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Coexistence of superconductor (SC) and spin-density wave (SDW) phases in (TMTSF)2PF6 under
pressure attracted considerable interest due to exotic SC properties. Yet the nature of SC on DW
background is still unclear, one of the major complications being that all the band parameters are
affected by pressure.
Using various transport and magnetotransport probes we investigate instead SC and SDW coexis-
tence in (TMTSF)2ClO4 at ambient pressure at various degrees of ClO4 anions ordering. When both
SC and SDW are observed in transport, we find prehistory effects, enhancement of the SC critical
field, and strong spatial anisotropy of the SC state. These features are inconsistent with the conven-
tional model [1] of structural inhomogeneities produced by anion ordering. We reveal instead that
SC and SDW regions overlap on the temperature – dimerization gap V phase diagram, where V is
varied by anion ordering [2]. Using transport anisotropy measurements we study how the spatial
texture of the SC phase on SDW background evolves with V [3]. Even though V affects only in-plane
dispersion, SC emerges first in the interlayer direction and then inside the plane, similar to the be-
havior observed in (TMTSF)2PF6 [4]. We discuss this result in the framework of the soliton phase
scenario [5].

[1] H. Schwenk et al., Phys. Rev. B 29, 500, (1984)
[2] Ya. A. Gerasimenko et al., JETP Lett. (Pis’ma v ZhETF) 97, 485 (2013)
[3] Ya. A. Gerasimenko et al., submitted to PRB
[4] N. Kang et al., Phys. Rev. B 81, 100509 (2010)
[5] L.P. Gor’kov and P.D. Grigoriev, Europhys. Lett. 71, 425 (2005)
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The layered organics, κ-(BEDT-TTF)2X, have been attracting attention as a model systems of super-
conductor, anfiferromagnet, Mott transition and candidate of spin liquid. Among them, κ-(BEDT-
TTF)2Cu[N(CN)2]Cl (denoted as κ-Cl hereafter) is situated in an important position of these systems,
because almost all electronic states mentioned above which are realized this salt under ambient or
very low pressures. In these circumstances, the number of NMR studies and magnetization measure-
ments have been investigated magnetic properties of κ-Cl. Through these studies, the nature of the
magnetic transition of κ-Cl is elucidated to vary under magnetic fields by the effect of Dzyaloshinsky-
Moriya interaction. However, zero-field magnetic properties have not been clarified yet except for
measurement on spontaneous magnetism. Based on the principle, we aimed to reveal the genuine
magnetism of this material by zero-field µSR measurement. We have synthesized single crystals of
κ-Cl over 100mg and operated µSR in RAL in UK. Zero-field µSR spectrum was measured in the
temperature range of 5.6K to 40 K. Below approximately 22 K, rotational signals were clearly ob-
served at low temperatures. Internal field was determined as 57.3G at 5.6K by using the temperature
dependence of this internal field. At low temperatures, rotational and exponential functions were
used to analyze spectra, we discuss the value of zero-field TN , and critical behaviour near TN . We
will also present possible locations of muon site with analyzing high temperature spectrum by using
the value of δ from Kubo-Toyabe function.
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Quasi-two-dimensional organic conductors κ-(BEDT-TTF)2X (X = Cu[N(CN)2]Cl, Cu[N(CN)2]Br,
Cu(NCS)2) are close to the boundary of antiferromagnetism and superconductivity. Among them,
X = Cu[N(CN)2]Br salt is the closest superconductor (Tc=11.6 K) to the boundary and deuterated
Cu[N(CN)2]Br salt comes even closer to the boundary. 13C-NMR experiment has been performed
on the fully deuterated d[4,4]-Cu[N(CN)2]Br salt to reveal the electronic state. The decrease in nu-
clear spin-lattice relaxation rate divided by temperature 1/T1T was observed above superconducting
transition temperature Tc [1]. This result can be interpreted as pseudogap or superconducting fluctu-
ations. Superconducting fluctuations were observed above Tc by the Nernst effect [2]. We performed
13C-NMR study for single-site-enriched Cu[N(CN)2]Br salt and examined deuteration dependence
and field dependence of 1/T1T to reveal whether the behavior of 1/T1T is affected by pseudogap
or superconducting fluctuations. Deuteration dependence indicates that decrease in density of state
is not due to pseudogap. Field dependence suggests that suppression of density of state above Tc

is due to superconducting fluctuations. In the presentation, we report the results for Cu(NCS)2 salt,
and discuss the origin of superconducting fluctuations.

[1] K. Miyagawa et al., Phys. Rev. Lett. 89, 017003 (2002).
[2] M. Nam et al., Nature. 449, 584 (2007).

poirier
Texte tapé à la machine
PI-3



One-dimensional alternated extended Hubbard model and its
application to the mechanism of anion ordering in (TM)2X

Marc Ménard and Claude Bourbonnais
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Email: Marc.Menard@USherbrooke.ca

The Fabre [TMTTF2X] and the Bechgaard [TMTSF2X] series of organic conductors, as well as the
(TMTTFxTMTSF2−x)X alloys are known to consist of weakly coupled chains of interacting electrons
at quarter-filling. Electrons in these low dimensional structures are under the influence of alternate
lattice potentials due to either small dimerization of the stacks or/and site potential alternation, the
latter resulting from the different molecular species, especially in alloys. Electron correlations can
also be responsible for anion ”X” ordering at different wavevectors. In this work, we study the
influence of both dimerization and local alternating potentials on the interacting parameters U and
V of the one-dimensional extended Hubbard model. We then use the renormalization group method
to determine the phase diagram of this generalized extended Hubbard model and the electronically
driven different possibilities for anion ordering.
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The (BEDT−TTF)2X salts are organic conductors consisting of alternating conducting sheets of BEDT−
TTF and insulating sheets of anion. These materials have been classified as α-, β-, κ-, and θ-types,
depending on the arrangement of their BEDT−TTF molecules. The α-type salts, which have been
intensively investigated during the past two decades, were recently found to be candidates for a
Dirac electron system. To resolve the difference between band picture and charge fluctuation of α-
(BEDT−TTF)2 MHg(SCN)4 (M=K, Rb, and NH4), we utilized 13C-NMR to examine α-(BEDT−TTF)2
MHg(SCN)4 (M= Rb, and NH4) under the conditions with a large hyperfine coupling constant at
each site. We observed the temperature dependence of site susceptibility and spin-lattice relaxation
rates, T−1

1 . We found that the linewidth of the A site only increased as temperature dependence, a
change associated with the development of lattice modulation in both of the density-wave(DW) (M=
Rb) salt, and superconducting (M= NH4) salt. These findings indicate that density-wave modula-
tion occurs during charge disproportionation instability and suggest the connection between the the
superconductivity and DW with the charge disproportionation.
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The problem of the orbital upper critical magnetic field, parallel to a conducting axis of a layered
quasi-one-dimensional (Q1D) superconductor, is solved [1,2]. We consider two competing cases:
where triplet superconducting order parameter (1) doesn’t have [1] and (2) has zeros [2] on the
Q1D Fermi surface. We demonstrate that in both cases the orbital effects against superconductiv-
ity destroy it in a magnetic field much higher than the so-called Clogston-Chandrasekhar param-
agnetic limit. Comparison of our theoretical results [1,2] with the experimental data [3] is in favor
of a nodeless triplet superconducting pairing in the layered quasi-one-dimensional superconductor
Li0.9Mo6O17, although we cannot completely exclude nodal triplet superconductivity.

