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Abstract

A polymorph of InpLa was discovered by observing a change in the quadrupole interaction at nuti4ntEd probe atoms at high
temperature using the technique of perturbed angular correlation of gamma rays. Point-symmetry information from the measured electric fiel
gradient and chemical considerations suggests that the high-temperature polymorph has the hexagstralcAlB:. The transformation
between the low-temperature phase, which has the £ettucture, and the high-temperature phase takes place with hysteresis over a
temperature range from 200 to 450D.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Crystal structure and symmetry; Phase diagram; Intermetallics; X-ray-aag spectroscopies

1. Introduction 33"2 at.% La. The stated uncertainties in composition reflect
mass losses during melting and were calculated by assuming
According to the In-La phase diagraffi], six inter-  that decreases in mass were due entirely to the loss of one
metallic compounds are stable at room temperature. X-ray element or the other.
diffraction measurements determined thaplla has the In,La is known to oxidize rapidly [2]. It was determined
orthorhombic CeCaistructure at room temperatui@, and i this laboratory to decompose into 4@ and pure In as

itis shown in the phase diagram to be stable up to the melting fo|lows. Samples left in contact with air at room temperature
point. Inthe course of a study of the neighboringllaphase  showed a decrease of the PAC signal fraction fet.tnand a
[3] using the method of perturbed angular correlation of correspondingincrease ofa signal known to be dueto In metal
gamma rays (PAC), a high-temperature polymorph gk&n  [4], indicating that La was lost from the In—La system. At the
was discovered that was characterized more completelysame time, amassincrease was observed that is quantitatively
through additional PAC measurements described in this consistent with formation of @3- Powder X_ray diffrac-
paper. tion measurements at elevated temperature were attempted
but were unsuccessful due to rapid reaction with residual

. oxygen in the diffractometer. On the other hand, ingots of

2. Sample preparation InoLa could be studied conveniently using PAC without de-

_ ) tectable oxidation over a period of weeks under a pressure of
InoLa samples were prepared by melting foils of In 5,3 in a measurement oven.

(99.999% pure) and La (99.9% pure, REM basis) with
carrier freelln under argon in an arc furnace. Extensive
measurements were made on two samples having final3, Experimental method
masses of 27 mg and 83 mg, with compositions_%’sand
The point symmetry at the site occupied by a PAC
* Corresponding author. probe atom can be partially determined through the nuclear
E-mail addresscollins@wsu.edu (G.S. Collins). quadrupole interaction. In this study, a phase transformation
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was detected through a change in point symmetky4u/Cd pendent of time. Fay = 0, w2 = 2w1 andw1 = wo Whereas for

probes.1in decays to an excited state of Cd via electron 7> 0,1 < w2 <2w1 andw1 > wo. Analytic expressions for

capture. The Cd nucleus subsequently emits 4arays in @ in terms ofwg andn whenn > 0 can be found in reference

succession with energies 171 and 245keV. In between the[7]. In this study, we usey andn to identify signals and are

y-emissions, the nucleus is in a long-lived intermediate state Not interested in specific values f; .

with spin 5/2 and a half-life of 85ns. The electric field gra-  When probes are in sites with different EFGs, the over-

dient (EFG) due to charges in the crystal surrounding the all perturbation function is a superposition of functions for

probe nucleus interacts with the nuclear quadrupole momentprobes in each site:

Q, causing the populations of magnetic substates to evolve.

This leads to a time-dependent angular correlation of the sec-*2() = Z fiG2 (1) 2)

ond-+y-ray with respect to the first that can be measured and !

is characterized by a perturbation functi@ép(t). For further in which the signal fractiofy is the fraction of probe atoms in

information about the PAC technique, see referefisds. sitei. As presented below, the signals observed in this study
The EFG at a nucleus is the second derivative of the elec-are identified with probes in different phases. In genéyrad,

trostatic potential due to extranuclear charges. The EFG is anot the phase fractiojd]. However, in these experiments, in

traceless, second-order tensyrthat, when diagonalized, is which the probe is a host element and the phases of interest

fully described by its principal componevit, and an asym-  have the same compositidinjs equal to the phase fraction.

metry parameter; = (Vi — Vy,)/ V... Partial information The perturbation functiors,(t) was measured using a
about point symmetry comes from the observed values of four-detector fast—slow spectrometer with samples mounted
V.. andn. For sites having cubic symmetdy,, = O; for sites in ameasurement oven under a pressure of ababtb Mea-

having a unique axis with 3-, 4- or 6-fold rotational symme- surement time at each temperature was typically one day.
try, V,, # 0 andy = 0; and for sites having lower symmetry, Spectra were fitted usinggs. (1) and (2)n order to obtain
V., #0and0< n < 1. signal fractions and quadrupole interaction parameigrs
The perturbation functio,(t) for spin 5/2 is and»n. When signal fractions were large (>30%), all param-
eters were fitted freely. When signal fractions were smaller,
( 1 ( Wp t) 3/2> ) one or more 081, $, S3 andw1 were fixed to values obtained
el i}
2\ w1

