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The perturbed angular correlation method was employed to study the temperature dependence
of electric field gradients at the 18'Ta probe in the polycrystalline Hf,Ni, compound. The temper-
ature evolution of the sample content was measured using high-temperature X-ray diffraction. To
check the magnetic order of the sample, magnetization measurements and additional perturbed
angular correlation measurements with externally applied magnetic field were performed. All ob-
tained spectra showed no evidence of magnetic order of the Hf,Ni, phase. Within the experimen-
tal resolution of the apparatus, the measured electric field gradients at 18'Ta probe for the two
inequivalent 181Hf /181Ta sites in the Hf,Ni, compound appeared as one in the range of 78-944 K.
A single quadrupole interaction implies that the electric field gradients at the two Hf sites must be
quite similar. At 293 K, the measured quadrupole interaction parameters are v = 433(1) MHz
and 17 = 0.300(4). An increase of the quadrupole frequency and a gradual rising of the asymmetry
parameter were observed with increasing temperature. The high-temperature X-ray diffraction
indicated a build up of HfO, above 693 K.
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INTRODUCTION

The perturbed angular correlation method is
based on the interactions of an excited intermediate
nuclear state of a y-y cascade with the external
hyperfine fields present at the probe site. The mea-
sured electric field gradients (EFG) and/or magnetic
hyperfine fields (MHF) at the probe site can also be
determined as a function of the various macroscopic
parameters and previous thermal, pressure or other
sample treatments. The perturbed angular correlation
(PAC) method is proven to give an abundance of in-
formation on various properties and the arrangement
ofthe system under investigation. For example, as the
EFG depends on the charge distribution of the
probe-nucleus environment, applying the PAC tech-
nique in a wide temperature range, the temperature
evolution of the lattice properties such as crystallo-
graphic structure, imperfections or defects can be
monitored. A detailed description of the PAC method
is given in ref. [1].
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The hyperfine interactions of '®!Ta in Hf,Ni,
were previously investigated by several groups [2-4].
The collected data and assignments are not consistent.
There are discrepancies regarding the possibility of
magnetism and the number, strength and temperature
behavior of quadrupole interaction frequencies for
181Ta probe in this compound. Gerdau et al. [2] found a
dominant hyperfine magnetic field of H,; = 6.81(6) T
combined with the electric hyperfine field of the
strength @ = 14.4(2) MHz and of the axial symmetry
(n = 0) at room temperature. Also, the authors sug-
gested existence of several other hyperfine interactions
of unknown origin, possibly partly from interstitials.
Marszalek et al. [3] measured two electric quadrupole
interactions: v (300 K) = 586.7(65) MHz with n, =
=0.79(4) and vy, (300 K) = 466.8(41) MHz with n, =
=0.20(3). The descending temperature behavior of the
quadrupole frequencies and almost constant asymme-
try parameters with increasing temperature were
found. Very recently, Silva et al. [4] described one
dominant quadrupole interaction concluding that the
EFG at the two inequivalent '¥!Ta-sites in the Hf,Ni,
are quite similar. At room temperature, the dominant
component deduced was characterized with v, =
=419(2) MHz and 11 = 0.19(1).
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The Hf,Ni; compound was studied using per-
turbed angular correlation method and high-tempera-
ture X-ray diffraction (HT-XRD). The aim was to re-
move the present ambiguities and provide reliable
experimental results for comparison in forthcoming
ab-initio calculations. Two separate series of PAC
measurements without applying an external field were
made in the temperature range of 78-897 K and
293-944 K. The PAC measurements with the polariz-
ing external field at room temperature and additional
magnetization measurements (1.8-350 K) were per-
formed in order to investigate possible magnetic prop-
erties of the Hf,Ni, compound. The obtained PAC
spectra showed no evidence of magnetic ordering in
Hf,Ni,. The PAC data were finally fitted with one
electric quadrupole interaction. The obtained
hyperfine interaction parameters for '#!Ta in the
Hf,Ni, are consistent with the presumption of very
similar EFG at the two inequivalent Ta probe sites.

