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ABSTRACT: Organic single-crystalline micro/nanostructures can effectively generate and carry photons due to their smooth
morphologies, high photoluminescence quantum efficiency, and minimized defects density and therefore are potentially ideal
building blocks for the optical circuits in the next generation of miniaturized optoelectronics. However, the tailor-made organic
molecules can be generally obtained by organic synthesis, ensuring that the organic molecules aggregate in a specific form and
generate micro/nanostructures with desirable morphology and therefore act as the efficient laser optical resonator remains a great
challenge. Here, the molecular modulation of the morphology on the laser optical resonator properties has been investigated
through the preparation of the elongated hexagonal microplates (PHMs) and the rectangular microplates (ORMs), respectively,
from two model isomeric organic molecules of 1,4-bis(4-methylstyryl)benzene (p-MSB) and 1,4-bis(2-methylstyryl)benzene (o-
MSB). Significantly, fluorescence resonance phenomenon was only observed in the individual ORM other than the PHM. It
indicates that the rectangular resonators possess better light-confinement property over the elongated hexagonal resonators.
More importantly, optically pumped lasing action was observed in the 0-MSB rectangular morphology microplates resonator with
a high Q & 1500 above a threshold of ~540 nJ/cm”. The excellent optical properties of these microstructures are associated with
the morphology, which can be precisely modulated by the organic molecular structure. These self-assembled organic microplates
with different morphologies can contribute to the distinct functionality of photonics elements in the integrated optical circuits at

micro/nanoscale.

B INTRODUCTION

The morphology of the semiconductor micro/nanostructures
precisely lies at the heart of the physical and the chemical
properties of the functional micro/nanomaterials.'~> For
instance, M. A. El-Sayed and co-workers demonstrated that
Pt nanoparticles of different morphologies have different facets,
which further led to the different catalytic activities for the same
chemical reaction.’ More significantly, the Ag nanocrystals with
controlled morphologies have contributed to a distinguished
discovery of morphology-dependent and size-dependent
plasmon resonance.”® As is indicated, the performance of
these optoelectronic devices is attributed with the morphology
of these micro/nanoscale fabricated structures. As compared
with the inorganic/metal counterparts, small organic molecules
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are attractive photonic and electronic materials because of their
tailor-made molecular structure, tunable optical properties, and
compatibility with plastic substrates."” Especially the organic
single-crystalline micro/nanostructures can effectively carry
photons and electrons due to their perfect molecular
arrangements, minimized defects, and eliminated grain
boundaries in crystals'' and therefore are potentially ideal
building blocks for the miniaturized optoelectronics devi-
ces.!> 716 Accordingly, highly ordered molecule packing mode is
formed within the organic single-crystalline micro/nanocrystals,
resulting in anisotropic charge transport in field effect
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transistors.'” What’s more, the single-crystalline organic micro/
nanostructures with regular morphology have been demon-
strated for the active media and the optical resonators
simultaneously for the laser applications."®™>° However, the
controlled synthesis of organic micro/nanostructures with
desirable morphologies has not been fully realized.”"

As we all know, organic single-crystalline structures
fabricated from organic molecules are based on the
intermolecular interaction, such as van der Waals’ force, ca. 5
kJ/mol. It is totally different from the strong bonding
interaction, such as ionic bonding, ca. 200 kJ/mol, within the
inorganic crystals. Thus, the outer environment including the
kinds of solvents, temperature, solution concentration, and
surfactants can easily affect the nucleation of organic micro/
nanocrystals. For the single organic molecule, these influencing
factors are so numerous and sophisticated that the aim of
organic micro/nanostructures with controlled morphology is
not easy to reach.””*® It is noted that the flexibility in the
organic molecule synthesis and modification make them useful
for the construction of various micro/nanostructures. More-
over, the morphology—property relationship of organic micro/
nanostructures has not been explored.”

