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Y -Mn alloys and compounds have been extensively studied from viewpoints of both practical applications
and fundamental studies. For applications, 7 -Mn alloys and compounds having a high Néel tcmperature are
considered as promising materials for antiferromagnets of spin-valve layers. The antiferromagnet in the spin-
valve layers plays an important role to pin the spin alignment in the neighboring ferromagnetic layer.
Therefore, it is desirable to investigate the antiferromagnets having strong exchange interaction, or a high Néel
temperature. Moreover, the thermal expansion property and crystal structure should be investigated from the
point of thermal stability of the characteristics of the spin-valve layers. However, information on physical
properties of antiferromagnetic 7 -Mn alloys is not enough. For fundamental studies, on the other hand, 71 -
Mn alloys and compounds are considered as the intermediate materials between localized electron systems and
itinerant electron systems in the unified theory which takes into account spin fluctuations. The magnetic
properties of 7 -Mn alloys and compounds have been discussed by the localized electron mode] so far. If 7-
Mn alloys have itinerancy, the itinerant d electrons affect their physical properties. However, even in the
unified theory mentioned above, the quantitative explanation of the magnetic properties is restricted to nearly
ferromagnetic, weakly ferromagnetic and antiferromagnetic materials. The quantitative explanations for the
intermediate materials having both localized and itinerant characters are not so easy. Consequently, detailed
experimental and theoretical investigations on fundamental physical properties for such materials are highly
required. ‘

The main motivation of the present study is to investigate the various physical properties of ¥ -MnRh
alloys and discuss them in terms of the itinerant electron model. The transmission electron microscope and X-
ray powder diffraction measurements were carried out in order to make clear the existence region of the ordered
and the disordered phases, and their crystal structures. The magnetic measurement was made 1o investigate the
concenfration dependence of the Néel temperature and the magnetic properties. On the basis of these resulls,
the difference between the Néel temperature among the substitutional elements is discussed from the viewpoints
of the band theory. In order to investigate the thermal expansion coefficient and the Debyve tcmperature, the

thermal expansion and the low-temperature specific heat measurements were carried out. The magnelic
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contribution to the thermal expansion was also discussed by using these results. The electrical resistivity and
X-ray powder diffraction measurements under high pressures were also carried out to investigate the pressure
cffects on the Néel temperature and the compressibility. Finally, the phase diagram of Mn-Rh disordered
alloys below the Néel temperature was demonstrated, and the relation between the crystal structure and the
structure of SDW (spin density wave) was discussed.

In Chapter 1, the magnetic properties of Mn and Mn system alloys and compounds, the spin-valve layers,
background of the magnetic studies on 7 -MnRh and related alloys and objective of the thesis were briefly
surveyed.

In Chapter 2, the sample preparation method and the experimental procedures of transmission electron
microscope, X-ray powder diffraction, magnetic, thermal expansion, low-temperature specific heat and electrical
resistivity measurements were described. Moreover, the electrical resistivity and X-ray powder diffraction
measurements under high pressures were also explained.

In Chapter 3, the_ experimental results were analyzed. Various data such as the crystal structure, order-
parameter of the ordered alloys, concentration dependences of the lattice constant and the Néel temperature,
thermal expansion characteristics, Debye temperature, electrical specific heat coefficient, electrical
characteristics, pressure dependence of the Néel temperature and the compressibility of ¥ -MnRh alloys were
discussed.

In Chapter 4, the magnetic properties of 7 -MnRh ordered and disordered alloys were discussed in the

following four sections.

In Section 4-1, the difference between the Néel 900 |- N -
temperature depending on the suBstitutional elements - :Z:i::;lre d ]
was discussed. Figure 1 shows the concentration _ 800 X 4 .Mn T
dependence of the Néel temperature Ty of 7 -MnRh % 200 i
ordered and disordered alloys. The solid and open ez < i
circles respectively stand for Ty of the ordered and 600 -
ihe disordered alloys. As seen in the figure, Ty of 1
the ordered alloys is 160~200 K higher than that of 500 1

the disordered alloys, and Ty converges to that of 30

pure 7 -Mn. In comparison with other 7 -Mn

Rh concentration (%)

alloy systems, it is clarified that 7 -MnRh has a very Fig 1 Concentration dependence of the Néel
high Ty next to that of 7 -Mnlr ordered alloys. The ;eligszrature Ty of 7-MnRh ordered and disordered
difference between Ty due to the substitutional ele-
ments was discussed by the d electron number, which is associated with the exchange constant calculated by the
muitiple scattering theory as a function of the Fermi energy. [t is suggested that Ty of 7 -Mn alloy sysiems
becomes higher as the valence electron number in the substitutional element becomes smaller.

