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Abstract

The eight compounds of R—Rh-B (R = Er, Gd) system have been studi&Hoand'>>Gd Mossbauer spectroscopy and DC magnetization
measurements. &sbauer spectroscopy revealed the bonding properties, charge distribution around the nucleus of the rare earth elements
and the magnetic properties. Magnetic study has been done first foy EnRHErRR.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of ER—Rh—B system other than EriBy, the well-known
reentrant magnetic supercondudto}. In order to elucidate

The'%Er Mossbauer spectroscopy gives the information the electronic properties of R—Rh-B (R = Er, Gd) system, we
on internal magnetic field, magnetic relaxation time and elec- have measured th¥°Er Mossbauer spectra for Ergp,
tric quadrupole coupling constant, which can be obtained ErRhsB and related compounds ErRand ErRh and!®°Gd
only in the case of the existence of the internal magnetic field Mdssbauer spectra of Gdgthand GdRBBg. 706
[1-3]. The155Gd Mdssbauer spectroscopy gives the knowl-
edge about electron density at the nucleus via the isomer
shift[2,4-9] We have made clear that the electrons of the co- 2. Experimental
ordinating atoms such as oxygen and nitrogen of the ligands
are donated to thes@lectron orbital of Gd atom through the  2.1. Preparation of the compounds
coordination bonds8].

The ternary borides of rare earth metal-rich R-Rh-B  The single crystals of ErRB, were prepared from the
(R=Er, Gd) system have received considerable attention inhigh-purity elements by molten metal flux method using
the field of superconductivity and magnetism, also in the field Cu as a flux. The raw materials used were small pieces of
of catalysis. But no study has been done from the point of 99.9% Er, 99.9% Rh powder and 99.9% B powder. They
view of chemical bonding. Thé®®Er Mossbauer spectro-  were weighed at Er:Rh:B=1:3:2. Cu powder of 99.999%
scopic study has not been carried out for the compoundswas added to mixture at a weight ratio of 1:10. The mixture

was placed in a high-purity alumina crucible. The crucible
was inserted in a vertical electric furnace with SiC heater.
# Dedicated to Professor PhilipgiBich’s 70th birthday. Throughout the heating, Ar gas was flowed in the furnace for
* Corresponding author. Fax: +81 474724175. protecting against oxidation. The mixture was heated at a rate
E-mail address: takda@chem.sci.toho-u.ac.jp (M. Takeda). of 400°C h~1 and held at 1350C for 10 h and then, the solu-
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tion was slowly cooled down to 108C at a rate of 2Ch™1, 100 [0t 5 gl it e AR

followed by cooling to room temperature at 4@h 1. sk (@)
100 {= partn e

2.2. Preparation of ErRh3B, ErRhs, ErRh;, GARh3B 98+ (b)

and GdRh3B 706 gg C 7
100 - ; .

Polycrystalline samples of these compounds (BERh gg

[10]) were synthesized by the arc melting method using L ol

99.9% pure Er, Gd, Rh and B as raw materials. The mix- = 133

ture of the starting materials, about 2 g for each sample, was 98

placed in a water-cooled copper hearth in a reaction chamber. 100

Argon was used as a protective atmosphere. The pressure in- gg

side the chamber was approximately 1 atm. A small amount 04 .

of residual oxygen in argon was eliminated by fusing a button 19er 0

of titanium as a reducing agent. The starting materials were 96 =

then melted for 3min by an argon arc plasma flame with 9?100 = 5 o 00

DC power source at 20V and 100A. The samples were then
turned over and melted three times under the same conditions.
Finally, synthesized samples were wrapped in tantalum foil Fig. 1. 1%Er Mossbauer spectra at 12K for the erbium compounds of

and annealed at 130C for 24 h under vacuum to ensure ER-RN-B system: (a) ErRB;; (b) ErRfsB (as melted); () ErRiB (an-
homogeneity nealed); (d) ErRk(as melted); (e) ErRh(as melted); (f) ErRh(annealed).

v/ mms'

2.3. Méossbauer measurement 3. Results and discussion

The 1%°%Er Mossbauer spectra were measured at 12K by The 166gr and 155Gd Mossbauer spectra measured are
using a'®®Ho/Hop 4Y o 6H2 source (1.5GBq, 41mCi) pre-  shown inFigs. 1 and 2 respectively. ErR§B; (Fig. 1a)
pared with a neutron-irradiation in a JRR-3M reactor. The showed a magnetica”y Sp“tted five linesoskbauer spec-
55.3mg of*®®Hog 4Y 0 ¢H2 Was irradiated for 9min under  trum, which agrees well with the fact that this compound
the neutron flux of 6.6 10Mcm~?s~1. The absorber thick-  js known as a ferromagnet with, =26.4 K [12,13] The

ness was 200 mg Ercm. A Wissel Mossbauer spectrom-  effective magnetic fieldHes) is determined as 7821 T.

eter consisting of MDU-1200, DFG-1200 and MVT-1000 The separations for the five lines are equal and thus the
was used for acquiring the d&{8]. The high-purity germa-  quadrupole coupling constani2¢Q) is 0 mm s, showing
nium solid state detector for low-energy gamma ray mea- that the charge distribution around Er nucleus is spherically
surement was used to detect 80.56 and 86.54 kégddauer symmetrical. The crystal structure determination of EB5Bh
gamma rays fot°®Er and'>°Gd, respectively. The datawere  has revealed that this is a monoclinic systef/:) where Er
analyzed by using the Nowik and Wickman modg|<0, atom is surrounded by 20 elements at nearly equal distances
Ie=2 for 188Er spectra). Thé>°Gd Mossbauer spectra were  whose configuration i&rEr,BgR> [14].

