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ABSTRACT 

Measurements of hydrodynamic and electro-osmotic permeabtltty through 

Pyrex stnter, using aqueous soluttons of D-fructose, D-glucose, sucrose, and urea, 

have been made The data were analyzed by usmg the non-equlhbrmm thermo- 
dynamics of lrreverslble processes Electrokmetlc potentials. were calculated, m order 

to characterize the membrane-permeant Interface. 

INTRODUCTION 

Studies of membrane transport have long been of Interest to b1ologIsts, as well 

as to workers Involved rn other drscrplmes of experlmental scrence, because transport 

across the boundaries of phases IS commonly encountered m many fields of sclence’ 

Transport processes through membranes prlmarlly depend on (1) the physlco- 
chemical characterlstlcs of the membranes, (u) such characterlstrcs of the permeant 

species as size, shape, solublhty m the membrane matnx, polar character, and hydro- 

phobrclty, and (III) the drrvmg force actmg on the permeatmg molecules’ In brologrcal 
membranes, transport behavior IS of the utmost Importance, but It IS difficult to study, 

due to Its complex structure and functlomng3 Therefore, m view of the complexltles 

of these membranes, conslderable mterest has developed m the study of transport 

behavior through model membranes” In the present commumcatlon, a comprehenslve 
study of electrokmetlc phenomena through Pyrex-smter membranes has been made, 

usmg aqueous solutions of D-fructose, D-glucose, sucrose,and urea as the permeants 

The results have been analyzed on the basis of the non-equlhbnum thermodynamics 

of lrreverslble processes, as well as on the basrs of a kmetlc model 

EXPERII\IENTAL 

Pyrex-smter (G4 porosity) membrane, D-fructose, D-j$ucose, sucrose, urea. 

(B D H , A R ), and double-dlstllled water (havmg a specific conductance of the 

order#of 1 ,umho) were used m the present mvestlgatlon 

The membrane was thoroughly cleaned by a method described earher’ Meas- 

urements of hydrodynamic and electro-osmotic flux were made by usmg an expen- 
mental techmque already descrlbed6*7 Potential difference was apphed with the 
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help of an electronically operated, power supply, using Pt electrodes The conductance 

of the membrane eqmhbrated with the permeant was measured with the atd of a 

conductivity bridge (Toshmwal, Indra) at 50 Hz All measurements were made by 

use of an au- thermostat mamtamed at 30 +O 1 o 

RESULTS 4ND DISCUSSION 

Electrokmettc phenomena are typrcally non-equthbrmm, and are characterized 

by the posmve, defimte character of entropy productton, G, which may be written’ 

as follows 

c = J,AP + IA+ (I) 

The fluxes are the volume flow, J,, and the current, I The forces are, respecttvely, 

the pressure difference, AP, and the potential dtfference, Ac$ Within a linear domain, 

J, and rare expressed as follows 

f, = L,r(AP/T) + (L,zlVAg, (2) 

I = &,(AP,V) + (L&T)A+ (3) 

where L,, (I, k = 1 , 2) are called the phenomenologlcal coefficrents When A4 = 0, 

Eq 2 reduces to 

(J&=o = &,(AP/U (4) 

The plots of (J,)b+=o agamst AP, as shown m Fig 1 are straight lines, showmg the 
vahdtty of Eq 4 The values of L,,/T, estimated from the slopes of the strarght hnes 

m Fig. 1, are recorded m Table 1 When AP = 0, Eq 2 reduces to 

(J&=o = ~,&GP-) (5) 
The plots of (JV)dp=O vetsus A@ are all stratght lmes, as shown m Frg 2, and this 

TABLE I 

MEMBRANE PhRAWETERS 

S_vsrem 
I-11 LZ 

r x 107 n x 10-6 
~ / IOLA 

T 
- Y IO” 

T 
fd 

(m5W1s-1) (ohnrl) 

Pyrex-water 1100 2 75 5 52 7 25 
Pyrex-D-glucose 8 60 3 50 4 76 9 76 
PyKeX-D-fructose 9 75 245 5 05 9 35 
Pyrex-sucrose 7 50 3 05 4 51 1108 
Pyrex-urea 1260 420 429 23 20 
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AP x IO-*cm-* N) 

