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Mössbauer studies of themagnetic quasicrystal Zn77Fe7Sc16
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Recent publications [1,2] reported detailed studies, by a variety of methods including Mössbauer
spectroscopy [2], of the icosahedral quasicrystal Zn77Fe7Sc16. However the Mössbauer absorber
was extremely thick (1mg/cm2 of 57Fe) which is more than 20 mean free paths for the 14.4 γ radia-
tion. Thus the interpretation of the many spectra in terms of distributions of hyperfine parameters,
without considering the thick absorber problem, is in serious doubt. We have repeated some of the
measurements, with the material studied in [1], however with a very thin absorber (3 mg/cm2 of nat-
ural iron), to be able to analyze the spectra in terms of various physical models. The experimental
spectra (5.1 K to 296 K) were least square fitted with a pure Gaussian distribution of quadrupole inter-
actions at temperatures 8.1K to 296K, and an additional Gaussian distribution of magnetic hyperfine
fields in the spectra at 5.1K to 7.1K. However the low temperature spectra (below 7.1 K) can also be
fitted, to the same χ2, within a dynamical model, in which superparamagnetic clusters fluctuate [3]
close to and below the spin glass freezing temperature (Tf ˜7.5K). Our conclusions are: a. Indeed the
iron ions are distributed in this quasicrystal in almost a random manner, simulated by a Gaussian
distribution of quadrupole interactions extending even to negative values, which artificially resem-
bles a two peak distribution [2]. b. The spectra below Tf exhibit a broad symmetric shape, indicating
random angles between the magnetic hyperfine field and the main axis of the electric field gradient.
c. The experimental spectra do not yet have the resolution required to distinguish between the static
or dynamic model, with which the spectra were fitted.
[1] T. J. Sato, S. Kashimoto, C. Masuda, T. Onimaru, I. Nakanowatari, K. Iida, R. Morinaga and T.
Ishimasa, Phys. Rev. B77, 014437 (2008).
[2] K. Al-Qadi, P. Wang, Z. M. Stadnik, and J. Przewoznik, Phys. Rev. B79, 224202 (2009).
[3] I. Nowik and H.H. Wickman, Phys. Rev. Letters 17, 949-51 (1966).
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DFT Study of Hyperfine Interactions in Some Types of the Com-
plexes
Author: Oleg Poleshchuk1

Co-author: Aleksander Fateev 1

1 Tomsk State Pedagogical University

Corresponding Author: poleshch@tspu.edu.ru

It is well known that chemical applications of the NQR and Mössbauer spectroscopies use the sen-
sitivity of the experimental parameters to investigate changes in the electron density at the nucleus
[1]. The nuclear quadrupole constants and isomer shift are a function of both nuclear and electronic
properties of the molecular systems, which are combined in such a way that independent quantita-
tive information on both kinds of properties cannot be obtained by NQR and Mössbauer spectroscopy
alone. Since the electronic properties are usually of interest and because the nuclear parameters are
constant, the hyperfine parameters are most frequently used to compare the electronic properties of
different molecules. The covalent effects and the shielding of one set of electrons by another also
influence the electronic environment of the nucleus and may be reflected in changes in the isomer
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shift. On the other hand central to most simple theories of Lewis acidity is the idea that both ionic
and covalent interactions play important roles in stabilizing the donor-acceptor bond [2].
In this report, we present a DFT calculations based on a microwave spectroscopic, nuclear quadrupole
resonance and Mössbauer shifts of the donor-acceptor complexes formed from metal halides such
as PtCl2, PtCl4, XeF2, AuCl, AuCl3, SbCl5, SnF4, SnCl4, TiCl4, SnBr4, NbCl5, TaCl5 , halogens and
interhalogens with organic ligands. All ligands have a different basicity and softness. Therefore, it
is of interest to investigate these complexes with a different acids and to compare their structural
and electronic properties.
The full optimization of geometry was carried out using B3LYP achieved within the GAUSSIAN’
03 program. The calculations of the complexes were carried out with all-electron DGDZVP basis
set. The quadrupole coupling constants of the quadrupole atoms and the formation energy of the
complexes has been broken down using the extended transition state (ETS) scheme implemented
in the ADF package. We have used the OPTX exchange functional combined with PBE correlation
functional with an uncontracted STO triple-� + polarization basis set using the frozen core approx-
imation to treat the inner electrons. There are bases to consider, that the relativistic effects basic
for such heavy atoms should be considered by the zero order regular approximation (ZORA) that is
more reliable than the widely used Pauli formalism.
An analysis of the quality of the calculations that employ all-electron basis set for the halogen com-
pounds was carried out. The ZORA method is shown to be a viable alternative for the calculation of
halogen coupling constants in molecules. In addition, the ZORA model, in contrast to the pseudo-
potential model, leads to realistic values of all metal nuclear quadrupole coupling constants [3].
The calculated energy terms can be identified with three main components of the chemical bond,
i.e. Pauli repulsion, electrostatic attraction and covalent interaction. As a result, we receive the
answer to a question about the relative contributions of covalent and electrostatic interactions to
the donor-acceptor bond. If for the transition element complexes the electrostatic bonding is larger
than covalent bonding while for the non-transition element complexes the tendency opposite. The
obtained result will be coordinated to the conclusion on the basis of Klopman approach.
In the language of the theory of hard and soft acids and bases, the calculated energy gaps involve
direct mixing of the donor and acceptor orbitals. Energy of the bonds, calculated from the general
energy of molecules with ZPE corresponded as formation energy of the ETS scheme, and to experi-
mental enthalpy of the complex formation. The obtained dependences between Mössbauer chemical
shifts and populations of the central atoms pointed to another nature of the chemical shifts in tran-
sition compounds in comparison with non-transition element compounds.
Besides, the values of the valence electron charge density at the nucleus �0 have been evaluated from
ZORA calculations for a number of Au, Pt, Xe, Sn, Sb, I compounds in order to check the accuracy
of the theoretical approach. The linear correlations between the experimental values of δ and the
calculated values of �0 is obtained.

[1]. Parish R. V. Coord. Chem. Rev., 1982, V. 42, P. 1.
[2] Frenking G., Wichmann K. et al. Coord. Chem. Rev., 2003, V. 238-239, P. 55.
[3] Poleshchuk O. K., Branchadell V., Ritter R. A., Fateev A. V. Hyperfine Interactions, 2008, V. 181,
No. 1-3, P. 27.
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Air pollution studied byMossbauer spectroscopy and synchrotron
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Air pollution is focused upon strongly nowadays because many diseases are caused by inhaled partic-
ulate matter (PM) in air such as pulmonary and trachea diseases as well as epidemiological diseases.
The toxicity of PM to human health is not only related to its elemental concentration and particle
size also to its chemical species. Mossbauer spectroscopy can be used to study those information
from Fe[1] .Besides Fe, Pb, Zn, Cu and Mn etc. were studied by XANES on Synchrotron[1]. In order
to control the pollution to find the origin of pollution sources is also important. The synchrotron
X-ray fluorescence microprobe (μ-SXRF) is a powerful tool to study that by analysis of individual
aerosol particles combined with the pattern recognition technique[2].
In this paper we present the study of speciation of iron and its transformation in atmospheric par-
ticulate matter in Shanghai. The samples of PM10 (aerodynamic diameter<10μm) and PM2.5 were
collected from four sampling sites in Shanghai, China. They represent the iron and steel industrial
district, commercial district and suburban district, respectively, as well as a special place i.e. tunnel
where only for vehicles. The components of iron were determined by a least squares fitting of Moss-
bauer spectra. The iron concentrations were determined by ICP-MS.
The results showed that iron compounds in all samples consisted of Fe2O3, Fe3O4 , Fe2(SO4)3 and
Fe2+ high spin state but their proportions were different in different sampling sites, dependent of
each environmental condition. The relative concentration of iron oxide in samples collected in the
iron and steel industrial district is higher than the one in commercial and suburban districts, but
the relative concentration of the iron sulfate is contrary to that case. In addition it was found that
the concentrations of ferric sulfate in PM2.5 are higher than those in PM10. In order to study the
transformation of iron compound the samples collected from different position in tunnel, i.e. middle,
entrance of tunnel and 500 m away from tunnel, were measured. The transformation of Fe3O4 to
Fe2O3 was found. Moreover it was found that SO2 in air plays an important role for the transforma-
tion of iron oxide to iron sulfate. Many of iron’s results were proved by XANES. Meanwhile other
elemental speciation in PM is also presented, for instance Pb, Zn, Cu, and Mn.
In addition it was interestly found by Mossbauer spectroscopy at low temperature (12 K) that a big
amount of superparamagnetic particles with ˜10 nm contained in PM, and their relative concentra-
tions were related to the sampling sites. These nano-particles can reach alveoli directly, leading to
high toxicity to human health.
The result of pollution source assignment shows that the most of analyzed PM10 and PM2.5 parti-
cles were derived from vehicle exhaust, metallurgic emissions and power plants. The change of their
relative contribution and the decreasing of mass concentration with year were also found.

References
1 Tong Y. P, Li A .G, Cai Y. W, Ni X. B, Zhang Y. X Wang J.Q. Guo P. L. Li X. L, Zhang G. L. Mössbauer
study of atmospheric aerosols of Shanghai. Environmental Science & Technology, 2001, 35(7): 1432
－ 1436
2. X. Li, W. Yue, A. Iida, Y. Li, G. Zhang, A study of the origin of individual PM2.5 particles in
Shanghai air with synchrotron X-ray fluorescence microprobe Nucl. Instr. and Meth. B 260 (2007)
336–342

Summary:

Mossbauer spectroscopy and synchrotron are powerful tools for studying the air pollution. Based on
the study we got the mass concentration, elemental chemical speciation in particulate matter in air as
well as their origin in Shanghai. It helps us to understand the pollution characteristic and to find a way
how to control air pollution in Shanghai.

SURFACES, INTERFACES, THIN FILMS, NANOSTRUCTURES / 3

Quadrupolar Perturbed NMR in Inorganic Nanomaterials

Author: Alexander Panich1

1 Ben-Gurion University of the Negev
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Inorganic nanostructures reveal a number of applications in electronics, magnetic recording, as low-
friction and nano-bio materials. However, our knowledge about properties of inorganic nanomateri-
als is still limited. Quadrupolar perturbed NMR is an excellent tool in studying the local site symme-
try, chemical bonding and electronic structure of inorganic nano-particles comprising quadrupole
nuclei. I will review my own and literature data on NMR spectra and relaxation measurements
of quadrupole nuclei in several inorganic nano-compounds such as boron nitride nanotubes, vana-
dium oxide nanotubes and molybdenum sulfide fullerenes. Detailed analysis of the spectra and their
comparison with those in bulk samples will be done. The obtained findings allow us making conclu-
sions about the local crystal structure, electronic structure and bonding in the inorganic nanosized
compounds.

4

Theoretical calculations on the Electric FieldGradient inHfO2:Cd
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Zirconia-based materials and HfO2 are in the focus of interest for many years due to their outstand-
ing electrical and mechanical properties.

HfO2 and ZrO2 are very similar in their crystallographic and electronic structure. They have three
polymorphs at atmospheric pressure: their low-temperature phase is monoclinic, increasing the tem-
perature they transform to a tetragonal phase, and finally to a cubic phase as temperature increases.
HfO2 and ZrO2 were largely studied with the Perturbed Angular Correlations (PAC) technique with
the 181Hf->181Ta probe. But a reliable model for the electric field gradient were present recently
for Ta-doped HfO2 (R. E. Alonso et al., Phys. Rev. B 78, 165206 (2008)). PAC experiments with
the 111In->111Cd were less common, and as far as we know, only two works were reported in the
literature (M. Forker et al., Phys. Rev. B 77, 054108 (2008); J. Luthin et al., Phys. Rev. B 57, 15272
(1998)). In this work, we analyze the EFG at the Cd site for the doped monoclinic structure of ZrO2

and HfO2. The theoretical results are compared with those determined experimentally by means
of PAC spectroscopy. Our calculations are based on the Density Functional Theory (DFT), with the
Local Density approximation (LDA) and the Generalized Gradient Approximation (GGA) for the ex-
change correlation potential, as implemented in the WIEN2k version of the Full Potential APW+LO.
Different charge states for the Cd impurity are analyzed, and their influence on the hyperfine pa-
rameters.

5

Low Frequency Spin Echo in Multiple Pulse NQR Spin Locking
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Multiple-pulse method is one of the most effective and promising high-resolution nuclear quadrupole
resonance (NQR) techniques for the study of solids. This method is very effective in the study of the
spin lattice relaxation processes due to a slow atomic motion. Usually the theoretical description of
multiple-pulse experiments both in NMR [1] and NQR [2] is based on the construction of the cyclic-
ity effective time independent Hamiltonian by using the conditions for periodicity and cyclicity of
the pulsed action. Then the dynamics of a spin system subjected by pulsed RF fields is presented in
an equivalent form as the motion of nuclear spins in a constant effective field [3]. The magnitude
and direction of this effective field are determined by parameters of the multiple-pulse sequence.
An experimental measurement of the value of the effective field is important for the confirmation of
this theoretical model. It is reasonable to suggest that an additional field with a low frequency close
to resonance one in the effective field should cause resonance absorption of energy.
Indeed, we have observed multi-frequency resonances in polycrystalline KClO3 irradiated simulta-
neously by a multiple-pulse radiofrequency sequence and a low frequency field swept in the range
0 - 80 kHz [4].
In the present paper we studied experimentally resonance transitions in the nuclear spin system of
polycrystalline KClO3 subjected by a simultaneous action of a multiple-pulse RF sequence and an
additional pulse low frequency (LF) field. As result we observed the spin echo signal with unusual
envelope shape.

1. Ivanov Y. N., Provotorov B. N. and Fel’dman E. B., Pis’ma v Z. Eksp. Teor. Fiz. 27, 164 (1978) ;
Sov. Phys. JETP 24, 135 (1978).

2. Ainbinder N. E. and Furman G. B., Z. Eksp. Teor. Fiz. 85, 988 (1983); Sov. Phys. JETP 58, 575
(1983),

3. Maricq M. M., Phys. Rev. Lett. 56, 1433 (1986).

4. Furman G. B., Kibrik G.E., and A.Yu. Polyakov, Hyperfine Interactions 159,157 (2004).

6

Phase transition and proton exchange in 1,3-diaziniumhydrogen
chloranilate monohydrate
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Corresponding Author: asaji@chs.nihon-u.ac.jp

In the hydrate crystal of 1:1 salt with 1,3-diazine and chloranilic acid (H2ca), (1,3-diazineH)∙H2O∙Hca,
an unique hydrogen-bonded molecular aggregate is formed. A single proton transfer from chlo-
ranilic acid to 1,3-diazine results in 1,3-diazinium cation, 1,3-diazineH+, and hydrogen chloranilate
anion, Hca-, in the crystal. There exists hydrogen bond between 1,3-diazinium ion and water (H2O)
of crystallization, and between the H2O and hydrogen chloranilate ion. X-ray crystal analysis [1]
revealed proton disorder in the N-H⋯O hydrogen bond at 225 K (Fig. 1). In order to reveal dynamic
aspect of this disorder, 35Cl NQR measurements were conducted. Fig. 2 shows temperature depen-
dence of the NQR frequencies. Two resonance lines observed at 35.973 and 35.449 MHz at 321 K
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split into four lines below Tc = 198 K clearly showing occurrence of a solid-solid phase transition;
36.565, 36.357, 36.011, 35.974 MHz at 77 K. Temperature dependence of spin-lattice relaxation time
T1 in high-temperature phase was observed to obey an Arrhenius-type relation with the activation
energy of 8.5 kJ mol-1. This result leads to the conclusion that proton exchange in the N-H⋯O hy-
drogen bond takes place in the high-temperature phase. Below Tc the symmetry related N-H⋯O
hydrogen bonds shown in Fig. 1 become non-equivalent and one of them falls in the ordered state
[1]. Specific heat measurements by DSC resulted in the transition entropy of 1.3 J K-1 per 1 mole
[(1,3-diazineH)∙H2O∙Hca]2 which is far less than 2R ln2 = 11.5 J K-1 mol-1. It may be expected that
proton ordering is not complete even in LTP and proton exchange in the two hydrogen bonds does
not occur independently but concertedly in the high-temperature phase.

[1] K. Gotoh, T. Asaji, and H. Ishida, Acta Cryst. C66 (2010) o114.
Keywords: Phase transition, Order-disorder, Hydrogen bond, Proton exchange, NQR
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Entanglement in nuclear quadrupole resonance
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Quantum systems in an entangled state [1] can be used as a primary quantum information channel
to perform computational [2], communicational [3], metrological [4, 5] and cryptographic tasks that
are impossible for classical systems. These possible applications of entangled quantum states stimu-
late intensive research in the fields of generation and manipulation of them. Entangled states may
appear in various systems of interacting quantum particles, such as phonons, ions, electron, nuclear
spins, and of a single particle interacting with environment.
We study entanglement between quantum states of multi level spin system of a single particle con-
sidering a nucleus with spin 3/2 in both the internal electric field gradient and the external magnetic
field. It was shown that entanglement is achieved by applying a magnetic field to a single particle
at low temperature ( 5 mK). In this temperature range, the numerical calculation revealed the coin-
cidence between magnetization and concurrence. As a result, the magnetization can be used as an
entanglement witness for such systems.
1. C. H.Bennett , G.Brassard , C.Crepeau , R.Jozsa , A.Peres , and W. K.Wootters , Phys. Rev. Lett.
70, 1895 (1993).
2. C.H. Bennett and G.Brassard , Proceedings of IEEE International Conference on Computers, Sys-
tems and Signal Processing, Bangalore, India, pp. 175-179, December 1984.
3. P.Shor, in Proceedings of 35th Annual Symposium on the Foundations of Computer Science (IEEE
Computer Society, Los Alamitos, CA, 1994), p. 124-134.
4 P. Cappellaro , J. Emerson , N. Boulant , C. Ramanathan , S. Lloyd , and D. G. Cory , Phys. Rev.
Lett., 94, 020502 (2005).
5 C.F.Roos, K.Kim, M.Riebe, R. Blatt, Nature 443, 316 (2006).

Summary:

It was shown that entanglement can be achieved by applying a magnetic field to a single spin 3/2 at
low temperature. The concurrence is well fitted by a linear dependence on the magnetization in the
temperature and magnetic field range up to a deviation of the magnetization from Curie’s law and, fol-
lowing, the magnetization can be used as an entanglement witness for such systems. The dependence
of the concurrence on the orientation of a sample relative to the external magnetic field opens a way to
control the entangled state.

8
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Investigation of hyperfine interactions in GdCrO3 perovskite oxide using PAC spectroscopy
Renilson A. da Silva, R.N. Saxena, A.W. Carbonari, G.A. Cabrera-Pasca
Instituto de Pesquisas Energéticas e Nucleares, IPEN-CNEN/SP, São Paulo, Brazil

Abstract

Perturbed angular correlation (PAC) measurements have been carried out in the anti-ferromagnetic
GdCrO3 perovskite oxide using 111In (111Cd) and 181Hf(181Ta) nuclear probes. The radioactive
parent nuclei 111In and 181Hf were introduced in the compound through a chemical process during
sample preparation. The PAC measurements were carried out in the temperature range 20-300 K.
Measurements with the 181Ta indicated a unique quadrupole interaction above 170 K and a com-
bined electric quadrupole and magnetic dipole interactions below this temperature. The observed
interactions were assigned to the probe nuclei substituting Cr sites in GdCrO3. Measurements with
111Cd showed two quadrupole interactions. Only one of the fractions however, showed a combined
electric and magnetic interaction in the temperature rage 20-170 K which was assigned to 111Cd
probe substituting Cr site. The other fraction was attributed to the Gd site. The present results are
compared with those of LaCrO3 and NdCrO3.

Are you a student, a delegate from developing countries or a participant with physical needs and would
like to apply for a sponsored accomodation. Please answer with yes or no.:
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Application of Mossbauer spectroscopy in investigation of wall
rock alteration at uranium deposit
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Pitchblende as the micro/cryptocrystalline uraninite, normally UO2+x, is common U4+ mineral
species, and is the main ore mineral in the hydrothermal U deposits. Pitchblende always contains
certain amount U6+ in the formula of UO2+x, where x reaches the maximum value as 0.25. The
investigation shows that the mineral composition varies as the lodes formed at different stages and
changes outwards from the center of the lode. It also indicates that sulfur/H2S and the ferrous min-
erals may play an important role as a reducer in the deposition of the pitchblende from uraniferrous
solution where the uranium migrates mainly in the form of various U6+ compounds. So, the pitch-
blende deposition is considered to be a reduction –oxidation process between U6+-bearing solution
and the rock as diabase is enriched in ferrous minerals.
In general, the iron-bearing minerals with different valence charge are macroscopically distinguished
by their colors. However, it is quite different when the iron-bearing minerals are in small amount
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and highly dispersed, such as the wall rock alteration. In such a circumstance, Mossbauer spec-
troscopy is of great advantages compared to other methods because of its sensitivity for the iron
containing minerals.
Samples were collected from different zones (the pitchblende lode, the chloritized alteration zone
and the weakly altered diabase) at a uranium deposit (Fig. 1). Fig. 2 shows the spectra of these
samples. Based on the Mossbauer spectroscopy, the main iron mineral in the lode is pyrite, and in
the altered zone there is less pyrite relative to that in the lode. There are more original minerals in
weakly altered diabase zone. The difference among these three zones originates from the difference
of rock alteration. The alteration decreases according to the increase of distance to the center of
the lode, from pyritization to chloritzation gradually. The ratio of pyrite decreases with increasing
distance to the lode center, while altered ripidolite is most abundant in the altered zone of chloriti-
zation.
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SPECTROSCOPICANDMINERALMAGNETICSTUDIESONSOME
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Corresponding Author: venkatr5@rediffmail.com

57Fe Mössbauer absorption spectra and Fourier Transform Infrared spectra (FTIR) were recorded
for archaeological pottery samples obtained from the excavated site of Nedungur [Lat.10° 57’N;
Long.77°51’E]. The physical and chemical state of iron (Fe2+/Fe3+) and iron oxide phases obtained
using Mössbauer spectra were used to establish the temperature and atmosphere of firing and also to
correlate the color of the sample. The clay mineral type and its structural deformation due to firing
were established using Fourier Transform Infrared spectra. The mineral types and domain states of
the constituent magnetic fine particles were elucidated using variation of susceptibility at various
frequency and temperature under low field. An attempt has also been made to correlate the mag-
netic parameters from the percentage of Fe2+/Fe3+ and iron oxides. The information obtained paves
a way for a better understanding of the technological development that took place in the ancient
past and also the suitability of the samples for determination of reliable ancient geomagnetic field
intensity values.

Keywords: FTIR, XRD, Mössbauer, Magnetic properties, Pottery shreds.
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Beta-NMR measurement of Cu-58 in Si
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First result of the beta-NMR of 58Cu in Si

Please specify whether you would prefer an oral or poster contribution.:

oral contribution

Summary:

Contamination of silicon with copper impurities has been a longstanding problem in processing de-
vices, which causes degradation of their performance because of the fast diffusivity and formation of
deep levels in the band gap [1]. β-NMR studies with a short lived nucleus 58Cu(Iπ = 1+, T1/2 = 3.2 s)
as a microscopic probe should be able to provide unique information on the mechanism of Cu diffusion
and behavior of Cu-dopant complex (ex. Cu-B pair) in Si. In this report we present the first result on
the β-NMR measurements of 58Cu in silicon.
A spin polarized 58Cu beam was produced through the charge exchange reaction of 58Ni with a Be tar-
get, using a 63A-MeV 58Ni beam provided by the K540 RIKEN Ring Cyclotron. The 58Cu nuclei emitted
at angles in between 0.75° and 4.1° were separated by RIPS and implanted into a catcher sample of single
crystalline Si (B doped) at 15 K. The β-ray yield from 58Cu was ˜103 counts/s. The finite polarization of
about 0.2% was observed and then the β-NMR spectrum for 58Cu in Si was obtained as shown in Fig.
1. The magnetic moment of 58Cu was determined to be (0.46 ± 0.03)μN which is in agreement with the
recent results on the laser spectroscopy [2]. The spin lattice relaxation rate 1/T1 = (0.7 ± 0.6) s-1 for 58Cu
in Si(B) was also obtained at 15 K. The present result has shown that the 58Cu nucleus is promising as
a nuclear probe for the microscopic study of copper impurities in silicon.

14

Debye temperature of sigma-phase Fe-V alloys
Author: Stanislaw Dubiel1
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Among about 50 examples of a sigma-phase (tetragonal unit cell - structure type D144h P42/mnm)
known to exist in binary alloy systems the one in FeV is of particular importance due to a wide
composition-temperature range in which s can be formed as well as to the strongest magnetism it
shows [1]. The former offers favourable conditions for investigation of compositional dependence
of various physical properties as well as testing various theoretical models.
This contribution reports on Debye temperatures determined from a temperature dependence of the
average centre shift, based on the Debye model, for a series of the sigma-phase Fe(100-x)V(x) samples
with 34.4 < x < 59.0. As found, dependence of the Debye temperature on x is not monotonous, but
two minima –one at x = 40 and the other at x = 48 –and a maximum at x = 43 are observed. Such
behaviour and the fact that the amplitude of a change in the Debye temperture reaches ˜40% is
unexpected and it is quite puzzling. The behaviour will be discussed in a context of influence of
composition on other physical properties characteristic of the samples such as Curie temperature,
average isomer shift and average magnetic moment per Fe atom.
[1] J. Cieślak, B. F. O. Costa, S. M. Dubiel, M. Reissner , W. Steiner, J. Magn. Magn. Mater. 321 (2009)
2160
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The Concept of Trajectories in the Data Analysis of Non-axially
Symmetric Nuclear Quadrupole Interactions
Author: Tilman BUTZ1

1 University of Leipzig

Corresponding Author: butz@physik.uni-leipzig.de

The nuclear quadrupole interaction is described as the product of the nuclear quadrupole moment Q
with the electric field gradient (EFG) tensor. This is a symmetric, trace-less 3x3 tensor which usually
is described by two quantities in the principle coordinate system: the largest component by magni-
tude is denoted by Vzz and the asymmetry parameter is defined as h = (Vxx –Vyy)/Vzz. Frequently,
these two quantities are determined for powder samples as a function of an external variable, e.g.
temperature. It is customary to plot both quantities separately versus temperature. This, however,
masks any eventual interdependencies of the two quantities. A better way to plot the results is to
plot Vzz and Vxx in a carthesian plot, or better in a Czjzek-plot [1], a variant of the carthesian plot,
which is still linear in both variables. Each data pair of Vzz/Vxx constitutes a point in this plot with
temperature being the implicit parameter. Connecting all points by a continuous line yields a trajec-
tory. This trajectory is continuous even when passing over h = 1 where the tensor orientation flips
by 90° and the sign of Vzz changes.
Interestingly enough, there are many examples where a straight trajectory is observed, i.e. both vari-
ables depend linearly on each other. This can be modelled by a linear superposition of two tensors
which are simultaneously diagonal and temperature independent:
V = V1 + a(T)V2.
The only temperature dependent quantity is a(T), the control parameter. In this situation it is clear
that fitting 2n independent parameters for n temperature points is wrong. Instead, a scale factor and
a slope should be fitted in addition to n values for� a(T), i.e. there are n+2 independent parameters
only. The slope is given by the asymmetry parameter of V2, which is the asymptotic asymmetry
parameter of V for large a. V2 must have a physical interpretation, contrary to V1 which can be
modified by shifting a (unless we know where a must be 0, i.e. if a is an order parameter). The
temperature dependence of a contains all solid state information like lattice expansion, lattice vibra-
tions, and changes in the electronic charge density distribution.
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The correct strategy for the data analysis would be to analyze the data conventionally, plot the data
in the Czjzek-plot, and for a straight trajectory perform a simultaneous fit of all data with n+2 ad-
justable parameters in a second tier.
Another interesting class of systems can be described by a linear superposition of two tensors which
are not simultaneously diagonal in the same principle coordinate system but which share one com-
mon coordinate around which the other two rotate. In other words, only a 2x2 matrix has to be
diagonalized. The structure of the resulting eigenvalues (Vieta’s formula) is such that by using the
sum and the product of both the control parameter can be eliminated straightforwardly and second
order curves result which must be hyperbolae because we require asymptotes. In this case we re-
quire n+3 adjustable parameters, i.e. a scale factor, the asymptotic asymmetry parameter and one
off-diagonal element which describes the rotation in addition to n values for a. Again, a simultane-
ous fit of all data is required in a second tier.
Examples of experiments with linear and hyperbolic trajectories will be given.

[1] G. Czjzek, Hyperf, Interact. 14,184, (1984); T. Butz et al., Physica Scripta 54,234, (1996)
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A User-friendly Fully Digital TDPAC-Spectrometer
Author: Tilman BUTZ1

Co-authors: Kornelius Iwig 2; Markus Jäger 1
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Corresponding Author: butz@physik.uni-leipzig.de

The new user-friendly fully digital TDPAC spectrometer consists of 6 detectors (38 mm diameter x
38 mm height LaBr3(Ce) scintillators mounted on XP2020URQ photomultipliers; energy resolution
DE/E = 3% at 662 keV) arranged in a cube (see fig.1), a PXI system with 3 digitizer cards of the type
AC240 (each card has 2 channels and one FPGA, see fig.1), and a single PC with a special PCI card
to communicate with the PXI system.
Each digitizer channel runs with a sample rate of 1GS/s and for every digitizer channel there is an
independent data stream. These 6 data streams are fed into 3 FPGAs. The task of the FPGA is to
process the data streams by real parallel digital hardware. The FPGA has 2 main tasks: (i) search for
pulses and calculate the pulse area for the energy histogram (takes 265 ns); (ii) search for pulses and
calculate their timestamps by the CFD method (takes 1354 ns).
To calculate a timestamp in the FPGA a 5 stage pipelined digital circuit is used: 1) Detection of pulse
by a threshold comparison in order to filter uninteresting data. 2) Summation of the digitized data
stream for the energy determination. 3) Classification of the pulses by the calculated energy area
from stage 2. This is done by a comparison with a given energy window. 4) Fitting a polynomial
of degree 3 by 4 points around the CFD level. 5) Finding the CFD timestamp with a binary search
algorithm by comparing the CFD level with the values of the polynomial.
After stage 5 the calculated timestamp is saved into a FIFO inside the FPGA. The FIFO is built by
FPGA internal BRAMs. Stage 5 is the bottleneck with a throughput of 1.05 million timestamp per
second. The spectrometer creates a timestamp data stream of 8.4 MByte/s per channel, i.e. a 50.4
MByte/s data stream from the digitizers to the PC. In a typical application we have a pulse rate of 5
kHz per channel, i.e. a data stream of only 240 kByte/s from the digitizers to the PC.
The PC with Windows XP executes the spectrometer software which collects the datasets from the
digitizers via PCI DMA transfers (85 MByte/s).
The software runs on an Intel Core2Duo CPU with 1.8GHz. For the time spectrum the software
executes a coincidence search, the critical part of the spectrometer software. The coincidence search
has a throughput of 7 million timestamp comparisons per second.

Fig.1 Left: 6-detector cube with conventional analog electronics and cable delays Right: 3 digitizer cards AC240 replacing all conventional hardware
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Experimental and theoretical study of the σ-phase in Fe-Cr and
Fe-V alloys
Author: Jakub Cieslak1

Co-authors: Janusz Tobola 1; Stanislaw M. Dubiel 1
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Corresponding Author: cieslak@novell.ftj.agh.edu.pl

Mössbauer spectra of a series of a σ-phase Fe-V and Fe53.8Cr46.2 alloys in the paramagnetic state
were analysed using electronic structure calculations by the KKR technique as shown in details in
[1]. A wide spectrum of various nearest neighbour atomic configurations, within the complex thirty
atom tetragonal unit cell with five sublattices, was taken into account in order to obtain isomer shift
parameters for the five lattice sites. Quadrupole splitting values were estimated on the basis of an
extended point charge model. The predicted values (IS, ΔIS and QS) combined with the measured
probabilities of Fe occupancy allowed to successfully fit the Mössbauer spectra, using only five ad-
justable parameters [2]. The resulting average IS-values for the Fe-V σ-phase subspectra are found
to be more negative then the corresponding ones of the Fe-Cr system. The QS-values for the latter
are similiar to the former system, except two values, were they are significantly smaller. The overall
shape of the Mössbauer spectrum is also influenced by the different Fe occupation parameters and,
consequently, relative subspectra intensities.
The spin-polarized charge self-consistent KKR method was applied to the σ-Fe53.8Cr46.2 and the
results obtained have been applied to analyze the magnetic structure of the sample at 0K. They
enabled determination of Fe and Cr atoms magnetic moments for all five sublattices, which were
found oriented opposite. Also the magnetic structure of the unit cell has been revealed and will be
discussed. The calculated average magnetic moment per unit cell is equal to 15.6mB, and that per
atom to 0.52mB. Corresponding experimental values determined from magnetization measurements
are 4.3mB and 0.14mB i.e. smaller by a factor of 4 [3]. For that reason and because of symmetry
analysis predictions, the antiferromagnetic-like ordering was proposed and analysed. The discrep-
ancy between the calculated and the measured values has been significantly reduced - the calculated
average magnetic moment per unit cell decreased to 6.0mB, and that per atom to 0.20mB, which is
comparable to the measured values.

References
[1] A. Bansil, S. Kaprzyk, P.E. Mijnarends and J. Tobola, Phys. Rev. B, 60 13396 (1999)
[2] J. Cieslak, J. Tobola, S.M. Dubiel, S. Kaprzyk, W. Steiner and M. Reissner, J. Phys.: Condens.
Matter 20 235234 (2008)
[3] J. Cieslak, M. Reisner, W. Steiner and S. M. Dubiel, Phys. Stat. Sol. (a) , 205 1794 (2008)
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AnomalousMagnetismand 209BiNuclear SpinRelaxation inBi4Ge3O12
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Unique magnetic properties were earlier found by measuring the NQI parameters in a number of bis-
muth (III) oxy compounds with s- and p-electrons hitherto classified as diamagnetic [1]. In α-Bi2O3
single crystal the magnetoelectric effect and paramagnetism depending on magnetic prehistory of
the sample were observed [1].
In Bi4Ge3O12 (BGO), local magnetic fields (Hloc) of the order of 20-30 G were found by modeling the
Zeeman split 209Bi NQR spectra and spin-echo envelope [2-3]. A dramatic increase in the 209Bi line
intensity was observed for this compound in the Zeeman fields (He ) hence revealing a remarkable
elongation of the nuclear spin-spin relaxation time T2 under the influence of He [4]. This stimulated
relaxation studies of the BGO crystals doped with the “magnetic”atoms Cr, Nd, Pr, Gd.
Here, we present the results of a study of the 209Bi nuclear quadrupole spin-spin and spin-lattice
relaxation in pure and doped BGO single crystals in the temperature range 4.2�300 K.
Various mechanisms (quadrupole, crystal electric field, electron spin fluctuations) governing the tem-
perature dependence of the spin-lattice relaxation time T1 in pure and doped samples at different
temperature ranges are considered.
Unlike T1, the spin-spin relaxation time T2 for pure and Nd-doped samples only weakly depended
on temperature over the whole temperature range studied. Doping BGO with paramagnetic atoms
strongly elongated T2, the elongation being also observed under the influence of weak external mag-
netic fields.
The magnetization of doped BGO crystals vs. magnetic field and temperature was measured using a
SQUID magnetometer. The temperature behavior of magnetic susceptibility for the Nd-doped BGO
crystal evidenced for the presence of the crystal electric field effects. The curves of magnetization
vs. magnetic field measured for the Gd-doped BGO crystal under field cooling and zero-field cooling
conditions were markedly different, although this difference was less pronounced than that for the
α-Bi2O3 crystal [1].
References
[1] E.A. Kravchenko, V.G. Orlov, and M.P. Shlykov, Russian Chem. Rev. 75, 77 (2006).
[2] E.A. Kravchenko, Yu.F. Kargin, V.G. Orlov, T. Okuda, K. Yamada, JMMM, 224, 249 (2001).
[3] E.A. Kravchenko, V.G. Orlov, V.G. Morgunov, M.P. Shlykov, Hyperfine Interact. 180, 437 (2007).
[4] E.A. Kravchenko, V.G. Morgunov, V.G. Orlov, Yu.F. Kargin, JETP Letters. 86, 390 (2007).
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Summary:

The 209Bi nuclear quadrupole spin-lattice and spin-spin relaxation were studied in the BGO single crys-
tals which exhibit, as was previously found, anomalous magnetic properties. The results revealed un-
expectedly strong influence on the relaxation processes of tiny amounts of paramagnetic atoms (0.1-0.5
mol%) inserted into the BGO crystals.

