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ABSTRACT

The observed external transverse magnetic field effect on electrolyte diffu-
sion in diamagnetic alkali chlonde (LiCl, NaCl; KCl and CsCl)-water solutions,
expressed as the fractional arithmetic average integral diffusion coefficient,
D* = [((Dpy—DPN/{D) x 10%; has been correlated with structural (hydration num-
ber, viscosity and ionic himiting equivalent conductance) and microdynamical
(proton nuclear magnetic relaxation times and proton nuclear magnetic resonance
shifts) parameters expressing the configurational rearrangement modes of the sol-
vent and solute molecules forming the aqueous solution.

INTRODUCTION

Lielmezs and co-workers'> by means of modified* fritted glass dia-
phragm-cell method'” (Fig. 1) have found that an applied transverse magnetic
field of 5 kG strength, at 25°C and at the ambient pressure; influences the in-
tegral diffusion coefficient values of alkali chloride (LiCl, NaCl, KCI and
CsCI)-water solutions at various concentrations. The obtained results (including
the previously discussed?® HCI-H,;O system) in the form of the integral diffusion
coefficient and the comresponding arithmetic mear fractional diffusion coefficient;
have been summarized in Figs. 2 and 3. In all integral diffusion coefficient value
calculations it has been assumed that the applied transverse magnetic field does
not in any way alter the physico-chemical properties (density, electric conduct-
ance) of water™ and the salt used. The observed external transverse magnetic
field effect on electrolyte diffusion in alkali chloride-water solutions'*; expressed
through the fractional arithmetic average integral diffusion coefficient.

D* = [(DY—DP)/{DP] < 10? has been correlated** (Table 1, Figs. 5-10) with
a series of microscopic structural and microdynamical parameters of the alkali

*The apparatus of two parts: the Varian Associates 9-in. ciectromagnet system and the diffusion cell
assembly (Fig. 1)

**Licimezs ct al.? have shown that transversally applied magnetic field of 5 kG strength increases the
distilled water viscosity up to 0.056 % ; while Lielmezs and Aleman?® have present=d evidence that the
external magnetic field will, for instance, increase the viscosity of 0.01 N XCI-H,O solution by
0.242% at 25°C temperature and at H = 12kg streagth. Since these viscosity increases represent
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Fig. 1. Detajls of diffusion ceil- (1) cell (glass); (2) cell cooling water jacket with cooling water circulated
through constant temperature bath; (3) drive pulley (brass); (4) thermistor jacket (glass) placed inside
the cell; (5) inlet and outlet for water circulated through constant temperature bath; (6) plastic retain-
ing ring; (7) rubber sealing (O) ring; (8) fritted glass ditaphragm; (9) glass stirrer, rotating with 60 rpm.
Stirrer and drive pulley are connected with tygon tubing Note that the diffusion ccll is drawn in detail
only for the bottom part. The cell top part is symmetric to the bottom part of the diffusion cell.

chloride-water soluticn at 0.04; 0.08; 04 and 0.8 N salt concentration. These
correlations (Figs. 5-10) show that this effect characterized by the changes in the
magnetic state of the given diamagnetic state of the given diamagnetic salt-water
system; appear to be a complex measure of the involved structural bulk -rear-
rangements and microdynamic molecular processes.

DISCUSSION

General :

The presented alkali chloride-water solutions are the simplest of all aqueous
electrolyte systems since they are completely dissociated in dilute solution except
fixed background; the salt diffusion coefficient values were calculated without considering this effect.
me4m-smmm(hocmwdrwsCD’mdvvfaxa-ﬂpsﬂum
In expression for D*; superscript 0™ denotes the “no-applied™ field (except for the presence of the

carth magnetic field) condition; whilesubsaipt“ﬂ“reptwentstbemnsvusaﬂyapphedmgnencﬁdd
of H = 5kg state.
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Fig. 2. Anithmetic mean averzge integral diffusion coefficient and concentration plot at 25 °C for HCl-,
KCI-, NaCl-, CsCl-, and LiCHHH,0 solutions at the ambsent earth field (solid curve) and at the ap-
plied external transverse magnetic field (dashed curve) conditions. Data from refs. 1-5.

