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The phenomenon of surface magnetism was investigated on natural faces of hematite. A theory of this 
phenomenon is constructed by calculating the energy of the surface anisotropy for faces of the type (100) 
and (III); it is shown that the surface-anisotopy energy has two values on each face, depending on the 
types of the FeH ions situated in the surface layer; the behavior of the surface magnetic layer in an external 
field is calculated. The vanishing of the Morin point (T M) in small hematite particles is explained. During 
the course of the experiments, effects of the erasure of the surface magnetism by a magnetic field were 
observed, but no complete destruction of the magnetism was obtained up to H = 17 kOe. It is concluded on 
the basis of the experimental data that the antiferromagnetism vector emerges from the basal plane on the 
surface of the basal and nonbasal faces of the hematite at T> T M' Destruction of the surface magnetism 
was observed when the hematite single crystals were treated with acids. 

PACS numbers: 73.20.-r, 75.30.Gw 

1. INTRODUCTION 

The influence of the surface on magnetic phenomena 
in crystals was investigated from a variety of pOints of 
view. Mention can be made, for examille of effects of 
surface anisotropy in ferromagnets, [lJ the role of pin
ning of surface spins in the excitation of standing spin 
waves by a homogeneous magnetic field, [2J the possibil
ity of the onset of an uncompensated magnetic moment on 
the surface of a helicoidal antiferromagnet, [3J the singu
lar thermodynamic behavior of surface magnetism which 
follows from the theory of second-order phase transi
tions, [4J the change of the band structure of a metal in 
the near-surface zone, [5J the appearance of "dead" non
magnetic layers on the surface of a ferromagnet, [6J the 
appearance of surface spin-wave modes in ferromag
nets, [7J the possible spin-wave contribution to the tran
sition from ortho to para hydrogen on the surface of a 
magnet, [8J the oscillatory dependence of the rate of the 
carbonylation of nickel on the magnetic field on the sur
face of Ni Single crystals, [9J and others. 

In this article we consider one of the aspects of this 
general problem, namely the formation of a macroscopic 
magnetic transition layer as a result of the change in the 
symmetry of the surroundings of surface magnetic ions. 
This phenomenon was observed earlier[lo J by measuring 
the surface magnetic properties of nonbasal faces of 
hematite crystals by a magneto-optical method. Since 
the light at the employed wavelengths penetrated less 
than 0.1 /.l into the hematite, the magneto-optical method 
could be used to measure the magnetic characteristics 
of not the entire sample, but only of a thin surface layer. 
It turned out that the character of the magnetic state of 
the crystal in the volume and on the surface differ quali
tatively. Thus, for example, although hematite is a crys
tal with an easy anisotropy plane, the surface magnetic 
layer is similar to an orthoferrite. Namely, the equa
torial effect when the field is oriented along the line of 
intersection of the (111) and (100) plane is maximal and 
decreases to zero when the field is rotated to the direc
tion [011) perpendicular to the indicated line in the (100) 
plane, although the magnetization component in this 
direction is 0.53ms in the volume of the crystal. The 
component normal to the (100) plane is in this case 
0.84ms ' whereas experiment has shown the absence of a 
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polar effect up to a field H = 8000 Oe. The observed 
onset of a surface magnetic layer can be attributed to 
the lowering of the symmetry of the surroundings of the 
magnetic ions on the surface and to the appearance of 
additional terms in the expression for the energy of the 
magnetodipole interaction and the Dzyaloshinskii' inter
action of the surface Fe3 < ions. 

As shown by Artman and co-workers, [llJ the energy 
of the magnetic crystallographic anisotropy of hematite 
is due to two main types of interaction-energy of one
ion anisotropy and energy of the magnetodipole interac
tion of the magnetic Fe 3 < ions. The contributions of these 
two types of interaction are opposite in sign and almost 
equal in magnitude, and therefore the resultant interac
tion at room temperature turns out to be smaller by two 
orders of magnitude than the main contributions. The 
condition that the interactions be apprOXimately equal is 
violated near the surface of the crystaL It can be as
sumed, for simplicity, that the energy of the one-ion 
anisotropy of the magnetic Fe3+ ions, which is determined 
by the oxygen environment, changes little on the surface 
in comparison with the volume of the crystaL At the 
same time, the energy of the magnetodipole interaction 
of the surface ions should change significantly. The mag
nitude of this change is different for different types of 
crystal faces. Inasmuch as two large quantities of oppo
site sign become unbalanced on the surface, the aniso
tropy energy per surface Fe3+ ion should exceed the 
anisotropy energy per volume ion by two orders of mag
nitude. So large an additional surface anisotropy energy 
is sufficient to produce a macroscopic magnetic transi
tion layer, in which the atomic magnetic moments are 
gradually rotated from one orientation to the other. The 
crystal is clothed by a unique magnetic "jacket" similar 
to a domain wall, but in this case the transition layer 
separates not two domains, but the crystal itself from 
its environment. The width of the produced magnetic 
layer can reach, according to the calculations, several 
microns. The produced surface layer is of fully macro
scopic dimensions; its magnetic properties, which differ 
from the bulk properties, we shall call surface magne
tism. The present article is devoted to an investigation 
of the surface magnetism produced on natural faces of 
hematite. 
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2. THEORY OFSURFACE MAGNETISM OF HEMATITE 

