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DS 47.1 Fri 9:30 CHE 91
Hybrid organic-inorganic nano-structures studied by HR-
PES and HR-TEM — ∙Olga Molodtsova1,2, Sergey
Babenkov1, Irina Aristova3, Andrei Hloskovsky1, Denis
Vyalikh4, Dmitry Smirnov5, Karina Schulte6, and Victor
Aristov1,3,7 — 1DESY, Hamburg, Germany — 2ITMO, Saint Peters-
burg,Russia — 3ISSP RAS, Chernogolovka, Russia — 4TU Dresden,
Germany — 5BESSY, Berlin, Germany — 6Max-lab, Lund, Sweden
— 7TU Bergakademie, Freiberg, Germany
Morphology and the electronic properties of hybrid organic-inorganic
systems, composed of metallic nanoparticles which are self-organized
in organic semiconductor thin film of phthalocyanines complexes were
studied by transmission electron microscopy and photoelectron spec-
troscopy using synchrotron radiation.

DS 47.2 Fri 9:45 CHE 91
STM and PES Investigations of Organic-TMD Heteroin-
terfaces: Self-Assembly and Energy Level Alignment —
∙Thorsten Schultz1, Yuli Huang2,3, Zhibo Song2,3, Zijing
Ding2, Lain-Jong Li4, Dongzhi Chi2, Patrick Amsalem1, An-
drew Wee3, and Norbert Koch1 — 1Humboldt-Universität zu
Berlin, Germany — 2Agency for Science, Technology and Research,
Singapore — 3National University of Singapore — 4King Abdullah
University of Science and Technology, Saudi Arabia
The growing interest in two-dimensional transition metal dichalco-
genide (TMD) materials brings additional opportunities for interfacing
with organic molecules to fabricate flexible organic/inorganic devices.
However, the complex interfacial properties at the organic-TMD het-
erointerfaces, including the growth behavior and energy level align-
ment (ELA) that determine the device performance, are still not well
understood. Combining scanning tunneling microscopy/spectroscopy
(STM/STS) with photoemission spectroscopy (PES), we are able to
probe the self-assembly of fluorinated fullerene C60F48 on single-layer
WSe2 deposited on a graphite substrate and its interfacial electronic
properties. From our studies it is found that the interfacial dipole to-
gether with charge transfer play critical roles in determining the phase
evolution of the C60F48 molecules adsorbed on the surface, as well as
the ELA at the C60F48/WSe2/graphite heterointerface.

DS 47.3 Fri 10:00 CHE 91
Energy Level Control at ZnO/Organic Semiconductor In-
terfaces — ∙Raphael Schlesinger1, Sylke Blumstengel1, Ste-
fanie Winkler2, Johannes Frisch1, Jens Niederhausen1, Rus-
lan Ovsyannikov2, Antje Vollmer2, Fritz Henneberger1, and
Norbert Koch1,2 — 1Humboldt-Universität zu Berlin, Institut für
Physik — 2Helmholtz-Zentrum Berlin - BESSY II
Hybrid inorganic organic systems (HIOS) are promising candidates for
future (opto-)electronic devices by taking advantage of the complemen-
tary beneficial properties of two different material classes. However,
inadequate interfacial energy level alignment is an intrinsic obstacle
to superior device function. Hence, to design efficient HIOS devices,
understanding and controlling HIOS energy level alignment is a key
factor.

In this contribution we employ molecular electron donor or accep-
tor interlayers to tune the work function (𝜑) of ZnO between 2.2 eV
(by using the organometallic donor [RuCp*mes]2) and 6.4 eV (by using
F4TCNQ). Only for molecular acceptor adsorption, significant adsorp-
tion induced upward band bending of up to 0.9 eV is found within ZnO.
Exploiting the huge 𝜑 modifications of ZnO, up- and downward HIOS
energy level readjustments are shown, which realize ultimately low
electron- or hole-injection barriers. Moreover, by using an OSC whose
gap matches that of ZnO, the energy level offsets at the HIOS inter-
face could be eliminated. This enables highly efficient, non-quenched
energy transfer across the HIOS interface, which is usually inhibited
by unfavorable energy level alignment.

