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The inclusion of functional molecules as substitutional dopants in single crystals of
organic hosts with complementary optical properties provides a versatile strategy to tune
optical and magnetic properties in view of their applications in optoelectronics and
spintronics. Here, by combining electron spin resonance and optical spectroscopy,
isolated triplet exciton states with distinct emission and absorptive resonance modes from
two magnetically inequivalent sites of pentacene within the picene crystal could be
detected at room temperature. This is possible due to the incorporation of a low-doping,
1% mol/mol of pentacene into the monoclinic polymorph of picene high-quality single

crystals. In addition, we demonstrate optically detected magnetic resonance (ODMR) due
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to delayed fluorescence. Our findings demonstrate that isolated pentacene molecules in
picene matrices show efficient spin-dependent optical activities that are tuned by
crystallographically oriented magnetic fields. These properties are particularly appealing
for the exploitation of pentacene in room temperature spin-driven opto-electronics,
guantum sensing and in microwave amplification by stimulated emission of radiation

(MASER).

Introduction

The preparation of mixed organic crystals provides multifunctional optical, electronic and
magnetic properties embedded within the same material system offering opportunities in
organic based devices for applications in optoelectronics[1] and spintronics[2]. The isolation
of guest molecules within a host matrix and control of their concentration enable a fine tuning
of the intermolecular couplings which in turn may lead to the observation of interesting
physical phenomena such as i) enhanced singlet fission efficiency[3, 4], ii) isolation of
optically excited triplet states robust against decoherence,[5] iii) energy transfer and up or
down energy conversion.[6, 7]

n-conjugated organic materials based on aromatic building blocks such as acenes[8] and
phenacenes[9] are at the forefront of current research because they show remarkable photonic
and electronic properties.[10-12] Pentacene is one of the most investigated organic molecules
within the acene family because of its large spin polarization, long-living optically excited
triplet state via intersystem crossing (ISC) at room temperature[8, 13, 14] and long spin
coherence time.[15] The optical properties of pentacene doped p-terphenyl single crystals and
films have been widely investigated as benchmark for single molecule spectroscopy,[16]
charge transfer and Frenkel excitons,[14] quantum sensing,[17] single fission[4] and MASER
applications by exploiting the inversion of population of the pentacene triplet state.[18] Doping
of pentacene in naphthalene has enabled dynamic nuclear polarization as high as 94%.[19-21]
In addition, pentacene shows hole mobility comparable to those of amorphous inorganic

materials[22, 23] and efficient singlet exciton fission.[24-26]

Phenacenes are noncentrosymmetric versions of acenes consisting of rings fused in angular-

oriented structures.[11, 27] Among the phenacene series, picene is the closest structural isomer



to pentacene with similar molecular volume and length. These properties make picene the most
natural choice for hosting substitutional pentacene molecules. In addition, unlike pentacene,
picene is soluble in many common organic solvents and shows intrinsic stability larger than
pentacene under atmospheric conditions due to the armchair edges conformation (symmetry:
Ca), deep HOMO level (-5.5 eV) and large band gap (~ 3.3 eV).[14] However, the synthesis
of phenacenes is less efficient than acenes, as such the studies of their physical properties has
progressed at slower pace.[12] Nevertheless, picene has recently attracted a large interest after
the discovery of superconductivity[12, 14, 28] and transport properties for field effect
transistors both as thin films[9, 29, 30] and heterostructures.[31]

Although pentacene and picene are structural isomers, they show significantly different
electronic[32] and optical[11] properties due to the different arrangements of the rings and
energy levels misalignment resulting in an overlap between the pentacene absorption spectrum
with the picene photoluminescence.[33] So far, doping of picene with pentacene has been
realized only in films studied by light-absorption and photoluminescence, which have shown
robust singlet fission by controlling the spacing between pentacene molecules in a picene
matrix[3] and efficient energy transfer from picene to pentacene in films grown by supersonic
beams.[14, 33]

Therefore, picene molecules provide a more advantageous host-material for pentacene
compared to other organic molecules because: i) protect and isolate pentacene molecules from
the environment and from the triplet-triplet interactions, and ii) provide a means to extend the
excitation of pentacene in the ultraviolet region of the electromagnetic spectrum by picene to
pentacene energy transfer.[33] The latter mechanism could be exploited in other suitable
combinations of phenacenes and acenes with complementary optical properties, thus opening
up the possibility to populate excitonic triplet states by ISC according to the spin statistics

under low laser power which otherwise would damage the material.

