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were linearly distributed along a loop. In order to
complete a survey of the whole area, a second expedition
was undertaken during 1934-38, with the object of estab-
lishing a series of posts on an Kast-West axis from
Lanchow along Kokonor, Tsaidam, Ajak-kuomnél and
Cherchen to Chotan, and connecting up here with the
magnetic ohservations of Piewzoff and extending this bine
up to Leh. This time, as in the previous expedition, the
instruments were compared with standard ones at
Potsdam, Niemegk and Debra Dun before and after the
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Survey. This expedition was planned for two years but
on account of a number of difficulties it actually lasted
four years.

On the whole 520 stations have been established, of
which about 360 were founded during the recent expedi-
tion. The reduction of the magnetic observations is in
the hands of Prof. Dr. O, Venske of Potsdam, and that
of the astronomical observations has been taken up by
Prof. Dr. E. Przbyllok of Konigsberg. All the observa.
tions may be reduced, at the latest, within two years.]

Donnan Equilibria in Biological Processes.
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INTRODUCTION.

HE expression ‘Donnan Equilibrium ’
or ‘Membrane Equilibrium ’ 18 used
to represent the state of thermodynamical
or statistical equilibrium, between two
homogeneous fluids separated by a mem-
brane. The two fluids are at the same
temnperature and the membrane 18 per-
meable for some molecules or ions present
in the two fluids but not for all. In other
words, the Donnan Equilibrium deals with
a system in which a mass of solvent is
divided by a membrane into two phases,
both of which contain e.g., diffusible ions,
and one of which contains a non-diffusible
jon. The presence of the mnon-diffusible
jons or molecules leads to an unequal
distribution of the diffusible ions or mole-
cules on the two sides of the membrane.

The study of the membrane equilibria
ig a well-known branch of physical chemistry.
We get osmotic equilibria if the membrane
is permeable only by the solvent. The
conditions of this equilibria were studied
by Willard Gibbs! in 1878, and according
to him the chemical potential of the solvent

must be the same on the two sides of the

membrane. Gibbs’ application of thermo-
dynamics to the membrane equilibria,
however, remained unnoticed for a very
long time. In the year 1890, soon after
the ionic theory of Arrhenius was kunown,
Williamm Ostwald? suggested the study of
two solutions separated by a membrane,

1 ibbs, Collected Works, 1928, 1, 83.
2 W, Ostwald, Zeit. Physik, Chem., 1890, 6, 71,

which allows some jons, but not all ions
to pass through. In 1910, Donnan and
Harris® made a detailed examination of
the molecular state of congo red in aqueous
solution by means of measurements of
osmotic pressure. They found unequal
distribution of sodium and chlorine ions,
and suggested that this behaviour may be
explained with the help of thermodynamics.
The thermodynamical theory of membrane
equilibria was first developed by Donnant
In 1911. In this form the theory was
applicable to dilute solutions in the ideal
form. More recently Hiickel® and Donnan
and Guggenheim®? have revised the theory
to make it applicable to imperfect solutions
0of electrolytes and non-electrolytes. This
equilibrium theory has been re-examined
by Gatty® in terms of the number of degrees
of freedom of systems containing any num-
ber of chemical components and containing
any number of membranes. The statistical
theory of such membrane equilibria has been
worked out by Ganguli.®

The theory of Donnan has been applied

to very many special problems, and we
shall mention here only a few of such

3 Donnan and Harris, Journ. Chemn. Soc., 1911, 99,
155¢.

4 Donnan, Zeit, Elekirochem,, 1911, 17, §72,

5 Hickel, Kolloid Zeit., 1925, 88, 204,

8 Donnan and Guggenheim, Zeit, Phyaik. Chem., (A),
1932, 162, 346,

7 Donnan, shid,, 1934, 188, 369,

8 Gatty, Phil. Mag., 1034, 18, 273.

® A, Ganguli, Kolloid. Zeit,, 1934, 67, 304,
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applications. Thus Liul% 11 has discussed the
theory in conjunction with the activity
eo-efficient of electrolytic solutions. The
effect of adsorption of solute and solvent by
the membrane on the direction of osmosis
of systems not in equilibrium, and a classi-
fication of such systems has been given by
Schreinemakers and Werre.?* They have
also discussed the properties of mosaic
membranes whose permeability varies from
point to point. The latter effect and its
relationship to negative osmosis has been
discovered by Sollner,’® while the properties
of membranes that are capable of doing
work have been discussed by Straub.l4

