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It is shown that if the experimental NMR data for the orthoferrite YFeO, are interpreted
correctly, they do not only indicate unambiguously the existence of antisymmetric indirect
hyperfine interaction (an electron-nuclear analog of the Dzyaloshinsky—Moriy interaction)
but also yield a quantitative estimate of the interaction. The contribution of this interaction to
the hyperfine interaction anisotropy tensor may exceed the corresponding contribution of the

symmetric anisotropic terms.

It is shown that if the experimental NMR data on the
orthoferrite YFeQ; are interpreted correctly, they not only
indicate unambiguously the existence of the antisymmetric
indirect hyperfine interaction (the electron-nuclear analog
of the Dzyaloshinskii-Morii interaction) but also yield a
quantitative estimate of the interaction. The contribution of
this interaction to the hyperfine interaction anisotropy ten-
sor may exceed the corresponding contribution of the sym-
metric anisotropic terms.

The Dzyaloshinskii-Morii interaction, or the antisym-
metric exchange

Vus = Dﬂ' [Stsz] ( 1 )

(D,, is the Dzyaloshinskii vector, S, and S, are the spins of
the magnetic ions) is one of the principal interactions in a
wide class of magnetic materials, especially in the weak fer-
romagnets, determining their magnetic, magnetooptic, and
resonance characteristics. Moreover, in these materials
there is, besides the antisymmetric exchange interaction of
the electron spins (1), an electron-nucleus antisymmetric
exchange

V:ls_ nuc,=dn ‘[LSz], (2)

where I, is the nuclear spin, and d,, is the electron-nuclear
analog of the Dzyaloshinskii vector. Such an interaction,
and the possibility of its experimental observation in the
weak ferromagnets, were first studied by Ozhogin.' In Ref. 2
a microscopic theory of the Dzyaloshinskii-Morii electron-
nuclear interaction was constructed, along with quantitative
estimates. Nevertheless, the problem of experimental obser-
vation and determination of the magnitude of the electron-
nuclear antisymmetric exchange has not been solved at pres-
ent.

In the present work, it is shown that a more detailed
analysis of the known experimental data on the field depen-
dence of the ’Fe NMR frequency in the orthoferrite YFeO,
not only unambiguously demonstrates the existence of the
electron-nuclear antisymmetric exchange, but allows us to
find its magnitude.

First we consider the coupling of the local field of the
magnetic structure of the orthoferrites to the *’Fe nucleus.
Taking account of the four-component magnetic structure
of the orthoferrites RFeO; with a nonmagnetic Rion (La, Y,
Lu), the local field at the nucleus °’Fe; in one of the 4b
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positions can be written in the form>*
H,, (i) =a6(i)G+ar (i) Ftac (i) C+aa (i) A+a() G  (3)

(G, F, C, A are the basis vectors of the magnetic structure, so
that G*> + F? + C? + A2 = 1), where the first four terms
represent the contribution of the isotropic hyperfine interac-
tion (HFI), and the last, the anisotropic HFI. The notation
of Eq. (3) takes into account that in the orthoferrites F, C,
and 4 are ~ 1072 G, and the components of the anisotropic
local field tensor 4 are less than ~ 1% of the primary isotrop-
ic contribution H, = a;G.

Information on the anisotropy of the HFI is taken from
study of the field dependence of the >’Fe NMR frequency in
the domains. We shall consider a specific example, the
orthoferrite YFeO,, with a known magnetic configuration
Iy (G,,A4,,F,).

In an applied magnetic field h parallel to the c-axis, the
field dependence of the NMR frequency has the form

'Vr.(h“c) =1'—axx+ (aqu+aFFz) h+h2/2, (4)

where for convenience all “field” quantities (a,,, az, @,,,h)
are specified in units of H, (in YFeO; at T = 4.2 K we have
H, =551 kOe),’ and v is in units of v, =yH,/ 27 (y/
27 = 0.138 Mhz/kOe). Here and below we assume for defi-
niteness that in the configuration I', for F, > 0 the compo-
nent G, > 0.

Thus the derivative (dv/dh), _, under these assump-
tions is the sum of two terms:

[aVr. (hllc) /ah] h=o=az:G3+apF;, ( 5)

which by convention we call ferromagnetic (azF, ) and anti-
ferromagnetic (a,,G, ).
In an applied magnetic field h parallel to the a-axis, we
induceaT, — T, (F,, C,, G,) spin-reorientation transition
vr,, (h]a)=1— (2.6 +2a," G.G.+a..G.?)
+ (.G +agF.+a:G.) h+h*/2 (6)

(@ is the symmetric part of a,,:a}) = (a,, +a,.)/2),
where the + signs refer to nuclei in the positions 1,3 and 2,4
(in the designation of Ref. 4). In this case splitting of the
NMR frequency occurs, with the size of the splitting given

by
Av=2(2a%’ G,+h)G, N
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and its field dependence is used to find the parameter a.).