To the best of our knowledge no single crystals of pentacene-doped picene have been reported,
and the magnetic anisotropy of the pentacene triplet exciton states in a picene host remains
unknown. Furthermore, studies on films of pentacene-doped picene have mainly focused on
photoluminescence and absorption measurements. However, by combining optical excitation
and detection with electron spin resonance (ESR) it is possible to spectroscopically probe and

manipulate the energy level populations of the triplet state.



Herein, we report on the spin-dependent optical properties of a pentacene-doped picene single
crystal studied by photo-ESR and optically detected magnetic resonance (ODMR). We
investigate the magnetic anisotropy and the hyperfine couplings of the excitonic triplet as well
as the angular dependence of the light-induced emissive and absorptive resonance modes of
the optically detected magnetic resonances. Finally, time-resolved photoluminescence
experiments provide compelling evidences that the ODMR signal originates from delayed
fluorescence involving optically excited triplets. Our findings demonstrate efficient spin-
dependent optical activities of pentacene triplet excitons in a picene matrix. In particular we
observe room temperature and long living optically spin polarized states of pentacene triplet
excitons which can be tuned by cryptographically oriented magnetic fields on a wide time scale
spanning up to milliseconds. Our results shed light on the potential applications of pentacene-
doped picene crystals in spin-driven opto-electronics.

Materials and Methods

X-ray Diffraction: Red-pink single crystals of pentacene-doped picene suitable for a full
physical characterization were obtained via the vertical Bridgman-Stockbarger method. A vial
of borosilicate glass (internal diameter, 10 mm; height, 70 mm) was charged with a mixture of
pentacene and picene in a stoichiometric ratio of approximately 1:100 mol/mol. Owing to
oxygen contamination during growth, the actual concentration of pentacene surviving in the
crystal may have been somewhat lower than this. The vial was flame sealed under reduced
pressure (0.01 atm) and lowered through a vertical tube furnace set at 380°C at a rate of
3mmht. A clean, pink crystal sample of ca. 40 mm length formed, gradually fracturing on
cooling to room temperature at a rate of approximately 10 °C h™%. The vial was cracked open,
and the crystal sample removed almost intact from it. A single crystalline shard of
approximately 5 mm length and prismoid shape was carefully removed from the bulk sample
by gently pulling across a clear crystalline fracture. Such a sample was checked with a Rigaku

R-Axis Il X-ray diffractometer at room temperature with Mo-Ka radiation.

Molecular Dynamics: Molecular dynamics (MD) simulations were performed to model the
orientation of isolated pentacene molecules doping picene crystals. Unit cell parameters and
crystal structure of monoclinic picene were taken from reference[34]. The molecular structure
of pentacene was extracted from reference.[35] One molecule of pentacene was introduced as

a substitutional defect within the 240 molecules of the MD simulation box. A supercell
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consisting of 5x6x4 unit cells along the a, b and ¢ axes was employed to describe the picene
crystal with three-dimensional periodic boundary conditions. Simulations were performed
using the TINKERS.8.3 package[36] under constant temperature and pressure conditions
(NPT), with a duration of 0.5 ns. The force field was OPLS-AA[37, 38] with parameters for
bonding and non-bonding interactions for aromatic carbon and hydrogen atoms. Non-bonded
interactions were cutoff at 1.8 nm. The Verlet algorithm with a time step of 1 fs was used to
integrate the equations of motion. The pressure was maintained constant (1 atm) with a
Berendsen barostat, with a coupling constant of 1.0 ps. The temperature was controlled with a
Berendsen thermostat and a time constant of 0.1 ps. Relevant observables extracted after
equilibration included mass centroids, tilt angle defined by means of the pentacene x molecular
axis in Figure 1b with respect to the ab plane of picene, and Euler angles according to the
molecular reference frame of Figure 1b with respect to the unit cell axes of picene a, b and c*

taken as the fixed frame reference x, y and z, respectively.

