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I. INTRODUCTION

A. Ova’all Objectlvcs

The overall objective of the present study was to investigate the
role of water structure (especially the structure of water near inter-
faces) in the properties and functioning of membranes, particularly
bjologlcal membranes. It was found conceptually importanl to study
membranes ranging from the most simple types to complex, living
membranes. It was suspected and, in turn, supported by the results of
the experiments, that the structuring of water in or near membranes
appears to play an important (and, at times dominating) role 
determining functional properties of membranes, regardless of the
!evel of morphological complexity or the operational iatrlcacles of
the membranes.

Much of the work to be described In this reporf has already been
published in the periodical literature, or in Monographs, Conference
Proceedings, etc., but a number of experimental details are reported
here for the first time. However, a certain amouw~ of the experimental
results obtained will require further study before the i nformatlon can
be usefully presented and exploited.

B. STaff

Over the past five years, the following staff has participated in
various aspects of the experimental and theoretlcal work. These
include:

Dr. Paul Cratln, present address: Chairman, Department of
Chemistry, Central Michigan Unlversity, Mt. Pleasant, Michigan.

Dr. David Rands, Professor of Chemistry, Southern lllinois
University, Edwardsvllle, Illinois.

Mr. Larry Korson, Laboratory Manaqer, LABORATORY FOR WATER
RESEARCH, Department of Chemistry, UniV@rsity of Miami, Coral Gables,
Florida. :

Dr. Anltra Thorhaug (Beder), present address: Departmen~of
Microbiology, School of Medicine, University of Miami, Miami, F!o#ida.

Mr. Keene Garvin, Graduate School of Medicine, Universlty~f
Miami, Miami, Florida.

Mrs. Rhonda Waldlnger, Department of Chemistry, Tallahassee
Community College, Tallahassee, Florida, 32304.

Mr. Frederick Lepple, Ph.D. candidate, Department of Chemistry,
University of Delaware, Newark, Delaware, 19711. ~

Mr. Ronald White, Research Associate. ~

Mrs. Elaine Kelly; graduate student.
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If. EXPERIMENTA~ STUDIES

As mentioned In the I ntroductlon~ it wa~ de~d ~p~rtant to
study membranes r~nglng in complexity from the conceptually slmplest
te those with the complexities of living organisms. Outlined below
is e br|ef discussion of work done on each of a number of membrane
systems.

A. llani Membranes

llanl, and ilanI and co-workers (1965; 1966; 1968) have described
a unique membrane system, consisting of a porous matrix saturated wlth
an organic, water-insoluble liquid. In the experiments t~ be described
here, the membrane material consisted of Milllpore filters; ~h~
organic phase was toluene. Conceptually, the membrane is, in part
(and only in part) a llquid membrane, convenlently "stood up vertically"
to allow the organic, l.mmlscible liquid to separate two aqueous, bulk
phases. In parr, the membrane system is of Interest In connectlon wlth
cellular physiology, as it contains (unfortunately, rather intimately
mixed) aspects of the cellblosic membrane walls of many plants and 
"hydrophobic constituent" resembling the llpld part of bimolecular
lipid films. The porous matrix Itself - th~ c~llulose matrix - possesses
continuous, liquid-filled pores; originally, these pores are filled with
toluene; h ~ver, water slowly penetrates Into the pores and apparently
displaces part of the toluene.

I. Concentration potential measurements

The membranes 4ere prepared from Mlillpore filters soaked in
toluene. The filters, In turn, were clamped between ~wo half-cells~
A photograph of the experimental cell Is shown In Figure ~. Each half
cell (electrode chamber) could be stirred Individually by a magnetic
stirring bar, operated by submerslble magnetic stirrers. The entire
setup was carefully thermostated In a temperature bath. Potentials
were measured and recorded by us~ of either a Ke~thly Model 630 or
Model 660A Potentlomefer. Temperature was monitored, either by a
quartz crystal thermometer, or merely with mercury-ln-glass-thermemeters.
When continuous recordings of potentials were made as a function of
temperature (using an X-Y recorder) the X axls was used to display the
temperature, usually by means of the output from a thermistor thermom-
eter. Heating rates were adjusted empirically to be sufficiently slow
to Insure near-equilibrium (and close to steady-state) condltlons. Thus,
only minor temperature differences are expected between the recorded
bath temperature and the temperature within each cell compartment. Fur-
thermore, because of the symmetry of the two hal f-cells (with essentlally
equal amounts of stirring in elther half-cell) onl V very minimal
temperature differences (say, less than 0.05~ C) occurred across the
membrane between the ~wo half-cells, Thus, the occurrenc’ e of thermo-
electric effects may therefore be ruled out completely. Bias due to
asymmetry in the silver/sliver chloride electrodes employed In the
potential measurements was usually corrected for (or Ignored, If of
sufficiently small, constant magnitude). The preparation of silver/





sliver chloride electrodes followed standard procedures lives and
Janz (t951)].

Typical examples of observed potentlal vs. temperature curves are
shown in Figures 2,3,4, and 5.

Figure 2 shows a typical run In which a toluene saturated filter
separated 0. I00 and 1.000 molar potassium chloride solutlons. It is
seen that the potential is approximately equal to that predicted from
theory. Using theNernsf equation, and neglecting differences In
temperature dependencies of the activity coefflclents for the salt at
the two different concentrations, the expected temperature coefficient
is indicated by the three dotted lines (merely parallel displacements,
wlth slope corresponding to TI/(T I + AT). From Figure 2, it is obvious
that (a) the theoretical temperature coefflclent is observed only
(approximately) over the range from 30 to 55 or 58~;(D) the observed
temperature coefficient Is notably smaller between 16~ and (approxlmately)
28~; and (c) a notable change in slope occurs In the vicinity from 
to 31°, (A second anomaly is seen also In the vlclnlty of 60°).

Figure 3 shows a similar run. In thls experiment, the temperature
was increased and then decreased. It Is seen that the change in slope
at 300 is somewhat smaller In this case, especially for the ascending
temperature curve. The effect, however, is still observable, especially
as reflected in the cooling curve. A third experiment Is shown in
Figure 4, The change in this case is dramatic In the vicinity of 29 to
30% The curve was obtained during cooling.

Several experiments were made with considerably larger concentration
differences. Thus, Figure 5 shows the temperature dependence of the
concentratlon potentlal obtained, with a membrane separatlng 15 mIlll-
molar and 15 micromolm potassium chloride solutlons. Again, a
notable change in the tempei~ture coefficient is observed between 28 and
30° C. ~,

Many experiments have been performed wlth this type of system. The
results of, such concentration potential measurements as a function oftemperature,thermaI anomalieshave nearOften~30~.but notAn elementlnvarlablY,of nen.reproducibilltyreVealed the exlsteneeexlsts0of

Thls mav probably be explained, In part, in terms of changes In the
membrane, due to dissolution and transfer of toluene from the membrane,
and the movement end adsorption of water onto the cellulose material.
Thls will be discussed briefly In the section on bI-Ionlc potentials.

2. Bl-lonlc potentlal measurements

Using the same apparatus as employed for the concentration poten-
tials, measurements have been made of bI-ionic potentials across the
toluene saturated membrane filters (the llanl membranes). BI-lonlc
potentials are frequently used for studies of relative rates of
transfer of two Ions of the same charge. Thus, normally, measurements
are made wlth Identlcal concentrations (and close to Identical Ion
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actlvitles) cn elther side ef the membrane. The potential establlshed
depends on the ion mobllltles within the membrane. Under steady-state
condltlens, it is a~sumed that the bl-lenle potentlal can be expressed
by the formula in Equation (I), where:

EBI = ~RT In U~~ .~ (I)

whereand U U~I ~ andthe Um~+(~i i ~ ofthethemobI I ItleS(common)°fanlon.CatlenSFerI catlonand 2’ selectlverespectlvely,

membranes (membranes containing fixed, anionic sites), the moblllty 
the anion is small, and the expression for the potential reduces to
equation (2).

(2)

Figure 6 shows an example of a bl-lonlc potential, as a functlon of
temperature, The membrane separates two bulk phases, 1.00 molal In
potassium chlorlde and sodium chloride, respectively. (The curve was
obtained during cooling of the system). A notable change in tempera-
ture coefficient is observed at approximately 30% If, in Equatlon
(2), the relative Ion mobllltles of the two cations are assumed
temperature independent, or possessing identical temperature dependen-
cies, the temperature-vs.-potentlal curve is indicated by the dotted
line. It is seen in this case that the "theoretlcal" temperature

¯ ooefflclent is observed only In the region below approximately 30°.
Above this temperature, the temperature coefficient Is far too high.
Measurements have also been made of bl-lonlc potentials at considerably
lower concentrations. Figure 7 shows the potentials observed between
0.015 molar potassium chloride vs. 0.015 molar sodium chloride solution
(Run 103). it Is seen that a small but definite anomaly occurs In the
vicinity of 28° C.

Whlle a large number of experiments have been made to determine the
temperature effects on bi-ionic potentials, the system, unfortunately,
lacks reproducibility. The difficulties are ascribed, In part, to the
gradual loss or redlstrlbutlon of toluene and to the Invasion of the
membrane by water which subsequently may react with the cellulose
matrix. The effects of water on the cellulose matrlx are presently
poorly understood. The Initial condltlon of the membrane plays an
Important role. ’~us, It appears certain that the relative humidity
under which the membranes are Inltlally stored, notably Influeces the
propertles of the membranes subsequently observed. Figure 8 shows
consecutlve "cycllng" of a membrane system around 30% The repeated
heating and coollng cycles lead to gradual changes In the observed bl-
Ionic potentials (although the net effect Is only of the order of 2%
changes In the potential over several cycles). (Note that the total
temperature range studled here Is far too smell to al low any statements
to be made as to the occurrence of a thermal anomaly.
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3. Summary of potential measurements

Although the reproducibility, af ,{mes, was less than satisfac-
tory, there appears )11~rle doubt that anomalous changes occurred in
the membrane po,en,lats as functions of ,emperature In the vlclnl,y of
30°, Other experiments suggested somewhat similar changes near both
45° and near 60=. The mechanlsm of these changes ls difficult to
detenn.lne. As discussed previously (Drost-Hansen, 1969), It appears
certain that no thermal anomalies occur In the properties (and hence
the struct?re) of bu!k water or bulk, aqueous solutions (of low
molecular weigh, electrolytes). The changes observed In many systems,
Including the membranes discussed in this report, are most likely due
to changes In the water in or adjacent to the membrane. The exact
site of these changes Is not k~own. The changes may represent struc-
tural changes In the vlclnal layers, posslbly Identifiable, in part,
with the Innermost "stagnant" (unstlrrod) layers, vlclnal to the out-
side of the membranes. In the alternative, the changes may reflect
d}fferences In the state of aggregation of the dissolved water In the
toluene-cellulose matrix, or water contained in the pores of the
membrane. Such changes are certainly expected to Influence the state
of hydration and mobllltles of dissolved as well as ~bound" ions in
the composite membrane material.