the CsCl- and RbCIHH,O system'® ™. If the ionic radii for alkali metal ions form
the following (decreasing size) order:

Cs*>Rb*>K*>Na*>Li* : )

then the transport properties of alkali chloride-water solution series increase with
the increasing cationic radius with the only exception for the RbCI salt which has
the largest conductance self-diffusion coefficient and cationic transport num-
ber'®!*. However, the alkali chloride ionic B-coefficients for viscosity'> ¢ fall in
the series as follows (ranging from positive to negative valu&s)

Li*>Na*>K*>Rb*>Cs* (3]

]:‘.quatnon 2 xmplm that the structural disordering effect is greater the smaller
is the charge to radius ratio®. Yet, recent solvation spectra studies" of the proton
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Fig 3. Arithmetic mean average fractional diffusion coefficient and concentration plot in semi-logarith-

mtmudimmsforHO-KCl—Naa—Cs(J—andLﬂ-Hpsolmwnsammmﬁomrcf
1-5.

magnetic resonance shifts of water protons in the presence of the alkali metal
ions (Table 1, Fig. 10) show the following ionic sequence at the mﬁmte dilution.

Cs* <Rb*<K*>Na*>Li* Q)
Equation (3) indicates the presence of maximum disorder for K*-ion (upfield
shift). Table 1 shows that D* (dimensionless measure of the magnetic field effect

on the electrolyte diffusion behavior in alkali chlonde solutions) forms the fol-
lowing series for all salt concentrations:

KCI>NaCl>CsCl = LiC1 ) @)

Comparing the sequence of the proton magnetic resonance shifts for water pro--
tons as induced by cations and anions in aqueous solution (eq. (3)) with the series
ofD'—valw(eqn@));weobsavematforbothofthesesam,pmpatyasso-
aatedwnhtbeKa—H;Osolumn,hasthehmstmagnmxde.happeamthauhe
applndmamﬁddmycmlsememeﬁ'eaonsaltdnﬂhswnbehamrm'
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Fig. 4. The D*—v*~! plot for KC1—H,O solution at the same concentration and at 25°C. D* is
defined as: B¢ = [(< D2> — < DO>)< PP >] x 100 while »* = [(+¥—v%)/y°] x 100. The diffu-
sion measurements were performed® at 5 kG while the viscosity measurements® at 12 kG strenght
of the applied magnetic field.

these alkali chloride solutions which have the maximum disorder and highest de-
gree of structural disturbance. Exactly how the applied magnetic field (or perhaps
better, the magnetic state change of the system) influences the salt diffusion pro-
cess cannot be said with any certainty at this time. However, an examination of
the presented comrelations (Figs 5-10) shown to exist between the D*-values and
the salt-water molecule parameters characterizing the agqueous solution structural
(hydration number'®; coefficient of structural change in solvent'?; ion limiting
conductance®; relative solution viscosity' ') and microdynamical (proton nuclear
magpetic reiaxation time?® > and proton nuclear magnetic ‘resonance shifis'’)
properties (Table 1) may at least yield partial understanding of the complexities
associated with the observed magnetic field effect on the diffusional processes of
alkali chloride-water solutions. ’

Structural property correlations

Figure S5 shows that fractional diffusion coefficient, D* correlates with the
hydration number of the given alkali chloride aqueous solution. The hydration
number is considered to be the effective number of water molecules attached to
the jon as it moves through the solution. The presented hydration numbers
(Table 1, Fig. 5) were obtained from activity coefficient values'. The relation
found between the D*-values and the corresponding hydration numbers (Fig. 5)
seems to follow the pattern of proton magnetic resonance shift sequence (eqn (3)).
In this context, Fig. 5 implies that the magnitude of the total binding of water
molecules to the salt molecule alone does not sufficiently describe the observed
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Fig 5. D* plot versus the hydration number. Data taken from ref. 18.

