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Pressure effect on the magnetic properties of the half-metallic Heusler alloy Co2TiSn
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Precise magnetization measurements of a half-metallic ferromagnet Co2TiSn with the Heusler type structure
have been carried out under pressure up to 1.27 GPa. At ambient pressure, the spontaneous magnetic moment
Mexp

s and the Curie temperature T
exp

C are experimentally obtained to be 1.993(3) μB/f.u. and 376.76(7) K,
respectively. The Mexp

s is independent of applying pressure. The T
exp

C decreases with the increase of pressure
and the pressure derivative of the Curie temperature dT

exp
C /dp is estimated to be −3.15(9) K/GPa. Furthermore,

the pressure effect on the electronic and magnetic properties of Co2TiSn has been theoretically investigated on
the basis of first-principles density functional calculations by using the projector augmented wave method in
order to evaluate the half metallicity of Co2TiSn. Both the experimental and the theoretical results under pressure
reveal that Co2TiSn is half metal. The experimental results of pressure-dependent magnetic properties are finally
discussed on the basis of the spin fluctuation theory for itinerant electron magnetism.

DOI: 10.1103/PhysRevB.97.104414

I. INTRODUCTION

Heusler alloys are usually defined as ternary intermetallic
compounds formed at the stoichiometric composition X2YZ

with the L21 structure. A number of Co-based Heusler alloys
Co2YZ were predicted as half metal by the first-principles
density functional calculations [1–6], whereY is thed elements
such as Co, Fe, Cr, Mn, etc., and Z is any one of the large
number of sp elements. Heusler alloys have therefore attracted
a lot of interest as suitable materials for spintronic applications
[7–9]. A number of studies using Co-based Heusler alloys
have recently achieved large tunneling magnetoresistance
(TMR) and giant magnetoresistance (GMR) effects originating
from the half metallicity of Co-based Heusler alloys. Giant
TMR ratios over 2600% at low temperature have been re-
ported in magnetic tunnel junctions (MTJs) with epitaxial
Co2Mn1.24Fe0.16Si0.84 electrodes with the crystalline MgO
barriers [10]. Large MR ratios over 30% at room temperature
have also been observed in current-perpendicular-to-plane
giant magnetoresistive (CPP-GMR) devices using epitaxial
Co2Fe0.4Mn0.6Si ferromagnetic electrodes [11,12]. The point-
contact Andreev reflection (PCAR) spectroscopy is an alter-
native powerful technique to evaluate the spin polarization
of half-metallic ferromagnets [13]. The large values of the
spin polarization in Co-based Heusler alloys were reported
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to be 74 ± 2% for Co2MnGe0.75Ga0.25 [14] and 72 ± 2% for
Co2MnGa0.5Sn0.5 [15] by the PCAR spectroscopy.

First-principles density functional calculations suggested
that the magnetic moment of half-metallic Heusler alloys is
independent of applying pressure by the formation of the
band gap at the Fermi level EF in the minority spin band
[16–18]. Indeed, such constancy of the magnetic moment
under pressure was observed for the half-metallic Co2VGa
[19], as well as the spin gapless semiconducting CoFeCrGa
[20] and CoFeCrAl [21]. However, the pressure effect on
magnetic properties was experimentally studied for the half
metallicity of Heusler alloys in only a few literatures. With
regard to pressure-dependent magnetic properties for weak
itinerant ferromagnets without the half metallicity, it was
recently pointed out that not only thermal spin fluctuations
but also quantum spin fluctuations play important roles in the
magnetic properties by the spin fluctuation theory for weak
itinerant electron ferromagnetism [22]. The spin fluctuation
theory explained experimental magnetic properties of weak
itinerant electron ferromagnets in the wide temperature range
from the ground state to the paramagnetic state [23–26].
There has been only a little amount of information about
the magnetovolume effect for the Co-based Heusler alloys
Co2YZ (Y = Ti, Nb, Zr, Z = Al, Ga, Sn), which are typical
itinerant electron ferromagnets, but most of these alloys are
not half metal except for Co2TiSn [5]. The pressure derivative
of the Curie temperature dT

