
Vol . 100 (2001) ACT A PHY SIC A POLON IC A A No . 5

P ro ceed in gs of t h e XXX V I Z ako p ane Sch oo l o f Ph ysi cs, Zak opa n e 200 1

A u{ I n Sy st em Stu d ie d w it h P ertu r b ed

An gu l ar C orre lation Me th od

P . W odni eck i , A . K ul i¥ sk a and B. Wo dnie c ka

T he Henryk N iewodni cza¥ski Insti t ute of Nucl ear Physi cs

R adzi kowski ego 152, 31-342 Kra k §w, Poland

Th e A u{ In syste m w as the subj ect of ou r com prehens i ve stu dy w ith the
p erturb ed angular correlation techni que. Bul k samples of all intermetallic

phases show n in the phase diagram w ere prepared to determine the hyp er-
Ùne interaction parameters and their temp erature dependence. A p olymor-
phic phase transf ormation in the A uI n phase at about 630 K and a new
metastable modiÙcation of A u7 In3 af ter quenching the sample of 30 at. % I n

from temp erature above 700 K w ere found. In addition , formation of the
A u{I n phases of di˜erent stoichiometries at the interf aces of thin A u/I n
Ùlms w as observed. I t turned out that the starting comp osition of bilayer

samples, i.e. the thickness ratio of the A u and In layers, strongly in Ûuenced
the stoichiometry of the formed comp ounds.

PAC S numb ers: 31.30.Gs, 68.55.N q, 71.20.Lp

1. I n t rod uct io n

The Au { In binary system exhi bi ts a largenum ber of interm etal li c phases[1].
Unf ortuna tel y, in spite of many experim enta l data , som e regions of i ts phase dia-
gram are sti l l not su£ ci entl y exam ined. Some phasesare reported to have di ˜erent
crysta l lographi c structures (Au 7 In), some are evidenced not in al l phase di agrams
(Au 3 In 2), and the crysta l lographi c structure of AuIn compound is sti l l not exactl y
kno wn. It wa s our aim to measure the electri c Ùeld gradi ents (EFG) for 1 1 1 In pro bes
in al l Au{ In com pounds and to determ ine the numb er of nonequi valent In sites in
the respective latti ces. The perturb ed angular correl ati on (PAC) m etho d, due to
i ts huge sensiti vi ty for the changes of m icrostructure in the nearest neighb orhood
of the radi oacti ve probes, is a perf ect to ol to study the polym orphi c tra nsform a-
ti ons, even in thei r very earl y stages. Thus, m easurements in a wi de tem perature
range al low us to observe the structura l phase tra nsi ti ons and to determ ine the
hom ogeneity and tem perature region of the phase under study .
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Appl icati on of the PAC techni que to detect the interm eta ll ic com pounds
form ed in the interf ace region after anneal ing at elevated tem peratures also re-
qui res the kno wl edge of hyp erÙne intera cti on of the PAC probes, present in the
latti ces of the bul ks. The electri c Ùeld gradients at 1 1 1 In = 1 1 1 Cd was m easured for
bul k Au x In (1 À x ) sampl es of di ˜erent sto ichiom etri es [2]. The actual positi on of
pro be nucl ei was obvi ous due to the f act tha t the parent 1 1 1 In is chemically iden-
ti cal wi th one of the com pound consti tuents. The m easurements were perform ed
for each interm etal l ic com pound shown in the Au{ In phase di agram [1].

2 . E x per i m ent a l d et ai ls

The Au{ In bul k sam ples were prepared by m elti ng under argon atm osphere
the appro pri ate am ounts of the consti tuents. The carri er-free soluti on of 1 1 1 In in
0.04 M HCl was earl ier dri ed-out on the Au- foi l in order to dope the investigated
specim ens wi th the 1 1 1 In- parent isoto pe of 1 1 1 Cd. An appro pri ate anneal ing in
sealed and evacuated quartz tub es ensured the hom ogeneity of the sam ples. The
PAC measurements were perform ed at di ˜erent tem peratures from 24 K to 700 K.

