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The per turbed an gu lar cor re la tion method was em ployed to study the tem per a ture de pend ence
of elec tric field gra di ents at the 181Ta probe in the polycrystalline Hf2Ni7 com pound. The tem per -
a ture evo lu tion of the sam ple con tent was mea sured us ing high-tem per a ture X-ray dif frac tion. To 
check the mag netic or der of the sam ple, mag ne ti za tion mea sure ments and ad di tional per turbed
an gu lar cor re la tion mea sure ments with ex ter nally ap plied mag netic field were per formed. All ob -
tained spec tra showed no ev i dence of mag netic or der of the Hf2Ni7 phase. Within the ex per i men -
tal res o lu tion of the ap pa ra tus, the mea sured elec tric field gra di ents at 181Ta probe for the two
inequivalent 181Hf /181Ta sites in the Hf2Ni7 com pound ap peared as one in the range of 78-944 K.
A sin gle quadrupole in ter ac tion im plies that the elec tric field gra di ents at the two Hf sites must be 
quite sim i lar. At 293 K, the mea sured quadrupole in ter ac tion pa ram e ters are nQ = 433(1) MHz
and h = 0.300(4). An in crease of the quadrupole fre quency and a grad ual ris ing of the asym me try 
pa ram e ter were ob served with in creas ing tem per a ture. The high-tem per a ture X-ray dif frac tion
in di cated a build up of HfO2 above 693 K.

Key words: intermetallics, hyperfine in ter ac tions, per turbed an gu lar cor re la tion, mag ne ti za tion,
X-ray dif frac tion

IN TRO DUC TION

The per turbed an gu lar cor re la tion method is
based on the in ter ac tions of an ex cited in ter me di ate
nu clear state of a g-g cas cade with the ex ter nal
hyperfine fields pres ent at the probe site. The mea -
sured elec tric field gra di ents (EFG) and/or mag netic
hyperfine fields (MHF) at the probe site can also be
de ter mined as a func tion of the var i ous mac ro scopic
pa ram e ters and pre vi ous ther mal, pres sure or other
sam ple treat ments. The per turbed an gu lar cor re la tion
(PAC) method is proven to give an abun dance of in -
for ma tion on var i ous prop er ties and the ar range ment
of the sys tem un der in ves ti ga tion. For ex am ple, as the
EFG de pends on the charge dis tri bu tion of the
probe-nu cleus en vi ron ment, ap ply ing the PAC tech -
nique in a wide tem per a ture range, the tem per a ture
evo lu tion of the lat tice prop er ties such as crys tal lo -
graphic struc ture, im per fec tions or de fects can be
mon i tored. A de tailed de scrip tion of the PAC method
is given in ref. [1].

The hyperfine in ter ac tions of 181Ta in Hf2Ni7
were pre vi ously in ves ti gated by sev eral groups [2-4].
The col lected data and as sign ments are not con sis tent.
There are dis crep an cies re gard ing the pos si bil ity of
mag ne tism and the num ber, strength and tem per a ture
be hav ior of quadrupole in ter ac tion fre quen cies for
181Ta probe in this com pound. Gerdau et al. [2] found a
dom i nant hyperfine mag netic field of Hhf = 6.81(6) T
com bined with the elec tric hyperfine field  of  the 
strength wQ = 14.4(2) MHz and of the ax ial sym me try
(h = 0) at room tem per a ture. Also, the au thors sug -
gested ex is tence of sev eral other hyperfine in ter ac tions 
of un known or i gin, pos si bly partly from in ter sti tials.
Marszalek et al. [3] mea sured  two elec tric  quadrupole 
in ter ac tions: nQ1 (300 K) = 586.7(65) MHz with h1 =
=.0.79(4) and nQ2 (300 K) = 466.8(41) MHz with h2 =
= 0.20(3). The de scend ing tem per a ture be hav ior of the
quadrupole fre quen cies and al most con stant asym me -
try pa ram e ters with in creas ing tem per a ture were
found. Very re cently, Silva et al. [4] de scribed one
dom i nant quadrupole in ter ac tion con clud ing that the
EFG at the two inequivalent 181Ta-sites in the Hf2Ni7
are quite sim i lar. At room tem per a ture, the dom i nant
com po nent de duced was char ac ter ized with nQ =
=.419(2) MHz and h = 0.19(1).
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The Hf2Ni7 com pound was stud ied us ing per -
turbed an gu lar cor re la tion method and high-tem per a -
ture X-ray dif frac tion (HT-XRD). The aim was to re -
move the pres ent am bi gu ities and pro vide re li able
ex per i men tal re sults for com par i son in forth com ing
ab-in itio cal cu la tions. Two sep a rate se ries of PAC
mea sure ments with out ap ply ing an ex ter nal field were 
made in the tem per a ture range of 78-897 K and
293-944 K. The PAC mea sure ments with the po lar iz -
ing ex ter nal field at room tem per a ture and ad di tional
mag ne ti za tion mea sure ments (1.8-350 K) were per -
formed in or der to in ves ti gate pos si ble mag netic prop -
er ties of the Hf2Ni7 com pound. The ob tained PAC
spec tra showed no ev i dence of mag netic or der ing in
Hf2Ni7. The PAC data were fi nally fit ted with one
elec tric quadrupole in ter ac tion. The ob tained
hyperfine in ter ac tion pa ram e ters for 181Ta in the
Hf2Ni7 are con sis tent with the pre sump tion of very
sim i lar EFG at the two inequivalent Ta probe sites.

