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A theoretical expression for determining the effective magnetic moment of hematite(a-Fe;Os) particle
of the parasitic ferromagnetism by the proton relaxation in water is derived. In deriving the expression it
is found that the mathematical procedures are exactly the same as those applied for aqueous solutions
containing free paramagnetic ions, except that the distance between the proton spin of water molecule
and the corresponding electronic spin of the particle must be considered to be a radius vector rather than
a relative distance. And it is also found that the average effective magnetic moment of the particle
calculated by the expression is in good agreement with the experimental value determined by Hirai.

I. Introduction

It is known that hematite(a-Fe;0;) is antiferro-
magnet and it is accompanied by a weak ferroma-
gnetism above the transition temperature of -15 C,

1-3
. In

which is called “parasitic ferromagnetism”
this work an attempt is made to derive a theoreti-
cal expression for determining the average mag-
netic moment of the hematite crystalline particle
in powder form by using the well-known relaxation
theories applied to aqueous solutions with para-
magnetic ions', To derive the expression the fol-
lowing assumptions are made for simplicity :

A. A solid surface adsorption effect is disre-
garded.

B. Each hematite particle is regarded as a sphere
as the water molecule.

C. The proton spin of the water molecule and the
“corresponding unpaired electronic spin*” of the
hematite in powder form are designated *o"ir I and
S, respectively. The interaction between I and S is
a dopole-dipole interaction of unlike spins.

%) Since a single hematite crystalline particle can not simply
be regarded as a single transition metal ion with unpaired
electronic spins, an electronic spin corresponding to an ef-
fective magnetic moment of the particle is called the cor-

responding unpaired electronic spin for convenience.

D. The hematite particles are uniformly sus-
pended in water for effective contributions to the
proton relaxation designated by (1/7T;)n Except
for the particles suspended in water, the situation
is considered to be similar to the one of the aque-
ous solutions with paramagnetic ions.

E. The distance designated by r between the un-
like spins is a radius vector rather than a relative
distance, since the water molecules diffuse relative
to the fixed hematite particles which are sus-
pended in water.

II. Effective Magnetic Moment

By virtue of the assumptions A to D, the math-
ematical procedures are exactly the same as those'
treated for aqueous solutions containing paramag-
netic ions. Here the relaxation, (1/T))n is just
given by
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where 7 is the gyromagnetic ratio of the proton, .
o 18 the effective magnetic moment of the corre-
sponding electronic spin, and the J's are the
Fourier spectral intensities. It is noted that the
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superscripts of the intensities correspond to the
random functions of the positions of I relative to S
fixed.

By virtue of the assumption E, the water mole-
cules are in the random Brownian motion relative
to the fixed hematite particles. Hence the solution
of the diffusion equation, W(T, 7§ t) = (4r Dt) >
exp [— (T —15)?/4Dt], becomes the probability
that the distance connecting the two axes of the
unlike spins of I and S has certain displacements at
given time, ¢, relative to the fixed axis of the cor-
responding electronic spin, which is the only differ-
ence between the free ions and the suspended
particles. For this the Fourier spectral intensities
in Eq.[1] obtained by exactly following the math-
ematical procedures® are given by

J” = 384 N /225D,
JY =64 2N /225¢D, (2)
J? = 256 2N /225D,

where N is the number of the electronic spins per
cubic centimeter, & the minimum distant of ap-
proach between the molecule and the single par-
ticle and D, the translational diffusion coefficient
of the water which is given by kT /6xay. Here k is
the Boltzmann constant, T the absolute tempera-
ture, a the radius of the molecule and 7 the vis-
cosity of water.

Substituting the results in Eq.[2] into Eq.[1],
(1/Ti)n becomes

(1/Tn = 64n % e N/456D, (3)
Now, as shown befores, the total contribution to

the proton relaxation designated by 1/7T; is given
by

@) -G &) @

from which et is obtained as
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Here (1/Ti)w is the proton relaxation in water in
the absence of the particles. The experimental
value® of the relaxation in pure water, (1/ Ti)w, is

given by 0.27 sec ",

. Results and Discussion

To determine the effective magnetic moment of
(1/Tis, N must first of all be calculated as the
following ways : Since the edge length of the
rhombohedron unit cell of the hematite" 7 is 5.42 A
and the angle of the unit cell is 55° 17’, the volume
of the cell designated by V, is roughly given by V;
=131 X 10 Zcm’, By virtue of the assumption B,

the volume of the single hematite particle in pow-

der form designated by V, is equal to V, = 4r
d’/3. Here d is the average radius of the particle,
Since there are two corresponding Fe ions in the
unit cell, the number of the corresponding elec-
tronic spins in the single particle with the radius
designated by N; is approximately given by N, =
2( V4 / Vo). If Ni is the number of the particles with
the radius, d, in powder form per cubic centimeter,
then Nin Eq.[5] is given by N = N, N.,

The following experimental results® are used only
for the purpose of examining whether Eq.[5] is
valid : For given d = 10 microns, 1/7, = 0.18
sec” for Ny = 1.82 x 10° #'s /c.c, 1/T) — 0.14
sec”' for Ny = 274 x 10° #%s/c.c, 1/T = 0.15
sec”! for Ny = 3.65 x 10" #s/ccand 1/T, =
0.14 sec”' for N, = 4.56 x 10° #’s/c.c..

Table 1 shows the effective magnetic moments

Table 1. For respective experimental values of 1/T;,
calculated N and zeg.

N(x10%#s/cc.) 1 /Tilsec™) sett(in Bohr magneton)
11.63 0.71 0.18
17.51 0.71 0.14
23.32 0.83 0.15

29.14 0.91 0.14
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calculated along with the above given values.

From Table I, the average effective magnetic
moment in Bohr magneton is given by 0.15. Here it
must be noted that the minimum distance of ap-
proach, &, is taken to be 2.34 x 10 crn, for the
radius of the molecule is 1.74 X 10" cm and the
radius of the corresponding Fe ions 0.60 X 10~ 8cm,

Since the saturation magnetization of a-Fe:0s
obtained by Hirai® is 2.1 emu /c.c. equivalent to 0.
14 in Bohr magneton, the above calculated average
effective magnetic moment, 0.15 in Bohr mag-
neton, is in very good agreement with each other.
For this it is concluded that Eq.[5] is valid.
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