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Experimental details

Diindenoperylene (DIP) was purchased from Institut fir PAH Forschung (Greifenberg, Germany), pentacene (Pen) and
dibenzotetrathiafulvalene (DBTTF) from Sigma-Aldrich Chemie GmbH (Munich, Germany). These materials were used as
received. Molybdenum tris(1,2-bis(trifluoromethyl)ethane-1,2-dithiolene) [Mo(tfd)s] was synthesized and purified as
previously described. [1] All films were prepared at room temperature via evaporation of the individual materials in high
vacuum (base pressure <10 mbar) from separate resistive heated quartz crucibles. The nominal thickness of each compound
was measured separately by quartz-crystal microbalances. The deposition rates were in the range of 1 nm:min-l. The
respective amount of the materials was set due to variation of the individual deposition rates. The ratio used in the
manuscript is the molar ratio of the two compounds.

Cyclic voltammetry (CV) was performed using a PG310 USB (HEKA Elektronik) potentiostat interfaced to a PC with PotMaster
v2x43 (HEKA Elektronik) software for data evaluation. A three-electrode configuration contained in a non-divided cell
consisting of a platinum disc (d = 1 mm) as working electrode, a platinum plate as counter-electrode, and a saturated calomel
electrode (SCE) with an agar-agar-plug in a Luggin capillary with a diaphragm as reference electrode was used. Measurements
were carried out in 1x103 M solutions in dichloromethane (DCM, HPLC-grade, dried over calcium hydride and distilled)
containing 0.1 M BusNPFg using a scan rate of dU/dt = 1 Vs'1. Oxygen was removed by argon purging (Argon 99.999 %
ALPHAGAZTM 1 and ALPHAGAZ Purifier, Air Liquide). The data is given in reference to the half-wave potential of the ferrocene
redox couple (Fc/Fc*), which was used as external standard. Spectroelectrochemistry was performed in a SEC-C thin layer
quartz glass spectroelectrochemical cell (0.5 or 1.0 mm optical path length, working electrode: platinium mesh, counter
electrode: platinum wire, reference electrode: non aqueous reference electrode Ag/Ag* with 0.01 M AgNOs; and 0.1 M
BusNPF¢ in acetonitrile) from ALS Co. Ltd (Tokyo, Japan) using the Potentiostat PGSTAT 128N (Deutsche Metrohm GmbH &
Co. KG, Filderstadt, Germany) and the software NOVA 2.10. Absorption measurements were performed using the
spectrometers AvaSpec-2048x14 with Avaligth-DH-S-BAL and the software AvaSoft 7.7.2 (both Avantes, Apeldoorn,
Netherlands).

Ex situ AFM measurements were performed at a Bruker Dimension Icon in peak force tapping mode (ScanAsyst) using
SCANASYST-AIR cantilevers with a typical resonance frequency of 70 kHz and spring constant of 0.4 N-m-1. Background
correction and image analysis were done using the software package Gwyddion. [2] 8/20-scans were performed with an X-
ray reflectometer 3003 T/T by GE Inspection Technologies using Cu K(a1)-radiation (A = 1.54056 A) with an angular resolution
of 0.01°.
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Optical absorption spectroscopy was performed using a Lambda 950 UV/Vis/NIR spectrophotometer (Perkin Elmer Inc.).
Measurements in solution were performed in various solvents against filled reference cuvette. Films were prepared on quartz
glass (QX-type quartz purchased from Prazisions Glas & Optik GmbH, Iserlohn, Germany) and measured against an uncoated
quartz glass slide.

Raman spectroscopy was performed at different systems based on micro photoluminescence setups and an excitation
wavelength of 532 nm was used in all cases. The films for DBTTF and Mo(tfd)s as well as the analysed co-deposited films of
DBTTF and Mo(tfd)s were kept at 77 K during the measurement in dry nitrogen atmosphere. The other films were measured
at room temperature.

