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Abstract. The hyperfine interactions at 81T3 jons on Fe®" sites in a-Fe,03 (hematite) were
studied in the temperature range 11-1100 K by means of the perturbed angular correlation (PAC)
technique. The '8'"Hf(37)"®Ta probe nuclei were introduced chemically into the sample during the
preparation. The hyperfine interaction measurements allow to observe the magnetic phase tran-
sition and to characterize the supertransferred hyperfine magnetic field By, and the electric field
gradient (EFG) at the impurity sites. The angles between Bys and the principal axes of the EFG
were determined. The Morin transition was also observed. The results are compared with those of
similar experiments carried out using '''Cd probe.
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1. Introduction

The magnetic hyperfine fields in iron oxides have been the subject of several
investigations in the past, specially using Mdssbauer spectroscopy [1]. Super-
transferred hyperfine fields at '''Cd impurity sites in iron oxides were measured
by means of the Perturbed Angular Correlation (PAC) technique [2—7]. These
studies provided valuable information on the magnetic phase transitions involved
in magnetite (Fe;O4) and hematite (a-Fe,03). An interesting feature of these
experiments is that while aftereffects of the EC decay of '''In to '''Cd appear to
play a role in the second case [5—7] they are absent in the first one [2—4, 8]. The
aim of the present paper is to investigate the hyperfine fields at '®'Ta impurity
site in a-Fe,O5 by means of the other commonly used PAC radioactive isotope
"IHf, which decays to '*'Ta through 5~ emission. Aftereffects due to the decay
should not occur because the upper level of the 133-—482 keV y—y cascade has a
half life of 12 us, sufficiently long to allow for electronic adjustment prior to
coincidence counting.
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Among the iron oxides, corundum-type «-Fe,O; (hematite) is the most
common on earth. At room temperature, it crystallizes in the rhombohedral
corundum structure (space group R3¢ ). The magnetic moments of Fe™ ions are
ordered antiferromagnetically below the Néel temperature 7 = 955 K. As the
"IHf — '¥1Ta probe is expected to substitute the Fe™ in the a-Fe,0; lattice and
since the point symmetry of these sites is trigonal with a three-fold axis parallel
to [111] axis, '"®'Ta should experience an axially symmetric Electric Field
Gradient (EFG) along this direction. Below the Neél temperature, a-Fe,O3 is an
antiferromagnetic insulator showing weak ferromagnetism above the Morin
temperature, 7y = 260 K due to a slight canting of the two sublattice
magnetizations. Below Ty, the direction of the magnetic moments is parallel to
the [111]-axis of the hexagonal unit cell while above Ty, the magnetic moments
lie in the (111) plane.

2. Experimental

Polycrystalline samples of Fe,O; doped with '8'Hf were prepared by adding
~100 uCi of "8'Hf as HfF, in a dilute hydrofluoric acid solution to a solution of
Fe(NO;); obtained by dissolving iron metal in concentrated HNOs. The
radioactive '*'Hf was obtained by irradiating approximately 1 mg of Hf metal
in the IEA-R1 reactor at IPEN for 64 h with a neutron flux of ~2 x 10'* n/cm?.s.
The solution was evaporated to complete dryness and the resulting powder
was pressed into a small pellet and sintered for 12 h at 1100 K in air.
The PAC spectra were recorded at several temperatures, between 11-1100
K, using a standard setup with four conical BaF, detectors arranged in a
planar 90-180° geometry, generating simultaneously 12 delayed coincidence
spectra. The detector system had a time resolution of ~600 ps. A small
tubular furnace was used for the measurements above room temperature
and the temperature was controlled to within 1 K. For low-temperature
measurements the sample was attached to the cold finger of a closed-cycle
helium refrigerator with temperature controlled to better than 0.1 K. An X-
ray powder diffractogramme of the sample to make sure that it is a-Fe,O;
would have been desirable. But it is known that the calcination of iron salts at
high temperature under oxygen always produces hematite. Additionally, the
quadrupole interaction data obtained in the paramagnetic phase and the
determined phase transition temperature described below are unambiguous proof
that we are dealing with hematite.

3. Results and discussion

Typical PAC spectra taken at some of the temperatures are shown in Figure 1. At
temperatures above 955 K the spectra are well fitted assuming only one well
defined electric quadrupole interaction implying that all the '*'Hf probes are
located on the Fe'? sites in the oxide and are in the identical environment. The



A PAC STUDY OF HYPERFINE INTERACTIONS AT '¥!Ta IN a-Fe,0;

T, =1062K 4

0 10 20 30 40 50
t(ns)

Figure 1. The PAC spectra of '*'Ta in a-Fe,O5 at different temperatures.