exp
C /dp was experimentally inves-

tigated for Co2TiGa [27] and Co2ZrAl [28] in magnetization
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measurements. The electrical resistivity was measured to deter-
mine the value of dT

exp
C /dp for Co2TiAl [29]. The importance

of the contribution of quantum spin fluctuations based on the
spin fluctuation theory in itinerant electron magnetism was
emphasized in understanding the magnetovolume effect of the
Co-based Heusler alloys. However, the pressure effect on the
magnetic properties of half-metallic materials has not yet been
discussed from the viewpoint of the spin fluctuation theory in
itinerant electron magnetism.

In this paper, we focus on the pressure effect on magnetic
properties of the Heusler alloy Co2TiSn, which was expected
as half metal by the first-principles density functional cal-
culations [5]. The spontaneous magnetization M

exp
s and the

Curie temperature T
exp

C are experimentally investigated for
Co2TiSn under pressure. The magnitudes of the M

exp
s and its

pressure derivative dM
exp
s /dp are compared to those calculated

by the first-principles density functional calculations in order to
evaluate the half metallicity from pressure-dependent magnetic
properties of Co2TiSn. Finally, we discuss the half metallicity
by analysis of the spin fluctuation theory for itinerant electron
magnetism.

II. EXPERIMENTAL DETAILS

An ordered Heusler alloy Co2TiSn was prepared by re-
peated melting of the appropriately composed mixtures of
99.9% pure Co, 99.9% pure Ti, and 99.999% pure Sn in
an argon arc furnace. To obtain homogenized specimens, a
reaction product was sealed in a quartz tube together with
a suitable amount of argon gas for heating treatment. The
quartz tube was heated at 1100 ◦C for three days and then
quenched in water. Powder x-ray diffraction (XRD) patterns
were recorded by using a diffractometer (RINT 2000, Rigaku)
with monochromatic Cu-Kα radiation. Rietveld refinements
for the experimentally obtained XRD data were performed us-
ing the software “RIETAN-FP” [30] under the assumption that
the alloy composition for every specimens is stoichiometric,
where the goodness-of-fit indicator [31] was less than 1.3 in
the present refinements.

The magnetization measurements at high pressure up to
1.27 GPa were carried out using a superconducting quantum
interference device (SQUID) magnetometer (MPMS, Quan-
tum Design) and a piston-cylinder-type pressure cell made
by BeCu alloy. The applied pressure was estimated from the
superconducting critical temperature using a lead manometer.
The specimen and the lead manometer were compressed in
a Teflon capsule filled with a liquid pressure-transmitting
medium (Daphne 7373). The magnetization Mcell arising
from the pressure cell with the Teflon capsule, the pressure-
transmitting medium, and the lead manometer was estimated
from the difference between the magnetization at 7.5 K with
and without the pressure cell. All the magnetization data were
corrected by subtracting Mcell.

III. EXPERIMENTAL RESULTS

A. Crystal structure

A fully ordered Heusler alloy (X2YZ), which crystallizes
in the L21 structure with four interpenetrating face centered
cubic (fcc) sublattices, gives Bragg reflections with nonzero

FIG. 1. Rietveld refinement of the powder XRD pattern at 300 K
for Co2TiSn. The result of the Rietveld refinement revealed that
Co2TiSn exhibits an almost perfect degree of order as the L21

phase within the resolution limits of the XRD measurement. The
experimentally obtained lattice constant aexp of Co2TiSn was deduced
to be aexp = 0.60758(16) nm.