19

Mössbauer spectroscopic study of the kinetics of sigma-phase for-
mation in cold-rolled Fe-V alloys
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The bcc-Fe-V alloy system is not stable for a wide range of compositions around 50%, and upon
annealing, the alpha-phase transforms, either into the sigma-phase, or into the ordered metastable
B2-phase, depending on the annealing temperature. The B2 is claimed to be a precursor of the
sigma-phase. In this study we were interested in the effect of temperature on the alpha-to-sigma
phase transformation in plastically deformed Fe-V samples. Ingots of an equiatomic Fe-V alloy were
cold-rolled down to form platelets of ˜200 um thickness, which were next isothermally annealed at
temperatures between 600oC and 800oC for different periods. Samples prepared in that way were in-
vestigated at room temperature by X-ray diffraction and Mössbauer Spectroscopy. The former gave
direct evidence on the existence of the sigma-phase, and indirect on the formation of the B2 super-
structure via a decrease of the lattice parameter. Mössbauer spectra, that dramatically changed their
shape on annealing, gave thereby evidence that the hyperfine field has significantlylly decreased,
which is an indication of the formation of the B2 superstructure. Assuming that the shape of the
sub-spectrum corresponding to the B2 superstructure does not depend on the annealing time, the
kinetics of the sigma-phase formation was followed by studying a temperature dependence of the
average hyperfine field.
The results obtained with this procedure are discussed in terms of the Avrami-Johnson-Mehl equa-
tion, which yielded kinetics parameters such as the Avrami exponent, n, and the time constant, k.
The values of the former are related to the mechanism responsible for the transformation, while the
activation energy of the sigma-phase formation was determined from the time constant, assuming
the Arrhenius law.

BIOLOGY, CHEMISTRY, MEDICINE, ARCHAEOLOGY, MINERALOGY / 20

ProtonDynamics inOne-dimensionalHydrogen-bonding System
in Molecular Co-crystals TMP-D2ca and DMP-H2ca
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Corresponding Author: asaji@chs.nihon-u.ac.jp

Recently, hydrogen-bonded supramolecular co-crystals have attracted much interest in aim for func-
tional materials such as ferroelectrics [1]. By use of 35Cl nuclear quadrupole resonance (NQR) we
have studied an organic ferroelectric, phenazine(Phz)-chloranilic acid (H2ca) co-crystal, Phz-H2ca,
and found an electric field gradient fluctuation probably due to a proton dynamics in hydrogen bond
[2]. For the detection of rather slow motion of proton in the hydrogen-bonding system, NQR spin-
lattice relaxation of the nearby atom will be quite sensitive. In the co-crystal of tetramethylpyrazine
(TMP) with H2ca, TMP-H2ca, the spin-lattice relaxation time (T1) of 35Cl NQR showed a steep
decrease with increasing temperature above ca. 250 K. The decrease could be explained by the Ar-
rhenius law with the activation energy of 35 kJ mol-1 [3]. In the present paper we studied a possible
proton motion in another compound with a similar one-dimensional hydrogen bond, DMP-H2ca,
the co-crystal between 2,6-dimethylpyrazine (DMP) and H2ca. The isotope effect on the hydrogen
motion by deuteration of the acid hydrogen in TMP-H2ca was also studied. Fig. 1 shows temper-
ature dependence of 35Cl T1 of TMP-D2ca compared with that of TMP-H2ca. By the deuteration
the activation energy increased to 50 kJ mol-1. The deuteron motion was confirmed by 2H NMR
spin-lattice relaxation measurements which resulted in the activation energy of 49 kJ mol-1. Fig.
2 shows temperature dependence of 35Cl T1 of DMP-H2ca. In this compound the relaxation is
dominated by lattice vibration suggesting no transfer motion of proton between the acid and base
molecules.

References
[1] S. Horiuchi and Y. Tokura, Nature Materials 7, 357-366 (2008).
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21

Methodology ofQuantitativeAnalysis inMossbauer Spectroscopy

Author: Sobir Irkaev1

Co-authors: Valentin Semenov 2; Vitaly Panchuk 2

1 Institute for Analytical Instrumentation
2 Department of Chemistry of SPbSU

Corresponding Author: sobir_irkaev@mail.ru

The Mössbauer spectroscopy technique belongs to few methods of defining the phase state or crys-
tallographic sites of substance. The Mössbauer spectra bear information on various hyperfine inter-
actions, many of which are indirectly related to the chemical nature of the Mössbauer atom and its
nearest environment. Determination of parameters of hyperfine interactions that can be extracted
from Mössbauer spectra and used for qualitative analysis is a routine task. The nice description of
calculation the most important parameters from experimental spectra are given in excellent reviwes
[1-2].
In present work we studied the influence of main factors on experimental errors encountered in
quantitative defining the phase composition or site populations of the substance under study. Such
as measurements geometry, Lamb - Mössbauer coefficients, absorber thickness, efficiency and dead
time of the detection system and spectral line shape. The absolute f measurements were made with
“black”absorber method. Mössbauer measurements were carried out under carefully controlled of
background intensities. Since the accuracy of f evaluation is directly depend on the measurement
of background. The influence of a non-uniformity of samples on results of the quantitative analysis
is discussed. Data analysis we divided into two parts: removal of instrumental artifacts by folding
and baseline correction and deconvolution to extract hyperfine parameters of individual local envi-
ronments [3-5].
In our approach calibration graphs were drawn by measuring the spectra of a series of analogous sam-
ples having different known concentrations. For the same purpose, internal standard method also
was used. Experimental data are presented for phase analysis of different industrial samples.

References
[1] E.Kuzmann, S.Nagy, A.Vertes. Pure Appl.Chem., (2003), 75 (6), 801.
[2] R.E. Vandenberghe, E.De Grave, P.M.A. De Bakker. Hyperfme Interactions, (1994), 83, 253
[3] M.C.D.Ure, P.A.Flinn. in Mossbauer Effect Methodology, New York, London: Plenum Press,
(1971), 7, 245
[4] T.M.Lin, R.S. Prenston. in Mossbauer Effect Methodology, New York, London: Plenum Press,
(1975), 7, 20
[5] D.G.Rancourt. Nuclear Instruments and Methods in Physics Research B, (1989), 44(2), 199
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Magnetic properties of nanostructure materials show the high variety and considerably differ from a
massive one [1]. Before 40 years ago the main techniques for studying dynamics processes involved
in interaction of nucleus with electron shell have been nuclear magnetic (NMR) and electron spin
resonance (ESR). The Mössbauer spectroscopy technique, owing to its high sensitivity to hyperfine
interaction between the nucleus and its environment, has greatly extended the range of substances
that can be investigated, and in certain cases has become a unique method for studying these phe-
nomena. Most of experiments that used Mössbauer spectroscopy to study various dynamic processes
(e.g., diffusion, paramagnetic, spin-spin, spin-lattice relaxation, etc.) were done in the conventional
transmission geometry. This technique is simple enough, but, in some applications it leads to diffi-
culties in resolving the contributions from dynamic processes to the total spectrum. For example,
in the case of slow relaxation the transmission spectrum is characterized by line broadening only.
However, the broadening may be caused also by multiphase effects, unresolved hyperfine electric
and magnetic interactions that lead to an ambiguity in spectrum interpretation. These problems may
be solved through application of selective excitation double Mössbauer effect (SEDM) technique [2].
The Mössbauer spectrum measured in this case bears information on solid-state processes that oc-
cur during the nucleus lifetime: if within this time the nucleus manages to exchange energy with
its environment, the energy of the re-emitted gamma-quantum will differ from that of the gamma-
quantum exciting the nucleus. The SEDM technique, by its potential possibilities, can be powerful
method of investigation of relaxation processes in solids. The method gives the unique possibility to
obtain direct evidence for occurrence of relaxation and also to determine qualitative and quantitative
characteristics of the processes even in situation where Mössbauer spectra are essentially broadened
by other physical reasons.
Capabilities of SEDM technique in the investigation of magnetic properties of small particles are il-
lustrated by the analysis of magnetite nanoparticles (Fe3O4) and aluminosubstituted goethite system
Fe(1-x)AlxOOH.

References
[1] I.P.Suzdalev .Nanotehnologija: fiziko-chemistry nanoclusters, nanostructures and nanomaterials
(In Russian). М: the Com.Book, 2006, 320.
[2] V.G. Semenov, S.M.Irkaev, Yu.N. Malsev. Highly sensitive Mössbauer spectrometer for SEDM and
RSMR investigations. NIM B 95, (1995) 253-259
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Advances in a Bulk and Surface properties Studies by using Mossbauer spectroscopy

FA.S.Kamzin
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At present time is very important to study the surface magnetic properties, as well as to understand
those relations with bulk properties of crystals. The best way for this was to use experimental
methods which provide a possibility to compare surface and bulk properties directly. In 1988 [1,2]
we have combined different type of Mossbauer Spectroscopy (MS): Transmission gamma-rays MS
(TMS), Conversion Electrons MS (CEMS) and Conversion X-rays MS (XMS) in one method. So, we
find possibilities to extract information simultaneously from the bulk and from the surface layers
of crystal by combining Mossbauer Effect measurements on radiation with a different track-length
in material. Later this method was named by U. Gonser “Simultaneous Triple Radiation Mossbauer
Spectroscopy” (STRMS) [3].
With the help of this method and equipment we have investigated a processes on the surface at the
phase transition (spin reorientation phase transition? At Neel or Curie points) in the bulk of crystal.
In the given report is observed the results of the studding the surface properties of bulk crystals.
as well as the processes on the surface at the phase transiotion (at Curie or Neel point, at spin-
reorientation) in the bulk. There has been shown by theoretical analysis that the experimental results
obtained by STRMS are of crucial importance for understanding of fundamental magnetic properties
Author expresses gratitude to the Russian Fund for Fundamental Research (grant 09-02-90447) for
supporting this work
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Angular correlation studies on 172Lu(172Yb) in GaN and mea-
surement at low temperature
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For optoelectronic devices semiconductors with large band gap doped with rare earth are used. Dop-
ing is generally performed during growth but for more structured doping the ion implantation tech-
nique is preferable. The perturbed angular correlation technique is an ideal tool to study the anneal-
ing behavior of semiconductors after implantation. Usually, this method is only able to measure
the absolute value but not the sign of the electrical field gradient (EFG) acting onto the quadrupole
moment of the implanted probe. An adequate rare earth isotope for such investigations of semicon-
ductors is 172Yb.
The temperature dependence of the hyperfine fields for 172Lu(172Yb) in GaN has been analyzed.
The total EFG at the site of this probe is a superposition of the lattice EFG due to the GaN wurtzite
structure and the EFG due to the 4f-shell of the rare earth probe itself. The latter is strongly temper-
ature dependent and opposed to the lattice EFG which in contrast is nearly constant since the lattice
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parameters change only negligibly with temperature.
At elevated temperatures all crystal field split levels of the 4f-shell are equally populated. But at low
temperatures the lowest level is occupied preferentially. Sign and magnitude of the EFG produced
by the 4f shell can be calculated. Depending on which of the levels is lowest in energy it was possible
to determine the sign of the lattice field gradient.
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GaN and ZnO are candidates for dilute magnetic semiconductors with Curie temperatures above
room temperature [1]. Doping with transition metals (TM) like Co, Mn or Fe is a simple way to
create such systems. The PAC probe 100Pd/100Rh is isoelectronic to cobalt and therefore a perfect
tool to investigate the incorporation of TM´s into these compounds as well as the influence of other
impurities onto the internal magnetic fields.
(0001) and (1010) oriented ZnO single crystals samples, freestanding GaN films and GaN thin films on
6 μm thick sapphire substrates were recoil-implanted with the 100Pd/100Rh probe as described in de-
tail elsewhere [1]. The probe was produced using the fusion evaporation reaction 92Zr(12C,4n)100Pd
at a beam energy of 70 MeV. After recoil implantation PAC spectroscopy was performed at room tem-
perature. The samples were measured as-implanted, and following isochronal annealing for 10 min
at increasing temperatures.
First results without and with an applied external magnetic field (Fig. 1) are indicative of a strongly
disturbed lattice vicinity of Pd impurities in both hosts. No signs of spontaneous ferromagnetic or-
dering were observed.
References
[1] T. Dietl, Science, 287, 1019 (2000).
[2] E. Bezakova, Ph.D. thesis, Australian National University, Canberra, (1998).
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Recent developments in Collinear Laser Spectroscopy at ISOLDE,
CERN.
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Optical spectroscopy is known to provide very accurate and model-independent data on spins, elec-
tromagnetic moments and charge radii of nuclear ground states. Collinear laser spectroscopy is long
known to be a general technique, applicable to a large variety of elements, but was also developed
continuously towards higher sensitivity and/or accuracy to scope with even more exotic species.
At COLLAPS, the collinear laser spectroscopy setup at ISOLDE, we have applied a frequency-comb
based technique to measure the charge radii of the beryllium isotopes including the one-neutron
halo nucleus Be-11. Here, high accuracy was required and uncertainties in high voltage calibra-
tions had to be eliminated by simultaneous spectroscopy in collinear and anti-collinear geometry.
ISCOOL, a radio-frequency cooler and buncher came recently into operation and was for the first
time applied at ISOLDE for the spectroscopy of copper and gallium isotopes and increased sensitiv-
ity by orders of magnitude. The isotope chains of both isotopes offered surprises concerning the
spin values of the neutron-rich isotopes. Moreover, a new technique combining optical pumping
and ß-asymmetry detection was applied for isotope shift shift measurements of Mg isotopes. In this
way we were able to cover the chain of Mg isotopes across the complete sd shell to study the nuclear
shape development during the transition into the island of inversion. In my talk I will present these
methodological developments and the outstanding results that were obtained with these techniques
at the COLLAPS experiment.
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The relevance of germanium in current transistor technology is rising. An example is the addition
of a germanium layer between an active silicon and a relaxed SiGe layer to create a p-type metal-
oxide-semiconductor field effect transistor with enhanced hole mobility. Using the probe nucleus
100Pd/100Rh the local defect dynamics of Pd-atoms in germanium has been studied with time dif-
ferential perturbed angular correlation spectroscopy (TDPAC). In addition to Pd, results may inform
on the behaviour of isoelectronic atoms, such as cobalt. The effect of codoping with Ga, As and In
atoms on Pd-related defects has also been explored.

The 100Pd/100Rh probe was recoil-implanted at the 14UD accelerator in Canberra into germanium
single crystal samples and samples, pre-implanted with 1016 ions/cm2 of Ga, As and In, respectively.
The probe (t1/2 = 3.6 d) was produced using the fusion evaporation reaction 92Zr(12C,4n)100Pd at
a beam energy of 70 MeV [1]. After recoil-implantation TDPAC spectroscopy was performed at
room temperature. The samples were measured as-implanted and following isochronal annealing in
vacuum for 20 min at 300°, 500°, 600°, and 700° C.

The measurement on the as-implanted germanium indicates a low frequency modulation of the ratio
function. The amplitude of this modulation increases with increasing annealing temperature. The
modulation is most pronounced in the ratio function obtained after annealing at 500 ℃. Further
annealing at 700 ℃ removes the effect. A similar result has been obtained for 100Pd/Rh in silicon,
where the probe pairs with vacancy defects [2].
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The observed effect appears to persist in germanium pre-implanted with Ga, As or In. TDPAC spec-
troscopy of the same samples using the probe 111In/111Cd is underway.

References
[1] E. Bezakova, 1998, Ph.D. thesis, Australian National University, Canberra.
[2] Dogra R., Byrne A.P., Ridgway M.C., 2009, Journal of Electronic Materials, Vol. 38, No. 5.
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The lanthanum manganite compounds doped with a divalent impurity are the materials with colos-
sal magnetoresistance and widely used in different fields of modern engineering. In lanthanum
manganites manganese has a mixed valence: Mn3+ and Mn4+. Mn3+ is the Jahn-Teller ion with a
degenerated orbital state of electrons. The main feature of the compounds with Jahn-Teller ions is
strong correlation between lattice and electron subsystems. These compounds are characterized by
strong lattice distortions.
The features of structural transformations in La1-xCaxMn0.98Fe0.02O3+δ (x = 0.05 –0.50) as a func-
tion of Ca concentration have been studied by Mössbauer spectroscopy and X-ray diffraction anal-
ysis. For x = 0.05 and 0.10 the rhombohedral phase (space group R-3c) has been shown to be syn-
thesized. Beginning from x = 0.20 the structure of the origin synthesized samples is orthorhom-
bic (space group Pnma). Varying the heat treatment conditions it is possible to transit from one
phase to another. The phases are subsequently suppressed with an increase in a Ca concentration.
For Ca concentrations less than 20% all set of the phases with reversible structural transitions Pn-
maII ↔ PmnaI ↔ R-3c can be obtained under heat treatment like in the Ca-undoped compound
LaMn0.98Fe0.02O3+δ. The rhombohedral phase is suppressed for x = 0.20. When a Ca concentra-
tion higher than 20%, the PnmaII phase is suppressed, as a result, only the PnmaI phase remains
which is stable under any heat treatment.
Mössbauer spectra for the PnmaI and R-3c phases have relatively narrow lines and were processed
by single doublet. Spectra for the PnmaII phase represent strongly broadened quadrupole-splitting
(QS) doublets. A large QS value is related to the strong lattice distortion due to the Jahn-Teller ef-
fect. Since the spectra for the PnmaII phase have a smooth shape, they were processed by the QS
distribution.
Doping with divalent Ca occupying trivalent La positions generates vacant oxygen sites in the lattice.
Therefore already during synthesis a part of Jahn-Teller Mn3+ ions transfers to Mn4+ and oxygen
coming with Mn4+ should occupy first of all these oxygen sites. Under oxidation (annealing in air)
the Mn4+ ion concentration increases and excess oxygen will now occupy interstitial positions.
Based on the analysis of the obtained experimental data it is possible to suppose that the reversibility
of the phase transitions is possible only when excess oxygen is in interstitial positions in the lattice.
If excess oxygen occupies only vacant sites in the lattice, the phase transitions are absent.
The features of the phase formation in the basic undoped compound LaMnO3+δ and in the Ca-doped
compound La1-xCarxMn0.98Fe0.02O3+δ are compared.
The work was supported by the Russian Foundation for Basic Research (project no. 09–02–00767)
and by the Program of Russian Academy of Sciences “Physics of Condensed Media”.
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A series expansion of the interaction between a nucleus and its surrounding electron distribution
provides terms that are well-known in the study of hyperfine interactions: the familiar quadrupole
interaction and the less familiar hexadecapole interaction. If the penetration of electrons into the
nucleus is taken into account, various corrections to these multipole interactions appear. The best
known correction is a scalar term related to the isotope shift and the isomer shift. This contribu-
tion discusses a related tensor correction, which modifies the quadrupole interaction if electrons
penetrate the nucleus: the quadrupole shift. We describe the mathematical formalism and provide
first-principles calculations of the quadrupole shift for a large set of solids. Fully relativistic calcula-
tions that explicitly take a finite nucleus into account turn out to be mandatory. Our analysis shows
that the quadrupole shift becomes appreciably large for heavy elements. Implications for experimen-
tal high-precision studies of quadrupole interactions and quadrupole moment ratios are discussed.
This contribution brings alive the results that are reported in Ref. [1], updated with very recent
experimental follow-up work [2]. References [1] K. Koch, K. Koepernik, D. Van Neck, H. Rosner, S.
Cottenier, Physical Review A 81 (2010) 032507, [2] D. Dewald, J. Grabow, in preparation
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The decay of 111In to 111Cd via electron capture, accompanied by Auger electrons, leaves the out-
most atomic shell of the Cadmium in a highly ionized state.
In PAC measurements, this so called “electron capture after effect”leads to a significant loss of
anisotropy and can be associated with a highly fluctuating electric field gradient (EFG).
The recovery of the 111Cd shell by electronic recombination depends on the concentration and the
mobility of charge carriers in the material. For insulators, the recombination timescale lies in the
nanosecond regime, the generic timescale of hyperfine interaction processes as investigated by the
PAC method.
In previous measurements the fraction of undisturbed probe atoms showed a strong and reversible
dependence on the sample temperature [1].
Our current approach is to determine and alter the conditions under which electrons are sufficiently
available to suppress the “after effect”.
Sapphire single crystals were ion implanted with 111In at the mass separator in Bonn. After rapid
thermal annealing the samples were held at temperatures up to 1000 K. To alter the recombination
characteristics and to study the influence of acceptor and donator levels, the samples were addition-
ally doped with several concentrations of Si, Cr and P.
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181Ta Time differential perturbed angular correlation study carried out in zirconium tungstate shows
the occurrence of four distinct Zr sites. Based on the values of quadrupole parameters, it is inter-
preted that one site represents the probe atoms associated with regular ZrO6 while the other three
sites of probe atoms are understood to be associated with contracted and distorted ZrO6. Effective
decrease in Zr-O bond length is understood to be due to an increase in the fractions of ZrO6 octa-
hedra which undergo contraction with temperature, thus explaining negative thermal expansion of
the system. This system undergoes amorphization with the application of pressure exceeding 2 GPa.
Results of PAC studies on this system will also be discussed with respect to amorphous - crystalline
transition with isochronal annealing treatments.
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Summary:

Negative thermal expansion and pressure induced amorphization in Zirconium tungstate as studied by
181Ta TDPAC

R. Govindaraj, C. S. Sundar and A. K. Arora
Materials Science Group, Indira Gandhi centre for Atomic Research, Kalpakkam –603102

Zirconium tungstate ZrW2O8 is a cubic compound with three dimensional network of corner-linked
ZrO6 octahedra and WO4 tetrahedra. Each WO4 has one nonbridging W-O bond. ZrO6 occupy face
centered positions in the unit cell. This system exhibits negative thermal expansion isotropically over
the temperature range 4–1050 K. Results of 181Ta TDPAC study in zirconium tungstate imply the oc-
currence of four distinct Zr sites. It is interpreted that one site represents regular ZrO6 and the other
three sites are associated with contracted and distorted ZrO6 . Effective decrease in Zr-O bond length
is understood to be due to an increase in the fractions of ZrO6 octahedra which undergo contraction
with temperature, thus explaining negative thermal expansion of the system [1]. Evolution of structures
of ZrO6 octahedra with isochronal annealing treatment has also been studied in zirconium tungstate
amorphized by the application of a pressure of 5 GPa aiming at understanding pressure induced amor-
phization in the system [2].

Figure 1. (a) and (b) correspond to Time dependent anisotropy spectra obtained in untreated reference
Zirconium tungstate sample at 300 K and 433 K respectively, while Figs (c), (d) and (e) refer to time
dependent anisotropy spectra obtained in as pressure amorphized and subsequent to annealing at 875
and 975 K respectively. Shown on the right hand side is the crystal structure of zirconium tungstate
with ZrO6 tetrahedal and WO4 octahedral units.

References:

1. Atomic scale study of negative thermal expansion in zirconium tungstate R. Govindaraj ,C. S.
Sundar and A. K. Arora, Phys. Rev. B76, 012104 (2007)

2. Studies of local structure at Zr sites in pressure amorphized zirconium tungstate R Govindaraj,
C S Sundar and A K Arora, J. Phys.: Condens. Matter 21 (2009) 235402
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Study of Dependence of Quasi-Particle Alignment on Proton and
NeutronNumbers inA= 80Region throughg-factorMeasurements*
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Study of Dependence of Quasi-Particle Alignment on Proton and Neutron Numbers in A= 80 Region
through g-factor Measurements*

Yuan Daqing, Fan Ping, Zheng Yongnan, Zuo Yi, Zhou Dongmei, Zhang Qiaoli, Wu xiaoguang,
Li Guangsheng, Zhu Lihua, Xu Guoji, Fan Qiwen, Zhang Xizhen and Zhu Shengyun**
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Email: zhusy@ciae.ac.cn

The interplay between the collective rotation and the quasi-particle alignment is a significant fea-
ture of nuclear structure at high spins. The g-factors of intra-band high spin states of the ground
rotational band can provide direct and unique information on quasi-particle alignment since the
g-factors of the high-j proton and the high-j neutron are positively large and negatively small, re-
spectively.
The g-factors of high spin states of the ground rotational band in 82Sr, 83Y, 84Zr, 85Nb, 85Zr and
86Zr have been measured in order to study the dependence of quasi-particle alignment on the proton
and neutron numbers.
The high spin states of the ground rotational band in 82Sr, 83Y, 84Zr, 85Nb, 85Zr and 86Zr were
populated by the fusion-evaporation reactions with the heavy ion beams from the HI-13 tandem
accelerator at China Institute of Atomic Energy. The transient -magnetic-field ion implantation per-
turbed angular distribution (TMF-IMPAD) method was used to determine the g-factors of high spin
states along the ground rotational band. The model calculations were also carrried out for some
nuclides, which well reproduced the experimentally measured g factors.

The experimental results are shown in the above figure. It can be seen that for the nuclides 84Zr,
85Zr and 86Zr with Z=40 the proton alignment is followed by the neutron alignment in 84Zr and
85Zr, while the neutron alignment is followed by the proton alignment in 86Zr, and for the nuclides
82Sr, 83Y, 84Zr and 85Nb with N=44 the proton aligns only in 82Sr, the proton aligns first that is
followed by the neutron alignment in 83Y and 84Zr and the neutron alignment is followed by the
proton alignment in 85Nb. A discussion regard the observed dependence will be presented.

*Supported by National Science Foundation of China under Grant Nos. 10435010 and 10975189
** Corresponding author
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Defect induced magnetic interaction in highly oriented pyrolytic graphite (HOPG): A local investi-
gation using TDPAD method.
S.N. Mishra,1 S.K. Mohanta,1,2 S.K. Srivastava2
1Dept. of Nuclear and Atomic Physics, Tata Institute of Fundamental Research, Mumbai-400005,
India,
e-mail: mishra@tifr.res.in
2Dept. of Physics and Meteorology, Indian Institute of Technology, Kharagpur-721302, India
Defect induced magnetism in carbon based systems have long been the subject under extensive in-
vestigation, not only for the nature of magnetism in s, p electron systems but also for its potential
to practical applications. The discovery of ferromagnetism at room temperature in pure carbon ma-
terials has given a new impetus for magnetic studies in graphite and other carbon materials [1,2]. It
has been suggested that defects play a key role for the ferromagnetic ordering observed in graphite.
Here, we present magnetic hyperfine field of 19F measured by time differential perturbed angular
distribution technique. The 19F probes were produced via the heavy-ion reaction 12C(12C,αp)19F
using pulsed 12C beam at an energy of 40 MeV. The energetic 12C beam impinging on a 1 mm thick
HOPG sample, used as the stopper, also creates high concentration of defects. The approach adopted
here, thus serves the dual purpose of creating defects and studying the magnetic interactions aris-
ing thereof. For the detection of hyperfine fields we have used the 5/2� isomeric state in 19F with
half-life T1/2=88.5 ns, g-factor gN = 1.44 and, quadrupole moment Q = -0.12 b which offers high sen-
sitivity towards magnetic interactions. Typical spin rotation spectra R(t) measured for 19F in HOPG
are shown in Fig 1. The R(t) spectra show superposition of two frequencies having �L = 64 and 93
MHz and intensity ratio of 45:55 at 15 K. Fig 2 shows the temperature dependence of the magnetic
hyperfine field Bhf derived from the expression Bhf = (��L/gN�NBext)-Bext. The �L for the two
components show distinctly different temperature dependence yielding Bhf ˜5 kG and 0.8 kG at T
= 0. The observed results indicate the presence of strong magnetic interaction in HOPG. Supported
by ab-initio calculations performed for a number of defect configurations around a F impurity in
graphite, we assign the high field component to substitutional site with single vacancy/interstitial
C, and the low field component to F at substitutional/interstitial sites without any vacancy in its
neighborhood.

Fig 1. Spin rotation spectra at 15 and 35K . Fig 2. Hyperfine field as a function of temperature.

References
[1] T. Makarova et al., Carbon based magnetism, Amsterdam: Elsevier; p. 371-96 (2006).
[2] P. Esquinazi et al., Phys. Rev. B 66, 024429 (2002).
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Size effects on local magnetism of single Fe impurity in nano-crystalline noble metals: A TDPAD
investigation.

S.N. Mishra, and P. Ayyub
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We have employed the in-beam time differential perturbed angular distribution (TDPAD) technique
to study the effects of finite lattice size on local magnetism and Kondo interaction of single Fe impu-
rity in metallic hosts. In this direction, we have measured local susceptibility and 3d spin relaxation
rate of recoil implanted 54Fe nuclei, produced by the fusion evaporation reaction 12C(45Sc,p2n)54Fe,
in bulk and nano-crystalline Cu and Ag hosts. The nanocrystalline were prepared by DC-magnetron
sputtering technique [1] and were characterized by X-ray diffraction and electron microscopy mea-
surements. The TDPAD measurements were carried out the 14-MV tandem accelerator at TIFR,
Mumbai. The 10+ isomeric state in 54Fe with T1/2=360 ns, gN = 0.728 was used as nuclear probe for
the detection of static and dynamic magnetic response of Fe in the hosts under investigation. Fig.
1 displays the local susceptibility of Fe defined as �-1 = (��L/gN�NBext) -1 measured as a function
temperature. Here, �L is the Larmor frequency and Bext is the external magnetic field applied. The
measured �(T), in all the hosts studied; show Curie-Weiss temperature dependence from which the
Fe magnetic moment and TK could be extracted. A comparison of the �(T) results for the nanocrys-
talline hosts visa vie their bulk counterparts, clearly indicate a strong influence of lattice size on Fe
magnetism, especially the Kondo temperature TK. While, size reduction for Cu increases the Fe mo-
ment with a concomitant reduction of TK, the effect is opposite in nanocrystalline Ag hosts.

Fig 1: Local susceptibility of Fe in bulk and nanocrystalline Cu and Ag hosts.

References
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The current technological necessities are compelling some fields of research to provide/study new
nanostructure architectures that in the near future will fulfill the low cost, high performance and en-
vironmentally friendly paradigm. In fact, the research in metal-metal or metal-oxide nanostructures,
in particular in Hf and Zr metals and their oxides, is being pushed by the prospect of application in
several areas ranging from energy conversion and storage, catalysis to microelectronics [1-3]. One of
the most prominent examples is observed in microelectronics where metal/HfO2 structures are being
studied as poly-Si/SiO2 junction replacers in metal–oxide–semiconductor field-effect transistors [2].
Insight in metal/metal and metal/oxide interdiffusion/oxidation, upon annealing treatments, is of
major importance for the mentioned technological applications [3]. Those insights can be obtained
by local probe techniques such as perturbed angular correlations (PAC) that can provide detailed
information at a nanoscopic level. In this work the PAC technique is used to locally monitor the
oxidation or possible interdiffusion processes in a Zr/Hf/Zr nano-heterostructure. This trilayer was
prepared by the electron gun thermal evaporation method on a SiO2 substrate. In order to perform
PAC measurements with the 181Hf probe the system was neutron irradiated. The measurements
were performed for different annealing times and temperatures, up to 780K. The changes on the Hf
local environment arising from the oxidation or interdiffusion processes were followed by the evo-
lution of the EFG parameters of the Hf-metal, HfO2 and oxygen deficient HfO2-x regions (see fig 1).
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It was observed that the Hf layer is oxygen free for temperature below 619K. The measurements also
indicate that at 619K first a thin layer of HfO2-x emerges at the Hf surface and then a nanostructured
HfO2 layer continually grows at the expense of the Hf metal-component. Moreover up to 780K no
Hf (or Zr) interlayer diffusion was observed. References [1] J. Baxter, Z. Bian, et. al, Energy Environ.
Sci., 2, 551 (2009) [2] Robert F. Service, Science, 323, 1000 (2009) [3] R. Chau, B. Doyle, S. Datta, J.
kavalieros and kevin Zhang, Nature materials 6, 810 (2007)
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After three decades mainly SiO2 was used as a gate dielectric in the silicon based CMOS (complementary-
metalOxide-semiconductors) technology, and since integrated circuits are getting continuously smaller,
the use of SiO2 is facing its technological limits. High-k materials substituting the SiO2 are currently
under intense R&D to face the down-scaling process including the present CMOS technology. The
basic idea is to find a material with a higher dielectric constant than that of SiO2, which is compatible
with the present Si technology. Hafnium dioxide (HfO2) is an excellent candidate for gate dielectric
in silicon transistors due to its high chemical stability, excellent dielectric properties (k ≈ 23) and
mechanical hardness. Even though significant efforts have been dedicated to the investigation of Hf
based gate dielectric material systems, key issues like bulk and interface oxygen diffusion, charge
trapping, still lack a complete understanding when the target is a long-term operation of HfO2 based
devices. Those studies are not focuses only in potential applications but are concerned also with fun-
damental physics problems. Crucial insight in the physics of these systems can be achieved only by
atomic scale studies with direct measurements on the local structure and electronic environment.
This work will report the investigation on HfO2 nano-films using Perturbed Angular Correlation
(PAC) technique, where the presence of hafnium in the film assures the possibility of using 181Ta
as probe. The HfO2 nano-films with different thicknesses were deposited on Si substrates using an
electron beam evaporation process. The results will be discussed in terms of the physics underlying
the local environment on the scale of a few atomic lengths monitoring microscopic regions.
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Absence of room temperature ferromagnetism in transitionmetal
dopedZnOnanocrystalline powders fromPAC spectroscopy
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An extensive research efforts have been carried out worldwide on searching for room temperature
ferromagnetism in transition metal doped ZnO, especially in Mn- and Co-doped ZnO, for its poten-
tial use in future spintronic devices. However, the results are not consistent: some studies reported
observation of room-temperature ferromagnetism in Mn- and Co-doped ZnO whereas others re-
ported absence of ferromagnetism. The effect of Cu co-doping, a possible pathway for inducing
ferromagnetism has also been observed in transition-metal-doped ZnO. It is therefore still question-
able whether transition metal doped ZnO is really a ferromagnetic at room temperature!
In the present work, the local structural and electronic environment around 111In probe atoms in
pure ZnO, transition metal doped Zn1-xTxO (T=Mn and Co; x=0.01, 0.02, 0.05) and Cu co-doped
Zn1-xCoxCu0.01O (x=0.01-0.04) nanocrystalline powders have been monitored on an atomic scale
by a perturbed angular correlation (PAC) spectroscopy. For these measurements, the single phase
nanocrystalline powders were synthesized at low annealing temperature by sol-gel Pechini method.
Phase purity and structure refinement done by means of the Rietveld analysis technique showed that
the dopants substitute properly into Zn cation sites. The PAC measurements (Figure 1) exhibited the
well known oscillations corresponding to the electric quadrupole interaction only (nu_Q˜31 MHz)
which have been attributed to the substitutional incorporation of the 111In probe atoms at the cation
sites of ZnO lattice. The present measurements did not reveal any evidence of magnetic ordering
down to 77K in pure or doped ZnO nanocrystalline powders. These results are consistent with the
recent observation of paramagnetic behavior in transition metal doped ZnO with synchrotron based
studies [1,2].

[1] A. Ney, et al., Phys. Rev. Lett. 100, 157201 (2008).
[2] N R S Farley, et al., New Journal of Physics 10, 055012 (2008).