spectrum at 1062 K is a typical one for an axially symmetric EFG as is expected
from the fact that a-Fe,O5 is paramagnetic at this temperature. The measured
hyperfine parameters for the quadrupole interactions at temperatures 7> 955 K
remain nearly constant. The values obtained at 1062 K are: vy = 424.1(4) Mhz,
n = 0.06 (1) and & = 0.016(2). Below Ty, the spectra become complex and
temperature dependent indicating combined electric quadrupole and magnetic
dipole interactions. The parameters of the electric field gradient show little
change. The values of By extracted from the Larmor frequency are shown in
Figure 2 as a function of temperature. Just below Ty, in the critical region, we
used the first eight points to fit the experimental w; values to the well-known
power-law w; (T) = w;(0)(1 — T/Ty)? for magnetic materials. The resulting
parameters are w;(0) = 842(34) Mrads/s, Byr = 13.3(5) T, exponent 8 = 0.42(3),
and Ty = 947(2) K. The value of Néel Temperature obtained here (947 K) is
somewhat lower than reported earlier (955 K). Above Morin transition
temperature (7y,), the angle  between the magnetic field and the Z-axis of the
EFG tensor remains close to 90° in agreement with the expected value.



A. F. PASQUEVICH ET AL.

12

10

| I 1 L S ) L 1

O L L 1 L 1
0 200 400 600 800 1000 1200
Temperature (K)

Figure 2. Values of the hyperfine magnetic field as a function of temperature.

Table 1. Hyperfine parameters corresponding to the spectra of Figure 1

T (K) By (T) vo (MHz) n 6 (%) B ()
1062 0 424(1) 0.06 0.02 -
954 0 430(1) 0.06 0.02 -
900 3.7(1) 433(1) 0.02 0.03 90
369 10.3(1) 437(4) 0.01 0.03 87
279 10.7(1) 442(7) 0.02 0.03 85
150 9.1(1) 431(7) 0.04 0.11 6

At Ty, the PAC spectra change dramatically, as can be seen in the spectrum at
150 K of Figure 1. Below T); an additional combined interaction is necessary in
order to obtain a good fit. This interaction involves a reduced fraction of probes
(~20%). In this contribution we focus our attention in the majority component.
The magnetic field shows a discontinuity in which the B¢ suddenly drops at
around 250 K from a value of 10.7 T to 9.2 T and remains at this value till the
lowest temperature. Similar discontinuities have also been observed in the
measurement of the hyperfine fields at >’Fe and '''Cd-sites [7, 9]. Below Ty,
the hyperfine fields at the '®'Ta and '''Cd impurity-sites decrease compared to
the values above Ty whereas the field at >’Fe increases. In order to explain the
reduced values of the supertransferred hyperfine field below 7y in the case of
"Cd impurity at Fe™ site a model was proposed by Asai et al. [7] in which it
was suggested that the directions of the magnetic moments of the nearby Fe™
ions deviate from [111] direction due to the impurity size mismatch when it
substitutes a given Fe™ jon. The quadrupole interaction parameters are less
sensitive to this transition. The hyperfine parameters corresponding to the spectra
of Figure 1 are given in Table I. The angle 3 between the magnetic hyperfine
field and the z-principal axis of the EFG tensor is given. The data for
temperatures below T, correspond to the majority component.
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4. Conclusions

We have measured the hyperfine interactions at '*'Ta impurities in a-Fe,05 at
different temperatures. PAC measurements were performed in the temperature
range from 11 to 1060 K to determine the electric field gradient and By at the
impurity sites. A first principle calculation of EFG and B at the '®'Ta impurity
sites in a-Fe,O5 is under way. A model for explaining the discontinuity in the
hyperfine field at Ty is under discussion.

Acknowledgements

Partial financial support for this research was provided by the Fundagad de
Amparo para Pesquisa do Estado de Sad Paulo (FAPESP). AFP thankfully
acknowledges the financial support provided by FAPESP during the experimen-
tal stage in Brazil and the support of CICPBA (Argentine).

References

1. Murad E. and Johnston J. H., In: Long G. J. (ed.), Mossbauer Spectroscopy Applied to
Inorganic Chemistry, Vol. 2, Plenum, 1987.

2. Inglot Z., Lieb K. P., Uhrmacher M., Wenzel T. and Wiarda D., Z. Phys. B. 87 (1992), 323.

3. Inglot Z., Lieb K. P., Uhrmacher M., Wenzel T. and Wiarda D., Hyperfine Interact. 120/121
(1999), 237.

4. Inglot Z., Lieb K. P., Uhrmacher M., Wenzel T. and Wiarda D., J. Phys., Condens. Matter 3

(1991), 4569.

Asai K., Okada T. and Sekizawa H., J. Phys. Soc. Jpn. 54 (1985), 4325.

Ambe F., Asai K., Ambe S., Okada T. and Sekizawa H., Hyperfine Interact. 29 (1984), 1197.

Asai K., Ambe F., Ambe S., Okada T. and Sekizawa H., Phys. Rev. B 41 (1990), 6124.

Pasquevich A. F., Van Eek S. M. and Forker M., Hyperfine Interact. 136/137 (2001), 351.

van der Woude F., Phys. Status Solidi 17 (1966), 417.

O 0o




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