A. The case H = O. 

The symmetry of the surface anisotropy energy (J , 
which is made up of the magnetodipole energies of th~ 
surface Fe3+ ions, is determined by the type of crystal 
face. For example, on the (111) face this energy should 
be isotropic with respect to rotation about the crystal 
axis. and on the (100) face (Ja should be invariant to re
flection in a plane perpendicular to (100) and passing 
through [011] (Fig. 1). This is due to the fact that on the 
(100) face each Fe3+ ion is surrounded by other magnetic 
Fe3+ ions symmetrically relative to the indicated plane. 
The hematite surface anisotropy energy (Ja was calcula
ted for faces of the type (100) and (111). The lattice of 
the magnetic Fe 3+ ions of Irematite can be represented 
as consisting of two primitive cubic sublattices imbedded 
one in the other in such a way that they form an almost
body-centered lattice. The unit cube is slightly elongated 
along one of the body diagonals (Fig. 2), and the Fe3+ ion, 
which is located inside the cube, is shifted along the 
same diagonal from the center by 8% of the length of 
the diagonal of this unit cube. The neighboring magnetic 
Fe 3+ ions in each of the indicated sublattices have oppo
sitely directed spins. It is important that the surface 
magnetodipole energy depends on the type of ion, 1 (3) 
or 2 (4), with which the face of the crystal terminates 
(see Figs. 2 and 3). This energy on the (100) face was 
calculated with allowance for the interaction of the Fe3+ 

ions in a cube with side 4a (Fig. 2) surrounding each 
given Fe3+ ion, and was calculated for the (111) face with 
allowance·for the Fe3 + ions situated in a cylinder of 
radius 2.7a and height 5.3a. The magnetodipole energy 
converges rapidly with increasing number of ions in
cluded in the calculation, owing to the high symmetry of 
the lattice of the Fe3 + ions, and also because the neigh
boring magnetic ions in the elementary cubic sublattices 
of these ions have opposite spin directions. We present 
below expressions for the energy densities of the sur
face anisotropy (in erg/cm2) in the indicated approxima
tion: 

0.',10.,=-0.1 sin' 8 cos' ",+0.1 sin' 8 sin' '1'-0.01 cos' 8-0.25 sin 8 cos 8 sin (jI. 

0,:,00,=0.24 sin' 8 cos' (jI-0.03 sin' 8 sin' (jI-0.21 cos' 8+0.04 sin 8 cos 8 sin (jI, 

0,.'"., =0.24 cos' 8, 0., ~ 11, = -0.24 cos' 8. (1) 

For comparison we present the energy densities with 
allowance for the interaction with the nearest neighbors: 

0~"",=-0.14 sin' 8 cos' <p+0.13 sin' 8 sin' <p+0.02 cos' 8-0.18 sin 8 cos 8 sin <p, 

• 
0.,~ •• ,=0.26 sin'8 cos' <p+0.02 sin' 8 sin' <p-0.24 cos' 8+0.18 sin 6 cos 8 sin <p, 

0'.~u1)=O.04 cos2 8, O'a~u1)=-O.2 cos2 8, 

o and cp are the spherical angles of the vector L (Fig. 1). 
As a control, we calculated also the magnetodipole en
ergy of the crystal hematite in the volume. It turned out 
to equal 0.89 x 107 cos2 0 erg/cm3• The corresponding 
value obtained in [11] is equal to 0.92 x 107 cos2 0 erg/cm3• 

The equilibrium angles 0 0 and cpo of the vector Lon 
the surface face, in the absence of an external magnetic 
field, are determined by the competition of the surface 
anisotropy energy and the energy of the transition mag
netic layer, which is characterized, if anisotropy in the 
basal plane is neglected, by the change of the angle 0, 
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FIG. I. Schematic representation of the nonbasal face (100) of 
hematite and intersection with the basal (III) plane; the employed 
rectangular coordinate system is shown on the right. 

FIG. 2. Distorted elementary cube of the Fe3+ ions of hematite. u
displacement of the Fe3+ ion from the center of the cube. Figures 2a and 
2b show t",o cases of the termination of the (100) faces, with different 
types of the Fe3+ ions in the surface layer. The lattice parameters were 
taken or calculated from the data of ['2]. 