Optically Detected Magnetic Resonance and Photo-Electron Spin Resonance: ODMR spectra
were recorded at room temperature in a Bruker ELEXYS X-band (9.8 GHz) spectrometer. A
shard of a single crystal of picene:pentacene was glued on a flat-shaped end of a quartz tube
and inserted into a super high-Q rectangular resonator placed in between the poles of an
electromagnet and provided with a front grid to allow optical access and of a goniometer for
fine sample rotation (~ 1°) with respect to the external magnetic field, B. The crystal was rotated
around the a crystal axis from B parallel to ¢ to B parallel to b. The rotation of the crystal around
the ¢ axis, is particularly challenging due to the reduced crystal size to fit the ESR sample
support and the low signal-to-noise-ratio. A Coherent - Verdi laser was used to excite the
pentacene So = S1 transition within the picene single crystal with wavelength A = 532 nm and
power P = 500 mW. The photoluminescence signal was filtered with a 550 nm long pass filter
transparent to Stokes-shifted fluorescence emission, detected by a silicon detector, amplified
by a low-noise Stanford SR560 preamplifier and lock-in demodulated by a square-wave
modulated microwave excitation with amplitude of ~ 2 W and frequency of 1 KHz. For photo-
ESR measurements the spectra were recorded by demodulating the reflected signal from the
resonant cavity upon microwave sample absorption by a small oscillating magnetic field with
amplitude of 0.1 mT and frequency of 100 KHz. Due to an impurity present in the cavity of the
Bruker spectrometer in the spectral region of g ~ 2, continuous wave-ESR spectra were

recorded on a super-high Q cavity of a VVarian spectrometer free of contaminations. All spectra



and resonance field road maps were recorded at room temperature and simulated with the

Easyspin software.[39]

Fluorescence and Time Resolved Fluorescence: Optical spectra at room temperature were
recorded on an ensemble of pentacene-doped picene single crystals in an Agilent Technologies
Cary Eclipse Fluorescence Spectrophotometer equipped with a Xenon lamp with output power
of 15 W and a photomultiplier tube (PMT) for detection. Photoluminescence excitation was
recorded by detecting the emission at Aem = 645 nm and by scanning the excitation wavelength
in the range Aexc = 300 - 600 nm.

Fluorescence and delayed fluorescence were detected with the same Aexc = 532 nm and spectral
emission range lexc = 580 - 800 nm except that for the dFL the emitted signal was detected
after a delay time of 100 ps and integrated for 200 ms with gate time of 5 ms. Lifetime
measurements were recorded with the following parameters: Aex = 532 nm, Aem = 645 nm and
several delay times to cover a time range of 10° — 10° ps. Cutt-off and optical density filters

were used in excitation and detection, for both PL and time-resolved experiments.

Results and discussion

Figure 1a shows the crystal structure of picene with views along the ¢ and b crystallographic
axis. From the X-ray diffraction data we obtained unit cell parameters a = 8.352(19) A, b =
6.347(13) A, ¢ = 13.553(20) A, B = 90.07(13)°, in space group P2: (no. 4), which are in
agreement with the monoclinic polymorph of pure picene.[34, 40, 41] In analogy with what
was previously observed in p-terphenyl:pentacene crystals, one can assume that the pentacene
molecule is substitutional to one of the two ca. 60° apart crystallographic equivalent sites of
picene, than can take one of these two orientations.[42] In this configuration, the molecular x
axis has a unique orientation for all sites, whereas the y and z axis are tilted by 58.37° with
respect to each other. The different arrangement of the rings of pentacene and picene (Figure
1b) results in a wider band gap for picene compared to pentacene and favourable alignment of

the singlet energy levels for efficient energy transfer (Figure 1c).[43]
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Figure 1 a) Views along the ¢ and b crystallographic axis of a picene single crystal. Colour
code: white is for hydrogen atoms and grey for carbon atoms. b) Structures of the picene and
pentacene molecules. c) Relative energy levels of picene and pentacene.

Figure 2a shows the orientation of a pentacene substitutional molecule relative to the picene
crystal axes and to the external magnetic field B which is rotated by the angle 8 around the a
axis, whereas Figures 2b reports the light-induced or photo-electron spin resonance (photo-
ESR) spectra of a pentacene doped picene single crystal recorded at room temperature for an
arbitrary angle, 6 = 64°. The spectrum shows two pairs of first-derivative resonance lines with
an EEAA (where E stands for emission and A for absorption) pattern centred around the g-
value = 2, with average full-width-half-maximum (FWHM) linewidth of ~ 3 mT and
unresolved hyperfine splitting. The inner and outer lines are separated by ~ 28 mT and ~ 52
mT respectively. The first derivative lines are slightly asymmetric due to the rapid passage
effect which leads to the dominance of the positive and negative contributions of the first
derivative signal for the low and high field peaks respectively. The four resonance lines follow
a specific path under rotation of the crystal around the a axis (Figure 2). The low and high
field resonances show a dominant positive (white) and negative (black) contributions

respectively for 8 = 90° which reverse for 6 < 40°.



