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The spin-cluster resonance intensity is observed as a function of temperature in the pseudo-one-dimensional canted king 

metamagnet RbFeCls.2H20. For T c 0.7T~ a pure one-dimensional king model gives a good description of the observed 

intensities. For T = TN the intensity decreases rapidly as a function of temperature due to the destruction of the local 

ordering around a spin-cluster. The measured value of the intrachain interaction J,/k of -36 K is in good agreement with 

earlier measurements on spin-cluster excitations. 

1. Introduction 

In strongly anisotropic magnetic systems a 
localized excitation can exist as a spin-cluster, 
which is a group of adjacent spins with their 
orientation reversed relative to the ground state. 
If a thermally excited spin-cluster is present, a 
relatively small amount of energy might increase 
the length of the cluster. Such an absorption, 
which usually occurs in the microwave region, is 
called spin-cluster resonance. 

RbFeC13.2H20 (RFC) is a pseudo-one-dimen- 
sional Ising metamagnet with chains of moments 
antiferromagnetically ordered along the a axis of 

the crystal. The moments are canted in the u-c 
plane and make an angle of about 20” with the a 
axis. Below the NCel temperature (TN = 11.96 K) 
RFC orders antiferromagnetically in the absence 
of an external field [l]. 

With an external field applied parallel to the c 
axis, two phase transitions are observed. These 
can be explained in terms of three interchain 
interactions, Jb along the b axis, J, along the c 
axis and Jbc diagonally in the b-c plane. Van 
Vlimmeren et al. [l] measured these interactions 
by spin-cluster resonance at different microwave 
frequencies and found Jb/k = -0.76 K, J,lk = 

-0.21 K and Jh/k = -0.13 K. To measure the 
large intrachain interaction J, they made use of a 

far-infrared spectrometer (1500 GHz) to create 
spin-clusters directly from the ground state and 
found Jdk = -35.0 K [2]. 

This paper presents an alternative method to 
determine the intrachain interaction J, by 
measuring the intensity of spin-cluster resonance 
as a function of temperature at one microwave 
frequency. 

2. Theory 

Van Vlimmeren et al. [l] concluded from their 
measurements that RFC can be described 

excellently by a pure Ising model if the external 
magnetic field is applied parallel to the c axis. 
Therefore we only take the pure Ising terms of 
the complete Hamiltonian of the antiferromag- 
netic chain with canted moments and obtain, in 
the fictitious spin S = 4 formalism, 

x c (-1)“‘s; ) (1) 

0378-4363/83/OOOO-O000/$03.00 @ North-Holland 



334 E.J. Nijhof et al. i Spin-cluster resonance intensity in RbFeCl3.2H20 

with z the local canted spin axis, J, the in- 
trachain interaction, J-L, the external field in the c 
direction and H, the exchange field due to inter- 
chain interactions. We may include a dipole field 
and a demagnetizing field in the same form as 
H,, but these do not influence the obtained 
results. The factor (-l)‘+’ takes care of the fer- 
romagnetic character of the Zeeman interaction 
due to the spin canting. The minus sign before H, 
is a consequence of possible antiferromagnetic 
ordering between the chains due to H,. 

I = $ g$$ sinh L eeKu2/(2 cash L + uv) , 

with 

K = 2JdkT, 
L = &PBPo(H, * Hc)/2kT, 
u = (sinh2 L + e-K)-1’2, 
v=cosh2L+eeK. 

In the low temperature limit (sinh2L %ebK) 
eq. (4) can be approximated by 

H, can be expressed in terms of the interchain 
constants by 

He = ((YJ~ + PJc + YJ~)IwBPO 3 (2) 

with (Y = 2, 0 or -2, p = 2, 0 or -2 and y = 4, 2, 
0, -2 or -4 depending on the local spin 

configuration. 

