentration. Curve 1 
for T'MA with c ~ 5·2 gfkg; curve 2 for POE with c = 4·5 g/kg. 
Open circles represent Lim for sodium hydroxide in l'MA solutions 
in the presence of sodium chloride; from top to bottom mNaCI = 0·20, 
0·40 and 0·80 M/kg. The cr<'""" on curve 1 represent the corresponding 
Lim values referring to the total permeable electrolyte concentration, 
The dotted curve represents equation (1) with c = 5 g/kg and with 

(; = 0·25 

the alkali in the solutions was then mmtralizcd by adding 
to each fiask 25 ml. of a standard hydrochloric acid solu
tion with a precision pipette. The final neutralization of 
tho alkali was carried out by titrating with a 0·05 M 
hydrochloric acid solution using a microburette and 
thymolphthalein as indicator. By this method tho con
centrations of sodium hydroxide in the two solutions could 
be determined with a relative accuracy of about 0·01 per 
cent. Tho concentrations were expressed in woight units 
with the following designations: 

permoablo eloctrolyto: m moles per kg of solution 
polymer: c g per kg of solution. 

Tho results arc shown in Figs. 1 and 2. They arc ox
pressed in terms of ~m = m- m 1• where m 1 and m are the 
m-values for the solution containing thfl polymer and for 
the solvent rospcctivoly. Fig. 1 shows some results from 
measurements at constant sodium hydroxide concen
tration and varying polymer concentrations. We see that 
with both polymers llm is very nearly proportional to the 
polymer concentration. In Fig. 2 the polymer concentra
tion is kept constant and the concentration of the perm
eable electrolyte varied. With PMA some mnnsuremonts 
were carried out with sodium hydroxide in the presence of 
varying amounts of Aodium chloride. We see that llm for 
sodium hydroxide is depressed by the prosonce of sodium 
chloride. However, if we assume that sodium chloride 
is displaced to tho same extent as sodium hydroxide, nnd 
we calculate llm for the total amount of permeable 
electrolyte, we find that the points f11ll on tho curve for 
pure sodium hydroxido. This indicates that both electro
lytes behave similarly in this connexion. 

The classical Donnan theory gives for llm tho following 
formula: 

ce 

M ----
. I ce 

1+'\/1+-~ 
Mm, 

(I) 

where E is the dngreo of dissociation of the polyelectrolyte 
and M its equivalent woight. In Fig. 2, togothcr with tho 
oxperimontal results, a curve mprosonting oquation ( 1) 
for PMA with c=5 gfkg and with e=0·25 is shown. We 
flee thnt equation (I) cannot be made to fit t,ho expori
montal results. 
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]for the excluded volume effect we have in the first 
approximation: 

Am= a. me (2) 
where a. determines the excluded volume (in the present 
units it equals the mass of solution in kgfg polymer, 
from which the permeable electrolyte is excluded). 

Comparing equation (2) with the experimental results, 
we see that with POE the agreement is excellent. From 
both diagrams we obtain ex= 0·0027 kg( g. As tho polymer 
mass itself is included in a. this means that for each gram 
of the polymer there are 1·7 g of (solvating) water from 
which sodium hydroxide is excluded. With PMA the 
situation is more complicated. A comparison of the 
experimental results in Fig. 2 with the predictions of the 
Donnan theory and the excluded volume effect reveals 
that tho experimental curve may be obtained by a super
position of these two effects. It is interesting to note that 
the excluded volume effect for PMA happens to be of the 
same magnitude as for POE. 

I may conclude by stating that the experiments re
corded hero indicate that in linear polyelectrolyte solu
tiona two effects are present, namely, the classical Donnan 
effect and the excluded volume effect. The latter occurs 
even with non-electrolyte polymers. These matters are 
treated further in a paper to b e published in Acta Chemica 
Scandinavica. 

H. VINK 

Institute of Physical Chemistry, 
University of Uppsala. 
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Partial Differentiation, with Special Reference 
to Thermodynamics 

FROM time immemorial savants and scholars have taken 
liberties with well-known words and phrases and by 
'new definitions' have imparted highly specialized mean
ings to familiar expressions. While in some cases such 
actions can be justified on the grounds of greater clarity 
of meaning and greater precision of definition, as a general 
practice the imparting of specialized meanings to well
known words and phrases tends to obscure any language, 
even the language of mathematics, particularly when the 
specialized meanings involve largely meaningless 'new 
definitions'. 