Fig 1 Dependence of volumetrtc flux (J ) L A4=~ on apphed pressure dHercnce IP, for Pyrex bmter- 
carbohydrate system (0) water, (0) o-fructose (A) o-glucose (g) sucrose, and (I) urea 

Rg 2 Dependence of clectro-osmotic flux (Jc)A~=~ on apphed potent14 ddference, ~19, lor Pyrex 
smter-carbohydrate system (0) water, (0) D-frUCtOSe, (0) o-glucose, (0) sucrose, and (I) urea 
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TABLE II 

PHEVOMEhOLOGICAL COEFFIClEhX AND ESTIMATED ZJZTA POTENTlALS 

S_vsrem 
LLZ 

P Y 103 
- x 10’2 

T 
(V) 

(n&-L V-L) 

Pyrex-water 5 80 284 
PyrebD-gIucose 6 SO 4 33 
Pyrex-D-fructose 6 50 3 16 
Py reh-sucrose 9 10 300 
Pyrex-urea 500 1 28 

confirms the vahdlty of Eq 5 The values of the phenomenologlcal coefficients, 
L, J7; estmlated from the slopes of the straight hnes m Fkg 2, are included m Table II 

The characterlzatlon of the membrane was achieved by measuring Its thickness 
and cross-sectional area From hydrodynamic-fiux data and measurements of mem- 
brane conductance_ average pore-radu, I, and number of capillary channels, II, could 
be estnnated by usmg the relatlonsg 

(6) 

where ‘1 and k are the coefkent of wscoslty and the specific conductance of the 
permeants, respectively, and L 23 IS the membrane conductance The parameters 
characterlzmg the membrane are recorded m Table I 

An examination of Table I reveals that the ma_gmtude of L,JT decreases In the 

foIIowm~ way 

(k/T)urea ’ CL1 i/2r)Hr0 ’ CL1 l/T)D-fructosc > (‘!-I &?D glucose > (‘!‘I i/T)sucrose 

The trend may be explained on the basis of the Auccurmg, crystal model of water” 
According to this model, water IS open-structured and full of cavltles (sslmlIar to those 
present in Ice) The cavmes are consldered to contam a dense hquld composed of 
non-hydrogen-bonded molecules Clusters and non-hydrogen-bonded water are m 
eqmhbrlum wth one another When urea 1s added to the water, It disrupts the water 
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Absorbed 

Duffuse part 

FIxed 0 H P 

FIN 3 Structure of double layer for Pyrex smter-carbohydrate system 

clusters, because of Its sterlc mablhty to fit rnto the tetrahedral water-structure” 
Thus, the permeablhty of urea Increases with respect to ~aafer Furthermore I>- 
fructose, D-~~uCOS~, and sucrose have structure-makng properties, I CJ , the SIX of the 
water-molecule aggregates Increases, and, hence, the rate of perme:lblhty decrease\ 
this IS consistent with our experimental results It can be shown that the Ctructurc- 
makmg tendency decreases In the followmg order 

Sucrose z=- D-glucose > D-fructose 

Electra-osmotic flux always occurs towards the meatwe electrode m ~11 01 fhc 
cases studled, this can be explaIned on the basis of an electrIca double-Lyer, formed 
at the membrane-permeant mterf,icr due to the adsorptIon of negatlvc IOII$, a$ shoan 

In Fg 3 Thus, the diffuse pdrt 01 the double layer would contam an CYCCSS ofpowwc 
Ions which move towards the negative electrode, confirmm,n the expcrunental results 
The double layer IS endowed with an electrIca potential, called eIectroh[netlc, or 
zeta, potentral, which IS character[stIc of the membrane material and the permeating 
species Wrthm the linear range of electroosmosls, It IS assumed that the zeta potcntlal 
IS Independent of the apphed potential difference, and It may be expressed” d4 

< - ;K1’; (Lg ) x 9 x lo4 volts, 
22 

where X IS the specrfic conductance of the permeant, L__ ,)7 1s the membrane conductance, 
aqd D IS the dlelecmc constant of the permeants used The values of zeta potentrals 
calculated by using Eq 8 are given m Table I1 
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