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Abstract

Crystals of TmAIB,, YbAIB4, LUAIB 4 and LwAIB ¢ were grown using RED; (RE=Tm, Yb, Lu) and crystalline boron as starting materials
in a self-component aluminum solution under an argon atmosphere at 1773 K for 10 h. RREIB Tm, Yb, Lu) and LyAIB ¢ crystals were
generally obtained in the form of prismatic shape extending irctlieection and with well-developef0 01} or {100} planes. REAIB
and LBAIB 4 crystals have the maximum size of approximately 3.5 mm. The as-grown crystals were measured for the Vickers microhardness
at room temperature and magnetic susceptibility at low temperatures (2—300 K). The values of the Vickers microhardness fariREAIB
Lu,AlBg in several directions of0 0 1} and{1 0 0} planes were in the range of 14:10.6 to 14.5+ 1.4 and 18.9- 0.7 GPa, respectively. The
magnetic susceptibility of REAIB(RE =Yb, Lu) and LYAIB s increases paramagnetically as temperature is lowered. Superconductivity was
not observed in any of the samples down to a temperature of 2 K. An antiferromagnetic transition was found ip WithtANRel transition
temperature ofy =5.5K.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction there is very little information about the physical and chemi-
cal properties of REAIB g and REAIB crystals. REAIB has
Three types of ternary compounds have been reportedthe same structure as that postulated for YCiBhe linkage
in RE-AI-B (RE=Tm, Yb, Lu) systems, namely R&Bg of boron atoms in the structures of YCrBand YoReBs-type

(Y2ReBs-type, orthorhombic, space grolpam), REAIBs differs according to the chemical composition as follows: in
(YCrB4-type, orthorhombic, space groupbam) and REAIB4, the boron network is built up by five- and seven-
REAIB14 (MgAIB 14-type, orthorhombic, space grolipma) membered rings, while in RIAIB g, boron network consists

[1-5]. RE;AIBg and REAIB, crystals are of great interest  of five-, six-, and seven-membered rings. The structures
because of their remarkable physical and chemical properties of REAIB, and RERAIBg are built up by two-dimensional
which in many cases are of potential interest for applications boron networks sandwiched between metal layers. These
to thermoelectric and photodetector materjéls However, boron atoms reside in the interstitial sites of trigonal prisms,
formed by the RE (RE=Tm, Yb, Lu) and Al atoms. Using
* Corresponding author. Tel.: +81 3 5481 3202; fax: +81 354813253,  igh-temperature syntheses Al-self components, crystal mor-
E-mail address: sokada@kokushikan.ac.jp (S. Okada). phology, chemical analyses, and crystallographic data of the
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Table 1
Conditions for growth of REAIB and LypAIBg crystals from RE-AI-B
(RE=Tm, Yb, Lu) melts

Compounds Atomic ratios, B/RE=
TmAIB,4 2.0

YbAIB 4 1.00r2.0

LUAIB4 5.5

LuoAlBg 3.0

as-grown crystals of REAIB (RE=Tm, Yb, Lu) and
Lu,AlB g were reported previous[3—5]. Here we investigate
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The morphological properties and impurities of the crystals
were investigated by a scanning electron microscope (SEM)
(JEOL, T-20) and an energy dispersive X-ray detector (EDX)
(Horiba, EMAX-2770). The chemical compositions of the
crystals grown were determined by means of the inductively
coupled plasma (ICP) method (Shimadzu, ICP-50). The den-
sity of the crystals was measured using a pycnometer with
distilled water at room temperature.

Measurements on as-grown REAIBNnd LwAIBg crys-
tals were done using a Vickers diamond indenter at room tem-
perature. A load of 0.98 N was applied for 15 s at about seven

Vickers microhardness at room temperature and magneticpositions on relatively largg0 0 1} and{1 0 0} planes of each

susceptibility of these compounds at low temperatures.