I = $ g?pL’B exp[-(K + 2L)] , (5) 

which, in the same limit, can also be obtained from 
the theory of Date and Motokawa [5,6]. At high 
temperatures (sinh*L G e-“) 

Eq. (1) may be replaced by the Hamiltonian of 
a ferromagnetic chain: 

HF = -2/J,/ c SfS:+, - gcpugpo(He t H,) c ST > 
I I 

(3) 

I = $ gzE1.i sinh Llcosh2(K/4), (6) 

which has a maximum at T,,,,, = J,lkx, where x is 
the root of p coth(x/2) = tanh(px) and p = 2LIK. 
If px < 1, which is fulfilled during the measure- 
ments, x = 1.545 and we obtain 

if we take the absolute value of J,. 
To describe the observed intensities we will 

use the theory of Berim et al. [3], based on the 
general theory of Kubo and Tomita [4] and apply 
it to Hamiltonian (3). Berim et al. calculated the 
resonance frequencies and intensities of a one- 
dimensional Ising chain in the presence of a 
magnetic field. They found that, together with 
the usual resonance frequency ~0 in the 
microwave region, two additional resonances 
should occur with frequencies vkl = ]VO & 2Jdh], 

usually in the (far)-infrared region. The low 
frequency resonance v. can be attributed to spin- 
clusters because it only occurs if the spins on 
sites i - 1 and i + 1 are antiparallel. The ab- 
sorptions at the much higher frequencies vtl 
require a parallel orientation of spins i - 1 and 
i + 1, which means an undisturbed chain and thus 
we call these spin-cluster excitations [2]. Our 
measurements were done in the microwave 
region, hence from now on we only consider ~0. 

T max = 0.65J,Jk. (7) 

At very high temperatures (L G 1, K 4 1) a sim- 
ple Curie law (intensity a l/T) is obtained. 

To determine L we look more carefully to the 
resonance condition. The energy of a spin-cluster 
of length m is equal to 

E, = 21 J,I + m (aJt, + PJc + -YJ~c) 2 mg,m+oH, . 

In our experiments we changed the length of a 
thermally excited spin-cluster (jm) -+ lm + n)) 
by applying an energy 

E=E,+,-E,,, 

= n(c-uJb + PJc + rJbc * gc/-WoHc) (8) 

which is equal to E = 2nLkT. At resonance E = 
hv, with v the microwave frequency, so that 

The intensity can be written as [3] L = hv/2nkT. 

(4) 

and 

(9) 
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We are now able to determine J,/k at one 
microwave frequency by making a fit of eq. (4) 
through the datapoints. 

3. Experimental set-up and results 

We measured the microwave absorption of 
RFC in a spectrometer without a field modula- 
tion as a function of the external field. DPPH 
powder was used for the calibration of the mag- 
netic field. During the experiments at a 
microwave frequency of 9.45 GHz the tem- 
perature was varied between 6.1 K and 12.5 K. 
The temperature was stabilized to within 0.05 K 
by using a heater and measured by a calibrated 
carbon glass resistor. 

The spectra were digitized by a home-made 
1Zbits AD-converter and analysed by an LSI-11 
minicomputer. First the computer determined 
the exact position of the top of the resonance 
peak. On each side of that top an equal number 
of datapoints were considered, corresponding to 
the approximate width of the line. Next the 
computer compensated for a shift in the baseline 
and finally a numerical integration gave the 
desired intensities. 

Fig. 1 presents a typical spectrum at a tem- 
perature of 7.69 K. If we substitute the given 
values of the interchain interactions and the ap- 
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Fig. 1. Spin-cluster resonance absorption versus applied 

magnetic field (& = poHc) of RbFeC13.2HzO at a tem- 
perature of 7.69K. DPPH powder was used for the cali- 

bration of the magnetic field. The four main resonances are 

named after ref. [l]. 

, /b 

T CKI 

Fig. 2. Intensity of the AZ-line versus temperature. Curve 

(a) represents the calculated results of eq. (5) and curve (b) 

the results of eq. (4), with KT = 74K and LT = 0.11 K. T, 

denotes the 3D ordering temperature at B, = 0.69 T. 

propriate values of (Y, /?, y and g, [l] we can 
calculate the resonance fields from eq. (8). These 
fields are in excellent agreement with the 

measured ones if we take it = 2. Other 
resonances with different values of n are present 
as well, but are of no interest here. 

In fig. 2 we made a plot of the intensities of 
the A2-line as a function of temperature. Below 
6.1 K and above 12.0 K no absorption could be 
observed. At the lowest temperatures an 
exponential dependence on the inverse tem- 
perature was found (curve (a)) in accordance 
with eq. (5). Curve (b) represents eq. (4) with 
KT = 74.2 K and LT = 0.113 K. It is obvious 

that the temperature of maximum intensity 
T,,,,,(=24 K) is not in agreement with eq. (7). 
This will be discussed below. Above 9.9 K the 
intensity decreases rapidly. The other three main 
resonances show a similar temperature depen- 
dence, except for the G2-line where some ab- 
sorption above 12.0 K could be measured. 

