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Magnetic study of the random bound mixed compound Fe(Br0.8I0.2)2
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The random bound mixed compound Fe(Br0.8I0.2)2 has been investigated by magnetization and Mössbauer spectroscopy. The experimental results 
for Fe(Br0.8I0.2)2 were compared with those of Fe(Br0.6I0.4)2 studied previously. A magnetic structure below the magnetic transition temperature 
observed by Mössbauer spectroscopy has been suggested which shows a large distribution of the hyperfine fields.

Introduction

Spin glass studies concerning isolated mixed 
compounds have been performed on site-random 
systems,1–3 but on bound-random systems nothing had 
been reported yet. Therefore, we were motivated to 
study the random bound mixed compound Fe(BrxI1–x)2.

FeBr2 as well as FeI2 have a CdI2-type crystal 
structure and show antiferromagnetism with
TN =  14.2 K,4 and 9.3 K,5 respectively. The magnetic 
axis is the hexagonal c-axis in both compounds. In 
FeBr2, the Fe2+ spins are arranged ferromagnetically 
intra the c-plane and antiferromagnetically inter the c-
planes. On the other hand, in FeI2 Fe2+ spins are 
arranged antiferromagnetically both inter and intra
c-planes. We expected that the spin glass will be 
developed in this system by the random bound exchange 
frustration due to different anions. 

Fe(BrxI1-x)2 has been studied by magnetization and 
Mössbauer spectroscopy, the results for Fe(Br0.6I0.4)2
were reported previously.6 In this case, magnetization 
measurements showed spin glass-like temperature 
variations. The Mössbauer spectrum of Fe(Br0.6I0.4)2
observed at 1.6 K showed between 0 and 95 kOe large 
distribution of the hyperfine fields.6 In this report 
Fe(Br0.8I0.2)2 was investigated and the results were 
compared with those of Fe(Br0.6I0.4)2.

Experimental

For the first stage, pure FeBr2 or FeI2 compounds
were prepared by the dissolution of Fe powder in HBr or 
HI. Then, the gained powdered FeBr2 and FeI2 were 
mixed with pure water in a given composition to prepare 
the mixed compound Fe(Br0.8I0.2)2, which was
transformed to a single crystal by the Bridgman method. 
FeBr2 and FeI2 are hygroscopic, therefore, they were
handled in a dry box or under vacuum.
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Magnetization measurements were carried out in a 
magnetic field of 10 Oe applied parallel to the c-axis 
under zero-field cooled (ZFC) and field-cooled (FC) 
conditions, by using a SQUID magnetometer.

For the Mössbauer spectroscopy an absorber was 
prepared of the cleaved single crystal foils of about 
50 µm in thickness. The foils were arranged in an acrylic 
holder of round shape, with a diameter of about 5 mm. 
The absorber was mounted in a cryostat so that the 
incident γ-rays were perpendicular to the foil plane, 
namely parallel to the c-axis. A constant-acceleration 
Mössbauer spectrometer was used in a transmission 
arrangement. Mössbauer spectroscopy was performed at 
1.6 to 77 K. The temperature was controlled with an
accuracy of ±0.01 K.

Results and discussions

Figure 1 shows temperature variations of ZFC and 
FC magnetizations divided by the measuring field H. As 
the temperature decreases, ZFC magnetization (MZFC) 
shows a peak at Tpeak~5.3 K and the FC magnetization 
(MFC) starts to deviate from MZFC at ~14.0 K, below 
which an irreversible magnetization exists. The feature
of the temperature dependences of MZFC and MFC was 
similar to that of Fe(Br0.6I0.4)2. In both cases of 
Fe(Br0.8I0.2)2 and Fe(Br0.6I0.4)2, the irreversibility 
appeared at high temperature about 14 K above Tpeak, 
near the magnetic transition temperature TN of FeBr2. It 
suggests that a spin structure begins to change at that
temperature. It seems that the magnetic behavior of this 
mixed compound is different from that of a typical spin 
glass system, though a Tpeak clearly exists in both cases. 
The value of Tpeak of Fe(Br0.8I0.2)2 was found to be
similar to that of Fe(Br0.6I0.4)2, which is 5.4 K.