2. Experimental

REAIB4 (RE=Tm, Yb, Lu) and LyAIBg crystals were
prepared from RED3 powder (RE=Tm, Yb, Lu) (99.9%
purity) (particle size 0.m), crystalline boron powder
(99% purity) (particle size 5—250m) and aluminum chips
(99.99% purity). REOz and B powders were weighed in with
atomic ratios: = B/RE = 1.0-8.0 according to the reaction:

)

Al metal was added to each mixture at a mass ratio of 1: 15.
From the above preliminary experimental results, the opti-
mum growth conditions of REAIBand LWpAIBg are shown

in Table 1 The mixture of starting materials was placed in
a high-density alumina (99.9% purity) crucible and heated

RE;O3+ (21 + 3)B — 2REB, + BO.

crystal, and the values obtained were averaged. Magnetic
susceptibility of as-grown crystals was measured by using a
superconducting quantum interference device (SQUID) mag-
netometer in the temperature range of 2-300 K.

3. Results and discussion

The atomic ratio B/RE in starting materials was varied
from 1.0 to 8.0. The optimum growth conditions of REAIB
and LWpAIBg crystals are shown iffable 1 The variation
of the atomic ratio B/RE of starting materials gave different
compounds, and with increased boron concentration, more
boron-rich aluminum boridesx(AIB 1> and B-AlB 12) [7,8]
were obtained. However, REAI&Nd LpAIB g crystals were
obtained as a phase mixture together with REBE =Tm
or Yb or Lu) or YbBs crystals. REAIB and LwAIBg crys-
tals were generally obtained in the form of prismatic shape

under an Ar atmosphere. The temperature of the furnace wasxtending in the direction Eig. 1) and with well-developed

raised at a rate of 300 K up to 1773 K and held for 10 h

{001} or {100} planes. The largest crystals have the maxi-

at that temperature, and then slowly cooled down at a ratemum sizes of approximately 0.2 mm3.2 mmx 3.5 mm for

of 50 K h~1to 1273 K. Subsequently the furnace was rapidly
cooled down to room temperature. The crystals grown in this
way were separated from the solidified melts by dissolving
the excess Al with about 6 mol dm hydrochloric acid.
REAIB4 (RE=Tm, Yb, Lu) and LyAIBg crystals were

REAIB4 and approximately 0.2 mm 0.3 mmx 3.5 mm for
LuoAlBg, respectively.

The basic crystal data and chemical compositions of
REAIB4 and RRAIB crystals are listed ifiable 2 The well
characterized ternary metal boride TmAIBnd LpAIBg

selected under a stereomicroscope for chemical analyses anlave so far not been reported. The diffraction data for
measurements of Vickers microhardness and magnetic susTmAIB4 is very similar to those reported for YbAIB

ceptibility at low temperatures.

Phase analysis and determination of unit-cell parametersand LUAIBy

were carried out using a powder X-ray diffractometer (XRD)
(Rigaku, RU-200) with monochromatic CucKradiation.

1806pm 358260
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(@=0.5927(2)nm, b»=1.147(1)nm, ¢=0.3492(1)nm
(@=0.5906(2) nm, »=1.144(1)nm and
¢=0.3480(1)nm) [2]. The X-ray diffraction data for
LusAlBg are very similar to those reported for YA&IBg

-
-
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Fig. 1. SEM photographs of TmAIB(A) and L AlBg (B) crystals.
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Table 2

Crystal data and chemical analyses of REA(RE =Tm, Yb, Lu) and LyAIB¢ crystals

Formula TmAIB, YbAIB 4 LUAIB 4 LusAlBg

Crystal system Orthorhombic Orthorhombic Orthorhombic Orthorhombic
a (nm) 0.5918(1) 0.5919(1) 0.5898(1) 0.8987(1)

b (nm) 1.1472(1) 1.1465(2) 1.1420(1) 1.1334(1)

c (nm) 0.3477(1) 0.3492(1) 0.3485(1) 0.3633(1)

