
Project B9 - Thin film and microcrystal investigations on 
organic charge-transfer systems!
In this project electronically correlated organic charge-transfer systems (CTS) of the radical-ion salt 
type are studied with emphasis on using thin-film specific aspects for tuning phase transitions, in 
particular of the charge density wave and para-to-ferroelectric type.!
In the first funding period one focus has been on the systematic search for new CTS using a 
selection of new donor (D) and acceptor (A) molecules by both, thin film preparation techniques 
and crystal growth from solution. Several new CTS have been obtained in close collaboration with 
projects B8 (Aeschlimann/Schönhense) and B10 (Müllen). The physical properties of a subset of 
these new CTS are now further elucidated with a view on finding new materials of the mixed-stack 
type that show a temperature- or pressure-driven neutral-ionic (NI) phase transition, i.e. a transition 
between two different charge states on the D and A lattice sites. Charge-transfer materials showing 
a NI phase transition illustrate the competition between a lattice phonon driven second order 
Peierls transition and molecular (local) vibrations that favor a first order transition. The results 
obtained in this regard are summarized for the new CTS TMP-(F4)TCNQ (TMP: 
tetramethoxypyrene) in Refs. 1 and 2 which show a mixed stack lattice structure and an insulating 
ground state with moderate to strong anisotropy in the conductivity. A detailed understanding of 
these materials has been obtained by additional band structure calculations performed in project 

B2 (Jeschke/Valenti).!
In a second focus of the first funding period 
specific thin-film related aspects have been 
studied with regard to the charge density wave 
transitions in the archtypical one-dimensional 
organic metal TTF-TCNQ. These aspects are 
the influence of biaxial strain induced by the 
elastic coupling of TTF-TCNQ thin films to the 
substrate (clamping) and of growth-related 
defects onto the Peierls transition, as well as 
the influence of electron irradiation induced 
defects on the dynamics of the charge density 
wave in TTF-TCNQ thin films and individual 
micro crystals (see also Fig. 1) [3,4].!
In the second funding period the main focus 
will be on studying the paraelectric (PE) to 
ferroelectric (FE) phase transition in the NI-
system TTF-CA (CA: chloranil) which is also 
associated with the formation of a dimerized, 
one-dimensional, antiferromagnetic spin chain 
(FE/AFM-multiferroicum). Bulk TTF-CA shows 
a first order phase transition into the FE phase 
at TC=81 K. With moderate hydrostatic 
pressure this transition can be shifted to room 
temperature (at about 6 kbar). We prepare thin 
films of TTF-CA in the thickness range below 
100nm and to utilize substrate-induced 
clamping effects to create biaxial tensile or 

compressive strain. This results in a strong shift of the Curie temperature. We also developed a 
new concept for monitoring the PE-FE phase transition which is highly suitable for studying the FE- 
and PE-domain boundary dynamics. This approach relies on our direct nanostructure writing 
techniques, such as FEBID. First results of this work, comprising the thin film growth and the new 
monitoring concept, will be published in 2014.!
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equivalently, decreasing defect density) in agreement with the result observed for TTF-TCNQ sin-
gle crystals. One indicator of the presence of defects is the formation of defect-induced microstrain
in the films which can be deduced from a line profile analysis of the X-ray di↵raction patterns for
films grown on NaCl (100). According to this analysis, as detailed in [P4], the microstrain falls o↵
with increasing film thickness. However, the Peierls temperature shift as a function of film thickness
does not simply correlate with the microstrain state of the films. We rather suggest that the shift is
mainly defect induced. To estimate the defect concentration from the Peierls transition temperature
shift we use the microscopic calculation approach introduced in [6, 7]. The decrease of the Peierls
transition temperature due to defects obeys the following relation
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where TP0 and TP are the transition temperatures in the absence of defects and with defects,
respectively. kB is the Boltzmann constant, �h is the reduced Planck constant.  (x) is the digamma
function, ⌧ is the scattering time due to the presence of defects and can be estimated as ` = ⌧vF
with ` the average distance between the defects and vF the Fermi velocity. From the equation for
TP0 = 54K and TP = 50K one obtains ⌧ = 1.52 × 10−12s. The Fermi velocity for TTF-TCNQ is
1.8× 107cm/s which yields ` = 2.7× 10−5cm which corresponds to 0.14% defect concentration. This
can be compared with the single crystal analysis performed in [8] for di↵erent defect concentrations
induced by deuteron irradiation of the sample: a decrease of the Peierls transition temperature of
4 K, as observed in our experiments, corresponds to a defects concentration of about 0.1 . . .1% in
good agreement with our analysis performed here.

Figure 5: SEM micrograph of TTF-
TCNQ micro-crystal contacted by FEBID.
Lower left inset: Schematic drawing of
shadow-mask TTF-TCNQ evaporation in-
to the area of pre-defined contacts. Up-
per right inset: Zoomed-out SEM image
showing the contact lines from the micro-
crystal towards the contacts (triangles).

This analysis points towards some open questions. For
example, it would be interesting to investigate the beha-
vior of the Peierls transition in individual TTF-TCNQ
micro-crystals. On individual micro-crystals it would be
possible to measure along selected crystallographic direc-
tions, such as along the b-axis in TTF-TCNQ, which is
not possible even for epitaxial layers on NaCl (100) due to
the two-domain growth. Also, with regard to the search
for new CTS one often has to cope with the problem
that crystal growth from solution delivers very small cry-
stallites which are in general not usable for transport
measurements. This problem is particularly severe for
badly solvable D/A pairs. We have therefor developed
a technique to fabricate electrical contacts to individu-
al micro-crystals bringing together aspects from shadow
mask techniques and advanced direct writing techniques
based on the process of focused ion and electron beam
induced deposition (FIBID/FEBID). Fig.5 collects some
aspects of this micro-contact fabrication process. In the
first step the substrate is covered with a suitable metallic
contact material, such as Cr/Au, and pre-patterned by
standard UV photolithography. Onto the pre-patterned surface a shadow mask in applied through
which the TTF-TCNQ (or any other sublimable organic CTS) is evaporated onto selected regi-
ons in close proximity to the pre-defined probe structures (see schematic inset in figure). Next,
through SEM inspection a suitable micro-crystal is selected (see main SEM image in the figure)
onto which current and voltage probes are directly written using FEBID, i.e. the deposition of a
conducting stripe by means of electron beam induced dissociation of a metal-organic precursor,
such as (CH3)3PtCpCH3 in the present case. These probes are finally extend towards touching
the pre-defined Cr/Au contact probes via FIBID, i.e. ion beam induced deposition using the same
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SEM micrograph of TTF-TCNQ microcrystal 
contacted by focused electron beam induced 
deposition (FEBID). Lower left inset: Schematic 
drawing of TTF-TCNQ evaporation through shadow 
mask onto the area of pre-defined electrical contact 
pads. Upper right inset: Zoomed-out SEM image of 
mircocrystal electrically connected to macroscopic 
contact pads.
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