magnetic field effect on the diffusion of electrolytes in aqueous solution. In its
simplest form this is expressed by {,/{*¥, the dimensionless ratio® of the times
of residence of water molecule near to an ion and in solution surrounded only
by other water molecules. Conditions £;/{* = 1.G describe the hydrated complex
structural stability. For £,/Z*> 1.0 (such as found in LiCl— and NaCl+H.O solu-
tions), the water molecule spends more time in the vicinity of the ion than in
the neighborhood of another water molecule yielding more effective binding and
hence more stable configuration of water molecules about the ion than in pure
water. When {/{* < 1.0, the water molecule near the ion becomes more mobile
than in pure water; the effective binding decreases and the resulting configuration
of water molecules around the ion is less stable as in pure water and should be-
come more unstable with an increase in the ionic size>>¢. If the ionic size se-
quence (eqn (1)); the measure of structural disorder (eqn (3)), and the configura-
tional stability and the mobility of water molecules in the hydrated ion complex
(L/T* ratio) are considered; then the D*-hydration number relation (Fig. 5) brings
clearly out that the largest D-value should be expected for systems of maximum
structural disorder, i.e., solutions characterized by configurationally least stable
hydrated ion complexes. Indeed, the largest D* value is found for KCI-H,O sys-
tem with sequential D* decrease for NaCl-, LiCl- and CsCl-H,O solutions.
While for KCI-, NaCl- and LiCI-H,O solutions the observed D* values appear

*For alkali chlorides, Samoilov2® specifies the following values for {;/{* ratio: L, ;/{* = 348; Na~,
L/L® = 1.4; K+, [/L® = 0.65; Cs*+, [;/{* = 0.57 and Ci-, /L% = 0.63.
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to be directly associated with restraints of Equations (1) and (2) and the {;/{* ratio;
the understanding of the hydrated complex behavior for CsCI-H;O solution re-
quires additional consideration. It seems that the description of molecular motion
in the solution under the influence of an applied magnetic field should include
the particle size in such 2 way as to indicate that upon reaching a certain critical
particle diameter; the unstable hydrated ion complex of that aqueous solution
starts to become more stable. This molecular motion can be described by the
Stokes—Einstein relation:

D = kT[6man (5)

where “a” is the radius of the moving particie while 7 is the shear viscosity (in
centistokes) of the medium. Equation (5) indicates that the molecular motion may
be affected first, directly by the particle size “a™; and secondly, indirectly through
the assumption thai shear viscosity * 2" is function of the diffusing particle size;
ie., 7= n(a). If we consider the product “an”; and assume that D* represents
the molecular motion in the same way as D in eqn (5); than for systems of weak
interactions and large molecular size, the product “az” will be large (since
an = an = an(a)) yielding small D*value. For a system of small molecules with
strong interactions; the product “azn™ will again be large and the resulting D*
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Fig 6. The D*/Cplot versus the structural parameter —A(G),. Diffusion coefficient data taken from
ref. 1-S while the structural parameter —A(G), values taken from ref. 19.
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small. Indeed, both limiting solutions, CsCl—H,0 and LiCl —H,0, follow this rela-
tion between the solution structure (strength of interactions) and the molecular
size and show small D*-values (Fig. 5, Table 1). On the other hand, Fig. 6 gives
D*-value plot against —A{G),; where —A {G),; represents a parameter introduced
by Ben Naim' to measure the structural changes in the solvent induced by the
dissolution of solute (compare with structure breaker—structure promotor con-
cept®%) in aqueous solutions. If we accept the correctness* of the given —A{G),-
values (Table 1); then the relation between D* and —A (G), (Fig. 6) reaffirms the
previously made observation that the largest applied magnetic field effect on the
diffuasional behavior of electrolytes, should be found for the least stable hydrated
complex configurations. The appearance of negative A {G), values' (Table 1) in-
dicates that the addition of salt to the aqueous solution has destabilizing (the
more negative A{G);; the less stable the water structure) effect on the structure
of water. How the applied magnetic field influences the stability of water struc-
ture and how this influence changes the diffusional process of salts in aqueous
solution, is a topic which clearly deserves further study. Figure 7 shows corre-
lation between the measure of the magnetic field effect on the diffusion of the
salts in solution, the D*-values and the natural logarithm of the product of li-
miting equivalent conductance of cations® and the relative viscosity (Table 1) of
solution'-'® when this product is divided by the concentration of the electrolytes.
It is seen (Fig. 7) that the observed magnetic field effect on diffusion of electro-
lytes (D*-values) tends to fall into two distinct groups: the positive high D*-va-
lues associate with the KCl and NaCl salts; while the negative low D*-values are
found for LiCl and CsCI-H;O solutions. The product A7, represents the ion
mobility and electrolyte viscosity effect on the medium in which ions move when
referred to the given electrolyte concentration. This A; 77-product represents two
separate changes: the limiting equivalent conductance AJ-values increase® fol-
lowing the ion sequence Cs*>K*>Na*>Li*, while the reduced solution vis-
cosity increases' !¢ in concentration for LiCl- and NaCl-H,O solutions but dec-
reases' !¢ for KCI- and CsCl—HZO solutions (Table 1). Relative viscosity, 7, is
defined as:

