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Abstract

The results of x-ray diffraction, magnetic susceptibility, and '>Gd Maossbauer
spectroscopy studies of the recently discovered icosahedral quasicrystal
AgsolnicGdys are reported. The studied quasicrystal has a simple six-
dimensional Bravais lattice with the six-dimensional hypercubic lattice constant
of 7.805(2) A. The observed broadening of the diffraction Bragg peaks reflects
the presence of the topological/chemical disorder. The temperature dependence
of the magnetic susceptibility follows the Curie—Weiss law with an effective
magnetic moment of 8.15(1) up per Gd atom and the paramagnetic Curie
temperature of —37.1(2) K. The studied quasicrystal is a spin glass with
a freezing temperature of 4.25(5) K. The presence of a distribution of the
electric quadrupole splitting in the Mossbauer spectra indicates the existence
of a multiplicity of Gd sites. The values of the principal component of the
electric field gradient tensor and the asymmetry parameter at these sites are,
respectively, —4.91(10) x 10! Vem™ and n = 1.00(20). The Debye
temperature of AgsolnzsGdi4 is 199(2) K. The hyperfine magnetic field sets in
at a temperature higher than the freezing temperature.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Solids are traditionally divided into two groups: crystalline and amorphous. The dramatic
discovery of an icosahedral (i) AI-Mn alloy by Shechtman ef al [1] extended this dichotomous
division by introducing the notion of quasicrystals (QCs). These are materials that possess
a new type of long-range translational order, quasiperiodicity, and a noncrystallographic
orientational order associated with the classically forbidden fivefold, eightfold, tenfold, and

I Author to whom any correspondence should be addressed.

0953-8984/07/326208+11$30.00  © 2007 IOP Publishing Ltd ~ Printed in the UK 1


http://dx.doi.org/10.1088/0953-8984/19/32/326208
mailto:stadnik@uottawa.ca
http://stacks.iop.org/JPhysCM/19/326208

J. Phys.: Condens. Matter 19 (2007) 326208 Z M Stadnik et al

twelvefold symmetry axes [2]. A main problem in condensed matter physics is determining
whether quasiperiodicity leads to physical properties which are significantly different from
those of crystalline and amorphous materials of the same/similar compositions.

One of the central questions in the physics of QCs is that of the possibility of the existence
of long-range magnetic order in these alloys. Initial intuition suggests that quasiperiodicity
necessarily leads to geometrical frustration and is therefore incompatible with long-range
magnetic order. However, various theoretical models dealing with magnetism in QCs indicate
the possibility of existence of long-range magnetic order in QCs. There are geometrical
models [3] and physical models, such as the Ising model [4], the XY model [5], the Heisenberg
model [6], and the Hubbard model [7].

On the experimental side, all known QCs are either diamagnets, paramagnets or spin
glasses [8]. The recent claim [9] of the existence of long-range magnetic order in i R-Mg—
Zn (R = rare earth) QCs was shown [10] to result from the presence of magnetic impurities
in the studied samples. Recent extensive neutron diffraction studies [11] of i R-Mg—Zn and
i R-Mg—Cd QCs, which are of very high structural quality and which can be produced in a
single-grain form, revealed the presence of short-range spin correlations at low temperatures
and the absence of long-range magnetic order; these QCs are spin glasses.

Recently, new metastable i QCs were discovered in the AgsolnsgRi4 system [12]. These
QCs are formed by replacing all of Cd in the binary i YbCds; QC [13] with Ag and In, and
Yb with other R elements. It is thus expected that the crystal structure of the i AgsolnsgRi4
QCs must be similar to that of the i YbCds; QC. Very recently, the crystal structure of the
i YbCds 7 QC has been solved [14]. It is based on three building units (rhombic triacontahedra
linked with acute and obtuse rhombohedra) arranged quasiperiodically with unique atomic
decorations. One would expect that R atoms are located at the Yb sites (on the vertices of
the icosahedron and inside the acute rhombohedron) and the Ag and In atoms are distributed
among the Cd sites. The new i Agsoln3sR14 QCs are expected to posses well localized and
sizeable 4f magnetic moments on the R elements and perhaps exhibit long-range magnetic
order. In this paper, we report on structural, magnetic, and >>Gd Méssbauer spectroscopy
studies of the i alloy AgsoInzsGd,4.