Now if we try to apply the theory of
Donnan to biological processes we are
confronted with a difficulty. All the bio-
logical processes are characterised by life
and the living cell is really a physico-
chemical transformer which assimilates
various substances, and maintains itself In
its dynamically stationary state. But any
system at constant temperature obeying
the loaws of thermodynamics must tend
towards that configuration in which its
free energy is minimum. Thatis, a system
cannot maintain its dynamically stationary
state and at the same ftime obey the laws of
thermodynamical equilibrium, or only non-
living systems can be in a state of thermo-
dynamical equilibrium. It would appear
from this that it is not permissible to apply
the theory of Donnan to the living cells.
There is, however, a loop-hole in this argu-
ment and we can argue, that all living
organisms ave not living to the same extent,
that is, do not possess the same amount of
free chemical energy. Some parts of an
orgapism may possess an amount of free
chemical energy, which is equal to that
which that part would be required fo
possess if the system obeyed the laws of
thermodyvnamics. The theory of the nem-
brane equilibria is strictly applicable only
to those parts of a living organism where
the free chemical energy is a minimum.
The greater the deviation of the actual free
chemical energy of the system from the

10 Liu, Kolloid. Zeit., 1981, 57, 139 and 285.
11 Lin, ibid., 1932, 58, 144,

12 Schreinemakers and Werre, Proc, Aka. Amsierdam,

1932, 36, 42 and 162,
13 Qslner, Biochem. Zett., 1932, 244, 370.
14 Straub, Chem. Weekblad, 1930, 27, 672,
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minimum chemical energy, the greater
would be the inapplicability of the laws of
Donnan to such a system. DBut even in
such extreme cases we can say that the
theory of Donnan equilibria if applied to
biological processes is likely to give us some
indication of the actuzl physico-chemical

changes that are brought about in an
organism.
Warburg!® was the first to apply the

theory of Donnan equilibria to red blood
corpuscles. Considerable progress has been
made in this direction by L. J. Henderson,'®
D. D. van Slykel? and their collaborators.
Donnan’s method has also been applied
with 8success to various other biological
processes. In this article we shall first
consider the thermodynamics of the Donnan
equilibria and then we gshall turn our
attention to some typical biological applica-
tions of the same. We shall also try to get
a picture of the physico-chemical processes
which must be accompanying the biological
Processes.

OsMoTIC EQUILIBRIUM.18

Membrane equilibria arise when two
golutions are separated by a membrane
which is permeable for some of the com-
ponents but not for all. The most familiar
case is that of an ordinary osmotic equili-
brium where there are two components,
the membrane being permeable for one
(called the solvent) but not for the other
(called the solute). In the simplest case
of this type of equilibrium, the solution
is present on one side of the membrane,
the pure solvent on the other, i.c.,

Solution Pure Solvent
Pressure = P, Pressure = P,

(1) (2)

If the hydrostatic pressures P, and I,
(supposed uniform on both sides) are
equal, the solvent diffuses from (2) to (1)
and the solution phase (1) swells in volume.

16 ¥, Warburg, Biockem, Journ., 1922, 16, 153.

16 1,, J, Henderson, Blood, a Study in General Physio-
logy, Dresden, 1932,

17 D. D. van Slyke, Factors affecting the Distribution of
Electrolytes, Water and Gases in the Animal Body, London,
1924,

18 R, G. Donnan, Journ, International Soc. Leather
Trades’ Chemists, 1933, 17, 136.
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For any given temperature this osmotic
movement of the solvent molecules can be
prevented by sufficiently increasing P, or
lowering P,. ¥or equilibrium if the phase
(1) can be treated as an ideal solution,

RT 1
v, log N, (1)
where N, = mol. fraction of the solvent
in the solution (1) and V,==increase in
volume of an infinite mass of solution on
adding to 1t one mol. of the solvent. If
the solution is an ideal one (as supposed)
and if we neglect the compressibility of
solution and solvent, then we can state
that V, is simply the volume of one mol. of
the pure liquid solvent at the temperature T.
The pressure difference 7 =P, — P, 18
called the osmotiec pressure of (1) against
the pure solvent. We may write the fore-
going equation in the form
]:,,CE log (1 —N,) .. @)
0
where N, = mol. fraction of the solute in
the solution (1) at equilibrium, since
N, + N, =1. This equation is valid for
all concentrations of an ideal solution.
If the solution is dilute enough to justify
the neglect of higher powerg of the fraction
N, in the series expansion of the logarithmic
term log (1 — N,), then we may write

