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ABSTRACT 

Experiments using modified membrane-cell method show that an externally 

applied magnetic field influences the integral diffusion coefficient of NaCl (measured 

at 25 “C; 5, 8 and 10 kG magnetic field strength and at ambient pressure) in 0_05,0_1, 

0.2, 0.5 and 1.0 N NaCl-Hz0 solution. 

These findings verify the previously presented results showing that at the same 
thermodynamic state conditions, an applied exterual magnetic fieId of 5 kG strength 

alters the integral diffusion coefficient of KC1 in 0.01, 0. I, I .O, 2.0 and 3.0 N KCl-Hz0 

solutions_ 

IN-RODUClTON 

By means of the modified membrane-cell methodtm6, it has been found that an 

applied external transverse magnetic field of 5, 8 and IO kG inAuences the integral 
diffusion coefficient values of NaC! in 0.05, 0.1, 0.2, 0.5 and 1.0 N N&l-H20 

sotutions at 25 “C (Table I, Fig. 3). 

The presented integral diffusion coefficient values (Table I, Fig. 3) for NaCl 

were obtained using the standard dilute electrolyte solution diffusion coefficient 

calculation methods, as derived from Fick’s law of diffusion for both, to applied 

fieldrb6 and externally applied magnetic field conditions6*7. As in the case of KCI- 
inte_mal diffusion coefficient calculation6 under the influence of an external applied 

magnetic field, it was assumed that the applied transverse magnetic field does not in 

any way alter the physico-chemical properties (density, viscosity, electric resistance) 

of water and the used saWp_ 

The obtained experimentaI results (Table I, Fig. 3) verify the recent theoretical 
Lielmezs and MusbalIy observation7 and the experimental finding of Lielmezs et aL6 

that an externally applied magnetic field may influence the diffusion process of 

electrolytes in solution_ 
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TABLE 1 

SUMMARY OF RE!WLTS’-b 

IVaCI-H, 0 Arithmetic mean 

solution merag@ 

concentration inf egraI aY#ixCon 
c,=, iv coeficienr, 62 5 -C 

of no jiehi, 

this rcork 

[cm2 ser- 1 x IO’] 

Arithnxetic mean Arifhmetic mean 

0MTagti azeragti 

integral ciigiuion integral diflusion 

coeficient, xs -cd coefic+n f, & -cd 

with @I& with field, 

H=SkG H=8kG 

&is Lcork ti rcork 

[cm2 set- ’ x lo”] [cm2 set- 1 x IO’] 

o.cx467 
CL04479 

o.o-i922 

0.07953 
0.07960 
Os8OI9 
O-1733 

O-1767 

6.4316 
O-4391 
o&%61 
0.8607 

15363 
- 

- 
- 
- 

1.5218 
15006 
- 

1.4722 
- 

- 

1.4800 

- - - 
1.5632 - - 

1.5533 - - 
- - - 
- - lS8OI 
- 1 s667 - 

- - - 

- - - 

- 1.5192 - 

I_4860 - - 

1As86 - - 

- - - 

l Au results obtained for 25’C tzmperaturc b Experimental Stokes4 data are shown on Fig_ 3_ 
c Arithmetic mean ave-age Value obtained from all experimental runs at the given concentration of 
Nail in H1O. d Subscript “H” refers to applied transverse magnetic field condition, this work. 

s-WBWA’L- sb#e ylbcatstor 
b 6 w 

b+ewifbam L__ _________I lucwRDER 
tbuulbbr 

Fii 1. Diagram of apparatus- 
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EXPERIMENTAL 

The recent paper by Lielmezs et ale6 describes in detail the apparatus and 

methods used for the determination of the integral diffusion coefficient of KCI in the 

KCI-Hz0 solution. The same manipulation and techniques were aiso used in this 

work. The apparatus consists of two parts: the Varian Ass. V-in. electromagnet 
system and the diffusion cell assembly. Figures 1 and 2 recapture the design showing 

the apparatus diagram (Fig. 1) and the diffusion cell (Fig. 2) equipped with steady- 

state water jacketing device (thermostatted at 25’C) and specially designed stirring 

system. 
As previousi> r6 all used chemicaIs (ACS certified reagent grade) needed for 

NaCl-Hz0 and titration (Mohr method) solution preparation were obtained from 

Fisher Scientific Co. Again6 duplicate titration analysis were made and agreed better 
than to 0.1%. Since none of the runs exceeded 75 h duration, no correction for the 
change of cell constant4 during any individual run was deemed to be necessary. 