2. Experimental procedure

An ingot of nominal composition AgsgIn3sGd;4 was prepared by melting constituent elements
in an induction furnace on water-cooled Cu boat under an Ar atmosphere. Purities of the
starting elements were 99.999%, 99.999%, and 99.998% for Ag, In, and Gd, respectively. The
melting was repeated four times, in each case after turning the ingot. The total weight loss after
the melting was 1.5%. The ingot was then melt spun in an Ar atmosphere by ejecting molten
alloy through a 0.7 mm orifice in a quartz tube onto a surface of a copper wheel rotating with
a tangential velocity of 47 m s~!. The resulting ribbons were about 1.0 cm long and 20 pm
thick.

X-ray diffraction (XRD) measurements were performed at 298 K in Bragg—Brentano
geometry on a PANanalytical X’Pert scanning diffractometer using Cu Ko radiation. The K
line was eliminated by using a Kevex PSi2 Peltier-cooled solid-state Si detector. To allow for
the possible instrumental aberration and specimen displacement, corrections were made to the
26 angles using a fourth-order polynomial calibration curve [15] obtained from the scan of the
specimen mixed with 10 wt% of a Si standard [16].

The magnetic susceptibility was measured with a Quantum Design superconducting
quantum interference device magnetometer at various fields in the temperature range 2.0—
300 K.
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The >3Gd Mossbauer spectroscopy measurements in the temperature range 1.5-10.4 K
were conducted using a standard Mossbauer spectrometer operating in a sine mode and a source
of ' Eu(SmPd;). The source was kept at the same temperature as that of the absorber. The
spectrometer was calibrated with a Michelson interferometer [17], and the spectra were folded.
The Mossbauer absorber was made of pulverized material pressed into a pellet which was then
put into an Al disc container of thickness of 0.008 mm to ensure a uniform temperature over the
whole sample. The surface density of the Mossbauer absorber of the i AgsolnscGd;4 alloy was
304 mg cm™2. The 86.5 keV y-rays were detected with a 2.5 cm Nal(TI) scintillation detector
covered with a 0.6 mm Pb plate to cut off the 105.3 keV y-rays emitted from the source.

The Mossbauer spectra were analysed by means of a least-squares fitting procedure which
entailed calculations of the positions and relative intensities of the absorption lines by numerical
diagonalization of the full hyperfine interaction Hamiltonian [18]. The following hyperfine
parameters are obtained from the fits: the hyperfine magnetic field at a nuclear site, Hyg, the z-
component of the electric field gradient (EFG) tensor, V.., the asymmetry parameter, 7, defined
as ) = |(Vix — Vy,)/ V.| (if the principal axes are chosen such that |V, | < |V,,| < [V_,]|, then
0 < 1 < 1), the angle between the direction of Hys and the V,,-axis, 0, and the angle between
the V,,-axis and the projection of Hy onto the xy-plane, ¢. During the fitting procedure, the
g-factor and the quadrupole moment ratios for 1Gd (I, = 3/2, I.x = 5/2) were constrained
to, respectively, gex/g, = 1.235 and Qcx/Q, = 0.087 [19]. The interference &-factor for the
E1 transition of 86.5 keV in °°Gd was fixed to the value of 0.0520, which was derived from
the fit of the 'Gd Mgssbauer spectrum of GdFe; at 4.2 K [20].

The resonance line shape of the Mossbauer spectra was described by a transmission
integral formula [21]. In addition to the hyperfine parameters, only the absorber Debye—
Waller factor f, and the absorber linewidth I', were fitted as independent parameters. The
source linewidth Iy = 0.334 mms~! and the background-corrected Debye—Waller factor
of the source f [22], which were derived from the fit of the 151Gd Mossbauer spectrum
of GdFe, at 4.2 K [20], were used. The 'Eu(SmPds) source at 1.5 K emits a broadened
emission line; from the fit of the '°'Gd Mossbauer spectrum of GdFe, at 1.5 K we found that
I's = 0.708 mm s~! [20].