cw-ESR and photo-ESR narrow magnetic field scans around g = 2 and for the lowest field line
are reported in Figure 2e and 2f, respectively. The lowest field resonance reveals 5 equally
spaced features whereas the central line has a Lorentzian lineshape with FWHM = 0.4 mT
whose resonance field, linewidth and intensity are independent upon laser excitation.
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Figure 2 (a) Sketch of the experimental geometry used with the rotation angle 6 of the magnetic
field relative to the molecular and crystal frames. b) Photo-ESR spectra recorded at room
temperature for € = 64° and the corresponding global spectrum simulation (red curve) with the
two magnetically inequivalent components in D2n symmetry (green and blue curves). The
emissive (E) and absorptive (A) resonance modes are indicated. Road map of the experimental
photo-ESR resonance fields (c) and their simulations (d). The colour bar indicates the
maximum (white) and minimum (black) intensities in arbitrary units. €) Narrow magnetic field
scan showing the resonance line at g ~ 2 in dark condition along with the simulation. f) Photo-
ESR spectrum for 8 = 80° showing the resolved hyperfine splitting due to four equivalent
protons. The red curve is the simulation to Equation 1.

ODMR spectra for the canonical orientations 8 ~ 0° and 90° are shown in Figure 3a whereas
in Figure 3b is reported a contour map of the angular dependent ODMR contrast = APL/PL,
where APL is the difference between the photoluminescence signal on and off magnetic
resonance condition at a given angle and PL is the off-resonance photoluminescence intensity.
The map shows the evolution of APL/PL as function of B and of the angle 4. The two
resonances observed for & = 90° reach the maximum contrast of about 15%, for 6 < 90° they

splitin four lines and their resonance fields evolve in a similar fashion as reported for the photo-



ESR spectra in Figure 2c. The ODMR contrast decreases steeply for § < 50° until it vanishes

and reappears for 6 ~ 0° where the four lines tend to merge close to the free electron g-value.
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Figure 3 a) ODMR spectra recorded for ¢ = 90° (black line) and 0° (red line) and the
corresponding simulations (dashed lines). b) Map of the ODMR contrast as function of the
magnetic field and the rotation angle. The colour bar indicates the ODMR contrast percentage.
c) Jablonski energy level scheme, for the magnetic field direction parallel to the molecular z
axis, indicating the intersystem crossing (ISC) with the transfer after internal conversion to the
triplet exciton state Ty sublevels split by zero-field splitting and Zeeman energy in |0>, |[+1>
and |-1>. The arrows indicate the photon absorption from the So ground state to the singlet S;
excited state (green), the Stoke-shifted emission (red) and the microwave (mw) induced
transitions (purple). The circles represent the relative population of energy levels of the triplet
exciton.

Photo-ESR and ODMR offer different advantages in the study of triplet exciton states in
organic materials and enable to understand different aspects of the same physical process. More
specifically, ODMR enables to detect the changes of the photoluminescence under magnetic
resonance condition, as such it is sensitive to spin dependent properties of optical signals.
However, due to the selection rules, only optical transitions from energy levels with the same

spin quantum number are allowed. In the case of pentacene, when the optical transition So 2>
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S1is excited, the system evolves by populating the triplet exciton states from Ty to T1 manifolds
by spin-orbit coupling mediated by ISC, where Ty is the lowest N state in energy (Figure 3c).
The zero-field splitting, D, splits the Ty state in the substates denoted as T, Tx and Ty whose
order depends on the molecular symmetry and sign of D.[44] Due to the selection rules, ODMR
is mainly sensitive to the variations of the population of the T level[45] as such it does not
allow to distinguish between absorptive (A) and emissive (E) modes of the transitions within
the Zeeman split triplet states. On the contrary, photo-induced ESR is based on the variation of
the cavity Q-value induced by emission of absorption of microwave photons stored into the
cavity. Because of the phase sensitive lock-in detection and magnetic field modulation, a first
derivative spectral lineshape is recorded. The sign of the first-derivative lines provides direct
evidence for the observation of the emission and absorptive modes. Photo-ESR is sensitive to
the out-equilibrium population of the Zeeman split T1 energy levels.