Are you a student, a delegate from developing countries or a participant with physical needs and would
like to apply for a sponsored accomodation. Please answer with yes or no.:

YES

41

PerturbedAngularCorrelations Investigations onMagneto-Electric
Manganites
Author: Tânia Melo Mendonça1

Co-authors: Armandina Maria Lima Lopes 2; Celine Darie 3; Joao Guilherme Correia 4; Joao Nuno Gonçalves 5;
Joao Pedro Araujo 6; Pedro Bandeira Tavares 7; Vitor Sequeira de Amaral 5

1 IFIMUP and IN –Institute of Nanosciences and Nanotechnology, Dep. De Física da Faculdade de Ciências da Univer-
sidade do Porto, Rua do Campo Alegre 687, 4169-007 Porto, Portugal

2 Centro de Física Nuclear da Universidade de Lisboa, Av. Prof. Gama Pinto 2, 1649-002 Lisboa, Portugal
3 Institut Néel, CNRS, Av. des Martyrs 25, F-38042 Grenoble CEDEX 9, France
4 Instituto Tecnológico e Nuclear, E.N. 10, 2686-953 Sacavém, Portugal
5 Departamento de Física and CICECO, Universidade de Aveiro, Campus Universitário de Santiago, 3810-193 Aveiro,

Portugal

Page 28



HFI/NQI 2010 / Book of Abstracts

6 IFIMUP and IN –Institute of Nanosciences and Nanotechnology, Dep. de Física da Faculdade de Ciências da Univer-
sidade do Porto, Rua do Campo Alegre 687, 4169-007 Porto, Portugal

7 Centro de Química –Vila Real, Departamento de Química, Universidade de Trás-os-Montes e Alto Douro, 5001-911
Vila Real, Portugal

Corresponding Author: tania.de.melo.mendonca@cern.ch

The perturbed angular correlation (PAC) technique was applied to study the rare-earth (R) local en-
vironment in a series of rare-earth manganites (RMnO3, R=Nd, Sm, Eu, Gd, Ho, Y, Er, Yb, and Lu).
By measuring the electric field gradients (EFG) at the rare-earth site, the charge distribution of the
R neighborhood was fully characterized. The EFG were studied as a function of the rare earth ionic
radius (RI) and the results were interpreted with the help of ab-initio calculations using the density
functional full potential augmented plane wave (FLAPW) method.The experimental and simulated
results show two different EFG distributions for all compounds. Different local environments were
observed depending in the crystalline structure (orthorhombic or hexagonal) being only one directly
attributed to the rare-earth crystalline site. The existence of intrinsic nanoscale electronic inhomo-
geneities scenario associated to subtle distortions around the R-O polyhedra is discussed.
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Lattice sites and collective ordering of oxygen atoms in HgBa2CaCu2O6+δ (Hg-1212) were studied
using the Perturbed Angular Correlation technique. The electric field gradients (EFG) at 199mHg
nuclei have been measured allowing a full characterization of the Hg neighborhood charge distribu-
tion as function of the oxygen doping on the Hg planes. The experiments have been performed at
different annealing conditions, under argon flow or oxygen pressure up to 152 bars. In comparison
with the data and calculations obtained for oxygen and fluorine doping in Hg1201, the analysis hints
that at high concentrations oxygen atoms order in a different way than the reported previously.
Furthermore, the experimental results show that a local scale there is a non-uniform oxygen distri-
bution. A series of ab-initio calculations, simulating different oxygen doping configurations, is also
presented. Several HgmBa2mCam-1CumO6m+n supercells, for different nominal oxygen concen-
trations, have been constructed. The simulated results are further compared with the experimental
ones. Moreover, the possibility of the existence of oxygen dumbbell molecules, instead or coexisting
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with single atoms in the center of the Hg mesh is discussed. Atomic stripe-like oxygen configuration
and the location of oxygen atoms in the (0, ±1/2, zHg) position are experimentally excluded.
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Electric field gradient calculations by quantum chemical meth-
ods
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The electric field gradient, which from the point of view of the given nucleus is a measure of the
inhomogeneity of the external electric field of all other charges, is a molecular property of the first
order and can be determined from the knowledge of the electronic wave function and positions
of nuclei. Since for accurate calculations we have to use highly sophisticated electron correlation
approximations like the Coupled Cluster Singles and Doubles with non-iterative Triples CCSD(T)
method, which does not fulfill the Hellmann-Fyenman theorem, and therefore we are forced to use
so-called derivatives methods instead of calculating the expectation value of the given operator. In-
clusion of relativistic effects in calculation of electric field gradients is inevitable [1]. If one–or two–
component relativistic methods (e.g. DKH, IOTC) are exploited, the usual method of computing,
which is just a counterpart of the nonrelativistic scheme leads to the change of picture effect [2]
manifested by significant inaccuracies of the calculated property values. Different techniques how
to avoid the change of picture effect will be discussed [3-5].
The combination of experimental nuclear quadrupole coupling constant obtained from microwave
spectra and theoretical electric field gradient provides currently the best source of nuclear quadrupole
moment values, at least for light elements. A series of such determinations of nuclear quadrupole
moments will be presented [6-11].
References:
[1] M. Iliaš, V. Kellö, M. Urban; Acta Phys. Slovaca, in press.
[2] V. Kellö, A. J. Sadlej; Int. J. Quantum Chem., 68, 159 (1998).
[3] M. Pernpointner, M. Seth, P. Schwerdtfeger; J. Chem. Phys., 108, 6722 (1998).
[4] V. Kellö, A. J. Sadlej; J. Chem. Phys., 112, 522 (2000).
[5] V. Kellö, A. J. Sadlej; J. Chem. Phys., 120, 9424 (2004).
[6] V. Kellö, A. J. Sadlej, P. Pyykkö, D. Sundholm, M. Tokman; Chem. Phys. Letters, 304, 414 (1999).
[7] V. Kellö, A. J. Sadlej; Mol. Phys., 96, 275 (1999).
[8] V. Kellö, P. Pyykkö, A. J. Sadlej, P. Schwerdtfeger, J. Thyssen; Chem. Phys. Letters, 318, 222
(2000).
[9] J. Bierroń, P. Pyykkö, D. Sundholm, V. Kellö, A. J. Sadlej; Phys. Rev A, 64, 052507 (2001).
[10] L. Demovič, V. Kellö, A. J. Sadlej, S. A. Cooke; J. Chem. Phys., 124, 184308 (2006).
[11] V. Kellö, A. J. Sadlej; Collect. Czech. Chem. Commun. 72, 64 (2007).
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Polycrystalline powders of synthetic and natural ilmenite (FeTiO3) assemblages pressurized in a
diamond anvil cell have been studied at room temperature using 57Fe Mössbauer spectroscopy to
elucidate the magnetic-electronic pressure response of different ilmenite samples. Natural ilmenite
samples used included an untreated sample derived from the Hillindale mining area in KwaZulu-
Natal, South Africa and a heat treated sample (to increase oxidation) from the same source. Asym-
metry in the Mössbauer lineshape (doublet) profile is initiated at low pressure and persists to the
highest pressure in all samples. This is especially evident in the synthetic sample which has a sym-
metric doublet (and only Fe2+) at ambient pressure. The asymmetry is perhaps attributed to Fe3+
emerging (i.e., pressure-induced oxidation). Metal-metal charge transfer along the c-axis of the unit
cell between face sharing octahedra of Fe2+ and Ti4+ cations may be one , albeit, contentious ex-
planation for this [1,2]. If we consider the asymmetry in the relative intensities of the doublet to
be a result of an increase in the ferric-ferrous ratio from charge transfer (and not from texture ef-
fects or the GKE), then the following quantitative behavior is obtained. The Fe3+/Fe2+ ratio in the
heat treated sample as deduced from the theoretical fits to the data shows a gradual increase of 0.28
to 0.38 in the pressure range 0 GPa to 14 GPa, the highest pressure reached for that sample. The
phase abundance of the ferric component in the synthetic sample increases from 0 to 15% at 18.5
GPa, then seems to decrease at higher pressure as a structural transition ensues. A perovskite high
pressure phase initiates at ˜18 GPa corresponding to Fe2+ in dodecahedral coordination. It coexists
in ever increasing abundance, and over a wide pressure range with the corundum-type low-pressure
phase (i.e., sluggish transition at room temperature). The relative content of Fe2+ in the perovskite
phase increases at the expense of Fe2+ in the low-pressure ilmenite phase. The trend observed in
the abundances of the ferric and ferrous components of the ilmenite-corundum structure of the un-
treated natural sample is similar to what is seen in both the heat treated and synthetic samples. In
the low pressure region (up to 4 GPa), the Fe3+/Fe2+ ratio in the untreated natural sample increases
significantly and thereafter continues to increase into a “plateau”region. The ratio is ˜0.10 at ambient
conditions and ˜0.30 at 15 GPa, the highest pressure attained in the study of this sample.
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The spinel FeCr2S4 has been studied intensely during the past for its magnetic and orbital ordering
properties. Ferromagnetic coupling occurs between the B-site Cr. The A-site Fe2+ couples antifer-
romagnetically to the Cr sublattice. The ferrimagnetic order is driven by the Cr coupling. Recent
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muon spin rotation data [1] give strong evidence that the earlier claimed magnetic structures are in
fact more complex. The collinear ferrimagnetism found between the Curie temperature (165K) and
50K changes to an incommensurate, probably helical structure. Close to the ordering/reorientation
temperatures considerable spin disorder is detected. Below 10K orbital order is found.
Several attempts have been reported for an interpretation of the iron hyperfine spectra based on the
assumption of collinear magnetic structures. We present new experimental Mössbauer spectroscopic
data and a new strategy of analysis taking into account the magnetic correlation results obtained
from muon spin rotation. The influence on spectral shape by changing Jahn-Teller dynamics will be
discussed. Special emphasis is given to the interpretation of the spectra close to the spin reorienta-
tion near 50K and near the orbital ordering transition indicating the splitting of the orbital ground
state of Fe2+ and a possible formation of an orbital glass state.
[1] G. M. Kalvius et al., J. Phys.: Condens. Matter 22 (2010) 052205
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The natural mineral azurite Cu3(CO3)2(OH)2 represents a new type of low-dimensional frustrated
quantum spin system with a diamond spin chain as basis. From specific heat [1] there is evidence
for a phase transition at ca. 1.8 K which however is magnetically still ill-defined. Earlier muon
spin rotation experiments [2] have indicated a magnetic transition yet no systematic study has been
reported. We have performed zero field and transverse field muon spin rotation experiments at Paul
Scherrer Institut Villigen (Switzerland) in the temperature range from 0.02 K to 6 K on polycrystalline
powder and a single crystal. We could corroborate the appearance of magnetic order below 1.9 K
from spontaneous muon spin rotations with frequencies following a magnetization curve indicating
2-dimensional correlations. There is evidence for a further change in magnetic structure below about
500 mK. The ordered magnetic Cu moments can be estimated to be only on the order of some tenths
of a Bohr magneton in agreement with recent neutron scattering data [3].

References
[1] H. Kikuchi, et al., Phys. Rev. Lett. 94, 227201(2005).
[2] H. Kikuchi, et al., Progress of Theoretical Physics Supplement. 159, 1 (2005)
[3] K. Rule, et al., Phys. Rev. B 81 in print (2010)
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We have measured 57Fe emission Mössbauer spectra following 50 –60 keV implantation of radioac-
tive 57Mn+ ( s) at the ISOLDE facility at CERN into MgO single crystals held at 77 –647 K (Fig. 1).
This method allows us to study Fe impurities in concentrations <10-4 at.%. The central part of the
spectra (Fig. 1) shows lines from Fe2+ on distorted lattice sites, substitutional sites, and interstitial
Fe sites (see [1] for details). The wings of the spectra show what us in focus here; broad distributions
of magnetic hyperfine fields up to ˜52 T, evidently slowly relaxing paramagnetic Fe3+.
These have been analysed/simulated with an arbitrary number of Blume-Tjon (BT) sextets [2] (here
a minimum of five BT-sextets was needed, constrained by various common para-meters). The re-
laxation rate parameter W is allowed to vary with temperature. This parameter corresponds to a
spin-relaxation rate of , where is the energy of the Mössbauer state. The (common) change of the
BT-sextets is due to increasing values of W with temperature, which as found to increase to 1.5(9)
mm/s (assuming mm/s at 77 K). In this range the line shape of the BT-sextets is dominated by broad-
ening of the individual lines by . Figure 2 shows the relaxation rate obtained in this work compared
to the results based on EPR measured relaxation rates of dilute Fe3+ impurities in MgO [3]. A rea-
sonably good correlation between the two sets of data is obtained, demonstrating the possibility
of retrieving spin-lattice relaxation rates using Mössbauer spectroscopy without the application of
an external magnetic field. Other appli-cations of this technique will be given at this conference
[4].
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Lattice Location and Diffusion of Interstitial Fe in MgO
Author: Torben Esmann Mølholt1

Page 33



HFI/NQI 2010 / Book of Abstracts

Co-authors: A. Svane 2; D. Naidoo 3; G. Langouche 4; G. Weyer 5; H. Masenda 3; H. P. Gunnlaugsson 2; H. P.
Gíslason 6; K. Bharuth-Ram 7; K. Johnston 8; M. Fanciulli 9; R. Mantovan 10; R. Sielemann 11; S. Ólafsson 6; Y.
Kobayashi 12

1 University of Iceland
2 Department of Physics and Astronomy, Aarhus University
3 School of Physics, University of the Witwatersrand, South Africa
4 8Instituut voor Kern-en Stralingsfysika, University of Leuven, Belgium
5 Department of Physics and Astronomy, Aarhus University, Denmark
6 Science Institute, University of Iceland, Reykjavík, Iceland
7 School of Physics, University of KwaZulu-Natal, South Africa
8 PH Dept, ISOLDE/CERN, 1211 Geneva 23, Switzerland
9 Laboratorio MDM-IMM-CNR, Milano, Italy and Dipartimento di Scienza dei Materiali, Università di Milano Bicocca,

Milano, Italy
10 Laboratorio MDM-IMM-CNR, Milano, Italy
11 Helmholtz Zentrum, Berlin, Germany
12 The Institute of Physical and Chemical Research, Wako, Japan

Corresponding Author: tem4@hi.is

T. E. Mølholt1, R. Mantovan2, H. P. Gunnlaugsson3, K. Bharuth-Ram4, M. Fanciulli2,5, K. Johnston6,
Y. Kobayashi7, G. Langouche8, H. Masenda9, D. Naidoo9, S. Ólafsson1,
R. Sielemann10, A. Svane3, G. Weyer3, H. P. Gíslason1

1Science Institute, University of Iceland, Reykjavík, Iceland, e-mail: tem4@hi.is; 2Laboratorio MDM-
IMM-CNR, Milano, Italy; 3Department of Physics and Astronomy, Aarhus University, Denmark;
4School of Physics, University of KwaZulu-Natal, South Africa; 5Dipartimento di Scienza dei Mate-
riali, Università di Milano Bicocca, Milano, Italy; 6PH Dept, ISOLDE/CERN, 1211 Geneva 23, Switzer-
land; 7The Institute of Physical and Chemical Research, Wako, Japan; 8Instituut voor Kern-en Stral-
ingsfysika, University of Leuven, Belgium; 9School of Physics, University of the Witwatersrand,
South Africa; 10Helmholtz Zentrum, Berlin, Germany.

3d-metal doped MgO has been suggested as a model system for dilute magnetic semi-conductors
[1]. However, the physics of 3d-metal impurities is poorly understood [2,3]. We present an 57Fe
emission Mössbauer study on dilute Fe impurities in single-crystalline MgO (77 –649 K) following
implantation of radioactive 57Mn+ (T½ = 85.4 s) at the ISOLDE facility at CERN. Due to the recoil
imparted on the daughter 57*Fe atoms in the β–decay ( 40 keV) interstitial 57mFe atoms are created.
Figure 1 shows the central part of the measured Mössbauer spectra at different temperatures (see [3]
for details). At low temperatures the central part is dominated by an asymmetric quadrupole doublet
(red) assigned to Fe in heavily damaged/amorphous regions caused by the implantation. At high
temperatures the spectra are dominated by a single line (pink) assigned to Fe2+ on substitutional
Mg sites. During the fitting procedure a single line had to be introduced, the line of interest her,
which is attributed to interstitial Fe (blue). The wings of the spectra show a magnetic sextet structure
assigned slowly relaxating Fe3+ (green); more details of this component are described elsewhere [4].
The interstitial line exhibits a broadening at elevated temperatures which can be associated with
diffusional jumps of interstitial Fe on the time-scale of the decay lifetime of the Mössbauer state (140
ns). A diffusion coefficient of D = 1.4(3)×10-9 cm2/s at 300 K is thus obtained. This value is orders
of magnitude higher than suggested for vacancy-assisted Fe diffusion in MgO [5]. However, there
is experimental evidence for a fast diffusion of 3d-metal impurities in MgO [2,3]. The Mössbauer
parametres of the interstitial Fe are in good agreement with theoretical calculations for interstitial
Fe atoms is located at the face of the rock salt fcc MgO crystal structure.
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Mössbauer Spectroscopy is extremely sensitive to minute changes in the chemical environment and
provides a means of investigating the chemical states in which atoms reside with incredible reso-
lution. Since iron is common in virtually all clays, Mössbauer spectroscopy provides a method to
analyse many of the chemical states within ceramics. This technique has become an increasingly
useful tool to archaeologists and also questions related to the provenance and manufacture of an-
cient pottery. For the present study, the archaeological pottery samples from Modur (Lat 12º 13’
N; Lon 78º 10’E) and Andipatti (Lat 12º 13’N; Lon 78º 44’E), Tamilnadu, India, have been subjected
to Mössbauer spectroscopic and mineral magnetic measurements. A knowledge of the state of the
iron in fired potteries, under which conditions, it was fired, like the firing temperature, the oxidizing
or reducing character of the kiln atmosphere and colouring mechanism has been well established.
Rock magnetic measurements have also been carried out in order to identify the magnetic miner-
als present, which are responsible for the record of ancient geomagnetic field intensity. From the
suitable samples the paleointensity values are estimated.

Keywords: Mössbauer, Magnetic properties, Pottery shreds
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The DTA measurements of the title compound 4-NH2PyHSbI4 (Py = C5H4N) have revealed that the
compound can exist in two modifications of β- and α-phases at room temperatures as shown in
Fig. 1. The stable β-phase transformed to the meta-stable α-phase by heating above ca. 362 K and
successive cooling. The α-phase further underwent a first-order phase transition of α(I)-phase ↔
α(II)-phase at ca. 272 K (on heating). Corresponding discontinuities were observed on the 1H NMR
T1 curves at these temperatures.
Though the crystal structures have not yet been clarified for these phases, the observed resonance
lines due to 127I NQR (m = ±1/2↔±3/2) may be assigned to the terminal and the bridging I atoms
by considering their frequencies, indicating an existence of one dimensional infinitive anion chain
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structures formed of SbI6 octahedra. The β-phase was characterized by two higher-frequency lines
of the terminal I atoms around ca. 136 MHz and two lower-frequency ones of the bridging I atoms
around ca. 114 MHz throughout the measured temperatures (Fig. 2). Meanwhile no NQR signals
were observed in the α(I)-phase, but two signals, assignable to the terminal and the bridging I atoms
respectively, were observed in the α(II)-phase between 77 K and ca. 240 K, above which the disap-
pearance of the signals occurred (Fig. 2).
The second moment M2 values of 1H NMR spectra at 290 K showed that the 4-NH2PyH+ cations
resided in the rigid lattice with 8 G2 in the β-phase but in the α(I)-phase the M2 value largely reduced
to 2 G2, suggesting that the cations rotate about an axis more symmetric than pseudo 3-fold axis.
On the other hand, the cations in the α(II)-phase may reside in the rigid lattice as judged from the
T2* values. The activation energy of 21 kJ mol-1 was estimated for the reorientational motion in the
α(I)-phase from the 1H NMR T1 measurements (Fig. 3).
The results of 127I NQR as well as of 1H NMR indicate a similarity on the structures of the β-phase
and the α(II)-phase to those of the low-temperature phase and the room temperature phase of 4-
NH2PyHSbBr4 [1,2], respectively.
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One of the main obstacles to the technical application of many wide-gap semiconductors represents
the difficulty to achieve reliable and sufficient p-type or n-type doping. Possible causes are the
electrical compensation of dopants by native defects or other impurities present in the material.
For the II-VI semiconductors CdTe, ZnTe, and ZnSe it has been shown [1,2] by perturbed Gamma-
Gamma angular correlation spectroscopy (PAC) that the concurrent presence of In donors and group-
V acceptors leads to the formation of neighboring donor-acceptor pairs. In case of ZnO, the affinity
to form donor-acceptor complexes may help to overcome the limitations of p-type doping of this
material as outlined in the theoretically proposed concepts of cluster-doping [3] or co-doping [4].
Here, we report on PAC results obtained by co-doping experiments of ZnO using the donor 111In
and different group-V acceptors. Fig. 1 shows a PAC spectrum obtained after the implantation of
ZnO with 111In and P and after annealing at 850 K. Besides the lattice electric field gradient (EFG)
due to the wurtzite structure of ZnO (nQ Lattice = 31 MHz), two additional EFG caused by the
formation of In-defect complexes are observed. They are characterized by two slightly different
nearly axially symmetric EFG with nQ1 = 175(1) MHz (Eta = 0.1) and nQ2 = 155(2) MHz (Eta = 0).
Due to the wurtzite structure of ZnO having different nearest neighbor distances along the c axis and
in the basal plane, respectively, even for identical defect complexes two different EFG are expected to
occur. The magnitudes of the EFG observed here are similar to that of the EFG known for In-acceptor
complexes in other II-VI semiconductors [1,2]. The nature of the defects in ZnO and the efficiency
of different co-doping procedures will be discussed.
The results of first PAC experiments on the formation of donor-acceptor complexes using group-VII
donors in ZnO utilizing the radioactive donor 77Br will be discussed, as well.

This work has been supported by the Bundesministerium für Bildung und Forschung (BMBF) under
contract no. 05KK7TS1.
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In the several last years, molybdenum oxide has attracted attention because of its potential ap-
plications in gas sensing devices, optically switchable coatings, catalysis, etc. Besides the above-
mentioned attractive physical and optical applications, if another degree of dimensionality in terms
of magnetic properties could be induced in the system by doping some magnetic impurity, the result-
ing device would be a boost to the existing MoOx based technology. This is the aim of this study.
Well characterized thin films of undoped and Fe (0–5 at. %) doped MoO2 were grown on c-plane
sapphire single crystal substrates by pulsed laser ablation technique [1,2]. The near edge X-ray ab-
sorption fine structure (NEXAFS) measurement at O K, Mo M3,2, Fe L3,2-edges, and X-ray Magnetic
Circular Dichroism (XMCD) at Fe L3,2-edges have been carried at the ID08 beam line of the European
Synchrotron Radiation Facility to understand the electronic structure changes, relative stability of
cation distributions and the responsible magnetic interactions at room temperature. The O K-edge
NEXAFS spectra reveal that the intensity of O 2p–Mo 4p hybridized states changes with the Fe dilu-
tion and can be interpreted in terms of competition between hybridization of Mo 4p and Fe 3d with
O 2p orbitals. The Mo M-edges exhibit a signature of mixed valance Mo4+/Mo5+ ions. The Fe L3,2
absorption spectra shows a similar spectral profile; on the other hand, the XMCD spectra show the
characteristic fine structure with ferromagnetic ordering at room temperature. These differences are
attributed to the variety of 3d electron configuration of Fe ions (Fe2+/Fe3+) and the local symmetry
(tetrahedral/octahedral) [3]. The cation distributions at different sites exhibit a significant variation
with the change in iron concentration indicating the strong correlations between charge and spin of
the electrons.
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The M(n+1)AXn (MAX) phases, where n is 1, 2 or 3, are nanolaminated layered hexagonal carbides
and nitrides, which feature an unusual set of attributes of both metals and high-performance ce-
ramics. Theses intermetallic compounds can be good electrical and thermal conductors, behave
elastically stiff as well as high thermal shock resistant and damage tolerant. To investigate the lo-
cal structure of these phases, the technique of perturbed angular correlation (PAC) was used for
material characterization beside X-ray diffraction and electron microscopy. Radioactive 111In ions
were implanted at 400 keV into the samples, sensing as spies their local environment via hyperfine
interactions. The PAC technique was applied to the 211-MAX phases Ti2InC, Zr2InC and Nb2InC
to determine strength and symmetry of the electric field gradients (EFG) as a fingerprint for probe
atoms on the A-site. In each material an axially symmetric EFG was found with a characteristic
quadrupole coupling constant varying between 200 MHz and 350 MHz. Regarding to the question
of lattice location we demonstrate that the In-probes occupy the A-site since In is the self-atom on
the unique A-site in these phases and by comparing the experimental results with ab initio DFT
calculations using the FP-LAPW+LO method implemented in the WIEN2k package.
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Piperidine and pyrrolidinium molecules form two kinds of O—H—N type hydrogen bonding with a p-
bromobenzoic acid in each crystal. These crystals take the same space group of Pbca as piperidinium
and pyrrolidinium p-chlrobenzoate (abbreviated to PIC(H) and PYC(H)) crystals[1-3]. Deuterium
substitution samples of piperidinium and pyrrolidinium p-chlrobenzoate-d2 (PIC(D) and PYC(D))
have shown anomalous H/D isotope effects: large shifts of 35Cl NQR frequencies reaching to ca.
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290 kHz have been recorded, although Cl atoms makes no hydrogen bond in the crystals. In addi-
tion, 1H MAS NMR lines have displayed significant changes, while in contrast, little shifts of 13C
CP/MAS NMR signals have been obtained[1,2]. Since it is expected that anomalous H/D isotope
effects are also detected in piperidinium and pyrrolidinium p-bromobenzoate, 79Br NQR and 1H
MAS spectra measurements were carried out. Piperidinium and pyrrolidinium p-bromobenzoate
(PIB(H) and PYB(H)) were prepared by adding piperidinine and pyrrolidine to a hot benzene solu-
tion of p-bromobenzoic acid and by evaporating the solvent. The crude specimens obtained were
recrystallized from benzene. PIB(D) and PYB(D) were prepared by crystallizing three times from a
hot CH3OD and recrystallization from dried benzene. Measurements of 79Br NQR frequency were
performed using a handmade super-regenerative spectrometer. Solid-state high-resolution 1H MAS
NMR experiments were carried out at a Larmor frequency of 600.13 MHz with a Bruker Avance 600
spectrometer. The samples were packed in a ZrO rotor with an outer diameter of 2.5 mm and the
spinning rate was kept at 30 kHz through the acquisition of FID. Temperature dependences of 79Br
NQR frequencies obtained for PIB(H) and PIB(D) are shown in Fig. 1. Small H/D isotope shifts of
ca. 70 kHz were recorded although large 35Cl NQR shifts have been detected for PIC[1]. Moreover
1H MAS NMR spectra of PIB and PYB showed little changes by deuterium substitution. In order to
reveal these differences between PIB, PIC, PYB and PYC, DFT calculations were carried out using the
Gaussian 03w computer program. DFT estimation suggests that H/D changing of atomic arrange-
ments contribute to EFG of Br atoms and shielding tensors of H atoms. References[1] R Nakano,
H. Honda, T. Kimura, et. al., Hyperfine Interactions, 181, 59-68 (2008).[2] R Nakano, H. Honda, T.
Kimura, et. al., Bull. Chem Soc. Jpn., in press (2010).[3] S. Kashino, Y. Sumida, M. Haisa, Acta Cryst.,
B28, 1374(1972).
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Summary:

Temperature dependences of 79Br NQR frequencies obtained for PIB(H) and PIB(D) showed small H/D
isotope shifts of ca. 70 kHz, although large 35Cl NQR shifts have been detected for PIC. Moreover 1H
MAS NMR spectra of PIB and PYB showed little changes by deuterium substitution. DFT calculations
with the Gaussian 03w computer program suggests that H/D changing of atomic arrangements con-
tribute to EFG of Br atoms and shielding tensors of H atoms.
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Nanolaminated layered ternary carbides and nitrides, the so called M(n+1)AXn phases where M
is an early transition metal, A an A-group element (mostly IIIA and IVA), X either carbon and/or
nitrogen and n = 1-3, have attracted great attention recently. By now over 60 compounds are known
which feature a unique combination of the best attributes of both metals and high-performance
ceramics. This class of materials possesses for instance good electrical and thermal conductivities
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as well as considerable damage tolerance and high temperature oxidation resistance. The method
of perturbed angular correlation (PAC) was chosen for material characterization complementary to
X-ray diffraction and electron microscopy. The PAC technique was applied in extension to previous
experiments on In-containing Ti2InC and Zr2InC (see first abstract) for the first time to Nb2AlC,
Nb2AsC, Ti2AlN and Cr2GeC. R(t) spectra were taken after different annealing steps to determine
strength and symmetry of the electric field gradients (EFG) as a fingerprint for probe atoms on a
specific lattice site and local surrounding. Each material showed axially symmetric EFGs similar to
the ones found in the indium containing phases. Consequently we assume that these EFGs are due to
probes occupying the A-site. This assumption is supported by ab initio DFT calculations using the FP-
LAPW+LO method implemented in the WIEN2k package. During the course of annealing in some
of the MAX phases, other smaller EFGs appeared which might be explained by probes on the M-site.
To verify this prediction further calculations are needed and planned for the near future.
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57Fe hyperfine parameters may be used to additionally characterize a quality of iron-containing
pharmaceutical products. Therefore, we studied, using a high velocity resolution Mössbauer spec-
troscopy, several commercially available medicaments containing ferrous fumarate (FeC4H2O4) and
ferrous sulfate (FeSO4) as a source of ferrous iron. It was shown earlier that Mössbauer spectroscopy
with a high velocity resolution gives a better accuracy of hyperfine parameters evaluation, hence it
enables revealing of small variations in their values [1, 2]. In this study, Mössbauer spectra of var-
ious samples were measured in 4096 channels at room temperature using a spectrometric complex
described elsewhere [3, 4]. The spectra of the samples containing ferrous fumarate were presented
for their analysis in 2048 channels by consequent summation of 2 neighboring channels, while those
of other samples were analyzed in 4096 channels. As example, the spectrum of Sorbifer Durules
(FeSO4) is shown in Fig. 1. The analysis of the spectra recorded on the samples containing FeSO4
revealed a presence of one main and two minor ferrous compounds, whose hyperfine parameters
are shown in Fig. 2. It is interesting to observe small differences of the hyperfine parameters for the
main component (FeSO4). Similar differences in the hyperfine parameters of the main component
(FeC4H2O4) were found for the samples containing ferrous fumarate. They may have their origin
both in the production process as well as in ingredients used by different producers.
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Summary:

Emission-channeling (EC) is a powerful experimental technique to pin down the exact site of atoms in
a crystal lattice [1]. For EC typically radioactive isotopes are implanted that subsequently emit alpha or
low-energy beta particles or conversion electrons. Unfortunately several elements have no radioisotope
with suitable half-life and charged particle energies. However, if the element in question has an isotope
with high cross-section for thermal neutron-induced proton or alpha emission, these charged particles
can be produced by exposing the sample to an intense neutron flux. This technique was explored already
30 years ago by Biersack et al. at Institut Laue Langevin [2,3]. However, then the 2D particle detector
covered only a fraction of the solid angle of the EC pattern and a measurement of a total EC pattern
required the lengthy separate measurement and subsequent overlay of tens of spectra.
Today, modern silicon pixel detectors can cover the entire EC pattern in a single measurement. We will
present results of the first use of the TimePix detector for thermal neutron induced charged particle
emission channeling measurements. The semiconductor pixel detector TimePix (256 x 256 pixels) is a
successor of the Medipix2 device. Timepix pixels can be operated in the so-called Time-over-Threshold
(TOT) mode allowing direct measurement of the energy deposited in each pixel [4].
We observed EC patterns with bulk LiF crystals (with 6Li at its natural isotopic composition of 7.5%)
and in highly 10B doped diamond. The latter samples become superconducting at a Tc of several K [5].
Today intense 7Be beams can be produced at ISOLDE-CERN, allowing the doping of samples with several
1015 atoms of 7Be within few hours [6]. We also studied the EC patterns of ZnO implanted with 7Be at
ISOLDE.
Clear EC patterns could be observed for all these samples.
Prospects for lattice location studies of beryllium and boron by neutron-induced charged particle EC in
a variety of materials will be discussed.
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The perturbed angular correlations (PAC) spectroscopy has been used to study the DNA, using
111In(111Cd) probe nucleus. The biological molecules studied were DNA of different mice lineages
(A/J, C57BL/6, B6AF1, BXA1 and BXA2) infected by the strain of T. cruzi. This parasite may cause
the Chagas disease when transmitted to humans. One of the advantages of applying PAC technique
to biological molecules is that the experiments can be carried out on molecules in aqueous solution,
approaching the function of molecules under conditions that are close to in vivo conditions. The
samples were measured at the room temperature and at 77 K in each case. The samples measured at
room temperature showed dynamic interaction with fast relaxation of the quadrupolar interaction
A/J (� = 7.6372 MHz); C57BL/6 (� = 8.7097 MHz); B6AF1 (� = 8.8570 MHz); BXA1 (� = 18.0240 MHz)
and BXA2 (� = 15.9304 MHz), resulting in an exponential decay of the PAC spectra. The samples
measured at the liquid nitrogen temperature on the other hand showed quite slow relaxation (� ˜ 0)
of the quadrupolar interaction or only static interactions as expected at low temperatures: A/J (�Q =
141.975 MHz); C57BL/6 (�Q = 147.694 MHz); B6AF1 (�Q = 147.681 MHz); BXA1 (�Q = 217.346 MHz)
and BXA2 (�Q = 221.828 MHz). The results showed, qualitatively, the existence of dynamic interac-
tions between biomolecules and the probe nuclei. A systematic variation of the rotational diffusion
parameter was observed that depends on the type of molecule and the sample temperature, showing
that probe nuclei were in fact bound to the biomolecules.

Are you a student, a delegate from developing countries or a participant with physical needs and would
like to apply for a sponsored accomodation. Please answer with yes or no.:

Yes

Please specify whether you would prefer an oral or poster contribution.:

I would like an poster contribution

SEMICONDUCTORS, METALS AND INSULATORS / 59

PAC study of the dynamic hyperfine interactions at 111In-doped
Sc2O3 semiconductor and comparison with ab initio calculations

Author: Emiliano Luis Muñoz1

Co-authors: Arthur Wilson Carbonari 2; Diego Richard 3; Leonardo Antonio Errico 4; Mario Rentería 3

1 Departamento de Física e Instituto de Física La Plata (IFLP, CONICET-UNLP), Facultad de Ciencias Exactas, Univer-
sidad Nacional de La Plata, CC 67, 1900 La Plata

2 Instituto de Pesquisas Energéticas y Nucleares-IPEN-CNEN/SP, São Paulo, Brazil
3 Departamento de Física e Instituto de Física La Plata (IFLP, CONICET-UNLP), Facultad de Ciencias Exactas, Univer-

sidad Nacional de La Plata, CC 67, 1900 La Plata, Argentina.
4 Departamento de Física e Instituto de Física La Plata (IFLP, CONICET-UNLP), Facultad de Ciencias Exactas, Univer-

sidad Nacional de La Plata, CC 67, 1900 La Plata, Argentina. Universidad Nacional del Noroeste Bonaerense
(UNNOBA), Monteagudo 2772, 2700 Pergamino, Buenos Aires, Argentina.

Page 42



HFI/NQI 2010 / Book of Abstracts

Corresponding Author: munoz@fisica.unlp.edu.ar

The combined experimental and theoretical approach based on electric-field gradient (EFG) deter-
minations by means of hyperfine interaction measurements and ab initio predictions at impurity
atoms has been shown to be a powerful tool to unravel structural and electronic characterizations
of impurities in solids, in particular in semiconductor oxides [1-3]. In this work, PAC experiments
using 111In-difussed Sc2O3 polycrystals have been performed at the IPEN facility in order to mea-
sure the Electric-Field Gradient (EFG) at (111In (EC)–>) 111Cd nuclei located at the cation site of
the semiconductor lattice. The experimental results are compared with ab initio calculations per-
formed with the Full-Potential Augmented Plane Wave plus local orbital (FP-APW+lo) method in
the framework of the Density Functional Theory (DFT). The PAC experiments were carried out in
the temperature range 10 K –900 K. The PAC spectra obtained in these measurements shows two
very well-defined quadrupole frequencies along the whole temperature range, pointing to the fact
that 100% of the probes are located at both nonequivalent cation sites of the bixbyite structure. Nev-
ertheless, the spectra are dampened at certain intermediate temperatures, indicating the presence of
dynamic hyperfine interactions that were analyzed with a perturbation factor based on the Bäver-
stam and Othaz model [4,5]. The FPAPW+lo calculations were performed using the Wien2K code.
From the ab initio-experimental comparison, we can conclude that the Cd impurities localized at the
axially symmetric D sites of the crystal structure do not present dynamic interactions while that the
Cd probes localized at the asymmetric C sites present appreciable dynamic interactions attributed to
the so-called after-effects that follow the electron-capture decay of the 111In parent isotope of the
111Cd impurity tracer. This scenario could be supported in terms of the EFG behaviour, predicted
by the ab initio calculations, at Cd impurities as a function of the charge state of the impurity located
at the different cation sites of the structure.
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A pressure, temperature and magnetic field effect was studied in the superconducting FeSe.
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A pressure and temperature effect was studied in the Fe partial phonon density of states by 57Fe nuclear
resonant inelastic scattering (NIS) in the superconducting Fe1.01Se. We found i) no pronounced changes
across the tetragonal –orthorhombic phase transition and ii) a hardening of the phonon spectrum as
a function of pressure in the superconducting phase. We conclude that the strong increase of Tc in
Fe1.01Se with pressure [1] cannot be described in the framework of classical electron-phonon coupling,
for instance, in the McMillan formalism. This result suggests the importance of both lattice and spin
fluctuations in the observed superconductivity [2].
Mössbauer spectroscopic studies were done at ambient and high pressure. Temperature dependence
of the Mössbauer-Lamb factor in Fe1.01Se was measured across the tetragonal-orthorombic structural
phase transition at ca. 95 K. It has been shown that the orthorhombic phase is slightly softer that the
tetragonal one.
Among other factors which could be responsible for Tc enhancement in Fe1.01S under pressure is the
behavior of electronic density of states at the Fermi level. Indirectly the information about the electronic
density at the Fe sites bears the isomer shift on 57Fe nucleus. We observe a decrease in the isomer shift
in the tetragonal phase of Fe1.01Se which corresponds to increase in s electron density at Fe nucleus
under pressure. We discuss several mechanisms by which core electron contribution can be altered by
pressure.
Mössbauer measurements in the external magnetic field below the transition to the superconducting
state revealed zero electron spin density on Fe atoms in Fe1.01Se and FeSe0.5Te0.5. Interpretation of
Mössbauer spectra of Fe1.01Se and FeSe0.5Te0.5 in the Shubnikov phase will be discussed [3].

