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The development of single-component organic materials that exhibit tunable red, green and blue (RGB) lumi-
nescence under ambient conditions can pave the way of materials with tailored photophysical properties. The
optical behavior of such organic materials is largely determined by their excited-state dynamics of the excitons,
which are formed when electrons are excited in the material. The excited-state dynamics of an organic molecules
can be sensitively tuned, where even marginal variations in crystal morphology and molecular arrangement can
drastically modify their optical behavior. Herein, we report a discovery of n-conjugated single-component system
that can exhibit the RGB emission. This was realized by altering the morphological crystal dimensionality of a
highly tunable single-component hydrocarbon coronene molecule in a single-step crystallization processes into
1D wire, 2D plate, and 3D rod, without introducing additional components or varying external stimuli. Time-
resolved photoluminescence (PL) and transient absorption spectroscopy revealed the excited-state absorption
(ESA) and self-trapped exciton (STE) formation in the excited electrons in 1D wire crystal plays a key role in
emission color change from blue to green. Furthermore, static PL and absorption spectroscopy and single-crystal
XRD revealed the dimerization of coronene results in significant reduction of optical band-gap energy and red
shift into red emission band. We elucidated the complex relationship between excited-state dynamics and crystal
structure of the coronene crystals. Our work presents a novel strategy for tuning the optical properties of single-
component organic materials through crystal engineering, offering new possibilities for the development of
advanced organic semiconducting devices.

1. Introduction their complex excited-state dynamics that are critical for boosting the

functionality of optoelectronic devices. Significant amount of research

Solid-state organic luminescent materials with tunable optical
properties have found increased research importance for their potential
applications to organic optoelectronic devices, such as organic light-
emitting diodes (OLEDs), organic lasers, and organic photovoltaics
[1-6] A key component of such electronic devices is semiconductors
based on organic molecules, where their properties are largely deter-
mined by formation of excitons and their dynamics in the material
[7-10] Key challenges in this field are found in the design and synthesis
of efficient and color-tunable organic materials and also in elucidation of
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efforts has been placed over the years to develop color-tunable materials
with a wide emission range and on the investigations of their mecha-
nisms [11-15] In particular, single-component organic system that can
exhibit red, green, and blue (RGB) luminescence under ambient condi-
tions without the need for additional components or varying external
stimuli, which will allow systematic investigations on crystal structures
and photophysical processes. However, achieving RGB emission in a
single-component organic material is challenging due to the significant
differences in emission wavelengths that vary over a wide range of
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energy bands.

Organic molecular crystals offer a unique platform for exploring the
relationship between crystal structure, molecular arrangements, poly-
morphism, morphology, and optical properties. The photophysical
properties of single-component materials are highly sensitive to subtle
changes in molecular packing and intermolecular interactions, enabling
the tuning of optical behavior through crystal engineering [16] Recent
studies have demonstrated the potential of controlling the emission
properties of organic crystals by manipulating their morphology and
dimensionality [17,18] In the excited-state of organic molecule, singlet
excitons are generated with each absorbed photon, which undergo
various relaxation processes involving either non-radiative or radiative
paths. Different photophysical processes have distinct excited-state dy-
namics [19-21] and their electron transition features can be probed via
absorption or photoluminescence (PL) spectroscopy. The excited-state
dynamics of an organic materials can be sensitively tuned, where even
marginal modifications of crystal morphologies can drastically alter
their optical behaviour. The challenge here is to find appropriate crystal
engineering protocols to fabricate high-quality crystals that have the
desired properties.

In this study, we report the discovery of RGB emission from three
single-crystals that are composed only of coronene, well known member
of polycyclic aromatic hydrocarbon (PAH) molecule with high degree of
n-conjugated structure. Two optically yellow crystals were grown in two
different crystal morphology, namely, short and thick three-dimensional
(3D) rod-crystal (typical dimension of the crystal: 1.0 mm x 0.3 mm X
0.13 mm), and long and thin one-dimensional (1D) wire-crystal (13.0
mm x 0.05 mm x 0.02 mm). Single-crystal XRD revealed that they
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possess identical 3D y-herringbone crystal structure but exhibit different
emission band under UV-light irradiation, blue and green, respectively.
The third crystal is optically red, short and flat two-dimensional (2D)
plate-crystal (2.4 mm x 0.13 mm x 0.05 mm), formed by coronene
dimerization, which exhibit red emission band (Scheme 1). Through a
combination of time-resolved and static photoluminescence (PL) and
absorption spectroscopy, we elucidated the roles of morphological
dimensionality and dimerization on the excited-state dynamics and
optical band-gap energies. Our findings provide new insights into the
intricate relationship between morphological dimensionality, molecular
interaction, excited-state dynamics and photophysical properties in
hydrocarbon single-crystals. This work presents a novel strategy for
tuning the optical properties of single-component organic materials
through crystal engineering, paving a way for the rational design of
efficient, color-tunable organic optical devices.