4. Conductance measurements

Surface conductance continues to be a somewhat Ill-defined concept.
In order to Initiate studies on surface conduction, data on the surface
conductlvity of porous Vycor were used In oonnec, lon wlth other data
reported In the literature (primarily by Sohufle, who has worked mostly
wlth narrow caplIlarles). The analysis Is based on a relatively c~ude
model presented by the Principal Investigator some years ago (195g).
Thls analysis Is briefly Indicated below and one aspect is elaborated
on In so~e detail. Unfortunately, surface conductances are difficult
to meas~ wlth any degree of accuracy or precision. Indeed, vast
ranges of apparent values have been reported by different authors.
Thus, Overbeek (in Kruyt~s volumes on colloid chemistry, 1949; 1952)
has collected an Interesting table of surface conductances from which
It Is apparent that vastly different values have been reported under

Wcho:~:~;~a~’a~r: n~d~t_~e~ls ;c~;c;~ Curt t s,Thus’ McBa I naRd a i soandwl gjavarl°UShave

reported data for the surface conductlvlty of Pyrex glass {n contact
wlth I0 -3 molar KCl solution. The values reported ranged from 0.4 x
I0 "9 ohms"I to I00 x I0 "9 ohms"I. Furthermore, surface conductivity for
paucl- or multl-molecular adsorbed layers Is apparently:subject to
enormous variations. In fact~ the surface conductance under such
circumstances appears to be highly non-linear. Thus~ for water adsorbed
on wool fibers (water contents expressed as moisture adsorbed, x-grams
of water per m grams of solId)~ the surface conductivity Increases
proportional to the "loading" (x/m) to the lSth powerl Even the surface
conductivity of porous Vycor changes In a very non-linear fashion as the
result of adsorption of ammonia from the vapor phase. Thus, an Increase
of Ioadlng by less than a factor of 3 (from 9 milllgrams/gram Vycor to

-13-









diffusion half cell). The average pore diameter of the leached Vycor
is approximately 40 ~. However, because the total void space Is
around 28%, It Is estimated that the resistance of these porous Vycor
plugs (saturated with two molar potassium chloride) Is only of ,he
order of 20 ohms/millimeter length of the plug: (outside diameter, 
millimeters). Thus, the ,o~al resistance of the entire salt bridge
does not grea, ly exceed that of the equivalent, two molar po,asstum
chloride alone. The salt bridge has far greeter stability than the
tradltlbnal agar salt bridge. However, problems were encountered due
to the diffusion of the ,oluene, both Into the porous plug Itself end,
pa~Icula~y, Into the Tygon s~eve, resulting In swe1~lng ot the Tygon
tublng. In later modifications of this type of salt bridge, heat-
shPInkable Teflon has been successfully used Instead of the Tygon, but
sufficient Information was not obtalnsd In thls connection to yield
reIlable general conclusions.

The frequency dependence of the observed reslstance’was anomalous.
Following standard practice In conductance studies, the resistance was
plotted as a function of the reciprocal square root frequency. The
total range ~overed was from about 500 Hz to 25,000 Hz. A tVplcal
example Is shown In Figure II. It Is noteworthy that the frequency
dependence Is far from linear. As was observed In the potential measureL

mants on llanl membranes~ the resistance also changed wlth tlme, probably
due to losses of toluene. The specific nature of the frequency dependence
has not been studied In detail, although such a study might be most
rewarding (compare Coster and Slmens, 1970).

B. MIIIlpore Membranes (Hydrophoblc and Hydrophlllc)

It Is eminently reasonable to expect that most membrane properties
can be attributed to two factors: pore size (and pore slze distribu-
tion) and surface free energy. How these two variables affect the
transport of water and aqueous solutions through membranes Is discussed
briefly.

For the studies on the Rllllpore Membranes, a special membrane cell
was devised. The cell Is shown In Figure 12; It consists of modular
units fabrlcated of Lucite. The current-carrying electrodes were made
of platinum gauze, epoxled onto the end plates of the cell. The
platinum gauze electrodes (bf well-defined geometry) were flrmly attached
to sealed-off wires connected through an Insulated glass tube to the
body of the ceil. The meln cel~ Is provided wlth e number of ports,
allowing for renewal of solutlons and measurements of temperature (wlth
mercury thermometers or ,hormlstor probes). The same ports could also
be used for silver/silver chloride electrodes for potential measurements.
Finally, provisions were made for e submersible Gelger counter for

on either slde of the membrane by adding or taking away modular units
("spacers"), The membrane was clamped between the central portions 
the cell. Throughout~ rubber o-rlngs were used between each modular ,
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segment. These segments, In turn, are clamped by means of four support
rods. The assembly Is water-tight and durlng operation, the body of
the cell Is completely Immersed In a’water or an oll bath with only
the access ports extending above the level In tho bath.

Early In the study, It became obvlous that conductance (and
capacltance) measurements on membrane systems could furnish some rather
speclflc Information about the moblllty of water in these systems.
Unllke potential measurements, however, conductances do not lend them-
selves to rigorous, thermodynamic Interpretation. Hence, while a
theoretical interpretation may be hampered by a lack of knowledge about
the role played by water structure In membrane transport, this study
has shown that conductance (and capacitance) measurements offer sensl-
tlve ways of problng changes In the "environment".

Additional conductance studies on "llani" membranes were first
carrled out because of the substantlal quantity of work which had
already been done on these membranes. As dlscussed above, the llanl
membrane consists of a solid matrix - a MlllIpore filter - supporting
a liquid organic phase (In our experiments, toluene). In each of the
cells used in these studies, it was found that many variables adversely
affected the experlmontal measurements, and these effects had to be
eliminated before any confidence could be placed in the data obtained.
This is especially true when data are gathered near the temperature where
thermal anomalies have been noted.

The table below lists some of the factors and the special precau-
tions taken fo ellmlnate (or at lea~t minimize) their effects:

FACTOR

I) Hydraulic permeablllty

PRECAUTION

Equalization of liquid levels in
both compartments.

2) Osmotic permeablli,y EqualIzatlon of osmotic pressures In
both compartments ~Ith suitable reagents.

3) Solubility

4) "Aging" effuu~

All solutions used In these studies
were saturated with toluene prior to
filling of cells.

The determination of the effects of
aging became an Important aspect of
the total Investigation, Including
attempts to elucidate hysteresis effects.

5) Mixing Both half cells were stirred contin-
uously.

6) Stagnant layers No speclat effort was made to deter-
mine the effects of the thickness of
the stagnant layers.
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Figure 13 (Graph 46) Is a reproduction of a typical run in which
the conductance (and, more often than not, also capacltance) was mon-
itored as a ~unction of temperature. (This curve is especially Inter-
esting because It represents the first set of measurements that could
be reproduced consistently with a hlgh degree of precision). The system
Is composed of an llanl membrane (Hydrophoblc Milllpore filter saturated
with toluene separatlng Identical 0.01 M KCI solutions saturated with
tel uene.

At low Temperatures, the conductance Is small - a phenomenon
indlcatlng that the membrane acts as an effectlve Insulator between
the two conducting solutions. At somewhat higher temperatures, the
conductance increases slowly at first, then very raaidly - the curve
passing through a polnt o+ inflection of 32.8 ° C - and, at about 34°

C, assumes a more or less constant rate of Increas+ to near 60° C.
At this temperature, the conductance rises extremely fast with tempera-
ture. It is important to note the three temperature regions where
points of inflectlon occur In the curve (or where the curve exhibits
an abrupt change): 30°, 45° (a very subtle, but real inflection) and
60° C - temperatures at which many aqueous systems have shown the
occurrence of thermal anomallesl

It should be pointed out, however, that subsequent experiments
demonstrated the existence of another factor - one which frequently

inflection point depended on a number of varlables:

I) The Initial temperature of the system

2) The rate of heating, and

3) The nature a~d history of the membrane.

Changing any of these varlebles resulted In a shift of the position of
the Initial point of inflection. The cause of this was determined in
the following manner: conductance measurements were made on systems
identical to that described for Figure 13 (Graph 46) except that the
temperature was held constant and conductance recorded as a function of
time (the absclssa). The curve obtained was S-shaped (~s in Graph 
but the conductance reached a maximum value and remained essentlally
constant. Subsequent isotherma~ experlments demonstrated that the
position of the Inflectlon poh,t could be shlfted merely by changing
the temperature. To confirm this In a slightly different manner, an
experiment was performed In a system identical to that described above;
Figure 14 (Graph 53). The system was heated from ° to 46. 5° C. The
characteristic S-shaped curve was obtained with an inflection point
near 37° C; above this temperature, the conductance leveled off and
r~nalned constant with time. From thls Information It may be inferred
that the rapid rise In conductance wlth temperature - or with time under

m~t,~ranelS°thermalbyC°nditl°nSthe aqueous- solutions,is due to theThlsPenetratloninformatlonlntecanandbethreUghutlllzedthete
accuun? for the entlre S-shaped curve -~ irrespective of whether the curve

-21-
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described represents an Isothermal run or was obtained under conditions
of ~nglng temperature. At the beglnnlng of the experimental run, the
membrane, a non-conduc,or, Insulates the two conducting solutions from
one another (hence low conductance). With time, these solutions are
drawn by caplllary ac,lon (primarily, and by ,he presence of, any
lnclden,el pressure head) Into the pores. As each pore ls fllled wlth
conductlng (aqueous) solution, it forms an electrolytic brldge between
the llqulds. The conduc,ance, then, gives e measure of the number and
areos of channels open be,wean the ,wo solutions. Thus, the ra,e of
change of conductance gives a measure of the rata of permeatlon of ,he
Ilquld phase Into the membrane. At the Inflection point, ~hls rate Is
maximum. Above the point of Inflec, Ion, the conductance wlll begln to
rise more slowly because most of the pores have now been fllled. If the
run Is carried out Isothermally, the conductance will reach ¯ maximum
value and remain constant, as all channels are open and no far,or
opera,as to change the conductance fur, her. This is observed experlmen-
tallV l If, however, the temperature continues to rlse, the conductance
will Ilkewlse Increase - not because theFe remains more channels to be
filled (It Is obvious that they are completely filled wlth solution)
but because of the direct effect of temperature on the pore conductancel
It Is not surprlslng, then, that any "ordinary" thermal anomaly will be
completely obscured by the comparatively huge changes In conductance In
thls region. To ]l}ustrate,he po}nt, consider Flgure t5 (Graph 59):
thls system Is Identical In every respect to that described In Figure
13 (Graph 46) with one exception: the membrane contained no toluene.
No,e that the 30= C Inflec, lon Is abeent, but another occurs at 45~ C;
thls large break would mask any subtle changes due to a thermal anomaly.
Hence, It must be pointed out that the overall picture needs to be
examined In the llghf of these findings - not merely a small segment of
an experimental run.