DS 47.4 Fri 10:15 CHE 91
Structure of van der Waals bound Hybrids of Organic
Semiconductors and Transition Metal Dichalcogenides: the
Case of Acene Films on MoS2 — ∙Tobias Breuer, Tobias
Maßmeyer, Alexander Mänz, Steffen Zoerb, Bernd Har-
brecht, and Gregor Witte — Philipps-Universität Marburg, Ger-

many
Transition metal dichalcogenides (TMDC) are important representa-
tives in the emerging field of two-dimensional materials. At present,
their combination with molecular films is discussed as it enables the re-
alization of van der Waals bound organic/inorganic hybrids which are
of interest in future device architectures. Here, we discuss the potential
use of molybdenum disulfide (MoS2) as supporting substrate for the
growth of well-defined, crystalline organic adlayers. By this means, hy-
brid systems between the TMDC surface and organic compounds can
be prepared, allowing for the profound investigation of mutual optical
and electronic coupling mechanisms. As model system, we choose pen-
tacene and perfluoropentacene as prototypical organic semiconductors
and analyze their film formation on MoS2(001) surfaces. In both cases,
we observe smooth, crystalline film growth in lying molecular configu-
ration, hence enabling the preparation of welldefined hybrid systems.
By contrast, on defective MoS2 surfaces both materials adopt an up-
right molecular orientation and exhibit distinctly different film mor-
phologies. This emphasizes the importance of highly ordered TMDC
surfaces with low defect density for the fabrication of well-defined hy-
brid systems.
[1] T. Breuer et al., PSS RRL (2016), DOI: 10.1002/pssr.201600320

15 min. break.

DS 47.5 Fri 10:45 CHE 91
Real-Time Investigation during Au sputter deposition on
polymer and SiOx surfaces. — ∙Matthias Schwartzkopf1, An-
dré Rothkirch1, Björn Beyersdorff1, Calvin Brett1, Marc
Gensch1, Wiebke Ohm1, Oleksandr Polonskyi2, Alexander
Hinz2, Thomas Strunskus2, Adrian Haussmann3, Franziska
Löhrer3, Volker Körstgens3, Franz Faupel2, Peter Müller-
Buschbaum3, and Stephan Roth1,4 — 1DESY, Notkestr. 85, D-
22607 Hamburg — 2CAU zu Kiel, Kaiserstr.2, D-24143 Kiel — 3TUM,
James-Franck-Str. 1, D-85748 Garching — 4KTH, Teknikringen 56-
58,SE-100 44 Stockholm
The reproducible low-cost fabrication of functional polymer-metal-
nanocomposites remains a major issue in applied nanotechnology.
In order to obtain full control over the nanostructural evolution at
the metal-polymer interface, we employed the combination of time-
resolved surface sensitive X-ray scattering with optical measurements
during sputter deposition of gold on thin polystyrene films [1] and SiOx
[2]. We correlate the evolution of the metallic layer morphology with
changes in the key scattering features. This enabled us to identify the
impact of substrate effects on the growth regimes with their specific
thresholds and their resulting optical properties. Our study opens up
the opportunity to improve nanofabrication of tailored metal-polymer
nanostructures for organic electronics like photovoltaic applications
and plasmonic-based technologies. [1] Schwartzkopf et al., ACS Appl.
Mater. Interfaces 7, 13547 (2015); [2] Schwartzkopf et al., Nanoscale
5, 5053 (2013).

DS 47.6 Fri 11:00 CHE 91
Analytical Study of Solution-Processed Nickel Oxide and
its Application in Organic Electronics - (1) Photo-
electron Spectroscopy — ∙Florian Ullrich1,4, Valentina
Rohnacher2,4, Jakob Bombsch3,4, Wolfram Jaegermann1,4, and
Eric Mankel1,4 — 1TU Darmstadt, Materials Science Institute —
2University of Heidelberg — 3TU Braunschweig — 4InnovationLab
For the fabrication of efficient organic solar cells (OPV) suitable ex-
traction layers are needed. A material fulfilling the requirements and
leading to superior efficiencies in comparison to the standard material
PEDOT:PSS is nickel oxide (NiO).

