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TT 46: Low-Dimensional Systems: Molecular Conductors

Time: Tuesday 14:00-16:00

TT 46.1 Tue 14:00 HSZ 204
Tuning the hole injection barrier in the intermolecu-
lar charge-transfer compound DTBDT-F,TCNQ at metal
interfaces — DENNIS Baver!, SaNprRa DienLb24,  MARTIN
BAUMGARTEN®%  Kraus MOULLEN®%, eTORSTEN METHFESSELD?,
and HaNs-JoacHIM ELMERs!'* — llnstitut fiir Physik, Johannes
Gutenberg-Universitat, Staudinger Weg 7, 55128 Mainz, Germany —
2Graduate School Materials Science in Mainz, Staudinger Weg 9, 55128
Mainz, Germany — 3Max-Planck-Institut fiir Polymerforschung, Ack-
ermannweg 10, 55128 Mainz, Germany — 4SFB/TR49

The codeposition of the organic molecules dithienobenzodithiophene
(DTBDT)([1] and tetrafluorotetracyanoquinodimethane (F4TCNQ) on
metal surfaces in ultrahigh vacuum leads to the formation of a novel or-
ganic charge-transfer (CT) salt. By scanning tunneling spectroscopy at
room-temperature we determined the energetic positions of the highest
occupied (HOMO) and lowest unoccupied (LUMO) molecular orbitals
of acceptor (F4TCNQ) and donor (DTBDT) in the pure and in the
mixed phase. The mixed phase exhibits a new HOMO close to the
Fermi energy depicting a charge-transfer of less than one elementary
charge in agreement with earlier results of the CT-salt TMP-TCNQ|2].
The binding energy of this new orbital varies in dependency on the un-
derlying metal substrate, i.e. 0.4 eV on C(R15 x 3)/W(110) , 0.25 eV
on a monolayer Co/W(110) and 0.16 €V on hcp Co(0001), thus reveal-
ing the possibility of tuning the hole injection barrier.

[1] P. Gao et al., Advanced Materials 21, 213 (2009)

[2] K. Medjanik et al., Physical Review B 82, 245419 (2010)

TT 46.2 Tue 14:15 HSZ 204
The Search for Massless Dirac Fermions — eREBECCA BEYER!,
ArMIN DENcL!, TomisLav Ivek!2, and MARTIN DRrReEsSeL! — 11.
Physikalisches Institut, Universitit Stuttgart, Germany — 2Institut
za fiziku, P.O. Box 304, HR-10001 Zagreb, Croatia

The quasi-two dimensional organic conductor a-(BEDT-TTF)2I3 is a
semimetal at high temperature and low pressure. At Ths; = 136 K
(ambient pressure) it undergoes a metal-insulator transition and be-
comes charge ordered. Pressure is known to reduce the transition tem-
perature and theory predicts a Zero-Gap-Semiconducting (ZGS) state
once the transition is fully suppressed. This ZGS state was thoroughly
investigated in terms of Landau Levels: many different experiments
prove the existence of a zero-energy Landau-Level at high pressures
(p > 15 kbar) and low temperatures (T" < 10 K). Only few studies
comment on the evolution of the ZGS and the linear dispersion rela-
tion in the band structure with pressure or temperature. For example
first principle band structure calculations predict a Dirac cone even
at room temperature and ambient pressure but with a finite chemical
potential.

We present infrared reflectivity measurements under intermediate hy-
drostatic pressures (0 < p < 10 kbar) on a-(BEDT-TTF)2I3 between
room temperature and 10 K. We show the evolution of the insulating
gap and investigate the possible coexistence of massless and normal
charge carriers in one of the few bulk materials with a ZGS state.

TT 46.3 Tue 14:30 HSZ 204
Charge-carrier dynamics at the Mott transition in k-
(BEDT-TTF)2X-Salts — ¢BENEDIKT HARTMANN!, DAVID ZIELKE!,
JANA PorziN', ROBERT ROMMEL!, JOHN A. SCHLUETERZ, TAKAHIKO
Sasaki®, and JENS MULLER! — lInstitute of Physics, Goethe Uni-
versity Frankfurt, Germany — 2Materials Science Division, Argonne
National Laboratory, Argonne, IL, USA — 3Institute for Materials
Research, Tohoku University, Sendai, Japan

