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Abstract—Polycrystalline samples of HoFeTi2O7 were obtained by solid-phase synthesis and investigated
using X-ray diffraction, gamma resonance, and SQUID measurements. Characteristics of the structural
properties are presented, which give an evidence of the distribution of iron atoms among nonequivalent crys-
tallographic positions and of the nonuniform populating of positions mixed with titanium by the iron atoms.
Spin disorder caused by mixing of magnetic and nonmagnetic ions, spatial nonuniformity of the interactions
defining the magnetic structure in the crystal lead to formation of concurrent magnetic exchange interactions
between the nearest neighbors, frustration of magnetic couplings, and loss of the long-range magnetic order-
ing. The temperature dependence of the magnetic susceptibility at low temperatures was shown to have some
peculiarities typical of the magnetic state of spin glass.
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INTRODUCTION
Frustrated magnetic systems with different mag-

netic properties, capable of forming unusual ground
magnetic states are widely studied today [1–5], which
encourages seeking new magnetic materials. Com-
pounds containing rare earth and transition 3d metals
attract the attention of researchers in the field of solid-
state physics [5–8]. Concurrent magnetic interactions
are highly probable to appear in complex oxides based
on 3d and 4f elements, which leads to frustration of
magnetic moments.

The ground state of frustrated magnetics R2Ti2O7
with the pyrochlore crystal structure (R is a rare earth
ion) at low temperatures is a spin glass, like in
Dy2Ti2O7 or Ho2Ti2O7 [3, 4]. The influence which
substitution of certain ions in spin-frustrated magnet-
ics has on their magnetic properties is of interest [5].

Compounds with the general composition
R3+Fe3+Ti2O7 (R = Sm, Gd, Tb, Dy, Yb, Lu) possess
the zirconolite crystal structure and are of a special
interest due to the presence of two magnetic ions,
which enriches the pattern of magnetic couplings in
the crystal and lead to their concurrence in the spin
system. The peculiarity of the zirconolite crystal
structure with nonuniform distribution of iron ions
over the mixed crystallographic positions facilitates
formation of the magnetic spin-glass state [7–10].
These compounds can be used as model materials to

understand the physics of disordered structures,
micromagnetism, and for development of new types of
magnetic memory devices.

The aim of this work is obtaining a new magnetic
oxide compound of 3d and 4f elements with the for-
mula HoFeTi2O7 and experimental studying its struc-
tural and magnetic properties. Holmium was chosen
as the rare earth ion in the RFe3+Ti2O7 system since it
has one of the biggest magnetic moments among all
elements on the periodic table.

EXPERIMENTAL
Polycrystalline sample of HoFeTi2O7 was obtained

by solid-state synthesis in the mix of high-purity
oxides Fe2O3, TiO2, and Ho2O3 taken in the stoichio-
metric ratio. The samples were prepared as disks with
the diameter of 10 mm and thickness of 1.5–2.0 mm
and were subject to high-temperature treatment at
1200–1250°C in air. The synthesis procedure includes
four annealing steps 24 h long each with intermediate
wet grinding in alcohol. The chemical and phase com-
position of the obtained samples were controlled by
X-ray structural analysis.

Powder X-ray diffraction pattern of HoFeTi2O7 was
obtained at room temperature on a Bruker D8
ADVANCE diffractometer using a VANTEC linear
detector and CuKα radiation. Variable count time
464
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Table 1. Basic crystallographic properties of HoFeTi2O7
and parameters of the X-ray experiment

HoFeTi2O7

Space group Pcnb
a, Å 9.8353(2)
b, Å 13.5572(2)
c, Å 7.3497(1)

V, Å3 980.01(3)

Z 8

Dx, g/cm3 5.796

μ, mm–1 78.909

2θ range, deg 5−140
Number of ref lexes 939
Number of refined parameters 82
Rwp, % 1.187
Rexp, % 0.915
Rp, % 1.657
GOF(χ) 2.063
RBragg, % 0.780
(VCT) and variable step scanning (VSS) methods were
used. The exposition time was increased as the 2θ
angle grew to improve the quality of the acquired data
[11–13]. As a rule, 5 to 8 experimental points should
cover the peak half-width (FWHM). However, the
peaks broaden significantly as the 2θ increase. There-
fore, the step was wider for large 2θ values to decrease
the duration of the experiments [14]. The experimen-
tal data were converted to a standard XYE file contain-
ing the coordinate 2θi, intensity Ii, and standard devi-
ation δ(Ii) for each measured point. The Rietveld
refinement that is implemented, e.g., in the TOPAS
4.2 software [15], allows for the standard deviation of
each point by calculating the weight wi = 1/σ(Ii)2 for
each point. Increasing the exposition time for a given
point leads to a corresponding decrease in the stan-
dard deviation σ(Ii) and an increase in its weight wi in
the least squares refinement procedure. Thus, the
VCT method equilibrates the weights of weak large-
angle and strong small-angle reflexes, in contrast to a
conventional experiment where the weight are
unequal and the structural information contained in
the large-angle region is lost.

