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The nature of magnetie hyperfine structure (hfs) of Mossbauer spectra in paramagnets with a nonaxial 
symmetric crystal field is studied for the case of a weak magnetic field superimposed under condi
tions of the "stabilization" effect. An ion-exchange sulforesin with a Fe3 + ion is investigated. It is 
found that for ><-* 0 the hfs lines are appreciably broadened and have an asymmetric shape. It is 
demonstrated that an analysis of the hfs Mossbauer spectra of paramagnets permits one to estimate 
the parameter of the deviation of the crystal field from axial symmetry. In the case of Fe3 + in a sul
foresin, it was found to be >.. = 0.15 ± 0.03. 

THE study of paramagnets with the aid of Mossbauer 
spectroscopy makes it possible to obtain rather detailed 
information on the electron-spin relaxation of a para
magnetic ion. It is possible in this case to study both 
the spin-lattice relaxation and its connection with the 
real phonon spectrum of a solid, and the spin-spin re
laxation characterized by the interaction of the para
magnetic ions with one another. [lJ A no less interesting 
aspect of the application of Mossbauer spectroscopy to 
the investigation of paramagnets is also the investiga
tion of the character of the crystal field. Great possi
bilities for the study of both the relaxation processes 
and the structure of the crystal field arise in connec
tion with the effects of stabHization of the hyperfine 
structure (hfs) in weak magnetic fields. This effect 
was predicted recently by Afanas'ev and Kagan/ 21 and 
was discovered experimentally by Gorobchenko et 
al. [3 1 Ace ording to the results of [ 21 , application of a 
weak magnetic field (several. hundred Oe in the case of 
Fe3+) makes the spectrum more distinct, and in addi
tion, it becomes possible to compare directly the ex
perimental results with the theoretical calculations. 

In our earlier paper[ 11 we reported an investigation 
of the spin-lattice relaxation of the electron spin of 
Fe3+ in ion-exchange sulforesin. We determined experi
mentally and calculated theoretically the spin-lattice 
relaxation times for electron-spin projections Sz = ±% 
and Sz = ±% in an electric field of axial symmetry. 
However, although the theor1~tical calculations have 
shown that the spin-lattice relaxation times for Sz 
= ± % and Sz = ± % should be approximately equal, it 
was impossible to observe experimentally a distinct 
hfs from Sz = ± Ya. The reason for such a smearing of 
the hfs from Sz = ± % lies in the influence exerted in 
these spectra by the weak magnetic fields of neighbor
ing ions. The point is that even in an electric field of 
axial symmetry the resonant Mossbauer transitions 
corresponding to Sz = ± Ya are not purely nuclear tran
sitions, but are mixed with electronic transitions. As a 
result, a magnetic field of several Oe, acting on the nu
clear levels via the electronic level, leads to a smear-

ing of the individual hfs lines. In the case of a Kramers 
doublet Sz = ± %, the magnetic hfs is also smeared out 
if the symmetry of the crystal field is not axial. The 
spectrum of Sz = ± % is not very sensitive to deviation 
of the crystal field from axial symmetry. A similar 
picture is observed for a field H < A/gL /lB, where A 
is the hyperfine interaction constant, gL is the Lande 
factor, and llB is the atomic Bohr magneton. However, 
as proposed in [ 21 , there is a possibility of observing 
also the hfs from Sz = ± Ya. When a weak magnetic field 
H > A/gL llB (but less than the distance between the 
Stark levels) is applied, unpairing of the electron and 
nuclear spins takes place, and the energy levels are de
termined by the projections of the electron and nuclear 
spins on the direction of the magnetic field, for exam
ple by the values of Sz and lz· As a result, stabiliza
tion of the hfs from Sz = ± Ya and Sz = ± % should take 
place, and separate lines should appear, characterizing 
lz and not the mixture of Sz and lz. 

We have investigated the influence of a weak mag
netic field on the hfs of Fe3 + in an ion-exchange resin 
with adsorbed water. The concentration of the iron ions 
was 1.6 wt.%, so that the main relaxation process in the 
system was spin-lattice relaxation. The spectrum were 

O.JO ti=O 

10 -5 0 J 10 
v. mm/sec 

FIG. I. Mossbauer spectra of ion-exchange resin with adsorbed 
water in an external magnetic field and without a field, at 90°K. The 
magnetic field is perpendicular to the direction of 'Y-quantum emission. 
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obtained with an electrodynamic setup with a Co57 source 
in Cr. The isomer shifts were reckoned relative to so
dium nitroprussite. Figure 1 shows two spectra ob
tained at 90°K in the absence of a magnetic field and in 
a magnetic field of 450 Oe, applied perpendicular to the 
direction of they-quantum beam. After application of 
the magnetic field, the character of the spectrum 
changed: the central lines became much more intense 
than the outer lines, and in addition, they broadened 
greatly. Such a change in the spectrum is connected 
with the possibility, discussed by Afanas'ev and Ka
gan/21 of the appearance of hfs from Sz = ± Y2 in a 
weak magnetic field. 

The positions of the hfs lines were determined by the 
effective spin Hamiltonian, since the distance between 
the Stark levels was much larger than the energy of the 
hyperfine interaction: 

fl eff = JlB(gxSxlix + gySyliy + g,S,H,) 
+ (A.Sxlx + AvSulv + A,S,I,). 