Here, we take the ‘molecular modulation’ approach to obtain
the various morphologies of organic micro/nanostructures for
the efficient laser optical microresonators. The organic
molecules used in our study are the p-distyrylbenzene (DSB)
derivatives 1,4-bis(2-methylstyryl)benzene (0-MSB) and 1,4-
bis(4-methylstyryl)benzene (p-MSB), which have been dem-
onstrated for the excellent amplified spontaneous emission
(ASE) characteristics.”> The p-MSB elongated hexagonal
microplates (PHMs) and o-MSB rectangular microplates
(ORMs) from these two model 7-conjugated isomeric organic
molecules have been fabricated by a facile bottom-up
method.**>? Importantly, fluorescence resonance phenomen-
on was observed in the individual ORM other than PHM. It
indicates that the as-prepared o-MSB microplates with
rectangular morphology possess better light-confinement
property and higher quality (Q) factors over the p-MSB
microplates with elongated hexagonal morphology. Further-
more, optically pumped lasing action was only observed in the
0-MSB rectangular microplate resonator with a high-quality
factor (Q =~ 1500) above a threshold of ~540 nJ/cm® More
significantly, by decreasing the size of 0-MSB microplates,
single-mode lasing was successfully achieved in the ORMs with
small size (i.e., edge lengths I, = 2.0 ym, and [, = 1.8 um).
These self-assembled organic single-crystalline microplates with
various morphologies are realized by molecular modulation,
which open up the distinct functionality of organic photonics in
the integrated optical circuits.

B EXPERIMENTAL SECTION

Materials. The compounds of 1,4-bis(2-methylstyryl)benzene (o-
MSB) and 1,4-bis(4-methylstyryl)benzene (p-MSB) were purchased
from Sigma-Aldrich and were used without further treatment. The
solvent of carbondisulfide (CS,, HPLC grade) was purchased from
Beijing Chemical Agent Ltd., China, and was used without further
treatment.

Preparation of Organic Microplates. In a typical synthesis, 2 mg
of p-MSB (0-MSB) was completely dissolved in 10 mL of CS, at room
temperature, and then the solution was dropped onto the quartz
substrate. Finally the solvents evaporated, and the microstructures
were obtained in a large scale.

Structure Characterization. TEM measurement was performed
at room temperature at an accelerating voltage of 100 kV.

Fluorescence images were recorded using an Olympus research
inverted system microscope (FV1000-IX81, Tokyo, Japan) equipped
with a charge couple device (CCD, Olympus DP71, Tokyo, Japan)
camera. The excitation source is a mercury lamp equipped with a
band-pass filter (330—380 nm for UV-light). The samples were
prepared by placing a drop of solution onto a cleaned quartz plate.

Micro-PL (u-PL) Setup. The single-particle spectroscopy was
performed by using a homemade optical microscope equipped with a
S0 X 0.9 NA objective (Supporting Information, Figure S4). The
second harmonic (4 = 400 nm, pulse width 150 fs) of a 1 kHz
Ti:sapphire regenerative amplifier was amplified to a 50 ym diameter
spot to uniformly excite the selected isolated microcrystal on a 2D
movable table. The spatially resolved PL spectra from single
microplate were collected underneath using a 3D-movable 100 X 0.9
NA objective with a spatial resolution <1 gm. A 420 nm long-wave
pass dielectric filter was used to block any scattered excitation light.
Finally the collected PL was coupled to an optical fiber with diameter
25/125 pm (core/cladding) and detected using a liquid-nitrogen-
cooled CCD (SPEC-10-400B/LbN, Roper Scientific) attached to a
polychromator (Spectropro-550i, Acton). This setup allows us to
characterize single microplate and avoid the influence of other plates in
the excitation area.

B RESULTS AND DISCUSSION

Figure 1A shows the chemical structure of these two model
isomeric 7-conjugated small organic molecules 1,4-bis(4-

Figure 1. (A) Two model isomeric z-conjugated organic molecules p-
MSB and 0-MSB derivatives of DSB. (B) The simulated growth
morphology of p-MSB molecules based on the attachment energies.
(C) The simulated growth morphology of 0-MSB molecules based on
the attachment energies. (D) The bright optical image of the PHMs in
a large scale. (E) The bright optical images of the as-prepared ORMs
in a large scale. The scale bars are both 10 ym.