Nuclear gamma resonance spectra were recorded
on a MS-1104Em spectrometer in the Kirensky Insti-
tute of Physics (Krasnoyarsk Scientific Center, Sibe-
rian Branch, Russian Academy of Sciences). Mea-
surements were conducted at room temperature using
a Co57(Cr) source in powders with the thickness of
5‒10 mg/cm2 at the natural iron abundance. The
chemical shift values are given relative to α-Fe.

Temperature behavior of the magnetic moment
was investigated on a Quantum design MPMS-XL
magnetometer in the Siberian Federal University in
the temperature range from 2 to 300 K using the fol-
lowing regimes: zero-field cooling (ZFC), when the
sample was cooled to the liquid helium temperature
without the magnetic field, then the measuring field
H = 500 or 1000 Oe was turned on, the temperature
began to rise, and the magnetic moment was mea-
sured, and in the field cooling mode (FC) when the
magnetic moment was measured as the sample was
cooled in the presence of the field H.

RESULTS AND DISCUSSION
Structural properties of polycrystalline compound

HoFeTi2O7 were investigated by X-ray diffraction and
nuclear gamma resonance.

The X-ray diffraction pattern of the synthesized
HoFeTi2O7 sample at room temperature is shown in
Fig. 1. The experimental diffraction pattern of the
sample obtained following the VCT/VSS method was
divided into four parts: 5°–38.7° (exposition time 3 s
per one point, step 0.016°); 38.7°–61.6° (exposition 9 s,
step 0.024°); 61.6°–97.5° (exposition 15 s, step
0.032°); and 97.5°–140° (exposition 24 s, step 0.040°).
The total experiment time was 16 h. Partitioning of the
PHYSICS OF THE SOLID STATE  Vol. 62  No. 3  2020
experiment was made in the XRD Wizard program
[14]. Peak positions were determined with the aid of
the EVA program (2004 release) from the DIFFRAC-
PLUS software package (Bruker).

A small admixture (2.39%) of the phase Fe2TiO5
was noticed together with the main phase HoFeTi2O7.
Note that the studied compound HoFeTi2O7 is iso-
structural to GdGaTi2O7 [16]. Thus, the structure of
GdGaTi2O7 was taken as the initial model for the anal-
ysis of the crystal structure and determination of the
position populations in the sample of HoFeTi2O7.
Main crystallographic characteristics of HoFeTi2O7
and parameters of the X-ray experiment are listed in
Table 1. Atom coordinates and results of refinement of
the population of crystallographic positions of p atoms
in HoFeTi2O7 are given in Table 2.

According the obtained X-ray data, the structure of
the HoFeTi2O7 sample at room temperature is
described by the centrosymmetrical rhombic syngony
with the space group Pcnb, like other studied com-
pounds with the general formula RFeTi2O7 (with the
rare earth ion R = Sm, Gd, Tb, Dy, Yb, Lu) [8–10, 17,
18].

Crystal structure of the RFeTi2O7 compounds, as
well as GdGaTi2O7, consists of four-, five-, six-, and
eight-apical oxygen-coordinated polyhedra. The rare
earth ion is placed in the eight-apical polyhedron. Iron
occupies three close but inequivalent crystallographic
positions; Fe3+ cations are placed in a distorted octa-
hedron which can be presented conditionally as two
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Fig. 1. X-ray diffraction of the polycrystalline sample of HoFeTi2O7 at room temperature. The bottom line is the difference plot.
The studied compound contains the admixture of Fe2TiO5 at the level of 2.39%.
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polyhedra: a tetrahedron with the Fet ion in the center
and a coordination five-apical polyhedron with the Fef

ions ( , ) [16]. Symmetry-related cations 
and  are situated along the diagonal of the com-
posite octahedron. In addition, polyhedra of mixed
octahedral positions Ti–Fe(Ga) are also involved in
building the crystal structure of the discussed com-
pounds: Ti1–Fe1(Ga1), Ti2–Fe2(Ga2), and Ti3–
Fe3(Ga3).