[1] A.G. Lebed and O. Sepper, Phys. Rev. B (Rapid Communications) 87, 100511(R) (2013)
[2] O. Sepper and A.G. Lebed, Phys. Rev. B, submitted (2013)
[3] J.-F. Mercure et al., Phys. Rev. Lett. 108, 187003 (2012).
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Recently, we have used a tunnel diode oscillator (TDO) as a resonant inductive method to follow the
ac susceptibility of the coupled charge density wave (CDW) and spin-Peierls (SP) ground state as a
function of field and temperature in the dual chain organic conductor Perylene2[Pt(mnt)2]. A TDO is
essentially a self-resonating LC circuit driven by a tunnel diode. Changes in the magnetic suscepti-
bility of samples placed in the inductor will be observed as a change in the resonant frequency. These
measurements show, in addition to the CDW and SP ground state below 8 K and 20 K, the appear-
ance of a second gapped phase between 20 and 35 T below 4 K. These findings are consistent with
previous transport measurements that show a second, field induced insulating phase [1] in the same
region of field and temperature, as well as with high field NMR studies [2,3]. The results support a
strong coupling of the CDW and SP order parameters even at high fields, and provide motivation
to extend the theoretical models to include the interaction of segregated chains with different order
parameters.

[1] D. Graf et al., Phys. Rev. Lett. 93, 076406 (1-4) (2004)
[2] E. L. Green et al., Phys. Rev. B 84 121101(R) (1-4) (2011).
[3] E. L. Green, et al., Crystals, 2, 1116-1135 (2012).
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R. Beyer, A. Dengl, T. Ivek, N. Barišić, D. Wu, D. Schweitzer and M. Dressel1, T. Ivek2

1Physikalisches Institut, University of Stuttgart, Stuttgart, Germany
2Institut zu fiziku, Zagreb, Croatia

Email: rebecca.beyer@pi1.physik.uni-stuttgart.de

The quasi two-dimensional organic molecular crystal α-(BEDT-TTF)2I3 is a semimetal at high tem-
peratures. At ambient pressure it undergoes a metal to insulator transition at TMI = 136 K to a charge-
ordered state. The strong pressure dependence of this transition has been long known. For example
resistivity measurements show the suppression of the transition temperature by approximately 10
K/kbar of applied hydrostatic pressure. Finally at 15 kbar the transition is completely suppressed
and the resistivity becomes temperature independent. Eventually a solution for the mystery of the
high-pressure state has been proposed in 2006, when theorists found a Zero Gap Semiconducting
(ZGS) state in the band structure of α-(BEDT-TTF)2I3 under uniaxial pressure. So far BEDT-TTF
based crystals are the first and only bulk materials with possible massless Dirac fermions, but exper-
imental confirmations for this state are still rare.
Infrared spectroscopy is an extremely powerful method to investigate the physics of organic crys-
tals based on BEDT-TTF. It allows the simultaneous probing of the dynamics of free charge carriers,
collective motions of carriers, interband transitions of localized electrons, lattice phonons, and molec-
ular vibrations.
We will present an extended study on α-(BEDT-TTF)2I3 under pressure (p < 15 kbar), at low tempera-
tures (T > 10 K), and in the wide frequency range from 80-8000 cm−1 (10-1000 meV). Experiments on
powdered samples allow us to study the charge-ordered state in more detail, especially the evolution
of the charge disproportionation with pressure. Additional experiments on single crystals follow the
suppression of the charge-ordered state, the closure of the optical gap and finally investigate the
emergence of the ZGS.
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Zero-gap states in organic conductors in α-(BEDT-TTF)2I3 have attracted a great deal attention due to
the intriguing properties [1,2]. Here we show that such a zero-gap state is realized when non stripe
charge order drops charge poor molecules to make hollows in the molecular network, to lead to a
honeycomb lattice [3]. By using the method developed for topological insulators [4], the odd par-
ity of the non-diagonal element of the Hamiltonian at the time-reversal invariant momenta (TRIM)
guarantees the existence of a band contact point. β”-(BEDT-TTF)3(ClO4)2 is a prototype. The exis-
tence of molecules both on inversion centers and general positions, together with non stripe charge
order, is the prerequisite of the topologically stable presence of such a zero-gap state

[1] A. Kobayashi, Sci. Technol. Adv. Mater. 10, 024309 (2009).
[2] N. Tajima, J. Phys. Soc. Jpn. 75, 051010 (2006).
[3] T. Mori J. Phys. Soc. Jpn. 82, 034712 (2013).
[4] L. Fu and C. L. Kane, Phys. Rev. B 76, 045302 (2007).
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Recently we have reported on ferroelectric ordering coinciding with the antiferromagnetic transition
in the quasi-two-dimensional triangular-lattice Mott insulator κ-(ET)2Cu[N(CN)2]Cl (κ-Cl) making
this material the first multiferroic charge-transfer salt [1]. We proposed an electric-dipole driven
mechanism for the magnetic order and, thus, a new coupling mechanism of magnetic and ferroelec-
tric ordering.
In order to study the low-frequency charge carrier dynamics, recently we have established resistance
fluctuation (noise) spectroscopy as new approach, which proved to be highly suitable for investigat-
ing the kinetic properties of the correlated π-carriers in the present materials [2].
Here, we present the first noise measurements within the Mott insulating state of κ-Cl. Superim-
posed on the 1/f background of the carrier fluctuations, we are able to resolve Lorentz-type spectra,
i.e. signatures of single fluctuators, at characteristic temperatures TINS ≈ 50 K, coinciding with the
localization of carriers on the ET dimers, and around TFE ≈ 25 K, the ferroelectric ordering tem-
perature. Remarkably, the kinetics of these individual fluctuators are independent of the applied
electrical field above TFE, whereas below TFE the characteristic energy shifts with the applied current
through the sample. We discuss these results in terms of switching of ferroelectric domains and esti-
mate the volume of latter.

[1] P. Lunkenheimer, J. Müller et al., Nature Materials 11, 755 (2012)
[2] J. Müller, Chem. Phys. Chem 12, 1222 (2011)
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[1]Benzothieno[3,2-b][1]benzothiophene (BTBT) derivatives have attracted considerable attention due
to the high mobility in organic transistors. Recently, the charge-transfer (CT) salt, (BTBT)2PF6, has
been found to show high electrical conductivity, though it is highly one dimensional. As an at-
tempt to modify the crystal packing, we have prepared novel CT salts based on 2,7-di-bromo-BTBT
(DBrBTBT). Rod-like black crystals of (DBrBTBT)3X2(PhCl)2 (X = ClO4, BF4) were grown by electro-
chemical oxidation of DBrBTBT in chlorobenzene. The composition is 3:2, and the donor molecules
form trimerized columns. The donor molecules are alternately oriented in the trimer in the ClO4 salt,
whereas the same orientation is kept in the BF4 salt. There is no conduction path along the molecular
short axis owing to the presence of the insulating layer composed of the tetrahedral anions and the
solvent molecules. The donor molecules have large intracolumnar interactions and small intercolum-
nar interactions along the molecular long axis, so the electronic structure is quasi-one-dimensional.
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HMTSF-TCNQ is a quasi-one-dimensional organic conductor. HMTSF-TCNQ, which is an analogue
of TTF-TCNQ with a charge transfer of 0.74, has been known to undergo a CDW transition at 30 K
at ambient pressure (p = 0). By the preceding studies of our group, this CDW at p = 0 is suppressed
by the pressure of 1 GPa, where anomalous magnetoresistance kinks with hysteresis were observed
but neither at p = 0 nor 2 GPa [1]. But due to the crystal twinning, etc., angular dependent magne-
toresistance oscillations (AMRO) was not satisfactory, and accordingly the nature of the field-induce
phase itself was not clear. This time, we were favoured with the single crystals which had much
clear Bragg spots. We reexamined the magnetoresistance (MR) and AMRO of HMTSF-TCNQ with
miniature pressure cells, which could rotate in high magnetic field. Pressure was fixed to 1 GPa. We
plan to show the AMRO around three axes, and MR for various axes to discuss this field-induced
phases. It turned out that the field-induced 1st order transition took place at 10 T in the field com-
ponent parallel to the least conducting axis. The threshold field is unchanged at least between 0.3 -
4.2 K. The transition at very low field ∼ 0.2 T, above which preliminary Hall voltage seemed to be
stepwise, must be present [2].