The Au / In bi layer Ùlm s were deposited onto crysta l l ine sil icon wafers at
room tem perature. The relati ve thi cknesses, measured by a quartz oscil lato r, were
adjusted to obta in the desired compositi on of the sam ples. Gold layers, 50{ 80 nm
thi ck, were covered by indi um Ùlm s wi th thi cknesses of 38{ 154 nm equivalent to
the desirable Au :In ato mic rati o (1:2, 1:1, 2:1, 2.5:1, 3:1, 4:1). Some 1 0 1 2 of 1 1 1 In
ato m s were deposited as a subm onolayer at the interf ace vi a the evaporati on f rom
a thi n tung sten wi re. The PAC spectra were ta ken at room temperature before
and after subsequent 10-min anneal ings.

3. R esul t s an d d iscu ssio n

3. 1. T he bulk samples

The hexagonal crysta l lographi c structure of the Au 7 In pha se is reported as
D O 2 4 (Ni 3 Ti )- typ e [3] or the Nd- typ e [4]. The PAC spectrum (Fi g. 1a) obta ined
for the Au 8 8 :1 In 1 1 :9 sam ple was described by a large frequency distri buti on around
11.3(6) MHz (£ = 3 3 (3 ) %). Lack of the well -deÙned EFG excludes the ordered
Ni 3Ti - typ eof structure, as two uni que axi al ly sym metri c EFG s should be observed
in tha t case. Thus, f or thi s phase the Nd- typ e of structure proposed by Hi scocks
and Hum e-Rothery [4] is m ore l ikely.

The Au 3 In phase is reported as ortho rhom bic DO a structure [5]. Thi s phase
underg oes an order{ disorder tra nsform ati on between 572 K and 612 K [4]. In
Au 7 5 In 2 5 com pound one nonaxi al EFG wa sevi denced in the PAC pattern (Fi g. 1b).
The v alue of quadrup ole frequency l inearl y decreases wi th the ri se of tem perature.
An ordered{ disordered phase tra nsform ati on in Au 3 In, m ani f ested by the increase
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Fig. 1. PA C spectra w ith the corresp ondin g Fourier transf orms for 111 In dop ed A u{I n

bulk samples of di˜erent I n concentrations taken at indicated temp eratures.

in the wi dth £ of quadrup ole frequency distri buti ons above 600 K, wa s observed
in agreement wi th the phase diagram [1].

For the In concentra ti on of ¿ 3 0 at. % the low- and high- tem perature (l t- and
ht- ) phase are reported. Accordi ng to the phase diagram at ¿ 6 5 0 K the ht- phase
(Au 9 In 4) underg oes a tra nsform ati on to the lt- phase of Au 7 In 3 sto ichi ometry hav-
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ing a di ˜erent structure. The PAC m easurements perf orm ed on the Au 7 0 In 3 0

sam ple below 650 K resul ted in three nonaxi al EFG s wi th equal contri buti ons
(Fi g. 1c). Ab ove 650 K two EFG s attri buted to indi um sites in the Au 9 In 4 phase
(Fi g. 1e) were detected. The observed EFG distri buti ons were large, as for the
other Û -brasses [6]. The same sampl e quenched in water from the tem peratures
above 700 K exhi bi ted three new EFG s (see Fi g. 1d) whi ch indi cates the form ati on
of a new phase. Thi s phase is meta stabl e and underg oes a tra nsform ati on to the
low- temperature phase above 350 K.

The crysta l lographi c structure of the AuIn phase is reported to be tri -
cl ini c [7], but i ts structure typ e is not kno wn. The PAC m easurements were per-
form ed at di ˜erent temperatures between 300 K and 700 K. A change of PAC
pattern observed at about 630 K exhi bi ts a polym orphi c phase tra nsform ati on
(Fi g. 1f{ g). Ab ove thi s tem perature one wel l -deÙned quadrup ole frequency of
34.7(4) MHz wi th asym metry param eter ² = 0 : 4 7 (1 ) was m easured. Below 630 K
three quadrup ole frequenci es were necessary to Ùt the PAC spectra. The deta i led
PAC exp eriments pro ved tha t thi s tra nsform ati on is repro duci bl e and ful ly re-
versibl e. Thi s Ùndi ng di sagrees wi th the Au{ In pha se diagram [1], where onl y a
sing le AuIn phase in the who le temperature range of 300{ 783 K is reported. T o
conÙrm the exi stence of thi s phase tra nsiti on the di ˜erenti a l scanni ng calori meter
m easurements were perform ed wi th three di ˜erent scanni ng rates for heati ng and
cool ing the sam ple (Fi g. 2). The temperature, in whi ch the phase tra nsiti on ta kes
pl ace, determ ined by thi s m etho d (631.8(4) K) agrees very wel l wi th the value
obta ined vi a PAC.