METH ODS AND PRO CE DURES

The Hf2Ni7 polycrystalline com pound was pre -
pared by mul ti ple arc melt ing of me tal lic Hf (98.5% Hf
and 1.5% Zr) with high pu rity me tal lic Ni (99.999%), in
an ar gon at mo sphere. But tons were turned sev eral times
to en sure ho mo ge ne ity. Af ter wards, three pieces were
cut from the sam ple and pre pared for the PAC, HT-XRD
and mag ne ti za tion mea sure ments. Dattagupta et al. [5]
have shown that the Hf2Ni7 com pound is iso to pic to the
Zr2Ni7, with a monoclinic crys tal struc ture with C2/m
space group sym me try. The atomic ar ray is
pseudohexagonal nor mal to the a- and b-axes. There are
two dif fer ent crys tal lo graphic po si tions of Hf with the
same sym me try (4i) in the com pound. Each Hf atom in
the Hf2Ni7 struc ture is sur rounded with 2 other Hf at oms
and with 14 other Ni at oms (fig. 1), mak ing to tal co-or di -
na tion spheres of 16 near est neigh bors with re mark ably
sim i lar in ter atomic dis tances.

To check the crys tal lo graphic struc ture of
Hf2Ni7  sam ple,  X-ray  dif frac tion  mea sure ment at
300 K was made us ing a Rigaku Miniflex with Cu Ka

ra di a tion (l = 1.5418×10–10 m). It was dif fi cult to
ob tain fine pow der for XRD mea sure ment, since the
al loy has shown rather tough be hav ior. An at tempt was 
made to de ter mine the main peaks be long ing to the
Hf2Ni7 struc ture, in spite of lesser qual ity of col lected
XRD data and com plex ity of its crys tal struc ture. The
lat tice pa ram e ters were ob tained by fit ting the XRD
pat tern of the Hf2Ni7 (fig. 2) with the Rietica soft ware
[6].

The XRD anal y sis of the Hf2Ni7 sam ple spec tra
taken at 300 K con firmed the Zr2Ni7 type (C2/m)
monoclinic struc ture with the unit cell pa ram e ters: a =
= 4.664(2), b = 8.187(3), and c = 12.149(5)×10–10 m, in
fair agree ment with pre vi ously pub lished re sults [5]. It 
was es ti mated that there are less than 5% of im pu rity
phases pres ent in the in ves ti gated sam ple. The tem per -
a ture evo lu tion of the Hf2Ni7 sam ple crys tal struc ture
was mon i tored by high-tem per a ture X-ray dif frac tion
on a PANalytical X’Pert Pro MPD de vice (Co Ka). An
Anton Paar HTK-6 oven with a Pt heat ing stripe was
em ployed for HT-XRD mea sure ments from 298 to
873 K, in steps of 25 K. The HT-XRD anal y sis was
done with X’Pert High Score Plus soft ware us ing
com mer cial da ta bases [7]. Mag ne ti za tion mea sure -
ments of mag netic sus cep ti bil ity of Hf2Ni7 were per -
formed us ing Quan tum De sign MPMS-XL 5 (1.8-350
K). Mag ne ti za tion mea sure ments showed that the
mag netic sus cep ti bil ity of Hf2Ni7 (fig. 3) is para mag -
netic down to about 10 K, where it shows a broad
antiferromagnetic peak.