FIG. 3. Schematic representation of the unit cell 
of hematite in the rhombohedral setting. 

from the equilibrium value (J 0 on the surface to the 
equilibrium value in the volume. The thermodynamic 
potential of hematite [13], with allowance for the terms 
that are principal in this case and are determined by the 
inhomogeneity of the distribution of the vector L and by 
the crystallographic anisotropy energy, is given by the 
expression 

W~~[(~)2+ (~)'] +~(!!:::....)'+~l.', (2) 
2 ax dy 2 iiz 2 

where O! = x, y, z; Al and A2 are the exchange param
eters; a is the uniaxial anisotropy constant; 
1 = (11 - 12)/210 is the reduced antiferromagnetism vector 
(1111 = 1121 = 10 are the magnetizations of the hematite 
sublattices in the two-sublattice model). For an arbi
trary crystal face, expression (2) can be represented in 
the form 

(3) 

where the parameter A is expressed in terms of Al and 
Az and the angle of inclination of the face to the z axis; 
s is the distance from the start of the face into the inter
ior of the crystal. Then the energy of the surface tran
sition layer per unit face area is 
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1 { (dO ' . 
1. =2 S A as) +acos'O }ds. (4) 

o 

Depending on the temperature, the hematite can be in 
different magnetic states, namely at OaK < T < TM 
< 2600 K the spins of the magnetic Fe3 + ions are directed 
along the crystal axis (a < 0), and at TM < T < TN 
r.:::: 950 0 K the spins are perpendicular to this axis (a > 0). 
The boundary conditions of the problem of calculating 
the transition layer take in these two cases the forms 

e\,~o=oo, O.~~=O at O<T<Tu , (5) 

o\,~o=eo, O\. __ =nI2 at T.,,<T<TN , (6) 

where eo is arbitrary. The form of the function e(s), 
which minimizes the energy Y9 (4) is determined by the 
solution of the corresponding Euler equation. For the 
case (5) we have 

where 

O-th (s+s •• ) _ cos Oo+th(sI6.,) cos - -- - ~--=-..,...:,....:,:;.::... 
6.. 1 +cos eo th (s/6 00 ) , 

1.="(ao(1-cos eo), 

e. 
seo=-6eo ln thT' _ ( A)'" 6.- -, lal ,,(.,=(laIA),". 

For the case (6) we have 

where 

. (S+S") sin e.+th(sI6.,) 
smO=th -- =~--=-.,.;..,......:::~ 

6.. 1 +sin O. th (sI6.,) , 
"(.=1.0(1-sin tlo), 

( n 00 ) s,.,=6,,,lnth -+- , 
4 2 

A ),j. 
6e,=( -;-

(7) 

(8) 

Let us find the effective thickness 0 of the transition 
layer. which we define in terms of the derivative ds/de 
at 8 = 8 0 and the interval of variation of the angle e, 
which is equal, say for the case (8), to ('IT/2 - eo). We 
then have 

(9) 

For the two limiting cases 8 0 « 1 and IT/2 - 8 0 « 1 we 
obtain approximately the following expressions: 

2) 00""[1+ II.('/,:t-Oo)']6,, at I/,rr-Oo«1. (9b) 

Let us estimate Oe o and Yeo' For hematite, the exchange 
constant is B ~ 104 cgs emu, and the anisotropy constant 
is a ~ 4 x 105 erg/cm3 ; [14J A ~ BI~c2, where 10 ~ 920 G 
is the magnetization of each of the sublattices, calcula
ted with allowance for the fact that each Fe3 + ion has a 
magnetic moment 5f.LB (f.LB is the Bohr magneton), 
c ~ 1.9 A is the distance between the layers of the Fe3+ 

ions. Then A ~ 0.3 X 10-5 erg/cm and 

6"",,2.7· 10-' cm, "(,,901.1 erg/cm2• (10) 

We have neglected in (10) the possible anisotropy of the 
parameter A. The presented estimates of the width and 
of the energy of the transition layer are valid for tem
peratures that are far enough from the temperature T 
at which a vanishes. M 

To determine the equilibrium magnetic structure 
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near the crystal face it is necessary to find the minimum 
of the sum of the energy of the surface anisotropy C1a 
and the energy of the transition layer Ye as a function of 
the variables eo and cpo- Since we have neglected the con
tribution made to the thermodynamic potential (2) by the 
anisotropic terms in the basal plane it follows that cpo 
is determined by the minimum of ua = ua(cpo). The table 
lists the equilibrium values of 9 0 and cpo for the faces 
(100) and (111) and two types of face termination, ob
tained by solving the equations a(ua + 'Ye)/a9 0 = 0 and 
aC1a /acpo = O. 

For C1a we used expression (1), and for 'Ye expressions 
(7) and (8). It is seen from the table that generally 
speaking a weak ferromagnetic moment should exist on 
the (100) faces below the Morin point (TM) for both types 
of face termination; in the case of termination 1, the 
theoretically predicted magnetic moment on the surface 
is of the order of 30% of the magnetic moment at 
TM < T < TN' At T > TM, for a termination of the face 
(100) of type 1, the magnetization on this face, in the ab
sence of a magnetic field, is directed along the y axis 
(see Fig. 1), and in the case of termination of type 2 the 
magnetization is parallel to the x axis, and in this case 
there is no normal component of IDS on the (100) face. 
On the face (111), the magnetodipole surface energy is 
insufficient to change the magnetic symmetry of the sur
face layer in comparison with the volume. However, the 
surface anisotropy can playa significant role in thin 
hematite plates, comparable in thickness with the tran
sition layer (9), Le .. ~300 A. Then for samples with 
type of termination 1 there will be no Morin point on the 
(111) face. and at 0 < T < T these samples will be in a 
weak ferromagnetic state, w~ile the samples with type of 
termination 2 will be antiferromagnetic in this tempera
ture interval. Yamamoto [15J has shown that in small 
hematite particles the Morin point decreases with de
creaSing particle dimensions. In particular, he has shown 
that. starting with a certain critical dimension of the 
particles, which amounted from 200 to 600 A for various 
groups of samples, the Morin temperature drops prac
tically to OaK. The critical dimension of the particles in 
his paper is in good agreement with our estimate 
(~300 A). 