Analysis of the results shows that the lattice param-
eter a in HoFeTi2O7 is increased, while b and c are
decreased as compared to the lattice parameters of
GdGaTi2O7 (a = 9.7804(3) Å, b = 13.605(1) Å, c =
7.4186(2) Å [16]); that is, disproportional changes of
the parameters of the rhombic cell occurs upon substi-
tuting holmium and iron cations for gadolinium and
gallium cations. Moreover, populations of the mixed
positions Fe–Ti in HoFeTi2O7 and Ga–Ti in
GdGaTi2O7 also differ. Gallium occupies all three
mixed positions in GdGaTi2O7; the populations are
0.12 for Ga1, 0.21 for Ga2, and 0.27 for Ga3 [16].
Table 2 shows that the mixed position Ti3–Fe3 is
occupied by titanium ions in the holmium-containing
sample.

'Fe f ''Fe f 'Fe f

''Fe f
PHY
Note that the X-ray studies reveal the following
content of the elements in the unit cell of the synthe-
sized HoFeTi2O7 sample: 0.89 × 8 + 0.2 × 4 + 1.00 ×
8 = 15.92 titanium atoms and 0.11 × 8 + 0.8 × 4 + 0 ×
8 + (0.78 × 4 + 0.11 × 8) = 8.08 iron atoms. The result-
ing formula allowing for the standard deviations can be
written as HoFe1.01(9)Ti1.99(9)O7.

Thus, distribution of iron ions among four (from
five possible) crystallographic positions and unequal
population of the mixed positions Ti1–Fe1 and Ti2–
Fe2 by the iron ions is a peculiarity of the crystal struc-
ture of HoFeTi2O7 important in this study.

Additional information on the structure is given by
Mössbauer spectroscopy. Absorption spectrum by
57Fe nuclei in HoFeTi2O7 at 300 K is shown in Fig. 2a.
The horizontal axis shows the relative speed of the
source relative to the absorber, the vertical axis pres-
ents the intensity of resonance absorption. The γ
quanta absorption spectrum by 57Fe nuclei in the
HoFeTi2O7 sample is a sum of overlapping quadrupole
doublets.

To determine the composition of the model spec-
trum, the probability distribution of quadrupole split-
tings P(QS) in the experimental spectrum was calcu-
SICS OF THE SOLID STATE  Vol. 62  No. 3  2020
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Table 2. Atom coordinates, populations of the structure positions p in the HoFeTi2O7 crystal, and thermal factors Biso

Atom Population
of the position x y z p

Ho 8 0.2447 (5) 0.1321 (3) 0.0072 (6) 1 1.47 (10)
Ti1 8 0.2439 (12) 0.3855 (6) 0.4797 (10) 0.892 (42) 1.24 (18)
Fe1 8 0.2439 (12) 0.3855 (6) 0.4797 (10) 0.108 (42) 1.24 (18)
Ti2 4 0.5 0.25 0.249 (3) 0.21 (18) 1.8 (4)
Fe2 4 0.5 0.25 0.249 (3) 0.79 (18) 1.8 (4)
Ti3 8 0.0025 (11) 0.4891 (6) 0.253 (2) 1.00 (10) 2.1 (3)
Fe3 8 0.0025 (11) 0.4891 (6) 0.253 (2) 0.00 (10) 2.1 (3)
Fet 4 0 0.25 0.338 (3) 0.78 3.77 (3)
Fef 8 0.041 (8) 0.274 (6) 0.173 (12) 0.11 3.77 (3)
O1 8 0.1617 (12) 0.3871 (16) 0.242 (4) 1 1.20 (18)
O2 8 0.4142 (17) 0.1098 (17) 0.254 (5) 1 1.20 (18)
O3 8 0.112 (2) 0.1472 (12) 0.251 (5) 1 1.20 (18)
O4 8 0.386 (4) 0.280 (2) 0.448 (4) 1 1.20 (18)
O5 8 0.369 (3) 0.289 (3) 0.046 (4) 1 1.20 (18)
O6 8 0.369 (3) 0.497 (2) 0.430 (4) 1 1.20 (18)
O7 8 0.379 (4) 0.482 (2) 0.070 (4) 1 1.20 (18)