The ex cited states of 181Ta probe, used in the
PAC method, are pop u lated in the b de cay of the 42 d
181Hf iso tope, pro duced in the re ac tor by ex pos ing Hf
to a ther mal neu tron flux higher than 1014 n/(cm2·s).
Be fore the ir ra di a tion, the sam ple was sealed in high
vac uum in a quartz am poule. The ra di a tion dam age in
the sam ple was min i mized with the an neal ing for 8
days at 1223 K. The PAC mea sure ments of the
polycrystalline Hf2Ni7 were per formed with the
133-482 keV g-g cas cade of 181Ta ion probe. The spec -
tra were col lected with three BaF2 de tec tors in a
fast-slow co in ci dence set up. The time res o lu tion (tR)
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Fig ure 1. Near est neigh bors of the two inequivalent Hf
sites in the Hf2Ni7

Fig ure 2. XRD (Cu Ka) pat tern of the as-pre pared Hf2Ni7

at 300 K. The peaks are in dexed for the monoclinic
struc ture (C2/m)



for the men tioned g-g cas cade was around 1 ns. For
PAC mea sure ments above am bi ent tem per a ture the
quartz am poule was mounted in a fur nace, for 78 K-
-mea sure ment a liq uid ni tro gen cryostat was used. It
should be pointed out that the ir ra di ated Hf2Ni7 sam ple 
was ac tu ally heated three times: (1) 1st – heat ing, i. e.
an nealed for 8 days at 1223 K, (2) 2nd – heat ing up
from 78 to 897 K, and (3) 3rd – heat ing up from 293 to
944 K. The PAC mea sure ments with out ap plied ex ter -
nal mag netic field were made dur ing the 2nd- and
3rd-heat ing (the first and sec ond PAC runs).

The PAC mea sure ments with ap plied field and
dif fer ent ge om e tries could pro vide ad di tional in for ma -
tion con cern ing the na ture of the in ves ti gated hyperfine
in ter ac tions. At room tem per a ture, in the two PAC ar -
range ments with the ap plied field Hext = 1.5 kG, the field 
was main tained per pen dic u lar to the plane of the BaF2

de tec tors. In the first ar range ment, the de tec tors were
po si tioned at fixed an gles q = 90° and 180° with ex ter -
nal field ap plied up (+Hext). For the sec ond ar range -
ment, the de tec tors were at fixed an gles q = 225° and the 
field was ap plied up (+Hext) and down (–Hext).

For unpolarized sam ple, the co in ci dence spec tra
N(t, q) were mea sured at the an gles q = 180° and q =
=.90° be tween the de tec tors. Af ter a lin ear back ground 
was sub tracted, an ex per i men tally ani so tropy func tion 
R(t) was formed

R t
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In the cases of the two de tec tors ar range ments
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where ± stands for the di rec tion of the ex ter nal mag -
netic field.

The Fou rier trans forms of the ex per i men tal PAC
spec tra from all above men tioned ar range ments were
com pared. The PAC spec tra with and with out the ap -
plied ex ter nal mag netic field – in the 90°/180° de tec -
tors ar range ments, eqs. (1), (2) – are shown in fig. 4.
The cor re spond ing Fou rier trans forms are es sen tially
the same, re veal ing the three dom i nant in ter ac tion fre -
quen cies which are slightly shifted and broad ened in
case of the ap plied field. This kind of fre quency spec -
trum is com monly found in case of pres ence of the
pure elec tric quadrupole per tur ba tion, there fore in di -
cat ing that no ap par ent mag netic hyperfine in ter ac tion
in volv ing Ta probe in the Hf2Ni7 is ob served. This re -
sult is com ple men tary to the para mag netic na ture of
the Hf2Ni7 sam ple found by the mac ro scopic mag ne ti -
za tion mea sure ments and pro vided the PAC data to be
an a lyzed con sid er ing only elec tric quadrupole in ter ac -
tions.