RT RT n
= —— I * & 3
Vo N Vo Mg + N, )

where n, and n, are the mol. numbers of
solute and solvent respectively in solution
(1) at equilibrium. If we may neglect =,
in comparison with n, then we obtain
%J‘
MoV g

P, —-P, =

9T -

T —

m = RT (4)

where n, V, = volume¢ of the solvent
employed. We may employ this equation

as it stands or introduce molar volume con-.

centrations.

If the solutions are not ideal, we must
write the original equation in the form

RT 1
—_— e——— "I I r & 5
"=7, 6 NJ, )

where f, = the activity coefficient of the

solvent. We may also write this equation

in the form

w:gRTlog-L .o .o .. (6)
Yo

v
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where ¢ is called the osmotic coefficient of
the solution,

In general when a membrane equilibrium
occurs, some of the solute components, i.e.,
the ones for which the membrane is per-
meable will be present in the solutions on
both sides of the membrane,

THERMODYNAMICAL EQUILIBRIUM IN
SIMPLE SYSTEMS,19-22

The theory of Donhan in its original
form* is applicable only to dilute ideal
solutions of dissociated electrolvtes. (The
solutions are said to be ideal when the inter-
action between the molecules of the solute
can be neglected, further the interaction
between the molecules of the solute and the
solvent is independent of the coneentration.)
In this simple form the theory has been
applied to a large number of biological
processes, Lt us first consider the two
types of biological procésses, those that are
likely to show thermodynamieal equilibria,

and those which can show chemical equi-
libria.

According to the laws of diffusion, such
substances as salts and sugars, which are
soluble in water and are absorbed by the
cell, must continue to enter the cell until
the concentration of each substance becomes
equal, both outside and inside the cell.
As the plant usually obtains rather dilute
solutions of nutritive substances, it 18
evident that their entrance into and accumu-
lation within the cell require speeial condi-
tions. A most important pre-requisite 1s
the chemical change of the absorbed sub-
stances. For instance, when carbohydrates
are stored in the tubers of the potato, the
sugar obtained by the ceclls from the leaves
18 transferred directly into starch, which is
insoluble in water. The concentration of
sugar in the cells of the growing tuber 18
therefore extremely low and does not. impede
the diffusion of new amounts of sugar. The
game 18 observed in ripening otl-bearing
seceds. The only difference in this case 13

12 B (3. Donnan, Kolloid, Zeit., 1932, 61, 160,
2 7 R. Bolam, Kollosd. Beihefie, 1934, 39, 139,
21 pPados and Todeshi, Biochem, Zeit., 1933, 288, 452.

22 Maximow, Text-book of Plant Physiology, MoGraw
Hill, 1930, 119,

¥



100

that the fats are now accumulated at the
expense of the soluble carbo-hydrates.
Protein compounds are formed from amino
acids and so on. As a general rule, the
substances entering the cell are subject to
chemical transformation which assures their
uninterrupted absorption.

This general mechanism of the absorption
and accumulation of substances in the cell,
however, does not always hold true. There
are cases when solute substances accumulate
in great quantity, and remain in the samoe
state in which they are when entering the
cell, for example, in the bulb of the common
onion, are stored considerable amounts of
glucose. In pigweed and other plants much
potassium nitrate accumulates. At the
present time, the explanation of these
phenomena is sought in the so-called mem-
brane equilibria of Donnan.

If a membraneous sa¢ impermeable to
colloids containing a readily ionisable salt,
one of whose ions is of a colloidal character,
such as sodium proteinate—a sodinm salt
in which the rdole of an acid is played by
some protein—is immersed in water., the
sodium ions though able to pass through
the membrane, will not diffuse out of the
sac, being retained by the elcctrostatic
attraction of anions and cations. If some
easily penetrating salt is added to water,
for instance sodium chloride, then in the
process of osmosis the Nat and (1™ 1ons
will diffuse through the septum and finally
there will be established an equilibrium.