structure factor when all indices are either even or odd [32].
The L21 structure is a space group Fm3̄m in which A(0,
0, 0) and C(1/2, 1/2, 1/2) sites are occupied by Co atoms,
and B(1/4, 1/4, 1/4) and D(3/4, 3/4, 3/4) sites are occupied
by Ti and Sn atoms, respectively. If Y and Z get completely
intermixed (B2-type disorder), the reflection from (111) plane
will disappear and if all X, Y , and Z get intermixed (A2-type
disorder), then both superlattice reflections (111) and (200)
will disappear. Figure 1 shows the Rietveld refinement of
the powder XRD pattern at 300 K taken from Co2TiSn. The
experimental data and the calculated fitting curve are indicated
by the black solid circles and the red solid line, respectively.
The green solid line at the bottom shows the difference between
the observed and calculated patterns. The purple vertical tick
marks give the positions of the Bragg reflections. From the
Rietveld refinement for the experimental XRD pattern obtained
at 300 K, the Heusler alloy Co2TiSn exhibits an almost perfect
degree of order as the L21 phase within the resolution limits
of the XRD measurement. This is very important to realize the
half metallicity for Co2TiSn because the crystal disorders, such
as D03-type, B2-type, or A2-type disorder, generally suppress
the spin polarization of Heusler alloys [33]. With regard to the
Rietveld refinement in Fig. 1, we cannot exclude a possibility
that a certain degree of disorder in Co atoms occurs in Co2TiSn
because the exchange between Co and Ti atoms is not much
sensitive to the x-ray peak intensities, due to almost the same
x-ray scattering amplitude for Co and Ti atoms. However, the
first-principles density functional calculations exhibited that (i)
Co2TiSn has high tolerances for the intermixture of Co and Ti
atoms (D03-type disorder) [5] and (ii) even over 10% D03-type
disorder does not destroy the half metallicity of Co2TiSn [34].
As listed in Table I, the experimentally obtained lattice constant
aexp of Co2TiSn was deduced to be aexp = 0.60758(16) nm,
which was in good agreement with the previously reported
values [35–39].
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TABLE I. Experimental results of the lattice constant aexp, the spontaneous magnetic moment Mexp
s , its pressure derivative dMexp

s /dp, the
Curie temperature T

exp
C , and its pressure derivative dT

exp
C /dp for Co2TiSn. In order to compare the experimental results with the Slater-Pauling

rule, the total spin magnetic moment MSP
tot from the Slater-Pauling rule is also given.

aexp (nm) MSP
tot (μB/f.u.) Mexp

s (μB/f.u.) dMexp
s /dp (μB/(f.u.·GPa)) T

exp
C (K) dT

exp
C /dp (K/GPa)

0.60758(16) 2.0 1.993(3) 0.000(3) 364.75(8) −3.15(9)

B. Magnetic properties

Isothermal magnetization (M-H ) curves recorded for
Co2TiSn under various applied pressures at 7.5 K are shown in
Fig. 2. It is seen that the four curves obtained under different
pressures are completely overlapped in Co2TiSn. As shown in
Fig. 2, the magnetization curves were characteristic for soft
ferromagnets. The magnetization at 7.5 K was saturated in the
magnetic field at about 0.5 T, indicating that the magnetocrys-
talline anisotropy energy of Co2TiSn is small. The experimen-
tal spontaneous magnetization was determined by the linear
extrapolation to H/M = 0 of the M2-H/M curve at 7.5 K.
The experimental spontaneous magnetic moment per formula
unit Mexp

s was deduced from the value of the spontaneous mag-
netization. Figure 3 shows the pressure dependence of M

exp
s for

Co2TiSn. The M
exp
s value of Co2TiSn was almost independent

of applying pressure. The result was M
exp
s = 1.993(3) μB/f.u.

for Co2TiSn by using the linear least square method, and
the value was in good agreement with those reported earlier
[35–39]. Both Ti and Sn atoms carry a small magnetic moment,
which is due to induced magnetic polarization by surrounding
Co atoms as the transition metal. Such magnetic nature of Ti
and Sn atoms leads to prefer a ferromagnetic alignment of
the magnetic moment of Co in ferromagnetic Co2TiSn with
the L21-ordered Heusler structure. The pressure derivative of
the spontaneous magnetization dM

exp
s /dp was also estimated

to be 0.000(3) μB/(f.u.·GPa) by using the linear least square
method. Since the value of dM

exp
s /dp for Co2TiSn is the same

order of magnitude as that for Co2VGa [19], which is also
expected as a half-metallic ferromagnet by the first-principles
density functional calculations [5], the pressure effect of the
spontaneous magnetic moment in half-metallic ferromagnets
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FIG. 2. Isothermal magnetization (M-H ) curves measured at
7.5 K for Co2TiSn under pressure up to 1.27 GPa. The M-H curves
for various applied pressures completely overlapped in Co2TiSn.

