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THE HEAT CAPACITY AND PHASE TRANSITION IN CoFe;Ses CRYSTALS
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H.M. Abdullayev Institute of Physics of Azerbaijan NAS
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The heat capacity of CoFe,Se, crystals in interval 55-300K is investigated. The C,(7) dependence reveals the anomaly showing on the
presence of ferromagnetic phase transition in interval 108-135K. The anomaly maximum value is at 7,=128K temperature. The values of AQ

AS
energy and AS entropy of phase transition, the coefficients of thermodynamic potential are obtained. The small value ? = (0,22 testifies to

the effect that this transition is to transitions of displacement type. The behavior of anomalous heat capacity near T, is satisfactory described

by Landau’s theory of phase transitions.

The neutron diffraction studies [1] show that CoFe,Se, is
ferromagnetic compound with Curie temperature 7, = 125K
which has the monoclinic structure (space group

Cym= th) with M;oX,-type of ordered vacancy (O is

vacancy). The superstructure CoFe,Se,
corresponds to NiAs lattice type.

The heat capacity of CoFe,Ses in interval 55-300K is
investigated in the present paper. The semi-crystal samples of
CoFe,Ses are synthesized by melting of corresponding
components in evacuated quartz ampoules. The X-ray
structure analysis allows us to define the nature of
homogeneous phase and lattice parameters of CoFe,Sey
samples at investigation ¢=0,615 nm, 5#=0,355nm, ¢=1,095
nm and $=91°55" which coincide with data [1].

The heat capacity of CoFe,Se, crystals is measured on
adiabatic calorimeter installation used earlier in [2]. The
absolute error in temperature definition is £0,01 K. The
relative error in heat capacity definition at 7>50K doesn’t
exceed 0,3%.
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Fig. 1. C,(T) dependence for CoFe,Se,.

The investigation results of heat capacity of CoFe,Se,
crystals are presented on fig.1. As it is seen from fig.1, C,(T)
dependence reveals the anomaly showing on the presence of
ferromagnetic phase transition in 108-135K interval [1]. The
anomaly maximum value is at temperature 7,~128K.

The excess heat capacity exists higher than 7, in interval
128-135K in symmetric phase. The extrapolation C,(T) (the
dotted line on fig.1) in 108-135K is carried out with the help
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of approximation by cubic splines and the regular (AC,,) and
anomalous (AC,) deposits of heat capacity (fig.1) are divided
where AC,= C,- C, that allows us to define and analyze the
phase transition characteristics of CoFe,Se; crystal. The
anomaly value in 7. region is 19% of its regular part.

The changes of (AQ) energy and (AS) entropy connected
with phase transition are defined by the integration of cubic
AC,(T)

interpolated  AC,(T)  and splines  and

correspondingly in 108-135K interval. The AQ and AS
AS

values are presented in the table. The small value — = 0,22
R

testifies to the effect that this transition is to transitions of
displacement type.

The series of character peculiarities: the small jump at 7,
and anomaly which is asymmetric one relatively to transition
temperature, is revealed on temperature dependence of heat
capacity of CoFe,Se4near T, is revealed. The phase transition
at T, can be considered as the transition of I type.

These peculiarities are probably connected with the fact
that CoFe,Se,; has the defect structure and vacancies can
appear in both metal sublattices (Co or Fe). In [1] it is
established that the one half of Fe atoms are in free planes
(001) whereas the other Fe atoms and Co atoms are
statistically distributed in filled planes. Using this fact as
foundation, the cation distribution in CoFe,Se; can be

presented as Fe’*[Co’"Fe’*]Se; . However, the opportunity

of this fact, that bivalent iron ions (Fe®") are also presented in
CoFe,Se, towards Fe’ *, can’t be excluded.

The simultaneous presence of three different ions (Fe*',
Fe’" and Co®") in CoFe,Se; makes difficult the nature of
magnetic exchange, in sublattices and between them and
probably causes the appearance of magnetocrystalline
anisotropy. Thus the fuzzy character of magnetic phase
transition in CoFe,Se; is connected with spontaneous
magnetostrictive strain caused by defects and Co*", Fe*" Fe® *
ions also [1].