3
G2(1)=s0+ ) _ sn COS @at) €Xp from fits of other spectra.

n=1

The frequenciesv, are functions of the coupling fre-
quencywo = 3|eQV..|/h andy [7], and the amplitudes 4. Results
%0, S1, S2, andsz sum to one. The exponential factors account
empirically forinhomogeneous broadening due to distantde- ~ Representative PAC spectra are shown on the left in
fects or lattice strains. Frequency distribution widthwere ~ Fig. 1 The spectrum measured at 10®(Fig. 1a) exhibits
small (<1 Mrad/s) in all measurements. In genetal= w1 + a low-temperature (LT) signal witlg = 78.7(2) Mrad/s and
wo. For cubic symmetry, atby, are zero an@,(t) =1, inde- 7 = 0.317(1). The spectrum measured at 52€.qFig. Ic)
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Fig. 1. PAC spectra and Fourier amplitude transforms exhibiting (a) the LT signal &tC;0(6) a superposition of LT and HT signals at 41930and (c) the
HT signal at 524.0C. The LT and HT signals are attributed in the text to LT and HT polymorphs.
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exhibits a high-temperature (HT) signal witly = 101.0(1) 0.35 — 77T
Mrad/s and; = 0. The spectrum measured at the intermediate s

temperature 4190C (Fig. 1b) exhibits a superposition 0.30 -
of LT and HT signals. On the right ifrig. 1 are Fourier

amplitude transforms. It can be seen that< 2w1 (n > 0) 0.25 .
at low temperatureHig. 1a) whilewy = 2w (n = 0) at high

temperatureKig. 1c). Relative amplitudes of the frequency 0.20 7

harmonics of each signal indicate the presence of significant
non-random texture such as in a sample composed ofasmal  0.15
number of large grains.

The coupling frequency for each signal decreases linearly ~ 0-10
with increasing temperature, as shownHig. 2 Lines in- [

dicate results of fits tawg = wg (0°C) (1+aT), giving wg 0.05F ]
(0°C) = 78.92 (6) Mrad/s and = —2.30 (3)x 10~4°C1 [

for the LT signal andwp (0°C) = 111.4(1) Mrad/s ana 0.00 = " a00 . 400 500

= —1.80(3) x 104°C~! for the HT signal. The decreases T(C)

are attributed to thermal expansion. The asymmetry param-

eter for the LT Signal is plotted versus temperaturEi'gI 3 Fig. 3. Temperature dependence of the asymmetry parametethe LT

The line is the result of a linear fit with(0°C) = 0.320(1) signal.
and dy/dT = —4.45(8)x 10~4°C~1, The asymmetry param-

eter of the HT signal was zero in all measurements. Large g rements after heating and downward-pointing triangles
error bars inFigs. 2 and Jare associated with small signal  5¢ter cooling. Curves indicate approximate limits of the
fractions. hysteretic temperature range. It was noted that points near the

Determination of the two signal fractions is complicated iqdie of the range were measured after high heating rates
by the presence of non-random texture becausedtt&ms (g °C/s) while points close to the curves were measured

of the two perturbation functions can not be distinguished. 4fer 10w heating rates~0.1°C/s). Thus, the heating rate

We estimated signal fractions using amplitudes of the pre- patveen measurements appears to have infludinged
cessional harmonics, which can be distinguished. The signal

fraction at low-temperaturigt was obtained by multiplying
the sumS, + S + S3 for the LT signal by a normalization
factor that makefi 1 = 1 at low temperatures for which there
is no HT signalfyT was calculated in a corresponding way
with its own normalization factor. The sufi{ + fyt) was
generally consistent with 1, indicating that this method for
estimating signal fractions was satisfactory.

The temperature dependence faff shown in Fig. 4

5. Discussion

The non-zero asymmetry parameteof the LT signal
is consistent with the known Cegustructure of InLa, for
which there is a unique In-site having.-point symmetry. In

exhibits hysteresis. Upward-pointing triangles indicate mea- 1.0
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Fig. 4. Site fraction of the HT signal vs. temperature. Upward-pointing tri-
) ) angles indicate measurements made after a heating step; downward-pointing
Fig. 2. Temperature dependencedffor the LT and HT signals. triangles indicate those made after a cooling step.
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principle, point defects formed at HT might disturb EFGs at perature phases, which occur with hysteresis in the range

probe nuclei, leading to new signals. In such a case, one would200-450°C. The In-site in the high-temperature phase has

observe inhomogeneous broadening, multiple signals due tohigher point symmetry than in the low-temperature phase.

different local arrangements of defects, and signals with Evidence was presented that the high-temperature phase has

0. The HT signal has none of these characteristics and canthe hexagonal AIB structure. Other compounds having the

only represent a new polymorph with higher symmetyy( CeCuy structure at room temperature may transform to a

0). Coexistence of LT and HT phases indicates a first-order high-temperature structure in the same way a¢ dn For

phase transformation. example, recent experiments in this laboratory indicate that
Candidate structures for the HT phase were identified such a transformation takes place in Cabelow 524°C.

from a survey of MX% compounds (M: metal; X: groups

IB, IIB, IlIB, IVB elements). Four structures have symme-

tries at the X site that give = 0: AIB2, CchCe, Caln and Acknowledgments
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