We simulate the photo-ESR and ODMR spectra of Figures 2c and 3a with the spin-

Hamiltonian:

H = gugBS+DSZ+Y,SAI, (1)

where g is the spectroscopic g-value, ug is the Bohr magneton, B is the magnetic field vector,
S and T are the electron and nuclear spin operators, D is the zero-field splitting and A; is the
hyperfine splitting between the triplet exciton and the i-th nuclei. The best fit was obtained for
S=1, D =146 GHz, g = 2 and assuming non-Boltzmann population of the T states in zero-
field Ptx < Pty < Ptz as well as assuming a P2; symmetry which provides two magnetically
inequivalent sites corresponding to the outer and inner resonance pairs respectively (Figure
2b). These findings agree with the two sites tilted by 60° with respect to each other at room
temperature of pentacene substitutional to picene within the crystal.[42] The hyperfine

coupling contribution will be discussed later.

The fit of the spectral contour plot in Figure 2d allows the determination of the crystal rotation
axes and set the constrains for D tensor frame relative to the molecular frame and the latter
relative to the picene crystal and laboratory frames. The D2, symmetry of pentacene makes the
D tensor frame to coincide with the molecular frame[46] which, according to our molecular
dynamics (MD) simulation (see Experimental Section), is rotated by the Euler angles o = 26°,
B =77° and y = -3° with respect to the crystal frame.[42] We obtain a good fit of the road map
with the Euler angles o’ = 12°, B> = 60° and y’ = 0° (Figure 2d), thus suggesting that pentacene
molecules substitute picene within the crystal in one of the two sites and that the different
conformation of pentacene with respect to picene makes the former to find a slightly different
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orientation within the crystal to minimize its potential energy. The molecular x axis is the same
for all the sites within the crystal, whereas the y and z axes of the two pentacene sites are not
parallel to each other, and cause the appearance of four resonance lines for an arbitrary angle
upon rotation of the crystal around the a axis. The coincidence of the inner and outer resonance
fields obtained for & ~ 0° and 90° indicates that B is parallel and perpendicular to the molecular
X axis, respectively (Figure 2a). We also expect to observe two resonance lines occurring at a
magnetic field spectral separation of 2D, however their intensities are below the noise level
and could not be observed. In addition, the estimated value for D = 1.45 GHz matches well the
values previously reported for pentacene in other host matrixes, and it differs significantly from
the value D = 2.7 GHz reported for picene in p-terphenyl.[47] On the other hand, the EEAA
pattern observed in the photo-ESR spectra for pentacene in picene is similar for the pentacene
in p-terphenyl but different from the EAEA observed for pentacene in benzoic acid, thus

revealing the influence of the host matrix in determining the inversion of the population.[48]

The emissive (white) and absorptive (black) modes of the photo-ESR resonance lines in Figure
2c are well reproduced by the spectral simulations made by integrating the calculated ESR
intensities. In particular, we note that the positive and negative signals decrease in intensities
by rotating the crystal away from & = 90° until they vanish and switch for 8 ~ 40°. We ascribe
this behaviour to the mixing of the ms states which breaks the ESR selection rules leading to a
decrease of the transition probabilities and to a redistribution of the population of the energy
levels. This is an interesting feature because emissive and absorptive modes can be selected
both by magnetic field intensity and orientation with respect to the molecular or crystal frame.
The ESR signal observed in dark conditions (Figure 2e) can be fitted satisfactorily with a
Gaussian function with FWHM = 0.66 mT. We ascribe this dark ESR signal to the formation
of polarons in the picene-pentacene system where picene acts as donor.[49] We note that ESR
signal in dark were reported in pentacene and picene films in FETs only after the application
of a gate voltage, Vq.[50, 51] These observations suggest interesting transport properties which

were not observed in other pentacene’s host organic materials.