[1] S. Medvedev, T.M. McQueen, I. Trojan, T. Palasyuk, M.I. Eremets, R.J. Cava, S. Naghavi, F. Casper,
V. Ksenofontov, G. Wortmann, C. Felser, Nature Mater. 8, 630 (2009).
[2] V. Ksenofontov, G. Wortmann, A.I. Chumakov, T. Gasi, S. Medvedev, T.M. McQueen, R.J. Cava, and
C. Felser, Phys. Rev. B (accepted).
[3] V. Ksenofontov, G. Wortmann, T. Gasi, J. Deisenhofer, V. Tsurkan and C. Felser (in preparation).
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In the last years, ab initio calculations performed in the framework of the Density Functional Theory
(DFT) have been successfully applied to the study of doped oxide semiconductors. The Full-Potential
Augmented Plane Wave plus local orbitals (FP-APW+lo) method enables to determine the Electric-
Field-Gradient tensor (EFG) at impurity sites localized in cation sites of the host structure with very
good precision. From an ab initio - experimental study, the electronic structure and structural re-
laxations produced by the inclusion of the Perturbed Angular Correlation (PAC) tracers in the host
system can be determined [1,2,3] . In this work, we present PAC results in polycrystalline ZnO
semiconductor implanted with (181Hf→)181Ta probes. The FP-APW+lo calculations in Ta-doped
ZnO were carried out using the supercell method and varying self-consistently the charge state of
the impurity. Ta is a triple donor impurity with respect to Zn2+ in ZnO and thus it can loose 1, 2
o 3 donor electrons under certain circumstances. The comparison between the experimental EFG
results and our ab initio predictions suggests that the Ta impurity may be in a completely ionized
charge state, i.e., with the 3 donor electrons removed from the impurity.
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Summary:

Boracite Fe3B7O13(OH) is a new ion oxide synthesized by hydrothermal method [1]. The crystal struc-
ture is trigonal (R3cH) with the lattice constants of a=8.590Å and c=21.107Å (hexagonal notation) at
room temperature. Iron ion, Fe2+, occupies a pentahedral site. Three pentahedrons share the upper
corner, which is probably occupied by OH- ion [2,3], and thus three Fe2+ ions form a triangular cluster
in the c-plane. The material is an antiferromagnet with TN=4.9K. Ising-like behavior is observed [1].
In order to investigate the local structure and the magnetic structure, we have applied 57Fe Mössbauer
spectroscopy. The spectra were measured in conventional transmission geometry by using 57Co-in-Rh
as the γ-ray source. The powdered specimen was used as an absorber.
The paramagnetic spectrum at 293K is shown in Fig.1. The spectrum is composed of a paramagnetic
doublet with sharp line widths (0.24mm/s), indicating that there is only one crystallographic Fe site.
The room-temperature value of isomer shift (IS) is 1.16mm/s, which indicates that the Fe ions are in
high spin Fe2+ state. The quadrupole splitting (QS) is very large (3.21mm/s) due to the valence electron
contribution. The spectrum at 4.2K, just below TN, is shown in Fig.2. The spectrum is a well-resolved hy-
perfine sextet with sharp line widths (0.30mm/s), indicating that the hyperfine field (Hhf) glows rather
rapidly below TN. We can obtain the best fit curve with the parameters; IS=1.29mm/s, QS=3.52 mm/s
Hhf=3.6T, asymmetry parameter η=0.5, and Euler angles θ=20º and φ=0º. By evaluating the principal
axis of electric field gradient (EFG) from the lattice contribution, we can deduce that each three Fe2+
magnetic moment is directed from Fe2+ ion to OH- ion. Taking into account that the system is anti-
ferromagnetic as a whole, a probable magnetic structure is 6-sublattice model, which is consistent with
that derived from the static magnetic properties [1].
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[1] H. Sato, et al., in preparation.
[2] D. Andreica, et al., Ferroelectrics, 204 (1997) 73.
[3] U. Werthmann, et al., Z.Kristallogr.215 (2000) 393.
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151Eu Mössbauer study of phonon softening in ferroelectric EuxBa1-xTiO3.
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The ferroelectric EuxBa1-xTiO3 system is being studied as part of a project to search for the permanent
electric dipole moment of the electron [1]. Part of this work involves understanding the materials prop-
erties of the system. Doping BaTiO3 with europium drives the ferroelectric transition down from 278
K [2] at x=0, to 0 K by x<0.75. The Eu-doped materials are weakly conducting, so detecting the ferro-
electric transition by either capacitive methods or bulk susceptibility is difficult, however the phonon
mode softening that accompanies the formation of the orthorhombic ferroelectric phase leads to a char-
acteristic reduction in the Mössbauer-Lamb (or “f”)–factor [3]. 151Eu Mössbauer measurements on two
samples of Eu0.5Ba0.5TiO3 have confirmed the presence of the phonon mode softening centred at 180
K, but also revealed an unexpected result. The signal from divalent europium (Eu2+) dominates the
spectra of both samples; however, we found that 9-12% of the europium was present as Eu3+. While ini-
tially ascribed to unreacted Eu2O3, neither xrd nor neutron diffraction showed any evidence for this, or
any other trivalent europium impurity. More surprisingly, the temperature dependence of the f-factor
shows a much stronger response in the Eu3+ component than in the Eu2+ one, clearly indicating that
the trivalent europium is present within the Eu0.5Ba0.5TiO3 phase and ruling out any possibility of
phase separation or impurity effects. Preliminary analysis of neutron powder diffraction data rules out
the possibility that some of the europium might be located on titanium sites and the origins of the en-
hanced phonon softening at the Eu3+ site remain unclear.
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Magnetic and electric transport studies have been made on cerium-calcium substituted perovskites
La1-2xCexCaxMnO3 for x = 0.05, 0.10 and 0.15, prepared by solgel method. Magnetization and elec-
trical measurements are reported in the temperature range 20K –300K and in fields upto 8 kOe and
2K –300K and in fields upto 14 T respectively. All the samples undergo paramagnetic to ferromag-
netic transition. Among the Ce/Ca substituted samples LCeCaM15 is highly disordered. Addition of
10 atomic% Ca into 10 atomic% Ce substituted system drives the FM state towards a more disordered
one and when in place of 10 atomic% Ce, the substitution is of 5 atomic% Ce and 5 atomic% Ca, the
system shows up to be far better FM ordered. In the series La1-2xCexCaxMnO3 no upturn is seen in
resistivity but there is only a slight tendency of increase at ˜30K [Figure 1]. This would mean that in
the Ce/Ca substituted samples, of the two competing factors –decreasing scattering with lowering of
temperature leading to reduction in resistivity and spin polarized tunneling leading to enhancement
of resistivity - the factor of decreasing scattering overtakes. In insulating regions of all the samples,
at temperatures above the M –I transition points, conduction is controlled by variable range hopping
and at higher temperatures small polaron hopping mechanism is operative [1]. Values of activation
energy are much smaller those reported in other substituted manganites [2]. The magnetoresistance
(MR), plot shown in Fig. 1 as a function of temperature, is observed to be negative and large. For all
the three samples, under 5 T field it is as high as ˜40% at temperatures close to I –M transition and
under 14 T the maximum is ˜68% for LCeCaM05. At 300K and under 5 T field it is close to 15% for
all the samples.
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InGaN based LEDs show a high luminous efficacy despite a high defect concentration. These de-
fects, mainly threading-dislocations that form during the growth of GaN films would normally lead
to nonradiative recombination of excitons. However, it seems that such non-radiative recombina-
tion is efficiently suppressed in In-containing alloys. The role of indium in GaN and AlN films is
investigated with the method of the perturbed angular correlation (PAC) using PAC probe 111In. In
addition to In on substitutional Ga sites we observe an In-Nitrogen-vacancy (VN) defect complex,
that could be a competing exciton trap and may be involved in the processes leading to the high
efficacy. The observed In-VN complex is stable up to high temperatures, but is masked above 400 K
[1]. This can be explained by assuming that the Cd-VN complex which is formed after the electron
capture (EC) decay of 111In to 111Cd disintegrates during the time the nucleus spends in the 417 keV
level preceding the PAC cascade. The same complex was observed in AlInN where the characteristic
signal is even more pronounced than in GaInN. To rule out the possible influence of an after effect
and to confirm the assumption that nitrogen vacancies are not bound to substitutional Cd impurities,
additional measurements with 111mCd and 117Cd were performed at the ISOLDE facility. An after
effect can occur, when after the EC a hole remains in the electron shell. Additional electron-gamma
measurements are presented, to confirm the nonexistence of such an effect. The PAC measurements
are complemented by Rutherford backscattering/channeling and X-ray diffraction to investigate the
lattice site location of the implanted probes and the recovery of implantation damage by thermal
annealing.
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Three hydrogen bonded organic systems: phenazine–chloranilic acid (1:1), 1,2-diazine–chloranilic acid
(2 : 1) and 2,3,5,6-tetra(2’-pyridyl)pyrazine-chloranilic acid (1:2) have been recently studied by 14N nu-
clear quadrupole resonance (NQR). Several 1H-14N nuclear quadrupole double resonance techniques
have been used to obtain the 14N NQR spectra.
In phenazine-chloranilic acid (1:1) the 14N NQR parameters suggest that donor orbital populations of
the two nitrogen atoms in a phenazine molecule become nonequivalent in the ferroelectric phase below
Tc = 253 K, while they are both equal in the paraelectric phase. In the deuterated compound besides
the ferroelectric transition at Tc = 286 K, a neutral to ionic transition was found at T = 188 K associated
with the proton transfer from chloranilic acid to phenazine.
Protons involved in the H-bond system in 1,2-diazine–chloranilic acid (2 : 1) are assumed to be in jump-
ing motion in the double-minimum potential corresponding to the two extreme electronic states of O-H
⋯N and O-⋯H-N+. The 14N nuclear quadrupole coupling tensor is used to determine the population
of the states. The NQR data suggest that not only the population but also the electron distribution of
the extreme electronic states itself changes with temperature.
The complete 14N nuclear quadrupole resonance spectrum has been measured in ferroelectric and para-
electric 2,3,5,6-tetra(2’-pyridyl)pyrazine-chloranilic acid (1:2) The quadrupole coupling tensors are as-
signed to various nitrogen positions in the crystal structure. Two types of asymmetric N-H⋯N hydro-
gen bonds are observed in the ferroelectric phase. A slow dynamics influencing the 14N NQR spectrum
and relaxation has been observed in the paraelectric phase. The analysis of the 14N NQR spectra in the
paraelectric phase shows that above Tc each hydrogen bond exchanges between the two types observed
in the ferroelectric phase. The change of the type of hydrogen bond is associated with the transfer of
protons within the bond.
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The thermal behavior of hafnium oxide fiber has been investigated with the help of Time Differential
Perturbed Angular Correlation
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Summary:

The thermal behavior of hafnium oxide fiber has been investigated with the help of Time Differential
Perturbed Angular Correlation (TDPAC) technique along with XRD and SEM measurements. The HfO2
fiber of diameter 6-7µm and density 1.21 gm/cc was neutron-irradiated to produce the indigenous probe
181Hf/181Ta for TDPAC measurement, annealed at different temperatures and then counted on a TD-
PAC set-up [1] at RT. A typical TDPAC spectrum for HfO2 fiber annealed at 1673K is shown in fig1.
TDPAC parameters, shown in table-1, remain almost same in all the cases indicating the structural iden-
tity. Only a meager increment in �-values indicates a little loss in crytallinity in the samples annealed
at higher temperature. The TDPAC parameters for HfO2 fiber are also in good agreement with that for
bulk HfO2. XRD spectra also remain same except a little broadening of the peaks at 1673K. It indicates
that the fiber can retain its physical integrity almost intact even at 1673K. SEM measurement of the
fiber indicates that the diameter of the fiber is not changed up to 1673K. Hence the HfO2 fiber has high
thermal stability and stable lattice structure up to 1673K. The porosity of the material and hence the
diffusion-efficiency of the fiber are also not hampered even at 1673K.This indicates the suitability of this
material to be used as the target material for Radioactive Ion Beams [2]. However, a small increase in
the frequency distribution may be attributed to the minor structural change with temperature. Litera-
ture [3] indicates a phase transformation from monoclinic to tetragonal HfO2 taking place above 1443K.
However in this present work we could not find any structural change up to 1673K. It implies that either
it has not undergone any phase transition or the phase transition is reversible.
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The role of Zr atoms, belonging to the same group of Ti & Hf, on the quadrupole interaction of 181Ta
in the rutile modification of TiO2 has been investigated
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Rutile TiO2 has a tetragonal structure with space group P42/mnm. In this, the Ti atom is surrounded by
eight O atoms as the nearest neighbors in an octahedral geometry. In the next layer there are eight Ti
atoms in the corner of the tetragon. In the TDPAC measurement, the 181Hf/181Ta used as the probe is
expected to replace the Ti atom in the lattice. The resultant EFG arises due to the interaction between
the probe and the surrounding O and Ti atoms. When the probe concentration is on a trace level, there
are no two probe atoms nearby to influence each other. In the present work, we investigated the role
of Zr atoms, belonging to the same group of Ti & Hf, on the quadrupole interaction of 181Ta in the
rutile modification of TiO2. Zr doped (up to 10 atom %) TiO2 was prepared by following the method
described elsewhere [1]. Co-precipitation of Ti-hydroxide along with Zr and 181Hf tracer was carried
out by the addition of ammonium hydroxide to the solution containing Ti+4 and the desired amount of
Zr+4 along with the tracer 181Hf. Data acquisition was carried out by the coincidence setup based on
CAMAC electronics [2]. A2G2 spectra and their cosine transforms for a typical 5% Zr-doped sample are
shown in Fig1. Table 1 shows the respective TDPAC parameters for different samples. The quadrupole
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frequency (�Q) and η remain almost the same in all the samples except for the increase in δ with increas-
ing the at% of Zr. This indicates that the contribution to the interaction between probe and the O atom
is predominant and the statistical fluctuation arising due to the presence of the randomly distributed Zr
atoms in the next neighboring layer is of minor importance. The thermal analysis along with the XRD
measurement is also under progress. Theoretical calculations with super cells containing statistically
distributed Zr-atoms are under way.
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The study of the properties of Titanium Dioxide (TiO2) has been a subject of interest for its wide ranging
applications in different fields. However, the current renewal of interest in this material is due to the
synthesis of TiO2 nanoparticles and its numerous potential applications [1]. As it is well known that the
hyperfine-interaction measurements provide local information as a result of the interaction at the probe
nucleus and the surrounding electronic charge distribution, in this study we report the result of hyper-
fine interaction measurement at 181Hf (�181Ta) probes present as an impurity in the anatase phase of
TiO2. In addition, we have performed first principle calculations in both phases of TiO2, anatase and
rutile, and analyzed the electronic environment around the Tantalum probe atom.
We have performed our calculations based on the density functional theory (DFT) with local orbitals
in addition to the augmented plane wave (APW+LO) method as embodied in the WIEN2K code [2]. In
order to introduce the Ta impurity a 2×2×3 super cell with 72 atoms in case of rutile and a 2×2×1 super
cell with 48 atoms in case of anatase were constructed. Thereafter one of the Ti atoms was replaced
by a Ta atom in each case. We optimized the internal position parameter of all atoms and kept the lat-
tice parameters constant. It is observed that for relaxation beyond optimum oxygen nearest neighbor
(ONN) distance the change in the electric field gradient (EFG) at Ta sites is insignificant. Calculations
were performed with the optimized structure in each case and a reasonable agreement is observed with
the experimental results as shown in the table below. However, the nonzero value of � for anatase has
been attributed to a large distribution width of �Q and the poor crystallinity of the anatase sample [3].
We find no significant change in EFG calculated with a charged Ta state in either case. Calculations are
in progress to elucidate the variation in experimentally measured TDPAC parameters in Zr-doped rutile
TiO2 carried out recently by us.
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Radioactive 57Mn (T½ = 1.5 min) has been implanted into Al2O3 single crystals held at 110 –666 K
at the ISOLDE facility at CERN. Mössbauer emission spectra were measured on the 14.4 keV γ-rays
of the daughter 57*Fe nucleis. The analysis of the obtained Mössbauer spectra reveals four spec-
tral components listed below (see Fig. 1) assigned as follows: Dam: A quadrupole-split component
assigned to Fe2+ in heavily damaged, possibly amorphous local environment created in the implan-
tation process. S1: A single line due to Fe in cubic environment. The properties of this line are
inconsistent with interstitial Fe; it is suggested to originate from Fe in nano-precipitates of �-Al2O3.
D1: A quadrupole-split component, which, on the basis of the hyperfine parameters and tempera-
ture dependence, is suggested to be due to Fe4+. Sx: A Fe3+ magnetically-split sextet component
showing slow paramagnetic relaxation. Analysis of the line broadening of this sextet component
with the method described in [1] shows it to be compatible with (slow) spin-lattice relaxations. In-
depth argumentation for the assignments of components will be presented and discussed together
with comparison to supportive data obtained previously from stable 57Fe [2] and radioactive 57Co
implantations [3].
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During the last 25 years, several Time-Differential Perturbed-Angular-Correlation (PAC) experi-
ments have observed dynamic hyperfine interactions when the probe isotope 111Cd, obtained after
the electron-capture (EC) decay of its parent 111In was used in certain semiconductor and insulat-
ing oxides. In the eighties of the previous century the group from La Plata proposed that these
dynamic interactions were originated in the electronic relaxation of the probe atom, usually called
“after-effects”(AE) that follows the electron capture decay of the 111In isotope. This relaxation must
occurs during the time-window of the intermediate sensitive nuclear state of the gamma-gamma
cascade used to measure the hyperfine interaction at the probe nucleus. It was believed that the
ECAE can only be detected if the probe atom was an impurity in the system under study. In order
to check this necessary condition, the only binary oxide where 111Cd is not an impurity is CdO, and
ECAE where also not reported in this system and the observed electric-field gradient (EFG) is null
due to the high symmetry (a regular octahedron) of the coordination of the cation site with the near-
est oxygen neighbors. Following these ideas, we present here results of PAC experiments performed
in an oxide, ZnO, were the 111Cd probe atom is not an impurity, at least from the nominal valence
point of view of the involved cations (Cd and Zn). But this time the observed non-null EFG behavior
will be analyzed under the light of ab initio calculations of the (EFG) as a function of the charge
state of the Cd atom. PAC experiments carried out on 111In-diffused polycrystalline ZnO have been
performed in order to measure the EFG at (111In (EC)–>) 111Cd nuclei located at the cation site
of the ZnO crystal structure. The PAC experiments were performed in a large temperature range.
The absence of dynamic hyperfine interactions were verified fitting the spectra with a perturbation
factor based in the Bäverstam and Othaz model [2,3]. The experimental results were compared with
ab initio calculations performed with the Full-Potential Augmented Plane Wave plus local orbital
(FP-APW+lo) method. The FP-APW+lo calculations were performed in the framework of the Den-
sity Functional Theory (DFT), using the Wien2K code. The dependence of the EFG at the Cd sites
as a function of the charge state of the calculated supercell (i.e. the charge state of the impurity
atom) was determined. From the ab initio-experimental comparison we can explained why we do
not observe dynamic hyperfine interactions in the ZnO:Cd system.

Are you a student, a delegate from developing countries or a participant with physical needs and would
like to apply for a sponsored accomodation. Please answer with yes or no.:

yes

Please specify whether you would prefer an oral or poster contribution.:

poster contribution

Summary:

References
[1] J. Desimoni, A.G. Bibiloni, C.P. Massolo and M. Rentería, Physical Review B 41, 1443 (1990).
[2] U. Bäverstam, R. Othaz, N. De Sousa and B. Ringström, Nucl. Phys. A186, 500 (1972).
[3] A. Abragam and R. V. Pound, Phys. Rev. 92, 943 (1953).

74

57Fe Hyperfine Interactions in M1 and M2 Sites of Olivine from
Omolon Meteorite: Study Using Mössbauer Spectroscopy
Author: Daria Patrusheva1

Co-authors: E.V. Petrova 1; M.I. Oshtrakh 1; V.A. Semionkin 1; V.I. Grokhovsky 1

1 Ural State Technical University - UPI

Corresponding Author: patrushevadg@gmail.com

Olivine (Fe, Mg)2SiO4 is a mineral with two crystallographically non-equivalent six-fold octahedral
sites for Fe2+ and Mg2+ denoted as M1 and M2. These sites in olivine are occupied by Fe2+ and
Mg2+ ions in different ways. The Fe–Mg distribution between two sites is of interest for mineral
cooling history determination. Recently we demonstrated new possibilities in the study of ordinary
chondrites and other meteorites using Mössbauer spectroscopy with a high velocity resolution [1–
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3]. In particular, in these works differences of hyperfine parameters for the M1 and M2 sites of
olivine in bulk ordinary chondrites were revealed for the first time. In the present study olivine
extracted from pallasite Omolon was investigated using Mössbauer spectroscopy with a high velocity
resolution. Mössbauer spectra of olivine were measured using a spectrometric complex described
in details elsewhere [4, 5] in 4096 channels at 295 and 90 K. Mössbauer spectrum of olivine at 295
K is shown in Fig. 1. This spectrum was fitted using superposition of two main doublets (1 and
2) and one minor doublet 3. Mössbauer hyperfine parameters for the minor doublet characterized
ferric compound while those for the main doublets were correspondent to ferrous compounds with
different values of isomer shift and quadrupole splitting. The 1st and the 2nd doublets were related to
the 57Fe nuclei in the M1 and M2 sites, respectively. Mössbauer spectrum of olivine measured at 90
K was fitted using two main doublets related to the 57Fe nuclei in the M1 and M2 sites. It was found
that quadrupole splitting values for the M1 and M2 sites simultaneously increased with temperature
decrease while isomer shift values increased with temperature decrease in different way (Fig. 2).
This fact may indicate differences in the second order Doppler shift and Debye temperature for the
57Fe nuclei in the M1 and M2 sites of olivine.
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Electric field gradients in nanoparticles of HfAl2 and HfAl3 in-
termetallic compounds
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Perturbed angular correlation (PAC) method was applied to study the electric field gradients in
nanopowders of the HfAl2, HfAl3 and Hf2Al3 intermetallic compounds, obtained via mechanical
alloying or after ball milling of the thermally alloyed compound. The influence of the ball milling pro-
cedure on the experimentally obtained hyperfine interaction parameters was determined. A strong
dependence of the PAC pattern on the milling time was evidenced and attributed to the structural
disorder. The thickness of the outer damaged part of the grains depends on the crystallographic
structure of the milled material. In HfAl3 sample, we observed the influence of the milling proce-
dure on the phase transformation. The mechanical alloying process causes serious and stable damage
in the powder particle of HfAl2 sample, these defects cannot be removed by annealing up to 900 C. In
the Hf2Al3 sample after 60 minutes of milling and subsequent annealing at 700 C, the decomposition
of Hf2Al3 into two phases HfAl and HfAl2 was observed. The quadrupole frequency distribution �
increased with decreasing grain size (see Fig. 1.).
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MAGNETISM AND MAGNETIC MATERIALS: BULK AND THIN FILMS / 76

Muon spin relaxation studies of geometrically frustrated mag-
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Summary:

Highly frustrated magnetic systems (HFMS) are characterised by exotic ground states which include
unconventional magnetic orders, spin liquids, spin glasses, spin ices,… The muon spin rotation and
relaxation (µSR) techniques are well known for their ability to detect magnetic phase transitions and
for their sensitivity to spin dynamics over a broad time window. They are therefore ideally suited for
the study of HFMS.

We shall show that µSR reveal features which are specific to HFMS such as the ubiquitous spin dynamics
which are observed for temperatures approaching the absolute zero. While these dynamics are not
unexpected in systems with large ground state degeneracy, they are much more surprising in HFMS
with a long-range magnetic order.

The interplay between static and dynamic properties results in completely unexpected responses in µSR
experiments. In some case, an interpretation of these experiments following conventional practice even
leads to flawed conclusions. This has been the motivation for a deeper insight into the fate of µSR
measurements, which has led in turn to unravel some characteristics of the HFMS.

The paper will be illustrated by examples taken from µSR investigations on geometrically frustrated
magnets with a structure based on triangles or tetrahedra. When relevant, they will be discussed in the
light of results obtained by other microscopic techniques.
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Prompted by the generally poor understanding [1,2] of the nature of magnetic phenomena in 3d-
metal doped ZnO, we have undertaken on-line 57Fe Mössbauer spectroscopy at the ISOLDE facility
at CERN on ZnO single crystal in an external magnetic field of 0.6 T, following implantation of
radioactive 57Mn+ (T½ = 1.5 min.) ions at room temperature. The Mössbauer spectra of the dilute
Fe impurities are dominated by sextets whose angular dependence rules out an ordered magnetic
state, but are well accounted for on the basis of Fe3+ paramagnetic centres with long relaxation
times.
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APW+lo and TDPAC study of the Electric-Field Gradient at the
cation sites of the (44Ti(EC)→)44Sc-doped Sc2O3 Semiconductor
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We report on an ab-initio study of the Electric-Field-Gradient tensor (EFG) at both inequivalent Sc
sites in the semiconductor Sc2O3. This semiconductor crystallizes in the bixbyite structure with two
six-fold coordinated cation sites called C and D. The first is highly asymmetric whereas the second is
axially symmetric. The calculations were performed applying the Full-Potential Augmented-Plane
Waves plus local orbitals (FP-APW+lo) method, in the framework of the Density Functional Theory
(DFT), that allows us to treat the electronic structure and the atomic structural position refinements
in a fully self-consistent way. Our results are compared with experimental data determined by Time-
Differential gamma-gamma Perturbed-Angular Correlation (TDPAC) spectroscopy using the Leipzig
6-detector TDPAC spectrometer with LaBr3(Ce) scintillators with the first excited I=1- state of the
44Ti(EC)→ 44Sc isotope as radioactive tracer. There is excellent agreement between experiment and
the present ab-initio calculations. It is clear from the comparison of the experimental electric-field
gradients and the Point-Charge Model (PCM) that the PCM can not describe even approximately the
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measured electric-field gradients at cation sites in pure scandium sesquioxide. In this simple situa-
tion, where the 44Sc probe atom is not an impurity in the material under study, the tracer does not
introduce structural distortions that are usually not taken into account in the PCM when an impu-
rity is concerned and that does not introduce impurity levels in the band gap of the semiconductor,
which are usually critical for the origin of the electric-field gradient. Nevertheless, in this simple
case, the PCM seems to fail. This can be only due to a poor description of the electronic distribution
around the probe atom, which is not taken into account with the Sternheimer antishielding factor
that is proposed in the PCM to describe the polarization of the core electrons of the probe atom.
We also found an experimental site preference for the 44Ti impurity which can be understood by
performing ab-initio calculations for the impurity system using super-cells.
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In this work, we have investigated magnetic properties of the ferromagnetic GdZn compound by per-
turbed γ-γ angular correlation (PAC) spectroscopy using 140La→140Ce ( t1/2 = 3.4 ns, and g-factor
1.014) and 111In→111Cd ( t1/2 = 85 ns, and g-factor 0.306) as probe nuclei. The study of magnetic
properties of rare earth and zinc (RZn) compounds is interesting because rare earth elements present
a localized magnetism associated with 4f electrons, and these electrons do not participate in chem-
ical bonds, as a consequence the RZn magnetic properties originate from the 4f electrons of rare
earth. The compound GdZn exhibits the cubic CsCl structure and the Curie temperature is 268 K.
The saturation moment at 4.2 K lies along the [101] and the value is 7.30 μB. The PAC spectroscopy
provides information about the hyperfine interaction between nuclear external fields and nuclear
moments of a probe nucleus at a certain atomic site in a crystalline structure, and consequently al-
lows extracting information of the involved hyperfine parameters, as well as the characterization of
phase transitions of the crystal. This technique is based on the emission of two gamma radiations in
a cascade as a result from the decay of the excited states of the probe nucleus. 140La(140Ce) probe is
very interesting because show low quadrupole moment (Q), what allows only measurements of the
magnetic hyperfine field (mhf). 140La (140Ce) probe were obtained by the irradiation of natural La
at the IPEN research reactor with a neutron flux around 3 x 1013 ncm-3/s. The compound GdZn (Gd
= 99.9% e Zn = 99.999% purity) was prepared by arc-melting the constituent elements. 140La nuclei
were added to the samples by arc-melting them again along with a small piece of irradiated natural
La followed by a thermal treatment. 111In was diffused into the samples which was sealed in vacuum
and annealed at 800 ºC. Samples have been characterized by X-ray diffraction, and it was observed
a major fraction corresponding to the phase of the GdZn. In the case of 111Cd-GdZn measurements
it was observed one frequency which corresponds to the probe nucleus replacing a position of one
atom in the cubic structure of GdZn. The hyperfine parameters at 10 K were νM = 74.819 MHz, νQ
= 1.573 MHz and δ = 0.51%. The results shows that the temperature dependence of magnetic field
can be fitted by the Brillouin function for J = 7/2. In the case of 140Ce-GdZn measurements showed
a sharp deviation from an expected standard Brillouin function. The major fraction with magnetic
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frequency νM = 767.293 MHz and δ = 0.84% at 10 K ,which corresponds to probe nucleus replacing
a position of one Gd atom in the cubic structure of GdZn.
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Comparison of the heme iron electronic structure in various hemoglobins is very important in order
to analyze structure-function relationship of oxygen carriers. It is well known that small stereochem-
ical differences exist in the heme iron in different hemoglobins as well as in non-identical subunits in
tetramer. Mössbauer spectroscopy is the most sensitive technique to study iron electronic structure
in various species including iron-containing proteins. It was shown earlier that Mössbauer spec-
troscopy with a high velocity resolution increased possibilities of technique in accuracy of hyperfine
parameters evaluation and revealing its small variations [1]. Mössbauer spectra of oxyhemoglobin
samples from pig, rabbit, normal human and patients with blood system malignant diseases were
measured using spectrometric complex with a high velocity resolution [2] at 90 K in 4096 channels.
Then Mössbauer spectra were presented for analysis in 1024 channels by consequent summation of
4 neighboring channels. Mössbauer spectra were fitted in two ways using one quadrupole doublet
(model of equivalent iron electronic structure in �–and �–subunits of hemoglobins) and superpo-
sition of two quadrupole doublets (model of non-equivalent iron electronic structure in �–and �–
subunits of hemoglobins). Small variations of hyperfine parameters obtained within the first model
are shown in Fig. 1. Hyperfine parameters obtained using both models were compared with struc-
tural and functional properties of hemoglobins.
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Electronic and structural properties of the α-Fe2O3:Ta semicon-
ductor. Experimental EFG determination and ab initio calcula-
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In this work we present results from Time-Differential Perturbed-Angular Correlations (PAC) ex-
periments in α-Fe2O3 singlecrystals (in their corundum structure) implanted with 181Hf(→181Ta)
ions at the ion accelerator facility of the H-ISKP at the Bonn University. The magnitude, asymmetry
and orientation of the EFG were determined measuring the spin-rotation curves as a function of
the singlecrystal orientation (for three different configurations of the sample) with respect to the
laboratory system. The PAC experiments were carried out at 973 K in order to have only the electric-
quadrupole interaction in the spectra, since above the Neel temperature (TN=955 K) the system has
a paramagnetic behaviour.
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In this work we report Time- Differential �-� Perturbed-Angular-Correlation (PAC) experiments on
181Hf(→181Ta)-implanted Cr2O3 polycrystalline samples (in their corundum phase) determining
the magnitude and symmetry of the electric-field gradient tensor (EFG). The PAC experiments were
carried out at 333 K in order to have only the electric quadrupole interaction, since above the Neel
temperature (TN=308 K), the system has a paramagnetic behaviour. We performed the PAC mea-
surements after each step of a series of thermal annealings in air in the range 673 K –1273 K, in
order to obtain the maximal substitution of Ta impurities at defect free Cr sites in the semiconduc-
tor crystal structure. Two hyperfine interactions were detected in the spectra, but only one of them
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is well-defined and account for the shape of the spectra. This interaction increases its fraction as the
annealing temperature and time increase, until it begins to disappear as was the case in the isomor-
phous Al2O3:181Ta system. The experimental results are compared with ab initio calculations in the
framework of the Density Functional Theory (DFT) and with predictions of the Point Charge Model.
The ab initio calculations was carried out with the FP-APW+lo method (embodied in the WIEN2K
code) with 1:12 of impurity dilution (with respect to the cations). The more intense interaction is
also the only one that is in perfect agreement with the ab initio predictions.
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The nuclear electric quadrupole interaction of the probe nucleus 111Cd on In sites of the heavy-
fermion compound CeCo(In1-xSnx)5; x = 0.01 has been investigated in the temperature range 15 ≤
T ≤ 290 K by perturbed angular correlation spectroscopy. Single crystals of CeCo(In1-xSnx)5 grown
from an In flux by combining stoichiometric amounts of Ce and Co with excess In [1] were doped
with the PAC probes 111Cd by diffusion at 700 K of radioactive 111In from a carrier-free solution
of 111InCl3 into the host lattice. Apart from a sizeable fraction of non-reacted In metal, the PAC
spectra contain contributions of two In-sites related to the CeCoIn5 structure, an axially symmetric
and an asymmetric site. The 111Cd electric field gradient (EFG) of these sites differs substantially
from the two EFG values determined by NQR measurements for the probe 115In on sites 1c and 4i of
CeCoIn5, both with respect to symmetry and strength ratio. For insight into the mechanism leading
to these differences, an ab initio study of the structural and electronic properties of 111Cd on In sites
of CeCoIn5 is under way.
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14N NQR study of selected 1,4-benzoquinonedioximes
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Summary:

1,4-benzoquinonedioximes are known for their use in industry and other applications[1]. They are ef-
fective non-sulfur vulcanizing agents for natural and synthetic elastomers. Additionally, their metal
complexes have generated significant industrial and theoretical interest. This study examines the 14N
NQR data for a series of 1,4-benzoquinone-dioximes: unsubstituted, mono-, di- and tri-methyl substi-
tuted. The results show that as more methyl substituents are added to the ring a shift in the NQR values
are observed. Comparison of unsubstituted and tri-substituted benzoquinonedioximes (Table 1) shows
that the quadrupole coupling constant (�) increases by about 1000 kHz and the asymmetry parame-
ter (�) decreases from � 0.7 to 0.3. Ab-initio calculations show that for the unsubstituted compound
hydrogen bonding between oxime groups and pi-ring stacking is possible which cannot be accommo-
dated for in heavily methyl substituted dioximes and this is responsible for the differences in the NQR
parameters.

Table 1: 14N NQR data for the 1,4-benzoquinonedioximes

Compound �0(kHz) �-(kHz) �+(kHz) �(kHz) �

1,4-benzoquinone 1654 2673 4360 4689 0.706
dioxime 1654 2712 4360 4715 0.702

trimethyl-1,4- 950 3750 4700 5633 0.337
benzoquinonedioxime

Double resonance cross relaxation [2] was used to record the 14N NQR data. The ab-initio calculations
were performed using GAMESS [3].