METHODS AND PROCEDURES

The Hf,Ni, polycrystalline compound was pre-
pared by multiple arc melting of metallic Hf (98.5% Hf
and 1.5% Zr) with high purity metallic Ni (99.999%), in
an argon atmosphere. Buttons were turned several times
to ensure homogeneity. Afterwards, three pieces were
cut from the sample and prepared for the PAC, HT-XRD
and magnetization measurements. Dattagupta ef al. [5]
have shown that the Hf,Ni, compound is isotopic to the
Zr,Ni,;, with a monoclinic crystal structure with C2/m
space group symmetry. The atomic array is
pseudohexagonal normal to the a- and b-axes. There are
two different crystallographic positions of Hf with the
same symmetry (4i) in the compound. Each Hf atom in
the Hf,Ni; structure is surrounded with 2 other Hf atoms
and with 14 other Ni atoms (fig. 1), making total co-ordi-
nation spheres of 16 nearest neighbors with remarkably
similar interatomic distances.

To check the crystallographic structure of
Hf;Ni; sample, X-ray diffraction measurement at
300 K was made using a Rigaku Miniflex with Cu K,
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Figure 1. Nearest neighbors of the two inequivalent Hf
sites in the Hf,Ni,
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Figure 2. XRD (Cu K,)) pattern of the as-prepared Hf,Ni,
at 300 K. The peaks are indexed for the monoclinic
structure (C2/m)

radiation (A = 1.5418-107'° m). It was difficult to
obtain fine powder for XRD measurement, since the
alloy has shown rather tough behavior. An attempt was
made to determine the main peaks belonging to the
Hf,Ni, structure, in spite of lesser quality of collected
XRD data and complexity of its crystal structure. The
lattice parameters were obtained by fitting the XRD
pattern of the Hf,Ni, (fig. 2) with the Rietica software
[6].

The XRD analysis of the Hf,Ni,; sample spectra
taken at 300 K confirmed the Zr,Ni; type (C2/m)
monoclinic structure with the unit cell parameters: a =
=4.664(2),h=8.187(3),and c=12.149(5)-10"'m, in
fair agreement with previously published results [5]. It
was estimated that there are less than 5% of impurity
phases present in the investigated sample. The temper-
ature evolution of the Hf,Ni, sample crystal structure
was monitored by high-temperature X-ray diffraction
on a PANalytical X’Pert Pro MPD device (Co K,). An
Anton Paar HTK-6 oven with a Pt heating stripe was
employed for HT-XRD measurements from 298 to
873 K, in steps of 25 K. The HT-XRD analysis was
done with X’Pert High Score Plus software using
commercial databases [7]. Magnetization measure-
ments of magnetic susceptibility of Hf,Ni, were per-
formed using Quantum Design MPMS-XL 5 (1.8-350
K). Magnetization measurements showed that the
magnetic susceptibility of Hf,Ni, (fig. 3) is paramag-
netic down to about 10 K, where it shows a broad
antiferromagnetic peak.

The excited states of '8!Ta probe, used in the
PAC method, are populated in the § decay of the 42 d
181Hf isotope, produced in the reactor by exposing Hf
to a thermal neutron flux higher than 10'* n/(cm?>s).
Before the irradiation, the sample was sealed in high
vacuum in a quartz ampoule. The radiation damage in
the sample was minimized with the annealing for 8
days at 1223 K. The PAC measurements of the
polycrystalline Hf,Ni; were performed with the
133-482 keV y-y cascade of '8!Ta ion probe. The spec-
tra were collected with three BaF, detectors in a
fast-slow coincidence set up. The time resolution (zR)
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Figure 3. Magnetic susceptibility of the Hf,Ni; sample in
the range of 1.8-350 K, H =79577.5 A/m

for the mentioned y-y cascade was around 1 ns. For
PAC measurements above ambient temperature the
quartz ampoule was mounted in a furnace, for 78 K-
-measurement a liquid nitrogen cryostat was used. It
should be pointed out that the irradiated Hf,Ni, sample
was actually heated three times: (1) 15— heating, i. e.
annealed for 8 days at 1223 K, (2) 2" — heating up
from 78 to 897 K, and (3) 3" — heating up from 293 to
944 K. The PAC measurements without applied exter-
nal magnetic field were made during the 2" and
3d_heating (the first and second PAC runs).