During the present study, several curves were obtained whlch
exhibited behavior which cannot be explained completely and satisfactorily.
Figure 16 (Graph 57) Is an experimental curve which should have been
nearly Identical to Figure 13 (Graph 463 as all experimental condltlons 
with the exception of heating rate - were the same. In this case, the
curve passes through a mexlmum (after the Inflection polnt),then
decreases - albeit slightly , In spite of Increasing temperature. The
curve finally becomes constant after heating ceases. When ;~he heater
Is ageln turned on (point "A"), the conductance Increases once more, 
expected.

Figure l? (Graph 58) shows an Identical case, except that at polnt
"A", e cooling was Initiated. As expected, ~he conductance decreases
wlth decreaslng’temperature - but note the strangely abrupt manner In
which this takes place. The reason for the maximum ~ollowed by decreasing
conductance with Increasing temperature Is unknown, but the frequent
occurrence of thls phenomenon suggests that It Is not an ~rtlfact, due to
errant equipment or technique. ~
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In order to determine the effect of a llquld phase on membrane
behavior, a number of experiments were performed with and without
toluene. Membranes made of Teflon gave Identical responses wlth and
without toluene; the conductance failed to change in the temperature
Interval from 24 to 600 C. This Is most llkely due to the Inability
of the water to "wet" a surface of such low surface free energy (or
to penetrate It). On the other hand, mixed ester and nylon Mllllpore
filters showed some hydrophoblc character, for instance hysteresis
effects, when saturated with toluene, but none when t~luene was absent.
Apparently, the hydrophlllc character of these membranes allows for
Instantaneous wetting when these membranes are first placed in contact
with the solutlons, and penetration is complete before the first data
point can be obtained. Graphlcall~, this corresponds to a conductance
long past the Inflection point; physlcally, all the channels are filled
and the sole effect observed le the reversible changes due to temperature
on conductance.

The results of these experimental findings were used to determlne
quantitatively the effect of temperature on the rate of liquid penetra-
tion In~ the membrane. It has already been suggested that the maximum
penetratlon rate corresponds to the polnt of Inflectlon of the conduc-
tance vs. time plot; this rate Is Inversely ~o~l~al to the time
required to reach this point, ~. Assume that the Intruslon of llqul~
into the membrane may be ~p~ by the standard rate expresslon:

d In~ ~

In the temperature interval studied, Integration ylelds the usual
Arrhenl us equation:

~E ~
a + Constant

log ¯ = 2.3~

A plot of log t vs. I/T Is linear with slope equal to ~.~. A
number of specific cases wlll be considered.

Hydrophoblc MIlllpore membranes exhibited consistently repro-

ducl b I ebatches ~a~l~o~ex~en~.~eb~o~er°~l ~ toam°n~a wettl ngd I f ferent
agent, used In ~he production of the filters; each batch contalned a
cnncentratlon of agent, dlfferent from every other batch. The wetting
agent served to lower the surfacd free energy of the substrata and
thereby reduced the barrler to penetnatlon. Figure 18 gives a log ¯
vs. I/T plot of data obtalned on a (truly) hydrophoblc Mllllpore filter,
i.e., in which no wetting agent was employed. The apparent energy of
actlvatlon Is huge - 30,000 calorles per mole - a number exceedlng some
chemlcal bond energEesl Flgure Ig shows log ~ vs. I/T plots for two
sets of data obtalned on the same batch of Mllllpore hydrophoblc mem-
branes containing traces of the wettlng agent - one set for each’of the
conductance cells used. The slopes of these curves are equal; hence,
the apparent energles of actlvatlon are also Identical - 14,000 calories
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per mole. Thus, It Is seen that quantltles of surface active
Impurltles too small to be detected by classical analytlcal methods,
may cause the demlse of "normal expectation" In surface chemlcal
experlments of this type. It should be mentioned that the Intercepts
of ~hese plots are different; It Is left for speculation that the
entropy of actlvatlon (related to the Intercept) Is llkely a function
of the speclflc details of the membrane system: Its geometry, etc.

~c~;~ 1 ~1~g~1~la l ~:sa~m~:~ off°rthethlst ru l yphen°men°n’hydrophob i c membrane,n°r ÷°r the

C. Porous Vycor Membranes

Preliminary studies have been made of the conductance tn porous
Vycor. The meln object wee to determine the extent of discrete Ion
slze effects on the conductive processes In porous Vycor and the

pOe S l b I eVycor matr i xro 1 ehas° f ~ea~;~a I ;o~heed;~;~rP~;e~p;~o~;~t;~e;;a~: Thelt
was felt that careful studies of the energetlcs of the transport pro-
cesses in this meterlal mlght reveal somethlng about the Interaction
between the state of water In the narrow pores of the Cyeor end the
state of hydration of the Ions durlng passage through the Vycor membrane.

Measurements have been made over extended temperature ranges (at
falrly closely spaced temperature Intervals about I or 2° C) of I0-2

molar solutions of all alkall chlorides and the chlorldes of some
quaternary ammonium compounds. These data are stlll belng worked on.
One dlfflculty encountered Is the lack of comparable bulk conductance
data, measured at closely spaced temperature intervals, In order to
obtaln accurate, relatlve apparent energy of actlvatlon data for
comparison purposes.

Identical and ~ la~er (but only by a small amour) than the
energies of actlvatlon for the conductlon of potassium, rubidium,
and cesium chlorides. For the I~ter three salts, the apparent energies
of activation appear nearly Identical.

It had been expected,that slnce the porous Vycor possesses an
extremely high surface-to-volume ratio, thermal anomalles were likely ;

to be observed, Thls~ however~ was not confirmed, No Indications were
found for anomalies (near 300) In the conductance of the alkali Ions
through the porous Vycor matrix. However, measurements with the larger
quarternary ammonium lons dld suggest that changes occurred :in the
vicinity of 30~. It Is speculated that this effect Is related primarily
to changes In the hydration of the larger quarternary ammonlum tonw
rather than In the nature of the water In the pores of the Vycor.
Before these data can be publlshed, however, addltlonal confirmatory
stu6~es wlll be required.
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Figure 20 outlines In som_c detail th~ conceptual model that hes
been employed In a prellmlnary fashion to account for the conductance
of solutions In porous Vycor. in this treetment, It Is essumed that
the pores ere cylindrical and of uniform slze; furthermore, It Is
assumed that conduction takes place vla two dlfferent paths; through
the bulk phase and over the surface; hence, each pore may be treated
as consisting of two peral{e~ conductors.

For parallet conductors, the total resistance of a system Is
given by the expression:

(1) ± =
where b and s refer to the bulk and surface, and Rt Is the total
resistance. The resistance df the solution Is ~Iven by #he standard
expression: PB.L

(2) RB = ~B

In which PB Is the specific resistance; L and AB refer to the length
and cro~s-sectlonal area of the liquid column.

In like manner, a relationship may be written for the surface
resistance:

 s.k
(3) RS =-’~S

Now the resistance Is simply the reciprocal of the conductance, so
that substitutions can be made in the equations:

and

(4) Ct

(5) Ct

From our mo~el, the following

(6) AB

relationships are evident:

(7) AS 
= 2vrL

so that expression (4) becomes:

(8) t : ~B-~Er2 + ~S~r

Equation (B) can be used to find both the specific resistance of the
bulk and surface phases provided that Ct, r, and L are known. For
our purposes, It Is necessary to know the contribution of both CB end

?~ the eVerfollowlnS geVeral orderSay: of magnitude of pore slze. Thls was accomplishedw
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Differentiating (8) with respect to "r" gives:

(9)
dCt = 2xr + 2~
dr PBL PS

Multiplylng (9) by (r/C t) we obtain:

(I0)

dd l°gl°g rCt = [2p~

which simplifies to:

(II) d Io~ Ct 2CB+ C$

Is the applicatlon of (II) to test the valldlty of the model proposed.
Thls may be done by finding the limiting slopes of the log-log plot:

As r ÷ O, r 2 ÷ 0 much faster, so that:

As r÷~,

The~experlmental values observed for the slopes when r I$ small (i.e.,
40 A) is found to be I.I and when r is large (i.e., In a large
caplllery) the slope is found to be 2.1 - both values In reasonable
agreement with the proposed model. Because of this agreement, addltlona
work was carPled out to determine both temperature and pore size effects
on the conductivlty of verlous salt solutions In order that energies of
actlvatlon could be calculated, and quantitative l~formatlon about Ion
dlscrlmlnatlon in varlous membranes could be obtained. This aspect is
stlll being pursued.

D. Llquld Membranes (Butanol)

Schulman and co-workers (see Roseno et el., 1961) measured the
flux of electrolytes and of water across a system conslstlng of:

solutlon (I)/n-butanol/solutlon (11).