In Section 4-2, the magnetic contribution to the thermal expansion coefficient in the paramagnetic region
for v -MnRh ordered alloys was discussed. Figure 2 shows the temperature dependence of the thermal
expansion coefficient of Mn,sRh,s ordered alloy. The solid line stands for the sum of the phonon and electrical

contribution calculated by the Griineisen relation using the low-temperature specific heat data. The Debye
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temperature and the electrical specific heat coefficient

were estimated to be 363 K and 3.9 ml/mol-K?, 100 L L L
"+ Mn,;Rh,; (ordered)

o . .. O0F — g o+ @ e
coefficient in the paramagnetic region is about 30X X P .-

10%K, and 10 X 10%K larger than the calculated

value. Such a large thermal expansion coefficient of

respectively. The observed thermal expansion

aXxX1¢¢s

7 -MnRh ordered alloy cannot be explained by the

sum of the phonon and the electrical terms but by the

large magnetic contribution which is characteristics in

itinerant electron magnets.

0 200 400 600 800 1000

In Section 4-3, the pressure dependence of the

Néel temperature of 7 -MnRh ordered alloys was Temperature ( K )

discussed thermodynamically by using the thermal Fig. 2 Temperature dependence of the thermal expansion

“expansion data and in terms of the band theory. coefficient of Mn,sRhj; ordered alloy.

From the thermal expansion data of 7 -MnRh ordered alloy, a negative magnetovolume effect was observed
and the sign at the peak for the thermal expansion coefficient is positive as shown in Fig. 2.  Actually, the
pressure dependence of the Néel temperature of Mn,sRh,s ordered alloy is given to about 7.0 K/GPa from
electrical resistivity data under high pressures. These results are consistent with the thermodynamical relation.
Moreover, the pressure dependence of the Néel temperature was discussed qualitativelv by using the
compressibility data of about 1.4 X10%GPa. In the SSF (Single-site Spin Fluctuation) theory. the Curie and
the Néel temperature TN are expressed as a function of the band width and the electron-electron interaction U,
and volume dependence of the electron-electron interaction /1 defined as dlnU/dInV. In the present study for
Mn;sRh,s ordered alloy having a negative magnetovolume effect in the thermal expansion curve, / is
estimated to be about —2.75. In the case of antiferromagnetic materials, dT/dP becomes negative when the
value of U is less than —10/3. The sign of the dTy/dP depends on the value of #, therefore, it is concluded

that the volume dependence of the electron-electron interaction 4 plays an important role in the magnelo-

volume effects in 7 -MnRh alloy under pressures. 800 [t —— T
In Section 4-4, the relation between the 4
magnetic structure and the lattice distortion for 7 - 600 -
MnRh disordered state was discussed. From X-ray ]
powder diffraction data, the following crystal 4 400 4
structures were observed in 7 -MnRh disordered > a
: c<a O c=a 1
alloys; face-centered-cubic (fcc), -tetragonal (fct) and \O .
. ’ . 200 = c>b>a o— Ty 1
~orthorhombic (fco) crystal structures. Additional / T T
- .
anomaly was observed below the Néel temperature in ‘
0 1 L : PR | 1 1 1 | I ST U T W
the temperature dependence of the magnetic 0 10 20 30
susceptibility of 7 -MnRh disordered alloys below Rh concentration ( % )

15 % Rh. This behavior is considered to correspond
Fig. 3 Phase diagram of Mn-Rh disordered alloy.