The nature of criticality at the Mott transition recently has been in the
focus of intense experimental and theoretical research. The quasi-2D
organic charge-transfer salts k-(ET)2X are considered as model sys-
tems for studying the Mott metal-insulator transition (MIT) in reduced
dimensions. We investigated partially deuterated x-[(Hg-ET)q.2(Ds-
ET)0.8]2Cu[N(CN)2]Br, which is located very close to the critical pres-
sure po and further utilized the possibility to reversibly tune the ’chem-
ical pressure’ by employing different cooling rates shifting the system
to the critical region of the generalized phase diagram. By means of
fluctuation (noise) spectroscopy as a powerful new tool for studying
charge-carrier dynamics without injecting additional electrons, we ob-
serve a pronounced and sudden slowing down of the dynamics near the

Location: HSZ 204

finite-temperature critical endpoint (po, 7o) of the Mott transition. A
striking divergence of the low-frequency resistance fluctuations at Ty
for certain cooling rates is accompanied by a signature in higher-order
statistical moments (second spectrum) being a hint to spatial corre-
lations. We dicuss this in terms of glassiness of the electronic system
which may be an universal feature of MITs.

TT 46.4 Tue 14:45 HSZ 204
STM investigations of k-(BEDT-TTF);Cu[N(CN)2]Br —
SANDRA DIEHLY2:3 TORSTEN METHFESSEL!3, JENS MULLER®%,
MicHAEL LaNG3?, and Hans-JoacuiM ELMmERsD?3 — IGraduate
School Materials Science in Mainz, Staudingerweg 9, 55128 Mainz
— Z2Institut fiir Physik, Johannes Gutenberg-Universitit Mainz,
Staudingerweg 7, 55128 Mainz — 3SFB/TR 49 — *Physikalisches In-
stitut, Goethe-Universitat, Max-von-Laue-Str. 1, 60438 Frankfurt am
Main
We investigate the organic charge-transfer salt x-(BEDT-
TTF)2Cu[N(CN)2]|Br as an example for an organic superconductor.
The superconducting properties strongly deviate from BCS theory but
resemble the properties of high-T. cuprates which has been attributed
to their two dimensional structure leading to electronic correlation
effects [1]. In order to understand their electronic properties we mea-
sured temperature dependent differential conductivity spectra using
scanning tunneling spectroscopy. With this method the shape of
the superconducting gap can be determined. In addition to the su-
perconducting gap of the expected size we observe a second, much
wider gap indicating a surprisingly large correlation effect. Further-
more, we present STM images showing the alternating structure of
conducting and insulating layers. All investigations were done under
UHV-conditions (5 - 107! mbar) using a low temperature scanning
tunneling microscope. The surface of the crystals was prepared by
in-situ cleaving.
(1] R. H. McKenzie, Science 278, 820 (1997)

TT 46.5 Tue 15:00 HSZ 204
Low temperature phase diagram of k-(BETS);FeCly —
eMiCHAEL KuUNz!, WERNER BIBERACHER!, KARL NEUMAIER!,
NatasHa D. Kusucu2?, and MARK V. KARTSOVNIK! — Walther-
Meifner-Institut, Garching, Germany — Z2Institute of Problems of
Chemical Physics, Chernogolovka, Russia

The organic charge transfer salts of the (BETS)2FeXy (X = Cl or Br)
family are a subject of intensive research due to interesting correlation
effects and magnetic ordering coexisting with superconductivity. -
(BETS)2FeCly is an antiferromagnetic (AFM) metal with a Néel tem-
perature TN = 0.45 K. Interlayer resistance measurements were used
to track the behavior of the phase boundaries with a magnetic field ap-
plied in different directions. Thus the low temperature phase diagram
of k-(BETS)2FeCly under applied magnetic field, which shows some re-
markable features, was obtained. Shubnikov-de Haas oscillations below
the Néel temperature reveal a significant impact of antiferromagnetism
on the Fermi surface.