The PAC measurements with applied field and
different geometries could provide additional informa-
tion concerning the nature of the investigated hyperfine
interactions. At room temperature, in the two PAC ar-
rangements with the applied field = 1.5 kG, the field
was maintained perpendicular to the plane of the BaF,
detectors. In the first arrangement, the detectors were
positioned at fixed angles @ = 90° and 180° with exter-
nal field applied up (+H,,,). For the second arrange-
ment, the detectors were at fixed angles 8 =225° and the
field was applied up (+H,,,) and down (—H.,,).

For unpolarized sample, the coincidence spectra
N(t, 0) were measured at the angles 6 = 180° and 6 =
= 90° between the detectors. Aftera linear background
was subtracted, an experimentally anisotropy function
R(#) was formed

R(t)=2 N(2,180°) —=N(2,90°)
N(2,180°) + 2N (¢,90°)

In the cases of the two detectors arrangements

with the applied external magnetic field perpendicular

to the detector plane, the experimental anisotropy ratio
to form for polarized source is

(M

N,(¢,180°) — N, (t,90°)
N,(£,180°) + N, (t,90°)

E()=2 @)

and N,(1,225°) - N_(1,225°)

E(t)=2
N, (1,225°) + N_(¢,225°)

(€)

Figure 4. The ambient PAC spectra of '*'Ta in the Hf,Ni;:
without and with the applied external magnetic field in
90°/180° detectors geometry — eqs. (1), (2). The corre-
sponding Fourier transforms are in the right section of
the figure

where * stands for the direction of the external mag-
netic field.

The Fourier transforms of the experimental PAC
spectra from all above mentioned arrangements were
compared. The PAC spectra with and without the ap-
plied external magnetic field — in the 90°/180° detec-
tors arrangements, eqs. (1), (2) — are shown in fig. 4.
The corresponding Fourier transforms are essentially
the same, revealing the three dominant interaction fre-
quencies which are slightly shifted and broadened in
case of the applied field. This kind of frequency spec-
trum is commonly found in case of presence of the
pure electric quadrupole perturbation, therefore indi-
cating that no apparent magnetic hyperfine interaction
involving Ta probe in the Hf,Ni, is observed. This re-
sult is complementary to the paramagnetic nature of
the Hf,Ni, sample found by the macroscopic magneti-
zation measurements and provided the PAC data to be
analyzed considering only electric quadrupole interac-
tions.

For polycrystalline sample, a possible modula-
tion in time of the angular correlation of the two suc-
cessive y-rays in the cascade can be described by a per-
turbation factor Gy, (f). The angular correlation of the
measured '3 Ta y-y cascade is expressed by angular
correlation coefficient 4,, (4,, > A,,). The perturba-
tion factor G, (f) in the case of static electric
quadrupole interaction of the '¥!Ta intermediate level
I=15/2 is given by

Gy (t)=ay +

2
+ iah exp[—@“;R)Jexp(—(Swnt)cos(a)n 1) )

n=1

where @, depend on the electric quadrupole frequency
®q and the asymmetry parameter 77, and a,, are func-
tions of 7. The EFG at the '®'Ta site is completely de-
scribed only by two parameters, wq and 1

eQ VZZ

“Q = 4 rr -y ©)
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-10*® m* is the quadrupole moment for the *'Ta inter-
mediate level of the measured y-y cascade [8].