In bulky samples. the surface anisotropy can lead to 
a shift of the Morin point in the surface layer, owing to 
the decrease of 'Y 90 in (7) and (8). Indeed, in the region 
of the Morin pOint the uniaxial anisotropy constant de
pends approximately linearly on T [llJ : 

(11) 

where a' (TM) = (aa /aT)T -T ~ 0.06' 105 erg/cm3deg. [14J 
- M 

If we substitute (11) in formulas (7) and (8) for Ye and 
then determine the equilibrium value of eo on the ~urface 
of the (111) face, then we find that the Morin point shifts 
by ~lOoK. 

It should be noted, however, that experimental obser
vation of the surface magnetic layer at T < TM on bulky 
samples of hematite is difficult if the usual switching 
magneto-optical procedure is used, based on reversing 
the magnetization of the sample. This is due to the fact 
that the surface magnetic layer cannot reverse the mag
netization of the entire volume of the sample (or rotate 
all the spins in the volume through 180") if the sample 
is in the antiferromagnetic state. 
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Equilibrium values of the spherical angles (J 0 and 'Po of the vector 
L on the surfaces of the faces ( 100) and ( III) of hematite 
crystals above and below the Morin point, calculated by 
minimizing the sum of the surface-anisotropy energy Ua 

and the energy of the magnetic transition layer in 
the absence of a magnetic field, for two types of face termination 

Te __ ture \ Crystal I Typo of I f . !ermina-
. ace ' ti '1'0· eo 

on 

(100) 1 IIi,,, ('M,) 

I 
0.19 (,,-0.19) 

T<250K 2 'i,,,('/,,,) 0.03 (,,-0.03) 

(Hi) 1 

I 
-

I 
0 

2 - 0 

(100) 1 I 0 (,,) 1 '/,,, 
250K<1<950K 2, Si2rt (1/2n) 1/,,,-0.04 ('/,,,+0.04) 

(111) 1 

I 
- I 110" 

2 - '/,,, 
I 

B. The case H =1= O. 

We consider the behavior of a surface magnetic layer 
in an external field in the case of greatest interest to 
us that of the (100) face at TM < T < TN' We shall not 
take into account the deviation of the angle (J from 1T/2, 
since it has been shown that the value of (1T/2 - (J 0) on the 
(100) face is small (see the table). We shall henceforth 
also show that the cp -width of the transition layer is 
much smaller than the (J-width of the transition layer in 
a magnetic field up to values such that the cp transition 
layer vanishes completely. The thermodynamic potential 
of the crystal in the magnetic field, which depends on the 
angle cp, can be expressed as follows: 

HDH, . Ht" 
III =--sin(I\1-cp) +-cos'(Ij;-cp) , 

B 2B 
(12) 

where Ht is the projection of the field on the basal plane 
of the crystal, and l/I is the angle between Ht and the 
x axis (Fig. 1). The first term in (12) determines the 
energy of the spontaneous magnetic moment m s ' [16J and 
the second determines the energy of the moment induced 
in an external magnetic field. We do not take into ac
count in (12) the contribution from the exchange invariant 
of fourth order (12) D(l· m)2. [16J As seen from the 
structure of this invariant, its order of magnitude is 
given by the expression Yan(lm)2 ~ Yan(X IIHII)2, where 
D ~ 3.3 x lOS cgs emu, XII ~ 5.0 X 10-6 cgs emu is the 
longitudinal antiferromagnetic susceptibility, [14J and 
HII ~ 104 Oe is the external-field component parallel to 
1. Then (1/2)D(1' m)2 ~ 0.5 x 103 erg/cms, whereas 
HD Ht /B ~ Ht/2B ~ 10· erg/cm3 • Actually the magnitude 
of the fourth-order exchange term will be smaller, since 
1 is rotated perpendicular to lit in the surface layer in a 
field ~20 kOe (see Fig. 4), ana therefore HII does not 
reach the value 104 Oe. Thus, neglect of the indicated 
terms is justified. 

Taking into account the inhomogeneity of the magnetic 
structure, we rewrite (12) in analogy with (3): 

A ( dCP)' HDH, H,', III =- - +--sin(I\1-cp)+-cos (I\1-CP) 
2 ds B 2B 

(13) 

The function cp(Ht, s) is determined by solving the Euler 
equation for the integral 

~ A dcp , H H H' 
1.=S {-(- )+-D-'sin(I\1-cp)+-' cos'(I\1-CP)}dS. (14) 

2 ds B 2B 
o 
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FIG. 4. Dependence of the equilibrium value of 'Po (Ht) at Ht II y on 
the surface of the (100) face with termination of type 2 (curve I), and 
plot of the projection of the magnetic moment cos 'Po (Ht) on the yaxis 
(curve 2). 

