
Chemistry. - On some special cases of osmosis in binary systems. By 
F. A. H. S CHREINEMAKERS. 

(Communicated a t the meeting of November 28. 1931.) 

We take an osmotic system 

L (W + X) I L' (W + X) (1) 

with a membrane permeable for the two sub stances W (water) and X. In 
order to concentrate our thoughts we put the liquid with the greater W­
amount on the left side and consequently that with the greater X-amount 
on the right side of the membrane. If we represent the substances Wand 
X by the points Wand X and the liquids Land L' by the points Land 
L' of the line WX, then point L will consequently be situated to the left 
of point L' (fig . 1). 

With respect to the directions in which the substances Wand X flow 
through the membra ne. we can now imagine four D .r .'s. namely 

X W x W 
a) .-- ~ c) ~O * (2) 
b) .-- d)[~O ... 

in which the sign 0 indicates an incongruent- and the sign ... a negative 
direct ion of diffusion ; in binary systems those two directions always 
coincide (in systems with three or more substances this is not the case). 

Of these four D .r .'s the incongruent one (viz. d) is not possible and 
for th is reason it has been put between parentheses ; the other three are 
possible in deed ; experimentally we have until now indeed found examples 
of a and b, but not yet of c. 

If we now leave system (1) to itself . it will towards the end of the 
osmosis pass into a system : 

L. (W + X) I Le (W + X) . (3) 

in which the same liquid e is found on both sides of the membrane. As a 
special case we can imagine the quantity of this liquid e approaching zero 
on one of the sides of the membrane. 

We imagine the fina l liquid e represented in fig. 1 by a point e, which 
must of course be situated somewhere between Land L' ; the pi ace of 
this point e has been determined by the ratio of the quantities of Land 
L' of system (1). 

From th is it follows that during the osmosis the points Land L' will 
move and will meet at last in point e. We now may assume that the two 
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liquids Land L' will move towards point e during the entire osmosis, 
namely according to the scheme: 

-L ~L' 

The X~amount of liquid L then will continuously increase during the 
osmosis and that of liquid L' will decrease until both liquids get the same 
composition in point e. 

Although in all systems investigated by us until now the osmosis takes 
place according to the scheme, discussed above, other cases also are pos~ 
sible for all that. It is possible namely with respect to the directions in 
which the liquids Land L' may move at a certain moment of the osmosis 
to imagine four cases, viz. : 

L 
1) _ 

2) -

L' 
~ 

L 
3) ~O 

4) [~O 

which we shall call the M .S .'s (moving schemes) of the system. 

(4) 

When a liquid approaches point e, we shall say that it moves normallv 
or that it changes its composition normally ; wh en a liquid moves away 
from point e, however, we shall say that it moves anormally or that its 

composition changes anormally 1); the sign r- placed with an arrow indi­
cates an anormal movement or change. We now shall deduce: 

the M.S. NO. 4, placed between parentheses, in which the two substan~ 
ces move anormally, is not possible; the three other M.S.'s are possible 
indeed. 

In order to illustrate the above, we first take a system : 

L(W+X) I L'(W +X)? 

DTa. ~X -W~ 
(5) 

in which X and W flow through the membrane according to D.T. a. As 
liquid L now absorbs X and gives oH W, two factors consequently 
coöperate in order to cause the X~amount of L to increase; consequently 
in fig. 1 point L will move ~. As it appears in a similar way that point L' 
will move +-, follows the M.S. N0. I, namely : 

-L ~ L'. (6) 

in which the two liquids move normally and consequently also change 
their compositions normally. 

I) The reader will easily see that a normal (anormal) movement of a liquid wi\1 also 
cause a normal (anormal) change of its X- and W -amounts. 
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With rderence to future considerations we shall deduce this in still 
another way ; for this reason we now represent the D.T . a by : 

_aX (7) 

in which a and " indicate the very small quantities of X and W, flowing 
through the membrane between the moments tand t + dt. We now dis­
tinguish two cases. 

