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Domain walls (narrow solitons) in the Ising-type quasi l-d antiferromag- 
net RbFeCI3.2H20 have been studied by means of M~ssbauer relaxation 
experiments in magnetic fields strong enough (1.5 T) to suppress the 3-d 
long-range ordering. Excellent agreement is obtained with the Blume - 
Tjon model, assuming stochastic relaxation due to the propagation of 
wall-pairs. In still higher fields (6 T) the excitation of walls is 
found to be suppressed by the generation of a staggered field on the 
(slightly canted) antiferromagnetic chains. 

Introduction 

In the last few years the dynamics of non- 
linear excitations has become of considerable 
theoretical interest. Moreover, experiments to 
test the applicability of these theoretical con- 
cepts are still rather scarce. In thls respect 
the study of quasi l-d magnetic systems can be 
quite rewarding, since it has been recently rec- 
ognized that they provide excellent examples of 
soliton bearing systems. The Islng-type magnets 
are of particular interest, since they allow the 
presence of solitons (domaln-walls) both in 
zero- and in applied magnetic flelds I. 

In a previous letter Thiel et al. 2 have 
studied the anomalous broadening observed in the 
MSssbauer spectra of the Ising-type quasi l-d 
antlferromagnet RbFeCI3.2H20, and other com- 
pounds. They showed that the behaviour above the 
transition temperature, T c = 11.96 K, could be 
well explained by the propagation of ~-domaln 
walls along the individual chains. Such =-walls 
separate degenerate ground state configurations 
of the antiferromagnetlc chain, which are ob- 
tained by a simultaneous rotation over an angle 

of the two sublattices (fig. l.b), analogous 
to the Bloch-wall in the ferromagnetic case 
(fig. la). A passing n-wall flips the electron 
spin of the M~ssbauer atom (Fe2+), and thereby 
the direction of the hyperfine field that the 
electron spin exerts on the nuclear spin. The 
flipping rate F~ Is proportional to the product 
nwV w of wall density and average wall velocity. 
If the corresponding fluctuation time is either 
very fast or very slow compared to the inverse 
nuclear Larmor frequency, o~ I = 10 -7 s, no 
observable line-broadening will occur. For r o of 
the order of ON, however, a spectrum will be ob- 

served that is partially split magnetically, 
with linewidths that vary strongly with tempera- 
ture. As discussed in ref. 2 the ensuing excess 
linewldth AF will he given approximately by: 

so that Ar = ro for F~ << ~N, and Ar = rg I for 
r e >> o N. A maximum excess linewldth occurs for 
r = o.. Since the walls are thermally excited, 
t~e N density n w will correspond to an activated 
process, so that F o = exp(-Eo/kBT) , where E o Is 
the excitation energy. This implies an expo- 
nential increase and subsequent decrease of 
AF as the temperature is lowered through the 
range at which F o becomes of the order of o N • 

In the initlal work of Thiel et al. 2 such 
an exponential increase of Ar was indeed 

observed in the (wlde) temperature range 
T c K T ~ 3 T c. However, the relaxation maximum 
in AF(T) and the subsequent exponential decrease 
could not be detected in their experlment due to 
the occurrence of 3-d magnetic order between the 
chains at a temperature T c higher than that cor- 
responding to F~ = ~N" Below T c the weak inter- 
chain coupllng leads to a 3-d ordered structure, 
in which the domains are statlc. Thls implies 
that the contrlbutlon Ar from the wall propaga- 
tion is simply "swltched off" below Tc, and Ar 
decreases very steeply to zero. In fact, this 
observation constltutes an Important argument 
for the interpretation of the excess linewidth 
in terms of the propagatlon of domain walls in 
the indlvldual chalns. 

Notwithstandlng, one would also llke to 
study the relaxation phenomenon over the whole 
frequency range includlng r e << ON, and in order 
to do so the value of T c should be reduced in 
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Fig.l Non-llnear excitations in magnetic 
chains: 
a, b) ~-soliton in a classical ferro- and anti- 
ferromagnetic chain 
c, d) =-domain wall in a quantum mechanical 
S = ~ antiferro- and ferromagnetic chain 
e, f) magnon bound states in a ferromagnetic 
chain and in RbFeCI3.2H20. 