V (nmd) 0.2361(1) 0.2369(1) 0.2347(1) 0.3701(1)
Space group Pbam Pbam Pbam Pbam

dm (gcnm3) 6.69(4) 6.78(5) 6.90(4) 7.88(6)

dy (gcm3) 6.729(2) 6.821(3) 6.939(6) 7.930(5)

z 4 4 4 4

RE (mass%) 70.9 70.8 711 79.2

Al (mass%) 10.2 10.6 17.1 14.5

B (mass%) 17.0 17.6 10.0 5.7

Total (mass%) 98.1 99.0 98.2 99.4

Chemical composition TmAlgB3 g YbAl10B4.0 LuAlg oB3g LusAlg oBs.g
(@=0.9127(5)nm, b»=1.146(1)nm, ¢=0.3584(4)nm) The magnetic susceptibility of TmAIHs shown inFig. 3
[9]. Similar to YbAIB,4, the susceptibility increases paramag-

The results of the Vickers microhardness for as-grown netically as temperature is lowered, but a large drop in the
REAIB4 and RERAIBg crystals are listed ifable 3 The susceptibility is observed at low temperatures indicating that
microhardness values on th® 01} planes of REAIB an antiferromagnetic transition has occurred. The transition
crystals were in the range of 1440.6 to 14.5+ 1.4 GPa. temperature is determined to bR =5.5 K. This is the first
The microhardness values of REAIBrystals were found  magnetic transition observed in this series of samples, and the
to be closely similar. The hardness value of,AiBg

crystal is relatively higher than the values for REAIB 12 10% . T . : T
and 12. 74 0.8 GPa for SgAIBg in the literature[10]. The [
linkage of boron atoms in the structures of YGrBnd 1.0 107
Y 2ReBs-types[9] differs according to the chemical compo- 1
sition. The structure of YCrBhas boron networks built up by E 8.010°
five- and seven-membered rings, and folRéBs has boron i
networks consisting of five-, six-, and seven-membered = 6010°
rings. Considering the significant difference in structure, &
especially from LyAIBg, the difference in the hardness of g 4010°
the aluminum—lutetium boride compounds is noteworthy. 7 I
Recently interesting magnetic behavior has been foundin ~ 2010°[
boron-rich compounds such as R§B11] and REB2C,N [. L : .
[12]. Itis interesting to investigate the magnetic propertiesof %01 s 0 150 a0 20 300
the new boron-rich system REAIBince the properties are Temperature (K)

completely unknown to date. It is also important to check for
the presence of superconductivity. The magnetic susceptibil-Fig. 2. Temperature dependence of the magnetic susceptibility of YAIB
ity of YbAIB 4 is shown inFig. 2 As temperature is lowered,

M . 3.010°F Y ..
the susceptibility increases paramagnetically, but no large . 3510 T, ]
anomalies. A magnetic transition is observed down to 2 K. 2510 2s010°f | TmAlB, J
A small hump below 20 K indicates that a small amountofa % ﬁ S50k 11
kind of ferromagnetic impurity phase exists in the YbAIB g 20100 Z u

. . . 5} = -3+ 47
samples. It is not clear exactly what this phase is at present. 3 B 2010 ]

= 15100 S50} 1

b= 2 1

O t 1.010° | 14
Table 3 § 1.010° [ B
Vickers microhardness of REAlBand LpAIB§ crystals ©n 3.0 10% s 10 5 2of
Compounds Load (N) Vickers microhardness (GPa) 50104 Temperature (K) ]
TmAIB, 0.98 14.5-1.4 [ +oovel

0.0 10° | —t | PRUPRIT I DRIV AR A -y
YbAIIBA 0.98 14.2£1.4 0 50 100 150 200 250 300
a0 looos
U2AIB 6 . . .

Load time: 15s. Fig. 3. Temperature dependence of the magnetic susceptibility of TmAIB
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110° [ T ' ' * ' Superconductivity does not exist in REAJERE =Tm,
i Yb, Lu) and LpAIBg compounds down to a temperature of
810° [ . 2K.
b
=
£ 6100 .
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