iso eq*B /B

Table 3. Mössbauer parameters of HoFeTi2O7

IS, mm/s ±0.01 QS, mm/s, 
±0.02

W, mm/s
±0.02

A(γ), partial % 
±0.04 А(R) EFG, e/Å3 Position

0.24 2.19 0.26 0.21 0.114 −0.247 Fef

0.23 2.36 0.19 0.10 0.101 0.501 Fet

0.35 0.59 0.26 0.18 0.168 0.190 Fe1

0.35 0.86 0.32 0.31 0.616 −0.173 Fe2
0.30 1.43 0.56 0.21 “Fe2”
lated and presented in Fig. 2b. Two groups of doublets
with different chemical shifts were used in the calcula-
tion of P(QS). The doublet amplitudes and chemical
shifts common for each doublet group were fitted. The
chemical shift values obtained as the result of the fit-
ting are shown as numbers in Fig. 2b. A small value
IS = 0.23 mm/s proves that this doublet group is
related to Fe3+ cations with a low oxygen coordination.
The doublet group with IS = 0.35 mm/s belongs to the
Fe3+ cations occupying the octahedral positions.
Maxima and peculiarities on the P(QS) distribution
curve give an evidence of nonequivalent positions of
iron in HoFeTi2O7.

Information extracted from the P(QS) distribution
was used to simulate a model spectrum and fit it to the
experimental one by varying the whole set of hyperfine
parameters. The fitting results for HoFeTi2O7 are
given in Table 3, where IS is the isomeric shift relative
to α-Fe, QS is the quadrupole splitting, W is the
absorption line width, and A(γ) is the partial popula-
PHYSICS OF THE SOLID STATE  Vol. 62  No. 3  2020
tion of the position (the area under the partial dou-
blet). All components of the Mössbauer spectrum are
shown in Fig. 2a by the lines. The error spectrum (dif-
ference of the calculated and experimental spectra) is
plotted under the experimental spectrum.

To identify the Mössbauer positions of iron in zir-
conolite HoFeTi2O7 (assignment to the crystallo-
graphic positions), the X-ray diffraction results were
used, namely, iron populations at the positions and
the distortion degree of the coordination polyhedra.
The EFG column in Table 3 shows the estimate of the
electric field gradient (EFG) created by the anions in
the coordination polyhedra at the crystallographic
positions of the iron atoms. With this goal, we used
X-ray data on the coordinates of atoms that form the
HoFeTi2O7 lattice. EFG values should correlate with
experimental quadrupole splittings QS. No such cor-
relation is observed. There may be two reasons for this
discrepancy. First, the contribution of the far neigh-
bors was not taken into account when estimating the
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Fig. 2. (a) Mössbauer spectrum of HoFeTi2O7 at T = 300 K. (b) Distribution of the quadrupole splitting probability in the exper-
imental spectrum of HoFeTi2O7.
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EFG. Second, X-ray analysis does not distinguish
between local environments of Fe and Ti in the mixed
positions, giving atom coordinates that are averaged
over the lattice. The electric field gradient (and,
hence, quadrupole splitting) is, however, quite sensi-
tive to small variations of the atom coordinates.

The columns A(γ) and A(R) in Table 3 give the
position populations measured by the Mössbauer and
X-ray methods, respectively. The results agree with
each other on the qualitative level, which allowed us to
identify the Mössbauer positions. Appearance of the
position Fef is probably due to iron cations contained
in the admixture Fe2TiO5 [19, 20].

Note that the gamma resonance investigation
proves that the character of the Mössbauer spectrum is
consistent with the idea of the presence of nonequiva-
lent iron ion positions in the crystal lattice of the
dielectric compound HoFeTi2O7.

Thus, the results of X-ray and Mössbauer investi-
gations show chaotic distribution of iron atoms over
the crystallographic positions in HoFeTi2O7: atoms of
iron and titanium are randomly distributed among the
mixed Ti–Fe centers of the crystal lattice.

The magnetic subsystem of the HoFeTi2O7 sample
is formed by iron and holmium ions. Titanium ions in
the multiatomic crystal HoFeTi2O7 are in the diamag-
PHY
netic state Ti4+(3d0). Magnetic properties of oxide
compounds synthesized from the transition 3d ele-
ment (Fe) and 4 f elements (rare earths) depend
strongly on the features of their electron configura-
tions. In HoFeTi2O7 magnetic ions Fe3+ have the elec-
tron configuration 3d5, and Ho3+ ions have the config-
uration 4 f 105s25p65d16s2. Closed outer shells (5s25p6)
shield the magnetic 4 f shell of the rare earth Ho3+ ion
from the influence of neighbor atoms. Unlike Ho3+,
the empty d shell of the iron ions is closer to the shell
periphery and thus more prone to external influence
in the crystal.