The Euler equation takes the form 

dcp = ± -~sin x(t-k' sin' x)"', 
ds 6., 

(15) 

where 

k'=-~- 1 a.+~' 6..= (a.+~)"" 
4HDH, 

a.=--
4H,' 

~= AB ' 
1t '" cp x=-+---

AB ' 4 2 _ 2 ' 

The boundary conditions of the problem are 

1t 1\1 cpo ,,1\1 1\1+,,/2 
xl.~0=xo=4+2-2' xl'-~=4+2--2-=0. (16) 

The solution of (15) with allowance for the boundary con
ditions is 

Ll+cos x,' s16 .. = in--- , 
Ll-cos x ., 

(17) 

where .c. = (1 - k2sinZx:)1/2. 

Expression {17) can be represented in the form 

[ ., ( s+s .. )] / [ ." ( s+s.o )] sin(I\1-cp)= 1-(2-k')th- 26.. l-k-th- 26... ' 

where 

I II (xo) +cos Xo 
s .. =6 .. n . 

Ll (xo) -cos Xo 

Later on, for the determination of cpo on the surface, 
we shall need an expreSSion for ay()/acpo. To this end, 
we rewrite (14) with allowance for (15): 

A -
'Y. = -,Ssin' x(l-k' sin' x)ds, 

690 1) 

as = 6,0 dcp 
sin x( l-k' sin' x) ", 

Then 

ill. () { A S· } -=- - sin'x(1-k'sin·x)ds 
ilcp. ilcpo 6 .. ' 0 

=:1-{~ S Sinx(l-k'sin'x)"'dcp}, 
"cpo 6,0 

(18) 

,. 

il1. = _ ~sinxo(l-k' sin' x o)"'=-1 .. sinxo(l-k' sin' xo)"'. 
o!po 1\ 

Let us estimate 0cpoand ycpo' For hematite HD ~ 2.2 
x 104 Oe, B ~ 104 cgs emu, [14J and A ~ 0.3 X 10-5 erg/cm. 
Hence 

6 ~ 0.59,10-' 
.,- [H,(1+H,IHD)]," [cm], 

The surface-anisotropy energy of the (100) face at 
() = 1T/2 (see the table) is of the form (see (1» 
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o.:!,'OO) = b cos' rpo +dsin' <po= b+ (d- b) sin' rpo, (20) 

cpo is then determined from the condition that the sum of 
th . d 1,2 b .. e energles y cp an U a (1 00) e a mmlmum: 

8 
-8 (y.+o:(:OO) =-y .. sin xo(1-k' sin' xo) '1+ (d-b)2 sin rpo cos <Po=O. (21) 

<po 

Let us consider a partic.ular case: the face (100) has 
a termination of type 2, and l/i = rr/2 (1ft is parallel to 
the y axis). Then (21) takes the form 

rpo ( rpo ) 'f, 
-yoocos-z l-k'cos'T +(d-b)sin2rpo=0. (22) 

Equation (22) determines the function cpo( Ht ) which is 
plotted on Fig. 4 for d - b ~ -0.27 (type 2 termination 
of the face (100)) and y cpo from (19). The same figure 
shows a plot of cos cpo( Ht), which determines the projec
tion of the magnetization on the surface of the face on the 
field Ht at l/i = rr/2. 

We determine also the effective width 0 of the tran
sition layer for this case. In analogy with (9) we have 

6 = ~ I (n-) = 6 •• (n-rpo) 
" <po t 2 211 If, ' drp .~.. cos I,rp. (l-k cos 1''1'0)· 

(23) 

where rr/2 ~ cp 0 ~ rr. We introduce for convenience cp~ 
= cpo - rr/2. We then obtain for the two limiting cases 
from (23): 

1) H,<H, (see Fig. 4), rpo'«l. Ii."" (2.2-0.;{rpo')Ii .. ; 

2) H,";'H, ,,/2-Ifo'« 1,6.""2600 • 

Consequently. the effective width is Ocp "" 2ocpo' For Ht 
= 1000 Oe we have Ocp ~ 0.4 fJ. and ycpo ~ 0.16 erg/cm 2• 

3. EXPERIMENTAL INVESTIGATION OF SURFACE 
MAGNETISM 

Measurements of the Kerr effect were carried out at 
room temperature on natural basal and nonbasal faces 
of synthetic single crystals of hematite, as functions of 
the external magnetic field. The employed samples had 
faces of area 5-10 mm 2, and the type of the face was de
termined by x-ray diffraction. The magneto-optical setup 
consisted of a DMR-4 monochromator, an incandescent
lamp light source. a U2-6 measuring tuned amplifier, 
and a V9-2 synchronous detector capable of raising the 
signal/noise ratio and of determining the phase of the 
investigated signal. The sample magnetization was re
versed with magnets capable of producing an alternating 
magnetic field of amplitude up to 13.5 kOe in measure
ments of the equatorial Kerr effect and up to 17 kOe in 
measurements of the polar Kerr effect. The indicated 
values of the alternating magnetic field were obtained by 
using closed iron cores for the electromagnets and by 
using a TU-600 high-power amplifier. The closed magnet 
core made it possible to decrease considerably the level 
of the magnetic static induced in the photoreceiver and to 
measure reliably magneto-optical effects of magnitude 
~ 5 x 10-6• An FEU-79 photomultiplier was used to regis
ter the light reflected from the sample. 