3. Results and discussion

3.1. Structural characterization

The XRD pattern of the studied sample measured in the 20 range 5°-100° (figure 1) shows
the presence of 19 i Bragg peaks, the weaker of which were not observed earlier [12] in the
patterns obtained with a scintillation/proportional counter. Four weak Bragg peaks due to an
unidentified second phase are also observed (figure 1). The positions of all the detected i Bragg
peaks corresponding to Cu Ko radiation (the value of its wavelength A is 1.540 5981 A [22]) in
terms of the angle 20, and the corresponding wavenumber Q.x, = 47 sinf; /A, as well as their
relative intensities and full widths at half maximum I' g, were determined from the profile fitting
using the procedure described by Schreiner and Jenkins [23]. These parameters corresponding
to 19 detected i peaks, whose positions are indicated by vertical lines in figure 1, are presented
in table 1. This table also contains the theoretical positions Q., which were calculated by
taking the position of the second most intense i peak as the reference. Since there are several
schemes employed to index the i peaks, we present in table 1 the indices that correspond to the
most frequently used schemes [24-26].

There is a good agreement between the observed Q. , and the theoretical O, positions
of the i Bragg peaks (figure 1 and table 1). The absence of Bragg peaks that correspond
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Figure 1. The XRD spectrum of an AgsoInzsGd;4 alloy at 298 K. The vertical lines labelled with
integers above all detected i Bragg peaks correspond to the positions calculated for the Cu Ko
radiation, as explained in the text. The position, full width at half maximum, and relative intensity
of each detected i peak are given in table 1 together with the corresponding index. The symbol ¥
indicates the peak positions corresponding to an unidentified second phase.

Table 1. Positions in terms of 26 (in deg) corresponding to Cu Kery radiation and Qexp (in A ),

full width at half maximum I'p (in A_l), and relative intensity INT normalized to 100.0 of all
detected icosahedral Bragg peaks, which are labelled with consecutive integers in column 1, as
obtained from the fit [23]. The integers correspond to the vertical lines in figure 1. Qcy (in A_])
is the calculated Q-value by taking the position of the second line with the /1 index 18/29 as the
reference line. 11 and /2 are the indices (N/M) and (h/h’, k/k’,1/1") based on the indexing scheme
of Cahn et al [24], whereas 13 and /4 are the indices corresponding, respectively, to the indexing
schemes of Elser [25] and Bancel et al [26].

Label 26, Qexp  Qa T INT 11 2 I3 14
1 26.146  1.845 1.842 0.025 0.5 12/16 022200 211000 311111
2 34388 2411 2411 0.024 440 18/29 122300 211111 100000
3 36229 2536 2535 0.027 1000 20/32 002400 221001 110000
4 41230 2872 2876 0.034 224 26/41 013400 222100 111101
5 42.832 2978 2980 0.037 113 28/44 222400 311111 210001
6 50.831 3.501 3.499  0.036 3.5 38/61 233400 322101 111000
7 52.104 3.582  3.585 0.039 44 40/64 242400 322111 111100
8 60376 4102  4.102 0.031 239 52/84 004600 332002 101000
9 64.008 4323 4321 0.040 133  58/93 233600 333101 210000

10 65.169 4393 4391 0043  10.1  60/96 224600 422211 210100

11 68.637 4.599 4596  0.069 6.9 66/105 104700 432002 211111

12 71426 4761 4758  0.034 1.7 70/113 124700 432112 110010

13 72485 4822 4.822 0.034 3.9 72/116 244600 433101 200000

14 75698  5.005 5.009 0.052 2.7 78/125 344601 433201 211001

15 76916 5.073 5071  0.037 3.8 80/128 004800 442002 220000

16 80.149 5251 5249 0.085 3.5 86/137 364500 443101 310001

17 82.674 5388 5392 0.016 0.4 90/145 015800 522222 111110

18 83.815 5448 5448 0.041 41 92/148 115801 443102 211000

19 90.709  5.803 5.801  0.028 1.8 104/168 464600 533212 111010

to half-integer indices confirm that the i Agsoln3sGd;s QC has a simple icosahedral
(SI) six-dimensional Bravais lattice characteristic for i alloys that cannot be produced as
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Figure 2. (a) The temperature dependence of the magnetic susceptibility of the icosahedral
AgsolnzeGdis, measured in an external magnetic field of 30 Oe. The solid line is the fit to
equation (1) in the temperature range 50-300 K, as explained in the text. (b) The inverse magnetic
susceptibility corrected for the contribution xo, (x — xo)~! versus temperature T of the icosahedral
AgsoInzeGdi4. The solid line is the fit to equation (1).

thermodynamically stable. The value of the six-dimensional hypercubic lattice constant
calculated from the value Q.yp that corresponds to the (18, 29) i peak is 7.805(2) A. The widths

I"p of the i peaks is significantly larger than the instrumental resolution (about 0.006 A_]) of the
XRD spectrometer. This broadening, as well as the small shift of Qcyp, from their ideal positions
Q.al, indicates the presence of some structural/chemical disorder in the i AgsoIn;sGd;4 QC.