In a recent communication, Elliottl has suggested a 
new definition for the partial derivatives occurring in 
thermodynamics. The approach is based on the form: 

dz = adx, + bdx2 + cdx, (1) 

and it is stated that a, b, and c in the limit of small dis
placement dx,, dx2, dx3 are to be identified with the new 

oz 
partial derivatives and indicated as:;-, etc. vx, 

No restrictions are imposed on the manner in which 
the limit is to be taken and, in our opinion, the failure to 
do this renders the definition meaningless. 

As an illustration of our criticism let us introduce 
the symbols Z,, Z 2, Z 3 to represent the 'old' derivatives 
of z, that is, Z 1 is the rate of change of z with respect 
to x 1 keeping x 2 and x 3 constant. Then to a first order 
of small quantities: 

dz = Z,dx, + Z,dx. + Z 3dx3 (2) 

Evidently by keeping x 2 and x 3 constant we can deduce 
from (1) and (2) that: 

On the other hand, for dx, = dx2 and x1 kept constant 

oz 
-,-= Z, + Z 2 vx, 

and so on. The symbol :z can have an infinity of values ux, 
depending on how we approach the limit. 

Dr. Elliott implies that the freedom from restrictions in 
taking the limit is one of the merits of his definition. 
We believe it can only lead to confusion in a field where 
precise definitions are essential. 

Division of Pure Chemistry, 
National Research C01mcil of Canada, 

Ottawa. 
1 Elliott, G. A., Nature, 198, 1191 (1963). 

G. c. BENSON 

E. A. FLOOD 

THE preceding communication shows that if the partial 
differential indicated by ozfox, is defined as the limiting 
value of the rate of change of z with respect to x1, and if 
we include changes due to the variation of x 2 (which is 
dependent on x 1 ) then the result obtained depends on the 
relation between x 1 and x 2 and in particular if dx1 = dx2 the 
expression is: 

ozfox, = z, + z. 
This 'definition' is therefore quite useless, and on this 
point there is no dispute. 

On the other hand, if we define the partial differential 
in the way proposed in my previous communication we 
always obtain the result ozjox1 =a and no other answer is 
possible. The symbol ozfox, is to be regarded simply as a 
rather clumsy but time-honoured method of indicating 
tho coefficient a or rather its limiting value when the 
neglect of differentials of higher order than the first in 
forming equation (I) above is strictly justified. The new 
definition is strictly independent of any relations between 
the variables. 

Department of Chemistry, 
University of Western Australia, 

Perth. 

BIOCHEMISTRY 

G. A. ELLIOTT 

Enzymatic Evidence for the Configuration of 
d-lsocitric Acid 

THE configuration of the a.-carbon atom of the d-isocitric 
acid of the Krebs tricarboxylic acid cycle was designated 
Ls on the basis of an application of the Levene displace
ment rulo1, but subsequent chemical'-• and X-ray• 
studies indicated the Ds configuration. Other investiga
tions have shown that the ex- and ~-asymmetric centres of 
d-isocitric acid possess opposite configurations6 • 7• Although 
d-isocitric acid may be distinguished by tho action of 
isocitric dehydrogenase from tho three isomeric isocitric 
acids, none of the isomers of a.-aminotricarballylic acid, 
the a.-amino analogue of isocitric acid, has thus far been 
found to bo attacked by enzymes. Greenstein and Winitz', 
who prepared both DL·a.-aminotricarballylic and DL-allo-ot
aminotricarballylic acids, were unable to find an enzyme 
capable of resolving these and therefore resorted to the 
use of brucine. They thus obtained tho corresponding 
four optical isomers, which they convertAd to the respec
tive isocitric acids by treatment with HN0 2 • 

Application of the Clough-Lutz-Jirgonsons rule permit
ted assignment of configuration to the D- and L-isomers of 
allo-cx-aminotricarballylic acid, but assignment of tho 
configurations of the isomers of a.-aminotricarballylic 
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