This system was chosen by Schulman as an example of a conceptually
slmple "o.II membrane". The experimental setup used by Rosano et el,
Is shown In FlgOre’21. It Is Important to insure good stirring of all
three phases: the two anueous and the overl~ylng butanol, to mlnlmlze
bulk phase dlffuslon processes. Under proper conditions, the rate
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determining steps are essentially located et the two water/butanol
Interfaces. While conceptually simple, the system In actual practlco
Is somewhat complex. The mutual solublllty of water and butanol Is
relatlvely hlgh. In $chulmenls laboratory, the expeNmental setup was
used mostly In a semi-quantitatlve faehlon (or at least wlthout attempts
to obtain highly accurate data); some results are shown In Figure 22.
Later, the Principal Investigator redraw the data by Rosano et el.,
suggesting that a notable change occurs near 30° whlch was overlooked
bV Schulman and his co-workers; see Figures 23 and ~4,

Tlng and co-workers have Investlgated the same system. These
authors were Interested in modeling the plasma membrane: the energetlcs
observed for the crossing of electrolytes over the water/butanol
Interface Is comparable to that observed for crossing the plasma
membrane.

The orlgina$ apparatus employed by Schulman and co-workers was
extremely simple. A considerably more complex version was developed
In the Principal Investigator’s laboratory, to allow better deflnltlon
of area and dynamic condltlons prevallln9 at the water/butanol Interfaces.
Agitation was affected by mechanlcal stirrers placed In the butanol
phase, wSlle a llquld clrculatlon svstem was used to renew the aqueous
electrolyte at each interface In the two separate compartments. The
volume of the new system was adjusted ao as to mlnlmlze the total amount
of butanol, compared to the total amount of electrolyte solution.
Thus, only relatively small changes In net concentratlon of electrolytes
in the two dlfferent compartments were incurred over any period of time
(long enough to make a run).

Experlmentally, the system was utl llzed In a dynamic mode where
the temperature of the bath was changed contlnuously at a reasonably
constant rate of change. Because Of the Internal clrculatlon, the
electrolyte compartments were assumed to be nearly at the temperature
of the bath and the dlfferent In temperature between the two half

~ I ~Sb~lg:~ I b Ip~;vl~ldv~;~l Ip~u~h~;1odrep~l,;~t. r°~ potentt a i sWere used wl thwere
measured with a Kelthly 660A Electrometer. The output from the
electrometer was recorded on an X-Y recorder, the X-axls of vhlch was
driven by the output from a thermistor thermometer.

The results of these experiments repeatedly lndlcated anomalous,
abrupt changes In the potentials between, for instance, I molar and I0"2

molar potasslum chl£rlde sglutlons, separated by butanol. The observed
variations in potentlal (of a total potential of about I00 mllllvolts)
was several mllllvolts as the temperature was Increased over, say, I0 = C.
The changes observed were often remarkably sharp, mostly occurring some-
where between 15.5 to 19.5= C - often near 16°, SImI.lar anomalies were
observed also In the vicinity of 30°, Some of the data obtained were
reported In a Ph.D. DIsserfatlon ~rom the Principal Investlgatorls
Laboratory (by Dr. Anltra Thorhaug (Bader), 1969).
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E. Bloelectrlc Potentials In the Giant Alga, Valonla

In connec, lon with the Principal Investlgator~s general studies
of water near Interfaces, membrane potentlal measurements were p~r-
formed on the glant alga, Valonla. In the systemstlc search for
Informatlon about the role of water structure In various membranesystemSs ’tudled" t~1~ ~r~;;t~er~e~h~y’~Stnu~l~ dl fferent type °f membrane egencles’

Includlng the Offlce of Saline Wster. A very prellmlnary report (mostly
as the result of studies supported by flSF~ was published in Nature
(Drost-Hansen and Thorhaug, 1967). A considerably more detalled
reporl- of these studies appeared In a doctoral dissertation fr~ the
University of Mlsml (A. Thorhaug, 1969). A f~[rly comprehensive report
of these studies was reported later (A. Thorhaug~ 1971), The’essentlal
observation here - as with the model membranes described previously
In this report - was the occurrence of abrupt changes In the bloelectrlc
potentlals near 15 and 30~ C. Between these two temperatures, the
potential observed (for three species of Valonla) has practlcally zero
temperature coefflclent. In all three spec e-~’r~-, the temperature coef-
ficient was numerically very large outside of the temperature Interval
between 15 and 30~; at lower temperatures, the sign of the temperature
coefflclent depended on the species studied.
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III. THEORETICAL AND CONCEPTUAL STUDIES

Many of the conclusions which have been reached from the experi-
mental studies summarized above, together with those derived from a
study of ,he literature, have been publlshed In a recent paper in the

Interfaces", by W. Drost-Hansen~ 1971, Academic Press, New York, pg.
1-184). From this artlcle, the section on membranes Is quoted In tote.

The geoerM problem of morphology, ~mleture, and functbfiag o~ cellu-
lar meml)ra~,cs h ounce file ~eopc of the pr~en~ dmp~ We ore con-
eerlmd hero only wltb tile rde which water may ~ay in m~nbrane
~al)il~y and funefionin~ Howeveh in error to ~l’e~ato this problem
~ ~ necessary to have some aequaintaare with tile nature of eelIMar
m~ranes, and the rt, ot~r ~ ro~ed to tile monograp|m e~d by
Jfirne~E (1968),I(avanou (1965),D. Chapman (1968),NewYork I’Ieert,
A~ofiafimt (19~8}, several of the symposia puhli~hM by tile 8o0~t.y for
Experiment| Bi~o~" ~eeS. E. B., 196~, Sclfl~# (1~4), Clark and
~aehmansolm (1954), Kieinzeller and Kotyk (1961), Sehoffeniels (1967),
Snell et oL (1970), and pa~uinfly Loksinninaroymminb (1969). 
Mst-nleM~ned vohlme (dosing oslleciM~ with traospo~ phenomeoa in
mcl~lranes) contMus ou extensive bibl~graphy, ineinding an exc~nL
annealed Mbl~graphy of recen{ work; see Mso the eafl~r work of
Davson and DnMelli (1943). Among oilier reviews of M~o#eol membrane
~ru~uro, see "Rcccn~ Progress ill Surfasc Sc~nc~’ tM~ed by Daniel~
eta[. (19~ 1970) and ~so the selection of papc~ Iff Branton and Park
(1968). Two symposM on membrane prolle~s deserve spcciM mcn~ml:
"Mendwmle Phenomemt" Oec Faraday Soe~ty, 1056) and "Bi~o#eM
AIcmh~mcs: Reeel~ Progr~s" (~ew York Academy of Sciences, 1OB6).
See nlso "S}’mposium on Cell Membrane Biophysics" (1968).

In tcrm~ of transpor~ processes tile thermal anmnolies may be seen as
manifesta~ons of water stnlcture changes~ resulting in vastly differen~
mohlHtics of solutes (ions atal low molecular wei#b nonelcctrolyte~) ill
tile vleinal water in mcmbrant~. AgMn, a e|laoge ill the v|einol water
aructut*e may~ in turn, resell in a change in the eonfu~ nlatlon o[ file sub~
sL~e. In te~o~ of tile hnlist theory’, tile fllennal anomalies are maaifesta-
floes of ehongcm ill the thernledyaando activities of tile ~ohAc as tile
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~nM water ~ru~u~ sudde~y change~ ~ ~ ~so p~s~l~ of eou~
that the ~fluenco of ~o ch~ng~ of ~e wa~r ~rue~ ~muRaneous~
affect b~h thermodynamic cquHihriam and t~nspo~ proi~rtics. Thu~
by i~ the occurreace o[ ~mM anomali~ do~ not distinguish between
active and p~ve ~anspo~, on the one han~ and change ~ the cell
water/n ~to, on the c~ hand.

A ~cent study ~ membran~ by dielectric measurements wiU illustrate
the llkcly (or pelops maximal) extent of wat~ stmetu~ng ~ membrane.
Coe~r and ~mons (197~ have used a Wayne-Ke~ condu~an~e bridge
~ ~udy the eapaeRance ~mng~ ~ memb~n~. The m~n r~ult from
this study was ~e ~overy of ~yc~ of wa~r near H~d mcmb~n~ with
pmpe~i~ no~b~ ~ffereat from the p~p~ of b~k w~e~ The ap-
parent thickness of ~e w~ ~yc~ a~a~nt ~ the memb~ne appea~d
to app~aeh 40,~0 ~l Such a leyw ~ ~ thick) would abvlou~ have 
very pranoun~d effect on ~e overall ~trlcal p~perties ~f all types
of cells ~ thee do, ~d~ed, have rha~c~rls~ ~mi~r ~ the H~d mem-
bmn~ pmp~ed ~i~ by DanidH and Davson (1935). However~ Co~
~r and Shnens (1970) call ~n~on ~ the need ~ exm~ne ca~l~ some
of the unde~ylng ~smuptions required to extract, the value for the t~ek-
n~s of the changed wa~r ~yer ~n ~e expcdmen~l d~a~ ~ ~ to be
hoped that this type o! study will continue as R appea~ ~ o~er a ve~T
promi~ng app~ach to Om uude~tan~ng of H~nM wa~r ~ ~o~e~

Mo~ than anyone else, R ~ pmbab~ Stein (i9~7) wlm has contfibuWd
the m~t eye,marie anMys;s of membrane fnnctioning ~ terms of ~e
underlying molecular processes, espe~M~ transport theories. $~in ~ems
particularly a~uncd to the pessiMc Rruc~raI r~ of water ~ the
morphology and functioning of membrau~.

3~ Examples o! Thermal Anomalies in Membranes

Remarkably sharp anmualies in membrane properties llave been ob-
served by Dalton and Snort ~1967). It ~ interestiug that iu rinse audies
one of the eheraete~stie t~npeta~tures--at whleh an abrupt change in the
energy of aetivatlon far the ecmhn’t~n fl~ou~ the toad bl~hler m~n-
brahe occu~is ve~T close to 25’C t28~ " 0.4’C). It scans reasauah~
t~ propose that th~ change ~ a mmd~t~tation of a change in water struc-
ture asse~ated wRh the ~’~elnal water of the membrane. Haw~er, a seeaud
(and area very abrupt) an~ualy oceu~ in the vicinity of 37~*C. Tl~
o~gin of this anomaly ~ far more difficult to exph~h~ u’ithin the frame-
work of what has bern discussed in the pre~ent paper as th~ temperature
doc~ not coincide with any of the known thermal anomalies due to water





results on the ma~a~ ~mn the membrane of Myenplasma ~idlaw~ ace
especially ~resting as they ~early shaw severM ~andfioas near the
~mperatur~ discussed in the present arfic~ anti hc~ ascribed to tire
changes in ~n~ water ~ru~ure, It ~ not present~ po~ib~ to cantata
all of tire nbsesva~ons made by gtdm with the changes discu~ed in the
present chapter; however, the study ~ impotent in demonstrating some
possi~a advantagea of ~fferenfiM ©ulorbnetry over other tooh such a~
bigh-r~obtfion ~I~ ~ opt~ rot~iau dispct~ioJr etudes. Incidentally,
~dm em~d~ ~om ~ ~udy that h~ d~a ~n be ~rp~ted mast
~adily ~ ~ns of ~e memb~ne bllayer hypothesis, hut $~im does not
empbasisa the role ~ wat~ ~rue~ebanges ~ this connection.