In transition point region at 7. close to critical one the
thermodynamic potential can be expanded into power series
over order parameter by the following formula [3]:

O=0,+An’ +Bn’ +Dn’, (1)
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where A= a(T - Tk) Here for phase transition of II type.
The transition temperature 7, and stability threshold 7} in this
case are identical ones, i.e. T.= T} [3].

The minimization of thermodynamic potential for excess
heat capacity in low-symmetric phase is:

2
AC = aT
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Transforming this formula one can show [4] that ( L )
T

value at temperature lower than 7, is temperature function of
the following type:

AC, | _ 4B’ 12D
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presented on fig.2, it is linear in 122-127,5K interval, i.e. up
to 7. that shows on absence of significant contribution of
correlative effects to heat capacity. From equation (2) we
obtain the two relations between coefficients of equation (1)
which are presented in table.
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The dependence on 7T for CoFe,Se, is
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Fig. 2. Temperature dependence | —— for CoFe,Se,.
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Thus we can make the following conclusions on the base
of experimental data analysis on heat capacity of CoFe,Se;:

1) The phase transition at 7. 128K is revealed;

2) Small entropy change characterizes it as the transition
of displacement type;

3) The behavior of anomalous heat capacity near 7, is
satisfactory described by Landau theory of phase transitions.

2 3 2
AQ,L AS, J AiS a” J a7’ J
mol mol-K| R B mol-K?>| D’ mol’- K’
227 1,84 0,22 0,516 16
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A.M. Abdullayev, E.M. Korimova, A.K. Zamanova
CoFe,Se, KRISTALINDA iSTILiK TUTUMU VO FAZA KECIDi

Indiki isdo CoFe,Se, kristalimn istilik tutumu 55-300K intervalinda todqiq edilmisdir. Cy(T) asiiliginin 108-135K intervalinda
ferromaqnit faza kecidinin mévcud olmasint gostoran anomaliya askar olunur. Anomaliyanin maksimal qiymati 7,~128K temperaturunda
yerlosir. Enerjinin AQ va entropiyanin AS doyismalori, termodinamik potensialin omsallari toyin olunmugdur. AS _ 0.22 kigik giymati bu

z Y

kecidin yerini doyisma tipine aid oldugunu gostorir. 7, yaxinlhiginda istilik tutumunun anomaliyasinin 6ziinii aparmast Landaunun faza
kecidlor nozariyyasi ilo gonastbaxs tasvir edilir.

A.M. Adayiaes, J.M. Kepumosa, A.K. 3amanoBa
TEINIOEMKOCTH U ®A30BBIN ITEPEXO/] B KPUCTAJIJIAX CoFe,Se,

B Hacrosimieli paboTe uccienoBana tennoeMkocTh kpucramioB CoFe,Ses B unrepsane 55-300K. 3asucumocts C,(T) 0OHapyKHBAET B
naTepBaie 108—135K anomanuio, yka3pIBaloNIylo Ha HaIM4ne GeppoMarHUTHOTO (a30BOro mepexona. MakcuManbHOE 3HAUCHHE aHOMAITUH
Haxoautes npu temneparype 7,~128K. Omnpenenensl n3menenust AQ sueprun u AS sHTponuu (a3oBoro nepexoja, kodpduuneHTs Tep-

MOJIMHAMHYECKOTO oTeHIMana. Manas pemmunna A5 — (.22 YKa3bIBaeT Ha TO, YTO 3TOT HEPEXOJ] OTHOCUTCA K IIEPEXO0IaM THIIA CMELICHUS.
B
R
[loBeneHne aHOMaJIbHOH TEIIOEMKOCTH BONMU3HU 7, yIOBIECTBOPUTEIHHO OMHUCHIBACTCS TEOPHEH (a30BBIX mepexoaoB Jlanaay.
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