Conductivity measurements were carried out for films deposited on a glass substrate with pre-patterned, interdigitated
indium tin oxide contacts (channel length 50 um, different channel widths due to application of shadow mask) purchased
from Ossila Ltd. using a Keithley SourceMeter 2612A in the dark. Several of these in-plane devices (2-5) were measured for
each molar ratio.

Absorption spectra of neutral donor molecules in solution

The results of absorption measurements are shown in Figure S1. DBTTF was dissolved in acetonitrile (MeCN), DIP in
dichloromethane (DCM) and pentacene in tetrahydrofuran (THF). Additionally, perylene was measured in MeCN. Absorption
maxima and respective molar extinction coefficients are given in Table S1.

Absorption spectra of charged molecules using inorganic dopants in solution

The absorption features of pristine and charged molecules were studied in solution by charge transfer reactions with
inorganic salts. Lithium iodide (Lil, 3 I = I3~ + 2 e7) [3] was used to reduce Mo(tfd)s in chloroform. Pen in toluene and DBTTF
in DCM were oxidised by iron(lll) chloride (FeCls;, Fe3* + e= - Fe?*).[4] The results are visualised in Figure S2. Absorption
features of the Mo(tfd)s anion [5,6], the Pen cation [6,7], and the DBTTF cation [8] were clearly distinguishable from the
absorption features of the neutral molecules in all three cases as reported in literature before and as shown by
spectroelectrochemistry data below. The absorption of Pen is constant upon adding the oxidising agent in the saturated Pen
solution, because additional neutral molecules were dissolved upon oxidising the dissolved Pen molecules. A reduction of
absorption intensity of the neutral species and an increase of absorption intensity for the charged species are visible for
Mo(tfd)s and DBTTF upon adding the inorganic salt, for the Pen cation only the raise of absorption is observed.

No absorption of cationic DIP molecules were observed upon addition of ceric ammonium nitrate (CAN, Ce** + e~ > Ce3*)
[9,10]solution or FeCl; solution (not shown) to a DIP solution in acetone. CAN was used as oxidising agent showing a reduction
potential, which is by 0.76 V higher than that of FeCls. [10] The observed decrease of absorption intensity can be described
by dilution due to the added solvent for FeCls and is stronger than dilution for CAN.

Cyclic voltammetry and spectroelectrochemistry of donor molecules in solution

For the donor molecules discussed here, cyclic voltammetry (CV) and spectroelectrochemistry (SEC) were performed in
solution. As DIP and Pen are poorly soluble in organic solvents, more effort was necessary to study these materials. Perylene
was used in comparison to DIP and Pen was characterised by differential pulsed voltammetry (DPV).

DBTTF: Figure S3 shows the CV measured curves for the oxidation of DBTTF dissolved in DCM and MeCN. The oxidation
potential was determined to be 0.11 V as a standard potential. The absorption spectra upon charging of DBTTF are given in
Figure S4. The left part indicates the formation of the radical cation, the right part the formation of the di-cation. The changes
of spectral absorption are specified as 3D plot in Figure S5. Figure S6 summarizes the absorption spectra of neutral DBTTF,
the radical cation DBTTF* and the di-cation DBTTF**.

DIP: Figure S7 shows the CV measured curves for the oxidation and reduction of DIP dissolved in DCM. The determined
standard potential for the oxidation of 0.41 V is discussed later with respect to the changes of the absorption spectra. The
absorption spectra during oxidation and reduction of DIP are given in Figure S8. The intensity of DIP absorption features are
decreasing and additional absorption features below the absorption edge of the neutral molecule, as observed during
oxidation of DBTTF and reduction of DIP, are absent. This is the same observation as for DIP upon adding inorganic salts. The
changes of spectral absorption and difference spectra for DIP oxidation are specified as 3D plot in Figure S9. As the absorption
spectra before and after the cycling are comparable, the process seems to be reversible even without absorption features of
the DIP radical cation. In comparison to the poorly soluble DIP, the oxidation potential for the
dibenzotetraphenylperiflanthene was determined as E1/> = 0.51 V vs. FeCp,/FeCp,* (0.1 M BusNPFg in MeCN:toluene = 1:1).
[11]

