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1. INTRODUCTION

Single crystals of complex compounds with garnet
structure are employed in electronics as substrates for
storage devices with cylindrical magnetic domains,
active working medium in quantum oscillators, etc. [1,
2]. Ferromagnetic garnet Y3Fe5O12 enjoys the largest
popularity among them [3]. It possesses a high optical
transparency, high specific Faraday rotation in the IR
range and reveals good microwave characteristics [4].
Despite the large area of applications of Y3Fe5O12 and
a large number of publications dealing with investiga�
tion of its physical properties, one can locate in litera�
ture only a limited number of publications bearing on
studies of the thermodynamic properties of this mate�
rial. The behavior with temperature of the molar heat
capacity Cp of the Y3Fe5O12 garnet was studied in the
following intervals: 1–20 [5], 80–390 [6], and 200–
673 K [7]. These data were summarized [8] and used
to calculate the thermodynamic functions for
Y3Fe5O12. Data available on the high melting temper�
ature of Y3Fe5O12, which depends on the partial pres�
sure of oxygen [9], stresses the need for information on
the Cp = f(T) dependence at temperatures higher than
those covered in [7, 8]. This information would permit
optimization of the conditions of synthesis and suggest
recommendations concerning the regimes appropriate
for the use of the materials obtained [10]. 

This paper reports on a study of the high�tempera�
ture heat capacity of Y2.93Ho0.07Fe5O12.

2. SAMPLES AND EXPERIMENTAL 
TECHNIQUE 

We used Y2.93Ho0.07Fe5O12 single crystals grown
from a melt solution by the technique described in [11,
12]. The largest size of the single crystals was ~10 mm.

The heat capacity Cp of the garnet was measured by
the method described earlier [13]. We employed com�
pacted powder samples. All the measurements were
performed in platinum crucibles. The differential
scanning calorimeter data were obtained with a STA
449 C Jupiter instrument (NETZSCH).

3. RESULTS AND DISCUSSION

The influence of temperature on the heat capacity
of Y2.93Ho0.07Fe5O12 crystals is displayed graphically in
Fig. 1. As seen from these data, the Cp = f(T) depen�
dence follows a fairly complex pattern. At T = 559 K,
the curve exhibits a clearly pronounced peak. The dis�
tinct λ�shape of the heat capacity peak and its contin�
uous variation in the region of the transition may sug�
gest that it is a second�order phase transition [14, 15].
The jump of Cp in the region of the phase transition is
ΔCp(Tmax) ≈ 45 J/(mol K), with the width of the tran�
sition ΔT ≈ 160 K. We note that, according to [8], one
observes near 560 K another anomaly in Cp, which was
assigned to a magnetic transformation at the Curie
point (TC = 560 ± 10 K).

The transition entropy ΔS can be estimated from
the excess heat capacity ΔCp near TC with the relation

ΔS =  [16, 17]. To find ΔCp, we apply an

approach similar to the one described in [18]. The
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excess heat capacity is derived in this case by subtract�
ing from the experimental heat capacity its regular part
Cpn defined by the base line of the Cp = f(T) relation.
The base line was found by extrapolating the heat
capacity from the temperature region above TC (649–
774 K) to that lying below TC (344–464 K), with the
exclusion of the phase transition region. The base line
obtained for these conditions is shown in Fig. 1. With the
data thus obtained, we came to ΔS = 5.57 J/(mol K).
This value is practically equal to ΔS = R ln2 =
5.76 J/(mol K), the value predicted for the order/dis�
order�type transitions [16]. The base line was used to
determine the heat capacity at 298 K. It turned out to

be equal to  = 438.21 J/(mol K). This result is

slightly larger than the one presented in [8],  =
426.77 ± 8.36 J/(mol K). One cannot exclude the pos�
sibility that this is connected with the garnet being
doped in our case with holmium, because for

Ho3Fe5O12 and  = 451.52 J/(mol K) [19]. Besides,
the properties of the crystals grown may be affected by
the deviation of the garnet composition from stoichi�
ometry, formation of vacancies, antisites and other
defects [4, 10, 12]. It was reported [10] that formation
of antisite defects in the course of exchange of ions
occupying different sites of the garner structure may
bring about a change in magnetic order in ferrite gar�
nets and, hence, cause a change in the heat capacity
and enthalpy as well. While partial or complete
replacement of yttrium in Y3Fe5O12 with a rare�earth
element does not affect noticeably the anisotropy of
the Fe3+ ions, the rare�earth ion (REI) adds to it a
contribution [3]. We note that the effect of magnetic
“dilution” on exchange interactions and ferrimag�
netism is considered in sufficient detail in [20]. The
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above factors were found to cause a difference between
thermodynamic properties measured by different
methods, as well as between the properties of samples
with different prehistories [10]. Indeed, nanostruc�
tural samples of Y3Fe5O12 obtained by nonequilibrium
methods have defects on the surface and in the bulk of
crystals and vacancies in the cation and oxygen sublat�
tices, and this is believed [21] to be capable of affecting
the physical properties.

The above considerations may be viewed as corrob�
oration for the influence of garnet doping with hol�
mium, although the TC points on the Cp = f(T) curve
obtained by us and reported in [8] coincide in position.

It was proposed [10] to calculate the temperature
dependences of the heat capacities of the R3M5O12

garnets (R3+ ≡ Y, Bi, REI; M3+ ≡ Al, Ga, Fe) with poly�
nomials of the kind

where x = T × 10–4 [K]. The data obtained using this
equation for Y3Fe5O12 are plotted in Fig. 1. Note that
for T < TC this equation describes satisfactorily the
experimental Cp = f(T) relations, whereas for T > TC

no such agreement is seen. The required values of ϕ2,
ϕ3, ϕ5, ϕ6, ϕ7 were taken from tables [10]. Note that
they are different for T < TC and T > TC. Calculations

made with the use of this equation yield  =
421.3 J/(mol K), which is slightly smaller than our
data presented in this paper and reported in [8].

The composition of the oxides of the GeO2–PbO
system and their standard heat capacity were found to
correlate [22]. This relation is demonstrated graphi�
cally in Fig. 2. We see that on the whole this relation is
seen to hold for this system as well. We have not suc�
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Fig. 1. Temperature dependence of Cp of the
Y2.93Ho0.07Fe5O12 compound according to (1) our data,
(2) base line, (3) [8], and (4) [10].
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Fig. 2. Dependence of the standard heat capacity on the
composition of the Fe2O3–Y2O3 pseudobinary system
according to (1) [19], (2) our data, (3) [10], (4) [8], and
(5) [23].
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ceeded in finding data on the heat capacity for YFeO3,
therefore they were calculated by the Neumann–
Kopp method [23].

4. CONCLUSIONS

The temperature dependence of the heat capacity
of Y2.93Ho0.07Fe5O12 has been studied. The Cp = f(T)
dependence was found to have a distinct extremum
corresponding to the ferrimagnetic–paramagnetic
transition.
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