TT 46.6 Tue 15:15 HSZ 204
Studying the Mott criticality via thermal expansion under
4He-gas pressure — eRUDRA SEKHAR MANNAL, ELENA GaTI!, UL-
rRicH TuTscH!, TAKAHIKO SASAKIZ, and MICHAEL LANG! — !Physics
Institute, Goethe University Frankfurt (M), SFB/TR 49, D-60438
Frankfurt (M), Germany — 2Institute for Materials Research, Tohoku
University, Sendai 980-8577, Japan

Quasi-2D organic charge-transfer salts x-(ET)2X show a variety of
ground state properties accessible upon either changing the anion X
or by applying hydrostatic pressure. The T-P phase diagram includes
a first-order Mott transition line which terminates at a second-order
critical end point. Interestingly, deuterated x-(d8-ET)2Cu[N(CN)2]Br
(k-d8 in short) lies on the verge of the Mott transition line at ambient
pressure. Thus, for this material temperature sweeps are sufficient to
experimentally access the critical end point and thereby to study the
controversy surrounding the Mott criticality. Recent scaling theory [1]
applied to previous thermal expansion data on k-d8 crystals [2] speaks
in favor of a 2D Ising universality class. Here we present thermal ex-
pansion measurements performed under *He-gas pressure [3] on k-d8
crystals along the in-plane a-axis. The aim of this work is to pressure-
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tune the system in the vicinity of the Mott critical end point and to
compare the results with theoretical predictions [1, 4].

[1] L. Bartosch et al., Phys. Rev. Lett. 104, 245701 (2010).

[2] M. de Souza et al. Phys. Rev. Lett. 99, 037003 (2007).

[3] R. S. Manna et al., Rev. Sci. Instrum. 83, 085111 (2012).

[4] M. Zacharias et al., Phys. Rev. Lett. 109, 176401 (2012).

TT 46.7 Tue 15:30 HSZ 204
Photo-induced phase transition in TTF-CA — ePATRICIA
HAREMSKI, TOBIAS PETERSEIM, TOMISLAV IVEK, and MARTIN DRES-
SEL — 1. Physikalisches Institut, Universitdt Stuttgart, Germany

30 years ago, the first experiments on photo-induced phase transitions
on the quasi 1D organic mixed-stacked TTF-CA salt paved the way
for numerous experimental and theoretical studies on nonequilibrium
states. TTF-CA shows a neutral (N) to ionic (I) phase transition at
Tni; = 81.5K with a change of ionicity from 0.2 (N) to 0.6 (I) and
a dimerization of TTF and CA molecules along the stacking direc-
tion. Step-Scan FTIR spectroscopy was used to investigate the photo-
induced transitions in TTF-CA by pulsed laser excitation. For differ-
ent temperatures below Ty and different laser intensities, temporal
changes of the infrared reflection spectrum with polarization parallel
and perpendicular to the stacking direction were recorded. The re-
duction of the ag-modes intensity indicates that the dimerization is
dissolved and metastable domains are created. The temporal evolu-
tion of the changes in reflectivity can be described by a non-exponential
decay function and exhibits similarities to the decay process observed
in 1D random-walk annihilation process in photo-excited polyacetylen.
Due to the multi-instability in the vicinity of T, large domains are

formed with an extended lifetime in the microsecond range.

TT 46.8 Tue 15:45 HSZ 204
Electronic transport through defective carbon nanotubes
— eFABIAN TEICHERT!, ANDREAS ZIENERT!, and JORG SCHUSTER2
— ICenter for Microtechnologies, Technische Universitdt Chemnitz,
Chemnitz, Germany — 2Fraunhofer Institute for Electronic Nano Sys-
tems, Chemnitz, Germany

Continuing the miniaturization, microelectronics will ultimately ap-
proach the atomic scale. One prominent example are carbon nanotubes
(CNT), which could be used for transistors and interconnects. So far
CNTs cannot be grown or deposited in an ideal and reproducible way
inside a device. As one consequence they contain defects.

The present work aims to describe the transport properties of defec-
tive armchair CNTs. The focus is set on monovacancies and divacan-
cies. The calculation of the transmission spectrum and the conductiv-
ity is done by a fast recursive equilibrium Green’s function formalism,
which scales linearly with the length of the tube, allowing to treat
large systems. The electronic structure is described by the density
functional based tight binding model. Single defects, double defects
and the behavior of single configurations with many defects are stud-
ied. Furthermore, the mean influence of certain defect densities and
the diameter of the CNT is investigated within a statistical analysis.
It is shown that in the limit of small transmission the system is in the
regime of strong localization, where the conductivity scales exponen-
tially with the number of defects. Consequently, a localization length
can be extracted, which depends on the defect density and on the CNT
diameter.