The calculated value of Jdk from the best fit 
of eq. (4) through the datapoints yields 37 K for 
the A2-line, 38 K for the C2-line, 38 K for the 
F2-line and 32 K for the G2-line. The errors are 
about 8%. Averaging the four values we found 
Jdk = 36 A 3 K, which is in very good agreement 
with the value found by Van Vlimmeren et al. 

[21. 
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4. Discussion z- 

We will compare the observed intensities in 
RFC with those in CoC12*2NC5H5 (=CoPC) [7] 
and Co[(CH&NH]C13*2Hz0 (=CoTAC) [8]. In 
all the three compounds there is a rise in the 
spin-cluster resonance intensity with increasing 
temperature up to a maximum and then a rapid 
decrease at higher temperatures (fig. 2). 

The low-temperature behaviour can be 
explained as follows. We recall that the intensity 
is proportional to the number of thermally 
excited spin-clusters. This number is, to first 
order, proportional to exp(-E/kT) where E is 
the excitation energy of a spin-cluster (eq. (5)). 

For RFC the temperature of maximum ab- 
sorption should, according to eq. (7) be equal to 
T ma* = 24 K, which is much higher than the 
observed value of 10 K. The same discrepancy is 
found in CoTAC and even in CoPC which is one 
of the best known quasi-one-dimensional Ising 
ferromagnets. A qualitative explanation can be 
given. At resonance eq. (8) is fulfilled and both 
frequency and external field are constant at a 
certain resonance line. Hence only those spin- 
clusters which have the right surroundings to 
yield the exchange field EZ, contribute to the 
intensity. At the lowest temperatures almost all 

existing spin-clusters experience this field, but at 
higher temperatures, with a higher degree of 
disorder, the number of contributing clusters 
decreases. However, even above the transition 
temperature T, there are some clusters with the 
right surroundings, which explains the occurrence 
of spin-cluster resonance above T,. The pure 
one-dimensional theories [3,5,6,8] do not take 
this decrease in the number of contributing spin- 
clusters into account and hence predict a too 
high T,,,,,. Fig. 3 shows a graph of the ratio of the 
measured A2-intensities (I,,,) and the calculated 
values after eq. (4) (Zb) versus temperature. Ac- 
cording to the mentioned process this ratio 
should give the relative number of contributing 
spin-clusters. At the transition from the antifer- 
romagnetic to the paramagnetic phase (Tc = 
10.7 K) only about one-half of the existing clus- 
ters experience the exchange field ZZ,. For the 
other three resonances, the temperature where 

Fig. 3. Ratio of the measured A2,-intensities I,,, and the 

calculated values Ib after eq. (4) versus temperature. The 

curve is drawn as a guide to the eye. T, denotes the 3D 

ordering temperature at B, = 0.69 T. 

Z,,,/Zb = 0.5 are 9.9, 9.4 and 10.8K. These tem- 
peratures indeed suggest that the rapid decrease 
in intensity should be related to the long-range 
ordering because the transition temperature to 
the paramagnetic state is 9.5 K for the C2-line 
and 8.2 K for the F2-line. A further indication 
may be found in the fact that the large ab- 
sorption peak around the free electron value 
(0.3 T) strongly increases at T,, indicating a large 
amount of spins which are not in an ordered 
environment. 

We would like to note that interactions be- 
tween two spin-clusters in neighbouring chains 
can be neglected, in the temperature region 
considered, because of the high excitation energy 
of a cluster (-70 K). 

The measurements on the GZline and on 
CoPC and CoTAC, however, are done in the 
saturated paramagnetic state. For these 
resonances a relatively large external field is 
applied and therefore a higher temperature is 
necessary to destroy the local environment. In- 
deed for the GZline absorption could be 
measured above 12K. In CoPC and CoTAC 
only one resonance is observed so no comparison 
with other phases can be made. 

It is worth mentioning that the very rapid 
decrease in intensity around T, is also measured 
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