2. Experimental details
2.1. Crystal preparation

Starting material of coronene (Cy4H;3) was purchased from TCI
Chemicals (>98 %) and purified by sublimation. Single-crystals of 3D
rod and 1D wire coronene were obtained by crystallization technique. As
received coronene was dissolved in anhydrous tetrahydrofuran (THF)
and heated at 350 K with stirring on a magnetic plate. Anhydrous hexane
was slowly added on top of the THF solution to form a layer to induce the
crystallization of 3D rod by diffusion process. The 1D wire single-
crystals were obtained by dissolving coronene in anhydrous toluene

3D-rod

Scheme 1. Optical images, PL micrograph and SEM images of coronene single-crystals of (a) 3D rod with blue emission and (b) 1D wire with green emission and (c)
2D plate coronene dimer single-crystals with red emission, obtained by single excitation laser (Aex = 365 nm). SEM images focused on the broken surface of the crystal
showing a layered 3D structure (a) and no layering 1D and 2D structure (b and c). Black solid arrows indicate process employed for single-crystal preparation.
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and heating to 370 K with stirring on the magnetic plate and cooling
down to room temperature (1 K/min). Single-crystal coronene dimer 2D
plates were obtained by the vapor phase fusion reaction of coronene
molecules. The sublimed coronene powder was placed in a long Pyrex
tube and annealed for 5 h in a tube furnace (773 K) with a temperature
gradient (—20 K) to separate dicoronylene from pristine coronene. The
furnace was cooled slowly (2 K/h) to room temperature to obtain red
needle-like crystals.

2.2. Single-crystal XRD measurements

Single-crystal diffraction data for both coronene and dicoronylene
were collected using a Bruker D8 VENTURE PHOTON II X-ray diffrac-
tometer with Photon 100 CMOS detector equipped with a Microfocus
Incoatec Ims 3.0, Mo-target X-ray tube (1 = 0.71073 A), and a multilayer
optical monochromator at room temperature. Data reduction and inte-
gration were performed with the Bruker software package SAINT. The
structure was solved by SHELXT (version 2014/5) and refined using the
Bruker SHELXL program (version 2016/6) by full matrix least squares
procedures. The integration of the data using a monoclinic unit cell
resulted in a maximum 6 angle of 24.8° (0.85 A resolution).

2.3. Raman spectroscopy

Raman measurements were performed using the MonoVista CRS +
system (Spectroscopy & Imaging) with a laser excitation of 532, 633 and
785 nm (1.03 mW laser power). A grating with 1200 grooves/mm was
used throughout the experiment. The laser beam was focused on the
sample with a 20 x objective lens, resulting in 10 pm a laser spot. Raman
spectroscopy with 1064 nm laser excitation was performed using a
Bruker IFS 66 instrument with a FRA 106 Raman module attachment
and a Nd*'/YAG laser. Laser power, exposure time, and number of ac-
cumulations were adjusted for each excitation laser used, and spectra

were recorded over the wave number range of 15-3600 cm ™.

2.4. Scanning electron microscopy

The morphology of the materials was investigated using a field
emission scanning electron microscope (FESEM, JEOL JSM-7900F).
Thermal (Schottky) field emission gun with an accelerating voltage of
10.0 kV was used and images were recorded with an Energy-dispersive
X-ray spectroscopy (EDS) detector (Oxford Instruments Aztec X-max50).