For an axially symmetrical field, the hyperfine interac
tion constants are given by 

for S, = ± 5/ 2, A,= 5 A, Ax= Ay = 0 
for 8,=±3/ 2, A,=3A, Ax=Ay=O 
for S, = ± 1/ 2, A, =A, Ax= Av = 3 A 

The magnetic field influences only the position of the hfs 
lines from Sz = ± %. Thus, for example, when a mag
netic field is applied along the x axis of a single crys
tal, only the term with 3AxSxlx remains in the Hamil
tonian of the hyperfine interaction for Sz = ~. [21 and 
gives for the hfs lines positions that coincide with the 
positions of the Sz = ±% lines. As a result, the inten
sity of the central lines should increase, as is indeed 
observed in the experiment. [3J 

In our sample, the crystal field was not axially sym
metrical. This means that in the Hamiltonian 

Her= D[S,2- 1/sS(S + 1)] +E(Sx2 - Sl), 

which is responsible for the interaction between the Fe3 + 

ion and the crystal field, the parameter A = E/D * 0. In 
the earlier paper[ 11 we obtained an approximate esti
mate of the parameter A. In principle, we estimated 
the upperbound, i.e., a value of A for which there is 
still no smearing of the hfs lines from Sz = ± % (A 
::s 0.2). The present investigation has shown that the ef
fect of hfs stabilization makes it possible to determine 
A more accurately. 

The variation of the hyperfine interaction constants 
with change of the parameter A is given in [ 1' 41 . The 
limits of variation of the constants in our case fit with
in the framework indicated in [21, which limits the pos
sibility of observing the stabilization effect in polycrys
talline samples. In our case, when a weak magnetic 
field is applied, the hfs becomes stabilized not only for 
Sz = ± Y2 but also for Sz = ± %, for all three constants 
of the hyperfine interaction for Sz = ± % differ from 
zero when A * 0. It is obvious that the positions of the 
hfs from these Kramers doublets will no longer coin
cide, as in the case of an axially symmetrical field, but 
will depend on A. The behavior of these hfs lines as 
functions of A will be determined by the behavior of the 
largest of the hyperfine interaction constants for the 
corresponding Kramers doublets. In our case, this 
causes the hfs lines from Sz = ± 3/2 to shift inward, and 

the hfs lines from Sz = ± Y2 to shift outward relative to 
the lines of the same Kramers doublets in the case 
A = 0. The line shifts occur in proportion to the changes 
in the largest of the hyperfine interaction constants for 
the corresponding Kramers doublets. 

If all the Ai * 0, Hz >Ax and A z > AY' then the line 
shape can be estimated by means of the following for
mula (private communication from A. M. Afanas'ev): 

1 1 2" r<I>(e,cp)dtdrr 
/(w)=~4n) J [w-w;(t,q:)J2+f2 

where <I>( e, cp) is a certain function of the order of unity 
for all values of the angles; r is the natural line width; 
t =cos e; 

. 1 [ Ax4 sin28 cos2qJ+A,4 sin28 sin2q;,+A,4 cos28J'/, 
w ;(t, <p) = wo' A'; Ax2sin2 8 cos2q: + Alsm2 8 sin2q: + A,Zcos2 8 ; 

i = 1, 2, ... , 6; w ~ is the position of the hfs lines in a 
stabilizing magnetic field directed along the z axis. 
For Sz = ± %, where Az > Ax = Ay, the calculated line 
shapes become simpler. In this case the dependence on 
cp disappears. The calculation of the theoretical spec
tra for both the Kramers doublet Sz = ±% and for Sz 
= ± 1h was carried out with an electronic computer, 
with variation of the parameters A and r. 

Figure 2 shows the spectrum of a sulforesin in a 
450-0e magnetic field after subtracting the hfs corre
sponding to the Kramers doublet Sz = ±% and the dou
blet of Fe2+ (thick line). The same figure shows the line 
positions for Sz = ± % and Sz = ± % at A = O, and also 
for Sz = ±% and Sz = ±% at A= 0.15 and r = 2.2 mm/ 
sec, at which the best agreement between the theoret
ically calculated spectrum and the experimental one is 
observed. If the line shape were symmetrical, then the 
total intensity of the central line at the same A = 0.15 
and r = 2.2 mm/sec would not ensure complete filling 
of the central part of our spectrum (Fig. 2b). This dis
crepancy disappears completely when the lines have the 
shape that follows from our calculations, i.e., strongly 
broadened inside and cut off on the outside. 

The calculations explain the appearance of the hfs 
spectra with broadened lines. Even at an insignificant 
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FIG. 2. Mossbauer spectrum of ion-exchange resin in an external 
magnetic field of 450 Oe, for two Krarners doublets, Sz = ± 3/2 (dotted 
curves) and Sz = ± 1/2 (dashed curves), obtained after subtracting 
from the spectrum of Fig. I the hfs for Sz = ± 5/2 (thick line). Thin 
lines - theoretically-calculated spectra at X = 0.1 5 and r = 2. 2 mm/sec 
with symmetrical (b) and asymmetrical (a) line shapes. 



242 SUZDALEV, KORNEEV, and KRUPYANSKII 

deviation of A from zero, the line becomes strongly 
broadened, and a characteristic feature is the asym
metry of this broadening. On the other hand, in the case 
described in [ 3 J, the lines turned out to be narrow and 
the hfs from Sz = ± Yz was quite distinctly pronounced 
·since the Fe3 + in the corundum was situated in a crys
tal field of axial symmetry and A = 0. In spite of the 
fact that the spectra with A i- 0 are strongly smeared 
out, it has turned out that by varying A and r it is 
possible to determine quite accurately from the Moss
bauer spectra the parameter A, which turned out in our 
case to equal 0.15 ± 0.03. 

In conclusion, the authors thank V. I. Gol'danskii 
and A. M. Manas'ev for valuable discussions. 
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