According to Ref. 5, in YFeO; @& = 3.2 107>, From the
data on splitting of the NMR lines by the spontaneous spin-
reorientation transition I'y — I, similar values are obtained
for a series of orthoferrites: a{ = 3.4 X 103 in ErFeO, and
|al?] =2.9% 1073 in HoFeO,.*

The anisotropy tensor @ of the local field is, in general,
nonsymmetric. In fact, if we assume @ to be symmetric, then
in YFeO, (at 7= 4.2 K) we have

[0ve, (hlle) /0R] pey=(3.2—8.6) - 10~'=—5.4-10~,
where we have used the value®
ap = 2Hyge /Hy— 1= —0.79

(Hjypr is the contribution of the indirect HFI
%’Fe — O®>~ — Fe** in thelocal field) and the most accurate
value of the angle of inclination of the magnetic sublattice F,
=10.9x1073.¢

The experimental value of the quantity (5), obtained in
Ref. 5,1s — 10.2X 1073 that is, almost twice (!) as large.
Therefore, the assumption that the HFI anisotropy tensor is
symmetric is inconsistent. Comparing (5) with experi-
ment,’ we find

a..=—1.6-1073,

so that the antisymmetric part
Qs =—4810"2,

exceeds the symmetric part. We notice that in Ref. 5 the
“antiferromagnetic” contribution to the derivative (5) was
omitted, although the corresponding to the NMR frequency
splitting was taken into account.

The nature of the antisymmetric part of the tensor & can
be connected only to the antisymmetric indirect HFI
(AIHFI)

?AIHFI = Zd(ij).[lisil

Tnlaf

—the electron-nuclear analog of the Dzyaloshinskii-Morii
interaction—so that

a S
o ()= == Ya, . (8)
nEn j

The interaction appears in the result of the calculation
along with the usual indirect hyperfine >’Fe-O>~-Fe3* in-
teraction and the spin-orbit interaction for the Fe** ion. In
accordance with the results of the microscopic theory,? the
electron-nuclear analog of the Dzyaloshinskii vector, d(ij),
depends on the geometry of the ’Fe-O’-Fe3* bond:

d(ij)=d(6) [rx], 9)
where r;, r; are the unit radius vectors of the anion-cation
bonds, and

d(8) =d,+d, cos 0, (10)

where 8 is the cation-anion-cation bond angle.
For a rough estimate of the order of magnitude of the
parameter d one can use the relation
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d/App S§/AE,

where £ is the one-electron parameter of the spin-orbit inter-
action for the d-electron; AE is the energy of the *T'-type
excited terms for the Fe** ion; A, is the constant in the
isotropic indirect HFI:

’l}lHFI = 2 Arr (’J) LS,

i5hj

(11)

Using inour case £$ 5% 10>cm ™', AEX 10*cm ™', we

find
d /A IHFI€5 ¢ 1.0—2,

which agrees well with the magnitude of the ratio

| / Hyyger | 2461072

obtained from analysis of the experimental data.’

This ratio can be compared with the ratio of the Dzyalo-
shinskii field H, to the exchange field Hy:in YFeO; we have
H,/H;~=2.2x10"2 That these ratios are comparable in
magnitude is reasonable if we consider that in accordance
with the exchange-relativistic nature of the Dzyaloshinskil
field H,/H;~&/AE, which means that |a{2/Hpyp |
~H,/Hg. In other words, if Hyyy, is the electron-nuclear
analog of the exchange field, then H e = |0l | is the elec-
tron-nuclear analog of the Dzyaloshinskii field. In the ortho-
ferrite YFeO,

Hyer = 58 KOe, Hapupy = 2.6 kOe .

For an approximate value of the ‘“‘electron-nuclear”
Dzyaloshinskii field in the weak ferromagnets we can use the
relation

Hywup =(Hp/Hg ) H gy .

Thus, our analysis of known experimental data’ on the
field dependence of the >’Fe NMR frequency in YFeO,
makes it possible to specify quantitatively the electron-nu-
clear Dzyaloshinskii-Morii interaction ’Fe-0>~-Fe**.

Naturally, this interaction should be observable in oth-
er weak ferromagnets as well. We note that in the “easy-
planar” phase of such rhombohedral weak ferromagnets as
FeBO,, FeF,;, a-Fe,0,, the “antiferromagnetic” contribu-
tion to the derivative [dv(hlc;)/dh ], _, comes only from
the electron-nuclear Dzyaloshinskii-Morii interaction:

[0v(h-Les)/0R ] hmi=0sy Uy tarme, (12)
so that its detection and numerical estimate in these com-
pounds is, from the theoretical point of view, easier than in
the orthoferrites.

In conclusion, the author expresses appreciationto V. I.
Ozhogin for stimulating his interest in the problem.
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