2.5. UV-vis absorption and photoluminescence spectroscopy

Measurements of UV-Vis absorption, photoluminescence spectra,
optical image, and fluorescence images were conducted using a home-
designed spectroscopy (Gora-UVN-FL, Ideaoptics, Shanghai), with an
integrated micro-region spectroscopy system. The UV-Vis absorption
spectra were recorded using a xenon light source (SLS201L, Thorlabs,
USA) in the range between 300 nm and 1100 nm with the laser beam
was focused on the surface of the sample with 20 x objective lens (0.42
NA, Mitutoyo, Japan), resulting in a laser spot of about 40 pm diameter.
Laser power adjustment was achieved through a neutral-density filter.
Single-crystals (typical dimensions length:width:thickness of 60 x 50 x
10 pm®) were placed on 400 pm culet-sized low-fluorescent flat diamond
surface. Background signals were obtained first on the diamond surface
and subtracted. Absorption measurements were recorded for trans-
mitted light. The band gap of coronene is determined by extrapolating
the linear intercept of the a'/? vs hv curve, where « is the absorption
coefficient, h is Planck’s constant, and v is the frequency of the photon.
Fluorescence images were collected under irradiation with UV light with
an accumulation time of 200 ps. The time-resolved PL spectra were ac-
quired utilizing a custom-built transient state spectroscopy system
(Timetechspectra, China) A 405 nm ps laser, selected from a super-
continuum laser source (SC-OEM, Yangtze Soton Laser, China) via a
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bandpass filter, operated at a repetition rate of 10 MHz with a pulse
width of approximately 100 ps. The time-resolved PL lifetime decay
kinetics were captured and analyzed employing a time-correlated single
photon counting module in conjunction with a single photon avalanche
diode (SPAD) detector (id100-20, IDQ, Switzerland), featuring an in-
strument response function of around 180 ps. The decay curves were
fitted using the double exponential function

I(t)=A; exp <7T£> +A; exp<77£)

1 2

where I is the luminescence intensity, 7; and 7, are the components of
the decay time, and A; and Aj are the corresponding fitting parameters.

2.6. PL quantum Yyield

The PL quantum yield and excitation spectra were measured using
the FS5 spectrofluorometer (Edinburgh Instruments Ltd.) equipped with
a SC-30 Integrating Sphere Module. Al,O3 was used as the absorption
reference.

2.7. Femtosecond transient absorption spectroscopy

Femtosecond transient absorption spectra with temporal resolution
of 150 fs were carried out by a commercial femtosecond TAS system.
(HELIOS, Ultrafast Systems). To generate the pump pulse, the funda-
mental 800 nm pulse from a regenerative amplifier (1 KHz, 80 fs, 2.5 mJ
per pulse, Coherent, Astrella), seeded by an oscillator (80 MHz, 35 fs,
Coherent Vitara-S), was applied to pump an optical parametric amplifier
(Coherent, OperA Solo). The continuum of white light, which was
generated by focusing a small fraction of the 800 nm output of the
Astrella onto a sapphire crystal in HELIOS, served as the probe light.

We used 400 nm light as a pump to excite the coronene crystal. The
excitation densities and pump fluence were kept identical in all TA
experiment to compare the carrier dynamics. Here, the TA signals are
divided into ground-state bleaching (GSB) signals that stem from
photoinduced bleaching due to a state filling effect and excited-state
absorption (ESA) signals, which refer to photoinduced absorption of
excited states. Single-crystals were placed on quartz substrates. To
spatially resolve the three different crystals, the 400 nm pump and white
probe light are focused onto the sample with 20 x objective lens, and the
beam size of pump and probe laser are focused down to 5 pm and 20 pm,
respectively. The change of absorbance at different delay time is
recorded by Helios system software to capture the dynamic information
of the excited state of the single-crystals.

3. Results and Discussion

Three single-crystals were prepared from commercially available
coronene via two distinct methods: recrystallization in solvents and
thermal annealing. The optically yellow 3D rod crystals were obtained
by dissolving coronene in anhydrous tetrahydrofuran (THF) and then
recrystallized through diffusion process. The other yellow 1D wire
crystals were formed through dissolving coronene in anhydrous toluene
and recrystallization. Single-crystal X-ray diffraction (ScXRD) reveals
that both crystals exhibit a monoclinic y-herringbone assembly with
space group P2;/n and their lattice parameters are in good agreement
with previously published results for y-polymorph coronene [22] The
optically red 2D plate crystals were obtained by the vapor phase fusion
reaction of the as received coronene powder annealed at 800 K in vac-
uum. The ScXRD showed that these crystals adopt a different
B-herringbone arrangement with space group P21/c, confirming previ-
ous findings of dimerized coronene (C4gHsp) [23] The crystal structures,
lattice parameters, and nearest neighbor (nn) distances and angles are
summarized in Table 1 and their molecular packing structure can be
found in Fig. S1, detailed refined XRD data can be found in Tables S2-S4.
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Table 1