For polycrystalline sam ple, a pos si ble mod u la -
tion in time of the an gu lar cor re la tion of the two suc -
ces sive g-rays in the cas cade can be de scribed by a per -
tur ba tion fac tor Gkk(t). The an gu lar cor re la tion of the
mea sured 181Ta g-g cas cade is ex pressed by an gu lar
cor re la tion co ef fi cient A22 (A22 o A44). The per tur ba -
tion fac tor G22(t) in the case of static elec tric
quadrupole  in ter ac tion  of  the 181Ta  in ter me di ate level 
I = 5/2 is given by

   

G t a

a tn
n

22 20

2

2

1

3

( )

exp
( )

exp( )

= +

+ -
æ

è

ç
ç

ö

ø

÷
÷

-å
=

w t
dwn R

n
2

cos( )wn t
 (4)

where wn de pend on the elec tric quadrupole fre quency
wQ and the asym me try pa ram e ter h, and a2n are func -
tions of h. The EFG at the 181Ta site is com pletely de -
scribed only by two pa ram e ters, wQ and h

wQ
zz=
-

eQV

I I4 2 1( )h
(5)
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Fig ure 4. The am bi ent PAC spec tra of 181Ta in the Hf2Ni7: 
with out and with the ap plied ex ter nal mag netic field in
90°/180° de tec tors ge om e try – eqs. (1), (2). The cor re -
spond ing Fou rier trans forms are in the right sec tion of
the fig ureFig ure 3. Mag netic sus cep ti bil ity of the Hf2Ni7 sam ple in

the range of 1.8-350 K, H = 79577.5 A/m



h =
-V V
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when the ref er ence axes are cho sen in such a way that
the di ag o nal com po nents of the EFG sat isfy the con di -
tion V V Vzz yy xx³ ³ , i. e. 0 £ h £ 1. Small lat tice im -
per fec tions are ac counted for with the elec tric
quadrupole fre quency dis tri bu tion width d. Q = 2.36(5)×
×10–28 m2 is the quadrupole mo ment for the 181Ta in ter -
me di ate level of the mea sured g-g cas cade [8].

In stead of wQ ob tained from fit ting pro ce dure
eq. (5), for com par i son with pre vi ously pub lished re -
sults, we used the spin-in de pend ent quadrupole fre -
quency nQ

n wQ Q
zz= =

20

p

eQV

h
(7)

In gen eral case, when sev eral frac tions of probe
nu clei with dif fer ent hyperfine in ter ac tions are found
in the sam ple, the ani so tropy func tion is given by the
sum

R t A f G teff i

i
( ) ( )= å22 22i (8)

A eff
22

 is the ex per i men tal ani so tropy fac tor and
the sum runs over all sites i hav ing dif fer ent hyperfine
fields and the per tur ba tion fac tor G ti

22 ( )  is con tain ing
in for ma tion on the i-th hyperfine in ter ac tion pres ent in 
the sam ple. The data anal y sis of the ex per i men tal PAC
spec tra was per formed with the least-square fit ting
pro ce dure us ing the DEPACK pro gram [9].

RE SULTS AND DIS CUS SION

The ob jec tive of the con ducted PAC re search
was to re solve the pres ence and in ves ti gate the tem per -
a ture de pend ence of the elec tric and/or mag netic
hyperfine in ter ac tions of 181Ta probe in the Hf2Ni7
phase. The mag ne ti za tion and high-tem per a ture X-ray 
dif frac tion mea sure ments were used to elu ci date the
pos si ble phase trans for ma tion and to clear up the tem -
per a ture evo lu tion pic ture of the Hf2Ni7 sam ple.

The XRD phase anal y sis of the as-pre pared
Hf2Ni7 sam ple (fig. 2) in di cated the pres ence of less
than 5% of im pu rity phases.  In ac cor dance with the
Hf-Ni phase di a gram, the traces of the neigh bor ing
HfNi5 and HfNi3 (low temp.) phases in the Hf2Ni7
sam ple were taken into ac count, but the peak at 34°2q 
could orig i nated from the Hf2Ni phase.