IB 

one way or the other. In a recent study on an 
analogous ferroma~netlc chain system, De Groot 
et al. 3 succeeded in lowering T^ to a sufficient 
extent by doping the magnetic (Fe 2+) chains with 
small (0.5 - 1.0 %) amounts of non-magnetic Cd 2+ 
atoms. They were indeed able to detect the com- 
plete relaxation maximum in this way. However, 
their method has some disadvantage in that the 
chains are cut into smaller segments, so it 
remained of interest to lower T c by another 
trick. In case of an antiferroma~netlc system, 
this possibility is provided by the application 
of a magnetic field of sufficient strength to 
overcome the weak interchain coupling that pro- 
duces the 3-d order. For RbFeCI3.2H20 a field 
B c > 1.24 T along the c-axis suffices ~ to satu- 
rate the system at T = 0 K. In this note we pre- 
sent M~ssbauer data taken in such a field 
(B c = 1.5 T), showing that the wall-relaxatlon 
phenomenon now extends to the lowest tempera- 
tures where a meaningful linewidth could still 
be determined. In addition we shall discuss data 
taken in a much higher applied field of 6 T, in 
which we found the wall relaxation to have 
almost completely disappeared. This result is at 
first sight surprising, since even at 6 T the 
f~eld energy is still small compared to the 
antiferromagnetic intrachaln exchange energy. We 
w111 show this to be due to the particullar mag- 
netic structure of the chains in RbFeCI3.2H20 , 
in which the antlferromagnetic spins are slight- 
ly canted towards the c-axls. This implies that 
the application of a uniform field along this 
direction entails a staggered field along the 
axis of antiferromagnetic alignment (a-axls). It 
is this staggered field which suppresses the ~- 

wall formation and thus the corresponding line- 

broadening. The physical process becomes immedi- 
ately clear by realizing that a staggered field 
in an antiferromagnet is a field that changes 
sign in going from one sublattlce to the other, 
so that it corresponds to a uniform field in a 
ferromagnet. The fact that the ferromagnetic 
domain structure can be driven out by a suffi- 
ciently strong uniform field is of course well 
known 5. 

Experiment and Analysis 

The magnetic structure of RbFeCI3.2H20 as 
reported in the llterature 4 is shown in fig. 2a. 
The antiferromagnetic chains are along the a- 
axis, with intrachain exchange constant 
Ja/kB = -39 K. The chains are weakly coupled by 
interactions smaller than 2 x 10 -2 Ja in the 
remaining directions. The magnetic moments are 
slightly canted by an angle of 19" from the a- 

~V ~ ~L~- , z ~ ~i ~ J~ ~ 

Fig.2 Representation of the magnetic structure 
of RbFeCI3.2H20 
a) At zero field and temperature. 
b) The proposed magnetic structure at B c >1.24 T 
and zero temperature. 
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axis towards the c-dlrectlon. This results in 
weak ferromagnetic components in the ac-planes, 
which are however alternating in going from one 
plane to the other along b, so that in zero- 
field no net moment results. For a field 
B c = 0.81 T along c a metamagnetic transition 
occurs 6 and for B > B* = 1.24 T all the weak 
ferromagnetic components are aligned parallel to 
the field in a structure shown in fig. 2b (at 
T = 0 K). 

The important point to note Is that the 
application of such a field thus transforms the 
unlaxial Ising anlsotropy as present for the 
antiferromagnetic components in zero field, into 
a unidirectional anisotropy in the high-field 
(paramagnetic) phase. In other words the (gradu- 
al) saturation of the weak ferromagnetic (c) 
component of the spins by a uniform field B > B* 
entails a staggered field of increasing strength 
for the antiferromagnetlcally coupled a-compo- 
nents. As already mentioned this peculiarity of 
the magnetic structure of RbFeCI3.2H20 yields a 
rather unique means of eliminating the =-domain 
walls. 