Chau~ and Mishra (~fi~ measu~d ~a ~ffudon of ~a across
at~ ~ ~gmeats ~mn ~e rat heart. Tire m~remen~ were made
wi~ equ~ ~mn ~n eon~ent~ons on both ~des ~ the wall o! ~e
tissue atudled. The au~o~ abscond ~an~fiom ~ ~e ~ffu~on v~sus
~mparatu~ ~ 1~, ~2°, anti 42°C. Deeau~ ~ese v~u~ ~e ~e ~ ~ese
d~ribed by ~e pr~t au~or~ ~ugg~ting ~e ~currenee o! ~gber-o~
phase t~nsltiens ~ w~ near interfaces, Chaudhry and Mishra obse~’e
that this may be taken ~ e~denea for the ~ffuslan ~ the sodom ~n
~rougb w~-fiBed pores. While the experiments by ChaudbD, and
Mi~hra are ~markabl% caution mu~ be ~sed ~ the inte~)~etatian.
~hu~, conceivably tile ~an~t through ~e membrane might stiff take
~e ~a m~ha~sms ~h~ ~an ~ffusion ~ w~-fifi~l p~; ~e nat-
abl~ ~mp~atu~ effeeta might he due ~ ~m¢~r~ effee~ ~ file layers
of w~ n~a~ ~ ~e membrane m~ ~an ~ ~e mem~ane itsdL
Haweve~ ~e aady by Cbaut~" and M~hca eert~n~ de~’es earful
ao~ideratian and etnph~ the uti~ of ~rth~ detailed s~ Mong
thee ~n~.

In an impressive series of studies, Wrigbt and Diamond (19~9; abe
see Diamond and WHghb I9fig) have studied the membrane permeabifity
of various nonelectralytes, The stndy ~ not only a profound and extensive,
comparative ~tu,ly of various perulealdlhy coc|llci~ds for a hu~e number
o! noneleetrolytes, but i~ i~ based on a surprisingly ebnpla approach--fire

¯ noneleetrolyte movemeab is mmfitored through tire attendant nsmotia
flow through the membrane gh’ing rise to a streaming potantlal.

In connection with osmotic tlow, R b haportant to eonslder the exlstenea
o! an nnstirred layer; thi~ was dlscasscd in soma detail by Wright and
Diamond. They correctly point out that the unsfirrad luyer may play a



dmn~ant an~ in hrt, destructive ~fluonco m; the ~rprctafion of data
~med at calculating activation energies o[ pcrmcatln. (Item permeability
mcasuremon~ at ~fforent temperatures), solute-solvent iuterac~ous in
mendwane permeation, aml comparisons of measured ~u~d eb~rvcd reflec-
tion ¢oc~eient robes in connection with different kinetic model~ el m~no
brans strcoturo and permeation processes. Howovo5 in the ~udy of the
rah~t gall Madder membrane by W~ght and Dimnond the effect of the
unsfirrcd ~yer ~ayod a eonsidereMy I~s crucial rol~ A~cord~g to these
authors, the unstir~d hyer effe~ ~ simply to shin the observed reflo~
finn ceoflloicnts ~nea the method h esson~ally, a comparative method.
Nnn~th~ ~ ~ obdous that the effeat can hardly ba completely
ncgleb~d since the unstirrcd ~yer will if ~ructurcd, obscure differences
between the ~ruetu~d ~omcnO of water in the pormoa~d membrane
matofiM and in the unstlrrcd ~yer.

Many noneloc~alytos may be ~ffu~ed through cell mmnbranos~ but vast
differences arc observed in the p~meatiun rcte~ Thu~ Wright and
Diamond (1~0) note that m~ecubs of apprc~mately the same ~ze and
ma~cular wd@t and diffuslou caetllcien~ in bulk solution may differ by
as much as a factor of 10~ ~ the rate of diffusion through various mem-
brane~

Wright and Diamond measured the pormca~ty of soma ~xty nm~
ole~rclyt~s and eo~alated the pormeabili~es with the ~|-n’ator paRition
coe~d~t {and with the ethyl other-water pn~i+inn toe,cleat). Similar
studies have bee~ carried out by C~nder ~ee, for instan¢~ Stein, 1967).
Phcnomonologically~ the data ~om these studies (as wall a~ many othc~;
see the two ~rcgoing works for references).have provided a large amonnt
o~ ~formatio~ However~ R appoa~ very di~cult to eluddate sys~mati-
oally the r~at~u b~weon the nature of the nonelectrclyte a~d its per-
moabiIRy. Obdou~y, ~e ~ono wit| play an impor~nt r~e as n’M the
pr~enea o~ functlm~M groups, storie aspeot~ ~£ Y~, undou|)teilly.super-
hnposed on thc~e facets b the probahle importlu~ce of li~o hydration of the
aoadcc~ytos~ ti~o i~drcfim~ of the membrane mat~x, and the detailed
stru~urc of the ddnal water of the membranes [’nfortmmtely. R will no
douIg be some time Iwforo thee relatlonship~ n’ill hegiu to he mulor~tood
quantltalivoly. Wright nod D~mond ~r to "auama~u~’ and "~wan~"
pormeabi.ty cmnpnaen~; th~ ~ little doubt thn~ the d~ailed naturc
of the mat~x will iuflucnee rclatlve pvrmnahilltie~ of the s~utos. It ~
itttcrestin~ that in spite c{ all rite lnformat~u trod Re eorrelatlolh for
instance, with lipid solubility, R h a~l imposd~e to make d~dficant
~atcmon~ ~gm~ing the likdihood tltat permeation (especially ~r water)
~ primarily ~a a eo~Rimmas Iflla~e (watcr.fllled paR,) or n ~olvent prceoss
~ the m~nbrm~ material.



Among the several ~gnlf~cont htcts noted by Wright and Diamond h

when compared to osmotic pe~neahlIi~es. The difference was t~ntlvcly
identi$cd wRh momentum frontier between s~te ana water m~ecuIes.
The artless by W~ght nnd Diamond (1g~9; Diamond and Wfight~ 1969)
should be consulted for details in connection with th~ discussion; (he
authors p~nt out that:

All ~c~ proposes of w~vr ~ nnrrow chnnnds a~ ~modiato ~vto’con
pmp~t~s of b~k wo~r ~mi of ~ ~thtg ~ w~or near a chs~od

work has boon ~ channels with dJame~m ~ the range el 100-1000 ~, ~vhorclls
aooma~us aon~lootml~u pornm~n ~ ~o goll ~addor ~ppcam ~r

~an about ~ or 6 ~).

~urther pormoab~IRy studles hove boon published by W~ght and
Prather (1970; Mso, se~ Prather nnd Wright, 1970). Fi~Miy~ R should be
noted that Wright nnd Diamond ~19~9) analyzed the av~blc data in
terms of molecular models, taking into account the va~ous types of forces
affcc~ng the nondcc~olytc~ such as the permanent dip~e~ induced
’dip~os, van der Wae~ forces, including shortorangc rcpuBivc forces and
inductlvc effects.



diomder) or carmine particles. Th~ thiekn~s of the ~yer in which there
was no notate mavelnel~ of the ~u~pended partldes (other thnn that
which cou~ he asefib~l to diffusion) was d~en~ncd optleMly. In the
unsfirrod ease, the later thickness opposed to depc~l on the nature of the
solid material, holn~ about 350 ~ thick ~ the eon~a and 150 F thick on
the contac~ ~n~ The th~kness was n~o measured with ~gorous ~tirring,
width reduced tile ~agnaat laye~ to 65 ~ and less than 20 ~ respectivclT.
It ~ unfo~unato that not quantRa~ve esfima~s wore p~sentcd for the

¯ shear rate~ Thu~ ~ ~ re~ath’oly un~n~r~etivo to know the motion in the
toll was achieved by stirring at 400 rpm with a Teflon~oated magnefi~
stirring ba~ However, oven without a quantitative estimo~ of the dogie
of agitation at the ~torfaee, ~ does appear os if very notable thicknesses
must be a|lowed for h~ diffusion studies at membranes.

In cmmccfion with the ~metural charac~risties of the cellular plasma
membrane, Schul~ and Asunma~ (1970) have ~udicd the pos~bility 
ordc~d ~ru~urcs of wate~ The article renews game of the e~denco
available for ordering of water near solid surfaces in general and near
m~nbranes in pur~oular. The authors appear to adopt the notion of a
w~defined th~kn~s of very highlT s~uctu~d wa~ One of tile most
iuteresting ~ervations from ~he studies of these autho~ ~ the sugges-
tion tha~ "It has been dmnon~ra~d that the characte~i~ of ordered
water in a porous gla~ d~allnati~l membrane are very ~milar to those
in a c~lu~so a¢cta~ desMinat~n membrane. This result ~ very surp~ing
and further cxpe~mental work ~ required to see if the same ~ tree in
other strongly hydrophilis membranes."