Figure 5 shows the field dependences of the polar 
Kerr effect in the nonbasal face (100) of a hematite single 
crystal. Curves 1 and 2 were obtained in a field normal 
to the (100) face, curve 1a was obtained in a field paral
lel to the [011) axis. and curve 1b in a field parallel to 
the [01 i] axis (Fig. 1). The absence of a polar Kerr effect 

363 Sov. Phys.·JETP. Vol. 42. No.2 

"1<' min 

" 

z 

FIG. 5. Plots aK(H) of the polar Kerr effect on the nonbasal face 
(100) of single-crystal hematite (X = 0.55j.1). Curves I and 2 were plotted 
in a field H 1 (100), curve la in a field H II [011), curve I b in a field 
H II [0 I II. The axes were set with accuracy -3°. Curve 2 was plotted 
several months after curves I, I a and I b for the same sample. 

in weak fields· allows us to conclude that in the investi
gated sample the growth of the (100) face terminated with 
Fe 3 + ions of type 2 (see Sec. 2 and Figs. 2 and 3). The 
appearance of the polar Kerr effect in these measure
ments can be naturally attributed to gradual "erasure" 
of the surface magnetism: to rotation of the vector L in 
the surface layer, to the decrease of the width of the 
layer under the influence of the external magnetic field, 
and to the consequent appearance of a normal component 
of the magnetization on the (100) face (see Sec. 2). The 
difference between the values of the effect for curves 1, 
1a. and 1b is due to the difference between the values of 
the components of the erasing field Ht, namely Ht is ap
prOXimately equal to 0.84H. 0.53H, and zero for the 
direction normal to (100), the [011] direction, and the 
[Oli] direction, respectively. As seen from Fig. 5, the 
surface magnetism has not vanished completely in a 
field H = 13.5 kOe (curve 1) or 17 kOe (curve 2). Ac
cording to the calculations (Sec. 2), for the case when the 
field is perpendicular to the (100) face, complete rotation 
of the vector L, which is perpendicular to the field Ht> 
should take place at H = Hk/0.84 ~ 28 kOe, which does 
not contradict the experimental data. Figure 6 shows the 
dependence of the polar Kerr effect on the direction of 
the magnetic field in the (100) plane at H = 4 kOe. The 
change in the magnitude and sign of the fact are explained 
in natural fashion as being due to the change in the mag
nitude and sign of the projection of the external field on 
the y axis (Fig. 1) when the sample is rotated. 

Figure 7 shows typical plots of the equatorial Kerr 
effect against the field for the directions [Oli] (curves 
1, 2, 3) and [011) (curves la, 2a, 3a)). The onset and the 
growth of the effect on curves la, 3a, and 3a can be ex
plained in analogy with the appearance and growth of the 
polar Kerr effect with the field on Fig. 5, but in this case 
the magnitude of the effect is determined by the magne
tization component along the [011] axis. It can also be 
analogously concluded that the growth of the faces of the 
investigated crystals has terminated with Fe3+ ions of 
type 2. Thus, we have qualitative agreement between the 
measurements of the polar (Fig. 5) and the quatorial 
Kerr effects (Fig. 7). Namely, the appearance and growth 
of a normal component of the spontaneous magnetization 
on the (100) face, which manifest themselves in a growth 
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FIG. 6. Polar Kerr effect <Xl( on the (100) face vs. the field direction 
in the (l00) plane (X = 0.55p). At op = 0 we have H II [011 I (H = 4 kOe). 

z 

-2 H,kOe 

FIG. 7. Equatorial Kerr effect 
6(H) in a field H II [01 II (curves I, 
2,3) and in a field H II [011 I 
(curves la, 2a, 3a) (X = 0.53p). 
Curves 2 and 2a were plotted half a 
year after curves I and la for the 
same sample. Curves 3 and 3a were 
obtained with a different sample on 
which the work was performed for 
a short time. The light-incidence 
angle was 70°. 

of the polar effect, are accompanied by a growth of the 
spontaneous magnetization in the [011] direction, which 
is confirmed by the field dependence of the equatorial 
Kerr effect at H 11 [011]. This relation between the com
ponents of the spontaneous magnetic moment in the direc
tion normal to (100) and the direction [011] is connected 
with the fact that in hematite the vector mS. can lie only 
in the (111) plane [16], and it was shown in[L7] that the 
magneto-optical effects in 0!-Fez03 are determined pre
cisely by the presence of a normal component of the 
spontaneous magnetization in the case of the polar Kerr 
effect and the projection of ms on the external field in 
the case of the equatorial Kerr effect. 