W I .(-----.,--------•• t-------.'----__ ~ XI 

W LuL' X 
Fig . I 

1°. Wh en a> y we may say that a-y quantities of a mixture have 
diffused towards the ldt. This mixture then contains a positive quantity 
a : (a-y ) of the substance X and a negative quantity - y : (a-y ) of 
water. H we now represent the X-amount of this mixture by z, (and con­
sequently its W-amount by l-z ) we have : 

(l - I' 
z = - - and l-z= - -

/7. -)' /7.-y 
(8) 

so that z > 1. As z > 1, we cannot represent this diffusing mixture in 
fig . I by a point between Wand X . H, however , we lengthen line WX 
up to a point Xl ' which we imagine infinitely far away, this mixture is 
situated in a point dl somewhere between X and X I ' As this mixture is 
absorbed, by liquid Land given off by L', L will diffuse ~ and L'~. In 
this way we find the M .S .. N 0. !. 

20. Wh en a < 1' , we may say that )'- a quantities of a mixture have 
diffused towards the right. This mixture then contains a negative quantity 
- a : ( y-a) of the substance X and a positive quantity 1' : ( y-a) of 
water . We now have : 

-a )' 
z= ---- and l-z= - -

)' - a y-a 
(9) 

so that z < O. It is clear that this mixture will be situated in fig. 1 in a 
point d' 1 somewhere between W 1 and W. As this mixture now is given 
oH by liquid Land is absorbed by L', we here also find the M .S. N0. 1 
again . 

We now take the osmotic system : 

L(W + X) 1 L'(W + XJt 

DT b. - X - 0 * W \ 
(10) 

in which X and W flow through the membrane according to the D.T. b : 
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consequentlv the water diffuses incongruentIy and negatively. If we repre­
sent this D .T. by: 

_aX -rW. (11 ) 

we may say that a + r quantities of a mixture diffuse towards the left , 
th is mixture then contains a positive quantity a : (a + )') of the substance 
X and also a positive qllantity r : (a + r ) of water; we now have: 

a 
z= - - and a+r 

1-z=-r- . 
a+r 

(12) 

As z now is always positive, but smaller than I, the diffusing mixture 
will now be situated in fig. 1 somewhere between Wand X. 

We are able to deduce, however , that this mixture cannot have every 
arbitrary composition 1), but that z must satisfy: 

(a + r) (z - u) > 0 . (13) 

in which u represents a point, aIways situated in fig. 1 between Land L' . 
As during the osmosis points Land L' change their pIaces, point u will 
continllollsly shift to an other pIace as weIl. 

As a + r is always positive, it follows from (12) : z > u, so that in fig . 1 
the diHusing mixture must be situated somewhere between u and X. We 
now distinguish three cases. 

1°. The diHusing mixture is situated in a point d 2 between L' and X. 
As the liquid Labsorbs this mixture d'2' L will move ~; as the liquid L' 
gives oH this mixture. L' will move ~. So we once more get the M.S. 
NO . I, namely: 

~L _L'. (14) 

20. The diHusing mixture is situated in a point d'z between u and L'. 
As liquid Labsorbs this mixture , L will move again ~; as liquid L' gives 
off this mixture. L' now will not move ~ but ~. We then get the M.S. 
N0. 2. namely: 

~L ~OL' (I 5) 

in which the liquid L' moves anormally. 
30. The diffusing mixture accidentally coincides with point L'. As 

liquid L' now gives oH a mixture having the same composition as liquid 
L', this liquid will not change its composition and consequently point L' 
will not change its place either. We then have a transition -M.S. between 
N0.land N 0. 2 which we shall represent by: 

-DL' . (16) 

1) These Proceedings. 32, 1305 (1929). 

82 
Proceedings Royal Acad. Amsterdam, Vol. XXXIV. 1931. 
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As liquid L does change its composition. this condition will last a single 
moment only; we shall refer to this later on. 

We now take the osmotic system : 

L(W+X) I L'(W+X) 

DTc. -+W (17) 

in which X and W flow through the membrane according to the D.T. c ; 
so the substance X now diffuses incongruently and negatively. 

In a similar way as above we find that the diffusing mixture must be 
situated now somewhere between Wand ti. so that we may distinguish 
three cases again. We find namely : 

1 0. wh en the diffusing mixture is situated between Wand L, we have 
the M.S. NO . I. namely: 

~L' (l8) 

2/1 . wh en the diffusing mixture is situated between Land u. we have 
the M .S . NO. 3. namely : 

~OL ~L' . (19) 

30. when accidentally the diffusing mixture coincides with point L, 
we ha ve the transition -M.S. between Nu. I and N0 . 3. namely: 

-OL ~L' (20) 

which will occur only during a single moment of the osmosis. 