Perylene: Due to the absence of absorption features of the DIP radical cation during SEC measurements, perylene was
measured also. Figure S10 shows the CV measured curves for the oxidation and reduction of perylene dissolved in DCM. Here
only peak potentials are given. The absorption spectra during oxidation and reduction of perylene are given in Figure S11.
The changes of spectral absorption for perylene reduction and oxidation are specified as 3D plot in Figure S12. The data are
comparable to values in the literature. [12]
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Pentacene: Table S2 contains potentials for pentacene found in literature. The data were determined by different methods
(CV, DPV). Mainly ortho-dichlorobenzene was used as a solvent. Due to the variation of literature values pentacene was
measured under similar condition as the other donors here. DPV was performed instead of CV because of low solubility of
pentacene as shown in Figure S13. The oxidation potential was determined to be 0.21 V as a standard potential. Additionally
the DPV curves is shown for a heated solution (= 60 °C) for comparison.

Discussion on the oxidation of perylene and DIP

Reversible oxidation was observed for perylene, reversible reduction took place for perylene and DIP. The formation of
perylene anions and cations as well as DIP anions was confirmed by absorption spectra upon electrochemical charging, as
shown in Figure S3. [12-15]

An increase of the current appears in the voltage range, where the oxidation of DIP is expected. However, the absorption
spectra show a decrease of absorption of the neutral molecules and absorption features of the DIP cations or other reaction
products are absent as observed also for adding the inorganic salt CAN. This behaviour hints on an additional reaction present
upon oxidation and condensation of the insoluble product onto the electrode. The resulting potential onset is +0.47 V (vs.
Fc/Fc*) and the half-wave potential +0.41 V (vs. Fc/Fc*) in dichloromethane. The rapid follow-up reaction results in a shifted
standard potential by up to 350 meV as estimated by the Nernst equation for the complete absence of absorption features
of DIP cations. The observation of DIP anions and the impossibility to generate DIP cations was described before for molecules
in solution without giving further details. [15] However, this electrochemical reaction is reversible. The condensed product
will react back to DIP upon electron addition. The absorption spectrum of DIP is recovered after cycling the voltage ramp as
shown with Figure S9. We propose a dimerization with subsequent deposition on the platinum mesh electrode as observed
also for other polycyclic hydrocarbons. [16]

Absorption spectra of DIP films with inorganic salts

The electron transfer between DIP and FeCls as well as between DIP and CAN was analysed in thin films. The films were
produced either by co-deposition in vacuum (vac, DIP+FeCls) or by sequential deposition (sqd) of the dissolved salt on an
separately deposited DIP film (DIP+FeCl; and DIP+CAN). The absorption spectra are shown in Figure S14. Due to adding the
inorganic salt, new absorption features below the absorption edge of the DIP film are detected. The features at about 0.94
and 1.48 eV were reported before. [17] An additional feature is detected here at an energy below 0.60 eV. As all three feature
are obtainable upon adding different oxidising agents and deposition methods, we propose the presence of DIP cations in
these films. The follow-up reaction observed in solution is prevented presumably due to close packing of the molecules and
therefore steric hindered in the solid film.

Energy levels determined by direct and inverse photoelectron spectroscopy

lonization energy and electron affinity measured by direct and inverse photoelectron spectroscopy on thin films were
reported in literature and are summarized in Figure S15. [5,18-20] IEs for DIP and Pen are given for molecules oriented in
more lying or standing fashion with respect to the substrate; the value for DBTTF is reported only for standing orientation.
Analysis of orientation dependent EA values for Mo(tfd)s is missing. The IE of DIP with lying molecules is higher than the EA
of Mo(tfd)s, which would forbid electron transfer from DIP to Mo(tfd)s. This gives a similar scenario as with the values
determined by CV measurements. All other donor IEs are lower than the EA of Mo(tfd); and electron transfer would be
possible.