methylstyryl)benzene (p-MSB) and 1,4-bis(2-methylstyryl)-
benzene (0-MSB), which are the simplified derivatives of p-
distyrylbenzene (DSB). To know the molecular modulation of
the crystal morphology based on the organic molecules, we first
simulated the growth morphology of p-MSB and o-MSB
crystals based on the attachment energies using the Materials
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Studio package.’® From the calculated results, the growth
morphology of p-MSB molecules is predicted as the elongated
hexagonal plate-like structure (Figure 1B). In contrast with p-
MSB, 0-MSB molecules are prone to form the rectangular plate-
like structure, as shown in Figure 1C.

In experiment, microstructures of p-MSB and o-MSB were
prepared by a facile solution-drying method at room temper-
ature.”® Significantly, consistent with the above predicted
growth morphology of p-MSB crystal, the as-prepared PHMs
are revealed in Figure 1D. The flatness of the facets and the
elongated hexagonal shape of PHMs are clearly shown in the
atomic force microscopy (AFM) image (Figure 2A). Combined
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4

Figure 2. (A) AFM image of one PHM and height profile (bottom
inset) along the red line in the image. (B) TEM image of one sample
PHM. Scale bar is 1 ym. (C) The corresponding SAED pattern of this
PHM in (B). (D) AFM image of one ORM and height profile (bottom
inset) along the red line in the image. (E) TEM image of one sample
ORM. Scale bar is S00 nm. (F) The corresponding SAED pattern of
this ORM in (E).

with the height profile along the red line in the AFM image
(the bottom inset of Figure 2A), it is confirmed that the PHMs
have the height (1) of ~400 nm. Furthermore, the TEM image
(Figure 2B) and the selected area electron diffraction (SAED,
Figure 2C) results proclaim that the elongated hexagonal
single-crystalline microplate growing along the [020] crystal
direction is superior to growing along the [200] crystal
direction. The coincident X-ray diffraction (XRD) pattern of
the microcrystals shown in the bottom panel of Figure S1
(Supporting Information) reveals that all the reflections can be
attributed to the (002)s crystal planes.

As compared with p-MSB, the 0-MSB molecules are
aggregated into the rectangular microplates as shown in Figure
1E. The TEM image (Figure 2E) and the corresponding SAED
(Figure 2F) results demonstrate that the two prominent growth
directions of the ORMs are [100] and [010] crystal directions.
This agrees with the XRD measurements (Supporting
Information, Figure S1), in which all reflections can be
attributed to the (001)s crystal planes. Figure 2D shows the
AFM image and the height file of one typical ORM, which
shows regular shape with thickness of ~350 nm. In the
comparison between these two molecule structures of 0-MSB
and p-MSB, we can find that their difference is only the position
of the methyl substituent on the molecular backbone of DSB.
According to the above-predicted growth morphology of p-
MSB molecules, the calculated attachment E,,, (hkl) of various
crystal faces (hkl) follows the order: E,(002)s > E,(122)s >
E,.(111)s (Supporting Information, Table S2). Correspond-
ingly, the (002) and (00-2) planes has the largest exposed facet

area percentage (~72.38%). It is consistent with the observed
flat top/bottom facets, which are bounded by (002) crystal
planes in experiment (Supporting Information, Figure S1). This
agreement is also established for the ORM (Supporting
Information, Figure S1 and Table S2). Thus, the simulated
and experimental results both presented that the position of
methyl can modulate the morphology of organic microcrystals.
What’s more, from our previous research, it has been
demonstrated that the DSB molecules themselves can aggregate
into the equilateral hexagonal microplates.'® As is indicated,
these organic molecules with slight difference can effectively
contribute to the distinctive morphologies of these micro-
structures. In a short conclusion, these above-discussed results
illustrate that the molecular structure of these z-conjugated
organic compounds can remarkably modulate the morphology
of the self-assembled organic single-crystalline microstructures.