Comparison of the cos lio(Ht} curve on Fig. 4, which 
describes the rotation of the vector L on the surface of 
the (100) face under the influence of an external field 
parallel to the y axis, with the curves of the polar 
(Fig. 5) and equatorial (Fig. 7) Kerr effects, shows that 
on the whole the calculated curve accounts for the de
pendence of the measured effects on the field. There is 
a difference, however, between the indicated curves at 
low values of the field, namely, cos cpo ~ (Ht l /2, while 
O!k ~ Ht and 6 ~ 1ft. This difference may be connected 
with the presence, on the surface of the face, of interac
tions that are small in comparison with magnetodipole 
energy and depend linearly on the small deviation of the 
angle cp from the equilibrium value cpo(H = 0). Such a 
contribution can be made, for example, by the Dzyalo
shinskil energy [10J or by the one-ion anisotropy of the 
Fe3+ surface ions (see Sec. 4). 
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4. POSSIBI LlTY OF EMERGENCE OF THE ANTI
FERROMAGNETISM VECTOR FROM THE BASAL 
PLANE IN THE SURFACE LAYER 

In measurements of the equatorial Kerr effect on 
nonbasal faces of hematite in a field H II [011] (Fig. 7, 
curves 1, 2, 4), and also on the basal faces in a field 
H II (111) (Fig. 8), it was observed that the magnitude of 
the effect and the slopes of the 6 (H) curves are different 
on different samples. It was also noted that in the case 
of prolonged work with one and the same sample, the 
magnitude of the effect on this sample decreases in both 
the easy [Oli] and the difficult [011] directions. The 
curves shown in Fig. 9 were plotted several weeks after 
curves 1 and la on Fig. 7 for one and the same sample. 
The effect was particularly strongly altered in the diffi
cult direction. It is as if the magnetization were in this 
case in a strongly "frozen" state. An impression is 
gained that the "working" of the sample surface by the 
magnetic field or by the light during the measurement 
stabilizes the state of the surface ions and causes a 
corresponding "freezing" of the surface magnetism. It 
is possible that this "working" of the surface is analog
ous to the process that occurs in directed ordering in 
the course of heat treatment in a magnetic field. It is 
interesting that after a "recovery" lasting about one or 
two months the sample "unfreezes" (curves 2 and 2a in 
Fig. 2). Curve 2 of Fig. 5 was obtained at the same time 
as curves 2 and 2a of Fig. 7, with the same sample. 
Thus, even though the sample "unfroze," it went over 
into a state different from the initial one (cf. curves 1 
and 2 on Fig. 5 and curves 1 and 2 or la and 2a on Fig. 
7). The possibility of the described "freezing" of the 
magnetization on the surface of the sample can explain 
why no erasure of the surface magnetism on the non
basal faces of hematite single crystals were observed 
in [10] at all. 

It is clear that the changes of the magnitude and field 
dependences of the magneto-optical properties on the 
surface of the crystal are due to changes of the magnetic 
state of the Fe3+ ions in the surface layer or in layers 
close to it. This may be due to the influence of the en
ergy of the one-ion anisotropy of the surface Fe3? ions, 
which should depend strongly on the character of the 
surrounding of these ions by the oxygen anions 0 2- (the 
so-called reconstruction of the crystal surface [18J ). In 
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FIG. 9 

FIG. 8. Equatorial Kerr effect on the basal face (Ill) of a-Fez03 
(X = 0.54p). Curves I and 2 were plotted with the same sample with a 
time difference of about half a year. 

FIG. 9. Equatorial Kerr effect in the easy [011] (curve I) and diffi
cult [011] (curve I a) directions, measured after prolonged work (about 
two months) with the sample used to plot curves I and la in Fig. 7 
(X = 0.531l). 
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Sec. 1 we have assumed the one-ion anisotropy to be the 
same on the surface as in the volume. In particular, the 
surface one-ion anisotropy can cause the equilibrium 
value of eo on the surface of the (100) face to differ sig
nificantly from 1T/2 at T > TM, and this in turn can lead 
to a decrease of the surface-layer magnetization. From 
the form of curves 1a and 2a on Fig. 7 and curve 1a on 
Fig. 9 at small H it can be assumed that the energy of 
the one-ion anisotropy of the surface Fe3 + ions some
times takes the equilibrium position of the antiferromag
netism vector L on the surface out of the symmetry 
plane of the hematite crystal (cpo f. 1T/2, Fig. 1) in the 
absence of an external field, which leads to the presence 
of magnetization in the surface layer, and consequently 
to the presence of an equatorial Kerr effect in the diffi
cult direction [011] at small H. 

If eo on the surface of the sample face differs from 
1T/2, then in an external field the spin system in the sur
face layer will rotate in such a way that 1T/2 - eo tends 
to zero. It is necessary here to distinguish between two 
mechanisms that lead to the indicated rotation. The first 
mechanism is analogous to the rotation of the spins 
perpendicular to the field and is realized in the presence 
of a field component perpendicular to the basal plane 
(111). The field of the jumplike spin rotation in the vol
ume of the hematite amounts to 50-60 kOe. [14J The 
second mechanism is realized in a field parallel to (111), 
and is due to the change of the Dzyaloshinskil energy in 
this field. [19J The spins rotate in a plane perpendicular 
to H so that their projection on (111) increases. A com
plete rotation of the spins from e = 0 to e = 1T/2 is effec
ted in hematite, for example at T ~ 200 0 K in a field 
H ~ 80 kOe. [14J As seen from these figures, the explana
tion offered above for the observed change of the effect 
in the easy direction [Oli] with increaSing field is reas
onable. Similar arguments apply also to the basal faces 
of the hematite (Fig. 8). Namely, owing to the one-ion 
anisotropy of the surface ions, the vector L on the sur
face of the (111) face emerges from the basal plane; the 
magnitude of the effect is determined by the extent to 
which eo differs from 1T/2, and in an external field eo ap
proaches 1T/2, in which case the effect increases. The 
emergence of L from (111) is easiest to produce if the 
(111) face has a termination of type 2 (see (1)). 