To apply thermodynamics to these
processess, let us consider the solution of
a salt NaR, separated from the solution
of NaCl by a membrane, and let us suppose
that the membrane is permeable for all
particles except the anion R~ and the un-
dissociated salt NaR. The initial and the
final states may be represented diagram-

matically as follows. The vertical line
represents the membrane.
Initial State.
Nat R- Nat+ Cl-
(Proteinate)

C, C, C, C,
(concentrations of the

10n8)

(1) (2)
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Final State.
Nat R- Cl-| Nat Cl-
01+X 01 X. +CE"‘""X CEHX
(1) (2)

The resultant electrical charge on each
side of the membrane must be zero and hence
(Nat); = (CI7); + (B7),
and (Nat), = (Cl7),
Further, as the system 1is in equilibriam, the

work done in taking equal quantities of Na+

and Cl- ions in the same direction must be
equal, hence

(Na¥), , . (Cl-),

dn RT ].Og (Nﬂ-+)1 - drn RT log (Ol_..)l
Therefore in the state of equilibrium
(Nat), X (OI7), = (Nat), X (Cl),

This unequal distribution of the charged
particles gives rise to a difference of poten-
tial E on the two sides of the membrane,

g = BT 1o (N2 )
(Na't), o

= (7)

w 108 (8)
This difference of potential which may be
supposed to be localised on the membrane is
called the membrane potential, F = Fara-
day’s equivalent in volt-coulombs. This
difference of potential can also be expressed
in terms of Cl- ions, and we get

RT (Cl-),

E = F-' ].Og (Cl_')a. .

The expression for E in terms of any positive
ions will be similar to & while any negative
ions will be similar to 8a. Hence we get

(A7), (C)y _ (D7) L (9)
(A1),  (BY), (C ) (D~ x

Similarly, by applying the equation 7 we get
for doubly charged positive lons, if simulta-
neously present with singly charged sodium
jons, the relation

(Catty,  (Nat)
(C&++)2 - (N&+)§

We can also express the membrane potential
E in terms of the corresponding pH values

RT (Na™), RT

B =g log (Nat), F

.. (8 @)

(A*), (B™),

.. (9 a)

(pH, — pH,)
.o (10}
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Let us apply these considerations to the
case of NaR and NaCl which has been al-
ready represented by a diagram. According
to Donnan, at equilibrium the products of
the concentrations of the diffusible ions must
be equal on both sides of the septum. Then
we get

(C; + X) X = (C, — X)?

From this equation may be calculated the
relation between the ions of sodium and of
chlorine on both sides of the septum. This
calculation shows that higher the concentra-
tions of sodium proteinate in comparvison to
the concentration of sodium chloride, the less
complete will be the equalisation of the
concentrations of NaCl in the surrounding
solution and the osmometer, and the more
it is retained in the surrounding liquid. Let
us give some figures illustrating the mem-
brane equilibria of Donnan.

TABLE 1.
Initial Final
concentrations concentrations
Na(l
r
NaR NaCi Inner Outer
solution solution
0.-01 1 0.-497 0-503
0.1 1 0-476 0.524
1-0 1 0.33 0.-66
10 | 0-083 Q.917
100 1 0.01 0-99

These figures show that the large amount
of sodinum proteinate makes the membrane
appear 28 if impermeable to NaCl and thus
salt ceases to penetrate into the sac of the

osmometer.

If a salt with another cation than the one
connected with the proteinate within the
osmometer is taken, for instance KCl instead
of NaCl, another correlation will be obtained.
As before this can be represented diagram-

matically.
Initial State.

Nat R~ K+ Ci~
C; Cl ] CE Cg
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Final State.
Nat K+ CI= R- K+ Na+ Cl-
C;—Z X Y Co—X Z Co~Y

The concentration X, Y and Z are con-
nected by the equation 72 =X — Y. Fur-
ther, the conditions of equilibrium give us
the following equations :(—

C, — (& —y) __ x (
z — 4 C, — . .. la)
C;, — (@ — Cy —
1 D Tk . (b)
r — Y Y
hence v _Ce— Y
C, — Yy
or r +vy = C,
substituting in a and b we get
(G, +Cy) G,
C, + 20,
y =
C;, + 26,
or (Na™), _ (K*); . (Cl7), - C, - G,
(Na™), (K7)s (Cl7), C,