Instead of @, obtained from fitting procedure
eq. (5), for comparison with previously published re-
sults, we used the spin-independent quadrupole fre-
quency v, 20 oV,

128 . g P )

In general case, when several fractions of probe
nuclei with different hyperfine interactions are found
in the sample, the anisotropy function is given by the
sum

R(t)= 45 3 f,G3 (1) ®)

Azeg is the experimental anisotropy factor and
the sum runs over all sites 1 having different hyperfine
fields and the perturbation factor G4, (¢) is containing
information on the i-th hyperfine interaction present in
the sample. The data analysis of the experimental PAC
spectra was performed with the least-square fitting

procedure using the DEPACK program [9].

RESULTS AND DISCUSSION

The objective of the conducted PAC research
was to resolve the presence and investigate the temper-
ature dependence of the electric and/or magnetic
hyperfine interactions of '*!Ta probe in the Hf,Ni,
phase. The magnetization and high-temperature X-ray
diffraction measurements were used to elucidate the
possible phase transformation and to clear up the tem-
perature evolution picture of the Hf,Ni; sample.

The XRD phase analysis of the as-prepared
Hf,Ni, sample (fig. 2) indicated the presence of less
than 5% of impurity phases. In accordance with the
Hf-Ni phase diagram, the traces of the neighboring
HifNiy and HfNi; (low temp.) phases in the Hf,Ni,
sample were taken into account, but the peak at 34°26
could originated from the Hf,Ni phase.

Some typical high-temperature X-ray diffrac-
tion scans (Co K,)) of the Hf,Ni,; sample are presented
in fig. 5. As seen in the fig. 5, the XRD pattern of the
sample at 873 K shows a distinct form from the one
taken in the as-prepared state at 298 K. Silva et al. [4]
suggested that there should be a reversible phase trans-
formation of Hf,Ni, starting at 500 K. During the
HT-XRD measurements of the Hf,Ni; sample no
change at 500 K was observed, but there is a strong
change in XRD patterns beginning at 673 K. The new

]‘,- }I Hf,Ni, — after 873 K
~__~AJ'\U~"\_/“'\_AL—\./ 'MWN—_,—J_H_—-”M
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Figure 5. High-temperature XRD (Co K,) patterns of the
Hf,Ni;in the as-prepared state and at different tempera-
tures. The XRD fingerprints of: (a) the monoclinic
Zr,Ni, type structure; (b) HfO, monoclinic; (¢) Niand (d)
Pt are presented at the bottom

crystalline phase(s) started to grow at 673 K. Although
the HT-XRD patterns were obtained in vacuum of
1073 mbar, the assumption was that the sample started
to oxidize internally: Hf,Ni, + 20, — 2HfO, + 7Ni.
The process of internal oxidation is commonly found
for many intermetallic compounds at elevated temper-
atures [10]. There were no detectable monoclinic
HfO, peaks present at 673 K. The process of internal
oxidation begins around 693 K: a small peak at 59°20
(HfO, monoclinic) is observed at 698 K together with
a small peak at 52°260 and 61°26 (both belong to fcc
Ni). At the same time the main diffraction peaks of
Hf,Ni, phase at 34°20, 46°260, and 53°20 started to de-
crease. Peaks at 46.5°260 and 54°26 belong to Pt heat-
ing stripe. From the pattern at 298 K, taken after
HT-XRD measurements up to 873 K, it was estimated
that the sample contains over 70 wt% monoclinic
HfO, and 20 wt % fcc Ni. The rest is Hf,Ni, and proba-
bly cubic HfO, with defects.

As mentioned before, the Fourier transforms of
the PAC spectra of unpolarized and polarized sample
exhibited essentially the same three major interaction
frequencies. The frequencies were minimally shifted
and broadened when an external magnetic field was
applied, which indicate that the applied field is only a
small perturbation compared to the splitting of '/ Ta
intermediate level due to the electric quadrupole inter-
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action. At the same time, the presence of the three
clearly distinguished peaks in the frequency spectra
obtained during the 2"- and 3™-heating but without
applied field, was consistent at all temperatures. These
facts coupled with the paramagnetic nature of the sam-
ple where used to simplify the interpretation of the
measured spectra. The best fit with one quadrupole in-
teraction meant that both electric field gradients have
very similar magnitude so the two different sites are
observable as one.