Field dependent M~ssbauer spectra were 
recorded in the installation in Liverpool, which 
allows the application of magnetic fields up to 
6 T by means of a superconducting solenoid. Typ- 
ical spectra measured for B c ffi 1.5 T at differ- 
ent temperatures are shown in fig. 3. In the 
letter of Thiel et al. 2 , linewidths were 
extracted from selected lines in these spectra. 
As explained elsewhere 3 this method has serious 
disadvantages, and a much better method is to 
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Fig.3 Some representative M~ssbauer spectra 
for B c = 1.5 T. The solid lines correspond to 
the fits according to the model of Blume - TJon. 
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analyse the full spectrum by means of the 
Blume - Tjon model, in which it is assumed that 
the hyperflne field Jumps stochastically between 
the two possible values ±Hhf. Application of 
this model to the present compound is justified 
by the strong Ising anisotropy which leads to 
narrow domain-walls. Since the passage time of a 
wall is very short (= i0-II s) compared to the 
inverse Larmor frequency ~I = 10 -7 s, the 
MBssbauer probe will experience the passage of 
the wall as an instantaneous event, i.e it is 
not sensitive to the internal structure of the 
wall. It is in fact the average time between 
successive passages of kinks and antikinks, cor- 
responding to r~ffinwv w that is responsible for 
the relaxation process. In applying the Blume - 
Tjon model our M~ssbauer spectra can be fully 
fitted at all temperatures, with the flipping 
rate F~ and the ratio of probabilities that Hhf 
jumps to -Hhf and vice versa, as the only 
adjustable, temperature dependent parameters. 
The fits are shown as the solid curves in 
fig. 3. In these fits the other MBssbauer para- 
meters were kept at the values determined at low 
temperatures, i.e. 

~f=7.5 T, Q.S.=1.43 mm/s, I.S.=1.33 mm/s, 

~=0.8, Bc=1.5 T, eH=30", ¢H=32", 

eB=120", ¢B=45 ", 8y=77 ", and @y=124", 

where the Indices H, B, and y of the polar coor- 
dinates % and ¢ refer to the directions of 
hyperfine field, the applied field and the gamma 
rays, respectively. 

As may be seen from the figure, the fits 
reproduce the observed spectra remarkably well 
over the whole temperature range. The resulting 
values for Fw are plotted in fig. 4 on a loga- 
rithmic scale versus the inverse temperature. 
The earlier zero-field spectra were similarly 
analysed, and the results are compared with the 
in-field data in the same figure. Below T c the 
zero-field data show the expected sharp drop in 
£~ due to the wall-freezing. For T > T e the 
expected exponential dependence with a slope 
Eo/k B = 115 ~ 5 K is observed. The data for 
B c = 1.5 T on the other hand, follow the expo- 
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Fig.4 Flipping rate versus the inverse temper- 
ature obtained from the measurements in zero 
field and in 1.5 T. 
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nential law over the whole frequency window of 
the MGssbauer probe, i.e. from 0.2 MHz up to 
400 MHz (to be compared to ~N = i0 MHz). The 
slope in this case yields a slightly smaller 
value, Eo/k B = 105 + 5 K, than for B c = 0 T. 

We may compare these excitation energies to 
theoretical predictions for soliton models. In 

ref. 2 the classical Sine-Gordon model was used, 
based upon the Hamiltonian for classical spins: 

_ z "  i+i - Dx 
i i 

where J < O, D x > 0. In that case the sollton 
energy becomes Ew/k B = 4 S2(Dx]J])% where the 
spin value S--2. However, for RbFeCI3.2H20 a 
narrow soliton model is probably more appropri- 
ate, in view of the effective spin S = % and the 
associated strong Islng anisotropy at low tem- 
peratures. In that case the formalism of Villain 
may be used 7, which is based upon the Ising-type 
hamiltonian (~ = + %): 