In this work we want to contribute to a more detailed understanding
of the relations between annealing temperature of solution-processed
NiO (sNiO), surface treatments, bulk and surface composition, struc-
ture and properties, ability to form self-assembled monolayers (SAMs)
and the characteristics of sNiO-based OPV. For that purpose differ-
ent analytical methods like x-ray photoelectron spectroscopy (XPS)
and infrared spectroscopy (IR) were conducted and various OPVs were
built and characterized.

In this first part we use XPS to monitor changes of band bending and
surface dipoles induced by surface treatments like oxygen plasma (OP)
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or deposition of SAMs. These information help to explain characteris-
tics of corresponding OPVs and provide valuable hints for the design
of more efficient devices. We show how band alignment can control-
lably be improved by adjusting the work function via varying annealing
temperature of sNiO films, OP treatment and SAM molecules.

DS 47.7 Fri 11:15 CHE 91
Analytical study of Solution-processed Nickel Oxide and
its Application in Organic Electronics: (2) Infrared Spec-
troscopy — ∙Valentina Rohnacher1,2, Sabina Hillebrandt1,2,
Florian Ullrich2,3, Jakob Bombsch2,4, Sebastian Beck1,2, and
Annemarie Pucci1,2 — 1Kirchhoff-Institut für Physik, Universität
Heidelberg — 2InnovationLab, Heidelberg — 3TU Darmstadt — 4TU
Braunschweig
The performance of organic photovoltaic cells (OPVs) is significantly
influenced by the properties of the interfaces between the layers. In-
creasing the interfacial compatibility especially between the transpar-
ent conductive oxide electrode and the organic semiconductor layer
can improve the charge carrier transport through the stack and thus
the efficiency of the device. Thin films of nickel oxide (NiO) have
shown promising characteristics as hole extraction layers in OPVs. In
our studies, solution-processed NiO surfaces were passivated by self-
assembled monolayers (SAMs) to tune the work function and to re-
duce the surface reactivity. Infrared spectroscopy gives insight into
the composition of the investigated material and can monitor orien-
tation of characteristic vibrations or functional groups. The results
show that temperature and plasma treatment dramatically change the
surface properties and that especially nickel hydroxide and nickel oxy-
hydroxide play an important role for the binding mechanism of SAMs.

Together with photoelectron spectroscopy and OPV device character-
istics a better understanding of the energetic and chemical properties
at the interface was achieved helping to improve device performance.

DS 47.8 Fri 11:30 CHE 91
Analytical Study of Solution-Processed Nickel Oxide and
its Application in Organic Electronics: (3) Applica-
tion in Organic Solar Cells — ∙Jakob Bombsch1,2,4, Se-
bastian Hietzschold1,2,4, Valentina Rohnacher2,4, Florian
Ullrich3,4, Robert Lovrincic1,4, and Wolfgang Kowalsky1,2,4

— 1TU Braunschweig — 2Uni Heidelberg — 3TU Darmstadt —
4InnovationLab, Heidelberg
Nickel oxide (NiO) has shown promising properties as a carrier-
selective hole contact material with high transparency, and a good
matching ionization potential to most donor materials [1,2]. Here we
apply solution-processed NiO films as an interlayer in small molecule
flat- and bulk-heterojunction solar cells with F4ZnPc and C60 as
a donor and acceptor, respectively, and correlate the observed IV-
characteristics with annealing temperature, thickness, and surface
post-treatment of the NiO layer. While oxygen plasma treatment im-
proves device performance, the application of dipolar self-assembled
monolayers lead to strongly S-shaped IV curves. To examine the nature
of the barrier introduced, we vary the doping density of the NiO film by
adding copper oxide. Together with data from Infrared spectroscopy
and Photoelectron spectroscopy measurements, we gain a more funda-
mental understanding of the impact of NiO surface properties on solar
cell performance. [1] Manders, J. R. Et al. Adv. Funct. Mater., 23:
2993-3001 (2013). [2] Schulz, P. et al. Adv. Funct. Mater. 24, 701-706
(2014).
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