Some typ i cal high-tem per a ture X-ray dif frac -
tion scans (Co Ka) of the Hf2Ni7 sam ple are pre sented
in fig. 5. As seen in the fig. 5, the XRD pat tern of the
sam ple at 873 K shows a dis tinct form from the one
taken in the as-pre pared state at 298 K. Silva et al. [4]
sug gested that there should be a re vers ible phase trans -
for ma tion of Hf2Ni7 start ing at 500 K. Dur ing the
HT-XRD mea sure ments of the Hf2Ni7 sam ple no
change at 500 K was ob served, but there is a strong
change in XRD pat terns be gin ning at 673 K. The new

crys tal line phase(s) started to grow at 673 K. Al though 
the HT-XRD pat terns were  ob tained in vac uum of
10–3 mbar, the as sump tion was that the sam ple started
to ox i dize in ter nally: Hf2Ni7 + 2O2 ® 2HfO2 + 7Ni.
The pro cess of in ter nal ox i da tion is com monly found
for many intermetallic com pounds at el e vated tem per -
a tures [10]. There were no de tect able monoclinic
HfO2 peaks pres ent at 673 K. The pro cess of in ter nal
ox i da tion be gins around 693 K: a small peak at 59°2q
(HfO2 monoclinic) is ob served at 698 K to gether with
a small peak at 52°2q and 61°2q (both be long to fcc
Ni). At the same time the main dif frac tion peaks of
Hf2Ni7 phase at 34°2q, 46°2q, and 53°2q started to de -
crease. Peaks at 46.5°2q and 54°2q be long to Pt heat -
ing stripe. From the pat tern at 298 K, taken af ter
HT-XRD mea sure ments up to 873 K, it was es ti mated
that the sam ple con tains over 70 wt% monoclinic
HfO2 and 20 wt % fcc Ni. The rest is Hf2Ni7 and prob a -
bly cu bic HfO2 with de fects. 

As men tioned be fore, the Fou rier trans forms of
the PAC spec tra of unpolarized and po lar ized sam ple
ex hib ited es sen tially the same three ma jor in ter ac tion
fre quen cies. The fre quen cies were min i mally shifted
and broad ened when an ex ter nal mag netic field was
ap plied, which in di cate that the ap plied field is only a
small per tur ba tion com pared to the split ting of 181Ta
in ter me di ate level due to the elec tric quadrupole in ter -
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Fig ure 5. High-tem per a ture XRD (Co Ka) pat terns of the 
Hf2Ni7 in the as-pre pared state and at dif fer ent tem per a -
tures. The XRD fin ger prints of: (a) the monoclinic
Zr2Ni7 type struc ture; (b) HfO2 monoclinic; (c) Ni and (d) 
Pt are pre sented at the bot tom



ac tion. At the same time, the pres ence of the three
clearly dis tin guished peaks in the fre quency spec tra
ob tained dur ing the 2nd-  and 3rd-heat ing but with out
ap plied field, was con sis tent at all tem per a tures. These 
facts cou pled with the para mag netic na ture of the sam -
ple where used to sim plify the in ter pre ta tion of the
mea sured spec tra. The best fit with one quadrupole in -
ter ac tion meant that both elec tric field gra di ents have
very sim i lar mag ni tude so the two dif fer ent sites are
ob serv able as one.