[1]. K. Murata et al., J. Phys. Soc. Jpn. 79 (2010) 103702
[2] See also, K. Murata, Session #14, Thu. July 18, this conference.
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EtMe3P[Pd(dmit)2]2 is a quasi-2D valence-bond-solid (VBS) Mott insulator where Pd(dmit)2 molecules
form dimers within the layers of highest conductivity. The dimers are arranged in an anisotropic
triangular lattice with transfer integrals t and t′ (t′/t = 0.87) and an average inter-dimer exchange
coupling J/kB ≈ 250 K. Despite this strong spin frustration the system reveals a low-temperature
transition into a spin-gapped phase. Here we present results of the uniaxial expansion coefficients
αi = l−1

i dli/dT (i = a, b, c) on single crystals of EtMe3P[Pd(dmit)2]2 for temperatures below 200 K and
magnetic fields B ≤ 8 T. We find a sharp and well-pronounced, slightly broadened λ-type thermal
expansion anomaly at 24 K indicating a second-order phase transition into the low-T VBS phase.
Measurements in magnetic fields up to 8 T were found to have no effect on the VBS phase transition,
i.e., there are no indications of a field-induced melting of the VBS state at this field level. The data
along the three crystallographic axes are strongly anisotropic for T≤ TV BS , corresponding to a signif-
icant temperature-dependent lattice distortion upon cooling into the VBS state. On the other hand,
an almost isotropic in-plane (ac) behavior is observed above TV BS . While the in-plane a and c-axes
show a large positive expansivity at T > TV BS , as often found in soft organic materials, the out-of-
plane b-axis reveals a large negative contribution of unknown origin which sets in rather abruptly
around 40 K upon warming.
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Raman scattering spectra in spin-frustrated κ-type BEDT-TTF
compounds
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We measured Raman scattering spectra in κ-(BEDT-TTF)2Cu2(CN)3 and κ-(BEDT-TTF)2Cu[N(CN)2]Cl
over a wavenumber range, 120-1300 cm−1. In these compounds, the spins, which are on the trian-
gular lattice of BEDT-TTF dimers, are frustrated. Particularly, κ-(BEDT-TTF)2Cu2(CN)3 is an ideal
candidate for the quantum spin-liquid state. On the other hand, in κ-(BEDT-TTF)2Cu[N(CN)2]Cl,
antiferromagnetic ordering is observed. Both compounds show not only vibrational Raman lines but
also broad structures below 700 cm−1. In κ-(BEDT-TTF)2Cu2(CN)3, the intensity of the broad struc-
ture monotonically increases from 700 cm−1 to 120 cm−1, while that in κ-(BEDT-TTF)2Cu[N(CN)2]Cl
has a maximum at 500 cm−1. The spectral weight of the broad structures in both compounds in-
creases from 150 K to 4 K. From the above results, the broad structures are assigned to the magnetic
excitation. The center position of the broad structure in κ-(BEDT-TTF)2Cu2(CN)3 is lower than in
κ-(BEDT-TTF)2Cu[N(CN)2]Cl. The difference in spectral shape reflects the degree of spin frustra-
tion. Thus, we clarified the difference of the spin frustration between the two κ-type BEDT-TTF
compounds in Raman scattering measurements.
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A possible zero-gap-state in α-(BEDT-TSF)2I3, isostructural with
α-(BEDT-TTF)2I3
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After the confirmation of a bulk zero-gap-state (ZGS) in α-(BEDT-TTF)2I3 under pressure, exotic
features of this system have been revealed and are attracting wide interests of researchers. One of
the important questions is whether the bulk ZGS is observed in a system other than this salt. It is
even desirable to find a bulk ZGS at ambient pressure. Possible candidates for another bulk-ZGS may
include the title compound, α-(BEDT-TSF)2I3 and α-(BEDT-STF)2I3, both of which are isostructural
with the BEDT-TTF (ET) salt. Because of the larger size of Se ion than S, the electronic structure in
these salts is believed to be similar to that of the ET salt under pressure. We reported the results of
77Se-NMR in these salts and claimed that some of the electronic properties are actually quite similar
to those in the ET salt under pressure [1]. However, the local susceptibilities at all molecular sites
were found to vanish more quickly than the T -linear behavior expected in the ZGS. In order to get
more information at lower temperatures, we have synthesized 13C-enriched single crystal sample of
α-(BEDT-TSF)2I3 and carried out precise measurements of angular dependence of 13C-NMR as in the
ET salt. We compare the low temperature behaviors of the local susceptibility at different molecular
sites between the ET and BETS salts, and discuss the reason of the difference in the temperature
dependence, considering the recent theoretical analysis by Nagoya University group [2].

[1] K. Hiraki et al., J. Phys. Soc. Jpn., 80, 014715 (2011).
[2] Y. Suzumura, private communication.
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Charge Transfer in Neutral-Ionic Transition: Detection of
Neutral-Ionic Domain Walls and Scaling Analysis

R. Takehara, K. Miyagawa, K. Kanoda 1, T. Miyamoto, H. Matsuzaki, H. Okamoto 2
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The quasi-one-dimensional mixed-stack charge-transfer complex TTF-CA exhibits the neutral-ionic
(NI) transition, which is a strongly charge-spin-lattic-coupled phenomenon with large fluctuations
due to the one-dimensionality. Among the materials exhibiting the NI transition, only TTF-CA has a
neutral (N)-to-paraelectric-ionic (IP ) crossover without dimerization, where the charge fluctuations
are highly enhanced. In this region, NI domain walls (NIDWs) are expected to be intensively excited
and play a role of charge carriers, as is theoretically predicted. To explore the NIDW excitation,
we measured the four-terminal electric conductivity under hydrostatic pressure. As a result, we
obtained the pressure dependence of the activation energy of conductivity, which turns out to have
a minimum at the boundary between the N and Ip phases. The minimum value is about 0.055eV, less
than a half of the CT energy, and is in line with the theoretical consequences of NIDW, supporting
that the measured conductivity is mainly contributed by the NIDW motions. Likewise, we show
that the electric conductivity in the NI crossover region free from the lattice dimerization is scaled
into a single universal function. This implies that the so-called Widom line of the charge-transfer
penetrates into ferro-electric ionic (If ) phase and the original charge-transfer NI transition without
the symmetry breaking is behind the If phase which is stabilized by the charge-spin-lattice-coupled
energy gain.
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Density wave state in α-(BEDT-TTF)2KHg(SCN)4 probed by STM