Summary of Co4H;5 and C4gHop unit cell metrics and reliability factors obtained
from refinements of ScXRD laboratory data (A = 0.71073 ;\) at ambient

conditions.
Crystal 3D rod 1D wire 2D plate
morphology
Chemical Co4H1a Ca4H1a CygHao
formula
polymorph y-herringbone y-herringbone p-herringbone
M; 300.25 300.25 596.51
Crystal system monoclinic monoclinic monoclinic
Space group P2;/n P2;/n P2,/c
a (A) 10.0879(5) 10.113(5) 10.3940(8)
b (A) 4.6976(2) 4.704(2) 3.8402(3)
c A 15.6585(8) 15.722(7) 31.990(3)
pC) 106.005(2) 106.06(2) 90.248(2)
V (A% 713.28(6) 718.7(5) 1276.89(17)
Z 2 2 2
Pealea (8/cm®) 1.399 1.399 1.552
R indices R; = 3.45 %, wR2 R; = 3.15 %, wR2 Ry =2.4%, Ry =
=9.31% =218% 7.4 %
nn C-C distance  3.491(6) 3.490(7) 3.474(3)
@
nn H-H 2.5745(4) 2.5851(5) 2.5281(2)
distance(A)
Herringbone 96.33(11) 96.69(10) 48.6(3)
angle(°)

As shown in Scheme 1, SEM and optical micrographs revealed the
unique morphological features of these crystals. In particular, Scheme 1
(a) shows the layered structure of the 3D rod with conceivably hundreds
of nm-thick layers of coronene, whereas Scheme 1(b) displays a
non-layered thin structure with smooth crystal edges. Scheme 1(c)
shows that 2D plate crystals possess thin and flat morphology, but do not
have a layered edges.

We obtained Raman spectra of three crystals using lasers with exci-
tation wavelengths of 1064, 633, and 532 nm. The profiles for the 3D rod
and 1D wire are identical and aligned with existing literature [24] The
3D rod crystals yielded the best spectra using a 633 nm laser source,
while the 1D wire crystals required a 1064 nm laser source to avoid
strong fluorescence interference, which clearly indicates the optical
properties of the coronene crystal can be largely tuned by crystal
morphology. The Raman spectra for the 2D plate crystal can also only be
acquired using 1064 nm laser source by avoiding strong fluorescence,
and the obtained spectrum was also found to be in good agreement with
previous report on dicoronylene [25] Full Raman spectrums for all three
single-crystals are available in supplementary information, Fig. S2.

Fig. 1a—c displays the static ultraviolet-visible (UV-vis) absorption
and PL spectra of three crystals measured under ambient conditions. The
UV-vis absorption spectrum reveals a single, sharp absorption edge for
both the 3D rod and 2D plate, attributed to the transition from the
highest occupied molecular orbital (HOMO) to the lowest unoccupied
molecular orbital (LUMO). The absorption maxima are located at 412
nm and 540 nm for the 3D rod and 2D plate, respectively. Using the
Kubelka-Munk plots [26], the optical band gap between the singlet
ground state S(0) and the first excited state S(1) is estimated to be 2.82
eV for the 3D rod and 2.20 eV for the 2D plate. Conversely, the 1D wire
presents three distinct absorption edges, with maxima at 404 nm, 430
nm, and 464 nm, indicating that an incoming photon induces the pop-
ulation of the higher excited states from the singlet ground state. The
optical band gaps estimated from the observed absorption edges are
2.62, 2.82, and 2.94 eV.