measured at 12 K by the same way usingZu/t>*SmPd
source (230MBq, 6.3mCiJ4]. The absorber thickness
was 150mgGdcm?. The data were computer fitted to
quadrupole split five lined = 3/2,1e = 5/2,n = 0) assuming

the Lorentzian line shapfg 1]. For the fitting of the spec-

tra of ErRiB> and ErRlg (as melted) spin relaxation time
was included as a parameter. For the data of BEBRfas
melted), ErRBB (annealed), ErRh(as melted) and ErRh
(annealed), only one Lorenzian-shaped peak was assumed for
fitting.

T (%)

2.4. Magnetic measurement

The DC magnetization measurements of ErRimnealed)
and ErRR (as melted) powder samples were performed us-
ing a SQUID magnetometer (MPMS, Quantum Design) be- )
tween 2 and 300K in the field strength range of 0.01-5.5T. v/ mm s

For ErRiy (as melted), magnetic hysteresis loop was also fig. . 15564 Mossbauer spectra at 12 K for Gafeh(a) and GdREBo 706
measured at 4.5K. (b).
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Both ErRhB in Fig. 1b and c (as melted and annealed) ta| half widths of 1.00 mms! showing the high symmetry
show single absorption peak without magnetic splitting. This of surrounding atoms. This agrees well with the symmetrical
agrees well with its paramagnetism reporfe8]. Er atoms  strucuture around Gd atom. Gdghis of perovskite-type
occupy A sites of cubic perovskite structltes], suggest-  cubic structure: space groupn3m; Z=1. The lattice pa-
ing the high symmetry around the Er atom, whereas the line rametera is 4.183(1)A [24]. The respective isomer shift is
widths of the sample as melted (12®.3mms!) and the 0.11(1) mms?! and 0.08(1) mms! and this shows the de-
one annealed (13:80.3mms*) observed are much larger  crease in the isomer shift as the decrease in the boron content.
thanthat (8.5: 0.2 mm gl) of ErHy with cubic fluorite struc- Since the nuclear paramet&R/R is negative for55Gd, the
ture. This broadening of the line width may be due to the para- |arger the s electron density at the nucleus, the smaller the
magnetic spin relaxation, considering that the quadrupole jsomer shift of'>*Gd. Thus the decrease in the boron con-
coupling constantf4Q) will be zero for ErRhB, sincee?qQ tent makes the electron density at Gd atoms larger, thus

is zero for GARBB as described below, which has the same e can deduce that the boron atom occupying body center is
structure as ErR§B. The Mossbauer spectra of bothasmelted associated with the chemical bonding.

and annealed samples gave essentially the same ones, sug-
gesting no structural effect of thermal annealing in this case.

The Mossbauer spectrum for ErRtas melted) irFig. 1d 4. Conclusion
shows existence of both magnetic and quadrupole inter-
actions:Heff = 7854 1T, ¢gQ = 9.0+ 0.2 mm s, showing ErRhBs and ErRI3 (as melted) were found to have effec-
the unsymmetrical electron distribution around Er nucleus. tive magnetic fields of 78% 1 and 785k 1 T, respectively.
ErRhs has hexagonal CaGuype structure and the configu- The former is due to ferromagnetic order and the latter is as-
ration around Er i€£rErnRhgRh 2 [16—18] Space group is  sociated with paramagnetic spin relaxation having the relax-
P6/mmm; a is 5.118A, andc is 4.292A [19]. Generally, it ation time of ca. 20 ns. In ErRhthere exists a large electric
is regarded that Rh forms this structure as a high tempera-field gradient at Er nucleus. Erg (as melted and annealed)
ture phase from Gd to L[L7,20] The observation of large  and ErRh (as melted and annealed) show faster paramag-
¢?q0 means that the charge distribution around Er nucleus netic spin relaxation with apparent singléssbauer absorp-
is very much distorted from spherical symmetry. The DC tion peak with large line width:>°Gd Mbssbauer spectra of
magnetization measurements indeed showed thatdH&h GdRhB and GdRKBg 706show the high symmetric environ-
melted) exhibits a smooth ferromagnetic transiti@p) (at ments of surrounding atoms. It was made clear that the boron
around 6.0 K. Hysteresis loop measurement at 4.5 K also in-atom occupying body center is associated with the chemi-
dicated that this is a soft ferromagnet with very small coercive cal bonding in Gd—Rh-B system. Magnetic study of EfRh
field (lessthan 0.01 T), and its saturation momentis 145  (annealed) and ErRHas melted) elucidated that the former
Since the Mbssbauer measuring temperature of 12K is well does the ferromagnetic transition at 6.3—-6.5K and the latter
above the magnetic transition temperature, the magneticallyat 6.0 K.
splitted Mossbauer spectrum observed indicates that the spin
relaxation becomes very slow at 12 K; the estimated relax-
ation time is about 20 ns. THé value is interestingly very ~ Acknowledgements
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