Kazuhiro Katono, K. Ichimura, T. Taniguchi, S. Tanda, and K. Yamaya
Department of Applied Physics, Hokkaido University, Japan

Email: k katono@eng.hokudai.ac.jp

We studied electronic state in organic conductor α-(BEDT-TTF)2KHg(SCN)4 using Scanning Tunnel-
ing Microscopy (STM) in order to clarify the density wave state. In this material, broad peak as
density wave transition was observed around 8 K by temperature dependence of resistivity. How-
ever, there are no direct evidence for CDW or SDW in the density wave state. In this study, we ob-
served BEDT-TTF molecules alignment of α-(BEDT-TTF)2KHg(SCN)4 at room temperature by STM.
The molecules arrangement in the obtained image was in agreement with the previous result by first
principle calculation. In addition, the periodic structure corresponding charge disproportionation
along c-axis were found. We consider that this periodic structure indicate the fluctuation like charge
ordering, because in another α-type BEDT-TTF compound, α-(BEDT-TTF)2I3, we observed same pe-
riodic structure. Therefore, we consider that inter-molecular electron-electron interaction should be
taking into account in density wave state of α-(BEDT-TTF)2KHg(SCN)4. In order to observe the den-
sity wave state directly, we are performing STM at low temperature.



Mechanism of spin liquid phase transition in Mott-Hubbard
insulator

V. M. Zharkov
Natural Science Institute of Perm State University, Russia, 614990, Perm, Genkel st.4

Email: vita@psu.ru

A new mechanism of the spin liquid phase transition is described that occurs in the magnetic sub-
system of Mott-Hubbard insulator and in κ(BEDT-TTF)2[Cu2(CN)3. This mechanism is based on the
effect of the dynamic expansion of the algebra generators. It is shown that it provides a transition
between the levels of towers of the symmetry found in the Hubbard model by the author in [1-5].
The main distinguishing feature of this transition is a different number of generators, describing
spontaneous symmetry on both sides of the phase transition. This method provides a qualitative
explanation of the phase characteristics of the metal-insulator Mott-Hubbard type and spin liquid,
which occurs in many materials with strong Coulomb repulsion between the electrons. It is shown
that the transition to a spin liquid in an organic metal κ(BEDT-TTF)2[Cu2(CN)3 is associated with
spontaneous breaking of supersymmetry. Half of fermionic Hubbard generator gives the gap in
electronic spectrum but other half which describe the magnetic degree do not have gap.

[1]. Zharkov V., New functional representation for Hubbard model, Theor. Math. Phys. 60, 902-907
(1984); 86, 181-188.(1991); arXiv:cond-mat/9612033
[2]. Zharkov V.,Kirchanov V.S., Supermatrix representation for Hubbard model, Theor. Math. Phys.
166, 210-223 (2011)
[3]. Zharkov V., Theoretical and Mathematical Physics, The functional integral of the Hubbard model
172, 1300-1314 (2012).
[4]. de Azcarraga J, Izquierdo J, Lukierski J, Woronowicz M. Generalizations of Maxwell (super)algebras
by the expansion method, Nucl. Phys. B 869, 303-314 (2013).
[5]. Zharkov V. 9th Int. Symp. on Crystalline Organic Metals, Superconductors and Ferromagnets
(ISCOM 2011). Sep. 25-30, 2011, Poznan.
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Crystal structure and magnetic properties of the second phase of a
free organic radical molecule NIT2Py crystal

Reza Moosavi Askari, Nicolas Gauthier, Andrea Daniele Bianchi1,
Christian Reber, Thierry Maris 2, Anthony Lannes, Dominique Luneau3,
1 Department of Physics, University of Montreal, Montreal, Quebec, Canada.

2 Department of Chemistry, University of Montreal, Montreal, Quebec, Canada
3 Laboratoire des Multimateriaux et Interfaces, Universite Claude Bernard, Lyon, France

Email: moosaviaskari@gmail.com

We report the X-ray crystal structure and magnetic properties of the second phase of crystals formed
from a free radical called 2-(2’-pyridyl)-4,4,5,5- tetramethyl-4,5-dihydro-1,H-imidazole-3-oxide-1-oxyl
(NIT-2Py). The result of single crystal X-ray diffraction shows that the second phase of NIT-2Py crys-
tallizes in a monoclinic crystal structure with the space group P21/c. By using susceptibility mea-
surements, we have investigated the magnetic behavior of this organic magnet, which has a negative
Curie-Weiss temperature of -4.4 K. The effective magnetic moment amounts to 1.68 µB indicating a
delocalized unpaired electron, S=1/2, associated with each molecule. Having no transition down to
1.8 K implies the existence of competing magnetic interactions and a highly degenerate ground state
in NIT-2Py. In addition, a paramagnetic behavior at 1.8 K in the applied DC magnetic field up to 7 T
along with a saturation value of 1 µB per molecule was observed. We also measured the specific heat
of single crystals of NIT-2Py magnetic fields down to 400 mK to explore the magnetic phase diagram.
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Crystal structures and magnetic ordered states of antiperovskite
complexes: (TSF)3(Mo6X14)X] (X = Cl, Br)

Takaaki Hiramatsu, Yukihiro Yoshida, Gunzi Saito 1, Akihiro Otsuka, Hideki Yamochi 2,
Yasuhiro Shimizu 3, Yuuma Hattori, Hideo Kishida, Hiroshi Ito 4,

Kaplan Kirakci, Stéphane Cordier, Christiane Perrin 5

1 Faculty of Agriculture, Meijo University, Tenpaku-ku, Nagoya, 468-8502, Japan
2 Research Center for Low Temperature and Materials Sciences, Kyoto University,

Sakyo-ku, Kyoto, 606-8501, Japan
3 Division of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8601, Japan

4 Department of Applied Physics, Nagoya University, Chikusa-ku, Nagoya, 464-8603, Japan
5 Institut des Sciences Chimique de Rennes, UMR CNRS

Université de Rennes 1,35042 Rennes cedex, France

Email: htakaaki@meijo-u.ac.jp

(TTF•+)3[(Mo6X2−
14 )(Y−)] (X = Y = Cl; X = Br, Y = Cl, Br, I)[1] have the possibility of spin frustration,

because they have the antiperovskite structure. However the six TTF•+ (S = 1/2) surrounding a
halogen anion (Y−) form a distorted octahedron. Reflecting this distortion, the antiferromagnetic
phase transition occurred at 6.3 - 8.2 K ( = TN ). In this study, using a selenium-substituted TTF analog,
TSF for enhancing the intermolecular interaction and modulating its anisotropy, we prepared the
antiperovskite complexes: (TSF•+)3[(Mo6X2−

14 )X−] (X = Cl, Br). The complexes are isostructural to the
TTF complexes, and show no structural phase transition down to 24 K. They exhibit semiconductive
behavior (ca. 104Ω cm at RT). The temperature dependence of magnetic susceptibility is very similar
to those observed in the TTF complexes, which obeys the Curie-Weiss law (ΘCW are −1.6 K for X
= Cl and −6.3 K for X = Br). The complexes exhibit the antiferromagnetic phase transition, and the
magnetic field dependence suggests a spin-flop at ca. 3.5 T for X = Cl and ca. 1.6 T for X = Br.
The observed TN (3.0 K for X = Cl and 5.5 K for X = Br) are lower than those observed in the TTF
complexes, in contrast to the expectation from the calculated major overlap integrals (ca. 3.5 × 10−3)
which are three times larger than those of the TTF complexes. We will make a presentation about the
result of the NMR measurement on the session.