Supplementary structural data: x-ray reflectivity data and scanning force micrographs

X-ray reflectivity data for a separately deposited DIP film and an equimolar co-deposited DIP:Mo(tfd); one are given in
Figure S16. The (001) reflection resulting from crystalline DIP in the o-phase is clear observed in both spectra. [21] The
absence of the (002) peak and broadening of the (001) peak together with the loss of Laue fringes measured for the co-
deposited film show a reduced coherence length perpendicular to the substrate surface. However, the crystalline phase of
DIP is persisting upon adding with Mo(tfd)s.

The scanning force micrograph for a co-deposited film of DBTTF and Mo(tfd)s with a molar ratio of 4:1 is shown in Figure S17.
The images show the two different morphologies of DBTTF:Mo(tfd)s films as discussed in the main text. The high crystallites
were observed in the equimolar co-deposited films and the large area and related to the ordered complex, flat crystallites
were described for the co-deposited film with a molar ratio of 10:1. The presence of these two different morphologies
supports the description of two intendent morphologies and shows the transition between these morphologies.

Absorption of DBTTF and Mo(tfd)s in solution

Absorption spectra were taken for DBTTF solution upon adding Mo(tfd)s solution and for Mo(tfd)s solution. The results are
shown in Figure S18. The used solvent is DCM. By comparing with the spectra measured upon doping with inorganic salts (see
Figure S2), the appearing features are related to the formation of Mo(tfd)s anions and DBTTF cations. Nearly complete
ionisation of added Mo(tfd)s; seems to be present for molar ratios of 20:1 and 10:1. For higher acceptor contents also the
absorption features of neutral Mo(tfd); become visible.
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Supporting figures
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Figure S1: UV-vis-NIR absorption spectra of pristine compounds used in solution.

Table S1: Wavelength of absorption maxima and respective molar extinction coefficient.

material solvent Ainnm |€in L mol?!cm?
DBTTF MeCN 253 16000 286 14500 308 16.000
perylene MeCN 386 12000 407 26000 434 34.500
DIP DCM 465 21000 496 50000 534 71.000
pentacene THF 300 73000 345 1255 574 990
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Figure S2: UV-vis-NIR absorption spectra of organic materials in solution — Mo(tfd); in chloroform, DIP in acetone, Pen in
toluene, DBTTF in DCM — upon adding inorganic salts dissolved in the same solvent as the respective organic molecules.
Lithium iodide was used as reducing agent for the acceptor Mo(tfd)s, ceric ammonium nitrate as oxidising agent for the
donor DIP, FeCl; as oxidising agent for the donors Pen and DBTTF. Green arrows indicate the decreasing absorption
intensity of the pristine materials, red arrows the raising absorption intensities for the formed ions. The grey labels mark

absorption features related to inorganic ions based on the literature. [3,4,9]
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Figure S3: CV current-voltage curves of DBTTF (¢ = 1-10-3 mol/I, Pt-disc d = 1mm) dissolved (left) in DCM with 0.1 M BusNPFs

as electrolyte, scan rate dU/dt = 100 mV/s and (right) in MeCN with 0.1 M BusNPFg, scan rate dU/dt = 1 V/min.

S5



3 20 A < 20 AR
~ o — 4 = b — j -b
£ 04 4 E 0+
| g g
£ 20 £ 204
o (=) -
 AAAARARES AARRE 2 1 e ARSAd RARAE ARARE M
05 00 05 1.0 05 00 05 1.0