x X z - + , 

~/ = -2J E oi~i+ I 
i i 

where E << I. The excitation energy of a single 
kink is to a good approximation given by 
E w = -J, and the klnk-structure is shown in 
figs. Ic and d for the antlferromagnetlc and the 
analogous ferromagnetic case, respectively. 
Experimentally, however, we find values for the 
activation energ~ E o of the order of -2J a 
instead of -Ja" We believe this to be due to the 
fact that the kinks are mainly excited in the 
form of klnk-antlklnk pairs (of. fig. le) rather 
than as single kinks. In case of a single kink, 
the chain segment on one side of the kink has to 
be rotated by an angle ~, which will be opposed 
by the interehain interactlons. In case of a 
klnk-palr state, only the spins in between the 
two walls have to be reversed. However, also for 
the ideal case of an isolated chain, the statls- 
tlcal weights of the kink-pair and the single 
kink are N 2 and N, respectively, where N is the 
number of spins along the chain. Therefore, the 
slngle-kink excitations can be safely neglected 
for sufficiently long chains. It has lately 
become recognlzed8,9, I0 that a sollton in a 
magnetlc system can be regarded as a bound state 
of a number of magnons. Indeed, for the analo- 
gous S = ½ ferromagnetic Ising-type chain, the 
non-linear excitations correspond to the magnon- 
bound states, which have been considered earlier 
by Torrance and Tinkham II, and whlch are like- 
wise kink-antlkink pairs (cf. fig. le) with a 
thermal excitation energy gap of about 2J a. In 
the llmlt that the number of bound magnons 
reduces to i, the single spinflip is obtained, 
whlch is the basic excitation of the Islng 
chaln. We note that for this case the correla- 
tion energy gap is smaller by a factor of two 
than the thermal excitation gap, since for the 
Islng chain the susceptihillty varies as 
exp (-Ja/kBT ) . Similar differences between 

thermal and magnetic excitation gaps have 
recently been found for the anisotroplc Islng- 
Heisenberg ferromagnet by Johnson and Bonner 12. 
The same considerations should apply to the 
Ising-type antiferromagnetic chain, as confirmed 
by recent experimental and theoretical 
work8,9,13. Thus, according to whzch type of 
experiment is performed, one of the two energy 
gaps should be measured. In a quasl-elastlc neu- 
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tron scattering experiment the correlation 
length is measured and the corresponding energy 
gap will be Ja" In an inelastic neutron scatter- 
ing experiment one measures the excitation ener- 
gy, which should correspond to 2Ja14,15,16. The 
thermal excitation energy gap should also apply 
to the specific heat. On the other hand, in a 
Mdsshauer experiment (and also in a ~ - T~ I 
experiment), the autocorrelation function is 
measured, which should be determined by the den- 
sity n w of excitations. In our view this density 
should be given by the number of excited wall 
pairs nwp rather than by twice the number of 
singly excited walls as is usually assumedlT, 18. 
That is we should have nWD = exp(-2Ew/kBT), 
rather than n w ~ 2 exp(-Ew/k~T ). This was in 
fact also found for the ferromagnetic chain com- 
pound FeCl2(pyridine)2, where the M~ssbauer data 
yielded an energy gap twice as large as that 
found from the ferromagnetic susceptlbility 3. 

Lastly, we turn to the experiment in 
B c = 6.0 T. In fig. 5 the excess linewidth is 
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Fig.5 Excess llnewidth versus the inverse 
temperature obtained from the measurements in 
zero field and in 6.0 T. 

shown as a function of the inverse temperature. 
For comparison the results of the zero-field 
measurements have also been plotted. We believe 
the high base linewidth found in the B c = 6 T 
measurements is due to a misallgnment of the 
crystal of about 5 degrees. However, the temper- 
ature dependent excess linewldth is almost com- 
pletely absent in this case. We attribute this 
to the effect of the staggered field Bst that is 
induced by the applied field and acts upon the 
antiferromagnetlc a-components of the spins (ef. 
fig. If). In a ferromagnet the application of a 
uniform field will reduce the down-domains with 
respect to the up-domains. For an antlferromag- 
net in a staggered field, an analogous reduction 
of one of the two domain-types should occur. 
This means that the average interpalr distance 
between klnk-antiklnk pairs will become very 
large, and consequently the intrapair distance 
%o of a kink and antiklnk very small. Upon the 
passage of such a pair, the spin will return to 
its original state quickly, so that the long- 
time correlations will not be disturbed. The 
associated fluctuation times ~o = %o/Vw will 
become too short relative to the inverse nuclear 

Larmor frequency ~ to contribute to the auto- 
correlation functlon, and therefore these exci- 
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tations will not cause any llne broadening. 
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