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Stepwise changes in electron paramagnetic resonance (EPR) parameters (integral intensity,
linewidth) accompanying localization of charge carriers have been found in the
o'-(BEDT-TTF),IBr, crystals. In single crystal exchange narrowing of the EPR lines and sharp
decrease in static and dynamic magnetic susceptibility caused by antiferromagnetic interaction of
localized charge carriers is observed at 7<50 K. At 7> 50K a difference between static and
dynamic magnetic susceptibility is observed in the o'-(BEDT-TTF),IBr; crystals which is due to that
the frequency of thermally activated charge carrier jumps is higher than the microwave frequency of

measuring field of an EPR spectrometer.

PACS: 75.50.Xx, 76.30.-v.
Keywords: charge order, order-disorder, BEDT-TTF

1. Introduction

Organic metals based on bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF) molecules are suitable
objects for investigation of localization of charge carriers and strong spin-spin and charge correlations
in conditions of lower dimensionality [1]. Layered structure of these compounds provides strong
anisotropy of electric conductivity along and across the BEDT-TTF layers. Thus, the crystals of
BEDT-TTF based compounds can be considered as quasi-two-dimensional systems. It is known that
competition between thermal kinetic energy and Coulomb interaction of charge carriers can result in
different types of localization which is observed with the temperature decrease down to a certain

critical value [2]. In general, localization of charge carriers is evidenced by a sharp or a long-continued
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Figure 1. EPR spectra for a'-(BEDT-TTF),IBr, at 7=300 K
(red dashed line) and 7=4 K (blue solid line). The
angle between static magnetic field of a spectrometer
and crystal plane 6 = 0°.

(in the temperature scale) decrease in
electric conductivity. The localization
process is identified using infrared
spectroscopy sensitive to vibrational
modes of molecules. Thus, infrared
spectroscopy allows one to identify
charge carriers localization areas.

The o'-(BEDT-TTF),IBr, radical
cation salt was synthesized about 20
years ago by the team of professor
E.B. Yagubskii  from Institute of
Problems of Chemical Physics of
Russian Academy of Sciences [3]. Its
crystal structure, conductivity and
infrared spectra were analyzed in detail
[4, 5]. The experimental data allowed
one to reliably identify holes
localization near 208 K [4,5] and
gradual freezing of thermally activated
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Figure 2. Angular dependences of g-factor (a) and AH (b) below
hole localization temperature (at 7= 100 K (green
triangles) and 7'= 190 K (blue squares)) and above hole
localization temperature (7 = 220 K (red circles)) in the
o'-(BEDT-TTF),IBr, single crystal. Approximation is
shown by solid line. The insert shows radio frequency
and static magnetic field orientations with respect to the
crystal and the direction of its rotation when measuring
angular dependence. Angle 6 = 0° corresponds to static
magnetic field lying in ab plane of the crystal.

2. Experiment

rotation of ethylene groups from
250 K down to 70 K. It was reliably
established using X-ray diffraction,
reflection spectroscopy and infrared
spectroscopy that a sharp transition
in a charge carrier subsystem at
208 K is fully electronic one and is
not accompanied by the changes in
crystal or molecular structure [4, 5].
Therefore, a'-(BEDT-TTF),IBr,
crystals attract great attention since
the given system provides the
opportunity not to consider drastic
changes in  potential energy
modulated by crystal lattice. Thus,
localization processes can be
considered as a result of electron-
electron interactions.

Previously, physical properties
of o'-(BEDT-TTF),IBr, have been
studied which evidenced charge
interaction. Spin dynamics of holes
and its response to localization and
other processes in crystals was
neither analyzed nor discussed. It
should be noted that static magnetic
measurements were reported in [4].
It was shown that a sharp decrease in
static magnetic susceptibility of the
crystals is observed at 7<50K
which according to the authors of [4]
is evidence of antiferromagnetic
interaction of localized holes. In our
work, electron paramagnetic
resonance (EPR) was studied
additionally to measurements of
integral magnetic moment of the
sample. It was shown that EPR
spectroscopy is a powerful tool to be
used to find localization of charge
carriers from the changes in line
shape and other parameters of EPR
spectra [6].

Relatively large o'-(BEDT-TTF),IBr, single crystals were used in experiments which appeared as

naturally faceted plates of ~0.2 x 2 x 5 mm’. X-ray analysis showed that the samples were free of
twins and their crystal structure corresponded to that described in detail in [3, 4].
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High-frequency spin dynamics
ant its contribution to magnetic ' ' ' 2010
susceptibility were studied using a I 000 '

Bruker EMX EPR  spectrometer 90 | L °
operating at X-band (9.650 GHz) “\".00.
equipped with a  rectangular |

resonator of Higp, type and 100 kHz 60 |
modulation frequency. Magnetic
field scanning range was 0-16 kOe.
Temperature was varied from 6 K to
280 K with 0.1 K accuracy in a
ESR900  Oxford  Instruments
cryostat. As a result of EPR
measurements on single crystals, the
dependences of the first derivative
of imaginary part of microwave
absorption on crystal orientation,
dl/dH, at T=295K and the
temperature dependence of the first
derivative of microwave absorption
at fixed crystal location were
obtained. A comparative analysis of the doubly integrated EPR line and that of a reference sample allowed
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Figure 3. Temperature dependences of linewidth AH (solid blue
circles) and g-factor (open red circles) of the EPR signal
from the o'-(BEDT-TTF),IBr, single crystals. The angle
between static magnetic field of the spectrometer and the ab
plane is 6 = 0°.

dynamic magnetic susceptibility yac to be determined. It should be noted that samples were cooled down in
ESR900 cryostat at constant (room) temperature of a resonator and spectrometer sensitivity which was
dependent of Q-factor was normalized to a calibration curve. In angular dependence measurements, the
sample was oriented in a holder with an optical microscope with absolute accuracy of + 5° and its rotation in a
resonator was realized using a ER218PG1 automatic goniometer with relative accuracy of + 0.1°.