Measurements of the temperature and field depen-
dences of the magnetic moment were carried out to
analyze magnetic properties of HoFeTi2O7 (Figs. 3, 4).

It is evident from Fig. 3a that the temperature
dependence of the magnetic moment M(T) (in the
ZFC measuring mode) in the field of H = 500 Oe has
a maximum at 3.8 K. Curves M(T) obtained in the
ZFC and FC modes are plotted in Fig. 3b; the mag-
netic moments are different to the temperature of Tf =
4.7 K, and coincide above the Tf point. This kind of
the temperature dependence of the magnetic moment,
which demonstrates the influence of the prehistory
(namely, on cooling conditions: in the field and with
the field turned on only after cooling to the tempera-
SICS OF THE SOLID STATE  Vol. 62  No. 3  2020
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Fig. 3. (a) Temperature dependence of the magnetic
moment of the HoFeTi2O7 sample in the field of H =
0.05 T. Sample was cooled in the zero field. The sample
mass was m = 0.145 g. (b) Dependence of the magnetic
moment of the HoFeTi2O7 sample on the temperature in
the field of 0.05 T obtained in two measurement modes:
FC (sample was cooled at H = 0.05 T) and ZFC (H = 0).
The sample mass was m = 0.015 g. The freezing tempera-
ture was Tf = 4.7 K. (c) Temperature dependence of the
inverse susceptibility of the HoFeTi2O7 sample cooled
without the magnetic field. The asymptotic Neel tempera-
ture is θ = ‒28 K. The sample mass was m = 0.015 g.
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ture below Tf) is typical of a thermodynamically non-
equilibrium metastable magnetic state of spin glass; it
was observed earlier in compounds of the RFeTi2O7
class (R = Sm, Gd, Tb, Dy, Yb, Lu) [8–10, 17, 18].

Structural studies showed that iron atoms do not
form a regular crystal lattice in the HoFeTi2O7 crystal,
but rather are randomly distributed; this is one of the
conditions of appearing of the magnetic spin glass
state in a material. Peculiarities of the magnetic prop-
erties and the disorder in the distribution of magnetic
iron ions in the crystal lattice allow suggesting that the
magnetic spin glass state arises in HoFeTi2O7 below
the “freezing” temperature Tf = 4.7 K.

Above the “freezing” point the studied material
goes to the paramagnetic phase. The temperature
dependence of the inverse susceptibility χ–1(T) in the
temperature range of 2–300 K with the HoFeTi2O7
sample cooled in the magnetic field of H = 1000 Oe is
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Table 4. Asymptotic Neel temperatures θ, Curie–Weiss
constants C in the Curie–Weiss law, calculated and experi-
mental values of the effective moment for HoFeTi2O7

The effective moment of the compound was calculated as

μeff(calc) = (  + )1/2, where the resulting moments of the iron
ions Fe3+ (i = 1) and the rare earth metal R3+ (i = 2) μi = gi(Ji(Ji +
1))1/2, μB (Ji is the total angular momentum and gi is the spectro-
scopic splitting factor).

Compound HoFeTi2O7

Freezing temperature Tf, K 4.5
Asymptotic Neel temperature θ, K –28
Curie–Weiss constant С, K 0.047

μeff(calc) = (  + )1/2, 
where μi = gi[Ji(Ji + 1)]1/2, μB

12.1

μeff(exp), μB 12.8

μ2
1 μ2

2

μ2
1 μ2

2

plotted in Fig. 3c. The dependence of the inverse sus-
ceptibility in the high-temperature range (T > 75 K)
obeys the Curie–Weiss law χ = C/(T – θ), where C is
the Curie–Weiss constant and θ is the asymptotic
Neel temperature.

According to the Curie–Weiss law, the paramag-
netic state in HoFeTi2O7, in which the energy of ther-
mal excitation is larger than the energy of magnetic
interactions, is characterized by a negative asymptotic
Neel temperature θ = –28 K. This indicated that the
interaction in the magnetic subsystem of the complex
oxide compound of holmium and iron is mainly of the
antiferromagnetic type. Table 4 shows main magnetic
properties of the sample: experimental values of the
asymptotic Neel temperature, Curie–Weiss constants,
calculated and experimental effective moments for the
temperature range in which the susceptibility obeys
the Curie–Weiss law. The effective magnetic moment
per a single molecule μeff(exp), derived from the experi-
mental data, is comparable with the calculated value
μeff(calc).