Fig. 2. DSC results obtained for A uI n comp ound ; left: measurements p erformed for

the scanning rate 2 5 £ C /min; right: results obtained for three di˜erent scanning rates

used during heating and cooling pro cess.

The results for Au 6 2 In 3 8 stoichi ometry did not conÙrm the existence of the
ordered phase reported by som e autho rs [7]. Al so an attem pt to observe the Ù1

phase of 22 at. % indi um concentra ti on wi th Cu 1 0 Sb3 typ e of structure [8], where
onl y uni que nonaxi al ly sym metri c EFG is exp ected, fai led.

In the set of exp eriments for Au/ In bi layers havi ng 1 1 1 In pro bes deposited
at the interf aces the tem perature- induced form ati on of di ˜erent Au{ In phaseswas
evi denced [9]. A fast interdi ˜usi on of the com ponent m etals caused bypa ssing of
som e phases and the sto ichiom etry of the \ Ùnal" compound (i .e. af ter the Ùnal
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Fig. 3. Room temp erature PA C spectra (w ith corresp onding Fourier transf orms ) of
111 C d in three A u/I n bilayer samples taken af ter the Ùnal annealin g at indicated tem-

p eratures.

anneal ing) form ed in the bi layer, was governed by the starti ng Au: In ato m ic ra-
ti o. Fi gure 3 shows the PAC spectra for three Au/ In bi layers of di ˜erent ato m ic
compositi ons, ta ken after form ati on of the corresponding stoichi ometri c phases.

The investigati ons presented here pro ve tha t the PAC m etho d is very suita ble
for a deta i l study of the phasedi agrams and of the phase form atio n at the interf aces
of thi n Ùlm s.

Ac kn owl ed gm ent s

The autho rs woul d l ike to express thei r appreci ati on to Pro f. J. Ma yer for
executi ng the D SC m easurements for AuIn phase. Thi s work was supp orted in
part by the State Com mittee f or Scienti Ùc Research (grant No . 2P03B 066 18).

R ef er en ces

[1] Bi nar y A l loys Phase Di agr ams, Ed. T .B. Massalski, A SM, Material Park, O hio
1990, p. 381.

[2] P. W odniecki, A . K uli¥sk a, B. W odnieck a, A .Z. H rynkiew ic z, Z. N atur fors ch. A
53, 349 (1998).

[3] J. W egst, K . Schub ert, Z . Me tall kd. 49, 533 (1958).

[4] S.E. R. H iscocks, W. H ume- Rothery , Pr oc. R. Soc. Lond. A 282, 318 (1964).

[5] Pearson's H andbook of Cry stal lograph ic Da ta, Eds. P. V illars, L. D. C alved, 1991,

p. 1301.

[6] P. W odniecki, B. W odnieck a, M. Marsza ¤ek, A .Z. H rynkiew icz, Ac ta Ph ys. Po l. A
88, 333 (1995).



822 P. Wo dni ecki , A . Kul i¥ska, B. Wodni ecka

[7] K . Schub ert, U . R �osler, L. H �arle, N atur wi ssenschaften 4 0, 437 (1953).

[8] K . Schub ert, M. Balk, S. Bhan, H . Breimer, P. Esslinger, E. Stolz, N aturwi s-

senschaften 46, 647 (1959).

[9] A . K uli¥ska, P. W odniecki, B. W odnieck a, A .Z. Hrynkiew icz, H yper Ùne I nteract.
120 /121, 319 (1999).