The cations of this electrolyte KCl intro-
duced into the surrounding solution, will
be attracted towards the interior of the
membrane by the anion of the protein. The
anion on the conirary will be forced out-
wards. Donnan illustrates this relation by
the following table - —

Table II.
Initial
concen- Final concentration
tration
K Na -l
N KO g |21 | 3] 2| g
T @ % & 5 -
Q = ~ = o
F - - - """ -,
0-1 1!0-5 0:5 0.05]|0.:0510.6 |]0:5
1.0 110:6610.33|0.-66]0-33|0.33)0-66
10 1109 |0.10]| 8-2 {0-8 [0.-10]| 0-80
100 110-90710-01 | 99:.01} 1.0 0.01 | 0-89

—— -

With the great abundance of the colloida
ions within the osmometer, if compared toQ
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the concentration of salts in the surround-
ing liquid, for instance 100 : 1 in the last line
of our table, the almost complete disappear-
ance of K (99 per cent. of the original amount)
from the surrounding medinum and its accu-
mulation within the osmometer may be
observed. At the same time the almost
complete expulsion of the Cl ion from the
osmometer 18 observed, in spite of the fact
that both ions pass readily through the
membrane and enter into no chemical re-
actions within the osmometer.

In an analogous way may be explained the
accumulation of different kinds of ions in the
plant cells containing a considerable amount
of protein substances which show the propexr-
ties of ampholytes, that i3, substances which
act as weak acids and weak bases and there-
fore are able to induce the accumulation of
cations as well as of amions. As the com-
position of the colloidal substances in the
cells changes continually, quantitatively as
well as qualitatively, the conditions of
Donnan equilibria prove very complicated
in them. The protoplasma being imperme-
able not only to the colloids but also to
many electrolytes, for instance to organic
aclds, these combinations too may deter-
mine the conditions for the establishment
of Donnan’s equmlibrium between the cell
and the surrounding medium, and may
proniote the accumulation in the plant of
many anions and cations in much higher
concentrations than are found in the sur-
rounding medium, for instance in the soil
solution. At the present time, attempts are
being made to reconstruct the whole theory
a8 to the entrance of substances from the
soll into the roots on the basis of the condi-
tions discovered by Donnan. This necessi-
tates, however, an extension of Dopnan’s
simple theory, to non-ideal solutions.

THE EXACT THEORY OF MEMBRANE
EQUILIBRIUM,S 7 23

The theory of membrane equilibrinm in
its most general form was established by
Gibbs. He showed that if a fluid mass be
divided into two parfs by a rigid diaphragm,
permeable by some of the components but
impermeable by others, the conditions that
are necessary for equilibrium can be stated
ag follows. In the first place, the absolute

23 (3, 8. Adair, Trans, Farad, Soc., 1937, 33, 1106,
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te;mperature T’ in the fluid phase designated
L" must be the same as the temperature T”

in the phase L” on the opposite side of the
membrane. In the second place, the partial

free energy or chemical potential of each one
of the substances which are free to diffuse
accross the membrane must be the same in
both phases. The potentials and other
properties of the substances designated S,,

Sgy Sg-+ -+ 8, are distinguished by subscripts
as 1n formula 11.

p =gy gy = oy -+« (11)
where p,” = the chemical potential of the
substance S, in the phase L’. Such equa-
tions, applicable to all substances that can

diffuse across the membrane, give the

criteria for an exact thermodynamical equi-
librium.

In the case of membrane equilibrium the
hydrostatic pressures P, and P, on the two
sides of the membrane are not necessarily
equal, the same is the case with the poten-
tials of the substances which cannot pass
through the membrane.

Gibbs’ conditions for equilibrium have
been expressed by Donnan and Guggenheim®?
in a form which is easily applicable to ex-
perimental investigation.

1 =p, *(T) +Pv*(1 -1K,P) +-RT1og N, f, (12)

where u,* (T)=a constant at a constant
temperature, which need not be determined,
P == the pressure in the solution. »,* =
the volume occupied by 1 mol. of S, in & very
dilute solution at zero pressure. X, = the
compressibility of S, in very dilute solutions.
(The equation 12 is subject to a small correc-
tion for the effects of changes in compressi-
bility at very high pressures.) R = the
gas constant. T = the absolute tempera-
ture. N, = molar fraction = mols. of S, divid-
ed by the total number of mols. in the
solution. f, = the activity coefficient which
may be a measure of the deviations from
the ideal solution laws. The symbol f;
denotes the activity coefficient at pressure
P and f’, at pressure P’

Donnan and Guggenheim obtained the
equation 13 from 11 and 12, eliminating the
constant term u,* (T) whick must be the
same in both phases.

