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Abstract 'The crystal phase transiton of the sample of Y.Fe. .O;(x=0.82) has been studied
by the methods of X-ray diffraction at room temperature and Mossbauer spectroscopy with-
in the temperature range of 80~541K. The X-ray diffraction pattern of the sample shows
the coexistence of orthorhombic and dominant garnet crystal phase without any extra phas-
es within the experimental error. The magnetic ordering temperature for the sample of the
garnet phase is determined to be 536 = 5K. The analysis of recoil—free fraction of the
Mossbauer spectra using the Debye model indicates the possibility of existence of some va-
cancies in d— and/or a-site of the garnet crystal phase. The Debye temperatures for each

phases of the sample were determined.

1. INTRODUCTION

The general chemical formula of yttrium—
iron garnet (YIG) is Y.Fe;0., or Y.Fe. Oi(x
=0.75). The X-ray diffraction data show that
YIG belongs to space group O"v—I3d. The
unit cell containg 8 formula units {Y;}[Fe.]
(Fey)O., where {}, [], and () represent a do-
decahedral c— octahedral a-, tetrahedral d-—
site, respectively' . The superexchange anti-
ferrromagnetic interaction between trivalent
iron ion at d- and a-sites causes the garnet to

*0 The values of quadru-

be ferrimagnetism
pole interaction eqQ/2 were determined to be

(0.78 =0.16) for the d-site (hereafter termed

the d subspectrum) and (0.94+£0.18) mwm/s
for the a-site (hereafter termed the a spec-
K)”.

Here ¢g and € are the electric field gradient

trum) above Curie temperature(545
tensor in the direction of principal z-axis and
the quadrupole moment of “Fe nuclei, respec-
tively. The orthoferrite YFeO,(x=1.0) belongs
to the space group I".—PFPbnm which is a dis-
torted perovskite. The crystallographic unit
cell contains four equivalent iron ions. Each
iron ion 18 coupled by superexchange to six
iron neighbors intervening anion, resulting in
high Néel temperature of 640 K “™*. The pur-
pose of this study is to carry out X-ray and
Mossbauer measurement on the polycrystalline
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Fig. 1. X-ray diffraction pattern for the sample. ()
garnet phase; [ ] orthorhombic phase

Y.Fe,-.O0:(xr=0.82) to examine the crystal
phase transition from YIG to orthoferrite.

2. EXPERIMENT

‘The sample was synthesized by the usual ce-
ramic method. Fe,0, and YO, with the purity
of over 99.995% in powder form were used as
the starting materials. A mixture of the proper
proportions of the materials was ground,
pressed into a pellet at 6,000 kg/cm®, and
sealed in and evacuated quartz tube. The
sealed mixture was heated at 700C for 124,
900°C for a day, and 1,060C for two days,
and then cooled down to room temperature at
the rate of 15°C/k In order to obtain a homo-
geneous material the product was reground,
pressed into a pellet,and refired at 1,050°C for
two days in an evacuated and sealed quartz
ampoule. X—ray diffraction pattern of the sam-
ple at room temperature was obtained using a
Japanese-made Rigaku diffractometer with Cux,
radiation. The Mossbauer spectra were mea-
sured at various absorber temperatures from
liquid nitrogen temperature to 550 K using an
Austin constant acceleration spectrometer
with laser calibration. To produce a uniform
thickness over the area of the Mossbauer
absorber, the sample was mixed with boron ni-
tride powder and clamped between two thin
boron nitride plates. The absorber thickness
was approximately 0.12 mg/cm® of *'Fe,
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Fig. 2. Mossbauer spectra for the sample. d d-site; a a
-site; o orthorhombic phase