[1] P. Batail et al., Angew. Chem. Int. Ed. Engl., 30 (1991) 1498.
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Structures and properties of pyridyl-substituted TTF and TSF
derivatives and their charge-transfer complexe

Sangchul Lee, Akira Ueda, Motoi Kimata, Hiroyuki Tajima, Hatsumi Mori 1, Akiko Nakao 2

Reiji Kumai, Hironori Nakao, Youichi Murakami 3
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A correlation between a proton and an electron plays an important role not only for biological sys-
tems but also for functional molecular materials. For example, in a hydrogen-bonded (H-bonded)
molecular complex composed of phenazine and chloranilic acid, it is reported that the proton dis-
placement in the H-bond induces a ferroelectric transition. Such electronic effects of H-bond inter-
actions have attracted researchers’ attention in the field of molecular conductors. However, proton-
electron coupled phenomena in H-bonded charge-transfer (CT) complexes have been little explored
to date. We have recently prepared two kinds of proton-electron coupled H-bonded CT complexes
based on 4-pyridyl-TTF (4Py-TTF) and 4-pyridyl-ethylenedithio-TTF (4Py-EDTTTF). Both of them
form an N-HN type H-bonded dimer unit composed of the donors. The two TTF (or EDTTTF) skele-
tons in the unit are in a charge disproportionated state, and the H-bonded proton is located close to
the donor with the charge-poor TTF (or EDTTTF) moiety to reduce an intradimer charge repulsion.
Interestingly, the degree of the charge disproportionation in the unit of 4Py-EDTTTF is lower than
that of 4Py-TTF, because the extension of the electronic system by the introduction of the EDT group
suppresses the charge repulsion. For further understanding of the correlation between a proton and
an electron in these H-bonded CT complexes, we have then designed 4-pyridyl-tetraselenafulvalene
(4Py-TSF). It is of interest how stronger intermolecular interaction owing to the selenium atoms af-
fects both the electronic structure and the proton distribution. In this presentation, the synthesis and
characterization of 4Py-TSF and the preparation of the CT complexes will be reported.
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Development of Millimeter Wave ESR Using SQUID
Magnetometer and Its Application to Molecular Magnets
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SQUID magnetometer is a well-known and widely used equipment to study magnetic properties of
various materials including molecular magnets with very high sensitivity. Here we would like to
show that this SQUID magnetometer can be also used to observe millimeter wave ESR of molecular
magnets. As a change of magnetization occurs when the ESR resonance condition is satisfied under
the irradiation of the electromagnetic wave, we can observe ESR by SQUID magnetometer. One big
advantage of this method is that we can obtain the absolute value of ESR intensity, which is not pos-
sible for the conventional X-band ESR. Other advantages are that millimeter wave ESR can be made
very easily as is demonstrated in this study, and the use of high magnetic field is the most reliable
way to improve spectrum resolution. Moreover, not only the microscopic ESR measurement but also
the macroscopic magnetization measurement can be done simultaneously. The setup is very simple.
MPMS (Quantum Design Co. Ltd.) whose maximum magnetic field is 5 T is used as a magnetometer.
The sample rod is replaced with a 6φ stainless light pipe and the electromagnetic wave is irradiated
from the top of light pipe. Gunn oscillators are used as light sources. The minimum detectable spin
number is evaluated to be 2× 1013 spins/G and the frequency region is available from 70 to 315 GHz
in our setup [1,2]. We have successfully improved the sensitivity and extended the frequency region
as compared with the previous work by Cage et al. [3]. Some applications will be also shown.

[1] T. Sakurai et al., J. Phys.: Conf. Series 334 (2011) 012058.
[2] T. Sakurai et al., J. Magn. Res. 223 (2012) 41.
[3] B. Cage et al., Rev. Sci. Instrum. 75 (2004) 4401.
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Structural and Magnetic Properties of a Variety of Divalent
Transitional Metal Incorporated DNA Double Helices
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Email: pralok@jncasr.ac.in

Magnetic exchange interactions are studied theoretically for a variety of divalent transitional metal
(M) ions (Mn2+, Fe2+, Co2+, Ni2+ and Cu2+) incorporated into modified-DNA (M-DNA) helix. The
DNA is modified with either hydroxypyridone (H) or bis(salicylaldehyde)ethylenediamine (S-en)
metalated base pairs (MBPs) which were experimentally synthesized by Shionoyas group form Uni-
versity of Tokyo and Carells group form University of Munich. Formation of extended M-O network
leads to the ferromagnetic interaction for the case of H-DNA. More ordered stacking arrangement
was found for S-en-DNA. Ferromagnetic and antiferromagnetic interaction can be obtained by vary-
ing different transitional metal ions. The extent of the magnetic interaction depends on the number
of transitional metal ions.
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Phase Transition and Dielectric Properties of Liquid Crystalline
m-Substituted Benzoate Crystals with Alkali Metal Cations
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The molecular rotations in calamitic liquid crystalline state have been well known dynamic prop-
erties in the molecular assemblies. Liquid crystalline properties have been reported in alkali metal
salts of m-halogeno and/or m-methoxy-benzoate derivatives, which showed the phase transition
from crystal to smectic A (SmA) phase around 550∼ 580 K. Since the molecular arrangements and
motions in these molecular-assemblies were not sufficiently examined, we examined the phase tran-
sition behavior, molecular arrangements, and dielectric properties of (Na+)(m-methoxybenzoate)
from the viewpoint of molecular rotations both in the crystal and liquid crystalline states. (Na+)(m-
methoxybenzoate) was prepared by the equimolar mixing of m-methoxybenzoic acid and sodium
hydroxide in H2O. The water molecule was included in the as-grown white powder, which were
eliminated from the crystal by increasing in the temperatures up to 445 K. Phase transition temper-
ature from the crystal to SmA was observed at 550 K, whereas that from SmA to isotropic liquid
was observed at 570 K. Temperature- and frequency-dependent dielectric permittivity of (Na+)(m-
methoxybenzoate) showed huge response after the elimination of water molecules, suggesting that
the Na+ conduction contributed to the dielectric responses. Since the VTXRD supported the head-
to-head layer structure of m-methoxybenzoates, the Na+ conduction is expected within the two-
dimensional layer.
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Systematic studies of π-d hybrid molecular conductors
(DIETSe)2FeBr4xCl4(1−x)
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We have studied the interplay between conductivity of quasi-one-dimensional (Q1D) π-electron and
magnetism of local d-spin using isostructural (DIETSe) 2FeBr4xCl4(1−x). (DIETSe)2FeCl4 undergoes a
metal-SDW transition at about 12 K, followed by an AF transition of Fe3+ spins below 2.5 K. Mean-
while, (DIETSe) 2FeBr4 shows both the metal-insulator and AF transitions at 7 K, indicating the AF-
induced SDW transition. Thus, FeBr4 salt is considered to have higher dimensionality of π-electron
and larger π-d interaction than FeCl4 salt. In order to systematically control their electronic states, we
have synthesized a series of mixed crystals (DIETSe)2FeBr4xCl4(1−x). The crystal structures of mixed
crystal are confirmed to be isostructural to mother materials by X-ray diffraction. We found the SDW
transition temperature decreases with increasing Br content, while the Néel temperature tends to in-
crease with increasing Br content. Therefore, we succeeded to systematically control their electronic
states and π-d interaction by mixing anions. We also performed magnetoresistance (MR) and mag-
netic torque measurements up to 35 T for some mixed crystals. We found large anomalies in MR at
the spin-flop and AF phase boundaries, indicating the significant π-d interaction. Interestingly, we
observed hysteresis in both MR and magnetic torque, while the mother crystals did not show any
hysteresis in the magnetic torque. The details of synthesis, crystal structures, and physical properties
of the mixed crystals (DIETSe)2FeBr4xCl4(1−x) will be discussed.
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Anomalous Magnetotransport in DIETSe salts
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We have studied the influence of local magnetic moments on the quasi-one-dimensional (Q1D) π-
electrons by magnetotransport and magnetic torque measurements on a series of DIETSe salts. The
antiferromagnetic (AF) order of d-electron spins coexists with the incommensurate spin density
wave (ICSDW) of π-electrons in (DIETSe)2FeCl4. It shows quite anomalous magnetoresistance (MR)
at the spin-flop and the phase boundaries of AF order [1,2]. Notably, the spin-flop induces large
positive MR and non-volatile memory [1]. The detailed study of angle dependent MR revealed the
presence of hidden spin canting [2]. The ICSDW can be suppressed by applying hydrostatic pres-
sure or substituting the FeCl4 anion by FeBr4 anion. We found the field-induced SDW (FISDW)
transitions above the critical pressure of ICSDW in (DIETSe)2FeCl4. This is the first observation of
FISDW in the π-d hybrid materials having the AF order of d-electron spins. Magnetic easy axis of 3d
spins and magnetotransport behaviour of (DIETSe)2FeBr4 salt are found to be different from those
of (DIETSe)2FeCl4 salt [3]. A large hysteresis appears in the MR of (DIETSe)2FeBr4 below 24 T at
0.3 K. The magnetic torque measurement revealed that the critical field corresponds to the boundary
of AF transition of d-electron spins. These results suggest strong correlation between the localized
d-electron spins and mobile π electrons.