1, = Teotosicn 6

Nu.o

Expansion of eqn (6) in concentration yields the modified Jones-Dole equa-
uonﬂ !6

n, = Teoletios _ 5 4 4ct 4 Bet De? M
M0 '

*Ben Naim!? derived the presented A (G); values (Table 1) neglecting the salt dissociation effects. If
mﬂtwmmmmmsmmfw&mmmnmmm
CsCl- and RbCl- salts dissociate in water. ,
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where A4 is a constant depending on the long range Coulombic forces; B is a com-
plex measure of structural solvation and hydrodynamical (size, shape) effects, and
may include higher terms of the long range Coulombic forces; while D is again
a mixed parameter, describing solute-sohite and solute-solvent interactions with
concentration; and representing higher terms of the hydrodynamic effect and the
“long range Coulombic forces. It is possible™ to express the relative contributions
of parameters A, B and D at 25 °C temperature by means of fractional parameters,
a, b and d, defined as:
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Eg.7.1bb’l€pldmthchbl°ak)thcditﬁxsbnmdfti:mm&omrdi 1-5; while the
jon fimiting equivalent conductance /A, data from ref. 20 and the relative viscosity 7, values from
ref. i5. .

*Values taken from ref. 1S.
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The calculated fractional parameters a, b and d are:

LiCI: a=—199; = —0.97; d = +091
NaCl: a = —12.3; b= 0.17; d= +091
KClI: a= —14; b = +0.60; d= +0.383 ®
CsCl: a= -—920; = —1.04; d= +0.80

It is of interest to note (eqn (9)) that parameter A (may be estimated from ionic
equivalent conductivities") is of the same order of magnitude as parameter D at
25 °C temperature. Indeed for KCI-H;O solution, 4-value exceeds that of D-va-
lue. On the other hand, B-values are larger than A-values; however, again for
KCI-H,O solution this observed difference between the 4 and B-values, is the
smallest. Finally, B-value contributions exceed those of D-value for all alkali chlo-
ride-water solutions. If we consider the n—c behavior (eqn (7)); then the 4-term
(long range Coulombic forces) predominates at very low salt concentrations (up
to 0.002 M); while other interaction mechanisms (chiefly B-term) are found to
predominate up to 0.1 M salt concentration in water. For higher concentrations
there appears' at least one extra term in & (coefficient D). In view of this, it
seems that the largest long range Coulombic contribution is found for the
KCI-H;O solution (eqns (7) and (9)). Indeed it appears that the results of Fig. 7
indicate that the largest measure of the applied magnetic field effect on the alkali
chloride diffusion behavior should be expected in these aqueous solutions which
possess the strongest available (over other interaction mechanisms) long range
Coulombic forces to interact with the externally applied magnetic field. As a mat-
ter of fact, the largest D*-values occur (Table 1, Figs. 5-7) at very low concen-
trations for KCl- and NaCl-H,;O solutions.