Sev eral other as sump tions re gard ing the crys tal -
lo graphic struc ture of the Hf2Ni7 and the ex is tence of
im pu rity phases were also con sid ered but con se -
quently re jected dur ing the fit ting pro ce dure. Since the 
mag netic hyperfine in ter ac tion was ex cluded at the be -
gin ning from con sid er ation, the two inequivalent crys -
tal lo graphic po si tions of Hf at oms of lower sym me try
in the struc ture of Hf2Ni7 com pound im posed at least
two elec tric quadrupole in ter ac tions with non-zero
asym me try pa ram e ters for pre lim i nary fit ting pro ce -
dure of the PAC spec tra. Also, in the course of the fit -
ting pro cess, it was care fully looked for well known
PAC fin ger prints of the im pu rity phases ob served by
XRD in the sam ple and for HfO2 pres ence be cause of
the risk of in ter nal ox i da tion. The PAC com po nents
with the hyperfine pa ram e ters of 181Ta probes in Hf2Ni 
[11,12], HfNi5 [4, 13, 14], and HfO2 [15, 16] were
checked and re mained be low the limit of de tec tion
(£1%). There is no PAC study of the HfNi3 (low tem -
per a ture) phase known to the au thors. Con sid er ing the
HfNi3 struc ture (hex ag o nal (P63/mmc) Pd2RhTa type
struc ture [17]), the elec tric quadrupole in ter ac tions
should be as so ci ated with this struc ture. Through out
the fit ting pro ce dure when only one elec tric
quadrupole in ter ac tion emerged as dom i nant, it was
con cluded that the HfNi3 phase was also be low the de -
tec tion limit of all un der taken PAC mea sure ments.

The ex per i men tal PAC spec tra were pre lim i -
nary fit ted with two sets of dif fer ent but com pa ra ble
quadrupole in ter ac tion pa ram e ters. It turned out dur -
ing the fit ting pro cess of the sec ond PAC run that the
two quadrupole fre quen cies merged into one. The fi -
nal re fine ment re sulted in ex cel lent fit for the sec ond
set and mod er ately fit for the first set of PAC mea -
sure ments un der as sump tion of unique elec tric
quadrupole in ter ac tion. Within the ex per i men tal res -
o lu tion of the ap pa ra tus, the mea sured elec tric field
gra di ents at 181Ta probe for the two inequivalent
181Hf/181Ta sites in the Hf2Ni7 com pound ap peared as 
one in the range of 78-944 K. The se lected 181Ta-PAC 
spec tra of the Hf2Ni7 sam ple to gether with the fit ted
curves are pre sented in fig. 6. The temperature evo lu -
tion of the quadrupole fre quency nQ and asym me try
pa ram e ter h of 181Ta probe in the Hf2Ni7 sam ple dur -
ing the 2nd-heat ing and 3rd-heat ing are shown in figs.
7 and 8. 

As seen in fig. 7, the mea sured Ta site fre quency
re duces grad u ally from 444 MHz at 78 K to 365 MHz

at 944 K. The Tk de pend en cies with k = 1 and 1.5, could 
not re pro duce the tem per a ture de pend ence of the
quadrupole fre quency in the whole mea sured tem per a -
ture range. Nev er the less, the quan tity of data was suf -
fi cient to per mit rec og ni tion of em pir i cal trend. The
over all in spec tion of data in di cates an al most lin ear
T-de pend ence of the quadrupole fre quency start ing at
room tem per a ture, par tic u larly prom i nent for the sec -
ond  run.  There  is  an  ap par ent  de vi a tion  vis i ble  at
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Fig ure 6. Se lected 181Ta-PAC spec tra with cor re spond ing 
Fou rier trans forms ob tained at 78 K, and dur ing
 3rd-heat ing of the Hf2Ni7 sam ple up to 944 K

Fig ure 7. Tem per a ture vari a tion of the quadrupole fre -
quency nQ of 181Ta probe in the Hf2Ni7 sam ple: the
tem per a ture evo lu tion of the quadrupole cou pling
pa ram e ters dur ing the 2nd-heat ing is marked with open
cir cle sym bol and dur ing the 3rd-heat ing with full square
sym bol



900 K for the first run. The asym me try pa ram e ter (fig.
8) is con tin u ously as cend ing from 0.30 at 78 K to 0.44
at 944 K: a small jump (296-370 K) fol lowed by short
pla teau (370-500 K) was ob served in the first run. The
fre quency dis tri bu tion pa ram e ter for the sec ond run
was very small (d ~ 1-2%).  The ob served nar row fre -
quency dis tri bu tion con firmed that the Ta probe at oms
oc cupy mostly substitutional po si tions in the Hf2Ni7
struc ture and are rather free from de fects. For the first
run, rel a tively larger vari a tions of the gra di ents from
nu cleus to nu cleus (d less than 5%) and Ta site frac tion
not far from unity were ob tained from the fit un der the
as sump tion of unique quadrupole in ter ac tion taken
over from the sec ond run fit.