The main contribution into the magnetic moment
of HoFeTi2O7 belongs to the holmium ions. The mag-
netic moment of the trivalent Ho3+ ion is μeff = 10.5μB;
of the Fe3+ ion, μeff = 5.9μB [21]. Despite the weaker
contribution of the iron ions into the magnetic
moment of the compound HoFeTi2O7, replacement of
the rare earth ion R3+ in the system RFeTi2O7 by hol-
mium does not change the ground magnetic state. The
magnetic sublattice of iron was shown in [8] to play the
key role in formation of a spin glass magnetic state in
the system RFeTi2O7. This conclusion is also proven
by the finding of the spin glass state in the holmium-
containing sample, while holmium has one of the
largest magnetic moments among all rare earth ions.

Figure 4 illustrates the behavior of the sample in
the magnetic field. Hysteresis loop in HoFeTi2O7
obtained at T = 2 K is shown in Fig. 4a. The coercive
force Hc was found to be 225 Oe. Figure 4b shows iso-
therms of the field dependence of the magnetic
moment, characterizing the paramagnetic phase of
the HoFeTi2O7 sample.

Since the exchange interaction energy depends on
the disposition of magnetic and nonmagnetic ions, the
random distribution of the iron ions in the lattice of
HoFeTi2O7, on the one hand, and the presence of the
second magnetic ion—holmium—on the other hand,
may lead to the situation when the exchange interac-
tion energy will change stochastically its value and
even the sign depending on the distances between
atoms in the magnetic subsystem. Not only changes in
the positions of magnetic atoms of Fe and Ho are
important here, but also of nonmagnetic Ti atoms.
Anisotropy can also vary in a random way, in addition
to the exchange, due to this disorder. Fluctuations of
the inner electric field acting on the electrons of the d
and f shells may result in the f luctuations of the energy
PHY
of single-ion anisotropy and of the direction of the
anisotropy axis [22]. Spin disorder arising due to mix-
ing of magnetic and nonmagnetic ions changes in the
interactions defining the magnetic structure in the
crystal facilitate the formation of concurrent magnetic
exchange interactions between the nearest neighbors and
frustration of magnetic couplings. Estimate of the frus-
tration level F by the relation F = |θ|/Tf [23] in the mag-
netic compound HoFeTi2O7 yields the value of 6.2.

Thus, peculiarities of the crystal structure of zir-
conolite leading to a disorder in the disposition of the
magnetic iron ions, and their mixing with nonmag-
netic titanium ions in the centers of the crystal lattice
lead to formation of a magnetic spin glass state in
HoFeTi2O7 at low temperatures.

CONCLUSIONS
Properties of a novel magnetic compound

HoFeTi2O7 were investigated by X-ray and gamma
resonance methods and measurements of static mag-
netic characteristics.

The crystal structure of the sample is described by
the rhombic space group Pcnb with the following unit
cell parameters: a = 9.8353(2) Å, b = 13.5572(2) Å,
c = 7.3497(1) Å, V = 980.01(3) Å3. The crystal-
lochemical formula of the studied compound, allow-
ing for the relative populations of the individual posi-
tion, is HoFe1.01(9)Ti1.99(9)O7.

Analysis of X-ray diffraction and Mössbauer spec-
troscopy results showed the presence of a disordered
distribution of iron ions in the crystal lattice of
HoFeTi2O7.

The ground magnetic state, formed due to mag-
netic interactions between the Ho3+ and Fe3+ ions in
HoFeTi2O7 with predominantly antiferromagnetic
character in the magnetic subsystem, is subject to the
SICS OF THE SOLID STATE  Vol. 62  No. 3  2020
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influence of f luctuations resulting from the stochastic
distribution of the iron magnetic moments over the
crystallographic positions mixed with nonmagnetic
titanium ions. When the temperature decreases below
4.7 K, the HoFeTi2O7 sample with a complex pattern
of spatially nonuniform concurrent magnetic interac-
tions between the nearest neighbors experience a tran-
sition from the paramagnetic phase to a state with an
typical indication of the spin glass: the magnetization
depends not only on the temperature but also on the
cooling conditions (in the external magnetic field and
without the field).

Disordered distribution of the iron ions in the crys-
tal lattice of HoFeTi2O7 facilitates arising of concur-
rent magnetic interactions, their frustration, absence
of the long-range magnetic order, and the magnetic
spin glass state appearing at low temperatures.
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