[1] M. Maesato, et al., J. Am. Chem. Soc., 134 (42), 17452 (2012).
[2] M. Maesato, et al., Phys. Rev. B 87, 085117 (2013).
[3] M. Maesato, et al., J. Phys. Soc. Jpn., 82, 043704 (2013).
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Shear Stress and Photo Induced Chromism of Spiropyrans
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The shear stress effects on photochromic compounds have been studied by using the DAC -type sap-
phire anvil cell with rotating mechanism. In this paper, we present the shear stress effects on some
kinds of spiropyrans, exhibiting the photochromic transformations between open and closed isomer.
We have performed the in situ observations under a microscope with Raman spectroscopic measure-
ments under shear stress or hydrostatic pressure. For nitrospiropyran (nitroSP), the color has been
changed from yellow to green as applying shear stress. Subsequently, as releasing the shear stress,
the green part changed to purple clearly. Raman spectrum at the purple state showed that shear stress
induced the isomerization from SP to merocyanine(MC), as same as the photochromism in solution,
while at the green part, the strong fluorescence was observed with an excitation light =780 nm. In
addition, the shear stress effects on hydroxyspiropyran (hydroxySP), naphtospiropyran(naphtoSP)
and methoxybenzospiropyran (methoxySP) have been studied. HydroxySP and methoxySP exhib-
ited the similar green state under shear stress with strong fluorescence, while naphtoSP showed the
blue state without fluorescence. These SPs are classified based on based on the chromic behaviors
by shear stress, the threshold pressures occurring color change and fluorescence and the stabilities
of MC.
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Effects of Coulomb interaction and hopping interaction in Dimer
Mott insulators
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Dimer Mott insulators recently attract attention because of abundant properties such as supercon-
ductivity, spin liquid, and charge order. There are some dimer Mott insulator in organic Mott insula-
tors such as κ-(BEDT-TTF)2[Cu2(CN)3 and β-(BEDT-TTF)2ICl2, which show characteristic dietectric
response and charge disproportionation within a dimer [1,2]. The dimer seems to affect that and
the physical properties of those substances. Therefore, we thought that it is necessary to separately
consider the molecules which make a dimer. We study charge order and dielectric response of dimer
Mott insulator in two dimensional square lattice by quantum Monte Carlo method. We show the
temperature dependence of charge order and dielectric constant for some Coulomb interaction and
hopping interaction, which depend on the position of the charge in dimer. We find that whether
charge order is formed or not and the transition temperature are determined by the details of the
Coulomb interactions and intradimer hopping interaction. Coulomb interaction reinforces charge
order and intradimer hopping interaction impedes that.

[1] M. Abdel-Jawad et al. Phys. Rev. B 82, 125119 (2010)
[2] S. Iguchi et al. Phys. Rev. B 87, 075107(2013)
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Defect-Induced Zero-Energy Localized State in Dirac Electron
System α-(BEDT-TTF)2I3
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Recently, a quasi-two-dimensional organic molecular conductor α-(BEDT-TTF)2I3 (α-(ET)2I3) has at-
tracted much attention because of its Dirac dispersion on the Fermi level [1]. In contrast to other Dirac
electron systems such as graphene, bulk measurements such as specific heat, transport coefficients,
and NMR are possible in α-(ET)2I3. They have supported the nature of massless Dirac electrons.
However, at low temperatures, resistivity does not become temperature independent, which is ex-
pected for massless Dirac electron systems. Instead, it has a log T dependence [2]. It is suggested
that this behavior is due to the vacancies of ET molecules and randomness of I−3 anions. However,
theoretical studies on the effects of such defects are limited so far [3]. We study the electronic states
of α-(ET)2I3 with a single defect of ET molecule by solving a realistic tight-binding model in real
space [4]. It is found that a localized state appears at the Dirac point depending on the defect site in
the unit cell. This is understood from the construction of Dirac electrons in this material. Next, spin
susceptibility of α-(ET)2I3 with defects on certain sites (A sites) is studied. It is shown that, owning
to the modulation of density of states near the Fermi level, the spin susceptibility shows characteris-
tic temperature dependence which deviates from the ideal linear T dependence of two-dimensional
massless Dirac electron system