Microdynamic structural correlations

Table 1, Figs. 8 and 9 indicate that the observed measure of the magnetic
field effect on the diffusional behavior of salts (D*-values) may be related to the
microdynamical relaxation processes occurring in the hydrated complex of the ion
in the aqueous solution. In tum, the relaxation processes of the diamagnetic al-
kali chloride-water solution are expressed through the reorientational and trans-
lational correlation times (7. and 7) of the water molecules of this solution. As-
suming the validity of the theory of Brownian motion in the diagnetic salt—-water
solutions, it is possible?® to obtain the well known proportionalities between the
total proton relaxation time 75! (for alkali chloride—water solutions the longitudi-
nal relaxation time 7' is approximately the same? > as the transverse relaxation
time, 73"), the self-diffusion coefficient of water molecule in solution, D, and the
shear viscosity, 7, as*:

T 'cD ey o - (10)
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Fig 8. The D* =D — (DF)/(UDP)] x 100 plot against the reorientational correlation lime ratio,
T2 /7. The reorientalional comrelation time, 1< and 12 values taken from ref. 23.
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Fig 9. The 5* =[(DE) — PN ‘% 100 plot against the translational comrelation time ratio,
13/19. The translational correlation time, ¥ and 12, values have been taken from ref. 23.
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The experimental total proton spin-lattice relaxation time T;! can be separated
into two independent contributions:

(T7 Dap = (T1 Dtatea H(TT Diter an

where: exp experimental
~intra = intramolecular
inter = intermolecular
The intramolecular relaxation rate, (77 )., is due to the magnetic dipole—dipole
interaction of two protons within the same rotating wnolecule and following
Hertz?*®, can be written as:

2 v K2 { T, 4 }
== I+1 < + < 12
(T,)..m r® (+1) 1+’ 1+t (12
where:

= nuclear gyromagnetic ratio

‘nuclear spin (equal protons, I=1%)

intramolecular distance between the two interacting proions in the molecule. It
is constant throughout the solution.

k2w, Planck’s constant/2n.

= nuclear magnetic resonance frequency

7. = rotational (= reorientational) correlation time of the water molecule in the
hydrated complex (hydration sphere) around the ion.

~
I

‘
f

"

h
7]

The high fluidity liquids (water, aqueous solutions) may be characterized by the
so-called “extreme narrowing™; that is product «/t?<<1. Subject to this limiting
constraint (letting «/t2 —0), Equation (12) for the diamagnetic alkali chloride-wa-
ter solution can be rewritten as?5:

1 +
(Tl iotra {(lﬁx s ) }T)lmn-!-x Tl /mtn ( mln}

_3n L B

> [(A—x*—x)ro+x¥ e +x7 7] - (13)
r°

+_+ -
with:x"':-‘-’-—""—c-; x~ =21

555 55.5

*Relation (10) is subject to the validity of Bloembergen—Purcell-Pound? derivation of muclear spin
relaxation in liquids; the Stokes relation between viscosity v and the rotational (reorientational) corre-
Mmemummmwmmemwa&ﬁmm
coefficient
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The following notation has been used:

(—-l—-) = intramolecular relaxation rate of the free water,
T3 Jimrs

(-l- = intramolecular relaxation rates in the hydration spheres of the cation and

.
Tf intra
anion, respectively.

72 = correlation time of the reorientational motion of the water molecule in the free
water,

correlational time of the reorientational motion of the water molecule in the
cationic and anionic hydration spheres, respectively,

x* = mole fractions

¥* = stoidriometric number (cationic, aniopic) of the electrolyte

ny = hydration numbers of the cation and anion

¢ = concentration in moles per kg H,O.