Several other assumptions regarding the crystal-
lographic structure of the Hf,Ni; and the existence of
impurity phases were also considered but conse-
quently rejected during the fitting procedure. Since the
magnetic hyperfine interaction was excluded at the be-
ginning from consideration, the two inequivalent crys-
tallographic positions of Hf atoms of lower symmetry
in the structure of Hf,Ni; compound imposed at least
two electric quadrupole interactions with non-zero
asymmetry parameters for preliminary fitting proce-
dure of the PAC spectra. Also, in the course of the fit-
ting process, it was carefully looked for well known
PAC fingerprints of the impurity phases observed by
XRD in the sample and for HfO, presence because of
the risk of internal oxidation. The PAC components
with the hyperfine parameters of %! Ta probes in Hf,Ni
[11,12], HfNis [4, 13, 14], and HfO, [15, 16] were
checked and remained below the limit of detection
(<1%). There is no PAC study of the HfNi; (low tem-
perature) phase known to the authors. Considering the
HiNi, structure (hexagonal (P63/mmc) Pd,RhTa type
structure [17]), the electric quadrupole interactions
should be associated with this structure. Throughout
the fitting procedure when only one electric
quadrupole interaction emerged as dominant, it was
concluded that the HfNi; phase was also below the de-
tection limit of all undertaken PAC measurements.

The experimental PAC spectra were prelimi-
nary fitted with two sets of different but comparable
quadrupole interaction parameters. It turned out dur-
ing the fitting process of the second PAC run that the
two quadrupole frequencies merged into one. The fi-
nal refinement resulted in excellent fit for the second
set and moderately fit for the first set of PAC mea-
surements under assumption of unique -electric
quadrupole interaction. Within the experimental res-
olution of the apparatus, the measured electric field
gradients at '31Ta probe for the two inequivalent
I81H£/181 Ta sites in the Hf,Ni, compound appeared as
one in the range of 78-944 K. The selected '8! Ta-PAC
spectra of the Hf,Ni, sample together with the fitted
curves are presented in fig. 6. The temperature evolu-
tion of the quadrupole frequency v, and asymmetry
parameter nof '#1Ta probe in the Hf,Ni, sample dur-
ing the 2"-heating and 3"4-heating are shown in figs.
7 and 8.

As seen in fig. 7, the measured Ta site frequency
reduces gradually from 444 MHz at 78 K to 365 MHz
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Figure 6. Selected '*' Ta-PAC spectra with corresponding
Fourier transforms obtained at 78 K, and during
3"'-heating of the Hf,Ni; sample up to 944 K
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Figure 7. Temperature variation of the quadrupole fre-
quency vq of '*17Ta probe in the Hf,Ni; sample: the
temperature evolution of the quadrupole coupling
parameters during the 2""-heating is marked with open
circle symbol and during the 3"-heating with full square
symbol

at944 K. The T*dependencies with k=1 and 1.5, could
not reproduce the temperature dependence of the
quadrupole frequency in the whole measured tempera-
ture range. Nevertheless, the quantity of data was suf-
ficient to permit recognition of empirical trend. The
overall inspection of data indicates an almost linear
T-dependence of the quadrupole frequency starting at
room temperature, particularly prominent for the sec-
ond run. There is an apparent deviation visible at
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0457 [4], along with the PAC study of Hf,Ni,, the HfNi;
0.44 + i compound was investigated. The three PAC compo-

" o4z ‘%’ nents were found in the PAC spectrum of the
— %’ unannealed HfNis sample [4] — the two of them where

' o linked to the Hf,Ni, phase. The obtained results in this
0.38 _ work, however, resemble much more to the ones of the
- M ¢ component II of the unannealed HfNiy sample (at
e 3 1 B room temperature, v, = 443 MHz and n = 0.31 [4]).