The present autlmr does not necessarily subscribe to the notion of a
very sharplT defined, ~ruetured ~yer near any s~id interface nor to the
experimental fonndation oa wldcb the propo~cd ~milarity in water ~m~
turn between the ~ghly ~ffcrcnt subs~atcs has been bas~L At the same
fim~ ho~:eve~ as d~cusscd elsewhere in the pl~sent chaptc~ there ~
o~dcnee tha6 the d~ailcd cheudral nature of the s~strate may play
only a secondary r~ In other word~ the proposal by Sehuh~ and
Asunmaa does agree qualitatlve~ w~h the obset~.atioa tha~ ~mila~
ordered ~l~ctures appear to be ~duccd by the pro~mity.to diffe~nt
solid interfaces, as evldenccd by the’occurrence of thermM anomalies a6
the same temperatures, regardless of tilt natnro of the suhstrate.

o. ~ectrosco~fo StIIdies. Only relatively ~w sy~em~ studies have
been made on m~nbranes hy spec~oseo~ moans However~ Zundd
(1999) has recently punished a monogr~b devoid to the gudy of hydra-
tion and interm~ecu~r iu~raetions with poly~cctrolyto m~nbra~es by



wd~defin~l .tylls of melnbrane mate~e~, i~ ~ Yer~ It~y that the
geueral upproa~l will beceum a luod~ for spe~ral ~tll~ of other types of
membrane martials, ineludhig Ihale~cid marshals. As eo~d be expcc~d,
~ ~rgn iraetieu of this study ~ dnvo~d to the speetreseople properfi~ of
the water ~ mleh inembrara~ and membrane mateH~ It sliced he
ltresscd~ heweve~ that the opproaell, w~le sound and extremely funda-
mcntal~ does uo~ allow for mary ~ophivticated aspects, such as inedited or
extensive hydratiou structures. Th~ ~ quite natural, of eeu~ consider-
~g the relatk’d~ ~elislt~e ~ehillllun used. iimn~y~ the slleet~ul eliange~
p~marily effee~d thro~l the hydrogen bond wlth i~ attendant large
bondwldtli. Tlio~e OSli;.e~ that result from the ion hydration or the ~pe-
~fio polymeric Shut,humans Item tho membrane substrate wi~ not read-
~y re~ee~ t|ln details of ’~OlldalT hydration ~l~eture" e~e~s Tee tbe
d~cussiou of Sfdorova~ stud~ Section V,B,6,h).

~ ~tudy by Res~ end .Ve~o~ Rc~ing ~ ~hof (1970) studied flic.
nature o~ adsorbed water on ha~e~al cell wails by an ~M3 teeb~q~
These authom worked with a "representative hac~dum" (Bacillua msge-
~r~m) over a wide temperature range w~th isolated cell w~h eontniuing
appro~mately 8~% wotem Tile authors found no evldenee flint the wa~r
of these cell w~h wad "ice~e" nor ~d tlmy find tl|at the mobility of
the water was of the order of tonga|rude expected for %~lid-gata ~ke"
water On t~e t~nperature range ~ w~eh the haeterium,gro~). Specifi-
cally, the autho~ found tha~ "the di~ribut~ : fuuet~n ueee~ary to fit
the call w~l rdaxofion time data ~ ~o broad tha~ ~ reaehe~ with oppo-
Sable amplitude, from the |i~aid ~’a|uo to the value in ~ .Neverthde~
the median ~ mud| closer to the ]ump Ome for ~qu~ water titan for k~
Tim eoodu~on ~ deafly that the water in edl walls ~ na~ qee~ik~ ~
terms of mobifity."

A number of comments are appropriate regar~ng the study b)- Reslug
and Nelhof (1970). Theme aud~o~ did not discover any notable reduction
in the mo~hty of the wo~r near the m~nbnme suflae~ On the other
hand, as discussed in the sectiou dealing with ~NMR studies by G~sd, ~
|ins been dea~y ~mwn ~mt seine inoeroalolecules do uo~ atlllea~ to imb
se~ extensive hydration ~trueture~ Again, uotah~ diile~uce~ are ~e-
quently observed between the properties of water in llviug orgmdsms and
in de~d organlslm (ann iueldeutally, het~en dorumn~ nud active stoical.
The argumeut by ~e~ing aud .Nelhof, tha~ reumvhlg some of the water

rehumidlfylng) ~llolild .o~ lioe~ilfil)" be expected to ~11~ ~ a w~er
~mo~re rescinding that in the liviug orgaui~n. Howcve~ it might still
bv ar~ed flm~ ~nce me~ any ~olhl interface apparently tcuds to induev
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~n~ wMer struotu~ some kh~ ~ ~ru~ure sho~d still have boon
observed--even Mougb ~ mi~t hnve no rd~n to Me orlgin~ w~ar
~m~u~ of the ~vh~g baetcfiun~ It ~enm at ~ ~me Mat Me ~udy hy
R~ing and Neih~ i~ mo~ an anoma~ than a general findin~ As such, the
s~dy d~erv~ easel con~demfion b~ the r~ ~n~ cannot ~ad-
iiy ~orm tbe basis ~ mo~ genern|ized statements ntmu~ absence ~ ordered
wat~ ~ruau~ near ~o~cal ~nc~t

The memb~ne sam~ used by R~g nnd Ne~of (197~ we~ pr~
pared by ~o6ng 0~ ~m~mcns in sn evncun~d despair ov~ untufted
so~mn acetate solufion~ cn~espon~ng ~ n rdnfive humi~ty d 7~%
(a~ 20" C). ~ueh dry~g may ~g~ficnnt~ ~uonco Me nn~ ~ the ad-
sorbed mat vmolecules, Wet~el und co-worke~ ¢1969), for e~’ample, have
slmwn M~ p~noanced changes in the UV a~orp~on speet~m nnd Me
¯ croism of orb~cd ~ms of ca~ thymus DNA oeaur as a ~ncfion of ~-
five humi~ty, PnrtJeulnfi~ thee out~mm ~nd that amaze hyaenas
effe~s w~e nb~rved ~ the runic of ~latNe humi~ties from 0 ~ 65%
and cn~cd a~e~n ~ the a~au~l changes prop~cd by F~k end co-
workc~ (19~ 19~3) ~ Me aruem~ of DNA in the range k~m 55 ~ 75%
relatlve bumldity. Oilier auMors bare dcmonarated dmugcs ~ configu~-
~on ~ th~ range from 7~ ~ 92% relntlve humi~ty in DNA. Tbu~ the
absence of evldcl~co ~or Rrueturing at the cell wn||s stewed hy R~g aud
Ne~of On Me ~nge of w~er comen~ employed by ~a augers) does
no~ rule out the possi~lity that ~rueturing tony indeed occur in the ~dng
ce~.

7, ~tud~s b~ Good

Art importan~ contribution to Me unde~tund~g of Me ~ate of wa~r in
membranes has come from the extenfivo stu~cs by Oood (~ce n|so Cdd~
man) on ~he home,sir of m~mmnl~u crytltroeytes. For over n decade
Good has ~n~M tim ddM~ of hetnolysis of ~’tlu’oeytes as n fnnefion of
tempt.lzture in Me presence and absence of various lflmrmneons. For Mis
~udy, Good nnd co-work~ Imve ba*ed thdr aplwnat, h entirely m~ tile

heart cas~ iu tM ~rm of tits E~’riug rate ~atiau ned d~ rosuka in~
prded ~ terms of tim appn~nt ~lthnlllit,s, mt~¢ple~ and free energies of
nefivntion (and the actlvntion eqtlilibdmn constant KL

Tim most obdm~ ~s~ obtMned by Good and Cohhnan ~ the hu-
pr~vo degree of ~wafity between Me appurent entropy of n~ix’at~n
as a fune6ou of tim apluu’ent etttlndpy o~ actlvat~m $~essed by several
nutho~ as xs~ll us dsewhcre ht t~s lmper~ tile det~led M~rmatlou about
rite apparent cathalpics of activation and Me eutropies of activation nt~





Controver~ continues as to win.thor or not fl~e pE~neatim~ of watof
fl~ough red coils is thl~ugh individual pores {by a flow n~ehanism
perhaps resemh~og Po~euille flowl or through some "sotuldllty mat~x
effect" Omplyiug Me absence of discrete pores). RecEntly, Solomon and
co-workers (sEe Vi~x ¢[ el., 1070i ~tudi*,d Me hyth~udie pcrnwahility of
El~’~ncytes of h~11ntn~ on~{ of dog~ as a f~lnEtinn o~’ t~’n~pcrature. ]~o~t’~
on their measurEln~t~, the outilors conEluded that tile product, L~ x ~,
~s constant over the temperature range studied. This, hi turn, was inter-
pretEd as supporting the view that over the temperature range o! interest
¢5-.39°C), temperature induced no rcstraint~ on the cqulvalcnt votes.
Though ~ could not bE ascertained that Poist, tl~[e flow did, indeed, take
place iu such sinai! pores, spoculatim~ were adwmced that at least for the
dog erythroEyte membrane, tile diffusion of water oEcurred Mrough a
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~ffus~n m~a~m ~lar ~ tha~ occurring ~n frcv ~olufion. ~ 17A
shows ~e norm~ h~c ~u~ ~e~e~ Dr canna
e~’~o~, ~ shown by S~o~on a~ ~-wo~ers. ~ 17B shox~

N~ ~ (A) N~m~cd ~drlm~ ~aducfi~ ~e~cient ~ cwth~es. ($al~

~ ~ ~ ~A h~ cuwe ~d~wn ~ W~vnt au~or.



¯ a~ tl~o po~ hdow a~m~o~ 27°C n~ more-or-lugs ~mp~u~
~dcpendc~, and ~us ~o product of the hydra~ permea~ty coe~-
~en~ and the viscosity ~ the b~k water wiH not be tvnp~u~ in-
depcnd~n~ u~ rcqui~d ~r So~mon~ intcrpr~at.ion. Tile ~ffe~nee ~ the
two sets ~ curves (A and ~) ~oa~s, of cou~ f~m ~e ~ffe~nt ways
of ass~sing experimcntM er~: So,men aud co-worke~ m~y d~w
a ~i~g fin% fitted by u ~a~qua~ heat fit, through MI ~e d~a
poiutg obtained ~thout any regah| ~r trend~ Tile ~dru~m ~rafion
(Fi~ I?B). hewers, bccom~ ~ as p~h~h~ when ~e p~¢y of a
s~ruc~ral change near ~0°C has boca accepted.

The do~ obtalncd by $~mnon and co-wo~e~ ~r ~e hydraulic con-
duefi~ty cock,cat in human e~’~mcytff may or may not show the

~re. However, in the ease of the expe~men~ with the hmnan c~T~cytes~
~e expcfimentM ~r ~ ~o la~e ~ draw any cone~ous wi~ ~
talnty. The ~rge sc~r ~ ~e do~ ~ the ~ case by itsdf does
ohvlous~ uot prove the converse hypothesis, namely, that the Ioa~t-squ~e
b~ fit ndopted by Solomon and co-worke~ ~ ~e pmp~ an~yfie~ ~nc-
tionn[ ~pre~entation of the tempc~tu~ dependen~ of the hydraul~ con-
ductivit~ For u discussiou of the po~ conc@t ~ memb~ne~ ~e M~ $~-
omen (19~.