As seen by the PL micrograph under UV light, 3D rod coronene ex-
hibits a blue emission, and the PL spectrum shows emission bands in the
visible range between 415 and 650 nm (Fig. 2). Maximum emission
intensity is observed at Aep, = 459 nm (Ee, = 2.70 eV) as a result of the
electronic transition from the lowest excited energy state to the ground
state. The emission lifetime was determined from PL lifetime
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measurements by fitting transient fluorescence decay to a double
exponential function (Fig. 3(left)). The decay spectrum for the 3D rod is
divided into prompt (7, = 9.55(4) ns, relative amplitudes = 89.7(2)%)
and delayed (tq = 39.6(3) ns, relative amplitudes = 10.4(2)%). The PL
micrograph for 1D wire crystals exhibits a green emission and the PL
spectrum shows emission band spanning 450-700 nm. The emission
lifetimes of the 1D wire are T = 10.0(2) ns and 46.2(2) ns, with relative
amplitudes of 28.0(2)% and 72.0(2)%, respectively. It should be noted
that, the typical fluorescence lifetime that only involves single-excitons
are less than 10 ns, but phosphorescence and thermally activated
delayed fluorescence lifetimes that involves triplet-excitons are typically
longer than 1 ps. [27] Based on our experimental observations, we
suggest that the nature of the PL emission of 1D wire is formed by two
distinctive bands, where the fast component can be assigned to a prompt
resonance-free exciton (FE) luminescence band, while the slow
component can be assigned to a Stokes-shifted delayed fluorescence
(DF) involving self-trapped exciton (STE) luminescence band. The PL
quantum yield (PLQY) for this crystal was estimated as 15.3 %. The PL
micrograph of a 2D plate crystal exhibits a red emission, the PL spectrum
shows broad emission bands in the 570-870 nm range and the emission
lifetime was determined to be T = 8.39(3) ns. This significantly large
red-shift and band-gap closure are attributed to the changes in crystal
structure due to dimerization of coronene molecule [28] Fig. 3 (left
panels) presents the transient PL collected under uniform conditions for
all three crystals, and their fitted parameters are summarized in
Table S1. The PL spectrum for three crystals correlate well with the
observed RGB emission, more specifically, they can be converted into
Comission Internationale de 1’Eclairage (CIE) coordinates (%, y); (0.22,
0.21), (0.25, 0.48), and (0.56, 0.31), respectively, as illustrated in Fig. 2
(right panel).

In our exploration of the excited-state dynamics across the single-
crystals, we employed femtosecond transient absorption spectroscopy.
A pump wavelength of 400 nm was used to excite the crystal and a probe
wavelength in the range of 450-780 nm was utilized to detect the
change of absorbance, maintaining identical pump fluence of ~130 pJ/
cm? across all experiments. Broadband excited state absorption (ESA)
features of all three crystals, which shows an exponential intensity decay
in the observation window, are depicted in Fig. 3. Notably, the 1D wire
ESA signal (Fig. 3b) exhibits a marked red-shift relative to the 3D rod
(full spectrum in Fig. S5). This shift corresponds with the Stokes shifted
peak evident in PL emission, suggesting 1D wire coronene’s access to the
STE band. However, the observed ESA signals lack the specificity for
distinct energy level assignments. In order to study the relaxation dy-
namics of the excited state, the decay curves and corresponding single-
and three-exponential function fitting results are plotted (Fig. 3-right
panels). The 1D wire’s ESA signal lifetime (t~8494 ps) stands out as
being approximately 4000 times longer than that of the 2D-plate (t~2.3
ps) and 6.5 times longer than that of 3D rod (t~1295 ps). The measured
time constant in the TA spectroscopy reflects the lifetime of the relevant
excited states in the three different crystals and shed light on the possible
recombination mechanism in the different crystals under the same
excitation condition. Extended lifetime indicates that each exciton’s
residence time in that state is significantly long and that will lead to the
enhancement of singlet-exciton population in the higher excited-state of
the 1D wire. The excitons in the higher excited-state must relax, usually
via non-radiative decay, to the meta-stable state, which in this case, STE
state. Stimulated emission resulting from the fact that more excitons are
available in the STE state than in the lower state where absorption of
photons would most likely occur. Conversely, the 2D plate’s ESA signal
shows a significant red-shift attributed to coronene dimerization with
very short lifetime, which indicates that exciton-exciton annihilation
may occur due to coronene dimerization.