i (Ir,‘f (o1 Silva et al. [4] related this component to the Hf,Ni,
e SJ phase and to the “cooling behavior” of Hf,Ni, and de-
0304 o scribed it as hexagonal high-temperature Hf,Ni,
phase. The two different high-temperature and room
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Figure 8. Temperature dependence of the asymmetry pa-
rameter 7 of *'Ta probe in the Hf,Ni; sample: the temper-
ature evolution of the quadrupole coupling parameters
during the 2"-heating is marked with open circle symbol
and during the 3"-heating with full square symbol

900 K for the first run. The asymmetry parameter (fig.
8) is continuously ascending from 0.30 at 78 K to 0.44
at 944 K: a small jump (296-370 K) followed by short
plateau (370-500 K) was observed in the first run. The
frequency distribution parameter for the second run
was very small (0 ~ 1-2%). The observed narrow fre-
quency distribution confirmed that the Ta probe atoms
occupy mostly substitutional positions in the Hf,Ni,
structure and are rather free from defects. For the first
run, relatively larger variations of the gradients from
nucleus to nucleus (0 less than 5%) and Ta site fraction
not far from unity were obtained from the fit under the
assumption of unique quadrupole interaction taken
over from the second run fit.

The radiation damage is expected to be annealed
by a thermal treatment 1223 K/8 days in vacuum, so
one possible source of discrepancies of the first and
second run is an influence of impurity phases that were
subsequently annealed out during progressively heat-
ing throughout the first run. In principle, another pos-
sible source of such discrepancies may be the three de-
tectors assemblies not being optimal because one has
also to take into account the different detector efficien-
cies and energy window adjustments in practice. Due
to this kind of asymmetry of the three detector
90°/180° arrangement these influences are not fully
cancelled by forming the ratio R(?).

There is partial agreement of the results from this
work with the results obtained by Silva et al. [4] for the
pure Hf,Ni; phase. The deduced v,- and n-values
from the fitting procedure are somewhat higher and
there is no sharp 1 jump around 500 K, but the data
support the assumption [4] that the two EFG at '$1Ta
inequivalent sites are quite similar. As the mother iso-
tope of the probe atom is a constituent of the investi-
gated compound, a preferential occupation of one of
the Hf sites can be excluded. In the work of Silva ez al.

previously by Dattagupta et al. [5]. It may seem that
the high-temperature Hf,Ni, phase was observed in
the course of the present PAC investigations. This is
unlikely, since the sample was not quenched from high
temperature and its crystal structure was consistent
with the monoclinic one. The most probable reason of
these divergences may be the sample, which is diffi-
cultto produce. The high-temperature XRD data of the
Hf,Ni, sample could resolve this situation, but the data
were damaged from the internal oxidation of the sam-
ple. Nevertheless, there is an overall conclusion that
the values and 7-dependencies of the quadrupole pa-
rameters for Hf,Ni, phase strongly depend on the heat
treatment of the compound. An ab-initio calculation of
the EFG at the Ta sites of Hf,Ni, that may clarify the
presented as well as previously published results will
not be available in the close future. The computational
efforts to calculate the EFG at the Hf sites of Hf,Ni,
that are in progress may be, to a certain degree, very
helpful.

CONCLUSIONS AND
RECOMMENDATIONS

The nature and temperature variations of the
181Ta hyperfine interactions were investigated by the
perturbed angular correlation measurements of the
polycrystalline Hf,Ni, sample. The PAC arrange-
ments with the applied external magnetic field com-
plemented with the magnetization measurements were
carried out in order to analyze the magnetic ordering of
the sample. No evidence of magnetic hyperfine inter-
actions was found by PAC in the Hf,Ni, sample and
magnetization measurements showed that the mag-
netic susceptibility of Hf,Ni, is paramagnetic down to
about 10 K, where it shows a broad antiferromagnetic
peak. The high-temperature X-ray diffraction mea-
surements of the Hf,Ni, sample showed that there is
no change in the sample structure and composition up
to 693 K, where the onset of internal oxidation is ob-
served.