Interestingly, Figure 3A shows the microscopy fluorescence
image of these as-prepared PHMs, which exhibited intense pale

Figure 3. (A) Fluorescence microscopy image of the as-prepared
PHMs excited with UV band (330—380 nm) from a mercury lamp.
Scale bar is 10 pum. (B) Fluorescence microscopy image of the as-
prepared ORMs excited with UV band from a mercury lamp. Scale bar
is S pm.

blue emission with the optical wave guiding characteristic under
the excitation of UV band (330—380 nm) from a mercury
lamp. From the observation of Figure 3B, the bright pale blue
edges and blackbody of the as-prepared ORMs are also
observed. Furthermore, the fluorescent polarization studies
(polarization-dependent PL, Supporting Information, Figures
SS and S6) of these two microplates both show that the PL
intensity oscillates with a period of 180°.>"** This oscillatory
manner should be a direct consequence of the diverse
molecular transition dipole moment orientations within these
two kinds of organic microplates. It should be noted that the
single-crystalline organic microcrystals with regular shapes can
serve as the active medium of emission and the optical
microresonator feedback simultaneously.'®"?
Room-temperature lasing action was achieved in the
individual o-MSB rectangular microplate; meanwhile only
spontaneous fluorescence emission was observed in the single
elongated hexagonal p-MSB microplate. The dependence of PL
spectra on the pump density (obtained from one sample PHM
shown in the inset) is indicated in Figure 4A. We can only
observe that the PL intensity increases as the pump density
enhancing from 300 to 1150 n_]/cmz. Moreover, the lasing
action was detected neither at 0-1 nor 0-2 peaks until the
morphology of the PHM suffered damages under the increasing
optical excitation. Consistent with it, the change of integrated
intensities at 0-1 peak as a function of excitation intensity is
exhibited in Figure 4C where the intensity dependence is fitted
to a power law «x” with p = 0.51 + 0.03, demonstrating a
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Figure 4. (A) PL spectra obtained from one typical elongated
hexagonal p-MSB microplate excited at different energies (300, 454,
650, 740, 965, and 1150 n_]/cmz) at room temperature. Inset: the
fluorescence microscopy image of this PHM. Scale bar is 2 ym. (B) PL
spectra obtained from o-MSB rectangular microplate excited at
different energies (250, 420, 590, and 850 nJ/cm?) at room
temperature. Left inset: the fluorescence microscopy image of this
ORM. Scale bar is S um. Right inset: the A1 (0.3 nm) is the line-width
of the peak around 448 nm. Q = A/AA = 440 nm/0.3 nm = 1500. (C)
PL integrated area of the 0-1 peak (around 460 nm) as a function of
the pump densities for p-MSB microplate. (D) PL integrated area of
the 0-1 peak (around 450 nm) as a function of the pump densities for
0-MSB microplate. The lasing threshold is identified as the intersection
between the sublinear and the superlinear regions.

remains in the sublinear regime (exciton—exciton annihila-
tion).>® In sharp contrast, the laser emission obtained from one
ORM is shown in Figure 4B. At lower pump density of 250 nJ/
cm?, the PL spectrum consists with a broad spontaneous
emission (the black curve). With the pump density increasing
from 420 to 850 nJ/cm’ the lasing action becomes more and
more obvious. We can distinctly see a set of sharp peaks
developing on the top of the 0-1 transition which reveals the
strong laser emission. This coincides with Figure 4D where the
threshold can be clearly observed at 540 nJ/ cm?.

Below the lasing threshold, the integrated intensity depends
sublinearly on the excitation density with p = 0.53 + 0.02,
which can be attributed to the bimolecular quenching
(exciton—exciton annihilation). Nevertheless, a superlinear
region is found above the lasing threshold with p = 2.62 +
0.0S. To further verify this lasing action within the ORM, we
investigated the PL lifetimes with a streak camera (Supporting
Information, Figure S7). The individual ORM PL follows single
exponential decay with 7 = 2.81 + 0.03 ns at a very low
excitation density of 0.12E;. Upon increasing the pump
intensity to 0.35Eg, bi-exponential PL decay takes place with
the short component ascribed to the presence of bimolecular
quenching. Above the threshold, for example, at 1.83Ey,, the PL
decay time always collapses to <10 ps and is limited by the
resolution of our apparatus. This short PL lifetime above the
threshold suggests the process of lasing action occurs in the
ORM. The right inset of Figure 4B presents the zoomed
spectrum around 448 nm, which clearly shows the A1 (a full
width at half-maximum) is as small as 0.3 nm. The Q factor is

an important parameter to describe a laser cavity. From the
experiment, the Q factor is estimated to be as high as ~1500
according to the definition Q = A/AA4, where A is the peak
wavelength and A4/ is the line-width of the peak, respectively.
This indicates that the high-Q resonant mode is formed within
the 0-MSB rectangular single-crystalline resonators.