3. RESULTS AND DISCUSSION

As shown in Fig. 1 the X-ray diffraction
pattern of the sample shows the coexistence of
orthorhombic and dominant garnet crystal
phase without any extra phases within the ex-
perimental error. The lattice constant of the g,
of garnet phase for the sample was determined
to be 12.367 A. The lattice constant of garnet
phase can be compared with the value of 12.
376 A". Fig. 2 shows some of the Mossbauer
spectra for the sample. The spectra of the sam-
ple are fitted to a mixed-electric quadrupole
plus magnetic hyperfine pattern without con-
sidering two a-site lines due to two possible
angles between the principal axis of the elec-
tric field gradient and the magnetic field”. The
widths that are assummed to be the same in
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respective subspectra and overall absorption
areas of the spectra are independently varied
as free parameters. However, within the
subspectra the following constraints for the ar-
eas of spectrum are imposed:

bA.~=A, A=A (1)

where bt is the best-[it parameter and t =a
or d; o is termed the spectrum flor ortho -
rhombic phase; and i goes from 1 to 3. The
magnetic hyperfine fields of orthorhombic
phase, a-, and d-site are found to be 482 £5,
483 £5, and 389 £5k0e at room temperature,
respectively. The magnetic ordering tempera-
ture for the sample of the garnet phase is de-
termined to be 536 +5 K The magnetic hyper-
fine fields and the ordering temperature are
comparable to other measured values*. The
spectrum of the sample at 541 K shows the co-
existence of the orthorhombic” and garnet
crystal phase, which 1s in good agreement with
the result of X-ray diffraction. The values of
the quadrupole splitting eq@ 2 at 541 K are 0.
45£0.05 and 0.91 =0.05mm. s for the a- and
d-site, respec-tively. They can be compared
with 0.500 and 0.934mm/ s for YIG". Fig.3(a)
and (b) show the temperature dependence of
the absorption area ratio of d to a subspectra
and the orthorhombic phase to garnet phase,
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kg, 3. Temperature dependence of the absorption area
ratio of d-to a-site(a), orthorhombic phase to garnet
phase(b), and N,/ N.(¢).

respectively. It is noteworthy in Fig.3(a) that
the area ratio has a minimum at around 200 g
K On the other hand the ratios of orthorhom-
bic phase to garnet phase keep a nearly con-
stant values (Fig.3(b)). The Debye model
gives the following expression for the recoil—
free fraction'”

el S50 )

where E, is the recoil energy of *Fe for the
14.4-keV gamma ray. @ and &, represent the
Debye temperature and Boltzmann constant,
respectively. The recoil-free fraction f can be
written as Eq.(3) for the temperature ranges
of T>0.50"".
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Because the absorption area is proportion to f,

f= exp[*' (3)

the Ln(area)—versus—T curve should be
straight line for 7>>0.50; hence @ can be de-
termined from the slop of the straight line. Fig.
4 shows the least-squares fits to the data
points for the sample of d—(a), a-site(b), and
the orthorhombic phase(c), respectively. From
this the Debye temperatures are determined to
be 327 +£10,269~10, and 407 £ 10K for d-, a—
site, and the orthorhombic phase of the sample,
respectively. Sawatzky et al'®' obtained
Mosshauer spectra of YIG in the temperature
range 300-800 K and found that the Debye
temperatures for d- and a-site were 6,=406
=15K and 6,=366 = 15K, respectively. Our
results are less than those. And the tempera-
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Fig. 4. Natural logarithm of the absorption area of d
(a), a subspectra(b), and orthorhombic phase(c) of the
sample.
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ture of the orthorhombic phase is much lower
than 800 +50K of YFeO;®. The absorption
area ratio of d—to a-subspectra is
L Nifs
L N.f.
where f, f., N, and N, represent the recoil—
free fractions and the number of *"Fe for d—

(4)

and a-site, respectively. The recoil{ree frac-
tions of d— and a-site can be calculated from
Eq.(3) using the Debye temperature for each
site. Fig.3(c) shows the ratio of N,/ N, for the
sample. As seen in Fig.3(¢) the ratio decrease
as increasing temperature up to about 200 K
and then keeps an averge value of 1.21. This
value is less than that of 1.5 for YIG'" and in-
dicates the possibility of existence of some va-
cancies in d— and/or a-site.
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