The nature of the luminescence can be first classified into one of two
photophysical processes, fluorescence and phosphorescence, which
have been well established during the past 60 years. Singlet excitons are
generated with each absorbed photon in the excited states of organic
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Fig. 1. Static UV-vis absorption and PL spectra of three single-crystals of (a) 3D rod (b) 1D wire and (c) 2D plate obtained under ambient conditions. PL emission
spectra were obtained by single excitation wavelength, 405 nm. (A colour version of this figure can be viewed online.)

molecules, followed by the generation of triplet excitons via a non-
radiative intersystem crossing (ISC). The fluorescence emission is
observed during rapid decay of the singlet excitons, while phosphores-
cence results from the direct radiative decay of triplet excitons. The
fluorescence is most commonly produced in organic aromatic com-
pounds, as pure organic molecules do not have a mechanism to directly
harvest triplet excitons, which generally relax to the ground state via
non-radiative decay [29] Indeed, the RGB emissions observed in this
study are all predominantly categorized under fluorescence. While the
decay time of blue and red emission are less than 10 ns with the emission
energy slightly lower than the band-gap energy, the green emission from
1D wire exhibits slightly longer decay time of 46 ns with the emission
band-gap energy of 2.45 eV, which is much smaller than the band-gap.
In fact, the emission band-gap energy is located exactly halfway between
emission band-gap energy of singlet excited state (2.70 eV) and triplet
excited state (2.20 eV) of coronene [30] It is therefore clear that this
green emission is not a direct decay process from single/triplet excited
state, but rather a DF via meta-stable STE state. It has been thought that
the photophysical properties of an organic crystal is determined only by

the intermolecular interactions, so that the same molecules in the same
arrangement should produce identical optical properties. Surprisingly,
both 3D and 1D coronene crystal structures are identical (Figs. S6 and
S7), yet the absorption and emission bands differ significantly.

A previous study reported the observation of different fluorescence
profiles in a naturally-occurring organic crystal, karpatite, and
laboratory-grown crystalline coronene that are identical in composition.
In their study, the blue fluorescence observed in karpatite is due to STE
formed in their excited-state due to nano-texture in the structure of the
crystals, while the loss of nano-texture leads to larger potential barrier
preventing the access to the STE state in the laboratory-grown coronene
crystals, resulting in green emission [31] Another study reported the
simultaneous observation of FE and STE luminescence in coronene
crystallized in thin needles, with STE assigned to the green emission
band at 550 nm [32] Therein, coronene is classified as a 3D system with
strong exciton-phonon coupling, in which FE from STE are separated by
a self-trapping barrier. Theoretical calculations of the relaxed state en-
ergy of one- two- and three-dimensional organic crystals indicate that in
a 3D system with strong electron-phonon coupling, a double well
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the three crystals at the probe wavelength of 652 nm. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)
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potential is formed from a FE and STE states [33] In the case of coro-
nene, which adopts 3D herringbone structure, the STE state is located
energetically above the lowest singlet exciton state, and the presence of
the self-trapped barrier prevents the transition to the STE state [34] As
the self-trapping depends strongly on the dimensionality of the mate-
rials, crystallization of coronene into thin needle leads to lowering or
loss of the potential barrier, resulting in the easier formation of STE
states [35]

Our results offer fresh perspectives for explaining the observed
spectral features and are in partial agreement with previous research
that the dimensionality of the materials and the dimensionality of
structure are crucial for the formation and access of the STE state. These
two types of dimensionalities can be very well understood in, for
example, perovskite materials, where the materials dimensionality em-
phasizes the building blocks of the perovskites and the structure
dimensionality emphasizes the morphologies of the materials. Namely,
the perovskites can take 3D form with corner-sharing octahedra, 2D
form with octahedra connected in layered sheets, 1D form with octa-
hedra connected in chain, and 0D with isolated octahedra in their ma-
terials dimensionality. These perovskites can take 0D nanocrystal, 1D
nanowires, 2D nanoplatelets, and 3D bulk form in the structure
dimensionality [36] STE formation will take place in low-dimensional
perovskites, in materials dimensionality, due to both long- and
short-range exciton-phonon coupling enhancement [37] On the other
hand, the photophysical properties remain unchanged for changing the
structural dimensionality relative to the basic building blocks [38]