The resolved hyperfine quintet in the photo-ESR spectrum for 8 ~ 80° in Figure 2f are ascribed
to the dipole-dipole interaction between the triplet exciton and four equivalent protons of the
pentacene molecule. This interpretation is supported by the simulation of the intensity pattern
of the quintet 1-4-6-4-1. In addition, this result agrees with spin density calculations which
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predict a distribution of the triplet over the *C nuclei in positions 6 (13) and 5 (7-12-14)
(Figure 1). The simulation of the spectrum for 8 ~ 80 ° in Figure 2f to Equation 1 assuming
4 equivalent tH atoms provides an isotropic hyperfine splitting Ai ~ 4 MHz whose summation
is consistent with the hyperfine interaction Agip calculated in dipole-dipole approximation
adding all the contributions of 4 equivalent protons located at 0.25 nm from the centre of

pentacene with the following formula:

_ \' Mo UBHUNZGeIN
Adlp - Zl 4 hri3 (2)

where w0 is the vacuum permeability, us is the Bohr magneton, un is the nuclear Bohr magneton,
ge is the electron g factor, gn is the nuclear g factor of hydrogen, h is Planck’s constant, and r;
is the distance between the center of the pentacene molecule and each of the 4 equivalent
hydrogen atom’s groups.

The resolved hyperfine interaction reveals its dominant contribution to the overall peak-to-peak
linewidth of the lowest resonance line (~ 1.5 mT). This result suggests that other contributions
for instance due to triplet-triplet dipolar interactions occurs on an energy scale much lower than
4 MHz which corresponds to a triplet-triplet distance of ~ 4 nm. These results further
corroborate the assumption that the four resonances observed in the photo-ESR spectra

originate mainly from isolated triplets.

After photoexcitation, the occurrence of ISC leads to a fluorescence decreases for a time
interval related to the resident time of electrons in the T state. When the magnetic resonance
condition is satisfied, the population of the T1 sublevels labelled as Tx, Ty and T is changed,
thus leading to a variation of the T1 = So decay rates, and hence to an ODMR signal.[52] In
the particular case of pentacene, Tx and Ty levels have shorter decay rates than T, and
microwave transitions Tx = T, and Ty = T, are induced leading to a longer life time of the T:
state that causes a variation of the light emission intensity. [15, 45] In the presence of a
magnetic field and crystal orientation, the Ty, Ty, T levels are mixed into a superposition of
states and they are labelled as |0>, [+1> and |-1> .[17, 19, 53] The |0> state indicates the crystal
orientation parallel to the applied magnetic field vector.

We observe a maximum ODMR contrast of about 15% for € ~ 90°, which slowly decreases for
90° < 0 < 50° and quickly vanishes for 8 < 50°, albeit reappearing for & ~ 0°. This trend is
consistent with the angular dependent photo-ESR study shown in Figure 2c and confirm the
mixing of the Ty sublevels that changes the ESR transition probabilities. The values for the

ODMR contrast are comparable to those reported for pentacene in p-terphenyl although at T =
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1.8 K[54], and they are relatively high if compared to other organic molecules[55-59] and to
those of inorganic systems such as silicon carbide [60] and NV centres in diamond where
ODMR contrasts of 2% and 20% have been reported, respectively.[61] Therefore, our results
support large inversion of population within the triplet state, a property relevant for nuclear
spin polarization and quantum sensing applications.[17] Furthermore, we envisage that by
exploiting the energy transfer from picene to pentacene,[33] the pentacene triplet exciton state
could be excited by low excitation densities and high-energy lasers which will expand the range
of potential applications on these compounds, particularly for the development of MASER

technologies.[18]

Conclusion

We have reported on a new single crystal made by picene doped with pentacene and
characterized its spin and angular dependent optical properties by ODMR and photo-ESR. We
have detected the emissive and absorptive modes of the pentacene triplet exciton states and
determined the zero-field splitting, the hyperfine interaction of the triplet exciton with four
equivalent protons of the pentacene molecule as well as a dark ESR signal. Finally, we have
observed a large ODMR contrast which can be tuned by crystal rotation.

Our findings demonstrate that isolated pentacene molecules in the picene matrix show efficient
and tunable spin-dependent optical activities on a broad time-scale range spanning up to
milliseconds. In addition, the observation of ESR signal in the absence of laser light
illumination suggests interesting triplet transport properties which were not observed in other
pentacene’s host organic materials and as such deserve further investigations.

In perspective, we envisage that the optical transfer from picene to pentacene holds the
potential to extend the excitation of the triplet exciton of pentacene in the ultraviolet region of
the electromagnetic spectrum. These properties are particularly appealing for the exploitation
of pentacene in spin-driven opto-electronics applications[62] and sensing[17] as well as in low
power microwave amplification by stimulated emission of radiation (MASER). This is a

research topic that we are currently pursuing.
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