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For several years we have been aware of the fact that the well known
experiments of Jacques Loeb, 1 Bartell,~ and others 8 concerning anomalous
osmosis4 through collodion membranes could not be reproduced satisfactorily. The effects obtained were usually insignificant or poor a t best.
In connection with new work relating to the general theoryS of anomalous
osmosis it became necessary to clear up this matter, especially since it
seemed that any clarification might cast considerable light on some basic
membrane properties.
When an electrolyte diffuses through a membrane from a more concentrated to a more dilute solution; the sign and extent of anomalous osmosis
are correlated rather clearly6 with the electrokinetic properties (~'-potential)
of the membrane and with the dynamic membrane potential (~-potential)
that is observed. Both of these quantities depend ultimately on the
electrical structure of the solid-liquid interphase in the pores of the membrane.
The obvious starting point for any experimental investigation was to
test different brands of collodion. The following preparations were tested:
Parlodion Mallinckrodt, 5 per cent dissolved in 75 per cent alcohol, 25 p e r
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cent ether; Collodion Merck, U.S.P.X.; Collodion Baker, U.S.P.; Collodium
Schering-Kahlbaum "pro analysi;" Collodium Schering-Kahlbaum "flit
Membranen;" Collodium Schering-Kahlbaum D.A.B.6.
When tested with uni-univalent electrolytes, e.g. KC1, in which we were
particularly interested, the first four of these brands of collodion gave no
significant positive results. Schering-Kahlbaum collodion "fOr Membranen" gave doubtful effects. Only Schering-Kahlbaum D.A.B.6.
collodion gave decidedly positive results of the order of magnitude described by Loeb. e Correspondingly, bi- and trivalent ions gave only very
moderate results with membranes of the first four named brands of collodion. Schering-Kahlbaum "fOx Membranen" gave somewhat higher
values. Here too, only membranes prepared from collodium ScheringKahlbaum D.A.B.6. yielded results approaching in magnitude those reported by Loeb)
This particular brand of collodion, incidentally, was used by Loeb in his
experiments nearly twenty years ago. Michaelis 7 likewise in his classical
experiments on the dried collodion membrane used Schering-Kahlbaum
D.A.B.6, as this brand also gave in his hands the most characteristic and
reproducible results. No satisfactory explanation of the cause of this
different behavior of the several brands of collodion has been noted in the
literature. Thus additional insight into the ultimate cause of the peculiar
behavior of Schering-Kahlbaum D.A.B.6 collodion promised to cast additional light on the results of Loeb and Michaelis.
On the basis of observations to be reported in detail later, it was concluded that certain impurities or groups foreign to the pure ideal nitrocellulose were responsible for the "activity" of the actual collodion. The
purer brands show less activity. The high efficiency of Schering-Kahlbaum
D.A.B.6 collodion is due to its high content of groups foreign to pure
nitrocellulose. More specifically, it was concluded that COOH groups,
due to the presence of pectic substances or to oxidation, cause the relatively
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great activity characteristic of membranes prepared from this particular
brand of collodion.

The experimental technique is as follows: Collodion bags are cast in 30 X 110 ram.
test tubes and allowed to dry several minutes, the suitable drying time varying considerably with different brands of collodion. Next the bags are filled with water; they
loosen from the glass spontaneously and are fled to glass rings with thread while still
filled with water. Following this, they are kept in covered glass containers under water
to which thymol has been added as a preservative. The membranes so prepared are
fitted to rubber stoppers provided with a long capillary tubing (inner diameter about
1~'6 ram.). Following the suggestion of Loeb,9 membranes were selected which, when
filled with ~ molar sugar solution and placed in water for 20 minutes, yield an osmotic
rise of about 120 ram. of liquid in the capillary manometer. The adjustment of the zero
reading is facilitated by a small glass syphon provided with a stopcock, allowing the
rapid adjustment of the meniscus in the manometer to the proper level corresponding
to the capillary rise over the outside solution.
The bag chosen for actual use is filled with solutions of varying (in our experiments
decreasing) concentrations of first sugar, then KC1, K2SO4, and K,-citrate. The rise
of the meniscus in the manometer is noted 20 minutes after the bag is placed in water.

In the accompanying figures, the abscissae show molar concentrations
in the collodion bag on a logarithmic scale, the ordinates the rise in level
of the liquid in the manometer after 20 minutes (with the exception of the
values for Loeb's Ka-citrate curve (Fig. 1) which are given after 10 minutes).
Fig. 1 gives for comparison a characteristic set of curves published by
Loeb. t0
Fig. 2 shows the behavior of a membrane cast from one of the less active
brands of collodion (Merck U.S.P.). This behavior is very characteristic
and membranes cast from one particular lot of collodion under the same
conditions give astonishingly reproducible results when properly selected
s Meyer, K. H., and Sievers, J.-F., Helv. Chim. Acts, 1936,19~ 665.
9 Loeb, J., I. Gen. Physlol., 1919-20, 2, 93.
ao Loeb, J., ]. Gcn. -Physiol., 1919-20, 9., 564.
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This conclusion immediately suggested a m e t h o d of increasing the act i v i t y of collodion membranes b y oxidation. Following a suggestion of
M e y e r and Sievers, 8 the membranes were oxidized for several hours with
N a O B r solution, prepared b y saturating normal N a O H with molecular
bromine. T h e activity of the membranes increases with increasing oxidation time. T h e b e t t e r brands of collodion withstand 24 hours oxidation
without damage, whereas the poorer grades leak and cannot be oxidized so
long. W e have not y e t made a s t u d y of the o p t i m u m conditions for maxim u m activity.

4
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after the test with sugar (120 ram. rise after 20 minutes). The curves given
in Fig. :2 were actually obtained with two membranes, as the first one was
damaged in the middle of the Ks-citrate curve. Another one was substituted giving the same sugar value and satisfactory agreement within a
few millimeters at several test points of the KC1, KSSO4, and the -nfinished
Ks-citrate curves.
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This latter membrane was then oxi~zed ~or 24 hours, washed thoroughly,
and again tested with sugar, KC1, K2SO4, and Ks-citrate in the order indicated. The values so obtained with the "activated" membrane are
given in Fig. 3.
The difference between the unoxidized and the oxidized membrane is
quite striking. The activity of the oxidized membrane surpasses by far
the activity of those used by Loeb.
The differences would be still larger if one measured volumes transferred
against a zero pressure and not pressure rises with a progressively increasing
back filtration.
The oxidation method affords a simple and rational means of "activating"
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membranes of otherwise inactive collodion in order to reproduce the Loeb
experiments on anomalous osmosis. In addition it seems to open up a
rather promising field of membrane research, for example, the comparison
of membranes with nearly equal permeability for non-electrolytes but
showing remarkable differences in their behavior towards electrolytes. The
cause for this difference obviously has to be looked for in the great difference
of the charge densities in the pores of the unoxidized and the oxidized membranes.
SUMMARY
Downloaded from http://rupress.org/jgp/article-pdf/24/1/1/1239061/1.pdf by guest on 16 May 2021

1. It is impossible to reproduce Loeb's observations on anomalous osmosis
with membranes prepared from relatively pure brands of collodion, whereas
positive effects can be obtained using collodion containing acidic impurities.
2. The inactive (purer) collodion membranes may be activated by oxidation with NaOBr solution.
• 3. Properly oxidized membranes give much greater anomalous osmotic
effects than those described by Loeb.