In comparison of these two organic single-crystalline
microplates with different morphologies, the ORMs success-
fully act as the active laser media and the optical resonator
feedback for the lasing oscillator. However, only spontaneous
fluorescence emission was observed, and no lasing oscillator
was formed within the PHMs. As we all know, three key factors
for the laser operation are the active media, the efficient optical
resonator, and the source of excitation, respectively. Among
them, the source of optical excitation is the same in this study.
The photophysical properties of these two active media are
shown in Table 1. From the table, it is shown that the p-MSB

Table 1. Photophysical Properties of p-MSB and 0-MSB
Microcrystals

aysal (%) () k(s Epge (4 cm™)
p-MSB 89 +1 251 £ 02 0.36 + 0.1 25+ S
0-MSB 90 + 1 2.84 + 0.2 0.32 + 0.1 14 +2

“The radiative decay rate calculated according to kp = ®@/z. YASE
characteristics of the single crystals.

and 0-MSB both have been demonstrated for the ASE, which
indicates that these two organic materials both can serve as the
active laser media.”® Thus, the prominent difference between
these two kinds of organic single-crystalline microplates is their
morphology of the optical resonator: the elongated hexagonal
shape and the rectangular shape.

To make a laser, however, it is not enough with the laser
active materials. The lasers must have a positive resonator
feedback with high Q factors allowing for the generation of
light. The photons go back and forth within the resonator, each
time provoking appearance of the new photons in the same
quantum state. From these results, we conjecture that the
morphology of these microstructures can be the reason for the
above-observed laser action in the ORM with rectangular
morphology other than PHM with elongated hexagonal
morphology.'®** Therefore, the morphology of these as-
prepared microstructures plays a vital role in the resonator
properties of these fabricated laser devices. Moreover, the
molecular structure can easily modulate the morphology of
these self-assembled single-crystalline micro/nanostructures.

In order to clarify the resonator phenomena of these organic
single-crystalline microplates, spatially resolved spectra were
collected. Figure SA presents the spectrum (gray line) from the
body of the ORM, and a typical PL spectrum (blue line)
obtained from the edge emission of one sample ORM. More
impressively, periodic intensity variations were observed in
edge emission spectrum of the individual rectangular micro-
plate. Such variations were never apparent in body spectrum,
suggesting that they were due to the optical resonator
resonances. Furthermore, the j1-PL of microplates with different
sizes are shown in Figure S8 (Supporting Information). We can
find that microplates with larger size have more resonance
peaks on the PL spectra. This fluorescence resonance
phenomenon should be ascribed to some appropriate cavity
feedback, such as a FP-mode cavity and WGM cavity.
Significantly, our self-assembled rectangular microplates can
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Figure S. (A) u-PL spectra of one single ORM. Top inset: the PL
microscopy image of the sample ORM, the yellow square rectangular
line denotes the edge region, and the red circle dashed line denotes the
body region. Scale bar is S ym. Emission spectra collected from the
edge region (blue line) and body region (gray line) of this isolated o-
MSB rectangular microplate. Right inset: the magnification of
spectrum around 450 nm. (B) The mode spacing A4, at 450 nm
(0-1) and 1/L of the resonator, showing clearly a linear relationship.
Inset: schematic picture of the light-path of the 4-WGM in the
rectangular resonator. (C) Simulated 2D normalized electric field
(surface: electric field norm (V/m), 4 = 450 nm, n = 1.80) of the o-
MSB rectangular resonator. (D) Simulated 2D normalized electric
field (surface: electric field norm (V/m), 4 = 450 nm, n = 1.80) of the
p-MSB elongated hexagonal resonator.