3.2. Magnetic susceptibility

The magnetic susceptibility x of the i AgsoInisGd;4 QC measured in an applied magnetic field
of 30 Oe between 2.0 and 300 K is shown in figure 2(a). The sample was zero-field cooled to
the lowest temperature and the measurement was performed while warming the sample up to
300 K. The x (T') curve exhibits a definite peak at 4.20(5) K, indicating magnetic ordering. The
x (T) data above 50 K could be fitted to a modified Curie—Weiss law,

T ()
X=X+ g
where xo is the temperature-independent magnetic susceptibility, C is the Curie constant, and
2
0p is the paramagnetic Curie temperature. The Curie constant can be expressed as C = ka*”,

where N is the concentration of magnetic atoms per unit mass and e is the effective magnetic
moment. Figure 2(b) shows the inverse magnetic susceptibility corrected for the contribution
%0, (X — x0)~! versus temperature; the validity of the Curie~Weiss law is evident. The values
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Figure 3. The temperature dependence of the zero-field-cooled (ZFC) and field-cooled (FC)
magnetic susceptibility of the icosahedral Agsoln3¢Gdis4, measured in an external magnetic field
of 30 Oe.

of xo, C, and 6, obtained from the fit are, respectively, 8.57(10) x 1076 emu g_', 9.91(3) x
1073 emu K g7, and —37.1(2) K. This value of C corresponds to pefr of 8.15(1) ug per Gd
atom.

For a free Gd*" ion (electronic ground state 8s, ,2), the theoretical value of ;Lg}f =
gup~/J(J + 1)1is 7.94 up [27]. The fact that the experimental value e = 8.15(1) up is very
close to the theoretical value of 7.94 g confirms that the magnetic moment is localized on the
Gd*" ions and that, as expected, Ag and In atoms carry no magnetic moment. The negative
value of ¢, indicates the predominantly antiferromagnetic interaction between the Gd3* spins.

To determine the nature of the magnetic transition at 4.20 K, we measured the temperature
dependence of the zero-field-cooled (ZFC) and field-cooled (FC) magnetic susceptibility
around 4.2 K in an applied magnetic field of 30 Oe (figure 3). The occurrence of a bifurcation
between the ZFC and FC data at the freezing temperature 7y = 4.25(5) K is evident. Above T;
both ZFC and FC data are identical. Such a behaviour of the ZFC and FC susceptibility data is
characteristic of a spin glass [28]. The i AgsoIn;sGd 4 QC is thus a spin glass with a freezing
temperature 7t = 4.25(5) K.

The occurrence of a spin-glass behaviour requires both randomness and frustra-
tion [28, 29]. The frustration parameter f, defined as f = —6,/T; [30], is an empirical
measure of frustration. Its value for the i AgsoIn;sGdi4 QC is 8.7(1), which indicates that the
studied QC belongs to a category of strongly geometrically frustrated magnets [30].

There are two other Gd-containing i alloys, ZnsoMg4,Gdg with face-centred icosahedral
(FCI) structure [31] and CdsoMg4oGd;o with SI structure [32], which are also spin glasses. The
values of 6, and Tt for these i alloys are, respectively, —38 K, 5.5 K.and —37.8(1.0) K, 4.3(1) K.
These are very similar to the values of —37.1(2) K, 4.25(5) K found here for the i AgsoIn;sGdi4
QC with SI structure. It would thus appear that SI and FCI Gd-containing i alloys have very
similar bulk magnetic properties.

All three known Gd-containing ternary i alloys, ZnsoMgs,Gdg [31], CdsoMgaoGdio [32],
and Agsoln3eGd4 studied here, exhibit no long-range magnetic order and are spin glasses.
Is then the spin-glass state inherent to the quasicrystalline structure of these alloys or does it
result from structural/chemical disorder present in them? ZnsoMg4>Gdg and CdsoMg40Gdig
QCs are thermodynamically stable, whereas the AgsoIn;sGd;4 QC is metastable. The fact that
the spin-glass state occurs both in thermodynamically stable and metastable i QCs seems to
exclude the structural disorder as the main reason for its occurrence. These three Gd-containing
ternary i QCs possess some chemical disorder which may lead to the development of the
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Figure 4. The 155Gd Mossbauer spectrum of the icosahedral AgsoInzsGdj4 at 10.4 K fitted (solid
line) with (a) one quadrupole pattern and (b) a distribution of quadrupole patterns. The zero-velocity
scale is relative to the source.

spin-glass state. The fact that the thermodynamically stable binary i QC YbCds; with no
chemical disorder is not a spin glass [33] seems to support this suggestion.