P'v,* (1 — 3K, P') + RTlog N,'f;" =
RT log N,’f,” +Po* (1 — 3K, P°). (13)
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They suggested an abbreviated notation in
which [v,] represents
v * 1 — 3K, (P’ 4+ P7)]
P’ -+ P
the volume af the mean pressure 5
In order to allow for the changes in com-

pressibility with increasing pressure, the
symbol [v,] is here defined by the formula

(0] = (/. dP) | (®" —P") (14)

where v, denotes the volume occupied by
1 mol. of 8, in a very dilute solution. With

this definition the equations 15 to 21 are
exact.

(P" — P") [v] + RTlog N',f, = RT log
N4 (13)
If the substance S; be solvent water, it

may be more convenient to use osmotic
coefficients g," and ¢," as a measure of the

deviations from the ideal solution laws.
(P’ —P’) [vy] +g," RT log N, =
g," RT log N’ . (16)
Equations like 13 and 15 can be applhied to

any non-electrolyte that can diffuse across
the membrane.

(P’ — P") [v;] + RTlog N f,' =
RT log N,%f,” (17)
If we eliminate the pressures, using equa-

tions 15 and 17 we obtain the equation 18
given by Donnan and Guggenheim.

(Ny f2) _ (N fy")
(N /)Y (N /Y
where r = [v,] [ [v,].
A slight modification of their treatment
with special reference to systems in which
the pressures can be determined with greater
accuracy than the molar fractions is given
by Adair.?®* With the abbreviation
hy = [v,] (" — P") [ RT (19)
the equation 15 may be restated in the form
folrﬁh = N,"fy”
where ¢! =1 + hy + b2 4 - - - - (20)
A similar formula can be applied to the

substance S, and in a system where 8, and
S, can diffuse across the membrane we get

Ezr fzf 6"&2 _ Nau f£ 3 (21)
Nlr f].; ﬁﬁ: N].” f.l.
In practical applications of the theory of

membrane equilibrium it 18 customary to
use a simpler, but approximate formula

mz‘far — ma'fg' L (22)

(18)
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where m, = the molality in aqueous solu-
tions expressed in gram-mols of S, per 1000
grams water, The estimation of the errors
due to the use of the approximate formula
has been made by Adair, and his calculations
show that although the error in inwvestiga-
tions of the membrane equilibria, of small
molecules, in systems where the pressure
diiference P’ — P” is small, can- be disre-
garded, the exact formula will have to be
used in the interpretation of experiments
with membpranes permeable by large mole-
cules as, for example, in the ultrafiltration of
proteins described by Elford,® and the
work of Moran? on equilibria with gelatine
gels and sodium chloride at pressures ex-
ceeding 2000 atmospheres.

TaE MEMBRANE-EQUILIBRIUM
OF IoNISED LELECTROLYTES,

In & system where an acid, a base for a
salt can diffuse across the membrane, the
chemical potential of the electrolyte must
be the same in both phases as stated in 11.
If the electrolyte dissociates, yielding #; ions
of the species S; and 7; ions of the species
S;, the diffusion of an jon is subject to the
condition that an equivalent quantity of ions
of opposite sign pass across the membrane
in the same direction. The condition for
equilibrinm is
ripd iy =i iy (23)
we can compare this with (Nat); X (Cl-),=
(Nat+), x (Cl7), given by Donnan.