From the preceding considerations it follows among other things: 
10 . normal movement (change in concentration) of the two liquids 

will occur always when Wand X flow through the membrane congruently 
(D. T. a); it may occur also wh en one of the substances diffuses con­
gruently and the other incongruently (D .T . b or c) . 

20. anormal movement (change in concentration) of one of the liquids 
is possible only when one of the substances diffuses congruently and the 
other incongruently (D.T. b or c); for this. however. the diffusing mix­
ture must besides necessarily be situate'j between Land L'. 

30. anormal movement (change in concentration) of both the liquids 
at the same time is not possible. 

We can say also : 
1°. the M.S. N0. I. namely 

~L'. (21 ) 

occurs when thc diffusing mixture is situated on the left si de of L or on 
the right side of U. 
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20. the M .S . N O. 2, name1y 

~L ~OL' . 

occurs when the diffusing mixture is situated between u and L'. 
30. the M.S . N 0. 3 , name1y 

+-OL +-L'. 

occurs w h en the diffusing mixture is situated between Land u. 

(22) 

(23) 

We also may apply these considerations to osmotic systems, in which 
the composition of one of the liquids is kept constant in some way or 
other during the entire osmosis , so that only one of the two liquids is 
variabie. Of the numerous cases I sha ll discuss only a few. 

In the osmotic system (10) two M .S .'s may occur, as we have seen 
before in (14) and (IS). When namely the diffusing mixture is situated 
in point d :! between L' and X . then (14) obta ins viz . M .S . N 0. 1 ; when, 
however, the diffusing mixture is situated in a point d':! between u and L', 
then (15) viz . M.S. N0 . 2 obtains. 

H we now keep the composition of the left side liquid of system (10) 

constant, we get the system : 

inv L (W + X) I L' (W + X) 

D.Tb. +-0 * W . (24) 

We now assume that the diffusing ' mixture is situated in a point d' '!. 
between u and L', so that (15) obtains. From this follows for the variabl~ 
liquid L' of system (24) 

~OL. (25) 

So during the osmosis the va riabie liquid moves away from the invariant 
liquid L. which remains in its place of course. 

H, however , we keep the composition of the right side liquid of system 
( 10) constant, we get the system : 

L(W+X) I invL'(W+X) 

DTb. +-X (26) 

When both systems (24) and (26) have the same liquids Land L' and 
the same membrane, they also have the same D.T. b a nd the same dif­
fusing mixture d' 2 so that now also (IS) obtains. From this now follows 
for the variabie liquid L of system (26) 

(27) 

So now the variabie liquid will approach the invariant liquid, whereas 
in (24) it moves away from it . 

82* 
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It follows among other things from the preceding considerations that 
the varia bie liquid L' of an osmotic system 

inv L (W + X) I L' (W + X). 

may move normally or anormally, namely 

-L' or -OL' 

(28) 

(29) 

It depends upon the position of the diffusing mixture which of these 
two cases will occur. As during the osmosis liquid L' and consequently 
also the diffusing mixture change continuously, we may put the question ; 

Can the direction , in which the variabie liquid moves , turn round during 
the osmosis ? 

This is not possible, however. Let us assume namely that the variabl~ 
liquid should move first in the one- and afterwards in the opposite 
direction, then there will be a series of points in which the . variabie liquid 
has been twice. If we call one of these points q, we should during the 
osmosis twice have the system ; 

inv L (W + X) I L' (q) (30) 

in which the variabie liquid L' would move one time towards the left, and 
an other time towards the right. As , however , the system both times has 
the same liquids and the same membrane, this is not possible. 

Such a turning round of the movement could consequently occur expe­
rimentally only then wh en the nature of the membrane should change con­
siderably during the osmosis; we shall leave this case, which embraces a 
combination of all previous ones, out of consideration here. 

When the diffusing mixture of system (24) viz. 

inv L(W + X) I L'(W + X) 

DTb. -X -0 .. W. (31) 

is situated in a point d' '2 between u and L' (fig. 1) for the variabie liquid 
obtains: 

-OL' . (32) 

We now may put the question; what composition will this liquid L' get 
towards the end of the osmosis ? 