References
[1] http://chemicalland21.com/specialtychem/perchem/p-QUINONE%20DIOXIME.htm (last accessed 04-
28-10)
[2] D. Stephenson and J. A. S. Smith, Proc R Soc Lond A 416, 149 (1988).
[3] M. W. Schmidt et al., J. Comput. Chem. 14, 1347 (1993).
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A review of progress made in synchrotron radiation based techniques
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Summary:

The year 2010 marks the 25th anniversary of the first successful demonstration of nuclear resonant scat-
tering using synchrotron radiation. During this period, many different experimental approaches have
been developed to observe and conduct meaningful scientific experiments in samples of mineralogi-
cal and biological interest. Among these, we can distinguish the development of high-resolution, tun-
able crystal monochromators, back-scattering crystals, polarization-based optics, interferometric tech-
niques, and creation of of single-line absorbers for direct energy-domain measurements. Some of these
are implemented for some subset of the dozen or so different Mossbauer isotopes with transition ener-
gies ranging from 6 to 70 keV. Currently, at least 5 different synchrotron beamlines are dedicated fully
or partially for this purpose. Some of these facilities, like Sector 3-ID at the APS will be upgraded soon,
while some newer facilities are also just coming on-line, like PETRA-III. We will to review the progress
made at the APS and the upgrade plans for the 3-ID, the only dedicated beamline in the USA.
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Chloranilic acid has been widely studied as a proton donor forming hydrogen-bonds with various
proton acceptors. Obtained complexes have been shown to have marked properties such as dy-
namic proton transfers, ferroelectricity, and so on. In the present study, we prepared a new chlo-
ranilic acid complex with 2-pyrrolidone in search for new solid properties by measurements of single
crystal X-ray diffraction (SCXRD), <sup>35</sup>Cl NQR, <sup>1</sup>H NMR, and differential
scanning calorimetry (DSC). Crystals of [chloranilic acid]-[2-pyrrolidone] (1:2) complex were ob-
tained by slow cooling of an acetonitrile solution containing 2-pyrrolidone (pyrr) and chloranilic acid
(H<sub>2</sub>ca). The crystals were identified by elemental analysis and SCXRD. In the structure,
it was found that pyrr and H<sub>2</sub>ca molecules are connected by hydrogen-bonds and make
up a one-dimensional chain structure with hydrogen-bond networks. The one-dimensional chains
are stacked by π-π interactions in the crystals. On [H<sub>2</sub>ca][pyrr]<sub>2</sub> crys-
tals, we measured a temperature dependent <sup>35</sup>Cl NQR lines and spin-lattice relaxation
times by using a Bruker BioSpin AVANCEII system. Two <sup>35</sup>Cl resonance lines were
observed at room temperature (<i>Phase I</i>) in agreement with the SCXRD results. New four
broad lines appear below 200 K (<i>Phase II</i>), where room-temperature two lines still persist
with a gradually decrease of intensities upon cooling down to 175 K. Below 175 K (<i>Phase III</i>),
another two lines with equal intensities appeared in the high frequency side. When heated from 77
K, these two peaks were repeated up to ca. 200 K where only the low-frequency peak disappeared.
The high frequency peak survived with no anomaly at 200 K up to room temperature (<i>Phase
Ia</i>), where the structure was shown to be different from the original one. It is expected that
Phase <i>Ia</i> is stable and Phase <i>I</i> is a metastable phase. We believe this transition is due
to an incommensurate structure.
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Several nuclear experimental techniques including nuclear magnetic resonance, nuclear quadrupolar
resonance (NQR), time-differential perturbed-angular correlation (TDPAC), Mossbauer spectroscopy,
among others, are widely use for the study of the properties of solids through the determination
of the electric-field-gradient (EFG) tensor at the position of a probe nucleus. All these nuclear
experimental techniques do not determine directly the EFG but rather one or more characteristic
nuclear quadrupole resonance frequencies νQ, which are proportional to the EFG and to the nu-
clear quadrupole moment Q. Provided an exact value of Q for the involved nuclear state involved
is known, experimental EFG information can be deduced. However, in spite of the wide use of the
experimental techniques, for many important probe nuclei the exact Q value is not known with suf-
ficient accuracy and/or precision. This is a serious problem because part of the information that νQ
can provide about the system under study can be extracted only by confrontation with ab initio cal-
culated values of the EFG. For this reason, the knowledge of reliable Q values is of great importance
in atomic, molecular, and condensed-matter physics, besides the direct interest in nuclear physics,
where the determination of Q values can be used to check nuclear models. Ideally, theories of the
nuclear state should provide values of the nuclear quadrupole moments but often the uncertainties
involved are larger than what can be accepted for the interpretation of nuclear spectroscopy experi-
ments. Another approach involves the calculation of EFG’s by ab initio electronic structure methods
and comparison with experimental values of νQ frequencies. Following this approach we present
a determination of the nuclear-quadrupole moment of the I=5/2+ 245 keV excited state of 111Cd.
This isotope and this particular state is the most frequently used tracer in TDPAC experiments and
has been largely applied to study semiconductor physics, and a large amount of experimental work
has been focused on the EFG characterization at 111Cd impurity sites in metals, semiconducting,
and insulating compounds. Although the importance of this isotope, the Q value of the sensitive
state is known with limited precision (Q=0.83(13) b, i.e with a relative error of 17%). In this work we
present ab initio calculations performed with the Full-Potential Augmented Plane Waves plus Local
orbitals (APW+lo) method, considering different approximations for the exchange and correlation
potential. Aiming at a very reliable determination of Q, we compared our 0 K calculations only with
experimental results at very low temperatures (in the order of 4 K). Metallic and semiconducting
materials were treated separately. The new value of Q that is obtained in this way will be presented
and discussed.
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Laser Deposition of Iron on Graphite Substrates
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Laser deposition is a very useful technique to produce films, which is applied in many fields. We
have previously reported the study on iron carbide films produced by laser deposition of iron in
a C2H2 atmosphere. Iron carbide films with various Fe/C composition ratios were produced by
varying the pressure of a C2H2 atmosphere and the substrate temperatures during deposition [1].
Here, we report the laser deposition of iron onto amorphous graphite substrates in order to produce
Fe/C species with excess amount of C atoms. The Fe/C products were studied using Mössbauer
spectroscopy, X-ray diffraction (XRD), and scanning electron micro spectroscopy SEM.
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Summary:

Laser light from a YAG laser (532 nm) was focused by a convex lens onto the target 57Fe metal block.
Laser-evaporated Fe atoms were deposited on a graphite substrate. The temperature of the substrate
was maintained at the desired temperature (300–600 K range) using a resistive heater. One pulse of laser
ablation produces 4 x 10-9 mol of Fe atoms, and the amount of the laser-deposited Fe was controlled
by varying the number of laser pulses. Mössbauer spectra of the Fe/C on the graphite substrates were
measured at room temperature in a transmission geometry using a 57Co/Rh source.
Laser depositions of Fe were performed while the temperature of the graphite substrates was kept at
570 K, and their Mössbauer spectra are shown in Fig. 1. The amounts of Fe deposited on the graphite
substrates are indicated as equivalent thickness of �-Fe. Laser evaporated Fe atoms have high transla-
tional energy (several hundreds eV) and reacts with graphite to form Fe/C compounds. The Mössbauer
spectrum of the sample with a small amount of Fe (10 nm) was fitted into a combination of two sets of
sextets and a doublet. The sextets were assigned to cementite Fe3C and �-Fe, and the doublet (� = 0.3
mm/s, �EQ = 1.1 mm/s) was assigned to amorphous iron carbide. The intensity ratio of the sextet absorp-
tion of Fe3C was approximately 3:4:1:1:4:3, which indicates that the nuclear spin orientation of Fe3C is
parallel to the substrate surface. Increasing the amount of Fe (25 nm), the yields of �-Fe increased as it
may produced on the top of Fe/C surface. Similar experiments were performed at lower temperature at
300 K, and the yield of amorphous Fe/C was enhanced, while Fe3C decreased.
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The family of metamagnetic compounds RNiAl4 (R = rare earth) exhibits a range of interesting
magnetic behaviours. There are multiple magnetic phases, and crystal field driven differences in
anisotropy and behaviour when different rare earth ions (R) are present in the compound. TbNiAl4
is one illustrative example. It has two phase transitions (three phases) as a function of tempera-
ture in low applied magnetic field, and also at least three phases as a function of applied magnetic
field at low temperature [1]. Aligned with the first of these field driven transitions is a large inverse
magneto-caloric effect (MCE) [2]. Recent neutron diffraction studies carried out on single crystal Tb-
NiAl4, in applied magnetic fields, show the onset of an incommensurate antiferromagnetic ordered
phase above the first field induced phase transition [3]. This observation vindicates the existence of
the higher entropy state at higher applied field that is required for an inverse MCE but contradicts
the predictions of other authors who suggest a spin flop transition [4]. Low Temperature Nuclear
Orientation (LTNO) can also be usefully applied to TbNiAl4 and other RNiAl4 compounds to inves-
tigate magnetic structure. In the case of the Tb compound, neutron activation is used to create in
situ 160Tb LTNO probes. However, as we found recently, TbNiAl4 crystals must be annealed after
thermal neutron irradiation in order to remove damage and restore full gamma-ray anisotropy [5].
In this paper, we present new LTNO results for annealed TbNiAl4, in applied fields extending to 9
tesla. These results support the model of magnetic struture revealed by the earlier neutron diffrac-
tion studies. LTNO is also applied to crystals of compounds with R = Nd and Pr. These additional
studies magnetic fields sufficient to traverse the respective first metamagnetic transitions were also
used and behaviours similar to the TbNiAl4 case were observed.
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Quantitative determination of phase transformations of theTridymite-
like FePO4 catalyst pre and post oxidative dehydrogenation reac-
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Characterisation of the phase changes related to a phase specific FePO4 catalyst pre and post oxida-
tive dehydrogenation reactions to form alkyl methacrylates
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Alkyl methacrylates are of significant importance in the chemical industry. For example, free radical
polymers, which contain the methacrylate backbone, are more rigid than acrylate polymers [1].
The aim of this project is focused on modification of the iron phosphate catalyst and optimizing condi-
tions necessary for the formation of higher alkyl methacrylates.

The fresh and spent catalyst were characterised using Attenuated Total Reflection Infrared Spectroscopy
(ATR-IR), Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES), Room temperature X-
Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS),
Mössbauer Spectroscopy, and BET surface area and Pore volume measurements. Additional techniques
employed for the fresh catalyst included In-situ X-Ray Diffraction (XRD), Temperature Programmed
Reduction and Oxidation (TPR, TPO), Temperature Programmed Desorption (TPD), Thermogravimetric
and Differential Thermal Analysis (TGA-DTA/DSC).

The results obtained from certain techniques above were compared to the Mössbauer data and shall be
discussed. Catalytic activation of the catalyst under certain reaction conditions had shown the formation
of the active alpha phase, α-Fe3(P2O7)2, which is a mixed ferric and ferrous phosphate, and has been
reported to be very active under catalytic conditions [2].
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Encyclopedia of Chemical Technology, Vol. 16, John Wiley & Sons, p. 227-270.
[2] J.M.M. Millet, Catal. Rev.-Sci. Eng 40 (1&2), 1-38 (1998).
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Spin properties of single electronic spin of the NV center in diamond coupled to few proximal 13C nu-
clear spins are studied by spin-Hamiltonian method using available experimental data on hyperfine
interactions along with their quantum chemical simulation.
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Kramers-degenerated Spin Systems “NV+n13C”in Diamond for Quantum Magnetometry: Spin-Hamiltonian
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Spin systems consisted of single electronic spin S=1 of the NV center and few nearby isotopic 13C nuclei
spins I=1/2 in diamond lattice which can be used as a register of a quantum com-puter [1] or as a sensor
of a magnetic field [2] are studied using spin Hamiltonian method. At odd number of 13C nuclei the
eigenstates of the spin system at zero external magnetic field are twofold (Kramers) degenerated due to
the time reversal invariance of the spin Hamiltonian. This degeneracy is lifted only by external magnetic
field regardless of any electric (crystal) field presented thus making such spin systems to be perspective
for measurement of a local magnetic field by the NV-based single-spin quantum magnetometer [2].
Here (see also [3]) we have discussed spin properties of such spin systems using experimental data on hy-
perfine interactions obtained by observing electron paramagnetic resonance (EPR) on NV ensemble or
by monitoring optically detected magnetic resonance (ODMR) spectra and spin echo modulation on sin-
gle NV centers. Additionally, we used the density functional theory (DFT) to simulate the H-terminated
carbon clusters hosting NV centers and calculate the hyperfine interaction matrices for 13C nuclei in
clusters. We have shown that our cluster simulations provide better correspondence to experimental
data even for comparatively small clusters (the largest considered cluster was the C84H78NV cluster)
then the super-cell calcula-tions [4] made using much larger super-cells. Moreover, for a first time we
have calculated zero-field splitting parameters D and E for the NV center and found for the C84H78NV
cluster the values D=2837.23 MHz and E=2.12 MHz. For the simplest spin system “NV+113C”we got ex-
act analytical expressions for energy levels and eigenstates. Available experimental data [5] on ODMR
spectra and spin echo modulation obtained on “NV+n13C”spin cluster are interpreted without fitting
parameters.
Additionally, we have studied (see also [6]) the effects of a diamond surface on the NV spin properties
depending on position and orientation in the NV center in cluster. The cases of non-passivated as well as
H-, OH- and COOH- terminated surfaces (111) are considered. We have calculated hyperfine interaction
constants as well as ZFS parameters D and E. All these characteristics have been found to be dependent
on position and orientation of the NV center with respect of the surface as well as on the type of surface
functionalization. Especially dra-matically spin characteristics are changed (with respect to those for
“bulk”clusters) for the NV center near non-passivated diamond surface.
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[6] V.A. Pushkarchuk, et. al., Optics and Spectroscopy, 108, 254 (2010).

94

Observation of iron impurities diffusion in silicon under bending
stress by Mössbauer spectroscopy
Author: Kunifumi Suzuki1

Co-authors: Kazuo Hayakawa 2; Kenichi Yukihira 2; Koichiro Asahi 1; Masahiro Ichino 2; Yutaka Yoshida 2

1 Tokyo Institute of Technology
2 Shizuoka Institute of Science and Technology

Corresponding Author: suzuki.k.bd@m.titech.ac.jp

Page 67



HFI/NQI 2010 / Book of Abstracts

Experiment

Are you a student, a delegate from developing countries or a participant with physical needs and would
like to apply for a sponsored accomodation. Please answer with yes or no.:

no

Please specify whether you would prefer an oral or poster contribution.:

oral

THEORY / 95

Calculations of Hyperfine parameters in solids based on DFT and
using WIEN2k
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I will review briefly the underlying concepts of electronic structure calculations in solids and more
specifically describe density functional theory and the APW+lo method as implemented in the
WIEN2k code [1]. Special emphasis will be given to explain the calculations of isomer shifts, mag-
netic hyperfine fields and electric field gradients (EFG) and in particular I’ll discuss how we can
interpret the results and what we can learn from a particular hyperfine parameter. For the case of
several fluoro-aluminates I’ll demonstrate the strong dependency of the EFG (and even more of the
asymmetry parameter �� on the exact atomic positions, which makes it mandatory to optimize the
internal coordinates since often the experimentally determined positions are not accurate enough
[2]. Mössbauer spectroscopy is also a very valuable tool to study matter under extreme conditions
and recently [3] we could explain the large change of the EFG with pressure in (Mg,Fe)SiO3, a very
important material in the lower mantle of the earth. Finally I’ll discuss EFGs, isomer shifts and hy-
perfine fields in YBaFe2O5 (Fig.1), a material which exhibits a Verwey transition between a charge-
ordered and valence-mixed state [4] with temperature. During this transition the crystal structure,
the magnetic order, the charge state and the hyperfine parameters change dramatically.
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Summary:

Ion implantation provides a precise method of incorporating dopant atoms in semiconductors, provided
lattice damage due to the implantation process can be annealed. We have undertaken 57Fe Mössbauer
spectroscopy measurements on GaAs and GaP single crystal samples implanted with radioactive 57Mn+
ions (T½ = 1.5 min) at the ISOLDE facility, CERN. The samples were held at temperatures between 77
–700 K in an implantation chamber and implanted with fluences up to 1012 ion/cm2. Mössbauer spec-
tra were recorded with a resonance detector equipped with stainless steel electrodes enriched in 57Fe
and mounted on a conventional velocity drive system outside the chamber. The fitting of the measured
Mössbauer spectra required four components (Fig. 1): (i) an asymmetric doublet (D1) attributed to Fe
atoms in distorted environments due to implantation damage, two single lines: (ii) S1 assigned to Fe on
substitutional Ga sites, (iii) the other (S2) to Fe in interstitial sites, and (iv) a low intensity symmetric
doublet (D2) assigned to impurity-vacancy complexes.
At temperatures above 400 K, the extracted hyperfine parameters of the damage site for both materi-
als show pronounced variation, evidencing changes in the immediate environment of the Mössbauer
probe nucleus and also possibly to the Fe-defect bonding mechanism. Fig. 2 shows the variation in
site fractions with temperature. The annealing of the radiation damage is more pronounced in GaAs as
compared to GaP and more will be discussed in detail during the presentation.
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Summary:

A promising strategy to encode information in molecular units is provided by single molecule magnets
(SMMs), chemically identical nanoscale clusters of exchange-coupled transition metal and associated
ligands. SMMs have been used to study a variety of quantum phenomena and may find applications in
quantum information processing. The assembly of these systems on surfaces is currently investigated as
this represents a necessary prerequisite for magnetic memory applications. However, the effect of the
surface on an SMM is still not well understood. This is due to the small quantity of magnetic material
contained in a (sub)monolayer which prevents the use of conventional techniques. Here we overcome
this obstacle by using a novel proximal magnetometry techniques utilizing polarized muons and nuclei
as an implanted local probe to investigate magnetic properties of such monolayers of SMMs. We antici-
pate that this method will provide a powerful tool to improve our understanding of the influence of the
surface on a grafted SMM.

NUCLEAR MOMENTS, NUCLEAR POLARIZATION, NUCLEAR MODELS, FUNDAMENTAL
INTERACTIONS / 98

Precise Nuclear Moments of Extremely Proton-Rich Nuclei 23Al

Author: Takashi NAGATOMO1

Co-authors: Akihiro YOSHIMI 2; Akira OZAWA 3; Hideki UENO 2; Hiroaki IIJIMA 4; Hirokazu KAWAMURA 2;
Kazunari YAMADA 2; Kensaku MATSUTA 5; Koichiro ASAHI 4; Kunifumi SUZUKI 4; Makoto UCHIDA 4; Mototsugu
MIHARA 5; Tadanori MINAMISONO 6; Takeshi INOUE 4; Tetsuaki MORIGUCHI 3; Toshiyuki SUMIKAMA 7; Yoko
ISHIBASHI 3; Yuichi ICHIKAWA 2; Yuka HASAMA 4

1 International Christian University
2 RIKEN Nishina Center
3 University of Tsukuba
4 Tokyo Institute of Technology
5 Osaka University
6 Fukui University of Technology
7 Tokyo University of Science

Corresponding Author: nagatomo@riken.jp

Nuclear magnetic moment µ and the electric quadrupole moment Q of the ground state of 23Al have
been measured precisely by the β-NMR/NQR technique.
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The one-proton-separation energy of 23Al is very small (125 keV) and so 23Al is expected to have an
exotic structure. Recently, a large reaction cross section of 23Al at the intermediate energy (˜36A MeV)
was reported [1,2] and that indicated the possibility of the proton-halo structure of 23Al. In previous
work, we successfully obtained NMR signal of 23Al in a Si single crystal which had enough precision to
determine the spin and parity of the ground state as Iπ = 5/2+ [3]. In present work, we have remarkably
improved the precision of µ(23Al) and have obtained the quadrupole coupling constant eqQ of 23Al in
Al2O3 for the first time to discuss details of the nuclear structure.
Experiment was performed at RIKEN Nishina Center. Unstable 23Al beam were produced through
high-energy nuclear collisions of 100A MeV 24Mg12+ ions and 9Be. The nuclear spin polarization of
23Al were produced by restriction of the outgoing momentum and the emission angle relative to the
primary beam by utilizing the projectile-fragment separator RIPS at RIKEN. After the separation, the
polarized 23Al ions (˜ 90% purity) were implanted into single crystals of Si and α-Al2O3 for the µ and
Q measurements, respectively. By use of the β-NMR/NQR method at the room temperature, we have
precisely determined the µ moment as |µ| = 3.8881(14) µN, and Q moment as |Q| = 168(10) mb as shown
in Fig. 1 together with the best-fit-shape function. From the results, we will discuss the possible nuclear
structure of 23Al by comparison with the mirror nuclei 23Ne and the other nuclei which locates around
23Al such as 22Mg that is known to have well-deformed structure.
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Summary:

We have performed on-line 57Fe Mössbauer spectroscopy following implantation of 57Mn (T1/2 = 1.5
min.) at the ISOLDE facility at CERN, in order to elucidate the role of the implantation process at room
temperature in determining the magnetic properties of ion-implanted ZnO. We have recently demon-
strated that dilute Fe3+ showing magnetically-split spectra in ZnO are due to Fe3+ long-lived paramag-
netic states (LLPS) [1].
In this contribution, we describe implantation experiments in two ZnO crystals ZnO(1) and ZnO(2).
ZnO(1) is implanted with 57Mn+ ions, and a series of Mössbauer spectra are recorded during the con-
secutive implantation process. ZnO(2) is imp-lanted with 57Mn+ before and after an implantation with
stable 23Na+ ions (dose: ˜1.4 x 1014 ions/cm2). For the lowest implanted doses, the Mössbauer spectra
of both samples are dominated by the presence of a quadrupole split component (D2) due to isolated
. The consecutive 57Mn implantation into ZnO(1) causes a dose dependence in the building up of a
magnetic-type Mössbauer signal. [2].
Figure 1(b) shows the change of the spectral areas as a function of the total 57Mn implanted dose in
ZnO(2). Surprisingly, the same fraction of Fe atoms is observed in LLPS upon the implantation of ZnO
with stable 23Na+ ions. Our results show that the observation of Fe3+ LLPS in ZnO at the saturation
level is intimately related to the implantation process and not necessarily connected to the 3d character
and/or the radioactive nature of the implanted species.
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Radioisotope (RI) beam can be applied as a Mössbauer probe to obtain the useful information about
site occupations, dynamical behaviors, and exotic chemical states of extremely diluted atoms in ma-
terials. In the 57Mn (T1/2=1.45 min) implantation Mössbauer spectroscopy, a gas-filled resonant de-
tector with an 57Fe-enriched stainless-steel absorber was used exclusively to obtain Mössbauer spec-
tra. The detector, so-called a parallel-plate avalanche counter (PPAC), can collect effectively a few
numbers of Mössbauer γ-quanta by accumulating the conversion electrons emitted by Mössbauer
effect. However, since 57Mn nuclei decay to 57Fe by emitting high-energy electrons, the β-rays pene-
trated to PPAC cause the background level of the spectrum to increase. We improved the detection
system to reduce the noise level by using an anticoincidence method between the β−ray and the
Mössbauer γ-ray originated from 57Mn, and succeeded to obtain the spectra of a single-crystalline
α-Al2O3 with sufficient the S/N ratios. Here, we discuss the final lattice sites and chemical states of
57Fe arising from 57Mn in α-Al2O3 based on the obtained Mössbauer parameters and the results of
density functional calculation.
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Summary:

57Mn was produced by projectile fragmentation of an 58Fe beam on a Be target using the Heavy Ion
Medical Accelerator (HIMAC) of NIRS. 57Mn nuclei (˜106 pps) were implanted into a sin-gle-crystalline
α-Al2O3 after passing through energy degraders. A thin plastic scintillation counter was set between
PPAC and the α-Al2O3 sample to reject the β-rays that induced high background.
The 57Mn implantation Mössbauer spectra were measured at room temperature (Fig. 1), 193 K, and
92 K. The obtained spectra could be analyzed by three components of doublets from the calculations of
ORCA program. It was concluded that D1 (δ =0.43 mm/s, ΔEQ=0.22 mm/s), D2 (δ =0.70 mm/s, ΔEQ =1.31
mm/s), and D3 (δ =0.68 mm/s, ΔEQ =2.43 mm/s) at R.T. were assigned to be substitu-tional Fe atoms on
Al sites, interstitial Fe atoms with octahedral symmetry of oxygen, and substitu-tional Fe atoms with
an oxygen deficiency. The temperature dependence of these components will be discussed.
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Summary:

A glass transition is a freezing phenomenon of a molecular configurational motion. It is observed not
only in liquid state but also in crystalline state. In the previous case the whole positional and orienta-
tional disorders remain, but in the latter case the positions of the center of molecules are fixed and only
the partial orientational disorder remains. The glass transitions in the stable crystalline states were
found in thiophene [1], 2-chlorothiophene [2, 3], 3-chlorothiophene [4,5], 2,5-dichlorothiophene [6],
and so on.
2,5-Dichlorothiophene, which has the melting point of 232.72 K, has three crystalline phases, the most
stable one and the two meta-stable ones [6,7]. In the most stable crystalline phase a glass transition was
observed at 138 K. The activation energy for the molecular reorientational motion, which freezes out at
the glass transition temperature, can be estimated to be about 45 kJ mol-1 [6]. The NQR experiments for
2,5-dichlorothiophene were carried out in the three crystalline phases to get more detailed information
about molecular motion related to the glass transition.
35Cl NQR signals were observed by use of a spin-echo method. Broad NQR signals, which had the
full width of about 80 kHz at half maximum, were observed in the most stable crystalline phase. The
resonance frequency was 35.40 MHz and 34.90 MHz at 77 K and 209 K, respectively. There observed
no anomaly at the glass transition point in the temperature dependence of the frequency. Sharp NQR
signals, which had the full width of about 8 kHz at half maximum, were observed in the two meta-stable
crystalline phases.
The temperature dependence of the spin-lattice relaxation times, T1, in the most stable crystalline phase
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was interpreted by the contributions of the lattice vibrations and the molecular rotations. The acti-
vation energy of the molecular rotations was estimated to be about 40 kJ mol-1 by the least-squares
fitting.

References
[1] P. Figuiere, H. Szwarc, M. Oguni, and H. Suga, J. Chem. Thermodyn. 17, 949 (1985).
[2] H. Fujimori and M. Oguni, J. Phys. Chem. Solids 54, 607 (1993).
[3] H. Fujimori and T. Asaji, Z. Naturforsch 55a, 183 (2000).
[4] H. Fujimori, A. Todoroki, T. Asaji, and M. Oguni, Slow Dynamics in Complex Systems 685 (AIP, New
York, 2004).
[5] H. Fujimori, T. Kaneko, T. Asaji, Hyperfine Interact 181, 87 (2008).
[6] H. Fujimori, K. Matsuda, A. Todoroki, T. Asaji, and M. Oguni, J. Non-Cryst. Solids 352, 4790 (2006).
[7] N. Tanimoto and H. Fujimori (unpublished).
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Summary:

In this work we present a study of the phase transitions by means of the variations of the Electric Field
Gradient (EFG) as a function of temperature at ambient pressure on powder samples of PbTi1-xHfxO3
for x= 0.25, 0.50 and 0.75. For the EFG determination Perturbed Angular Correlation Spectroscopy
(TDPAC) was employed. 181Ta were used as probes atoms, which were obtained by neutron capture ac-
tivation of 180Hf naturally present in the sample. The obtained experimental results are also compared
with previous ones obtained by Impedance Spectroscopy (IS).
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The temperature dependence measurements of 81Br NQR frequencies in CH3NH3HgBr3 by using
a super-regenerative type spectrometer have revealed that it undergoes three characteristic succes-
sive phase transitions between 77 K to ca. 300 K [1]. Each phase transition seems to be closely
related to the motions of methyl ammonium cation as a partial or whole. In this work a pulse NQR
method was applied to the sample crystals to get more precise information about the nature of the
phase transitions; the results of the 81Br NQR relaxation measurements as well as the frequency
reinvestigations are reported.
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Br NQR relaxation and successive phase transitions of CH3NH3HgBr3

H. Niki1, K. Higa1, Y. Okada1, M. Oshiro1, M. Yogi1, and H. Terao2

1Department of Physics, Faculty of Science, University of the Ryukyus, Nishihara, Okinawa 903-0213,
Japan; e-mail: niki@sci.u-ryukyu.ac.jp
2Department of Chemistry, Faculty of Integrated Arts and Sciences, Tokushima University, Minamijosanjima-
cho, Tokushima 770-8502, Japan

The temperature dependence measurements of 81Br NQR frequencies in CH3NH3HgBr3 by using a
super-regenerative type spectrometer have revealed that it undergoes three characteristic successive
phase transitions between 77 K to ca. 300 K [1]. Each phase transition seems to be closely related to
the motions of methyl ammonium cation as a partial or whole. In this work a pulse NQR method was
applied to the sample crystals to get more precise information about the nature of the phase transitions;
the results of the 81Br NQR relaxation measurements as well as the frequency reinvestigations are
reported.
The first-order nature of the phase transitions of IV↔III at 127 K and of III↔II at 187 K were confirmed
by the observations of the hysteresis on the NQR frequencies in the process of heating and cooling in
addition to the observation of frequency jumps in the temperature dependence curves (the numbering
of the phases is the reverse order as used in Ref. [1]). On the other hand, the second-order type phase
transition temperature of II↔I was determined as 239 K.
The 1/T1 vs. T curves of the ν2 resonance line (88 MHz) for 81Br NQR shows a larger increase of
1/T1 with temperatures in the phase IV than the other phases and an enhancement of 1/T1 for the
second-order II↔I phase transition at 239 K (Fig.2). The enhancement of 1/T1 indicates the onset of
the molecular motion of the cation as a whole on the II→I phase transition (The local environment is
shown in Fig. 3). Meanwhile the IV↔III and the III↔II phase transitions may be related to the rotational
motions of CH3 and NH3 groups, respectively.

References
[1] H. Terao and T. Okuda, Z. Naturforsch. 45, 343 (1990).
[2] M. Körfer, H. Fuess, J. W. Bats, and G. Klebe, Z. Anorg. Allg. Chem. 525, 23 (1985).
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Precise nuclear quadrupole moments (Q) are a prerequisite for any quantitative analysis of measured
quadrupole coupling constants. While historically good precision of calculated electric field gradient
(EFG) values for normalization could only be achieved for atoms, the progress of calculations for
molecules and solids in recent times has opened up a new possibility. Thus in many cases now values
for Q have been obtained in this way [1]. Here we have used the full-potential linearized augmented
plane waves (FLAPW) method to obtain updated values of Q for the Zn and Cd isotopes. The most
reliable results come from the calculations in the hexagonal metals. Here accurate lattice constants
at 4K have been determined and precise values for the coupling constants are known. For error
analysis numerous calculations were made using different density functionals and computational
parameters. In particular a very dense mesh of k-points in the Brillouin zone was needed. The
final results (absolute values) are: Q (67Zn, g. st.) = 0.145 (3) b, Q (111*Cd, 5/2+) = 0.764 (15) b.
Calculations of the EFG in various other compounds, mostly halides, give results in agreements
with these values, of less precision, however. To check the procedures employed the EFG in several
simple gallium and indium halides was calculated. The resultant quadrupole moments agree within
1% with the precisely known values. Using the experimentally determined ratios of Q, generally
known with high accuracy, the moments of the other Zn and Cd isotopes can be obtained. In the case
of Cd the trends of coupling constants from optical spectroscopy and perturbed angular distribution
measurements must be considered for this purpose.
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The measurement of the nuclear quadrupole interaction at impurities in simple metals with nuclear
methods, the PAC and PAD techniques in particular, has produced a great number of precise ex-
perimental data. For the 4sp and 5sp impurities in the strongly deformed hexagonal metals Zn and
Cd the data set is almost complete. It has allowed to develop a qualitative understanding of the
trends observed. Within a rigid band model [1] the sign change at group V impurities could be
explained. Several early theoretical calculations with different methods have confirmed the con-
clusions but failed to reach quantitative agreement with the experimental data. The local lattice
relaxation around the impurities has generally been blamed for this problem. The present work has
been started to include this effect by the use of very large (150 atoms) supercells and the precise
FLAPW method. For the cases where the nuclear quadrupole moments (Q) are reliably known the
calculations reproduce quantitatively the data, with two exceptions: Ag in Zn and I in Zn and Cd.
In the first case a generally not very reliable nuclear orientation measurement has been the data
source [2]. For the second case the pioneering �-� PAC experiment [3], however, appears quite re-
liable. A remeasurement with a different technique would be worthwhile. Whenever Q has only
been estimated, strong disagreement is found. In these three cases (67Ge, 77Br, 123Xe) it is felt that
the present work results in the first reliable value for Q. The qualitative features found can be un-
derstood in the rigid band model. An extensive estimation of the theoretical errors has been made
using calculations with a 64 atoms supercell.
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Quadrupole interaction in the solid halogens - a new (not final)
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The nuclear quadrupole interaction in the molecular crystals of chlorine, bromine and iodine has
been studied very early after the introduction of the NQR method. One should thus believe that
precise experimental results are available. It will be argued here that for Cl2 and Br2 this is not the
case at all. Obviously several attempts on interpreting the existing data have been made. Actually
already in the first theoretical analysis [1] doubts on the results for solid Br have been raised, but
afterwards ignored. In a pioneering work really free from parameters the EFG for solid Cl2, Br2 and
I2 was calculated with the density functional method FLAPW [2]. The comparison of the calculated
asymmetry parameters � with experiment was inconclusive, however. The intermolecular interac-
tion that creates � also will have an influence on the interaction frequency when compared to the
free molecule value��0. Since precise experimental data for this shift ��/�0 are available, here an
attempt is described to treat both effects on the same footing. The same method previously used to
determine the halogen nuclear quadrupole moments [3] was therefore applied to the free halogen
molecules and the solids. It is obvious that the FLAPW calculations overestimate the frequency shift
by a factor of about 2 in all three cases. It is thus extremely likely that the same holds also for �.
Under the assumption that the degree of overestimation for ��/�0 and � is the same, “corrected”
values for � may be obtained. This results in a perfect agreement with the precisely known value for
I2. It could be demonstrated with FLAPW calculations of expanded unit cells that the effects of the
intermolecular interaction on ��/�0 and � are correlated. From these calculations also for the first
time a realistic theoretical result for the sublimation enthalpies is obtained. It may be hoped that the
interpretation presented here will act as a stimulus for new experiments and theoretical treatments
that can describe the intermolecular interaction better than FLAPW. The results are summarized in
Table 1:
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The nuclear magnetic resonance on oriented nuclei (NMR-ON) is a powerful method for investigat-
ing the hyperfine interactions of probe nuclei in ferromagnetic metals. A systematic study of the
hyperfine fields gives us very important information on the electronic structures of the elements in
ferromagnetic host metals. Previously, we reported successful measurement hyperfine field of 59Fe
in iron host [1], and nuclear spin-lattice relaxation time [2]. We measured the hyperfine field and
nuclear spin-lattice relaxation time of 59Fe in nickel host using β-ray detected NMR-ON method.
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The sample of 59FeNi was produced by irradiation of 58FeNi foil with thermal neutrons. After ir-
radiation the sample was annealed at 800oC in vacuum for 1 hour. The NMR-ON experiment was
performed by 3He/4He dilution refrigerator at Niigata University. The sample was cooled down to
about 10mK. The asymmetry of β rays was monitored by two Si detectors mounted at 0o and 180o
with respect to the orientation axis. The resonance spectra were measured at external field B0 = 0.1,
0.2, 0.4, and 0.6 T. From the linear shift of resonance frequencies with external field B0, we obtained
ν0 = 48.34(1) MHz. The magnetic moment of 59Fe was reported as μ = -0.3358(4) μN [1]. Using
this value and neglecting a possible Knight shift, the hyperfine field of FeNi was deduced to be BHF
= -28.33(5) T, which is in good agreement with the previously reported value of 28.2(2) T [2]. The
nuclear spin-lattice relaxation time was also measured by turning FM on and off at the center of the
resonance frequency. The further data analysis is in progress. References [1] T. Ohtsubo, D.J. Cho,
Y.Yanagihashi and S. Ohya, Phys. Rev. C54, 554 (1996). [2] T. Ohtsubo, D.J. Cho, Y.Yanagihashi, K.
Komatsuzaki, K. Mizushima, S. Muto and S. Ohya, Proceedings of the 10th International Conference
on Hyperfine Interactions; Hyperfine Interactions (C), 577 (1996). [3] V.G. Bhide and G. K. Shenoy,
J. Phys. Soc. Japan 21, 625 (1966).
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This study reports the room temperature ferromagnetism in CNTs synthesized by chemical vapor
deposition techniques using Fe and Co as catalyst. The samples are investigated through XMCD/XAS
at Pohang Light Source, Korea.
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Summary:

Carbon nanotubes (CNTs) possess unique mechanical and electronic properties suitable for fabricating
the nano-scale building blocks of nanodevices. Such nanoscale magnetic materials may be used in spin-
dependant electronic devices and magnetic data storage. Because small particles depend strongly on
the size [1], the control of their size and shape is indispensable for advance applications. In this study,
MWCNTs synthesized by chemical vapor deposition (CVD) technique are investigated with synchrotron
radiations at Pohang Light Source (PLS), Korea. Near edge x-ray absorption spectroscopy (NEXAFS)
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measurement at C K, Co L3,2 and Fe L3,2–edges, and x-ray magnetic circular dichroism (XMCD) at Co
and Fe L3,2 –edges have been carried at 7B1 XAS KIST and 2A MS beamline respectively to understand
the electronic structure and responsible magnetic interactions at room temperature. X-ray absorption
spectroscopy (XAS) at C K-edge shows significant p-bonding and Co and Fe L-edges proves the pres-
ence of Co2+ and Fe2+ in octahedral symmetry. Fe and Co catalysts in these MWCNTS shows good
XMCD signal at 300K and 90K. The effect on the magnetism is also studied through soft heavy ion
(SHI) radiations and magnetism is found enhanced and change in the electronic structure in Co-CNTs
is noticed.