Potential / V vs. Ag/Ag* . Potential / V vs. Ag/Ag*

absorbance / arb. units

4.5 4.0 3.5 3:0 2:5 2.0 1.5 4.5 4.0 3.5 3:0 2t5 2.0 1.5

energy / eV energy [ eV
Figure S4: Changes in the UV-vis absorption spectra of DBTTF (¢ = 5:10* mol/l in DCM with 0.1 M BusNPFg). Left: build-up
of the radical cation DBTTF* in the voltage range of 0.25 - 0.61 V [vs. Ag/AgNOs]. Right: build-up of the di-cation DBTTF**
over the voltage range 0.66 > 1.00 - 0.84 V [vs. Ag/AgNOs)]. Parameter for both: scan rate dU/dt = 10 mV/s, quartz
cuvette d = 0.5 mm. The colour points in the insets show at which current-voltage pairs absorption spectra were recorded.
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Figure S5: Changes in the UV-vis spectra of DBTTF during cyclic voltammetry shown in Figure S4 as 3D plots. Left:
absorption spectra in the voltage range of —-0.50 - 1.00 - —0.50 V-> 0.0 V [vs. Ag/AgNOs], observed species DBTTF -

DBTTF+ > DBTTF+* - DBTTF+ > DBTTF. Right: difference spectra of absorbance in the voltage range of —-0.50 > 0.60 > —
0.50 V [vs. Ag/AgNOQs], observed species DBTTF - DBTTF+* - DBTTF.
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Figure S6: UV-vis absorption spectra of compounds DBTTF, DBTTF* and DBTTF** taken from Figure S4.
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Figure S8: Changes in the UV-vis absorption spectra of DIP (¢ = 5:10- mol/l in DCM with 0.1 M BusNPFs) for the reduction
(left) and oxidation (right). Parameters: scan rate dU/dt = 10 mV/s, quartz cuvette d = 1 mm. The colour points in the insets
show at which current-voltage pairs absorption spectra were recorded.
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Figure S9: Changes in the UV-vis spectra of DIP during cyclic voltammetry shown in Figure S8 (right part) as 3D-Plot. Left:
absorption spectra in the voltage range of 0.0 - 0.90 - —0.20 V- 0.0 V [vs. Ag/AgNOs]. Right: difference spectra of
absorbance in the same voltage range.
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Figure S10: CV current-voltage curves of perylene (¢ = 1-103 mol/Il, Pt-disc d = 1 mm) dissolved in MeCN with 0.1 M BusNPFg
as electrolyte, scan rate dU/dt = 1 V/s.
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Figure S11: Changes in the UV-vis absorption spectra of perylene (c = 3.86:10 mol/l in MeCN with 0.1 M BusNPFg) for the
reduction (left) and oxidation (right). Parameters: scan rate dU/dt = 10 mV/s, quartz cuvette d = 1 mm. The colour points
in the insets show at which current-voltage pairs absorption spectra were recorded.
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Figure S12: Changes in the UV-Vis spectra of perylene during cyclic voltammetry shown in Figure S11 for reduction (left,
voltage range 0V - —2.40 V - 0.20 > 0 V [vs. Ag/AgNOs]) and oxidation (right, voltage range OV - 1.10 V - -0.20 >
0V [vs. Ag/AgNO:s]).

Table S2: Literature survey for pentacene oxidation potentials.

potential / V ::Z?:;j: solvent? comment method reference
0.10 Fc/Fct DCM Ep? cv [22]
0.27 Pseudo-Ag oDCB Eonset @100 °C cv [23]
0.30 Fc/Fct oDCB E0 DPV, CV [24]
0.22 Fc/Fc* oDCB Ep? DPV [25]
0.64 (0.24*) SCE (Fc/Fc*) oDCB Eonset cv [26]
0.28 Fc/Fc* DCM E0 cv [27]
0.70 (0.30%) SCE (Fc/Fc*) oDCB Evp cV [28]
0.82** (0.42%) SCE (Fc/Fc*) [29]
0.22 Fc/Fct oDCB E° DPV [30]
0.37 Fc/Fc* oDCB E° average [31]

conversion to reference electrode Fc/Fc*;

** not measured: ,The value for pentacene has been derived from linear plot of oxidation
potential against the coefficient of the highest occupied molecular orbital in the series of
linear polyacenes benzene to tetracene extended to pentacene.”

1 DCM -dichloromethane, oDCB — ortho-dichlorobenzene

2 CV—cyclic voltammetry, DPV — differential pulsed voltammetry, average — average of

literature values
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