In a system where two ions of the same
sign, S; and §; can diffuse across the mem-
brane, we get the equation 24, since the
possible variations dm; and dmy  in the
composition of the phase L’ are subject to
the condition that

dm,’ / Nn; =~ — dm;_..’ / ne
A A S . (24)
n; ni ¥ 7

or (u; — p" e = (ui’ — pe My (25)

In a system where two salts containing
the jons 8, §; and S can diffuse across
the membrane, cquations 23 and 24 are
both applicable, it ix possible 1o restate these
formula® in termg of molar fractions, ax 10
formula 19

(N:’ ff’ ﬂﬁf}ri (N!J f’l {ﬁ’.)r’
. - (NJ'” fj”}rl' (N}T” f;‘”)rj

2 Blford, tbid.. 1937, 33, 1100,

25 Moran, fieport of Kuod Investigation Bourd for 1935,
20,

.. (26)
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The activity coefficients of the individual
ions can be replaced by f +, the mean acti-
vity coefficient. If the pressure difference
P’ — P* be small, and f the activity co-
efficient of water be the same in both phases,

we get the equation 27, which is applicable
to a salt with two univalent ions

(.f:i:ﬂ‘)2 _ Mg X Mes
(f+")? Mg’ X Mo/
Jt appears that equation 27 is wuseful in
considerations of the state of equilibrium

between the blood and the aqueous humour

discussed by Ridley?® and by Davson,
Duke-Elder and Benham.??

If the osmotic pressure be low and both
of the 1ons be univalent, equation 27 is

replaced by the simple but approximate
equation 28,

m; f7  m f
my’ far omp" "

.. (27)

(28)

MEMBRANE POTENTIALS AND THE
POTENTIALS OF INDIVIDUAL
TONsS.

From the thermodynamical point of view,
no criterion for the equilibrium of an indi-
vidual ion across the membrane is neces-
sary because the possible variations in the
state of the system are comprehended by
equations 23 and 24 applicable to pairs of
ions. Under certain conditions, it is, however,
convenient to supplement these equations
by another equation involving the potentials
of the ion S; in both phases L’ and L" and
the electrical potential difference (E' — E”)
between the phases.

i =pi"—n; F (B'— E")=p/ —n; FBE (29)
F = Faraday’s equivalent in volt-coulombs.
E=E —E' = the valence of the ion
of the species S; is negative for anions. This

formula is comparable with the approximate
formula
E 273

pH' = pH" — G=osaie X 273 ¥+ ¢+ ¥

used by Loeb?® and by Adair and Adair.?®
The last mentioned authors correlate the
membrane potentials and pH values, they

26 Ridley, Brit. Journ, Exp. Paih., 1930, 11, 217,

27 Davson, Duke-Elder and Benham, Biockem. Journ.,
1936, 30, 773.

28 Yoeb, Proteins and the Theory of Colloidal Behaviour,
New York, 1922,

20 Adair and Adair, Biochem, Journ., 1934, 28, 199.

Science

also give a precise method for the measure-
ment of membrane potentials with certain
types of solutions containing proteins.

MEMBRANE EQUILIBRIUM IN SYSTEMS
WHERE THE COMPOSITION OF ONE PHASE IS

CONSTANT.

In studies on proteins, it is often desirable
to investigate solutions containing a mix-
ture of inorganic electrolytes. If the protein
solution L’ be enclosed in a membrane
permeable by all the components except the
protein, in equilibrium with the dialysate
L" of constant temperature, pressure and
composition, the properties of the system
are determined by one independent variable,
the concentration of the protein in L’, even
if the number of diffusible substances be
unlimited. Adair®® 3 has shown that the
potential of the protein, or the protein salt
pgs 18 correlated with the observed osmotic
pressure » and the volume V of solution per
mol. of protein by the formula

d fps = Vdn . . (31)
Some special cases of this type of equilibria
have been considered by Adair. For ex-
ample, he gives the relationship between
osmotic pressures, protein concentrations,
molecular weights of hamoglobin® 3 and
serum proteins in systems where L' is con-
stant and also the effects of proteins® on
the activity coefficients of diffusible
iong.2% 32, 34, 35 Adair® ¥ glso suggested a
method for extending the theory to ideal
systems with low osmotic pressures, including
colloidal solutions in mixed solvents, in which
the composition of the solution L’ is expressed
in ‘ corrected conecentrations’ in gram mols.
per litre of the mixed solvent.

[8], =[8),” X 100/(100 — V, C) (32)

[S],/ = corrected concentration of sub-
stance S 1n L.

[S],” = observed concentration in mois. per
litre of solution.

C = grm. colloid per 100 c.c. sojution.

V, = volume occupied by 1 grm. colloid,
including water of hydration.

30 Adair, Jourrn. Amer, Chem. Soc., 1929, b1, 696.

3L Adair, Trans. Farad. Soc., 1935, 31, 98.