The ra di a tion dam age is ex pected to be an nealed
by a ther mal treat ment 1223 K/8 days in vac uum, so
one pos si ble source of dis crep an cies of the first and
sec ond run is an in flu ence of im pu rity phases that were 
sub se quently an nealed out dur ing pro gres sively heat -
ing through out the first run. In prin ci ple, an other pos -
si ble source of such dis crep an cies may be the three de -
tec tors as sem blies not be ing op ti mal be cause one has
also to take into ac count the dif fer ent de tec tor ef fi cien -
cies and en ergy win dow ad just ments in prac tice. Due
to this kind of asym me try of the three de tec tor
90°/180° ar range ment these in flu ences are not fully
cancelled by form ing the ra tio R(t). 

There is par tial agree ment of the re sults from this 
work with the re sults ob tained by Silva et al. [4] for the 
pure Hf2Ni7 phase. The de duced nQ- and  h-val ues
from the fit ting pro ce dure are some what higher and
there is no sharp h jump around 500 K, but the data
sup port the as sump tion [4] that the two EFG at 181Ta
inequivalent sites are quite sim i lar. As the mother iso -
tope of the probe atom is a con stit u ent of the in ves ti -
gated com pound, a pref er en tial oc cu pa tion of one of
the Hf sites can be ex cluded. In the work of Silva et al.

[4], along with the PAC study of Hf2Ni7, the HfNi5
com pound was in ves ti gated. The three PAC com po -
nents were found in the PAC spec trum of the
unannealed HfNi5 sam ple [4] – the two of them where
linked to the Hf2Ni7 phase. The ob tained re sults in this
work, how ever, re sem ble much more to the ones of the
com po nent II of the unannealed HfNi5 sam ple (at
room tem per a ture, nQ = 443 MHz and h = 0.31 [4]).
Silva et al. [4] re lated this com po nent to the Hf2Ni7
phase and to the “cool ing be hav ior” of Hf2Ni7 and de -
scribed it as hex ag o nal high-tem per a ture Hf2Ni7
phase. The two dif fer ent high-tem per a ture and room
tem per a ture phases of Hf2Ni7 have been sug gested
pre vi ously by Dattagupta et al. [5]. It may seem that
the high-tem per a ture Hf2Ni7 phase was ob served in
the course of the pres ent PAC in ves ti ga tions. This is
un likely, since the sam ple was not quenched from high 
tem per a ture and its crys tal struc ture was con sis tent
with the monoclinic one. The most prob a ble rea son of
these di ver gences may be the sam ple, which is dif fi -
cult to pro duce. The high-tem per a ture XRD data of the 
Hf2Ni7 sam ple could re solve this sit u a tion, but the data 
were dam aged from the in ter nal ox i da tion of the sam -
ple. Nev er the less, there is an over all con clu sion that
the val ues and T-de pend en cies of the quadrupole pa -
ram e ters for Hf2Ni7 phase strongly de pend on the heat
treat ment of the com pound. An ab-in itio cal cu la tion of 
the EFG at the Ta sites of Hf2Ni7 that may clar ify the
pre sented as well as pre vi ously pub lished re sults will
not be avail able in the close fu ture. The com pu ta tional
ef forts to cal cu late the EFG at the Hf sites of Hf2Ni7
that are in prog ress may be, to a cer tain de gree, very
help ful.

CON CLU SIONS AND
REC OM MEN DA TIONS

The na ture and tem per a ture vari a tions of the
181Ta hyperfine in ter ac tions were in ves ti gated by the
per turbed an gu lar cor re la tion mea sure ments of the
polycrystalline Hf2Ni7 sam ple. The PAC ar range -
ments with the ap plied ex ter nal mag netic field com -
ple mented with the mag ne ti za tion mea sure ments were 
car ried out in or der to an a lyze the mag netic or der ing of 
the sam ple. No ev i dence of mag netic hyperfine in ter -
ac tions was found by PAC in the Hf2Ni7 sam ple and
mag ne ti za tion mea sure ments showed that the mag -
netic sus cep ti bil ity of Hf2Ni7 is para mag netic down to
about 10 K, where it shows a broad antiferromagnetic
peak. The high-tem per a ture X-ray dif frac tion mea -
sure ments of the Hf2Ni7 sam ple showed that there is
no change in the sam ple struc ture and com po si tion up
to 693 K, where the on set of in ter nal ox i da tion is ob -
served.