should be very small. In addition, it is worth noting that
half-metallic full Heusler alloys follow the Slater-Pauling rule
[40]:

MSP
tot = Ztot − 24, (1)

where MSP
tot is the total spin magnetic moment per formula unit

in μB scale and Ztot is the total number of valence electrons.
Namely, the Slater-Pauling rule behavior predicts that MSP

tot
should be 2.0 μB/f.u. for Co2TiSn. Hence, the M

exp
s value of

Co2TiSn observed at ambient pressure in this study was in
good agreement with the MSP

tot value expected from the Slater-
Pauling rule, suggesting that Co2TiSn is half metal, as well as
the M

exp
s behavior under various applied pressures.

Isofield magnetization (M-T ) curves measured for Co2TiSn
at the applied field of 10 mT under various applied pressures
are plotted in Fig. 4. The M value in each M-T curve decreased
rapidly just below TC with increasing temperature and took a
nearly constant value above TC. The experimentally obtained
T

exp
C was defined as the cross point of the linear extrapolation

lines from higher and lower temperature ranges on the M-T
curve, as illustrated for the curve at the pressure of 1.27 GPa in
Fig. 4. Figure 5 represents that the pressure change in T

exp
C for

Co2TiSn decreased linearly with increasing pressure, reflecting
characteristics typical for usual itinerant electron systems.
The values of T

exp
C = 364.75(8) K and dT

exp
C /dp = −3.15(9)

K/GPa were deduced by the linear least square method. The
T

exp
C of 364.75(8) K at ambient pressure was in good agreement

with those reported earlier [35–39]. The obtained results of the
magnetic properties for Co2TiSn are listed in Table I, as well
as its lattice constant aexp. The negative pressure dependence
of T

exp
C found in Co2TiSn is the same behavior as that of

FIG. 3. Pressure dependence of the spontaneous magnetic mo-
ment per formula unit Mexp

s for Co2TiSn. The amplitude of Mexp
s

was almost independent of applying pressure, indicating clearly that
Co2TiSn possesses the half-metallic electronic structure.
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FIG. 4. Isofield magnetization (M-T ) curves at applied magnetic
field 10 mT under pressure up to 1.27 GPa. The Curie temperature
T

exp
C decreased with the increase of pressure. The negative pressure

dependence was the same as that of other Heusler alloys Co2VGa,
Co2TiGa, and Co2ZrAl.

Co-based Heusler alloys, such as Co2VGa [19], Co2TiGa,
[27] and Co2ZrAl [28], whereas it contrasts fairly with that of
other Heusler alloys containing Mn atoms [41–44], in which
T

exp
C increases with increasing pressure, due to the interatomic

distance dependence of the exchange interactions between
magnetic Mn atoms [45].

IV. THEORETICAL RESULTS

We investigated the pressure effect on the electronic and
magnetic properties of Co2TiSn theoretically on the basis of
first-principles density functional calculations by using the
projector augmented wave method [46,47] implemented in
Vienna ab initio simulation package (VASP) [48–50]. We
adopted the generalized gradient approximation for exchange-
correlation potentials. First, we calculated the total energy of
Co2TiSn in the ordered L21 structure as a function of the lattice
constant acalc. The lattice constant acalc, the bulk modulus Bcalc

0 ,

FIG. 5. Pressure shift of the Curie temperature T
exp

C observed for
Co2TiSn. The T

exp
C decreased linearly with the increase of pressure.

The pressure derivative of the Curie temperature dT
exp

C /dp was
deduced to be −3.15(9) K/GPa.

