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— Abstract |

Two-dimensional layered semiconductors have proven to be versatile examples in the exploration of their unique layer-number dependent electronic and optical properties.
Recent progress on altering the physical properties of transition metal dichalcogenides (TMDCs) using surface molecular doping effect has much interest.[1-2] In this study, we
investigate the molecular alignment and the ultrafast charge transfer dynamics of N,N -Dibutyl-3,4,9,10-perylenedicarboximide (PTCDI-C4) molecules at different molecular
thicknesses on molybdenum disulphide (Mo0S,) substrates using near edge X-ray absorption fine structure spectroscopy (NEXAFS) and Resonant Photoemission (RPES),
respectively. The average tilt angle analysis revealed a strong anisotropy in the n* symmetry transition (284-288 eV range) across the absorption threshold. The non-planar
molecular configuration was extracted from the carbon K-edge of the perylene spectrum.[3] Core hole clock spectroscopies at the few monolayer sample displayed a resonant
enhancement of the occupied state level which indicates the existence of a moderate interfacial electronic coupling between the adsorbed molecules and substrate. These
findings provide a deeper understanding of the interfacial interaction of organic semiconductors on transition metal dichalcogenide surfaces, which is essential for the
development of non-planar geometry-based organic devices.
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Carbon K-edge NEXAFS
spectra of PTCDI-C4 film
as a function of deposition
time.
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The perylene derivative family is one of the most  f current interest especially

Total Electron Yield (a.u.)
Total Electron Yield (a.u.)

270 280 290 300 310 320 330 270 280 290 300 310 320 330 340
Photon Energy (eV) Photon Energy (eV)

(d) J peak spectrum below
285.4 eV w* resonances
/ 08 ' transitions ~ from  the
Initial states Into the
unoccupied w* molecular

O orcnEnergy (V) orbitals (LUMO:s).

.. . d 2924 eV feature IS
Svnchroton radiation technique .
et ot e

extensively studied organic semiconductor inthe ijn 2D van der Waal
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To Investigate the molecular orientation and the charge transfer dynamics of
the hybrid organic/inorganic heterostructures.
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Thermally-sublimated samples were probed using synchrotron _
based resonant photoemission spectroscopy (RPES) and near- average tilt
edge X-ray absorption fine structure (NEXAFS) spectroscopy. angle (a)

Linear plots of 1 versus cos?® were used to

, Imin  62.3°+0.1°
extract the slope and intercept—> «
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For 1 min sample, we can deduce that the molecule has a stronger

ey, ) T e T T TR tendency to stand upright with respect to the MoS, surface. The
A Mzgo.s | extracted tilt angles for the other two thicker samples are close to the

magic angle (54.7°), implying that a random PTCDI-C4 molecular
orientation exists in the multilayer samples.
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1. A polarization dependence Is clearly resolved in the case of submonolayer coverage

283.9 .
- 283.4 "“"*———’/\_2834 (1 min). In contrast, the degree of polarization of the other two cases (3 min and 5
\\""\% M - . - . - . I .
: szzg 282.9 min) showed negligible changes in both «* and o* electronic transition as a function
I e 3min |, " SW 278, of incident photon angle.
Binding energy (V) " o eneay @) ® Bim;‘;g ety (eV)O ° . Thickness-dependent of RPES profile suggested that a weak electronic coupling was

established at the PTCDI-C4/MoS, interface.
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