3.3. Mossbauer spectroscopy

Figure 4(a) shows a 31Gd Méssbauer spectrum of the i AgsolnzeGdis QC at 104 K, i.e.,
well above T¢. This spectrum exhibits a substantial electric quadrupole hyperfine interaction.
For ">Gd nuclei, the quadrupole moment of the excited nuclear state with spin Ix = 5/2,
QO = 0.12 b [19], is significantly smaller than that of the ground nuclear state with spin
I, = 3/2, O, = 1.30 b [34]. This causes the quadrupole splitting of the excited nuclear
state, which is sensitive to the sign of V., and the magnitude of 7, to be smaller than the
natural linewidth 'y = 0.250 mm s~'. Consequently, only the absolute value of the effective
quadrupole splitting parameter A§" = ¢ Q,|V..|y/1 4 /3 can be derived from a Mdssbauer
spectrum of a sample in the paramagnetic state [35]. The parameters derived from the fit
(x* = 1.10) of the 10.6 K Mdssbauer spectrum (figure 4(a)) are: the isomer shift (relative to
the S Eu(SmPd3) source) § = 0.513(8) mm s, Asz = 2.030(27) mms~!, f, = 9.92)%,
and T', = 0.508(23) mms~'. Although a relatively good fit was obtained, the value of I,
is unphysically large. This large value of I', indicates the presence of a distribution of Ag".
In a QC, variations of the local coordination from site to site are expected to give rise to
a distribution of the parameters V., and 7 [36]. The distribution of A$" was simulated by
fitting the 10.6 K Mdossbauer spectrum with six component quadrupole patterns with Az,ff-values
extending from 0.0 to 1.5 mm s~!: the absorber linewidth was fixed to the value of ', and the
same values of § and f, were assumed for all components. The parameters deduced from the fit
assuming a distribution of A$" (figure 4(b)), 8, the average A", Asz, and f, are given in table 2.
The 3'Gd Massbauer spectra of the i AgsoInzgGdi4 QC at 5.9 and 5.3 K (figure 5) display the
presence of a distribution of Az,ff and were fitted in the same way as the corresponding spectrum
of the 1 Agsolns3eGdis QC at 10.6 K; the parameters derived from the fits are given in table 2.
The 'Gd Mgssbauer spectrum of the i AgsolnigGdys QC at 4.4 K, i.e., slightly above
T, clearly shows (figure 5) the presence of a combined electric quadrupole and magnetic
dipole hyperfine interactions. It was analysed by assuming a distribution of the quadrupole
splitting constant A, = eQ,V,;, and the same value of Hy; was used for all component
patterns; the value of 6 was fixed to 0.0° in the fit. The negative value of the average A,,
A ¢ =e0, V.., obtained from the fit (table 2) clearly establishes that the V., component of the

7



.. Condens. Matter 19 (2007) 326208 Z M Stadnik et al

—
jav}
=

<
7

g

100

©
©
©
©

©
(3
T
|

100 100

©
©
©
©

REL. TRANSMISSION (%) REL. TRANSMISSION (%)
©
@

REL. TRANSMISSION (%) REL. TRANSMISSION (%)

©
©
©
o
T
1

-4 -2 0 2 4
VELOCITY (mm/s) VELOCITY (mm/s)

Figure 5. ' Gd Mossbauer spectra of the icosahedral AgsgInzsGd,4 at various temperatures. Solid
lines are fits, as described in the text. The zero-velocity scale is relative to the source.

Table 2. Hyperfine interaction parameters derived from the fits to the '>'Gd Mossbauer spectra of
the icosahedral AgsoIn3cGd4 at various temperatures.

T((K) §@mms) Azﬁ or Ag (mms~") g Hys (kOe) Jfa (%) x?