[1] N. Tajima, et al.: J. Phys. Soc. Jpn. 75 (2006) 051010.
[2] N. Tajima, et al.: Phys. Rev. B 85 (2012) 033401.
[3] A. Kobayashi, et al.: J. Phys. Conf. Ser. 132 (2008) 012002.
[4] T. Kanao, H. Matsuura, and M. Ogata: to be submitted to J. Phys. Soc. Jpn.
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Domain Wall in Two-Dimensional Multimode Peierls State
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The domain wall in the multimode Peierls state is studied using the two-dimensional Su-Schrieffer-
Heeger model on the square lattice. We consider a half-filled system with a high-spin excitation in
which the number of up spins is larger than that of down spins by L, where L is the linear dimension
of the two-dimensional system. The additional unpaired spins are localized along the domain wall
which is an one-dimensional discommensurate defect of the lattice distortion pattern of the multi-
mode Peierls state. This domain wall is topologically stable and seems to be a two-dimensional ana-
log of the spin soliton in polyacetylene. It is found that the electronic bound states localized around
the domain wall form an almost flat band in the Peierls gap, converging to zero-energy states in the
thermodynamic limit. We have analytically constructed the wave functions of the zero-energy states
in the infinite system. The localization length of the wave function depends on the wave number
parallel to the domain wall direction just as in the case of the edge states of graphene nanoribbons.
The wave function is completely localized for k = π/2. The localization length increases as k devi-
ates from π/2. We will also discuss another type of the domain wall, which separates two distinct
patterns of the multimode Peierls states.
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Three dimensional Mott insulator composed of axially substituted
iron phthalocyanine

Masaki Matsuda, Miki Nishi, Yutaro Kozaki, Hiroko Ohishi 1, Hiroyuki Hasegawa, Tamotsu Inabe 2

1 Kumamoto University, Japan
2 Hokkaido University, Japan

Email: masaki@sci.kumamoto-u.ac.jp

Axially substituted metal phthalocyanines (M(Pc)L2) can enable us to construct various electronic
systems due to their tendency to adopt the slipped stack structure. Up to now, we have reported
1-D, 2-D and 3-D Mott insulators based on Co(Pc)(CN)2, however, it was difficult to obtain them
with Fe(Pc)(CN)2, which has magnetic moment of S = 1/2 in the central Fe ion. Recently, we have
succeeded in preparing a 3-D Mott insulator based on Fe(Pc)(CN)2 for the first time. We will report
the preparation, crystal structure and electrical properties of it.
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Motivated by recent experiments in α-(BEDT-TTF)2I3 organic conductor, we performed an analytic
calculation of the thermoelectric transport coefficients for the massless Dirac electrons based on the
generalized Motts relation. The main focus of our research is made on the quantum limit where
the cyclotron energy is much greater than both impurity and thermal broadening of Landau levels
(LLs). We report the chemical potential µ and magnetic field dependence of the Seebeck and Nernst
coefficients. Away from the Dirac point the µ-dependence is similar to that found by Jonson and
Girvin [Phys. Rev. B 29, 1939 (1984)], while in the vicinity of Dirac point the absolute value of
transport coefficients strongly depends on temperature and impurity scattering. In the quantizing
magnetic field region, in order to compare our results with experimental data, we also included the
magnetic field dependence of µ. In the intermediate magnetic field region we found oscillations of
the transport coefficients due to the oscillating character of µ, while in the much higher magnetic
field (where µ is always below the 1st LL) the magnetic field dependence is defined by properties of
the transport coefficients in the vicinity of the Dirac point. We also included the Zeeman splitting
of the LLs in the final formulae and compare the theoretical results with experimental results of the
magnetic field dependences of Seebeck and Nernst coefficients
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Dynamics of Spin Soliton in Bond-Charge-Density-Wave States in
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The dynamical behaviors of a spin soliton in bond-charge-density-wave (BCDW) backgrounds of
nearly quarter-filled electron-lattice systems are studied by numerical technique using the one di-
mensional Peierls Hubbard model. In order to accelerate the spin soliton, a magnetic field gradient
is introduced to the system through a spin-dependent vector potential. The numerical simulation
has shown that the dynamics of the spin soliton depends on the applied field strength. For the lower
critical filed strength lower than a critical value Ec, the soliton velocity is saturated to a maximum
value even though the field is kept on. The saturation velocity is lower than the sound velocity and is
independent of the field strength. In this range of the field strength, the soliton moves with acoustic
phonons , which are condensed around the soliton. For the strength higher than the critical value Ec,
the soliton is separated from the condensed acoustic phonons and emits shock waves of the other
modes of acoustic phonons just like a ultrasonic airplane. Eventually the soliton velocity increases
beyond the sound velocity. The present results tell us that the dynamics of acoustic phonon is an
important factor to determine the dynamics of the spin soliton just as in the previous work on the
dynamics of the charged soliton.
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Thermopower measurements in α−(BEDT-TTF)2I3 under
hydrostatic pressure

F. Navarin, M. Monteverde, P. Auban-Senzier, C.R. Pasquier1, 2C. Meziere, and P. Batail
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Understanding 2D conduction remains a wide and deep research topic since the 80’s. Recently Dirac
carriers physics in graphene have renewed and broadened this topic. But graphene is not the only
system to present Dirac carriers, also can be found in the layered organic material α−(BEDT-TTF)2I3
(aI3) under hydrostatic pressure (P >1.5 GPa). Here we report thermopower measurements on
this material under hydrostatic pressure (P >2GPa) and low temperatures (T >4K). In particular a
change of sign on the thermopower can be observed at low temperature suggesting the presence of
two carrier types of different nature.
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Pressure-induced Transitions in Single-Component π − d systems
[M(tmdt)2] Probed by NMR

Rina Takagi, Hiro Gangi, Kazuya Miyagawa, Kazushi Kanoda1,
Biao Zhou, Akiko Kobayashi, Hayao Kobayashi2
1Department of Applied Physics, University of Tokyo

2Department of Chemistry, College of Humanities and Sciences, Nihon University
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Orbital degrees of freedom are among sources to give novel properties to strongly correlated elec-
tron systems. A family of single-component π − d systems, [M(tmdt)2], are multi-orbital correlated
electron systems. The molecular orbitals near Fermi level consist of d-orbital in a metallic ion M and
π−orbitals in tmdt ligands. The energy-level difference between the d and π−orbitals depends on
M, leading to the diverse ground states; a one-dimensional antiferromagnetic Mott insulator (TN =
13K) for M = Cu, an antiferromagnetic metal (TN = 110K) for M = Au, paramagnetic metals for
M = Ni. We performed 1H- NMR study on M = Cu and Au salts under hydrostatic pressure. In
both salts we found that the antiferromagnetic transitions disappeared above 0.4 GPa and the tem-
perature profiles of NMR relaxation rates dramatically changed in the high pressure phase. These
results imply sudden changes in electronic states, possibly first-order phase transitions. We argue the
pressure-induced transitions in terms of electron correlation and orbital hybridization and propose
the possibility of (orbital-selective) Mott transition in M = Cu and Au compounds.
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First κ -type ET salt formed with tetrahedral anion
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We obtained the first κ-type ET salt formed with a tetrahedral anion by an electrocrystallization
method. The salt belongs to the orthorhombic system with space group Pnma, which is identical with
10 K-class superconductors, κ-(ET)2Cu[N(CN)2]Y (Y = Cl and Br). The t′/t value, that gives a simple
indication of spin frustration (t′, t: transfer integrals between (ET)2o+ dimers), was estimated to be
1.42 at 298 K by the band calculation, and therefore, the (ET)2o+ dimers form a distorted triangular
spin lattice. The salt shows semiconducting behavior with a room-temperature conductivity of 0.5
S cm−1 and an activation energy of 0.14 eV. By applying hydrostatic pressure, the resistivity and
activation energy gradually decreases, but remains semiconducting behavior up to 1.8 GPa. The
magnetic susceptibility can be described by the S = 1/2 Heisenberg triangular antiferromagnetic
lattice model with the J value in the range of 160 - 180 K, and no long-range magnetic ordering
was observed down to the lowest temperature measured (2 K). This result indicates the presence of
significant spin frustration, and we can therefore envisage the opening of opportunities for studying
the electronic phases adjacent to spin liquid on the t′/t > 1 side.
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Reversible introduction of disorder by manipulating of the
cooling/heating ramp rates and its influence on superconductivity

of κ-(BEDT-TTF)2Cu(NCS)2 and κ-[D8-, and
H8-](BEDT-TTF)2Cu[N(CN)2]Br

Andrey A. Bardin1,2, Eduard B. Yagubskii1, Benjamin J. Powell2,
Paul L. Burn and Shih-C. Lo3