The dependence of magnetic moment M for single crystal samples on temperature (7 =2-300 K)
in magnetic field H= 1000 Oe was measured using a MPMS 5XL (Quantum Design) SQUID
magnetometer.

3. Results and discussions

The EPR spectrum for the o'-(BEDT-TTF),IBr; single crystal was a single Lorentz line (fig. 1). At
T>50K the linewidth was 70 - 90 Oe (fig. 1) and at low temperatures it strongly narrowed and
attained 0.8 Oe at 4 K. Since there are no other paramagnetic particles except charge carriers in the
o'-(BEDT-TTF),IBr,, crystals, we ascribed the observed line to holes in this compound.

“Out-of-plane” angular dependencies of g-factor and linewidth (fig. 2) were approximated by
standard formulas for axial symmetry of crystalline field [7, 8]. Approximation parameters are close to
generally observed EPR parameters for the BEDT-TTF molecules [9, 10]. It is seen from fig. 2 that
localization of holes at 208 K is not accompanied by changes in symmetry or essential changes in
parameters of these equations. In the o'-(BEDT-TTF),IBr; crystals, the absence of changes in the EPR
line shape in the process of holes localization (fig. 2) and insensitivity of the angular dependence of
g-factor and linewidth to this process in the o'-(BEDT-TTF),IBr, crystals (fig. 2) can be interpreted as
an indicator of ordered state of localization areas with similar local crystal fields. This fact is in good
agreement with localization models proposed earlier in [4] according to which one delocalized hole is
per two neighboring BEDT-TTF molecules oriented at a certain angle to each other. As a result of
localization, a hole belongs to one of these molecules only. Therefore, holes are localized on regular
(periodic) molecules of crystal.
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On the contrary, EPR
linewidth was found to be
sensitive enough to both
localization of holes at
T=208 K (fig.3) and low-
temperature antiferromagnetic
correlations which result in
sharp decrease in static and g
dynamic magnetic .,
susceptibility at 7T<50K 2 0.0005 4
(fig. 3). Drastic changes in N
linewidth at holes localization =

in o'-(BEDT-TTF),IBr, @
0.0000
(fig. 3) can be interpreted

using the data obtained in [4] 0 50 100 150 200 250 300
from the  analysis of T K
vibrational infrared spectra. It ’

was shown that dynamically Fjgure 4. Temperature dependences of static ypc (open red circles) and

averaged symmetry of the dynamic yac (solid blue circles) magnetic susceptibility
crystallographic cell determined from SQUID measurements in static magnetic field
containing inversion occurs in of 1kOe strength and double integration of the spectrum for
the high-temperature range o'-(BEDT-TTF),IBr,, respectively. Solid green line indicates
(T> 208 K). At low approximation of the temperature dependence of static magnetic
temperatures (7'< 208 K) this susceptibility ypc(7) by the model of Heisenberg chain.

symmetry is lost because of

localization of charge carriers, i.e. crystal field symmetry lowers. Probably this results in a sharp
broadening of the EPR line changes in g-factor value (corresponding an orbital component) at
temperatures below 208 K.

We suggest that an important feature is the difference of static magnetic susceptibility ypc from
dynamic magnetic susceptibility yac at 7> 110 K (fig. 4). A series of calibration experiments was
purposefully performed for a SQUID magnetometer and an EPR spectrometer. The tests showed that
the difference cannot be due to variations of sensitivity of the instruments with changing temperature.
The difference between ypc and yac at 110 K can be due to frequency-sensitive character of AC
measurements in an EPR spectrometer. At 7< 110 K ypc = yac and the dependences are different at
higher temperatures. Since spin carriers movement is almost frozen at low temperatures, a sharp
decrease in ypc and yac can be due to exchange interaction between charge carriers. Considering
crystal symmetry of the arrangement of localization areas, one can use the Heisenberg model for a
uniform spin chain S = 1/2 undergoing alternating exchange interactions [11]. Such approximation can
be chosen since the distance between spins inside a unit cell is shorter than that between spins in the
neighboring cells. Exchange interactions are in agreement with an extremely narrow EPR linewidth at
low temperatures (fig. 3), if it is assumed that this effect is due to Anderson-Weiss exchange
narrowing [12].

Thus, the analysis of spin dynamics of charge carriers in a'-(BEDT-TTF),IBr, provides more
information as compared with static measurements. Moreover, it provides additional information on
kinetics of hopping conductivity and participation of charge carrier spins in the process.
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4. Summary

Localization of charge carriers in a'-(BEDT-TTF),IBr, is accompanied by drastic changes in
parameters of the EPR spectrum: integral intensity, g-factor and linewidth. In o'-(BEDT-TTF),IBr,
charge carriers are localized in regular positions of the unit cell. The increase in symmetry of the EPR
spectra at low temperatures indicates certain geometry of exchange-bound spins. In the
o'-(BEDT-TTF),IBr, crystals, exchange narrowing of the EPR line and harp decrease in static and
dynamic magnetic susceptibility stipulated by antiferromagnetic interaction of localized charge
carriers is observed at low temperatures (7 < 50 K). The difference between static yac and dynamic
¥pc magnetic susceptibility at 7> 50K in the o'-(BEDT-TTF),IBr, crystals is due to that the
frequency of carriers thermally activated hopping between localization areas is higher than the
frequency of measuring microwave frequency field of a spectrometer.
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