The three crystals discussed in this work adopts 3D herringbone
structure as in materials dimensionality, which have final crystal mor-
phologies of 3D rod, 2D plate, and 1D wire as in structure dimension-
ality. In the case of 3D rod and 2D plate crystals, more than 90 % of the
detected emission comes from FE luminescence, attributed to singlet
excitons relaxing from the lowest exciton state of the S(1) state with
decay time of approximately 8-9 ns. In 1D wire crystals, 72.0 % of the
observed emission comes from DF from STE below the S(1) state of
coronene with a decay time of 46 ns, while only 28.0 % comes from FE
luminescence from the S(1) state with a decay time of about 9.5 ns. In 1D
wire, unlike the other two crystals, significant portion of excitons un-
dergoes ESA from the S(1) state to the long-lived higher excited state,
which are expected to be located energetically higher than the self-
trapping barrier, resulting in the formation of STE state (Scheme 2). It
should be noted here that the observed DF from 3D rod and 1D wire

(a)

i

V-N

So
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crystal can be also assigned to emission from excited-state dimer (exci-
mer), which are formed when the molecule in the excited-state ap-
proaches the other molecule in ground-state, leading to the lowered
potential energy curve. The emission from such excimer state often
presents largely red-shifted, broad, weak and longer lifetime emission
compared to the emission from monomer [39], which can be observed as
a small hump at around 600 nm in their PL spectroscopy (Fig. S4). The
observed spectrum is the sum of a series of many energy transitions from
various vibrational levels of the ground state to various levels of the
excited state. The strength of each individual transition depends on the
population at the excited state. There may exist various factors,
including morphology and crystal structures, that can lead to large
changes in the absorption and emission properties. Further in-
vestigations are being carried out to obtain in-depth understandings of
the mechanisms for the emission properties.

In organic solid, the magnitude of the exciton-phonon coupling de-
pends on the distance between the nearest neighbor molecules [35] The
fact that the intermolecular distance in 3D rod and 1D wire are the same,
the formation of STE was induced independent of the magnitude of
electron-phonon coupling, whereas enhancement of ESA plays key role
in inducing exciton self-trapping. In general, ESA is undesired for effi-
cient output since it does not contribute to emission intensity, where
estimated PLQY is typically less than 1.0 % [10] Surprisingly, we found
that the integrated intensity of PL spectroscopy for 1D wire was 27 times
more than that of 3D rod. This suggests that, while most singlet excitons
in 3D rod undergo ISC process to generate triplet excitons and relax
non-radiatively, many singlet excitons in 1D wires undergo the ESA
process before the ISC process occurs. As a result, more singlet excitons
form STEs and relax back to ground state via the radiative path, resulting
in significant increase in PLQY of 15.3 %. In coronene, there are possi-
bility of enhancing further the STE formation by increasing the magni-
tude of exciton-phonon interaction. Organic hydrocarbon molecular
crystals, unlike inorganic materials, are very flexible in their crystal
packing and morphological shape, which makes them an excellent sys-
tem for studying the effects of morphological alterations and crystal
structure on luminescence tuning.

4. Conclusion

We synthesized coronene single-crystals: y-polymorph 3D rod and
1D wire, and p-polymorph 2D plate coronene dimer. When exposed to

Scheme 2. Schematic representation of the excited-state dynamic process for three single-crystals.
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UV light under ambient conditions, the 3D rod crystals exhibit blue
emission, 1D wire exhibit green emission and 2D plate exhibit red
emission, realizing RGB luminescence using single excitation wave-
length. The single-crystal to single-crystal transformation from 3D rod to
1D wire, which does not involve crystal structure transition, revealed
that changing crystal morphology can be key tuning parameter for
inducing red-shift in emission spectroscopy. We also identified the ESA
process in the 1D wire crystal as the key to accessing the STE state and
enhancing luminescence. The single-crystal to single-crystal trans-
formation from 1D wire to 2D plate, which involves coronene dimer-
ization and crystal structure transition, resulted in significantly large
red-shift to red emission due to enhancement of intermolecular in-
teractions. The discovery of a single-component purely organic molecule
that can tune the luminescence color by changing morphological
dimensionality in a single step might be important for applications in
variety of optoelectronic devices. Our findings obtain a new and deeper
understanding of the photophysical process in organic crystals by
combining static and transient spectroscopic techniques. The discovery
and elucidation of crystal dimensionality-dependent luminescence tun-
ing in organic crystals shown in this study can be extended to other
systems, potentially paving the way for the development of the next
generation optoelectronic materials.

[CCDC 2141267 and 2141417 contains the supplementary crystal-
lographic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif.]
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