The electric field gradients at '8! Ta probe for the
two inequivalent "$'Hf/'8!Ta sites in the Hf,Ni, com-
pound have very similar magnitude and are observable



B. Dj. Ceki¢, et al.: Perturbed Angular Correlation Investigation of the Electric ...
Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 2, pp. 95-102 101

as unique one in the temperature range of 78-944 K.
The measured Ta site frequency reduces gradually
with rising temperature, with an almost linear 7-de-
pendence starting at room temperature. The asymme-
try parameter is continuously ascending with increas-
ing temperature. The obtained results are in partial
agreement with the previously reported ones, indicat-
ing that the values and 7-dependencies of the nuclear
quadrupole interaction parameters of the '8!Ta probe
depend strongly on the heat treatment of the Hf,Ni,
compound. The clarification of the presented as well
as previously published experimental results is ex-
pected from the ab-initio calculation of the EFG at the
Ta sites of Hf,Ni, (not available at the moment). Cer-
tain clues may be obtained from the calculations of the
EFG at the Hf sites of Hf;Ni, that are in progress.
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boxugap b. HEKU'h, Ana b. YMUREBUWR, Banentun H. UBAHOBCKM,
Ponrsej XY, Yegomup IIETPOBHU'h, bBoxymuna JABU/, Tama BAPYILINJA

NCIINTUBAIBE TPAINJEHTA EJIEKTPUYHOI IIO/bA IMPUCYTHOI HA
MECTY 181Ta ¥ JEAUILEY Hf:Niz METOJIOM NMEPTYPEOBAHUX
YrAOHUX KOPEJIAIIMJA

TemmepaTypcKa 3aBUCHOCT IPaJiijeHTa eJIEKTPUYHOT T0Jba MPHUCYTHOT Ha MecTy 81Ta mpo6e y
Hf,Ni, nommkpucTamiHoM y30pKy je HCTpaskiBaHa METOOM NepTypOOBaHNUX yraoHux Kopemanuja (PAC
Merona). EBomynmja cacraBa y3opka ca IIPOMEHOM TeMIlepaType je MpoydyaBaHa METOAOM
BHUCOKOTEMIIEpaTypcKe pEeHAreHCKe Audpaknuje. Y LUbY UCIUTHBaa MarHeTHOT ypebema y3opka
M3BpIIEHA CYy MEPEHha MarHeTH3aIlje y30pKa 1 TOMyHCKa Meperha NepTYpOOBaHMX YTaOHUX KOpeJalyja y3
OPUMEHY CIOJbAIEr MArHETHOr MOJba. MarHeTHo ypebemwe y30pka HHUje ONAXEHO Yy CBUM
excriepuMeHTanHuM PAC cnekTpuma. Y OKBUPY ekcnepuMeHTanHe pesonyuuje PAC amaparype,
rpajiujeHTH ENEKTPUYHOT I0Jba MPUCYTHHU HA [IBE He-eKBuBaieHTHE nozuuje 'S HE/'®' Ta npo6e y Hf,Ni,
jeNUmBEnY Cy U3MEPEHM Kao jeflaH je[IuHCTBEHU IpafiujeHT y TeMIepaTypcKoM oimcery of 78 ox 944 K.
benexemwe jefHe KBaAPYNONHE UHTEPAKIMjEe UMIITULUPA fAa Cy IPaJUjeHTH €IeKTPUYHOr MOJba Ha ABE
nosunuje Hf Beoma cnuynu. Ha 293 K, uamepenn napamMeTpy KBajipynojiHe HHTepaKIuje cy v = 433(1)
MHz u n= 0.300(4). Ca nopacrom TemIieparype, jaunHa KBaJpylnojiHe HHTepaKIyje Olajia, a napaMmeTap
acHMeTpHje IMOCTENeHO pacTe. BucokoTemnepaTypcka peHAreHeka fugpakiyja je mokasasa ia foJIas3u 10
WHTEePHE OKcupanyje y3opka n3nang 693 K.

Kmwyune peuu: unitiepmeitianuyu, xuilepure unitiepaxyuje, iepitiypbosare yzaore Kopeaauje,
MazHeliuzayuja, peHozZeHcKa ougpaxyuja