Scdr2:l 123456cm 

Fig. 2. Details of diffusion cell: (1) = celI fgIass): (2) = cdl cooling water jacket with cooling water 
circuIati through constant temperature bath: (3) = drive pulley (brass); (4) = them&or jacket 
(glass) piaad inside the cell; (5) = in%5 znd outlet for water circuIated through constant temperature 
bath; (6) = plastic retaining ring; (7) = rubber sealing O-ring; (8) = glass membrane; (9) = glass 
stirrer, rotating with 60 rpm. Stirrer and drive pulley are connected with tygon tubing. 
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METHOD OF GALCULATIOK 

Folbving the calculation method of the previous work6, the diaphra~gn-cell 
integral diffusion coefficient 1-5, D, was obtained from the expression: 

DC1 cn c*-cc, 
T ( 3 c3--c 

(1) 

where: 
D= 

B= 
5= 

c,-cz = 

c3-c, = 

c3 = 

c, = 

VI = 

t; = 

v3 = 

diaphragm cell integral diffusion coefficient at constant temperature 
cell constant 
time of diffusion (set) 
initial concentration difference between the two cell compartments 
(Fig. 2) 
final concentration difference between the two cell compartments 
concentration at the end of experiment in the bottom compartment 
(Fig_ 2) 
concentration at the end of experiment in the top compartment 

(initially degassed distilled water6) 
volume of the top compartment 
volume of the bottom compartment 

volume of the porous glass membrane. 

On the other hand, to facihtate the calculation, the diaphragm-cell inte_gal diffusion 
coefficient (eqn 1) can be related to b”, the Stokes integral diffusion coefficient’*3*5*6: 

a = BO(Ck) 
{ 

- 5 [DJ(C,)3}/(l - Fj 
m 

(2) 

witll: 

c =GiC3 
m 

5 

and C; = c,+c4 

2 

FolIowing the calculation method of Stokes3v4, it was possible to estimate the cell 
Iattice constani value as j? = 0_3394_ Assuming that j3 is independent of the applied 
external magnetic field it uas then possibIe for both cases, the applied transverse 
external magnetic field and the no fieId (negIecting the effect of the existing earth 
magnetic fieId) to calculate by means of eqn (1) the diaphragm-cell inte~graf diffusion 
coefficient &s.c at 25C (corrected from the experimental arithmetic mean average 
run temperature t-C to 25’C by means of linear extrapolation formula*: 

&Yc= B., f KAT.,; where K = 0.040 
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Then, for each given concentration an arithmetic mean average diaphragm imegral 

diffusion coefficient, fil?s .= was established. Using this average diaphragm-cell 

integral diffusion coefficient, 6,, .=, it is possible for each of the given NaCI- 

concentrations to calculate from eqn (2) the corresponding Stokes integral diffusion 

coefficient, & .= _ 

RESULTS 

The results of this study are summarized in Table 1 and Fig. 3. Table I presents 

for ail given concentrations of the NaCi-Hz0 solution the arithmetic mean average 

integral diffusion coefficient &.c at no field conditions** and the corresponding 

diffusion coefficient D$ .,-, representing the diffusion under the influence of an 

externally applied magnetic field. 

Figure 3 shows a plot of the arithmetic mean average integral diffusion coeffi- 

cient, Dzs .=, at 25’C and at no field; and at field (H = 5, 8 and IO kG) conditions 
plotted against the NaCl concentration in water. 

At no field conditions (except for the presence of the existing weak earth 

magnetic field) our obtained inte,g diffusion coefficient values are compared with 

the available Stokes data4. As seen, these two sets of data compare very well indeed. 
In Fig. 3 we have also compared the NaCI-diffusion data (this work) with the available 

KCI-integral diffusion coefficient values6 at no field and at the applied field (W = 5 kG) 

conditions. In our previous work6, regarding the KCI diffusion in KCI-Hz0 solution 

under the influence of an externally applied magnetic field, we presented evidence that 
the experimental errors inherent in the titration process and in temperature fluctu- 

ations of the soIution during the electrolyte diffusion do not influence the observed 

integral diffusion coefficient changes. In this work, presenting the NaCl diffusion data 
in NaCi-Hz0 solution we found that titration and temperature measurement 

uncettaiuties introduced an error of at most +0.45% of the integral diffusion 
coefficient value. It is felt, therefore, that the experimental errors could not influence 

meaningfully the observed NaCi-integral diffusion coefficient changes in NaCl-Hz0 

solution (Table 1, Fig_ 3). As a matter of fact the presented data (Table I, Fig_ 3) 
reveal that for 0.05, 0.1, 0.2, 0.5 and 1.0 N NaCi-Hz0 solutions, the NaCI-integral 

diffusion coefticient at fixed temperature (2’ = 25°C) seems to depend directly on the 