1Institute of Problems of Chemical Physics RAS, Chernogolovka, Moscow region, 142432, Russia
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Regulated ramp rate is a versatile way to introduce neatly controllable level of disorder in some
organic superconductors. The prerequisite is a glass-like order-disorder transition connected with
ordering of terminal ethylene groups of the organic donor BEDT-TTF (ET) at cooling. Compare
with other methods of disorder introduction: X-Ray, neutron, proton irradiation, chemical impu-
rities, etc. regulated ramp rate allow much lover level of scattering centers to be introduced but
the advantage is a full reversibility of the process. We prepared several order states ranged from
quenched to tempered (last one was prepared by keeping crystals at 70K for 6 hours). That gave rise
to changing of Tc from 11.5K to 12K for [H8-]ET2Cu[N(CN)2]Br while Tc of 10.4K for ET2Cu(NCS)2
was mainly unaffected by ramp rate. Quenching of [D8-]ET2Cu[N(CN)2]Br crystals led to shrinking
of superconductive domains embedded into insulating matrix. We mapped disorder level of ethy-
lene groups from 300K down to 90K by X-Ray single crystal crystallography. X-Ray is a relatively
slow method, thus, we were able to measure only relaxed (tempered) states. The features found are
continuous ordering of ethylene groups at cooling down to 110K in [H8-]ET2Cu[N(CN)2]Br and then
sharp disorder-order transition at 100K. The ordering process in ET2Cu(NCS)2 is rather complicated.
The continuous ordering is down to 200K, then, behavior of two crystallographically independent
BEDT-TTF molecules A and B is separated. Molecule A is completely ordered at 150K whereas order-
ing in B happens only at 90K. Also, there is an elastic anomaly near 145K in ET2Cu(NCS)2 crystals,
where lattice volume contraction experience a discontinuous jump.
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Temperature dependence of electronic and magnetic properties of
(DOEO)4[HgBr4] TCE single crystals
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The organic charge-transfer salt (DOEO)4[HgBr4] TCE was studied using a superconducting quan-
tum interference device (SQUID) and hard X-ray photoelectron spectroscopy (HAXPES, at PETRA
III (beamline P09)). The comparison of the resistivity [1], ESR [2] and SQUID measurements shows a
similarity in the phase behavior with two critical temperatures T = 120 K and T = 70 K. Based on the
experimental results we propose a phase model that consists of 3 phases a small gap semiconductor
with energy gaps of ∆‖ = 27.6 meV and ∆⊥ = 48.6 meV for the in-plane and out-of-plane conductivity
(in the temperature range 120 300 K), 2D metal (at T = 70 . . .120 K) and an antiferromagnetic insula-
tor (at T < 70 K). We observe sudden changes in the HAXPES spectra when crossing the transition
or crossover temperatures. This reflects changes in the electronic structure. The magnetic suscep-
tibility of the uncompensated spin 1/2 in each DOEO dimer results in Langevin paramagnetism at
temperatures > 300 K. At temperatures below the Neel temperature 260 K antiferromagnetic cou-
pling suppresses the magnetic susceptibility. A second susceptibility maximum occurs below the
phase transition at 70 K indicating a change of the antiferromagnetic coupling. Below 20 K the sus-
ceptibility sharply increases which is explained by uncoupled spins caused by defects. In the whole
temperature range antiferromagnetic coupling exists in the system, however the coupling strength
is weaker in the AFM insulator regime than in the metallic and semiconducting regime.

[1] A. A. Bardin, A.I. Kotov, S.S. Khasanov, et al., Coordination Chemistry, 32 (2006) 88.
[2] A. Chernenkaya, O.V. Koplak, A.I. Kotov, et al., Physics of the Solid State 54 (2012) 2391.
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Surface Local Density of States of an Organic Superconductor
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Materials based on organic charge-transfer salts reveal interesting physical properties due to their
electronic correlation effects. Especially the quasi-two dimensional (BEDT-TTF)2X salts are show-
ing an interesting phase diagram [1]. We investigate the superconducting phase transition of κ-
[ET]2Cu[N(CN)2]Br-crystals using scanning tunneling microscopy (STM) and spectroscopy (STS)
from 5 K to T>TC under UHV conditions (p ≤ 5 · 10−11 mbar). The crystals are grown in a wet
chemical process leading to a surface contamination. This is unsuitable for STM and STS measure-
ments due to their sensitivity to the topmost layer of a sample. Therefore we developed a cleaving
mechanism for in-situ preparation of clean surfaces. Investigations on these cleaved crystals show
an atomically flat surface and an improved signal-to-noise ratio in the measured I(U) and the resul-
tant dI/dU spectra. We report on temperature dependent measurements of the density of states of
κ-[ET]2Cu[N(CN)2]Br up to 15 K revealing a superconducting gap. As predicted by BCS theory [2]
the spectra change with increasing temperature and the gap vanishes.

[1] J. Müller et al., Phys. Rev. B 65, 144521 (2002)
[2] J. Bardeen, L. N. Cooper and J. R. Schrieffer, Phys. Rev. 108, 1175 (1957)

poirier
Texte tapé à la machine
PI-39

poirier
Texte tapé à la machine


	ListPosterSession#1V7
	ListPosterSession#1V6B
	ListPosterSession#1V6
	PI-1
	PI-2
	PI-3
	PI-4
	PI-5
	PI-6
	PI-7
	PI-8
	PI-9
	PI-10
	PI-11
	PI-12
	PI-13
	PI-14
	PI-15
	PI-16
	PI-17
	PI-18
	PI-19
	PI-20
	PI-21
	PI-22
	PI-23
	PI-24
	PI-25
	PI-26
	PI-27
	PI-28
	PI-29
	PI-30
	PI-31
	PI-32
	PI-33
	PI-34
	PI-35
	PI-36
	PI-37
	PI-38
	PI-39

	PI-40B


	Katono - SOral#2
	ListPosterSession#1V7
	ListPosterSession#1V6B
	ListPosterSession#1V6
	PI-1
	PI-2
	PI-3
	PI-4
	PI-5
	PI-6
	PI-7
	PI-8
	PI-9
	PI-10
	PI-11
	PI-12
	PI-13
	PI-14
	PI-15
	PI-16
	PI-17
	PI-18
	PI-19
	PI-20
	PI-21
	PI-22
	PI-23
	PI-24
	PI-25
	PI-26
	PI-27
	PI-28
	PI-29
	PI-30
	PI-31
	PI-32
	PI-33
	PI-34
	PI-35
	PI-36
	PI-37
	PI-38
	PI-39

	PI-40B