One more circumstance, which may be of importance 
in the interpretation of magnetooptical measurements, 
must be borne in mind. As seen from Fig. 7 (curve 2a), 
Fig. 9 (curve 1a), and Fig. 10 (curve 1), the equatorial 
Kerr effect on the surface of the (100) face can have a 
negative sign, and also a negative slope of the 0 (H) 
curve) (see Fig. 10), curve 1). It is possible that this 
phenomenon is due to the interaction of the light with the 
inhomogeneous magnetic structure of the transition 
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FIG. 10. Plots of the equatorial Kerr effect in a field H II [01 T) 
(curve I) and in a field H II [011) (curve la), obtained with the same 
sample as curve I a in Fig. II (X = 0.531l). 
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layer. But since the parameters of the magnetic transi
tion layer change in an external magnetic field, this can 
lead to an additional dependence of the effect 0 on the 
field H. 

5. CHANGE OF THE CHARACTER OF THE SURFACE 
MAGNETISM 

As shown in Sec. 2, the character of the surface mag
netism of hematite depends on the type of Fe3T ions 
(lor 2) making up the last plane of the crystal face (see 
Figs. 2 and 3 and the table). If the (100) face terminates 
in Fe3 + ions of type 1, then the easy-magnetization direc
tion is the yaxis (Fig. 1). On the other hand if the last 
magnetic layer terminates in Fe3T ions of type 2, then the 
easy-magnetization axis coincides with the x axis, as 
was indeed observed in all the investigated samples. 
This raises the natural question: is it possible to change 
in some way the character of the surface magnetism, or 
at least produce a state intermediate between the two 
indicated above? One of these methods may be etChing 
the nonbasal faces of the Q!- Fe 203 with acids that dis
solve hematite. Figure 11 shows plots of the polar effect 
Cl'K(H) in a field H II [011] before (curves 1 and 2) and 
after (curves 1a and 2a) etching the samples in acids. 
The sample for which curve 1a is plotted was kept in 
3090 sulfuric acid for 30 hours. Curve 2a was obtained 
with a sample etched with 3090 hydrochloriC acid for 
16 hours. As seen from Fig. 11, after etching, a polar 
effect appeared in the samples in a weak field, i.e., an 
effect that is connected with the magnetization of the 
sample to saturation, and not with the destruction of the 
surface magnetism in the magnetic field. 

Figure 10 shows plots of the equatorial Kerr effect 
o (H) for the same sample as used to plot curve 1a of 
Fig. 11. in the easy [011] and difficult [011] directions. 
As expected an equatorial Kerr effect from the compon
ent m§ II y appears on the sample together with the polar 
effect. and can be interpreted as a consequence of the 
chemical destruction of the surface magnetism (in the 
case of curve 2a on Fig. 11 one must apparently speak of 
partial destruction). 

The decrease of the effect o (H) in Fig. 10 in a field 
H II [Oli], and also the reversal of its sign, seem to be 
connected with the change discussed at the end of the 
preceding section, in the conditions of light reflection 
from the face of the sample with increaSing field. The 
difference between the values of the polar effect for dif
ferent samples (curves 1a and 2a of Fig. 11), and also 

FIG. II. Plots of the polar effect 
~(H) obtained in a field H II [011) 
before (curves I and 2) and after 
(curves la and 2a) etching the a-Fe20J 
samples with non basal (100) faoes 
(X = 0.551l). The first sample (curves I 
and I a) was etched in 30% sulfuric 
acid for 30 hours, and the second 
sample (2 and 2a) in 30% hydro
chloric acid for 16 hours. 
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the relatively small value of the equatorial Kerr effect 
on Fig. 10, can be attributed to the emergence of the 
vector L from the basal plane in the transition layer 
(see Sec. 4). 

The sample etched in sulfuric acid was investigated 
also with a magneto-optic setup having a resolution on 
the order of microns. [20J The area of the investigated 
section of the sample surface was ~ 10 J1.3. As shown by 
the measurements, magnetization saturation was reached 
in a field ~ 10 Oe. The entire surface of the sample, with 
area ~6 mm2, turned out to be homogeneous, i.e., the 
polar and equatorial Kerr effect were practically iden
tical over the entire surface. We can conclude therefore 
that if the macroscopic sections with different types of 
Fe:!> ions in the surface layer (and consequently with a 
different character of the surface magnetism) do exist, 
then their area is less than 10 J1.2. 

It should be noted that among the hematite samples 
etched with acids, with faces of the (100) type, there 
were some with higher chemical stability, on which the 
character of the surface magnetism was not altered even 
by prolonged treatment with acid (for several days). 
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