[1] E. Wohlfarth, in: G. Rado, H. Suhl (Eds.), Magnetism, Vol. 3 (Academic Press, New York, 1963).
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Substitution of K ions with Li ions in the KTaO3 lattice is a textbook example of how to induce
structural disorder, leading to a glass-like behavior [1]. Li impurities act like randomly interacting
electric dipoles, with six discrete instantaneous orientations pointing along the cubic axes. For low
Li concentrations x, dipolar glass state is established at low temperatures. At high temperatures,
no behavior reminiscent of Li-Li pair interplay has been observed, apart from a two-timescale Li
dynamics [2,3]. The absence of satellite transition features in the quadrupole-perturbed 7Li (I =
3/2) NMR spectra [2, 3] is somewhat surprising, since the statistical probability of Li-Li pairs is far
from being negligible for Li-concentrations at which dipolar state is formed at low temperatures (x
≤ 0.04).
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Chemical statesof 57Fe in NaF, NaCl, MgO
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Summary:

A study of 57Fe in-beam Mössbauer spectroscopy using 57Mn was applied to the samples having rock-
salt type crystal structure, NaF, NaCl and MgO.
The 57Mn beam was produced as a nuclear projectile fragment of the 58Fe beam, and implanted into a
sample after passing through Pb/Al/acrylic plate degrader. A sample with 5mm in thickness was used.
The 57Fe Mössbauer spectrum of 57Mn implanted into NaF measured at room temperature was relatively
simple, which was fitted into the combination of a singlet (IS = −1.28 mm/s) and a doublet (IS = −1.17
mm/s, QS = 1.52 mm/s). The singlet peak is assigned to high-spin Fe2+ surrounded by six F− ions, which
substitute Na+ in NaF crystal. Whereas the assignment of the doublet is difficult; it might be an Fe atom
with vacancy of F− ions in neighbor, or an Fe atom in interstitial position of NaF lattice. NaCl showed
a similar spectrum consisting of a singlet (IS = −1.12 mm/s) and a doublet (IS = −1.11 mm/s, QS = 1.41
mm/s). The singlet corresponded to the substitutional site and the doublet to a defect or interstitial site.
The spectrum of MgO was analyzed as the sum of a singlet and doublets. Density functional calculations
using ADF program set applying cluster model were performed to estimate the electronic structure of
the Fe atom in NaF lattice in various environment in order to make an assignment of the doublet peaks.
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We report a computational procedure developed to explore and, hopefully, to distinguish various com-
plex diffusion mechanisms in materials through analysis of hyperfine spectra. We have given initial
attention to intermetallic compounds, which are of special interest because complex diffusion mecha-
nisms, whereby diffusing species change sublattices or multiple defect species cooperate in diffusion,
can be important diffusion processes.

When a hyperfine probe serves as a tracer in the diffusion process, it is subjected to hyperfine interac-
tions induced by evolving arrangements of defects as they move in the diffusion process. It is not prac-
ticable to enumerate all possible arrangements of defects near probes, but it is sufficient to construct a
model by considering only those arrangements that are most probable and that create the largest per-
turbations of the hyperfine field. Such a model contains each Hamiltonian of the defect configurations
under consideration and all rates of transition among the configurations. Even when limiting consider-
ation of contributions to electric field gradients (EFGs) caused by defects in the first-neighbor shell of a
probe, the number of distinct Hamiltonians can be cumbersomely large.

In this work, we describe a method developed to determine all Hamiltonians of a model and the jump
rates among them. In the first step, all possible configurations of defects within a specified range of
the hyperfine probe are determined, subject to constraints on which types of defects are allowed, on
numbers of defects, and on possible defect jump paths. In the second step, a list is made of unique
EFGs arising from the allowed defect configurations within a cutoff distance from the probe, and the
connectivity from one EFG to another is determined. In the third step, the rates of transition among
EFG states are expressed in terms of defect concentrations and defect jump rates. Finally, a stochastic
model is used to calculate PAC spectra for fluctuations among the possible configurations.

Using this method, stochastic models for complex diffusion mechanisms in L12-structured compounds
were developed. Under the approximation that only defects in the near neighbor shell of the PAC probe
will have a significant influence on the EFG, the model for the divacancy mechanism has 45 unique EFGs
and the model for the 6-jump mechanism has 588 unique EFGs.

This work is funded in part by NSF grant DMR 06-06006 (Metals Program) and computational resources
were provided in part by KY EPSCoR grant RSF 012-03.
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Summary:

PolyPacFit is an advanced fitting program for time-differential perturbed angular correlation (TDPAC)
spectroscopy that incorporates stochastic models and provides robust possibilities for customization
of fits. Notable features of the program include support for (1) fits to stochastic models of hyperfine
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interactions, (2) user-defined constraints among model parameters, and (3) fits to multiple spectra si-
multaneously. Another feature of PolyPacFit is that it is platform-independent.

The current version of PolyPacFit is limited to polycrystalline spectra, as the program name suggests.
The program supports nuclear probes of any spin. It allows users to specify electric quadrupole, mag-
netic dipole, and mixed hyperfine interactions. Finally, PolyPacFit provides support for ad hoc line-
shape parameters for dynamic damping and for inhomogeneous broadening. Examples showing the
application of PolyPacFit will be presented.

This work is funded in part by NSF grant DMR 06-06006 (Metals Program) and computational resources
were provided in part by KY EPSCoR grant RSF 012-03.
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Summary:

Systems exhibiting coupling between ferroelectric (FE) and (anti)ferromagnetic (AFM/FM) orders, are
suitable for new magnetoelectric memories, which allow to write electrically information and to read it
magnetically (or vice-versa) [1-3].
This work is focused in the delafossite type compound AgCrO2, which has gave rise a recent renewed
interest due to its magnetoelectric properties [3]. Single-phase polycrystalline samples were prepared
through the standard solid-state reaction method, using O2 flow. The phase purity was checked through
Rietveld XRD powder analysis. The temperature dependence of the magnetization and of the dielectric
constant exhibits the expected behavior near the AFM and FE ordering temperature (TN =21 K). Fur-
thermore, the temperature dependence of the magnetic susceptibility below T=100 K shows a peculiar
behavior, generally attributed to the development of 2D short-range magnetic correlations (SRMC), due
to strong frustration, coming from the AFM exchange interactions in a triangular spin lattice [4].
We have studied in detail the temperature dependence of the electric field gradient (EFG) at the Cr site
via perturbed angular correlation measurements with the 111In probe. We have evidence that a second
EFG emerges below 100 K and remains down to 10 K. In addition, the relative abundance of these two
EFG varies linearly extrapolating to 50% at T=0 K.
Taking into account the strong interplay between magnetic and electric degrees of freedom present in
AgCrO2, the SRMC can facilitate the onset of a second EFG (EFG2) that having a relatively close fre-
quency to the first one (EFG1), but with a different asymmetry parameter (n2). A possibility that could
explain our data is connected with ion polar displacements that would start below 100 K. A-site displace-
ments were in fact suggested to occur in LiCrO2[5]. Moreover, a distortion of the Cr triangular lattice
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was claimed below TN in CuCrO2 [6]. In this way, our results suggest that the observed EFG2 might be
associated with a precursor effect of the FE/AFM phase transition.

References:
1. Y.H. Chu, L.W. Martin, et al, Nature Materials 7, 478 (2008).
2. M. Bibes and A. Barthélémy, Nature Materials 7, 425 (2008).
3. S. Seki et al, Phys. Rev. Lett. 101, 067204-1, (2008)
4. Y. Oohara, et al, Journal of the Physical Society of Japan, 63 (3):847–850, 1994.
5. J. Sugiyama, et al, Physical Review B, 79 (18):184411, 2009.
6. K. Kimura, et al, Journal of the Physical Society of Japan, 78 (11), 113710, 2009
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Summary:

We report the creation of a library of computational routines to assist in the analysis of stochastic mod-
els of hyperfine interactions. We call this library the stochastic hyperfine interactions modeling library
(SHIML). It provides routines written in the C programming language that (1) read a text description of
a model for fluctuating hyperfine fields, (2) set up the Blume matrix, upon which the evolution operator
of the system depends, and (3) find the eigenvalues and eigenvectors of the Blume matrix so that the-
oretical spectra of experimental techniques that measure hyperfine interactions can be calculated. The
optimized vector and matrix operations of the BLAS and LAPACK libraries are utilized; however, there
was a need to develop supplementary code to find an orthonormal set of (left and right) eigenvectors of
complex, non-Hermitian matrices. Examples will be presented to illustrate the use of SHIML to generate
perturbed angular correlation spectra for the special case of polycrystalline samples when anisotropy
terms of higher order than A22 can be neglected.

This work is funded in part by NSF grant DMR 06-06006 (Metals Program) and computational resources
were provided in part by KY EPSCoR grant RSF 012-03.
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AB-INITIO HYPERFINE FIELDS IN Fe-Cr
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Fe-Cr alloys form the basis of many industrially important steels, in particular, of the stainless steels.
In recent years interest on Fe-Cr alloys grew due to the excellent resistance to irradiation induced
swelling of ferritic stainless steels, which are expected to be key materials for developing critical
structural components in advanced nuclear reactors. Iron-chromium alloys are characterized by
extensive mutual solubility in the bcc phase at high temperatures, with small positive enthalpy of
mixing and by complex magnetic interactions [1]. All this justifies the investigation of the constitu-
tion, thermodynamics and complex magnetic interactions of the bcc Fe-Cr alloys. In this work we
focus on the the hyperfine fields at the Fe sites in bcc-based Fe-Cr alloys, determined from first prin-
ciples calculations. We use the Full-Potential Linear Augmented Plane Wave method (FP-LAPW)
as embodied in the WIEN2k code [02]. This method allows the computational of very precise total
energies and charge densities in metallic compounds due to its full potential feature and is, one of
the most accurate methods for electronic structure calculations in solids, specially metals. Our hy-
perfine fields are discussed in the light of the theoretical and experimental results in the literature.
References [1] Inden, G., C. G. Schön . Thermodynamic self-consistency issues related to the Clus-
ter Variation Method: the case of the BCC Cr-Fe (Chromium - Iron) system. CALPHAD 32 (2008)
661- 668. [02] P. Blaha, K. Schwarz, G. Madsen, D. Kvasnicka and J. Luitz, WIEN2k, An Augmented
Plane Wave + Local Orbitals Program for Calculating Crystal Properties (Karlheinz Schwarz, Techn.
Universität Wien, Austria), 2001. ISBN 3-9501031-1-2 Key-words: Fe-Cr alloys, magnetic ordering,
WIEN2k, FP-LAPW, intermetallic compounds. Poster Presentation.
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Summary:

Hafnia (HfO2) and zirconia (ZrO2) are wide band gap semiconductors with high dielectric constants and
very similar properties. Both oxides have monoclinic structure at room temperature that transforms into
tetragonal and cubic at respectively higher temperatures. Besides both oxides display technological in-
terest because their high temperature melting point as well as its chemical stability.
By adding small amounts of impurities present different structures that have important technological
applications such as electrolytes for combustion cells, catalytic substrates and protecting coatings.
Both, HfO2 and ZrO2 have been widely studied using Time Differential Perturbed Angular Correlations
spectroscopy (TDPAC) using 181Hf→181Ta probes. Up to now the analysis of TDPAC results was based
in the simple assumption that probes are inert in the sense that they do not introduce any crystalline or
electronic distortion.
In this contribution we present a first principles study (using the full-potential linear augmented plane
wave plus local orbital, APW+lo) of structural, electronic and hyperfine properties of Ta impurities lo-
calized at cationic sites in monoclinic HfO2 and ZrO2. Due to the agreement between the experimental
results obtained by TDPAC and our calculations of the electric field gradient tensor (EFG) it was possible
to deduce the Ta charge state at 300K. It was also possible to calculate the structural distortions induced
by the impurities in both oxides. From these results the role played by the Ta impurity to create the
EFG can be determined.
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The possibility of Fe (III)-reduction in alkaline environments has been subject to doubt due to the
low mobility of Fe(III) under these conditions. However, this ability has been observed for Geoalka-
libacter ferrihydriticus [1, 2]. Anaerobic alkaliphilic dissimilatory iron-reducing bacterium G. ferri-
hydriticus (strain Z-0531) and anaerobic alkaliphilic bacterium Anaerobacillus alkalilacustre (strain
Z-0521) were isolated from sample of bottom sediments from low-mineralized soda lake Khadyn,
Tuva (Russia) [3, 4]. A. alkalilacustre utilized mannitol as preferred substrate, producing formate,
lactate and acetate as the main products. It did not reduce amorphous Fe(III)-hydroxide (AFH). G.
ferrihydriticus used AFH as an electron acceptor and acetate as an electron donor and was not able
to utilize mannitol. The aim of our work was to study the process of iron mineral transformation
in binary culture of these two bacteria, where mannitol was added as the only one substrate. 57Fe
Mössbauer spectroscopy at room and low temperatures was used as the main method of iron min-
eral determination. The concentration nFe(III) of initial AFH was varied. Mössbauer spectra of the
sample obtained in iron-reduction process for nFe(III) =100 mM and measured at different tempera-
tures are shown in Fig.1. The comparison of the room and low temperature spectra of this sample
is indicative of superparamagnetic relaxation. The formation of siderite FeCO3 and magnetically or-
dered phase (magnetite) were observed. The formation of magnetite was not observed for nFe(III) =10
mM, only siderite and the phase which spectrum parameters were close to the parameters of siderite
were formed. It was also found when comparing some control probes and samples the joint growth
of bacteria lead to a more intensive reduction of amorphous Fe(III)-hydroxide. References [1] N.I.
Chystyakova, V.S. Rusakov, K.A. Nazarova, Yu.A. Koksharov, D.G. Zavarzina and J.–M. Greneche,
Hyperfine Interact. 182 55 –63 (2008). [2] N.I. Chystyakova, V.S. Rusakov, K.A. Nazarova, A.A. Shap-
kin, T.N. Zhilina, D.G. Zavarzina., Izvestiya Rossiiskoi Akademii Nauk. Seriya Fizicheskaya, 74, 433–
437 (2010). [3] D. G. Zavarzina, T. V. Kolganova, E. S. Boulygina, N. A. Kostrikina, T. P. Tourova and
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G. A. Zavarzin, Microbiology 75 673–682 (2006). [4] D. G. Zavarzina, T. P. Tourova, T. V. Kolganova,
E. S. Boulygina, and T.N. Zhilina, Microbiology 78 723–731 (2009).
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FeSb2 has gained much interest in recent years, because of its potential as a thermoelectric material.
It is a nearly ferromagnetic small gap semiconductor with a semiconductor-metal transition above
80 K [1]. It crystallizes in the marcasite structure, where Fe has only one crystallographic site,
surrounded by distorted Sb-octahedra [2]. These octahedra are corner shared in the ab-plane and
edge sharing along the c-axis. With decreasing temperature the distortion of the octahedra increases,
showing a maximum around 100 K [3]. At low temperatures the material is diamagnetic. With
increasing temperature a paramagnetic-like behavior is observed. The aim of this work is to get
more information about the magnetic state of the iron atom in this compound. We report on 57Fe
Mössbauer investigations in zero and in applied fields up to 13.5 T at temperatures between 4.2
K and RT on polycrystalline FeSb2 samples enriched with Fe-57. The spectra were analysed by
solving the full Hamiltonian, taking into account both electrostatic and magnetic interactions, as
well as the sample thickness. The zero field spectra can be fitted by only one subspectrum, with a
quadrupole splitting which increases with decreasing temperature, reaching a maximum at about
50 K. In contrast to this the in-field spectra are extremely complex. Several models were tested to
explain the spectra. At least 5 subspectra is necessary with line widths for some of them indicating
that this is only a minimum number. Common to all models is that the mean values for quadrupole
splitting and center shift fit well to the zero-field results. [1] A.V. Lukoyanov et al., Eur.Phys.J. B 53,
205 (2006).[2] F. Hullinger, Struct. Bonding (Berlin) 4, 83 (1967).[3] C. Petrovic et al., Phys.Rev.B 72,
045103 (2005).
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Summary:

Electromagnetic moments of nuclei are important physical quantities not only for nuclear structure
studies, but also for investigation of the electromagnetic structures in materials. Reliable values of
electromagnetic moments of radioactive nuclei are essential especially for probe nuclei of rare-earth
elements in ferromagnetic materials through hyperfine interactions since it is difficult to apply the con-
ventional NMR technique due to their very high resonance frequencies and shallow skin depths. One
such example is Ho in Fe, which, as Torumba et al. have pointed out, is important for evaluating first
principle calculations [1].
This time, we succeeded in observing the Larmor precession for the 362 keV state in 165Ho(Iπ = 3/2+,
T1/2 = 1.512 µs) in Dy2O3 by use of the perturbed angular correlation technique, intending to determine
the magnetic moment and apply it to the measurement of the hyperfine field at Ho in Fe.
The 362 keV state in 165Ho was populated as a decay product of 165Dy, which in turn was produced
by the neutron activation of 164Dy in natural Dy2O3 power. A static external magnetic field of 3 kG
was applied to the sample at room temperature. The Larmor frequency for the 362 keV state in 165Ho
in Dy2O3 was determined to be –32.3 ± 0.6 MHz. The magnetic moment for this state was tentatively
deduced to be +2˜3 µN under the assumption that the paramagnetic correction factor for free Ho+3 ions
[2] is applicable to the present case. Taking the uncertainty of the paramagnetic correction factor in
Dy2O3 into account, the deduced magnetic moment would be consistent with a simple model calcula-
tion of the magnetic moment for rotational state nuclei. An accurate evaluation of the paramagnetic
correction factor for Ho in Dy2O3 is now in progress to finalize the magnetic moment value.

References
[1] D. Torumba, V. Vanhoof, M. Rots, and S. Cottenier, Phys. Rev. B 74 (2006) 014409.
[2] C. Günther and I. Lindgren, in Perturbed Angular Correlations, eds. E. Karlsson, E. Matthias, and K.
Siegbahn (North-Holland, Amsterdam, 1964) p. 355.
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Summary:

There is renewed interest in bismuth ferrite, BiFeO3, due to its special multiferroic properties at and
above room temperature (RT) [1, 2]. It is therefore important to investigate the structural, electronic and
magnetic properties of doped BiFeO3 systems such as BiHoFeO3 using a suite of spectroscopic methods.
Here we present results of 57Fe-Mössbauer spectroscopy (MS) studies on Ho substituted BiFeO3. The
MS measurements were performed in standard transmission geometry with a 57Co(Rh) source, at 90 K
and on the as-synthesized sample, and at room temperature after annealing the sample at temperatures
between 373 K and 1123 K in argon for 18 hours. Selected Mössbauer spectra are shown in Figure
1. The spectra at 90 K, for the as-synthesized sample and after annealing at TA less than or equal to
673 K are very similar and are generally characterized by two Zeeman sextets and two quadrupole
split doublets. The isomer shifts and hyperfine fields of the sextets are close to those observed for
BiFeO3; the quadrupole splitting of the sextets are much larger. However, at TA > 673 K, the recorded
spectra exhibit collapsing magnetic fields and pronounced growth of the central regions are observed
at higher annealing temperatures and this is tentatively assigned to paramagnetic spectral components.
Raman spectroscopy, X-Ray Powder Diffraction and magnetization data will be presented to confirm
the findings obtained from the Mössbauer results.

References
[1] A. Palewicz et. al., Acta Cryst. (2007) B 63, 537-544.
[2] A. Palewicz et. al., Solid State Communications 140 (2006) 359-363.
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Summary:

Nuclear magnetic resonance of oriented nuclei (NMR-ON) has been widely applied in the study of the
electromagnetic properties of unstable nuclei and hyperfine interactions of dilute impurities in ferro-
magnetic metals. The hyperfine anomaly arises from the hyperfine interaction of the finite nuclear
volume of nuclear magnetization and hyperfine field due to Fermi contact. The difference between the
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point nuclear magnetic structure and the finite magnetic structure is referred to as the Bohr-Weisskopf
effect, which depends on the nuclear structure. In order to study the hyperfine anomalies of Pt isotopes,
NMR-ON experiments on 197Pt in Ni was measured.
Samples of 197PtNi were prepared with thermal neutron irradiation. Thin alloy foils of PtNi (0.1 at. %
of the 96% enriched 196Pt) were irradiated in the reactor at the Japan Atomic Energy Research Institute.
After irradiation, the sample was annealed in vacuum for 30m at 800 ℃ and was cooled down to about
7 mK using a 3He/4He dilution refrigerator. The b rays from 197Pt were measured by two Si detectors
mounted in the refrigerator at 0 and 180° with respect to the external magnetic field of 0.2, 0.4 and 0.6 T.
NMR-ON spectra were observed by detecting the b-ray asymmetry change with rf oscillating fields. Fig.
1 shows typical NMR-ON spectra of 197PtNi. For pure magnetic interaction, the resonance condition
is given by hn = | g { Bhf + (1+K)B0 } | mN. From least-squares fits of the resonance frequencies vs the
external magnetic fields, the resonance frequency at B0 = 0 of n0(197PtNi) = 230.7(1) MHz. Comparing
with the magnetic resonance frequency of 191PtNi [1] and the magnetic moments determined by atomic
beam method [2], the hyperfine anomalies of Pt isotopes were deduced; 191D197 = 12(5) %. It is too large
compared with the theoretical value (+0.2%). We also deduce the hyperfine anomaly with 195Pt [3,4]
that has a same spin and parity as 195D197 = 15(5)%. From these large values, the experimental value
of magnetic moment for 197Pt should be wrong.

References
[1] G. Seewald et al., Phys. Review B66, 174401 (2002).
[2] Y.W. Chan et al., Bull. Am. Phys. Soc. 13, No.6, 895 CE14 (1968).
[3] M. Kontani and J. Itoh, J. Phys. Soc. Japan 22, 345 (1967)
[4] W.G. Proctor and F.C. Yu Phys. Rev. 81, 20(1951)
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Hole doped transition metal oxides are famous due to their extraordinary charge transport prop-
erties, such as high temperature superconductivity (cuprates) and colossal magnetoresistance (man-
ganites). Astonishing, the mother system of these compounds is a Mott insulator, whereas important
role in the establishment of the metallic or superconducting state is played by the way that holes
are self-organized with doping. Experiments have shown that by adding holes the insulating phase
breaks into antiferromagnetic (AFM) regions, which are separated by hole rich clumps (stripes) with
a rapid change of the phase of the background spins and orbitals. However, recent experiments
in overdoped manganites of the La1−xCaxMnO3 (LCMO) family have shown that instead of charge
stripes, charge in these systems is organized in a uniform charge density wave (CDW). Nuclear Mag-
netic Resonance (NMR) has been a powerful local probe for a static and dynamic investigation of
magnetic states due to the distribution of local magnetic fields in the sample via hyperfine interac-
tions. In 139La NMR the lanthanum nucleus (I=7/2) directly exhibits the magnetic state (FM or AF) of
the nearest manganese ions neighbors. Here, by using 139La NMR we provide direct evidence that
the ground state of overdoped LCMO is indeed solitonic. By lowering temperature the narrow NMR
spectra observed in the AFM phase are shown to wipe out, while for T < 30K a very broad spectrum
reappears, characteristic of an incommensurate (IC) charge and spin modulation. Remarkably, by
further decreasing temperature, a relatively narrow feature emerges from the broad IC NMR signal,
manifesting the appearance of a solitonic modulation as T → 0.
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Crown thioethers are organic molecules that can act as molecular, metal and radioisotope carriers,
ion-sensitive electrodes, phase transfer reagents and etc [1]. When these lock and key compounds
are functionalized with radioisotopes, they present promising possibilities to be applied in drug
design to treat and diagnose diseases. The Time Differential Perturbed Angular Correlation (TDPAC)
technique has been suggested in the literature, in connection with different radioactive probes, to aid
in this study [2,3]. An important issue to be addressed in the case of biomedical applications is the
structural stability of the Crown thioethers, under different conditions, what can be done through
state of the art ab initio electronic structure calculations. Here we study the electronic, structural
and electrical hyperfine properties of some Crown thioethers complexed with Ag or Cd. We try
to reproduce the different situations faced when there is a β decay of 111Ag to 111Cd as seen in
a TDPAC experiment. We use the CP-PAW code, which is an all electron ab initio method in the
Kohn-Sham scheme of the DFT [4] combining the Car-Parrinello quantum molecular dynamics [5]
and the Projector Augmented Wave basis (PAW) set [6]. Our Electric Field Gradient (EFG) results
are in a very good agreement with measurements [7] when the Cd+ atom is used to mimic the
experimental situation. We also discuss the similarity in the electronic structures before and after
the decay. We demonstrate in this issue the importance to evaluate the correct charge state in the ab
initio analysis. I’m submitting an oral presentation. References [1] Schubiger P. A., Alberto R. and
Smith A., Bioconjug. Chem., 7, 165 (1996). [2] Ctortecka B., PhD Thesis, Faculty of Physics and Earth
Science, Universität Leipzig, 1999. [3] Tröger W., Hyperfine Interactions, 120/121, 117-128 (1999).
[4] Kohn W. and Sham L. J., Phys. Rev. B., 140, 1133 (1965) . [5] Car R. and Parrinello M., Phys. Rev.
Lett., 55, 2493 (1985). [6] Blöch P., Phys. Rev. B, 50, 17953 (1994). [7] Heinrich F., Ctortecka B. and
Troger W., Hyperfine Interactions, 158, 79-88 (2004).
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Hyperfine interactions can be a powerful tool to identify local environments in many different sys-
tems. Recently it has been drawn attention to the possible application of the Time Differential
Perturbed Angular Correlation (TDPAC) technique to study differences in the Nuclear Quadrupole
Coupling constants ( υQ ) at Cd probes in mouse DNA infected with the Trypanosoma Cruzi. The
electric contribution to the hyperfine interaction is usually expressed as the nuclear quadrupole cou-
pling frequency υQ which is given by the product of the nuclear quadrupole moment Q and the
Electric Field Gradient (EFG) at the nucleus. The EFG can be theoretically obtained from an ab initio
electronic structure calculation. The 111In → 111Cd β decay can be used in a TDPAC measurement
to investigate the Cd metal binding to DNA. The interaction of the metal with the DNA bases can
change many aspects of the base pairing [1]. Here we study electric hyperfine properties of Cd
bound to some DNA bases. The methodology used for the electronic structure calculations is based
on the Kohn Sham [2] scheme of the Density Functional Theory (DFT) and the Car-Parrinello [3]
method. We use the Projector Augmented Wave [4] method as embodied in the (CP-PAW) compu-
tational code. The results of EFG and energies are discussed as function of water molecules present
in the Cd²+ environment and compared with TDPAC measurements at Cd probes in mouse DNA
infected with the Trypanosoma Cruzi.References [1] J. V. Burda, J. Sponer, J. Leszczynski, P. Hobza,
J. Phys. Chem. B., 101, 9670 (1997). [2] W. Kohn, L. J. Sham, Phys. Rev. B., 140, 1133 (1965).[3]
P. E. Blöchl, Phys. Rev. B., 50, 17953 (1994).[4] R. Car e M. Parrinello, Phys. Rev. Lett. 55, 2493
(1985).
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Summary:

The 57Fe Mössbauer spectroscopy has been used to follow the appearance of magnetic order and struc-
tural transition induced by composition or temperature changes in some Fe-pnictide compounds. In the
case of doped compounds by F, K and Na in CeFeAsO1-xFx, Ba1-xK xFe2As2 and Sr1-x Na x Fe2As2 su-
perconductivity was established. The studies have been performed on some RFeAsO1-xFx (R = Ce, Nd)
polycrystalline samples of as well as in Ba0.5K0.5Fe2As2 and Sr0.5Na0.5Fe2As2 single crystal samples.
Other Mössbauer studies have shown evidence for magnetism and superconductivity on Sr4V2O6Fe2As2,
and Sr4Sc2O6Fe2As2 would show a magnetic ordering without a homogeneous structure. The magnetic
transition temperature and the type of transition will be discussed, as well as the coexistence of mag-
netism and superconductivity.
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Summary:

Beta-NMR is a technique where NMR resonances are observed as changes in beta-decay anisotropy. It
has already been successfully applied in solid state physics and the technique holds great potential for
successful applications in biology as well, although, it has never been applied to that field before.
Currently we are focused on setting up a new instrument at the ISOLDE/CERN which will allow to carry
out the first measurements ever performed on biological samples. The combination of the ISOLDE facil-
ity and both optical pumping and tilted-foils opens up a wide spectrum of isotopes which are interesting
from the biological point of view. With the use of beta-NMR one will gain the access to these properties
of metalloproteins which are silent in most other spectroscopies.
The underlying physics of beta-NMR is basically the same as for classical NMR using stable isotopes
what is a considerable advantage since the large expertise gained within the last decades of using this
method in the field of biophysics and chemistry can be easily projected to future beta-NMR experi-
ments. Moreover, this technique offers many advantages over NMR spectroscopy. Most notably, it
is extremely sensitive, several orders of magnitude in comparison with standard NMR, and it may be
applied for elements which are otherwise difficult to explore spectroscopically for certain biologically
highly important oxidation states, such as Zn(II) or Cu(I).
We strongly believe that beta-NMR will contribute to studies of many important biological problems,
such as structure and dynamics of molecules in solution, and therefore it would have a considerable
impact in biological chemistry.
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Summary:

Crown thioethers are organic molecules that can act as molecular, metal and radioisotope carriers, ion-
sensitive electrodes, phase transfer reagents and etc [1]. When these lock and key compounds are
functionalized with radioisotopes, they present promising possibilities to be applied in drug design to
treat and diagnose diseases. The Time Differential Perturbed Angular Correlation (TDPAC) technique
has been suggested in the literature, in connection with different radioactive probes, to aid in this study
[2,3]. An important issue to be addressed in the case of biomedical applications is the structural stability
of the Crown thioethers, under different conditions, what can be done through state of the art ab initio
electronic structure calculations. Here we study the electronic, structural and electrical hyperfine prop-
erties of some Crown thioethers complexed with Ag or Cd. We try to reproduce the different situations
faced when there is a β decay of 111Ag to 111Cd as seen in a TDPAC experiment. We use the CP-PAW
code, which is an all electron ab initio method in the Kohn-Sham scheme of the DFT[4], combining
the Car-Parrinello quantum molecular dynamics [5] and the Projector Augmented Wave basis (PAW)
set [6]. Our Electric Field Gradient (EFG) results are in a very good agreement with measurements [7]
when the Cd+ atom is used to mimic the experimental situation. We also discuss the similarity in the
electronic structures before and after the decay. We demonstrate in this issue the importance to evalu-
ate the correct charge state in the ab initio analysis.
References
[1] Schubiger P. A., Alberto R. and Smith A., Bioconjug. Chem., 7, 165 (1996).
[2] Ctortecka B., PhD Thesis, Faculty of Physics and Earth Science, Universität Leipzig, 1999.
[3] Tröger W., Hyperfine Interactions, 120/121, 117-128 (1999).
[4] Kohn W. and Sham L. J., Phys. Rev. B., 140, 1133 (1965) .
[5] Car R. and Parrinello M., Phys. Rev. Lett., 55, 2493 (1985).
[6] Blöch P., Phys. Rev. B, 50, 17953 (1994).
[7] Heinrich F., Ctortecka B. and Troger W., Hyperfine Interactions, 158, 79-88 (2004).
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Summary:

Hyperfine interactions and, in particular, electric field gradients (EFG), constitute a very sensitive tool to
investigate the local environment of probe nuclei. Their measurement using Perturbed Angular Corre-
lation (PAC) spectroscopy can provide detailed information on structural and electronic properties. In a
well defined single-phase crystal with known lattice structure the interpretation of such measurements
is usually not too difficult. But, in more complicated cases, such as multi-phase samples or systems with
several crystallographic sites, the interpretation of the various EFG fractions is by no means straight-
forward. Arguments based on point charge summations or symmetry considerations may fail, since
the chemical nature of the impurity causing structural distortions of its neighborhood is not taken into
account. To unravel these complex cases, a realistic theory which models different structural and elec-
tronic scenarios is mandatory.
In the last decade, a systematic study of the EFGs of 181Hf→181Ta and 111In→111Cd probe nuclei
in the full series of hafnium and zirconium aluminides has been carried out [1]. Recently, successful
attempts have been made in the compounds Zr4Al3 and Hf4Al3 to assign the EFGs of 181Hf→181Ta
probes to the possible lattice sites and even to distinguish among the lattice structures deduced from
X-ray diffraction. Indeed, these EFGs have given evidence of substitutional Zr/Hf sites [2], as confirmed
by calculations using the full-potential augmented plane wave + local orbitals formalism (APW+lo).
The present work addresses the more complicated problem of which lattice sites 111In→111Cd probes
prefer in these aluminides. Evidently these probe atoms are different from the constituents of the alu-
minides. We report here on a theoretical and experimental study of the quadrupolar hyperfine interac-
tions of ion-diffused 111In→111Cd probes in polycrystalline isostructural (Zr/Hf)4Al3 samples contain-
ing small admixtures of the phases (Zr/Hf)3Al2. Strong preference of 111In solutes for the (Zr/Hf)3Al2
minority phases was observed. Detailed calculations of the EFGs and energetic considerations using
the APW+lo theory allowed us to assign unambiguously the observed four EFG fractions to the various
lattice sites of 111In→111Cd in (Zr/Hf)3Al2 and to explain the preferential site occupation of 111In in
the minority phases.