10.4 0.511(7) 2.498(37) 9.9(1) 0.99
5.9 0.522(7) 2.541(51) 10.0(1)  1.06
5.3 0.512(8) 2.385(87) 10.0(1) 1.19
44 0.501(9) —2.212(45) 1.00(20) 69.8(7.5) 10.1(2) 1.04
1.5 0.516(16) —2.426(95) 0.84(24)  119.6(11.2) 10.5(2) 1.10

EFG tensor at the Gd sites in the i AgsoIn3sGdis QC is negative. The complete set of the EFG
tensor parameters at the Gd sites in the i AgsoIn3sGd 4 QC determined experimentally here is:
V., = —4.91(10) x 10" Vecm~2 and n = 1.00(20). The '3'Gd Méssbauer spectrum of the
1 AgsolnieGdig QC at 1.5 K (figure 5) was fitted in the same way as the corresponding spectrum
at 4.4 K; the parameters derived from the fit are given in table 2.

The studied 1 AgsolnigGdjs QC is formed [12] by replacing all of Cd in the binary
1 YbCds 7 QC [13] with Ag and In, and Yb with Gd. It is thus expected that the crystal structure
of the i AgspIn3sGd 4 QC must be similar to that of the i YbCds ;7 QC. The crystal structure of
the i YbCds7 QC has been recently solved [14]. One would expect that Gd atoms are located at
the Yb sites (on the vertices of the icosahedron and inside the acute rhombohedron) and that the
Ag and In atoms are distributed among the Cd sites. Clearly, the existence of the multiplicity of
Gd sites observed here is compatible with this structural model. The complete set of the EFG
tensor parameters at the Gd sites in the i AgsolniGdy4 QC determined experimentally here
could be compared with the corresponding parameters obtained from ab initio calculations of
the EFGs for a possible structural model for the i AgsolnicGdjs4 QC, similarly as has been
done for the i Al-Cu-Fe QC [37]. This could lead to the solution of the structure of the
i Ag5()IIl36Gd14 QC
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In terms of the Debye approximation of the lattice vibrations, the absorber Debye—Waller
factor f, is expressed [18] by the Debye temperature, ®p, as

3 E2 ' T \? [®/T xdx 5
fd(T)_eXp{_ZiMczk(aD[ +<®—D> A ex—l“’ 2

where E,, is the energy of the Mossbauer transition, M is the mass of the Mdssbauer nucleus,
c is the speed of light, and k is the Boltzmann constant. The analysis of the values of f, given
in table 2 via equation (2) yields ®p = 199(2) K. This is the lowest value among the known
ternary i QCs. This value compares well with the anomalously low value of ®p (in the range
138-145 K) for the i Ybs;Cd QC [33, 38].

The freezing temperature determined by the Mossbauer effect, 7.", is defined as a
temperature at which the magnetic dipole hyperfine interaction sets in. The presence of the
magnetic dipole hyperfine interaction in the Mossbauer spectrum of the i AgsolnigGds QC at
4.4 K, and its absence in the Mossbauer spectrum at 5.3 K, shows that 7™ lies between 4.4 and
5.3 K. Clearly, T;" is larger than T;. The systematically higher values of 7;" than T} have been
observed for many spin-glass systems [28, 39]. The inequality 7{" > T results from a time
window of an experimental technique used to determine the freezing temperature: as the time
window decreases, the freezing temperature increases [28, 39].

4. Conclusions

A newly discovered icosahedral quasicrystal Agsoln3sGdis has been studied with x-ray
diffraction, magnetic susceptibility, and '>Gd Mossbauer spectroscopy. The studied
quasicrystal has a simple six-dimensional Bravais lattice with the six-dimensional hypercubic
lattice constant of 7.805(2) A. The observed broadening of the diffraction Bragg peaks reflects
the presence of the topological/chemical disorder. The temperature dependence of the magnetic
susceptibility follows the Curie-Weiss law with the effective magnetic moment of 8.15(1) up
per Gd atom and the paramagnetic Curie temperature of —37.1(2) K. The studied quasicrystal
is a spin glass with a freezing temperature of 4.25(5) K. The presence of the distribution of the
electric quadrupole splitting in the Mossbauer spectra indicates the existence of a multiplicity
of Gd sites. The values of the principal component of the electric field gradient tensor
and the asymmetry parameter at these sites are, respectively, —4.91(10) x 10*' V.cm~2 and
n = 1.00(20). The Debye temperature of the studied quasicrystal is 199(2) K. The hyperfine
magnetic field sets in at a temperature higher than the freezing temperature.
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