As the movement of liquid L' can not turn about, L' will come nearer 
to X continuously (unless , as we shall see further on, something else 
happens, namely the setting in of a stationary state) . If we now imagine 
X to be a liquid, then (31) at a certain moment would pass into a system ; 

inv L (W + X) I L' (X) (33) 

in which the variabie liquid consists of pure X ; it is clear now th at the 
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osmosis in this system must now take place according to D .T . a or c. 
namely: 

a) ~X .... W c) .... 0* X .... W (34) 

As, however, in system (31) the D.T. b occurs, b must at a certain 
moment pass into a or c. If we compare b with a and with c, and if we 
bear in mind that the incongruent D.T. (viz. d) cannot occur, we see that 
b must pass into a; we then have the transition - D .T. : 

~X -W (35) 

so that only the substance X diHuses towards the left; consequently the 
diHusing mixture is now situated in point X. 

From th is it appears that the diffusing mixture out of point d' 2 sooner . 
comes to point X than liquid L'; so at a certain moment of the osmosis 

~ s( .... 0 s ~ 
• • .--------~~--------------------_e------------• 
L L's W X 

Fig. 2 

the diHusing mixture will coincide with point D. If in fig. 2 we represent 
this point by s, we now have an osmotic system, 

invL(W+X) I L's (W+X) (36) 

in which liquid L' gives oH a diHusing mixture, now having the same 
composition as liquid D. Now a stationary state sets in, which we 
represent by: 

inv L (W + X) I stat. L's (W + X) -L's (37) 

The variabie liquid now does not change its composition any more , but 
its quantity decreases continuously until at last all the liquid on the right 
side of the membrane will disappear. I shall rder to this later on. 

From this it appears that system (31) cannot pass into (33), but that 
first the stationary system (37) will be formed, in which the variabie 
liquid will disappear at last. 

Above we have seen that in a point s (fig . 2) the diffusing mixture of 
system (31) can get the same composition as the variabie liquid; in 
genera!. however , this will take place a second time in a point S1 between 
Land s (fig. 2) . We then have the system : 

invL(W+X) I L's, (W+X). (38) 

which is also stationary, but in unstable condition. If namely we imagine 
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that the diffusing mixture throllgh some little distllrbance or other comes 
a little to the left (or to the right) of point 51. then the variabIe liqllid L' 
will move -? 0 viz. towards 5 (or ~ viz. towards L) and arrive at last 
in point 5 (or L). 

With the aid of these considerations we are now able to answer also 
the qllestion: in what direction will the variabIe liquid of an arbitrary 
system: 

invL(W+X) IL'(W + X) . (39) 

move dllring the osmosis and what composition will this liquid get to"..vards 
the end of the osmosis? We now distingllish several cases. 

10 . Wh en no stationary point occurs, the variabIe liquid moves nor­
mally viz . ~ ; then a system : 

invL(W +X) ! L(W + X) (40) 

occurs, in which the variabIe liquid has the same composition as the 
invariant liquid. 

20 • When two stationary points 51 and 5 (fig . 2) occur , we distinguish 
three cases. 

a. when at the beginning of the osmosis the variabIe liquid is situated 
between Land Sl (fig . 2) , then it moves ~ viz. normally; system (39) 
then passes into (40) . 

b. when at the beginning of the osmosis the variabIe liquid is' situated 
between 5 and X , it also moves ~ viz . normally; system (39) then passes 
into system (37) in which the liquid on the right side of the membrane 
disappears . 

c. wh en at the beginning of the osmosis the variabIe liquid is situated 

between 51 and 5, then it moves -? 0 viz. anormally ; now system (39) 
also passes into (37) . so that now the right side liquid disappears also. 

In the osmotic system 

L(W + X) I L' (W + X) . (41) 

in which the two liquids a re variant , the liquids may move according to 
one of the M.S. 's Nos 1. 2 or 3. We now are able to deduce that towards 
the end of the osmosis system (41) will pass in to a system (3), in which 
the liquids on both sides of the membrane have the same composition, but 
in which the quantity of one of these liquids a lso can approach zero. 
Although a consideration of these cases is left to the reader, I yet wish 
to draw the attention to a single point. 

Above namely we have seen that the movement of a variabIe liquid 
cannot turn round wh en the other liquid is invariant; this is possible. 
however, wh en both the liquids are variant and one of them e.g. L' comes 
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with an anormal movement in a stationary point s (fig. 2). belonging to 
the other liquid L. Then . however. no stationary state will set in becausc 
liquid L (which is not invariant now. but variabIe ) then changes its com­
position . so that the stationary point s shifts its place also. 1 leave a further 
consideration to the reader. 

Lab. of Inarg. Chemistry. 
Leiden . 