)
H
i

While it appears that within its feasibility range?? («?12—+0), Equation (13) is
an artifact referring to a set of uniformly distributed non-overiapping hydration
spheres; yet the correlation times 72, ¥ serve as measures of structure breaking
and structure promoting processes in aqueous salt solutions®?, Indeed in view
of eqns (7), (10)«(13), Hertz?*Z has expressed as a first approximation the ratio
of reorientational correlation times tZ to the reorientational correlational time in
pure water, 12, in terms of ionic coefficients B*(B = v*B* +v—B") as:

tf 555 % v
TTIER a9

relating the reorientational correlation times in the hydration spheres to the mea-
sured initial slopes of the relaxation rates™. This ratio, when referred to the
unity (pure water) classifies the structural properties of the aqueous solution as:

=z10 | - (15
Taking ratio 7=/72>1.0 (slower reorientational motion than in the pure water) we
speak of the structure forming of the solution; but when the ratio g2°/12 < 1.0 (fas-
ter reorientational motion), we have structure breaking process of the aqueous so-
lution. Hertz2 showed that for an ion with a charge Ze, the ratio, 7¥/%2, may
be expressed as a first approximation to be:

& p 1 Zle . Z7

:o-= 14a" — = +c r ‘ ‘ (16)
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where a’, b* and ¢’ are constants; r is the ionic radius; while term E = Ze/F is
the electric field appearing at the periphery of the ion. From eqn (16), Hertz®
identified the jonic coefficient B~ as:
2.2

B'Y = k[a'r?—b' e|Z] +c! ?-41 an
Equations (14), (15) and (17) show that the ratio 7=/ is a measure of the ionic
charge (and the associated Coulombic force interactions) taken as a function of
the ionic radius. This further indicates that the shape and the charge distribution
of the ion are related to the ability of the ion to change the water structure to
a configuration of molecules with faster or slower motions. Assuming that in
KCI-H,0 solution B(K*)= B(Cl17) is the proper way of separating the B™-coef-
ficient in its ionic contributions, B’* and B’~, such that B’ v*B'* +v B'~;
Hertz” has given for alkali chloride-water solutions a set of B"=-coefficients:

Li*:B'* =0.14; Na*:B* =006; K" :B* = —0.0I; .

Cl:B'* = —005; CI":B~ = —0.01 ’ (18)

Comparing data (Table 1, Equations (17) and (18)), KCI-H,O solution displays the
following microdynamical parameter behavior at 25°C: B =B“"; 17 =~1_; S0
that B'<0 and /12 1.0. These limiting conditions indicate* that ionic mi-
crodynamical parameters of KCI-H,;O solution are almost identical (at 25 °C tem-
perature) with the comresponding quantities in pure water, i.e., it may be thought
that the microdynamical behavior of the water molecules in the hydration sphere
of K* and Cl1- ions is alike to that of pure water. Comparing this KCI-H;O so-
Iution behavior with the values of the solution structural stability factor, —2 (G),;
we reczll that KCI-HH,O solution in terms of the listed —2{G), value (Table 1,
Fig. 6) represents the least stable hydrated sphere configuration; that is, the KCl~
salt apparently has a very intense destabilizing effect on the structure of water
in aqueous solution. Indeed, it appears that the KCI-H,O solution possessing al-
most the same (at 25 °C) correlztion times (z2/12 = 1.0; with B’=0) as pure wa-
ter; should also possess the most unstable molecular configuration of the hydra-
tion sphere in the alkali chloride-water solution series. This is brought out by
Fig. 8 which presents the D™-value relation with the reorientational correlation
time ratio, 73/72; once again showing that the hlghest"”’ D*-value is found for

*This observed nuclear magnetic resonance relaxation behavior has been described?'-25 by idealized
models involving fixed hydration number values and well defined correlation times of the aqueous
solution.

**That the applied magnetic field may increase the eletrolyte diffusion coefficient value is indirectly
indicated by the calculated reduced solution viscosities, 157 of KCI-H,0 solution (Table 1, ref. 8, 9
ob:mnedaﬂ-leGmhaMumeZSﬁmmdwedmlumnmwmthcawlndmag
netic field H is defined as vl = v® solution/vi{,0: where v* = [(W —v9/+°)x 107 and v is given in cen-
m&m#mumqu(mammmm
mﬁddhmsetwtbqﬂndmwﬁddbsmtbm&mdwdmv“
even if the absolute values of the solution viscosity and of the pure water had been increased.
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- the configurationally least stable KCI-HO solution. On the- other hand, the in-
termolecular relaxation time, (7 ')a... (eqn (11)) contribution is thought to be due
to the magnetic dipole—dipole interaction between protons on different water
molecules diffusing translationally relative to one another in the liquid. Hertz?%
gives the following simplified relation for the mtennolecular relaxation rate in dia-

magnehc aqueous solutions:

( C,‘t.—(" /1 2 a3
T} inter (3 15 Dl
81:7, Y2R2S(S+1)C, 1™ ( 2 RZ )
_.+.._
3R2 3 15D,

(19)

4 3THE RS (S'+l)c'tf"’(1 + 2 _Re )
3RE 15 Dy 7",

T = average translational jumping time of the proton, concentration dependent

T = average translationa! jumping time of the ion in the solution, concentration
dependent

T = §(EP+ )

D, = self diffusion coefficient of the ion, concentration dependent

D, =3(D.+Dy

R,, = distance of closest approach between the water proton and the ion nucleus.
For further ncmenclature, see ref. 23.

If 77 and 77 are the mean translational jumping times in the ionic hydration
sphere and the free water, respectively, and {); is the mean square displacement
for one transiational jump in the ionic hydration sphere; then we may write the
following relations between the self-diffusion coefficient and the translational
correlation times?2:

- 4

. (20)
6 Dy
and:
w_
° 55.
' oy
° (dC 0

( dC/c—o (dc 0 ( dC/c—0 , (21)
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Similarly?'"® to reorientational correlation time ratios (eqn 1) we may write for the
mean translaiional correlation times that: '

-z.*z
0210 7 22)

T
Equation (21) indicates that we have ions for whiich their translational correlation
times are either shorter, longer or equal to those of pure water. Similarly to the
behavior of the reorientational motion (eqn (15)); egn (21) indicates that the aque-
ous solution structures depending on the added salt may be classified as structure
breakers for which /17 <1.0; or again, as structure promotors, tX/7°>1.0. This
correlation time similarity (eqns 15 and 21) in dynamic microstructural behavior
is brought out by Fig. 9 representing the D*-value zX/7° ratio plot. Similar to
Fig. 8, Fig. 9 shows that the largest magnetic field effect on the electrolyte dif-
fusion in solution is found for the KCI-H,O solution. Both, the reorientational
and the translational correlation times correlate with D*-values in the same man-
ner. This should not be regarded as a surprise since both of these modes of mi-
crostructural molecular motion are formally equivalent??°; and seem to show the
same type of configurational instability of the hydrated complex (Figs. 5-7); eqns
(3), (8) and (9). The results of solvation spectra analysis'’ by means of the absolute
proton magnetic resonance shifts for water protons in alkali chloride-water solu-
tions support the contention that the structural instabilities of the hydrated com-
plex may be largely responsible for the observed magnetic field effect on the elec-
trolyte diffusion in alkali chloride aqueous solutions (D*-values, Table 1). Fi-
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The plotied NMR-molal salt shift data have been taken from ref 17. . =
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gure lOmdmtsthnsbyprmenhngamlahonbetweentheD -values and the mo-
Ia1 salt shifts of alkali chlorides in water. The largest D*-value occurs at the max-
imum disorder (upfield shift'’, compare with eqn (3)) for the KCI-H;O solution.
Figure 10 shows that in terms of molal salt shifts the D®-values increase from
CsClL-, LiCl-, NaCl- to KCI-H,O solution. The microdynamical structural corre-
Iations (Figs. 8-10; eqns (11)21)) seem to confirm the interpretation of the pre-
sented structural property correlations (Figs. 5-7); eqns (3), (7)-9) that the largest
applied magnetic field effect on the salt diffusion in alkali chloride-water solu-
tions should be expected for these solutions which have configurationally the
least stable hydrated complexes (hydration spheres) and which appear to be as-
sociated with the strongest available residual (in relation to other interaction me-
chanisms) Coulombic force interactions. Indeed, it does not appear that the ob-
served D*-value changes will follow alone the pattern of somewhat strictly di-
viding the ionic solutions with reference to the pure water as structure breakers
and structure formers®.
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