82 Adair, Proc. Roy. Soc., 1928, A, 120, 573.

38 Adair, Proc. Camb. Pkil. Soc. (Bidl.), 1924, 1, 75,

3¢ Adair and Robinson, Biochem, Journ., 1930, 24, 1864.
85 Adair and Adair, ibid., 1034, 28, 1230.
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The theory of membrane equilibrium may
be applied to the process of dialysis, because
the rate of removal of a diffusible impurity
S, from a colloida! solution L’, enclosed in
a membrane surrounded by pure water
is partly determined by the distribution
ratio r, = {5.l, / 15"

d ;o et
— a—t" [S?I]t: — [SH]E (Z;:) k?ﬂ

where ¥ = time, %k, is a coefficient, directly
proportional to the area of the membrane,
and inversely proportional to the volume
of the solution I and the thickness of the
membrane. k, 18 an undetermined function
of the shape of the membrane, the rate oi
stirring and other factors. On the assumption
that k, is a constant, the reciprocal of the
distribution ratio, is a measure of the rate of
dialysis. Adair’s® work shows that the effect

(33)
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of salts on the rate of removal of impurities
1s of importance in studies on systems where
the composition of the dialysate is constand.

Before we proceed to describe the applica-
tions of this theory of membrane equilibrium,
1t may be pointed out that the presence of a
membrane 1s not absolutely necessary for
the existence of the Donnan eguilibrium.
The theory is applicable to any system
which contains some kind of ions, which are
not allowed to diffuse to some part of the
system. The diffusion of the ions may be
hindered either by the formation of aggre-
gates round the ion, or by the absorption
of the ion on the surface of the membrane,
or some other pecuhiar property of the 1on.
For all practical purposes we can assume
that the theory of Donnan is applicable
even when the ion is able to diffuse, but the
rate of diffusion is very small.

OBITUARY.
Sir Nowroji Saklatvala, C.LLE., Kt., K.B.E.

NDIA, the Parsee cormmunity and parti-
cularly, the House of Tata, incurred last
July a grave loss in the death of Sir NowroJ
Saklatvala, less than one month after the
untimely death of Mr. J. A. D. Naoroj.
Born on September 10, 1875, a nephew
of the famous industrialist Mr. J. N. Tata,
Nowroji Bapuji Saklatvala was naturally
destined for association with Messrs. Tata
Sons, Ltd., and this began in 1889 as a
cotton-mill apprentice. Rapid promoticn
was earned by whole-hearted apphcation
to work, linked with aptitude, these qualities
being recognised outside the firm by his
appointment in 1916 to Chairmanship of
the Bombay Millowners’ Assoctation, which
he represented in the Legislative Assemblg
gix years later. Increasing knowledge of
the varied interests embraced by the firm,
fortified by devoted loyalty thereto, made 1t
appropriate that he should become Chairman
at the death of Sir Dorabji Tata in 1932,
in which year he was appointed also
Chairman of the Tata Iron and Steel Co.,
1td. Thence forward he maintained &
detailed interest in the vast _Jmnﬁhedpur
corporation, meriting the gratitude of the
employees by addressing .h_llllﬁﬁlf to an
improvement of their conditions and pay
through a profit-sharing scheme.

In spite of these heavy responsibilities,
Sir Nowroji found time to associate
himself with other commercial enterprises in-
cluding insurance and banking, whilst 1denti-
fying himself with a reecently successful
fusion of the wvarious conflicting cementg
interests. As Chairman cof the Sir Dorabj
Tata Trust, he guided the disposa) of
princely charitable funds with vision and
wisdom, lately approving the coanstruction
of & Cancer Institute. The human side of
his character was illustrated by his early
work for the Cricket Club of India, and
by his uniform encouragement of all social
clubs attached to the numerouns industrial
corporations with which he was connected.

Testimony of cemployees and  business
associates  alike shows that Sir Nowroj
commanded their respeet and affection by
his integrity and sympathy. Government
recognition  of his  valuable  serviees {o
Indian induastry came with CLKE. (1823),
g Knighthood (1933}, and the KGR (1937),
Although nominally on holiday at the time
of his death he was actually engaged moa
business visit to the United States, England
and Scandinavia, and was resting at Alx-
les-Bains when he died suddenly on July 21,
within & few weeks of completing  hix
gixty-third year,