Tile stu~ by Solomon and ~o-w~ke~ have ~ the past coat,bated
sigi~fieant~ ~ our und~and~g of membrane ~ocfio~n~ and p~t~u-
lady to the proldem of the meeha~u of s~vent and s~ute ~nnspo~
across membranes. The example discussed he~ ~ ~ no way meant ~ be-
lff~e the ~gnM coutfilmfions o| $~mnon and co-warke~, b~ rat|l~ ~
call attention to the dangc~ il~hcrent ~ ov~oking the fmportance ~
t~nds vel~us expc~mrntol ~ ~ experhncn~l dat~

Tim p~Me existence of nc~al wn~d "pores" in ~ll m~u~
~f lipide antul~l compnl~l ~ ~her possihle nlcchlmisn~ for traa~port,
~p~l~ ~r w~e~ has bceu ~u~cd by sev~ a~hors. In ad~fion
to the coat,buncos I~ So,man ~ ~I. ~cc ~so the arrive hy ~anl and
Tzivoni (tfi~8) wlm suggcst ~at. the water, ~ ]ea~ ~ tile simp~ hydro-
ph~c mend~oes ~adicd I~ Ilwsc auth~ ~prelmred by impre~utti~
filter matrices wi~ t~um~c or a~er o~dc HquidsL does not possess
nciu~ "op~ pore~’~hard~ a ~q~ri~pg eone~ou. ’£1~ inferences ~n
rids study we~ tentative~ eonskiered ~ conuee~on with ~hegcnerM cell
men&~n~ In this coancction, see a~o the ~u~ by Ting d el. (196~.
These autho~ have eans~’ed the po~ble exlstcnce ~ "~oR ~e" at ~e
i~c~ I~twe~l h~l~ and an l~lueous salt ~ol~oa. Tlw hutan~ wl~
©hosen as an oxperhnc~M~ convenient and eonc~u~ rcason~dy



~mple mod~ s~stem n[ a lipid hy ~hulman and ~o-worke~ ~ee ~osano
e~ a~., ]9~1). Ting d at. not~ ~oi¢]eata]ly~ that at ~ast for ruhld~m, the
ArrhenJus plot of the rat~ of transfer of the Joe across the ~rfacc sug-
gos~ a break at IYC. Compare in tills connection tile note by Dros~
Haqsen and Tlmrhaug (1987). Amoog the maoy otlmr studies concorned
with the proM~n of the po~ib~ existence of water-filled pores in mem-
branes~ aRootio. ~m~d he d~twn to ~m study hy Gotknocht {19~8) who
con~uded that, nt ~ast for Valoaia, ~ appoa~ onlikely that the protoplast
contalac~ specific, wa~r-fiIled pores.

S, M. Johnson and Bangham (I~89) haw studied the effec~ o~ aues-
thefts agon~ on the phosphollpld membranes; Bengham and co-workers
(IgtBa~b, 19~0) have contributed greatly to tilt, understanding of mem-
brane properties and pro~cs~es tas wall as ancsthesiu) over several years.
Johnson and Bnnghmn (1969) slleeifieldly ~n(ffed the permeebility to 
tasdum ions of 4% l)hosphatld~ add--g6% l)hosphathlyleholine llpo-
some~ Experiments were p~r~ormed in the presence and absence of aoes-
thotie agents, Ineludlog ~hor, dl~rdfonn, and n-butanol; the effect of
valinomydn was also gudied. The rate data obtMnc,l wor~ expiated in
terms o[ apparent enthalples of activation in an Arrhenius equation.
Amoo~ the res~]~ obt~ncd were (I) the observation that a cation per-
meability barrier was located at’the water-lipid ]ntorfaco~ (2) "the anes-
thetics increased the h’ccdom oJ movement o[ grout~ in the Hp~d molecules
near the interface," (3) the increase ~n permeability of K+ in the prescnes
of vnHnmuydn was due to an entropy h~crease ~n tim accented stat~
appros~matoly 35 cM x mole-~ × dog-~, and (4) "the increased ~e~dom
of movement in the iaterfaco when the aoesthetie was present al~wcd the
valinomydn to adopt a more favoreb~ orientation in the interface for
the oxahan~o o~ K+ ~

The study by J~msml and Baa~mm ~ a rolativdy ~rMghtforward ap-
plication of all ArrhenhIs eqllIRion |O the exl]Prhllcnta] rate data observed,
lIowevt, r, the ~tnly ~ a lypield exan~plc o~ the dangers which re,oh from
neglecting obvious anonnllies, such as tcend~ in experimental data, Figtn~
ISA (,|charon and Baaghallh lfl~ p. 9& Fi~ 3i Mmws the Iipo~oluo per-
meabllity ~n the presence of chloroform. Vailnomyeln was present in a
m~o ratio of 1:10s (llpld}. Clmra~erlstienlly, the treads in rile data wbre
igao:’ed. Figure 18B *hen’s the same data as I’epo~M ill the ofi#nnl a~Io,
bu~ with the straight lincs dd~od ~md more ix, sli~ era’yes drawn in. It
~ so~l thn~ indeed, rather ahrtlltt ononlalies do eecuL and tlw~e ]~t~et
vastly difforcltt MOllOS~ i.e. v~ differeat uctivntlon imram~e~. |Ieoeo~





fit gr~g I~ in o~er ~ ob~ilh by "brute force m~ho~ d~a ~r ~e
apparent acfivatlon pa~m~rs.

lu conncc~on wlm me ~udy by Job~on and Bangb~n, notice ~ Fi~
IgB that the failure to produce a ~sonably smooth eur~: (L~, free of
therm~ anomaH~) ~e~as~ ~s fl~ eoncentr~tiou af elt~rn~ ~-
c~. A ~mpting suggestion hera ~ that me chl~o~rm ~ab~z~
~dn~ water st~cturcs ~rougb ~amr~e hydrate ~rm~n--me marc ’
p~neunccd m~ st~ctu~ is, the ma~ abrupt the attendant the~nal transi-
tions wiH bc (compu~ the stu~ by ~clsou and ~le~, 19~. ~c als~
huwevc~ that c~nroform ~ ~adlly suable ~ me ~

Thorn ~ lithe doubt tb~ the curv~ shown ~ Fi~ 18B fit mc experi-
mental d~a conside~y bea~ ~an me s~ght ~nes pmp~cd by Ban~
ham and Jobnso~ However, R sbo~d be n~ed h Fi~ 18B m~ the
anomaH~ do not appear ~ occur near 30° and 45°C ~ wo~d be exposed,
but rath~ ~nd to shaw an uuomn~ ~ me ~ty ~ 3PC. In th|s con-
neatlm~, eompa~ rite discu~slon ~ the pbaso ~and~ons of me finds and
paR~uh~y ~m ~u~ by Cha~nan and e~workcm, $~t~ns V,C;I and
~ and tha studies by Stehn~ Section V~D,&

10, Cellulodo Membranes

The problem of water in and adjacent to cellulose has been a subject of
a great deal of research because of the obvious indnstriaI importance, as
wall as the role cellulose plays in understanding file physiology of plants;
many o! me temperature-sensitive phenomena observed in plant growm
are ~kely related to the water-cellulose interaction. In 0~s section, how-
eve~ the stress is primarilT on the simplified e/stem of isolated cellulose
and wate~

:Notable contributions in this field have come from studies ~ueb as thos~
by Goring and co-worke~ in Cmmda. by Forslind in Stoekhobn aml by
the re~enrcbers at the Swedish Forest Research Lalmratory in Swedeu. Be-
fore discus|rig thcse contributions, attention h eallc~ to result~ of Hawse
ami Stelnert (1959L discussed by me present imthor IDm~-Hansen.
1969b). House and S¢oim,rt ol~erv~ no~ahle anomalle~ h* the peruteabi~
it)" of treated cellulose membruues and in mc aplmrent beat of transport
across celhdosie membranes, near 3T and 45°C. Tbe mRhors Doted mat
no evidence of anmnalios had been r~mi,ted for the cellulose itself at these
temperature, lit should be noted, boweve~ that in suhsequeut studies by
Itaase aml de Groiff (1965), me effect w~ not reproduced. In rids can-
ncefinn~ see the discussion by I~err {197fi), by me present auflmr (Drost-
Hamcn, 19691fi, and in Section VI~I~

Marfin-L~! and SSremark {l~ga,b,e) huve studied thernml transltim~s



in edluloso ufiliz~ various ~ehniques. These aufl~ have oh~er~d
abrupt ano.nalle at nun, her of discrete t,,.op,,raturc ,on ca.
near 0", 35", and ~0°~) ; mos~ of the studies were hy ~ne tyl~ o~ d~la-
tometry. However, addifi~l expefimen~ were carried ou~ for instane~
w~h D-~lacos% wllere measu~’nlen~ were made of tile ~)tleal rotza~
Thin quantity showed a nllnhuum near 28~C and a ms,mum near 47=C.
These resul~ dlould he compared with tile study by Ifendrew and
Moda~’n-Hu~es fi’olu 1940 (quoted by Drost-Hansen. 1967a): these
autho~ studied ~ ~lficM rotation of seve~d different redudng sugar.
In ~ll of tile uvulluhle data, K appeurs thu~ u the~ual auomuly occurs in
fl~ vi~nity of 15"~.

Fiually, i~ ~ of in.rest also to note th¢~ the studks by Martin-L~f
and $~remark also ~evealcd unoululles ueu¢ ~0’0 in the ~MR liuewidth
ill h~aledlalese. The reader ~ referred for detai~ to tile extel~ive repor~
by these authore. It shou~ be mentioned tln~ tile autho~ do not neons-
madly neander tile aaomai~s as mtuli~s~a~ons of highe~order (coopers-
five) pha~e transitlno~ hut tentatively ~uggest the pos~hi~ty (Maain-
L5I and $Sremnrk, 19flgJ that the m~molies may owe thor e~tenee to
the ~uddel~ on~et of rotational ulodes of iadlvidual water moleeules.