In Fig. 2, we show the Mössbauer spectra of 
Fe(Br0.8I0.2)2 observed at temperatures between 1.6 and 
60 K. The spectrum of 60 K shows two absorption lines 



NAI-LI DI, T. TAMAKI: MAGNETIC STUDY OF THE RANDOM BOUND MIXED COMPOUND Fe(Br0.8I0.2)2

122

having a quadrupole splitting. The right-hand side 
absorption line becomes broader as temperature 
decreased. This shows that a magnetic splitting has 
appeared. However, even at 1.6 K, at the lowest 
temperature, no sharp magnetic splitting can be seen.
The tendency of a temperature change resembles that of 
the spectrum of Fe(Br0.6I0.4)2 in which a right-hand side 
absorption line becomes broader as the temperature 
decreases and even at 1.6 K, no sharp magnetic splitting 
can be observed.

The temperature change of the ratio of the half width 
(HWHM) of a right-hand side (w1) to that of a left-hand 
side absorption line (w3) is shown in Fig. 3. HWHM
was generally fixed by 0.26 mm/s from 77 to 8 K. In the 
Mössbauer spectrum a magnetic transition temperature 
TM, could be determined at the point in which the 
HWHM begins to change more fastly, this is 7.2 K for 
Fe(Br0.6I0.4)2. For Fe(Br0.8I0.2)2, the value of w1/w3
became higher than 1 at 8 K as the temperature 
decreased from 77 K, and rapidly increased at ~6.7 K. 
Thus, the transition temperature was determined as 
~6.7 K.

From the spectra below 6.8 K in Fig. 2, the 
broadening of the right-hand side absorption line, caused 
by the magnetic splitting can be seen, which becomes 
larger as the temperature decreased. Thus, we consider a 
distribution of the hyperfine field (Hhf) and a 
distribution parameter P(Hhf) to fit the observed
spectrum. The other fitting parameters are the 
quadrupole splitting (∆EQ = (1/2) e2qQ) and the center 
shift (δ). On the basis of these parameters, good fitting is 
obtained in an agreement with the observed data at each 
temperature as shown in Figs 2 and 4 by the solid lines.
For Fe(Br0.6I0.4)2, the Mössbauer spectrum taken at 
1.6 K was analyzed. The distribution of Hhf was 
measured between 0 and 95 kOe. The maximum of 
P(Hhf) was about 15 kOe. In the case of Fe(Br0.8I0.2)2, 
the hyperfine field distribution was represented by a sum 
of Gaussian components as shown in Fig. 5. The 
maximum of P(Hhf) was about 29 kOe which is the 
same value of Hhf for pure FeBr2 at 4.5 K,7 and Hhf
distributed widely between 0 and 120 kOe. The 
Gaussian width was 27.5 kOe, ∆EQ = 1.0766 mm/s, and 
δ = 1.104 mm/s. For a reference, i.e., for the pure FeBr2
system the parameters are 1.11 mm/s (∆EQ) and 
0.99 mm/s (δ) at 4.5 K, respectively.8 In Fe(Br0.8I0.2)2
as well as in Fe(Br0.6I0.4)2, the antiferromagnetic and 
ferromagnetic bounds are distributed randomly because 
of the random distribution of the two kinds of anions. 
We think that this causes the large Hhf distribution.

Fig. 1. Zero-field-cooled (ZFC) and field-cooled (FC) magnetizations
(M) observed with an applied field H of 10 Oe parallel to the 

hexagonal c-axis

Fig. 2. Temperature variation of a Mössbauer spectrum of 
Fe(Br0.8I0.2)2 single crystal. Gamma-ray were detected along the c-axis

Fig. 3. Temperature variation of the ratio of HWHM (line 1 to line 3)



NAI-LI DI, T. TAMAKI: MAGNETIC STUDY OF THE RANDOM BOUND MIXED COMPOUND Fe(Br0.8I0.2)2

123

Fig. 4. Spectrum observed at 1.6 K. The best fit is shown by the solid 
line

Fig. 5. Distribution of Hhf vs. magnetic field intensity

Conclusions

Fe(Br0.8I0.2)2 has a same spin glass like behavior as 
was found for Fe(Br0.6I0.4)2. By Mössbauer 
spectroscopy, a clearly splitted spectrum could not been 
observed even at 1.6 K as like as for Fe(Br0.6I0.4)2.

Considering both cases, however, the wide distribution 
of Hhf suggests that the antiferromagnetic and 
ferromagnetic bonds are distributed randomly in the 
sample, as expected. Further, FeBr2 or FeI2 has a CdI2
type crystal structure, carrying a stratified structure in
which two layers, Br– and I–, respectively, are
overlapped between the Fe+ layers. Such kind of 
structure can accumulate defects easily.9 The MFC
deviation from MZFC at ~14 K is perhaps due to the 
accumulated defects in the sample. Defect accumu-
lations are measured even in pure FeBr2.10 Thus, Tpeak
represents the temperature of magnetic transition really.
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