FIG. 6. Total density of states (DOS) of Co2TiSn, which was
calculated by the first-principles density functional calculations. The
upper DOS represents the majority spin band and the lower DOS is
the minority spin band. As shown in this figure, the band gap is open
at the Fermi level EF in the minority spin band under pressure up to
6.722 GPa, exhibiting that Co2TiSn is half metal.

and its pressure derivative B
′calc
0 determined in the equilibrium

condition were acalc = 0.60824 nm, Bcalc
0 = 166.32 GPa, and

B
′calc
0 = 6.40 at the minimum total energy, as listed in Table II.

The resulting lattice constant acalc was consistent with the
experimentally obtained lattice constant aexp in Fig. 1 and
Table I. The total density of states (DOS) of Co2TiSn is
presented at 0.000 GPa and 6.722 GPa in Fig. 6. The upper
DOS represents the majority spin band and the lower DOS is
the minority spin band. As shown in Fig. 6, with increasing
pressure, the minority band as well as the majority band shifts
downward around the Fermi level EF and the energy gap width
increases in the minority band. The resulting spin polarizations
of total electrons P calc

tot and conductive sp-electrons P calc
sp under

pressure are listed in Table II. Both of the spin polarizations
P calc

tot and P calc
sp of Co2TiSn are kept at 100% under pressure

up to 6.722 GPa, due to preserving the half-metallic electronic
structure of the DOS of Co2TiSn.

Figure 7 shows the local magnetic moments of Co, Ti, and
Sn atoms in Co2TiSn as a function of the lattice constant acalc,
as well as Table II. The local magnetic moment Mcalc

Co of Co
atom decreased slightly with increasing pressure whereas local
magnetic moments for Ti and Sn atoms exhibited different
behavior. The local magnetic moment Mcalc

Ti of Ti atom had
negative sign and its amplitude changed small with increasing
pressure. The negative sign in Mcalc

Ti indicates that the induced
magnetic polarization of Ti atom is antiparallel to that of Co
atom. However, Mcalc

Ti is more than an order of magnitude
smaller than Mcalc

Co of Co atom. On the other hand, the sign of
the local magnetic moment Mcalc

Sn of Sn atom changed from
negative to positive with the increase of pressure, whereas
Mcalc

Sn is more than two orders of magnitude smaller than Mcalc
Co ,

exhibiting that it is negligibly small. As a result, Co atoms
contribute to most of the magnetic moments in Co2TiSn. The
variation in the total magnetic moment Mcalc

tot of Co2TiSn with
pressure is shown in Fig. 8 and Table II. The Mcalc

tot slightly
increased with increasing pressure, but it is regarded to be
almost independent of acalc in the region between 0.60100 nm
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TABLE II. Calculated pressure effect on the lattice constant acalc, the bulk modulus Bcalc
0 , its derivative B

′calc
0 , the total magnetic moment

Mcalc
tot , the local magnetic moments of Co atom Mcalc

Co , Ti atom Mcalc
Ti and Sn atom Mcalc

Sn , and the spin polarizations of the total electrons P calc
tot

and the sp-electrons P calc
sp , which were calculated by the first-principles density functional calculations.

p (GPa) acalc (nm) Bcalc
0 (GPa) B

′calc
0 Mcalc

tot (μB) Mcalc
Co (μB) Mcalc

Ti (μB) Mcalc
Sn (μB) P calc

tot (%) P calc
sp (%)

0.000 0.60824 166.32 6.40 2.0063 1.0535 −0.0845 −0.0011 100 100
6.722 0.60100 2.0111 1.0312 −0.0455 0.0017 100 100

and 0.60824 nm. The Mcalc
tot value of Co2TiSn at the equilibrium

was approximately 2.01 μB/f.u., which was consistent with
the MSP

tot value of the Slater-Pauling rule. The calculational
results in Fig. 8 agreed well with the experimental results in
Fig. 3, which give clear evidence that Co2TiSn possesses the
half-metallic electric structure, i.e., the total magnetic moment
remains the same unless the minority-spin energy gap is filled
by broadened valence and/or conduction bands.