 The elec tric field gra di ents at 181Ta probe for the
two inequivalent 181Hf/181Ta sites in the Hf2Ni7 com -
pound have very sim i lar mag ni tude and are ob serv able 
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Fig ure 8. Tem per a ture de pend ence of the asym me try pa -
ram e ter  h of 181Ta probe in the Hf2Ni7 sam ple: the tem per -
a ture evo lu tion of the quadrupole cou pling pa ram e ters
dur ing the 2nd-heat ing is marked with open cir cle sym bol
and dur ing the 3rd-heat ing with full square sym bol



as unique one in the tem per a ture range of 78-944 K. 
The mea sured Ta site fre quency re duces grad u ally
with ris ing tem per a ture, with an al most lin ear T-de -
pend ence start ing at room tem per a ture. The asym me -
try pa ram e ter is con tin u ously as cend ing with in creas -
ing tem per a ture. The ob tained re sults are in par tial
agree ment with the pre vi ously re ported ones, in di cat -
ing that the val ues and T-de pend en cies of the nu clear
quadrupole in ter ac tion pa ram e ters of the 181Ta probe
de pend strongly on the heat treat ment of the Hf2Ni7
com pound. The clar i fi ca tion of the pre sented as well
as pre vi ously pub lished ex per i men tal re sults is ex -
pected from the ab-in itio cal cu la tion of the EFG at the
Ta sites of Hf2Ni7 (not avail able at the mo ment). Cer -
tain clues may be ob tained from the cal cu la tions of the
EFG at the Hf sites of Hf2Ni7 that are in prog ress.
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Bo`idar \. CEKI], Ana B. UMI]EVI], Valentin N. IVANOVSKI,
Rongvej HU, ^edomir PETROVI], Bohumil DAVID, Tawa BARUXIJA

ISPITIVAWE  GRADIJENTA  ELEKTRI^NOG  POQA  PRISUTNOG  NA
MESTU  181Ta  U  JEDIWEWU  Hf2Ni7  METODOM  PERTURBOVANIH

UGAONIH  KORELACIJA

Temperaturska zavisnost gradijenta elektri~nog poqa prisutnog na mestu 181Ta probe u
Hf2Ni7 polikristalnom uzorku je istra`ivana metodom perturbovanih ugaonih korelacija (RAS
metoda). Evolucija sastava uzorka sa promenom tem per a ture je prou~avana metodom
visokotemperaturske rendgenske difrakcije. U ciqu ispitivawa magnetnog ure|ewa uzorka
izvr{ena su merewa magnetizacije uzorka i dopunska merewa perturbovanih ugaonih korelacija uz
primenu spoqa{weg magnetnog poqa. Magnetno ure|ewe uzorka nije opa`eno u svim
eksperimentalnim RAS spektrima. U okviru eksperimentalne rezolucije RAS aparature,
gradijenti elektri~nog poqa prisutni na dve ne-ekvivalentne pozicije 181Hf/181Ta probe u Hf2Ni7
jediwewu su izmereni kao jedan jedinstveni gradijent u temperaturskom opsegu od 78 od 944 K.
Bele`ewe jedne kvadrupolne interakcije implicira da su gradijenti elektri~nog poqa na dve
pozicije Hf veoma sli~ni. Na 293 K, izmereni parametri kvadrupolne interakcije su nQ = 433(1)
MHz i h = 0.300(4). Sa porastom tem per a ture, ja~ina kvadrupolne interakcije opada, a parametar
asimetrije postepeno raste. Visokotemperaturska rendgenska difrakcija je pokazala da dolazi do
interne oksidacije uzorka iznad 693 K.

Kqu~ne re~i: intermetalici, hiperfine interakcije, perturbovane ugaone korelacije, 
.........................magnetizacija, rendgenska difrakcija