References
[1] P. Wodniecki, A. Kulińska, B. Wodniecka, M. Uhrmacher, and K. P. Lieb, Hyperfine Interact. 158,
339 and 429 (2005), and references given there.
[2] P. Wodniecki, A. Kulińska, B. Wodniecka, S. Cottenier, H. M. Petrilli, M. Uhrmacher, and K. P. Lieb,
Europhys. Lett. 77, 43001 (2007).
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Hafnium oxide is one of the new dielectric materials that is likely to replace silicon dioxide in semi-
conductor industry because of its excellent physical and chemical properties. Obtaining detailed
information about this material, such as defects in the crystal lattice is quite important because they
can alter its macroscopic characteristics thus changing it from a dielectric in to a semiconductor
material with magnetic properties. In the present study we have used PAC technique to measure the
hyperfine interactions in nanostructured samples of HfO2 using 181Hf-181Ta nuclear probe. Sam-
ples of HfO2 were prepared by the well known sol-gel method to obtain nanostructured material.
After gel formation, samples were calcined at 320ºC in air. The samples were characterized by x-ray
diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy
(EDS), where the crystal structure, morphology and grain size were determined. The results showed
a unique phase with monoclinic structure of HfO2. The particle diameter was found to be in the
range 30-40 nm. The samples were irradiated at the IEA-R1 reactor at IPEN with thermal neutron
flux Φ = 5x1013 n.cm-2.s-1 during 10 hours to produce 181Hf through (n, γ) reaction on 180Hf. After
neutron irradiation the samples were annealed at temperatures which varied between 400�C and
900�C in vacuum, in air and in nitrogen atmosphere. PAC measurements were performed at room
temperature after each annealing procedure. The results show the presence of two different electric
quadrupole interactions. One of these interactions, with a well-defined frequency �q ˜ 780 MHz and
η ˜ 0.4 was assigned to the probe nuclei substituting regular Hf sites in the HfO2 structure. The
other interaction with highly distributed frequency �q ˜ 1000 MHz and a smaller fraction, which
varied with the annealing temperature, was associated with the probe nuclei occupying sites with
structural defects near the surface of the nanoparticles.
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Schiff bases are compounds with two imine groups that form very stable transition metal complexes.
Schiff base–copper complexes have been intensively studied as mimics of copper proteins [1], po-
tential metallodrugs [2] and self assembled materials to be applied as biosensor [3]. These copper
complexes show diversity of geometric configurations, electronic structures and very good catalytic
activity in reactions involving molecular oxygen. These characteristics are related to differences
in the ligand that need to reorganize to accommodate the ion. Coordination geometry, ligand type
atoms, hydration energy and redox potential are some of characteristics that can influence the exper-
imental response. Here we study a series of Schiff base–copper complexes using electronic structure
calculations in the framework of the Density Functional Theory (DFT) using two computational
codes: CP-PAW [4] and Gaussian 03 [5]. Our theoretical results for structural, electronic and hyper-
fine properties are compared with experimental data.
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Summary:

Schiff bases are compounds with two imine groups that form very stable transition metal complexes.
Schiff base–copper complexes have been intensively studied as mimics of copper proteins [1], potential
metallodrugs [2] and self assembled materials to be applied as biosensor [3]. These copper complexes
show diversity of geometric configurations, electronic structures and very good catalytic activity in reac-
tions involving molecular oxygen. These characteristics are related to differences in the ligand that need
to reorganize to accommodate the ion. Coordination geometry, ligand type atoms, hydration energy
and redox potential are some of characteristics that can influence the experimental response. Here we
study a series of Schiff base–copper complexes using electronic structure calculations in the framework
of the Density Functional Theory (DFT) using two computational codes: CP-PAW [4] and Gaussian 03
[5]. Our theoretical results for structural, electronic and hyperfine properties are compared with exper-
imental data.
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in ZnO doped with Co.
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The search for room temperature ferromagnetism in wide band gap semiconductor oxides has been
quite intensive in the last years. In particular, ZnO has attracted attention since theoretical cal-
culations[1,2] have indicated that ZnO when doped with a transition metal like Co or Mn should
present ferromagnetism at room temperature. The results instead of clarifying this issue have how-
ever brought more doubts. While many experimental studies confirm the occurrence of ferromag-
netism, several others do not observe magnetic order in such compounds. Hyperfine interactions,
by their nature seem to be very suited to investigate these materials and tell something about the
existence and origin of the magnetism in such compounds. In the present work powder and bulk
samples of ZnO doped with 10 % of Co were prepared by sol-gel method from highly pure metal-
lic Zn(99.9999%) and Co(99.9999%). The samples were characterized by X-ray diffraction (XRD),
scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS) and perturbed
gamma-gamma angular correlation (PAC) spectroscopy. In order to carry out PAC measurements
carrier-free 111In nuclei were introduced during preparation of the samples and used as probe nu-
clei in Zn sites. The XRD patterns showed that no second phase appeared and SEM images indicated
that the samples are highly homogeneous. PAC measurements were carried out in the temperature
range from 50 K to 295K and the results at 295K before cooling down showed that samples of ZnO
doped with Co have the same electric quadrupole frequency reported in literature for pure ZnO. This
observation indicates that Co ions are substituted for Zn ions and have a similar electronic structure
of Zn ions. Below room temperature one of the samples showed a combined magnetic and electric
hyperfine interaction from which a magnetic hyperfine field around 1.9 T has been extracted. The
temperature dependence of this field showed unusual behavior indicating a first order transition
around 300 K which suggests a different type of magnetism.
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Summary:

The degrees of polarization of proton rich nucleus 28P produced in charge exchange reactions 28Si + 9Be
-> 28P + X, and 28Si + 1H -> 28P + X have been observed at 100A MeV. Utilizing thus obtained polarized
nuclei, β-nuclear quadrupole resonance (β-NQR) of 28P implanted in Al2O3 have been observed for the
first time. 28P is of our present interest, since this nucleus may develop proton halo structure, which
may be possible from the rather shallow proton separation energy of 2.065 MeV, and was suggested
from the rather large reaction cross section compared with the neighboring nuclei [1]. In our previous
study, the magnetic moment of 28P was determined precisely [2], which showed at least the dominance
of the configuration with the s1/2 proton, which may develop proton halo. In the present work, we tried
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to measure the electric quadrupole moment of 28P.
The experimental procedure is similar to the previous work [2], the proton-rich 28P nuclei were pro-
duced and were polarized through charge exchange reactions 28Si + 9Be -> 28P + X, and 28Si + 1H ->
28P + X, at 100 A MeV, and were separated by a separator. They were then implanted in a Pt catcher
cooled down to 15 K. The degree of polarization was measured by means of NMR utilizing β-ray asym-
metric emission. Then the 28P nuclei were implanted in a single crystal Al2O3 and the NQR were
observed as shown in Fig. 1. The polarization mechanism in these reactions and the quadrupole mo-
ment of 28P will be discussed at the meeting.
References
[1] Liu, Z.Z., Ruan, M., Zhao, Y.L., et al.: Phys. Rev., C 69, 034326 (2004).
[2] D.M. Zhou et al., Hyperfine Interact. 180, 37(2007); K. Matsuta et al., Nucl. Phys. A805, 359(2008).
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Cerium dioxide (CeO2) is quite important for the high-technology industry with various applications
such as in automotive industry, medicine, oxygen sensors, and protectors of the radiation and so on.
This material has been studied recently using a variety of techniques. A case of special interest is that
Co-doped Ceria is very attractive for multifunctional spintronic applications. In this work we have
used PAC technique to measure the hyperfine interactions in a pure nanostructured CeO2 as well as
the one doped with 3d transition metal Co. The samples of pure and Co-doped CeO2 were prepared
by the Pechini sol-gel method from pure Ce and Co elements. The samples were characterized
by X-ray Diffraction (XRD) Scanning Electronic Microscopy (SEM) and Energy Dispersive X-ray
Spectroscopy (EDS). The radioactive probe nuclei 111In-111Cd was introduced during the sample
preparation in all cases. To better study the contribution to the ferromagnetism of the samples
due to the effect of vacancies in the structure or the presence of dopant transition metal ion, several
different experiments were carried out with pure and doped CeO2 which were prepared and annealed
at different temperatures between 380oC and 700oC in air and nitrogen. The PAC measurements
were performed at different temperature between 15 K and 1130 K. For instance, in Ceria pure with
annealing at 500 oC, it was found at 400 K three quadrupole frequency νQ1 = 106 MHz with f1 = 58 %,
νQ2 = 144 MHz with f2 = 22 % and νQ3 = 14MHz with f3 = 20 %. This result is also a strong indication
that f1 should be assigned to 111Cd in Ce sites while f2 in oxygen vacancy and f1 is possible nuclei
probe in grain surface.
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First-principles study of magnetic hyperfine field at Cd probe in
Co-doped ZnO semiconductor
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Diluted magnetic semiconductor systems (DMS) have been widely studied in last years by different
experimental techniques as well as by ab-initio calculations in an attempt to clarify the origin of the
ferromagnetic order which is observed in several experiments. In general, magnetic order in samples
of wide band-gap semiconductor oxides doped with transition metal elements is more likely to occur
when they show structural defects, and such magnetism is claimed to be mediated by them. Among
these systems, Co-doped ZnO has been intensively investigated and many experiments observed
magnetic ordering in samples of this compound whereas many other did not. One experiment, in
particular, demonstrated unambiguously a magnetic hyperfine field (mhf) at 111Cd probe nuclei sub-
stituting Zn sites in Zn0.9Co0.1O bulk samples [1]. The experiment was performed by means of Per-
turbed gamma–gamma Angular Correlation spectroscopy (PAC) which is able to observe local fields
with an atomic scale. The aim of this work is to search for possible magnetic mechanisms which can
originate a magnetic hyperfine field at Cd ion located in Zn site of Co-doped ZnO matrix by means
of first-principles calculations. Our ab-initio calculations were developed under Density Functional
Theory (DFT) framework using Linearized Augment Plane Waves method (LAPW) embodied within
WIEN2k code [2]. The calculations were performed with some different ZnO supercells with diluted
Co and/or Cd ions. For the exchange and correlation functionals, both the LDA and GGA approx-
imations were tested. We have verified that calculated mhf and electric field gradient at Cd probe
located in cation site of ZnO-Co supercell are in good agreement with the experimental values re-
ported in reference [1]. Furthermore, results at Cd ion neighborhoods show that magnetic moments
are transferred from Co ions towards Cd ions, by means of a super-exchange effect, which is medi-
ated by Oxygen ions. References [1] M.E. Mercúrio, A.W. Carbonari et al., J. Magn. Magn. Mater.
322, 1195 (2010). [2] Blaha, P., Schwarz, K., Madsen, G.K.H., Kvasnicka, D., Luitz, J.: WIEN2K, an
Augmented Plane Wave plus Local Orbitals Program for Calculating Cristal Properties. Karlheinz
Schwarz, Techn. Universität Wien, Austria. ISBN 3-9501031-1-2 (2001).
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A study of sigma-fase Fe-V using magnetic measurements
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Summary:

A sigma-phase can be produced by a solid-state reaction in some alloy systems in which at least one
constituent is a transition element. It has a tetragonal crystallographic structure and its unit cell contains
30 atoms that are distributed over five different crystallographic sites A, B, C, D and E. Because of a
high coordination numbers (12-15), the phase belongs to a family of the so-called Frank-Kasper phases.
Among over 50 binary alloys in which the sigma-phase was found, only that in the Fe-Cr and Fe-V
alloys has well evidenced magnetic properties [1-6]. Despite first magnetic investigations of the sigma-
phase were carried out over 40 years ago [2,3], its magnetism, which is usually termed as weak and low
temperature, is not well understood, which prompts and justifies further studies. The first successful
measurements of a sub-lattice magnetism with 51V zero-field NMR techniques in the sigma-phase Fe100-
xVx alloys with x = 34.4, 39.9 and 47.9 are shown in Figure 1.
Fig. 1: 51V NMR spectra recorded at 4.2 K for samples with Fe-contents (1-x) equal to 65.6, 60.1 and
52.1.
Fig. 2 The average frequency of the spectra versus the average magnetic moment per Fe atom, u.
Despite not being magnetic, Vanadium atoms, which were revealed to be present on all crystallographic
sites [7], produce magnetic resonance signals due to the transferred magnetic field produced by the
neighboring 57Fe atoms. Their magnetic properties are characteristic of a given site, and for a given site
they intensely depend on the composition. The strongest magnetism exhibit sites A and the weakest
one sites D. The estimated average magnetic moment per V atom decreases from 0.36 μB for x = 34.4 to
0.20 μB for x = 47.9. As displayed in Fig. 2, the magnetism revealed at V atoms is linearly correlated with
the magnetic moment of Fe atoms, which implies that the former has been induced by the latter.
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Electric quadrupole interactions in nano-structured SnO2 as measured with PAC spectroscopy

J. M. Ramos,1 A. W. Carbonari1, M. S. Costa1, R. N. Saxena1

1 Instituto de Pesquisas Energéticas e Nucleares, IPEN-CNEN/SP, São Paulo, SP, Brasil, e-mail: emr-
jmr@superig.com.br

The search for diluted magnetic semiconductors with ferromagnetic ordering at room temperature has
attracted a great deal of interest in the last years. In this search several wide band-gap semiconductor
oxides such as ZnO, TiO2, and SnO2 have been doped with transition metals in an attempt to create
magnetic properties without significantly affecting the physical properties of the host. Among these
materials, SnO2 is a good candidate to successfully exhibit intrinsic magnetic ordering when doped with
transition metal because of native oxygen vacancies occurrence, once it has been reported that such va-
cancies play an important role in the ferromagnetic order of semiconductor oxides.
In the present work electric quadrupole interactions in Tin dioxide (SnO 2) samples have been mea-
sured with perturbed gamma-gamma angular correlation (PAC) spectroscopy using 111In (111Cd) as
a nuclear probe. Single phase nanocrystalline powder samples of SnO2 were produced by the sol-gel
Pechini method. At the sol step, the solution was separated in two parts. Probe nuclei were introduced
in one of these parts which along with the other one were annealed at different temperatures under
nitrogen atmosphere. The samples without 111In were characterized by Scanning Electron Microscopy
(SEM) measurements as well as X-ray Diffraction. The results showed nanometric particles homoge-
neously distributed, with particle diameter in the range of 15 –60 nm.
PAC measurements were carried out in the temperature range from 10 k to 1123 K and the results show
that the temperature dependence of the electric quadrupole frequency depends on the annealing temper-
ature. In all measurements it was observed two different electric quadrupole interactions. One of them
with νQ ˜ 115 MHz, � ˜ 0.1, and � ˜ 12 %, which changes very little with temperature has been assigned
to 111Cd at Sn sites in SnO structure. The second interaction is characterized by a wider distributed
frequency that changes with temperature with values in the range of 120-160 MHz and asymmetry pa-
rameter varying from 0.4 to 1. This interaction was associated with 111Cd probes tapped in defects near
the surface of the nanoparticles.
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The investigation on wide-band gap semiconductors doped with transition metals (TM) has attracted
a considerable interest in last years, mostly because of its possible applications in the spintronic field.
Among these materials, cobalt-doped zinc oxide (Co-doped ZnO) has been one of the most investi-
gated systems. Despite the focus on the magnetic aspect in these compounds in order to reach
ferromagnetic ordering at room temperature, there is still enough space for some interesting ques-
tions regarding electronic structure that might be investigated. The study of the possible changes
in the electronic structure caused by the introduction of a TM, is a question of great interest, espe-
cially if it is necessary to introduce large quantities of TM and carriers. One of the quantities that
can be used in order to observe the differences in the electronic structure of a given crystalline site,
is the electric field gradient (EFG), since is a very sensitive parameter that may reveal even small
changes occurring in an atomic scale. In this way, in the reference [1] it is presented PAC results at
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111Cd probe inserted in pure ZnO and 5% Co-doped ZnO. Two measurements on pure compound
were performed; one with a commercially available sample and the other one was prepared at our
laboratory together with the Co-doped sample utilizing sol-gel methodology. It was observed that
the perturbation spectra are practically identical for all of the three situations, with Cd quadrupole
frequency (νq) assuming values within the 31-32 MHz range. Yet in another work [2], it was de-
veloped a systematic PAC study with the 111Cd probe focusing on the concentration variation of
cobalt dopant in ZnO within the 5 –15 % Co range. These samples have a single ZnS-type phase and
presented a same major fraction of sites with a very similar quadrupole frequency νq in the range be-
tween 31.1 –33.1 MHz. In the present work we try to explain which electronic phenomena could be
occurring when Co-doped ZnO do not generate any change at Cd efg. For this purpose we used first
principles electronic structure calculations, carried out within the Density Functional Theory (DFT)
framework using Linearized Augment Plane Waves methods (LAPW) embodied at the WIEN2k code
[3]. In our calculations, several ZnO cells were set up with Cd and/or Co ions and then, different
Cd neighborhoods were simulated. The electric field gradient at Cd, the density of states (DOS) and
charge density distributions were analyzed. The resulted EFG at Cd are in agreement with the exper-
imental values [2]. By means of DOS it was observed that both the Co and Zn electronic structure
are very similar. References [1] M.E. Mercurio, A.W. Carbonari et al., J. Magn. Magn. Mater. 322,
1195 (2010). [2] M.E. Mercurio, A.W. Carbonari, oral communication. To be published. [3] Blaha,
P., Schwarz et al: WIEN2K, an Augmented Plane Wave plus Local Orbitals⋯. Karlheinz Schwarz,
Techn. Universität Wien, Austria. ISBN 3-9501031-1-2 (2001).
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The ternary A1-xMxFe2As2 (A=Ca, Sr, Ba and Eu; M=K and Na) were found to have similar structural,
magnetic and superconducting properties with the related RFeAsO1-xFx [1]. The Ca2Fe2As undergoes
a first-order high-temperature h-T tetragonal to low-temperature l-T orthorhombic phase transition at
TS˜170K [2]. Concomitant with the structural transition the Fe moments order in a commensurate AFM
structure [3]. This compound becomes superconducting either under moderate applied pressure and or
Na-doping [4,5]. The Ba0.5K0.5Fe2As2 and Sr0.5Na0.5Fe2As2 are superconductors with Tc ˜37 K and ˜35
K, respectively. �SR measurements have shown a coexistence of superconductivity and phase separated
static magnetic order in these compounds [6].
Mössbauer spectroscopy have been used to investigate the magnetic and structural phase transition
of CaFe2As2 as well as the occurrence of phase separation in superconducting Ba0.5K0.5Fe2As2 and
Sr0.5Na0.5Fe2As2 single crystals. A mosaic of single crystal plates, with the c axes parallel to �-ray di-
rection, were built to perform the Mössbauer transmission measurements. Room temperature measure-
ments revealed that the main component of electric field gradient Vzz is along c axis for these ternary
compounds. For the non superconducting CaFe2As2 an abrupt increase of the magnetic hyperfine field
Bhf below TN˜170K was observed indicating a first-order magnetic transition. Low temperature spectra
fits lead to Vzz >0 with Fe moments lying in the (a,b) plane. The quadrupole splitting �EQ values have
a discontinuity at ˜170K confirming that structural and magnetic transition occurs concomitantly. The
Mössbauer spectra of Ba0.5K0.5Fe2As2 and Sr0.5Na0.5Fe2As2 have a unique crystal site for Fe at room
temperature, however at 4.2K the presence of two phases is clearly seen. For Ba0.5K0.5Fe2As2 ˜ 51% of
Fe is in a paramagnetic state while the remaining is in a magnetic phase with small magnetic moments
(˜0.15�B). For Sr0.5Na0.5Fe2As2 only ˜12% of Fe are paramagnetic, the remaining Fe are in a magnetic
state with magnetic moments of the order of ˜0.57�B.

[1]C. Krellner, et al., Phys. Rev B 78 (2008)100504.
[2] N. Ni, et al., Phys. Rev. B 78 (2008) 014523.
[3] A. I. Goldman, et al., Phys. Rev B 78 (2008) 100506.
[4] M. S. Torikachvili, et al., Phys. Rev Lett. 101 (2008) 057006.
[5] P. M. Shirage, et al., Appl. Phys. Express 1 (2008) 081702.
[6] T. Goko, et al., Phys. Rev B 80 (2009) 024508.
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The Many-Body Perturbation Theory (HFMBPT) procedure using Hartree-Fock Hamiltonian as zero
order, and handling its difference from the actual Hamiltonian for atomic systems as a perturbation, has
been extensively applied in the latter part of the last century to an extensive number of atoms, using
non-relativistic theory for light atoms and fully relativistic Dirac theory for heavier atoms to study
hyperfine interactions and a number of other properties with excellent agreement with experiment.
Unfortunately due to the multicenter nature of molecular and solid state systems, the wave-functions
for the ground and excited states needed to carry out many-body perturbation theory investigations
cannot be obtained by solving one dimensional radial equations in Hartree-Fock theory in atoms and so
variational methods have to be adopted. We have tested two current methods, namely the variational
Hartree-Fock many-body perturbation theory (VHFMBPT) method which is the logical successor to
HFMBPT for atomic systems and the variational density functional theory (VDFT), which uses a chosen
exchange-correlation interaction potential between the electrons in the Hamiltonian for the system.
We have, made applications of the VHFMBPT and VDFT methods to study the magnetic hyperfine
constant A in the spin Hamiltonian A I∙S, where I and S are the nuclear and electronic spins in the
atom, in phosphorous and lithium and made comparisons with experiment and the results from the
accurate HFMBPT procedure. For phosphorous, the HFMBPT procedure leads to direct (D), exchange
core polarization (ECP), and many body(MB) contributions to A of 0.0, -62.4 and 112.3 MHz, totaling 49.8
MHz as compared to 55.055 MHz from experiment, the difference having been ascribed to relativistic
effects which are currently under investigation. The VHFMBPT results for (D+ECP) and MB are -37.4 and
72.6 MHz totaling 35.2 MHz, the trends among the various contributions being the same as in HFMBPT.
For the VDFT approach using the (B3LYP) procedure, only the total value of A of -11.2 MHz is obtained
from the currently available program, differing from experiment and the other two theoretical results in
sign and with substantially lower magnitude. For lithium, the HFMBPT and VHFMBPT contributions
have similar trends and the total agrees with experiment very well for HFMBPT and is somewhat smaller
in size for VHFMBPT. For VDFT the total result is substantially larger than experiment. Suggestions
will be made for improvements in the VHFMBPT and VDFT results.

References
[1] N.C. Dutta, et al. Phys. Rev. Lett. 21 1139 (1968) and references there in.
[2] E. S. Chang, et al. Phys. Rev. 174,1 (1968) and references there in..
[3] Alfred Owusu et al. Phys. Rev. A56, 305 (1997) and references there in.
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The recoil-in-vacuum [RIV] method, which uses attenuation of angular distributions to measure nuclear
excited state g-factors, has been shown, in a recent experiment on a 132Te beam, to offer attractive pos-
sibilities for application with radioactive ion beams [RIBs] when combined with modern detector arrays
[1]. The more usual Transient Field method struggles with limited beam intensity [2]. The magnetic
hyperfine interaction acting on the nuclei of the recoiling ions was calibrated using states of known
lifetime and g-factor. It is of clear importance to establish how these interactions vary with element and
ionization state in order to discover how the RIV approach may be best utilized. The ability to calcu-
late lifetimes and hyperfine interaction strengths in complex electronic levels of multiply ionized atoms
has advanced markedly with modern computation techniques. Dirac-Hartree-Fock multi-configuration
model [3] calculations, applied to systems ranging from 5-electron Fe ions to 23-electron Te ions will
be presented. The results, compared with recent RIV experiments, show great promise that such cal-
culations can provide parameter free, a-priori, calibrations for RIV experiments. The calculations are
readily adapted to any nuclear level spin, allowing extension of measurement beyond the usual 2+, 4+
states of even-even isotopes to levels in odd-A and odd-odd isotopes.
Projected experiments based not only on Coulomb excitation, but also on fusion reactions and fission
fragments will be described.
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Interest in the possibility of magnetic character for oxyhemoglobin (OxyHb) has been recently stimu-
lated by the observations of muon spin-lattice relaxation effects studied [1] with the muon-spin rotation
(μSR) technique. In view of this, we have carried out first-principles electronic structure investigations
involving Hartree-Fock theory combined with many body perturbation effects for the singlet and triplet
states of OxyHb. Our results indicate that using two recent x-ray structural data [2, 3] for OxyHb, for
only Hartree-Fock theory without many-body effects included, the singlet state lies above the triplet
state by energies of about 0.08 and 0.13 a.u. for the two structures in Refs [2] and [3]. Incorporation of
many-body effects by the perturbation method reverses the order, with the triplet state located 0.18 and

Page 105



HFI/NQI 2010 / Book of Abstracts

0.14 a.u. above the singlet state for the structures in Refs [2] and [3]. Physical reasons for these relative
orderings of the singlet and triplet states will be discussed.
It is clear that OxyHb by itself would be in a singlet state at room temperature or below, since from our
calculation, the triplet state lies about KT above the singlet state with T having the value of 44098K and
56449K for the two structural data in Refs [2] and [3]. Our calculated Mössbaubar nuclear quadrupole
frequency in the singlet state is in good agreement with the experimental results, supporting the order-
ing of the singlet and triplet states.
As regards the muon spin lattice relaxation effects obtained by recent μSR measurements[1] at room
temperature, the sensitive dependence of the singlet-triplet separation on many-body effects in our in-
vestigation suggests that it is possible that the singlet–triplet separation could be reversed or reduced
significantly when a muon is trapped near an oxygen atom of the oxygen molecule, allowing the triplet
to be occupied at room temperature and lead to significant muon spin–lattice relaxation. Muon spin-
lattice relaxation could also be produced by the trapping of muonium in the singlet state making the
OxyHb with trapped muonium system paramagnetic.

References
[1] K. Nagamine et al. Proc. Acad.Ser.B 83, 120 (2007).
[2] Massimo Paoli et al. J.Mol. Biol. 256, 775 (1996).
[3] Sam-Yong Park et al. J.Mol. Biol. 360, 690 (2006)
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Nuclear methods and, in particular, the time-differential perturbed-angular correlation (TDPAC)
spectroscopy have been extensively applied to study materials to elucidate at a subnanoscopic scale
the environment of impurities or constituent atoms of solids (see, e.g., Ref. 1). In the case of TDPAC,
a suitable probe isotope, generally an impurity in the system under study, is used and the informa-
tion provided, at this probe site, is given as a product of a nuclear and an extra nuclear quantity. In
the case of electric-quadrupole interactions, the nuclear quantity is the nuclear quadrupole moment
(Q), characteristic of a given nuclear state, which interacts with the electric-field gradient (EFG) act-
ing on the site of the probe atom. Since the EFG mostly originates in the non-spherical electronic
charge density close to the impurity nucleus, the TDPAC technique can be used as a powerful tool
in order to study the electronic structure (and related structural, electronic or magnetic properties)
in the close neighborhood of the probe. The probe can be introduced in the host material by dif-
ferent methods: thermal diffusion, chemical methods, neutron activation, or ionic implantation. In
this work we study an alternative doping method: ball-milling-assisted solid-state reaction between
neutron-activated m-HfO2 and the system under study (in the present case, the bixbyite Ho2O3).
In order to follow the doping process of 181Hf donor impurities in the semiconductor Ho2O3 and
to elucidate the effect of each variable involved in the process (milling time, temperature, ball to
powder ratio, etc.), TDPAC experiments were carried out after each step of the doping process. The
obtained hyperfine parameters were compared to those of m-HfO2, to those expected for Ho2O3
using a well established EFG systematics for 181Ta in bixbyte sesquioxides, and to TDPAC results
obtained in Ho2O3 samples doped by ion implantation of 181Hf(→181Ta). As we will show, we can
determine the effect played by the milling and the thermal treatments, showing the capability of the
TDPAC technique to follow the doping process and to give information about the inter-diffusion pro-
cesses. We also demonstrate the excellent efficiency of the ball-milling-assisted solid-state reaction
process to locate Hf donor impurities at the defect-free cationic sites of the Ho2O3 semiconductor,
quantifying directly the amount of impurities doped after each step of the process.
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The relaxation theory of Bloch-Wangsness-Redfield [1] has been used widely for interpretation of the
data in solid-state and high resolution NMR relaxation experiments. However, there are difficulties in
extracting dynamic information on some systems in the presence of nuclear spins with I>1/2. These dif-
ficulties associated with tremendous calculator work for obtaining matrix representation of relaxation
superoperator for multipolar spin systems and with the complexity of solving the relaxation equations
for spin density matrix. The restriction of basis set for relaxation superoperator in mutlipolar spin sys-
tem may lead to loss of the relevant physical observables induced by the relaxation . Such situation
arises if the interference interactions give the contributions in the relaxation.
In the present paper a theoretical treatment of the longitudinal and transverse nuclear magnetic re-
laxation of quadrupolar nuclear of any spin in multipolar spin systems is proposed in the operator
representation without preliminary selection of basis set in the presence of quadrupolar-chemical shift
anisotropy interference, based on the second order time dependent perturbation theory [2]. The op-
erator representations are particularly attractive since they permit us to avoid dealing with individual
matrix elements.
The main equations for longitudinal and transverse relaxation of quadrupolar nuclear in multipolar spin
system were derived if the relaxation is defined by chemical shift anisotropy, quadrupolar interactions
and mixed fluctuations. The theory was applied to study of a relaxation and a line shape of quadrupolar
nucler of spin S=1, 3/2, 3 in anisotropic molecular system in the presence of Q-CSA cross-correlation
and in dipolar coupled spin system IS (I=1/2, 1). The effects of high rank multipoles on lineshape and
longitudinal relaxation of S=3 spin system were studied in the presence of Q-CSA cross-correlation.
It was found that quadrupolar interaction induced magnetic multipolar the same evenness but Q-CSA
inteference interaction course multipolar rank higher on one. The necessity of quantitative estimates of
the values of Q-CSA cross-correlation contributions requires working out of new methods of exciting
of particular types of coherence, and the methods for their registration. We also discuss the possibility
of the application of traditional schemes for the excitation of multiquantum coherence for spin systems
with quadrupolar nuclei.
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The temperature and pressure dependence of the partial density-of-phonon states (phonon-DOS) at
the iron sites in superconducting (sc) Fe1.01Se was studied by 57Fe nuclear inelastic scattering (NIS)
of synchrotron radiation, a method well adapted for these studies as function of temperature and
pressure [1,2]. As proved by a recent study of the isotope effect at the Fe sites on the sc temperature
Tc in FeSe, superconductivity is intrinsically connected with the Fe phonon modes [3]. The sc prop-
erties of the present Fe1.01Se sample and their pressure dependencies were well characterized in
previous studies using various methods, including 57Fe-Mössbauer spectroscopy [4-7]. The high en-
ergy resolution in the present 57Fe-NIS study allows for a detailed observation of spectral properties
in the phonon-DOS not observed before, e.g. shifts of all spectral features to higher energies by ˜4%
with decreasing temperature from 296 K to 10 K. No detectable changes in the partial Fe phonon-DOS
were observed at the tetragonal–orthorhombic transition around 100 K [7,8]. An applied pressure
of 6.7 GPa, combined with an increase of the sc temperature Tc from 8 K to 34 K [8], resulted in an
increase of the optical phonon-mode energies by ˜12%, and an even more pronounced increase in
energies of the lowest-lying transversal acoustic modes. Despite of these strong pressure-induced
changes in the partial Fe phonon-DOS we conclude that the pronounced increase of Tc in Fe1.01Se
with pressure cannot be described in the framework of classical electron-phonon coupling [8]. This
suggests the importance of spin fluctuations for the observed superconductivity [9]. The present
results are discussed in conjunction with the phonon-DOS of FeSe0.5Te0.5 X-tals, studied including
its polarization dependence by 57Fe-NIS [10], where Tc = 15 K was observed at ambient pressure.
Finally we present a synopsis of the complementary information on the sc Fe1.01Se and FeSe0.5Te0.5
systems, obtained from the elastic channel, 57Fe-ME [4-7], as well as from the inelastic channel, 57Fe-
NIS [8, 10], of the 57Fe(14.4 keV)-Mössbauer resonance. References: * wortmann@physik.upb.de
[1] A.I. Chumakov et al., Phys. Rev. B 54, R9596 (1996). [2] R. Lübbers, H.F. Grünsteudel, A.I. Chu-
makov, G. Wortmann, Science 287, 1250 (2000). [3] R. Khasanov et al., arXiv:1002.2510.v1. [4] T.M.
McQueen et al., Phys. Rev. B 79, 014522 (2009). [5] S. Medvedev et al., Nature Mater. 8, 630 (2009).
[6] V. Ksenofontov et al., contribution to this conference. [7] T.M. McQueen et al., Phys. Rev. Lett.
103, 057002 (2009). [8] V. Ksenofontov et al., Phys. Rev. B (in print); see arXiv:1004.2007. [9] T. Imai
et al., Phys. Rev. Lett. 102, 177005 (2009). [10] V. Ksenofontov, G. Wortmann, T. Gasi, J. Deisenhofer,
V. Tsurkan, C. Felser (unpublished)
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Author: Rainer Sielemann1

1 Helmholtz-Zentrum Berlin für Materialien und Energie, D-14109 Berlin, Germany

Diluted magnetic semiconductors form a special class of magnetic materials which has drawn a lot
of attention over the last years both for the interest in the basic physics involved and for possible
applications, e.g., in the field of spintronics. However, there is no general agreement on the origin
of this type of magnetism. Various coupling mechanisms between the magnetic ions have been pro-
posed, in addition the role of intrinsic defects as well as of unintentional magnetic impurities and
precipitations was considered. Oxides with embedded magnetic ions form a subclass of the mag-
netic semiconductors. To study magnetism at the atomic level Mössbauer spectroscopy (MS) can be
utilized, especially with 57Fe. Since the solubility of 3d magnetic ions in most semiconductors is
small, their introduction is difficult. So, implantation is a favorable technique. In addition it creates
intrinsic defects and thus may influence (create) magnetic phenomena. With this idea in mind 57Fe
MS was performed at the ISOLDE facility at CERN following implantation of radioactive 57Mn (T1/2
= 1.5 min) in diverse oxides with a focus on ZnO, one of the most important materials for magnetic
semiconductors [1]. The Mössbauer spectra obtained consist to a large part of a magnetic sextet with
splitting up to about 50 T and in addition of nonmagnetic components indicating different lattice
sites and/or charge states of the Fe atoms. Surprisingly the sextet persists up to measuring tem-
peratures of about 600 K. Experiments performed on other oxides (e.g., MgO, Al2O3) show results
with partly similar and partly differing features. Detailed MS studies as function of temperature,
implanted Mn concentration, pre-doping of the oxides with various magnetic and nonmagnetic ions
and in particular experiments with an external magnetic field of 0.6 T show a variety of phenomena
with respect to the occurrence of the magnetic fraction and permit attributing it to Fe-ions in a 3+
paramagnetic state. This observation of a static magnetic pattern is enabled by the unusually long
relaxation time > 20 ns even at 600 K though this relaxation time normally strongly decreases with
rising temperature. Unlike a first report [2] there is presently no necessity to involve ordered mag-
netism in the interpretation of the magnetic spectra [3]. The assets of MS in these studies compared
to, e.g., the EPR technique (Electron Paramagnetic Resonance) will be discussed. References [1] T.
Dietl et al., Science 287, 1019 (2000). [2] G. Weyer et al., J. Appl. Phys. 102, 113915 (2007). [3] H.P.
Gunnlaugsson et al., Appl. Phys. Lett. (manuscript in preparation).
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POLAREX : Study of polarized nuclei - first measurement
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POLAREX (POLARization of EXotic nuclei) is a new experiment for the study of the nuclear mag-
netic moments and spins of exotic nuclei [1]. The On-Line Nuclear Orientation (OLNO) method
will be used to observe the decay of a spin-oriented ensemble of nuclei. The OLNO method asso-
ciates on-line implantation of a radioactive beam of interest with the “Low Temperature Nuclear
Orientation”(LTNO) technique [2]. The low temperature orientation is obtained with an OXFORD
400 3He -4He dilution refrigerator which represents the main technical part of the system and that
we inherited from TRIUMF. The exotic nuclei are implanted into a ferromagnetic host foil held at
a temperature of order 10 mK attached to the cold finger of the refrigerator. The nuclear spins are
oriented through the internal hyperfine field (10-100 T) and the ferromagnet fully magnetized by
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an external magnetic field (about 0.5 T). The aim of this experimental setup is to study neutron-rich
nuclides produced at the ALTO facility (Linear Accelerator at Orsay Tandem) by fission induced by
electrons from the linear electron accelerator (10-50 MeV, 10 microA) [3]. At the conference it will
be presented the first “off-line” measurement achieved with this setup : anisotropy of Cobalt 60 on
single crystal of cobalt. The aim of a such measurement was to calibrate the apparatus. Then it
will be also discussed the planning of the next studies and the evolution of this infrastructure. [1]
http://csnwww.in2p3.fr/polarex/ [2] Low Temperature Nuclear Orientation, eds. N.J. Stone and H.
Postma (North-Holland, Amsterdam) 1986 [3] http://ipnweb.in2p3.fr/tandem-alto/alto/
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Summary:

Dilute magnetic impurities in non-magnetic metallic matrices have been intensively studied in for inves-
tigating single ion Kondo effect and the development of spin glassy behavior upon increasing magnetic
interactions with dopant concentration. Here we report on an investigation of magnetic iron nano-
clusters formed in non magnetic hosts with low solubility for iron. We will concentrate on films of
cadmium in comparison with our earlier studies on silver films. Nanometer size clusters of iron can
be formed in films containing iron in the range from 0.1 to several at% via vapor co-deposition. Char-
acterization of samples was performed via X-ray diffraction, resistivity, magnetization, susceptibility,
and Mössbauer spectroscopic measurements at various temperatures and applied magnetic fields. Up to
concentrations of about 2 at% Fe the iron clusters are well defined as distinguished from their distinct
hyperfine parameters.
Spin-freezing is traced from Mössbauer and magnetization data with freezing temperatures ranging
from below 4 K up to about 15 K depending on cluster concentration. Models for describing the dynamic
hyperfine spectra in this temperature range will be presented taking into account different mechanisms
for cluster-cluster interactions.
Above the freezing temperature we can derive average cluster magnetic moments from magnetization
data and also from the field dependence of the magnetic hyperfine fields at Fe obtained in applied exter-
nal fields. Both macroscopic and local magnetic data are in good agreement yielding moments on the
order of 15-20 µB for iron clusters in Cd films, compared with 35-40 µB found for Ag films. I.e., in both
cases the clusters comprise only few atoms. The hyperfine spectra taken in applied field indicate a re-
duction of the iron moments at low temperatures which can be interpreted with moment compensation
via conduction electron scattering. A competition between Kondo effect and the magnetic coupling of
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clusters via conduction electron polarization interaction could be clearly traced from the resistivity data
of the silver films.
Whereas in films with iron concentrations up to about 2 at% we have controlled formation and growth
of small clusters, this is no more the case for higher concentrations. Strong irreversibility in magnetiza-
tion is found extending up to 100 K. The hyperfine data prove the presence of the same kinds of clusters
as found for lower concentration yet with much bigger sizes.
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Summary:

It has been recently published [1] that some commercial zircons exhibit, at nanoscopic scale, hyperfine
interactions without associated x-ray diffraction signals which have been assigned to aperiodic regions
within the crystalline lattice.
It is known that zircon is a material often used in the ceramic industry due to its good refractory prop-
erties. Within this research field, zircon-mullite ZrSiO4-(3Al2O3.2SiO2) composites of different compo-
sitions have been studied from the mechanical point of view [2].
In this work the Perturbed Angular Correlations technique has been applied to investigate the nanocon-
figurations content in (ZrSiO4) (1-x)-(3Al2O3.2SiO2)x composites being x=15, 25, 35 and 45% wt. Prelim-
inary results indicate an important discrepancy between Rietveld analyses and PAC relative fractions
determined in the studied composites (see figure 1).
The aim is to enlighten ceramic designers about the existence of nondiffractant portions in the material
that could play some relevant role in the refractory performance.