V. DISCUSSION

Magnetovolume effect is the phenomena resulting from the
interplay between magnetism and volume change of crystals.
For instance, the volume contraction by applying external
pressure will change the magnitude of the spontaneous mag-
netic moment per magnetic atom ps, as well as the critical
temperature TC of magnetic transition. For weak itinerant
electron ferromagnets, the pressure dependence of ps(0) at
T = 0 K and TC was previously analyzed based on either of
the following relations:

d ln TC

dp
� d ln ps(0)

dp
, (2)

d ln TC

dp
= 3

2

d ln ps(0)

dp
, (3)

as predicted by the Stoner-Edwards-Wohlfarth (SEW) theory
[51] and the Moriya-Usami (MU) theory [52,53], respectively.
However, it was pointed out that such a linearity between
them does not hold generally, and a new framework of the
spin fluctuation theory was proposed from the efforts to
overcome the difficulties [23–26]. Taking into account of the

FIG. 7. Local magnetic moments of Co atom Mcalc
Co , Ti atom Mcalc

Ti ,
and Sn atom Mcalc

Sn calculated as a function of the lattice constant acalc

in the ordered L21 structure for Co2TiSn.

effect of quantum spin fluctuations in addition to thermal spin
fluctuations, the following relation holds between ps(0) and
TC,

p2
s (0) ∝ T0

TA

(
TC

T0

) 4
3

, (4)

where the temperature scales TA and T0 represent the spectral
widths of the spin fluctuation spectra in wave vector and
frequency spaces, respectively. Note that spectral parameters
TA and T0 are volume dependent in the present treatment. The
linear relation of Eq. (4) has to be always satisfied adiabatically
against the change of the crystal volume. The logarithmic
derivative of both sides with respect to ω gives

4

3

d ln TC

dω
= d ln p2

s (0)

dω
+ d ln TA

dω
+ 1

3

d ln T0

dω
, (5)

where ω is the volume strain defined by the ratio of the volume
change δV to the volume V , i.e., ω = δV/V . As the effect of
external pressure, Eq. (5) can be written in the form

4

3

d ln TC

dp
= d ln p2

s (0)

dp
+ d ln TA

dp
+ 1

3

d ln T0

dp
. (6)

The magnetic Grüneisen parameters γm, γA, and γ0 for the
magnetovolume effect on the magnetism of weak itinerant

FIG. 8. Total magnetic moment Mcalc
tot calculated as a function of

the lattice constant acalc in the ordered L21 structure for Co2TiSn.
The Mcalc

tot behavior under pressure was almost independent of ap-
plying pressure and this agreed well with the Mexp

s behavior of the
experimental result.
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electron ferromagnets are defined by

κγm = −d ln p2
s (0)

dp
, (7)

κγA = d ln TA

dp
, (8)

κγ0 = d ln T0

dp
, (9)

where κ is the compressibility. Here, the magnetic Grüneisen
parameters γm, γA, and γ0 characterize the volume dependence
of the spin fluctuation amplitude and the spectral parameters
TA and T0, respectively. Equation (6) is also rewritten as

d ln TC

dp
− 3

2

d ln ps(0)

dp
= κ

4
(3γA + γ0) ≡ κγ0,A, (10)

where the term of κγ0,A, which is the weighted average of
γ0 and γA, is contributed to quantum spin fluctuations when
compared to Eqs. (2) and (3).

Here, we develop the spin fluctuation theory for itinerant
electron magnetism to the system of half-metallic materials.
In the special case of half-metallic materials, only the majority
spin band exists at Fermi energy EF, and then the below
equation is satisfied:

d ln p2
s (0)

dp
= 2

ps(0)

dps(0)

dp
= −κγm = 0. (11)

From Eqs. (10) and (11), the following simplified equation
is consequently deduced in the system of the half-metallic
materials:

d ln TC

dp
= κ

4
(3γA + γ0) = κγ0,A. (12)