*For the Iinear extrapolation formula: 62s.C = B., C KAT& the foIIowing nomencIature is usedz 
b2 5 WC = integral diffusion coefiicient at 25 “C, and given concentration may be taken from the titera- 
turn; b-, = integral diffusion coefficient at the arithmetic man average run temperature and given 
concentration; K = integral diffusion co&icient correction factor (K= 0.04Of0.001). This K-vaIue 
(K= 0.040~0.001) was obtained from given literature vaIues for the used NaCI-HZ0 solution 
concentration range’-lo and the experimental all-run temperature variation from 24.7 to 25.3VZ; 
AT, = run temperature difference, in “C, referring to the 25 OC isotherm. 
*Superscript “0” denotes tbe “No” applied magnetic field condition (except for the presence of the 
surrounding earth magnetic field) while superscript “W” represents the presence of an applied 
transverse external magnetic field in excess over that of the earth magnetic tieId. Subscript “25OC” 
means that these diffusion coefficients were calculated for the 25 “C isotherm. 
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Fig- 3. Arithmetic mean integral diffusion coefficient and concentration pIot at 25T temperature. 
Canpare these pIottcd data with TzbIe 1. 

applied transverse magnetic fieId strength (H= 5, 8 and IO kG) and inversely on the 

amount of electrolyte present in the solution. The results show (TabIe I, fig. 3) that 

the NaCI-integral diffusion cuefEcient has higher vaIues at low concentrations but 

appears to approach the magnetic saturation value past the 1.0 N NaCI mark of the 

soIution_ This behavior is consistent with the previously observed KCI-integral 

diffusion coefficient v&e changes (Fig. 3) at constant applied magnetic field strength 

(H = 5 kG). On the other hand the presented NaCI-integral diffusion coefficient v&es 
(Table I, Fig_ 3) indicate that additional to magnetic saturation in concentration at 

constant applied magnetic field strength, there should also be magnetic field saturation 

(diffusion coefficient vaIue becomes constant) at fixed electrolyte concentration (for 

instance refer to integral diffusion coefficient value changes for fixed 0.1 N NaCl-Hz0 

solution at H = 5,s and 10 kG). 
The exact reason or mechanism for the observed applied external magnetic 

field inff uence on the diffusion process of electrolyte solution through inert membrane 

cannot be decided with any certainty at this time. On one hand we are dealing with the 

f= eIectrolyte diffusion in soIution, but we aIso have to considee various solute- 

*It should be recalled that present results (this work and Ref. 6) indicate that au applied external 
magnetic fieeld increases the electroIyte diffusion coefficient value- Whether the diffusion codficient 
v&es wili increase for all eiectrolyte-water systems, is subject matter of further study. 



253 

solvent-membrane surface interactions3=4*1 ‘-” as welI as possible (presently 

neglected8*g) fundamental physical fluid property changes and the applied magnetic 
field possibly induced secondaq flows which may result from magneto-elec~ro- 
phoresis, dielectrophoresis, magneto-mechanical and hydrodynamical and relaxation 
aqXct.?_ 

It appears that if an idealized mechanism of the ion passage through membrane 

under the influence of an externally applied magnetic field could be established, then 
it wilI also be possible to suggest a. molecular-kinetic theoryz2 which would predict the 
diffusion coefficient changes caused by an externally applied magnetic field. In the 
absence of a plausible mechanism to describe the electrolyte diffusion through 
membrane under the influence of an applied external magnetic field, or even in the 
presence of the weak earth magnetic field, the use of the methods of thermodynamics 
of irreversible processes introduces another, perhaps even more general approach to 
the solution of this problem_ Whether tbis would be achieved by generalizing (in- 

cluding the complexities of a restricted electrolyte passage through the membrane) 
the work of Lielmezs and Musbally’ in which they introduced the Lorentz force as 
describing the interaction between the free drift velocity of an electrolyte in solntion 
and the applied magnetic field; or again, extending the work of Ene23 and Vives and 

Daoud’* in which they analyze the eIectrically conducting fluid flow through porous 
media under the influence of an external magnetic field, remains the subject matter of 
further study. Nevertheless to properly interpret the proposed theoretical consider- 
ations, much more experimental information about the electrolyte diffusion processes 
through membranes under the influence of an applied external magnetic field over 

that of the earth field is needed. 
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