Figure 1: Relative fractions determined by XRD (full symbols) and PAC (open symbols) for the different
composites. Squares represent Zircon and circles stand for ZrO2.

References
[1] Rendtorff, N. M., Conconi, M. S., Aglietti, E. F., Chain, C. Y., Pasquevich, A. F., Rivas, P. C., Martínez,
J. A., Caracoche, M. C.: Phase quantification of mullite-zirconia and zircon commercial powders using
PAC and XRD techniques. To be published in Hyperfine Interactions, DOI: 10.1007/s10751-010-0177-4,
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Summary:

The MnAs compound1 shows a first-order transition at ˜42 C, with structural (hexagonal-orthorhombic),
magnetic (FM-PM) and electrical conductivity changes, and associated magnetocaloric, magnetoelastic
and magnetoresistance effects. At ˜120 C it undergoes a second-order transition, becoming paramag-
netic hexagonal. We report a study in the temperature range of -190-140 C, using the γ- γ Perturbed
Angular Correlation method, complemented by first principles calculations.
The radioactive ion probe 77Se, with the double gamma decay cascade, implanted as 77Br, at ISOLDE-
CERN laboratory is used to determine the Electric Field Gradient (EFG) and Magnetic Hyperfine Field
(MHF) across the first-order phase transition encompassing the pure and mixed phase regimes in cool-
ing and heating cycles. In the hexagonal phase the spectra is determined by the MHF whereas in the
orthorhombic phase MHF is zero. The fractions of each phase are determined as a function of tem-
perature. The temperature irreversibility of the first-order phase transition is seen locally, at the local
atomic scale sensitivity of the hyperfine field, by the hysteresis of the fractions of each phase, in agree-
ment with macroscopic magnetization and X-ray powder diffraction measurements. The MHF of the
hexagonal phase is the same at a given temperature, irrespective of measuring on cooling or heating
the sample, even in the phase coexistence region. The values of hyperfine parameters obtained using
first-principles density functional theory with the LAPW method (Wien2k code2) are compared with
the experimental results, considering the Se probe at both Mn and As sites, with the clear assignment
of the probe location to the As sites.
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Hyperfine local probe study of alkaline-earthmanganites BaMnO3
and SrMnO3
Author: J. N. Gonçalves1
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Summary:

We report perturbed angular correlations (PAC) and first-principles calculations with 111mCd/111Cd
and
111In/111mCd probes, implanted at the ISOLDE-CERN laboratory, in the compounds/polymorphs
BaMnO3-6H and BaMnO3-15R and SrMnO3-4H. Magnetic and structural studies were also performed.
The experiments are complemented with calculations of the electric field gradient (EFG), with density
functional theory, by the LAPW method (Wien2k code [1]). Calculations consider different magnetic
states, and for the case of BaMnO3 the results from different polymorphs are analyzed. Comparison
with the experimental results requires considering supercells with diluted Cd impurities, to account for
the presence of the radioactive probe in the host material (ppm). The results of the calculations are
checked for convergence with increasing dilution of Cd probes, corresponding to increasing size of the
supercell. Based on the calculations, the assignment of the sites for the 111mCd and 111In probes at the
Ba (for BaMnO3-6H) and Sr (SrMnO3-4H) sites gives good agreement for most cases. The EFG shows
no visible changes with temperature in BaMnO3-6H and SrMnO3-4H, in the range 20-700 C, as shown
in the figure). The PAC spectra of BaMnO3 in the two polymorphs reveal different frequencies. The
results on BaMnO3 using 111In/111mCd, show an additional interaction frequency in comparison with
Cd.
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The manganites RMnO3 are a current topic of research due to the interesting interplay of various or-
ders resulting in effects such as colossal magnetoresistance and multiferroism. The hyperfine quantities,
electric field gradient and magnetic hyperfine field, highly sensitive to the neighboring charge density,
can be used in the experiments to probe local atomic environments. First-principles density functional
theory calculations can be compared with experiments to help in its interpretation and to assess the
quality of different theoretical methods.
We present the results of calculations with the density functional theory (DFT) linear augmented plane
wave (LAPW) method, with the Wien2k code1 implementation, in the pure manganite compounds. The
calculated hyperfine parameters are studied in a systematic way, for series of rare-earth (La, Pr, Y, Eu,
Gd, Ho, Er, Yb) and alkaline-earth (Ca, Sr, Ba) compounds with respect to the ionic radius, structure
(hexagonal/orthorhombic), different magnetic orders (F/A-AF, etc.) and calculated electronic structure.
The sensitivity of the EFG to different exchange-correlation approximations (GGA, GGA+U and LDA+U)
is also discussed. The presence of a diluted radioactive probe, as 111mCd for PAC measurements, is also
taken into account by proper expansion of cells.
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Cobalt and nickel ferrites containing nanoparticles dispersed in silicon (Si) oxides were prepared via
a polymeric precursor derived from the Pechini method [1]. The samples were characterized by X-ray
diffraction (XDR), Mössbauer spectroscopy (MS), vibrating sample magnetometry (VSM) and N2 adsorp-
tion/desorption isotherms (BET). Therefore, investigations using XRD revealed that the spinel structure
of CoFe2O4 (JCPDS 02-1045) and NiFe2O4 (JCPDS 44-1485) phases were formed and the crystallite sizes
of the samples were calculated from the XRD patterns using the Debye–Scherrer formula and the cal-
culated results indicate that the resultants are the nanometer-sized crystalline powders. Nevertheless,
Mössbauer spectra revealed that the spinel structure of nickel and cobalt ferrite besides the presence of
γ-Fe2O3. On other hand, Mossbauer spectroscopy measurements at 300K show that nanoparticles are
in the superparamagnetic regime being completely blocked at 4.2K. The superparamagnetic relaxation
due to maghemite and ferrites particles was also observed from magnetization measurement at 300 and
50K.
Furthermore, Brunauer–Emmett–Teller analysis shows that the ferrites has a high surface area between
439 and 346 m2.g−1 and Barrett–Joyner–Halenda method exhibit a narrow pore size distribution, with
the majority of the porous diameter located in the range of 16 to 238 Å characteristic of mesoporous
materials.
[1] A. Valentini et al. Micropo. Mesopor. Mater. 68 (2004) 151.
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Summary:

The applications of PAC spectroscopy to biochemical subjects have progressed at a constant sustained
rate in the last years. The principal limitations that face this type of systems concern the sample re-
quirements: it is necessary to bind a suitable PAC isotope to the molecule of interest in stoichiomteric o
substoichiometric amounts. In the biomedical field, the technique has been used to investigate organic
compounds, lipid vesicles and macromolecules [1].
DTPA (diethylene triamine pentaacetic acid) is a polyamino carboxylic acid consisting of a diethylenetri-
amine backbone with five carboxymethyl groups. The molecule can be viewed as an expanded version
of EDTA and it is used to treat the internal contamination with radioactive metals and as a “bridge”
between isotopes and macromolecules in the radiopharmaceutical industry. Thus, the elucidation of
the structure and dynamical behavior of metal-DTPA systems is of interest in both fields.
In this communication, PAC spectroscopy has been used to obtain the hyperfine parameters of hafnium
sodium salts of DTPA at pH 4, 8, 9 and 10 using radioactive 181Hf as probe nucleus. The samples were
prepared by mixing proper amounts of solid DTPA, 181Hf-HfF4 in fluorhidric acid and sodium hydrox-
ide 2M. Once the salts decanted, the supernatant was removed and the wet salts were measured at room
temperature.
All the samples showed both dynamic and static interactions. The obtained hyperfine parameters,
quadrupole frequency, asymmetry and the relaxation parameter are presented. Different behaviors
were observed for the sample at pH 4 and the alkaline ones, indicating the possibility of 181Hf being
bonded to different ligands depending on the pH. Among the samples at alkaline pHs can be observed a
variation tendency in the hyperfine parameters, corresponding to slight changes in the DTPA molecule
as the pH varies.

References
[1] Hemmingsen et al., Chemical Reviews 104, 4027 (2004) and references therein.
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PAC study of the Si-HfO2 system subjected to high energy ball
milling
Author: Cecilia Y. Chain1
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Summary:

The nanotechnological interest in reducing the dimensions of Si complementary metal-oxide-semiconductor
devices has led to a need of replacing the SiO2 gate insulator with high-k dielectric oxides. Among many
candidates, HfO2 and its alloys with SiO2 have attracted the attention due to their high permittivity and
thermodynamic stability concerning solid- state reactions with Si subtrate. This fact makes the study
of the solid-state reactions between Si and HfO2 of main interest. The Perturbed Angular Correlations
(PAC) method is a powerful tool for the determination of electric field gradients at atomic sites in solids.
In this way, it is possible to characterize different compounds and phases.
The aim of this article is to characterize high-energy ball milled equimolar mixture of HfO2 and crys-
talline silicon powder by PAC technique complemented with X-ray diffraction analysis. In order to
better analyze the results of the milling treatments, pure hafnium oxide was milled in the same condi-
tions and measured subsequently.
PAC results from pure hafnium oxide revealed that the well-known monoclinic phase of HfO2 is strongly
disrupted with 2 hours of high- energy ball milling. A new hyperfine interaction, rather asymmetric,
must be proposed to give account of the experimental results. The damage does not increase so much
as the milling treatment progresses.
The structure of m-HfO2 seems to be less perturbed in the milled mixtures HfO2-Si if compared with
the same milling times in pure HfO2. The same new interaction observed in milled HfO2, but more
asymmetric and distributed, must be considered to give account of the experimental results. The results
are compared with previous PAC studies on milled HfO2-SiO2 [1].

References
[1] C.Y. Chain et al., Journal of Alloys and Compounds 495, 527 (2010)
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Summary:

There has been extensive research on how the deposition conditions parameters (substrate temperature,
background pressure, laser energy, laser fluency, laser repetition rate/number of pulses etc.) affect the
characteristics (such as crystal structure and surface morphology) of the films grown. However the influ-
ence of deposition conditions on luminescence properties of films has not yet been extensively studied
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because it is a secondary effect and results mainly because of the change in crystal structure and the
surface morphology of the films. This paper presents the effect of substrate temperature and oxygen
partial pressure on the crystal structure, surface morphology and the luminescence characteristics of the
Gd2O2S:Tb3+ thin films grown using PLD. It was observed that oxygen pressure affects the structural
properties of the Gd2O2S:Tb3+ thin film and high quality layers can only be prepared in the narrow
range of oxygen pressure between 100 and 200 mTorr. The oxygen pressure has a major effect on the
film morphology. The films deposited at 100mTorr are very smooth and dense. The films deposited at
300mTorr are very rough with numerous cracks on their surface and display a porosity. These differ-
ences in film morphology is explained by the decrease of the kinetic energy of the deposited species
with increasing oxygen pressure. Thin film deposited at 100 mTorr was found to be the best in terms of
the PL intensity of the Gd2O2S:Tb3+ emission, and thereafter the PL intensity decreased dramatically
as the oxygen partial pressure increased. The main emission peak due to the 5D4-7F5 transition is at a
wavelength of 545 nm. The PL of the films grown at a higher substrate temperature was generally also
more intense than those that were grown at a lower substrate temperature.
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Summary:

Cu-based ternary metallic glasses are promising for practical applications since they joint together in-
teresting mechanical properties like strong glass-forming ability, high strength, ductility and low cost.
For the Cu-Zr(Hf)-Ti system, Ti addition increases the glass forming ability of the alloy while dimin-
ishes its glass transition temperature, Tg, but improves its mechanical properties. From the point of
view of the glass forming ability, it is important not only the structural characterization of the starting
amorphous alloys but the stable and metastable crystalline phases formed at each crystallization step
as well. In this sense, we are interested in look forward a relationship between short range order, i.e
different crystalline phases, and mechanical properties.
We present here a Perturbed Angular Correlation (PAC) study on these amorphous alloy series, prepared
by melt-spinning, with different copper and titanium content.
The electric field gradient (EFG) thermal evolution is analyzed in order to characterize the intermediate
and final phases.
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Mossbauer spectroscopy andneutrondiffraction study of themechanosyn-
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Nanosized spinel-type ferrites are key materials for advancements in electronics, magnetic storage
and ferrofluid technologies as well as bio-inspired applications. Magnesium ferrite, MgFe2O4, is an
important member of the spinel family: apart from its extensive magnetic and electronic applica-
tions, it is used in heterogeneous catalysis and adsorption, and sensor technology. Mechanosynthe-
sis is a powerful method for the production of novel, high-performance, and low-cost nanomaterials
[1]. The evolution of nanocrystalline MgFe2O4 by high-energy milling a mixture of MgO and alpha-
Fe2O3 has been investigated by Mössbauer spectroscopy and X-ray powder diffraction [2]. High
resolution TEM has confirmed the ordered nature of the inner core of nanoparticles surrounded by
a disordered surface shell/interface region as concluded from analyses of zero and applied field spec-
tra [2]. Neutron diffraction measurements have been carried out (SPODI, FRM-II) on a series of 7
samples of MgO and alpha-Fe2O3 milled for periods of 0.25 h to 12 h. This has enabled details of
the transformation of the initial crystalline MgO and Fe2O3 phases via intermediate states to the
final nanocrystalline mechanosynthesised MgFe2O4 product to be investigated. A comparison of
the findings from the complementary Mössbauer effect and neutron diffraction studies will be pre-
sented. References [1] V. V. Boldyrev, Russ. Chem. Rev. 75 (2006) 177. [2] V. Šepelák, A. Feldhoff,
P. Heitjans, F. Krumeich, D. Menzel, F. J. Litterst, I. Bergmann, K. D. Becker, Chem. Mater., 18 (2006)
3057
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Summary:

The evolution of nanocrystalline MgFe2O4 by high-energy milling a mixture of MgO and alpha-Fe2O3
has been investigated by Mössbauer spectroscopy, Neutron and X-ray powder diffraction. This has en-
abled details of the transformation of the initial crystalline MgO and Fe2O3 phases via intermediate
states to the final nanocrystalline mechanosynthesised MgFe2O4 product to be investigated.

164

Dimensionless Coordinates for Simulations andTheory ofHyper-
fine Interactions in Materials
Author: William Evenson1

Co-author: Matthew Zacate 2
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poster

Summary:

For problems involving simulations or theory of hyperfine interactions in materials, it would be conve-
nient to work in dimensionless coordinates of reasonable magnitude. The length scale should be approx-
imately a lattice parameter. The time scale should be approximately an inverse hyperfine frequency. The
energy scale should be approximately a hyperfine splitting energy. The scale for electric charge should
be approximately the elementary electronic charge. The scale for electric field gradients (EFGs) should
be approximately as observed in materials (e.g. 1019 to 1021 V/m2). Similarly for magnetic hyperfine
fields.

There are too many constraints here to allow for an ideal, universal dimensionless unit system. Never-
theless, we can define a useful “natural”dimensionless unit system that simplifies point-charge approxi-
mations, scaling between different crystal structures, scaling charges of various defects in materials, and
other computations involving hyperfine interactions. We present the proposed system with examples of
its use for data analysis as well as in simulations and theory. We also show concretely the connections
between the dimensionless units and experimental quantities.

This work is funded in part by NSF grant DMR 06-06006 (Metals Program).
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DEFECTS STUDIES IN PURE AND DOPED In2O3 SINGLE CRYS-
TALS BY PAC
Author: Ruben Quille Ramos1

Co-authors: Alberto Felipe Pasquevich 1; Laura Cristina Damonte 1; Yamil Chain 1

1 UNLP

Corresponding Author: damonte@fisica.unlp.edu.ar

semiconductors

Please specify whether you would prefer an oral or poster contribution.:

poster

Summary:

The indium oxide electronic properties, pure or impurity doped, as massive material or thin films, irre-
spective of its morphology, i.e. nanoparticles or nanowires, are of high interest due to their potential
technological applications. Perturbed Angular Correlations (PAC) measurements on pure and doped
In2O3 using 111In as radioactive probe are presented.
Already the first paper on the application of the PAC technique to an oxide found the electron capture
after-effects (AE) for 111In/111Cd probes in In2O3. The 111In isotope decays via EC to the 7/2+ state
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of 111Cd and after 170 ps the first γ quanta of the PAC cascade is emitted. The EC-decay caused a
hole in the K-shell, which is filled by X-ray and/or Auger transitions. Within 0.01 ps further Auger
processes produce additional holes in higher shells. Therefore, the 111Cd-atom is highly ionized after
its creation and electrons are needed to stabilize its electron shell. It depends strongly on the properties
of the matrix (metal, semiconductor, and insulator) whether enough electrons are available in time or
not. In metals the missing electrons are fast supplied and no AE is observed. But in semiconductors
or insulators the relaxation time of the excited electron shell may be longer than the mean lifetime of
the hyperfine-sensitive intermediate state in 111Cd (��122 ns), leading to time-dependent (fluctuating)
EFGs and damped PAC perturbation functions G22(t)
Many different experiments have proven that the EC after-effect is, without doubts, the origin of this
damping of the R(t) functions. Implantations at ISOLDE/CERN of the 48 min isotope 111mCd into dif-
ferent bixbyite oxides showed no aftereffect, the same was observed in the PAC-experiments with the
181Hf/181Ta. In both cases, no EC-decay can distort the probe’s electron shell and no additional elec-
tron is needed.
The existence of these aftereffects depends on the oxide purity. In this communication are presented
results obtained with indium oxides samples contaminates with different impurities. An equimolar mix-
ture of OCd and In2O3 doped with 111In and overnight calcinated at 1273 K in normal air atmosphere,
results in In2O3 doped with Cd impurities. Additionally, In2O3 doped with C was made: a mixture of
indium metal and carbon, in a porcelain crucible, loosely cover was overnight calcinated at 1273 K. In
this way crystals of In2O3 grew on the walls and cover of the crucible. Later the crystals were doped
with 111In. PAC spectra of both samples were studied as a function of temperature. The obtained results
show pronounced differences, which can be ascribed to the donor or acceptor character of the impuri-
ties.

166

Tin,Manganese doped chromium ironoxides of composition alpha-
Sn_0.2Cr_1.8-xFe_xO_3 and alpha-Mn_0.2Cr_1.8-xFe_xO_3
Author: Mbela Kalengay1

Co-authors: J. Z. Msomi 2; T Moyo 1

1 School of Physics, University of KwaZulu-Natal, Durban 4000, South Africa
2 Department of Physics, University of Free State, P/Bag X13, Phuthaditjhaba 9866, South Africa

We have investigated single phase formation in a series of (Sn, Mn)0.2Cr1.8-xFexO3 produced by low
temperature synthesis based on hydrothermal process in a reflux system and in a stirred pressure
reactor. The evolution of the properties is investigated by X-ray diffraction (XRD) and by magnetic
measurements. Evidence of successful Sn or Mn incorporation into the corundum structure is ob-
tained. 57Fe Mössbauer spectra show the materials to be paramagnetic for Fe concentration x ≤ 0.5
and in ordered magnetic state at higher concentration. Rietveld structure refinement of the XRD
spectra is employed in the analysis.

Please specify whether you would prefer an oral or poster contribution.:

poster

167

Mössbauer andXPS studies of (Mn, Zn)xCo1-xFe2O4 ferrites
Author: J J Dolo1

Co-authors: A Lančok 2; H.C. Swart 3; J. Z. Msomi 1
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Summary:

We report the evolution of the magnetic properties of (Mn, Zn)xCo1-xFe2O4 ( x = 0, 0.5 and 1.0) com-
pounds as a function of particle size. The fine powders with grain size of about 5 nm were synthesized
by citrate precursor method and annealed from 300 to 1300 C. The distribution of cations amongst the
tetrahedral (A) and octahedral (B) sites has been investigated by x-ray photoelectron spectroscopy (XPS)
and Mössbauer spectroscopy. The Mössbauer measurements were recorded at 4 K in zero field and in
an applied field of 6 T. The Curie or Neel temperature enhancement observed is explained on the basis
of redistribution of Zn and Mn ions at both tetrahedral (A) and octahedral (B) sites in nanosize samples.
Field cooled (FC) and zero field cooled (ZFC) magnetization measurements were performed by Squid
magnetometry from 4 –400 K and indicate spin glass like behaviour of the nanophase samples.

168

LHC
Corresponding Author: michelangelo.mangano@cern.ch

NUCLEAR MOMENTS, NUCLEAR POLARIZATION, NUCLEAR MODELS, FUNDAMENTAL
INTERACTIONS / 169

Recent Progress on Low Temperature Nuclear Orientation Tech-
nique and NMRON

170

Development of Synchrotron-radiation-basedMössbauer spectroscopy
of 73Ge, etc.

COHERENT PHENOMENA, SYNCHOTORON RADIATION, QUANTUM OPTICS / 171

MSR in Diamond

Corresponding Author: simonhconnell@gmail.com

NEW DIRECTIONS, NEW DEVELOPMENTS IN METHODOLOGY / 172

Beta detected NMR: a New Depth-resolved Probe of Materials at
the Nanoscale
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SURFACES, INTERFACES, THIN FILMS, NANOSTRUCTURES / 173

Development and applications of a Mössbauer camera
Author: Yutaka Yoshida1

Co-authors: Hiroto Kumabe 1; Hiroyoshi Soejima 2; Kazuo Hayakawa ; Kenichi Yukihira 1; Masahiro Ichino 1; Yuki
Akiyama 1

1 Shizuoka Institute of Science and Technology, Toyosawa 2200-2, Fukuroi-city, Shizuoka 437-8555, Japan
2 Shimadzu Corporation, Nishinokyo-Kuwabaracho 1, Nakagyo-ku, Kyoto 604-8511, Japan

Corresponding Author: yoshida@ms.sist.ac.jp

We developed a mapping technique for 57Fe Mössbauer spectroscopy using a Multi-Capillary X-ray
lens (MCX or Soejima-Kumakhov lens), which provided a space resolution down to 50�m [1, 2].
There are, however, strong demands to study sub-micrometer-scale structures in materials science.
Presently, we are challenging to improve the space resolution using a Fresnel-Zone Plate (FZP),
which is known to provide a possibility to focus X-ray beam down to several 10 nm in diameter, if
one would use it at a beam line of synchrotron facilities where a strong and sharp X-ray beam is
available. In our laboratory, therefore, we combine a FZP with the MCX in order to focus 14.4keV
�-rays down to hundreds nanometers. The focal distance is 48 mm from the outlet of FZP lens.
The experimental or and 3.7 GBq-57Co source mounted on a Mössbauer transducer. In order to
evaluate the spot size of the combined �-ray lens, the transmission counts of 14.4keV �-rays are
measured as functions of the X or Y positions of the Ta-knife-edge collimators by a Si-PIN detector.
The measuring time is 55000 sec at each position. After subtracting the background from the original
data (red points in Fig.2), we obtained the blue data points which shows two sharp peaks of the 1st
order diffraction at around 155�m close to the beam center. In addition, two broad peaks appear at
around 125 and 75 �m, which correspond to the 2nd order diffractions. The position of the Ta knife-
edge appears to be about 10�m deviated to the direction of the FZP from the exact focal position.
Considering the focusing geometry and the half-width of the sharp peaks, the spot size expected at
the focal position can be estimated about 3�m in diameter. The mapping images will be shown in
the lecture.

LATTICE DYNAMICS, ION-SOLID INTERACTIONS / 174

Synchrotron radiation based TDPAC

SEMICONDUCTORS, METALS AND INSULATORS / 175

MuSR studies of High Tc supercondictivity in iron pnictides

BIOLOGY, CHEMISTRY, MEDICINE, ARCHAEOLOGY, MINERALOGY / 176

Perturbed Angular Correlation in Bio Systems

Corresponding Author: lhe@kvl.dk
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NQR Studies in Li-doped potassium tantalite (KTL)
Corresponding Author: bostjan.zalar@ijs.si

CONCLUSION / 178

CONCLUSION
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First Principles Study of Nuclear Quadrupole Interactions in Sin-
gle and Double Chain DNA and Solid Nucleobases
Authors: S. R. Badu1; T. P. Das1

Co-authors: Archana Dubey 2; H. P. Saha 2; Lee Chow 2; M. B. Huang 1; N. Sahoo 3; R. H. Scheicher 4; R.H. Pink
1

1 Department of Physics, State University of New York at Albany, Albany, NY 12222, USA.
2 Departments of Physics, University of Central Florida, Orlando, Florida, USA
3 Department of Radiation Physics, UT MD Anderson Cancer Center, Houston, TX 77030, USA
4 Department of Physics, Condensed Matter Theory Group, Uppsala University, Uppsala, Sweden

Summary:

free nucleobases and nucleobases in single strand (sDNA), double strand DNA (dsDNA)
and in solid state. Our first principles investigation was carried out using the Gaussian 2009
set of programs to implement the Hartree-Fock procedure combined with many-body effects
included using many-body perturbation theory. The positions of the atoms were taken from
structural data for DNA systems [1], for solid nucleobases from x-ray data [2-5] and by
geometry optimization based on the total energy for the free nucleobases. As expected for
NQI in general, many-body effects are found to be small. Results will be presented for the
nuclear quadrupole coupling constants (e2qQ) and asymmetry parameters (η) for the
nucleobases in the various systems, and trends in e2qQ and η in the different systems will be
discussed. Our results show that there are substantial changes in the NQI parameters e2qQ and
η, at the positions of the nuclei, on going from free nucleobases to the nucleobases attached to
single strand DNA (sDNA), between the latter and the nucleobases in double strand DNA
(dsDNA) and between free nucleobases and solid nucleobases. Our results for the 17O NQI
parameters in the solid nucleobases agree well with experimental results [6] obtained by the
magic angle spinning nuclear magnetic resonance technique. Comparison with the results of
an earlier theoretical investigation [6] on the solid nucleobases with our theoretical results
will be presented and discussed.
It is hoped that the results of experimental measurements of NQI parameters for 17O
nuclei in these nucleobases for single strand and double strand DNA and for other nuclei (14N
and 2H) will be available in the future to compare with our theoretical predictions.
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First Principles Cluster Study of Electronic Structures, Locations
and Hyperfine Interactions of Isolated Atoms and Ions in Sili-
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Summary:

The electronic structures of very dilute transition metal (TM) atom and ion (Mn0, V2+, Cr+,
and Mn2+) complexes in silicon hosts have been studied using the Hartree-Fock
procedure[1,2] combined with many-body perturbation theory with the aim to study the
locations of TM atoms and ions and their hyperfine interactions. The clusters studied
involved the TM atom and ions at the hexagonal interstitial (Hi), tetrahedral interstitial (Ti)
and substitutional (S) locations, with the TM atoms and ions occupying a preexisting vacancy
for the substitutional case. The nearest and next nearest neighbors of the TM atom and ions
were included in the clusters for all of the sites studied. The energies of the centers were also
studied for small variations in positions of the TM atom and ions along the <111> axis, and
perpendicular to this direction. From the results of these studies, it is concluded that the
binding energy and the total energy curves with respect to displacements of the TM systems
around the Hi, Ti and S positions support the S and Ti sites as the possible binding sites for all
the systems, the magnitudes of the binding energies favoring the S center. Channeling studies
however suggest that both Ti and S sites are the likely locations of Mn TM systems. We have
therefore investigated the hyperfine interaction constants (A) at both of these sites for Mn0
and M2+ including many-body effects which are rather important because the unpaired
electrons are in d-like orbitals and have no direct contributions. Our results for A for Mn0 and
Mn2+ when compared with experimental results[3] from Electron Paramagnetic Resonance
(EPR) measurements show that the latter data can be explained with only the Mn2+ ion at the
Ti sites, with the value for A from the Mn0 results too small to explain the EPR results. This
investigation illustrates the importance of the hyperfine interactions of the TM system,
together with results from channeling measurements, in deciding on the charge states and
locations of the TM systems in the silicon hosts, which in turn are important for a firstprinciples
understanding of the ferromagnetic behavior of TM systems in Silicon.
References
[1] T.P. Das, Chapter 1 Pages 1-28 in T.A. Kaplan and S.D. Mahanti, Electronic Properties of Solids Using
Cluster Methods, Chapter 1, Plenum Press, New York (1995).
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International Conference on Magnetic Materials (ICMM-2007) Proceedings, pgs. 235-244, American
Institute of Physics (2008).
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Summary:

DNA is the most important molecule for biology in particular and for life in general.
Owing to its great importance for life processes, any unchecked damage in DNA molecules
can have dramatic consequences for the affected organism. For understanding the origin of
the damage at an electronic level, it is important to have a detailed knowledge of the
electronic structure of DNA and related systems
We have presented our systematic study of the Nuclear Quadrupole Interaction (NQI)
in another Abstract at this conference. Here we present the results of our investigations on the
trapping of muonium (Mu) in the free nucleobases, nucleobases in single and double chain
DNA and in solid nucleobases. The study of Mu trapping and the associated muon hyperfine
interaction complements the (NQI) study in the diamagnetic DNA systems by providing
magnetic information dependent on the electronic structure of the systems associated with the
unpaired spin electron provided by the trapped Mu. It also provides insights into the nature of
the trapping process and associated hyperfine properties for impurities in general and the
procedure for studying them.
For our investigation, we have used the first-principles procedure of Hartree-Fock
theory combined with many-body perturbation theory (MBPT) to include many-body
electron correlation effects. These latter effects are very important because they influence
both the stabilities of the Mu trapping sites and the associated hyperfine interaction
properties. It was also important to introduce relaxation effects in the positions of the nearest
neighbors of the trapped Mu impurity. These effects were found to be sizable and influenced
the strengths of the trapping of Mu at the sites found, however they are not sensitive to manybody
correlation effects, an important result for the future in making careful trapping studies
more practicable.
Results obtained for muonium hyperfine interaction at the trapped muonium sites will
be presented. The main contributor to the hyperfine interaction properties is found to be the
Fermi Contact isotropic term. However electron-nuclear dipole-dipole hyperfine interaction
also makes significant contributions. The predicted hyperfine constants for the Muonium and
the nearest neighbor nuclei are utilized to obtain theoretical values of the level crossing
frequencies in the presence of applied magnetic fields and compared with available
experimental data [2].
References
[1] R.H. Pink et al., Hyp. Int. 176, 39(2007)
[2] Penny L Hubbard et al., J. Phys. Chem. A108, 9302 (2004).
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14N Nuclear Quadrupole Resonance of TNT
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Summary:

Nuclear Quadrupole Resonance (NQR) is one of the promising techniques for drugs and explosives detec-
tion in security applications. Another field emerging very recently is the development of fast methods
to nondestructively determine counterfeit drugs. NQR’s main advantage over most techniques is speci-
ficity, as the sample NQR frequency is almost unique, defined only by the quadrupole moment of the
nucleus under observation and the sample specific electric field gradients. Unfortunately, the technique
sensitivity is often low, requiring long experiemntal times. This is especially true for a very desirable
nucleus 14N. Here I present three techniques used to increase 14N sensitivity which were applied to the
detection of the explosive TNT:
� polarization transfer from 1H to 14N [1]
� the use of multipulse sequence spin-lock spin-echo [2], and
� the super-Q detection [3].
Whereas these techniques are very well known in the NMR/NQR community, they present some pecuil-
iarities when applied to TNT which are related to the occurence of several closely spaced resonance
lines.

COHERENT PHENOMENA, SYNCHOTORON RADIATION, QUANTUM OPTICS / 184

Investigations on thin Fefilms andHeusler alloyfilmsusing synchrotron-
radiation-based Mössbauer spectroscopy
Author: Ko MIBU1

1 Nagoya Institute of Technology

Recent development in synchrotron-radiation-based nuclear resonant scattering or Mössbauer spec-
troscopy has opened up new aspects on investigation of materials in the measurements of hyperfine
interactions and also of local phonon density-of-states. In Japan a five-year project led by Prof. Seto
at Kyoto University is now in progress for further development of these unique techniques. The
field of magnetic thin films is also getting a benefit from these new techniques through detection of
magnetic hyperfine fields. The method which has mainly been used so far for thin film experiments
is “time domain” measurements, where interference patterns of pulsed X-rays resonantly scattered
by nuclei are detected as a function of time. However, “energy domain” measurements are more
desirable for thin films, which often contain inhomogeneity in the nuclear environments. In our
project, a new synchrotron-radiation-based “energy domain” Mössbauer spectroscopic method has
been developed, and optimize

NEW DIRECTIONS, NEW DEVELOPMENTS IN METHODOLOGY / 185

Recent advances in Emission Channeling measurements and rel-
evance to Hyperfine Interactions
Authors: J.G. CORREIA1; Ulrich WAHL1

1 ITN, Sacavem, Portugal
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Hyperfine interactions are due to the coupling of the nuclear quadrupole and magnetic moments
with the electric field gradient and magnetic fields present inside a material, respectively. “Hyperfine
Techniques”can then deliver unique information to enlighten atomic and electronic phenomenology
on a nanoscopic scale, provided their signal will be fitted with the right model and then properly
interpreted. During the last two decades big advances have been made for the interpretation of hy-
perfine data. Powerful first principle calculation methods of charge densities in materials provide
today reliable tools for the interpretation of hyperfine parameters. Still, these methods rely on es-
tablishing an atomic model with the only input of the initial atomic coordinates, which are then
allowed to relax to more energetically favorable positions. This brings us to the point that, since
the hyperfine parameters are extremely sensitive to both relaxations and the atomic position of the
probing atom, a technique that can provide precise local scale information about impurity element
position can be of great use for the modeling of the atomic configurations used to interpret the hy-
perfine parameters.
This talk introduces the emission channeling (EC) technique, which uses the fact that charged parti-
cles (in this case electrons), emitted from implanted radioactive isotopes, are guided by the potential
of atomic rows and planes while traveling through a single crystal. The resulting anisotropic elec-
tron emission patterns around low-index crystal directions are characteristic for the lattice site oc-
cupied by the emitting atom and are measured with a 2-dimensional energy- and position-sensitive
Si detector of 22 × 22 pixels. This technique allows one to measure the lattice location of a very
low concentration of impurities with accuracy down to 0.1 Å. The combination of position sensitive
detectors developed at CERN in the frame of high-energy particle detection with the ISOLDE ra-
dioactive beam facility provides a huge number of radioactive element probes to be measured with
high precision. Selected case study examples will be shown as well as the perspectives for improving
this technique with new highly pixilated electron detectors recently developed at CERN.
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Crystallographic and Magnetic Structure of HAVAR under High
–Pressure using Diamond Anvil Cell (DAC)
Author: Itzhak HALEVY1
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HAVAR foils are of technological importance in applications such as windows for gas and liquid
targets. In medical cyclotron physics, for example, HAVAR foils are used as windows for H2O18 tar-
gets which produce 18F isotope as main the component of the FDG. HAVAR foils are used because
of their ability to withstand high-temperatures and pressures intrinsic to FDG production. As such,
a deeper understanding of the behavior of HAVAR foils under extreme conditions is desirable.
HAVAR consists primarily of Co together with Cr, Ni, Fe [ ]. This nonmagnetic alloy has a cubic
crystallographic structure (FCC) with a 3.582 Å lattice parameter.
The aim of the present study is to investigate the high-pressure structural properties of annealed
and cold rolled (C R) HR.
High-pressure angle dispersive X-ray diffraction studies were performed at beamline X17-C of the
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National Synchrotron Light Source (NSLS). The angle dispersive data were collected using 2D detec-
tor with opening Bragg angle (2q=30°). The high-pressure X-ray powder-diffraction measurements
were taken at discrete pressure steps in the range of 0 to 36.4 GPa. The data was collected by the ADS
technique. A monochromatic X-ray beam (0.4066Å) from high order Si crystal monochromator was
used. The angle dispersive measurements were carried out in transmission configuration using the
2D image detector technique. The data was analyzed using a commercial Rietveld analysis software
package. The 2D data was converted to the 2Ө dimension by the Fit2D software.
We found both samples non magnetic in room temperature and ambient pressure.
Data of low temperature and high pressure Mössbauer effect is still under analysis.
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