Martin-L~f and $~remark note that W~ba has added both in~ared
~peetroseopy evidence mul optical refraction data to sugges~ the oeeu~

noted by Back who used n sonic pulse ~eehuique and by Kubat u~iag a
to.ion pond~um. ’

with wate~edlu~e interacting. AgUe, anmna~ua dmnges were ob-
served in the e~mn~on of waW~wdlen mate~n~ (eellulo~ hemiedlu-
lo~ ~guln). The authors desefibetI the ehnnges mad pe~urbations in lhe
water a~aure caused by the hydrophilie ~urfaees of the woody nmero-
mdeeu~ For stone ddails aM roferenet% the reader ~ re~rred to the .
paper by tile present uothor (Drost-Hansen, 19~9h~ or the ofi~nnI p.pors
by Goring and eo-worke~,

Ga~’-Boho and Solomon (197i) Imve ~tudiod true,pea aero~s cellu-
lose acetate nleln~)~ult,a o[ varying l~oro~ty. T~le a~lt~ dm~, I~se lu~n-

brano~ to "gn~ farther ~a [urn flu. nature d waler-nlt,nllll’~tlW [ntel~
nefi~fl and ~np~y~l inea~urenu, nts of hydraulic ¢ouduetivity and ~5~
fu~on eoe~en~ (using tfitlated wate~ as a funnies of temperature.
Oi~e of the aims of the amly was to distinguish b~we~ influences due to
gemna~" (such as tortuo~ity~ etc,) und the eflk, ets of the water-memhrane
interactions. Prevlou~ly, Sdonmn hun advoeated 0mr vl~t’ous flow tln~u~
nlend~ran~ witl~ eveu ve~’ ~a~udl ~luivaleut pore radii ~ easenthdly %lus-
~¢’; Gary-Babe and Solomon claim a~o 0mr "a~ the e~fimaa~ re-
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theBObonO anomalous behavior of rater needs to ba postulated." However~sulfa can be aecom~te~lwatvr..llleznbr~tnean¢i Solomon do point to the importance iltlnteritettol,s,[°f in terms Ofeveuk~mwn propertleSacross membranesthe diffaslonO[ free rater am[withProress °fGazT’krge

nature. However, compare to this couueetion, also, the state,.eat by Tail
and Franks (1971) that the ’hydroxyl groups certainly ar~ "~en~ed" 
tbo aqueous environment, since watef al~Pears able to dlstlnguisk b~tween
~- and ~’-methyl pyranosides. In spite of the hydrnpbilie nature of the
membrane material, Gary-Bobo and Solomon demonstrated water-mem-
brane interactions by the notable differences in the observed energies of
aetl~ at~on [or diffusion ia the different lnelnl)rane materials. Thus, ill the
membrane with the smallest pore radii, the apparent energy el activation
7.8 koal/gram mole, compared to 4.8 kcal/gram mole for sel[-diffuslon in
water (the value at ~0° obtained .by Wang, 19~5). Gi~ry-13obu and ~olo-

~owI they ~Uglle~t that lmliihly iIilTerelit lilerliiliii~iil~ are hlvolved aud
thai, ill tliit eoa~oetio~, "vi~cOll~ ~ow i~ a relatk’o uiallon el Ilortiaas el it
llqnld, diffaslon is a relatlve alotloo al it~ eoustitu~ut~." It i~ iuterostlnt to

" range el ~liear rates~ tile ~lhni~iut value’~ Ior the apparent eUel’g)" of ae- ̄
tivallon for in~n’tel$ small sliear rate~ mitht approach that observed fo~’
diffnslonl A~ mentioned llrie~y in Section VI,,I, it i~ not iaeoneeivablo thai

(1008) has previously claimed tllat water is ilon-~ewtonluli. At the ~altle
tilile, tim ~tullle~ hy II. J. [lilh,r (10it$1 faill, dio dl,nlaa~h’ilie lhe exiSlCll¢~
of a de,nile erilieal ~lleilr ~lret~; llui~, lhe waler at lelis~ doe~ not a~llllill)"
%eP’ under th~ eonditlons of tli~ stul~ by Miller oud eo-work#rs (who
worked mastly with clay matrices).
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Electrolyte pumps, required to explain ae~ve transport, have been die- ~
euss~l in ~nordieate detail over tile past several decades. Tile differences
in the electrolyte contents between inte~nl fluid u~i e~l fluki ~ re-
markable, Thesa different electrolyte solutions are ~cpnrnted by the e~l
memhrrmes, nnd the various e~uil~brb* ~or, rather, steady-state procc, s,eg~
arc normally cuosil~rt, d to rcquirc m~ab~lly delved energy. Appa~
curly, in all active transport precedes, tlre source of v~rgy for separating
the different ~cctrolytes ~ derived from ATP, To %xp~in" active trans-

p°rtass~med to he protons. In th~s section are d~cussed (ifin ~n~e tonn~ venous "carriers" are roqu~ed;on~y briefly) s~l~ethese are usually [
aspcc~ of an alteraativc view of active trnnsport. A more d~ni~d d~cus- 1~

~anof th~ alternative o~lana~ni~selceted aspects of water structur~ A~T,preseatedand~

in Scetioutbe ATPasc prohlemWld~willS°mebeV’C;’

t(

~eat~lchunges in in then structure separate of paper ~ho intrne~kl|nr (Drost-Hnuse~ water 1971 ~ n; pnsslhiein prcparatioai.eau~e u{later ~t

transmembrangradlent. Changes in "avaJl~s"against nions"total(i,e,, changes inzn°v~ncn~
~°ichi°met~’neffec~vec°nccntra’con-

cen~afinn~ have bccn te~ncd changes in "s~nb~yY TId~ l~wevc~
~scums a poor terminology, since the total number of im~ in ~ut~n may x

remain(and otl~rUUehauged; iustenAn iaspectlonwhat h changed hal eves thethe ncfivky, of tl~eMml)lcst forms ofi°UStho t
D~ye~l~ek~ expresAon [or the activities o! ions revc~s that not~e

~ehe~ges arc effeeted tbrougllrcstfic~ Omven~AH cdN arc considered capable of active trunspo~. Itldiscus~or~ to planta change in the dielectric con~a~tcells, based ~l the exten~vethiSwritingssecfi°n’°f the ~N-byWe

I

Stnd~mann with some comments in terms of the water ~uet~g flis- ~
cussed in th~ cbnl~er. In a recent review, $tnddmann (1070) rul~ ntten- ~

fi°neHtefin must. be Mnmltm~m~i3’t° file criteria prolmse~ by Si~eoboyed(1969)to ronMdcr f°r active transpON.mov~nent of ionsTlwee t
truly to be of the nntore of un aethx, trausport: "(1~ the process uses on-
er,~’, (2) tbe~’e ~ n ~oi~dometrie relatiuu between d~e ~nmn~ of ATP 
from ATPNdcrat~m.usM uPDi$c~l~e~ have aHscn illaM the mnotn~ of substance translmNc¢l,h used dlrcc~y for thetb° past intransp°rt °fattempts to d~onstrate tl~otl~° substance under cmt-(3) the ene~" suppHod~,u]. ~}

]a~on~dp to ~ nmnbor of im~ trauspo~L h ~ possih~ tbnt on~ =td- ~
vnntnge of the alternate thco~’~Htqt io=~ arc trnnsportcd ~mroly in a = Z
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IV, SUMMARY

The studies reported here have shown that the structure of water
near many Interfaces - Including the water In and adjacent to a large
varlety of membranes - possesses unusual structural characterlstlcs.
Whlle the speclflc structures have not been clearly dellneated, It
appears l lkely that they have the attrlbutes of stablllzed entltles of
the type envlsloned In th~ mlxture model for water (such as hlgh-pressure
Ice polymorphs, elathrate cages, etc.). These vlclnally stable structures
dlsplay anomalous thermal propertles at a number of dlscrete, rather
narrow temperature Intervals. These transitions significantly affect
the propertles and functlon!ng of some membranes. The effects are
observed with both slmple, physlco-¢hemlcaliy well-deflned membranes,
as well as wlth biological membranes. The vlelnal water structures

appear characterized by long-range ordering and by (exceedingly) low
energetl cs.

-62-



In vlew of the findings of thls research, It Is recommended that
careful studies be co~Nnued on the nature and role of structured
water near Interfaces, partlculariy In and adjacent to membranes.
Because of the highly non-linear effects observed, temperature changes
of only a few degrees may notably enhance or diminish the functlonln9
of some membrane systems (In biological membrane systeme~ the changes
may be completely demlnant~ often leading to Irruverslble cessation of
normal functlonlng)~ Th~ possible effects o# these water structure
changes on the functioning of desalination membranes Is recommended.
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A large number of papers have resulted from the suppom" received
by the Office of Sallne We,at for the study of the s,ruc, ure and
properties of water, particularly water near membranes (and other types
of Interfaces). Some of these papers ere listed below.

Drost-Hansen, W., Thermal anomalies In aqueous systems - manlfes-
tarpons of Interfecla! phenomena?, Chem. Phys. Let., ~, 547-652 (1968).

Orost-Hansen, W., On the structure of water near solld Interfaces
and the possible existence of long range order, Ind. Eng. Chem., 61,
10-47 (1969).

Drost-Hansen, W., Role of water structure In ceil-wall Interac-
tions, Fed. Proc., 3__0 (5), 1539-1548 (1971).

Orost-Hansen, W., Effects of pressure on the structure of water In
varlous aqueous systems. Paper presented at the Soclety for Experimen-
tal Blologlsts’ Symposium #26, on "The Effects of Pressure on Organisms",
Bangor, Wales, Unlted Kingdom, September 6-I0, 1971. To be published
In the SEB Proceedings, 1972.

Drost-Haesen, W., Molecular aspects of aqueous Interfaclel struc-
ture. Paper presented at the Air/Sea Interface Chemistry Symposium,
January 31-February 2, 1972, Ft. Leuderdale, Florida. (Abstract
published in the Bulletin, American Meteorologlcal Society; paper to
be published In J___. Geophys. Res., August 1972.

Drost-Hansen, W., Water at biological Interfaces. Paper presented
at the XVth Solvay Conference on "Electrostatic Interactions and the
Structure of Water", Brussels, Belgium, June 1972. Paper to be
publlshed in the Conference Proceedings.
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