to the phase transition. From the observed data, the
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phase diagram of Mn-based Mn-Rh disordered alloy is given in Fig. 3. In the figure, the solid circles stand for
the Néel temperature and the solid squares indicate the phase transition temperature decided from the magnetic
data. The open circles indicate the experimental temperature of X-ray powder diffraction. It has been pointed
out that there is a close correlation between the structure of SDW (spin density wave) and the crystal structure in
Mn-based Mn alloy systems. Comparing between the observed magnetic data and the theorctical
investigations, the magnitude of the magnetic susceptibility at zero temperature is different among the three
configurations, it is suggested that the lattice distortion of Mn-Rh disordered alloys is strongly correlated with
the structure of SDW. Consequently, the formation of the S (single)-SDW phase coincides with a tetragonal
lattice distortion with ¢ < a, the D (double)-SDW phase with ¢ > a and the T (triple)-SDW with a cubic
symmetry which results in a uniform volume contraction with a = c.

In Chapter 5, the present results and the discussion were concluded, and the main results were

summarized.
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FERROEE

N—=RTF 4 X7 DOBENy NIZEDNBEZAE VSV THEICEOTRERES SN IED TERME &
LTEDNRALIIZHD, v-Mn REENEELNYWEELTERBINTWS, EZA0. RER:L
EHINOOWEOEBRMHIZET 27— BFREL TS0, REHMESSIZET 2 AR
EEINTH3, —H. BERPLBESEIS 7v-Mn RERRBREE— XAV MNREEBEETREDPRY
WEERBIN, B BPWENBEEICH LT Y FERICIZBBROLEREPBEINT S, Bx
REBELEDOENZL - THRAMESHUEOTEH 2RI RKE#EMEA v-MoRh &2IZEB LTHL R
EBHUERANTNY FEROIBENSER L, ARXBINODOEREZE EHHDT. £X5
E2XDKS,

BIEIFRATHD, FAXOBRRVBHEBRXTI S,

B2ETHERTEEL U THEBOEE Tk, BN, WARE. BWRAE. LBEE. BESIE
PAIE. EAPPHRIBIEICOWTHRIB LTINS,
BEIETUHEREBEREEBHEIIDOTANTIVS, 7-MiRh &0 X —I)VEEOHEKKERE %12
U, g, BIgREME. TACEBE. X—VEEOENKER. EHRILEDERNTEINT
AV

WAETHERELT. UTO420EBIZOWTHAL TS,
1. 7-Mn REEDOR—NVEENGMITEORBREICL - TELBHIZEH L, NV FEFE EZEREL
BROBELEIZ Mn 4 +D 3d BFEAERT A ETX—NBEOENEZHETESI %
BRiL7c. COBREBISITAVR—IVEBELXRITWELABRRT A LTHEEICEREOCERTH 3.
2. 7-MoRh HAIHEEEOREEFHIERBERICE O TERICKELMEELRTILICER L. £
DEREEAPEIHFFICIE I EELHOMILic, ZORKEIZ y -MiRh EE&VERMIUE 2RI L
EZTRRTLIEERERTH S,
3. y-MoRh HEHEAESORX—NVEBEOENEKERIIODOT Y FERTEEL., 028D
REFEEOENPICE T 2YHERIETFH — 0 VHEFRORBEMENERICERLRFTH S
TEEPSIMILI, ZOXIIZENR—NVEEERTWHE. HICKAREA TR - IVREDOENK
FHPEMRBIEEINFUIEE DU, BELUERTH 5,
4. Mn-Rh REAIEEEDERELALRSHEEEOMBERICER U, BIEROEBEKREFEE TEAZH
BRENERBEDOEMF T THLMEHEDEDHE-TNBEI EERLI, 7v-Mn ZE4E0H
(LEDEENEZIDLIICERMICEE LAFIE7 . £/, Mn-Rh REREEED *x —VEREU
TIZB T AHERIED TOMETH 5,

ES5BIBELFLUOERTDH S,
PEBET2IcRRIE. AU NV TEOR SR E UTHEEY v -MnRh RAE - FHRAEE
LDk — VBE., (SN, BMEEE. TARICE2UtIcET AMAEREZI LD b0TH
. MEMHZORBIZFSTHEI AP,

& o T, K XEL (IT%) OFMAXELTERERTD S,
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