Therefore, we can extend the application of the spin fluctuation
theory in itinerant electron magnetism to the system of half-
metallic materials. Taking account of satisfying Eqs. (11) and
(12) for half-metallic Heusler alloy Co2TiSn, we can extract
κγ0,A = −0.86 and κγm = 0.0 as the magnetic Grüneisen
parameters. For half metals, the fact that the κγm value
becomes zero implies that the spin fluctuation amplitude
is independent of the volume. It is important to note that
the ratio of γ0,A/γm cannot be defined in the case of half
metal. The observed pressure effect on p

exp
s and T

exp
C is

listed in Table III with κγ0,A and γ0,A/γm, compared together
with those of other Heusler alloys and weak itinerant elec-
tron ferromagnets in the literatures [22,27,54]. As shown in
Table III, Co2TiSn is located on the critical point in terms of
the the magnetic Grüneisen parameters because of κγm = 0.0,
due to the half metallicity of Co2TiSn. As a result, κγ0,A

depends only on d ln T
exp

C /dp and both values coincide with
each other from Eq. (12). In this study, we made clear the
relationship between the half-metallicity and quantum spin
fluctuations in the spin fluctuation theory for itinerant electron
magnetism.

Finally, it is worth noting that the pressure effect be-
tween Heusler alloys and weak itinerant electron ferromag-
nets exhibits different behavior in the magnetic Grüneisen
parameter κγ0,A, as shown in Table III. Most of the κγ0,A

values are positive for the weak itinerant electron ferro-
magnets. In contrast, most of the κγ0,A values of Heusler

TABLE III. Observed pressure effect on the spontaneous mag-
netic moment per magnetic atom pexp

s and the Curie temperature
T

exp
C (in units of 10−5 MPa−1) for Co2TiSn, together with their

magnetic Grüneisen parameters κγ0,A and κγm estimated from them.
The experimental results of other Heusler alloys and weak itinerant
electron ferromagnets are also listed for comparison.

Compounds − d ln p
exp
s

dp
− d ln T

exp
C

dp
κγ0,A

γ0,A
γm

References

Ni74.6Al25.4 42.5 32.7 31.1 0.365 [54]
ZrZn1.9 44 46.7 19.3 0.219 [55]
Fe0.3Co0.7Si 16 12 12 0.375 [56,57]
Ni75Al25 8.7 11.6 1.45 0.083 [58]
TiFe0.5Co0.5 13.8 19.3 1.4 0.051 [59]
Co2ZrAl 1.8 2.2 0.5 0.139 [28]
Co2TiSn 0.0 0.86 −0.86 This work
Rh2NiGe 1.5 5.3 −3.1 −1.033 [60]
Co2TiGa 2.9 9.5 −5.2 −0.897 [26,27]

alloys are negative values influenced by the Heusler type
structure. At present, since there is an unresolved issue that
κγ0,A for the Heusler alloys has the opposite sign of that
for the weak itinerant electron ferromagnets, one of the
important future issues is to clarify the physical interpretation
of the sign change for the κγ0,A values in both cases. It
is the future subject to be understood experimentally and
theoretically.

VI. CONCLUSIONS

We have investigated the pressure effect of half-metallic
Heusler alloy Co2TiSn under pressure up to 1.27 GPa with
the high-pressure cell. We found that the experimental sponta-
neous magnetic moment M

exp
s of 1.993(3) μB/f.u. at 7.5 K

was independent of applying pressure for Co2TiSn. The
first-principles density functional calculations indicated that
Co2TiSn is half metal and the calculated total magnetic
moment Mcalc

tot of 2.01 μB/f.u. for Co2TiSn is almost inde-
pendent of applying pressure. The experimental observation
agreed well with the theoretical calculation, which gives
clear evidence that Co2TiSn possesses half-metallic electronic
structure. The pressure derivative of the Curie temperature
dT

exp
C /dp was obtained to be −3.15(9) K/GPa for Co2TiSn,

reflecting characteristics typical for usual itinerant electron
systems. The resulting magnetovolume effect of half-metallic
Co2TiSn was therefore applied to the spin fluctuation theory
for itinerant electron magnetism. The experiments in this study
made clear that the κγm value becomes zero and the κγ0,A

value, which is the weighted average of the magnetic Grüneisen
parameters γ0 and γA, is negative. The origin of the negative
value of κγ0,A is not clear in this stage.
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