simultaneously act as the active medium of laser emission and
the optical resonator feedback. To form a stable oscillator in the
resonator and make light waves strengthened due to
interference, the phase change for the light going a round
trip in the resonator should be an integer of 27, ie., the
resonance condition:

nL = mA (1)

where n, L are the phase refractive index of the crystal and
round-trip distance, respectively, and m is the order of the
mode (an integer). Restricted by the condition, only certain
frequencies of light are ultimately chosen and enhanced by the
optical resonator. Thus, a set of sharp peaks with certain
frequencies was observed in the PL spectra of ORNSs. For the
FP-mode cavity, it can be formed either by the top and bottom
rectangular facets (Supporting Information, Figure S9A) or by
two opposing edge facets of ORM (Figure S9B).>>*

This ORM resonator can also support 4-WGM (the left inset
of Figure SB), where the light is totally reflected by the four
lateral sides of the rectangular microplate.'® The zoomed
spectrum (from 446 to 454 nm) shows the distance between
two adjacent peaks around 450 nm is 1.6 nm (the right inset of
Figure SA), which is as the definition of mode spacing A4,
Further A4, can be expressed as eq 2:

2
Ay =—
™ Lln = A(dn/dA)] (2)

where 1 is the phase refractive index of the crystal (n = 1.8), L
is the round-trip distance of a cavity mode, dn/dA is the

dispersion relation. The round-trip distance L within the 4-
WGM resonators could be defined as the following expression:

L=2J}+1; 3)

where [} and [, are the edge lengths of the rectangular
microplates. Figure 5B presents a plot of the mode spacing A4,
at 4 of ~450 nm versus 1/L within the 4-WGM cavity,
demonstrating clearly a linear relationship. This linear relation-
ship is consistent with that the light travels in the form of 4-
WGM rather than other forms in the rectangular resonator.”’
To further know the mechanism of the cavity mode within the
ORM, the electromagnetic field distribution of the rectangular
resonator was simulated, as shown in Figure SC. The calculated
result presents that the 0-MSB rectangular resonator provides
excellent confinement for the electromagnetic field. Further-
more, we calculated the quality (Q) factors corresponding to
this ORM resonator. Figure SD shows that there exist several
high-Q modes (~20000) in the ORM. These high-Q modes
can explain the above-observed WGM laser in the ORM:s.

As mentioned above, the ORMs with rectangular morphol-
ogy can provide multimode lasing. As compared with
multimode lasing, single-mode lasing has its inherent merits
as excellent monochrome properties of laser beam, fine optical
coherence, and good stability of laser oscillation due to the
absent of mode competition. In principle, the gain of lasing
action is determined by the spatial spectra and the spectral
overlap between the resonance and the gain material.*® It also
means that smaller resonator provides less resonance states. In
experiment, Figure 6A presents the three lasing spectra

A
_ ﬂ lL& . 7.7 um_6.9 pm
3
s ]
= A " A 4.2 um_3.5 pm
2
QL
£
A 2.0 um_1.8 um
440 450 460 470

Wavelength (nm)

L)
0
]
0
7,

.
)
o
©
—
-
o
-,
.

“EE9000000

Q=972

Figure 6. (A) Laser spectra of three rectangular microplates with
different sizes (I, = 7.7 ym, I, = 6.9 um; I, = 4.2 um, |, = 3.5 ym; and [
=2.0 um, I, = 1.8 um). (B—D) Simulated 2D normalized electric field
(4 = 450 nm, n = 1.80) in the plane of these three corresponding
microplates resonators. The ORMs with different sizes can all provide
the efficient WGM optical resonators for lasing oscillator. Red
corresponds to the highest field density, and blue is the lowest field
density.

sequentially from top to bottom, from three sample ORMs
with sizes varying from I} = 7.7 ym, I, = 6.9 ym; to I, = 4.2 ym,
I, = 3.5 um; and to [; = 2.0 ym, I, = 1.8 um. It should be noted
here that the lasing spectra are collected from the whole
microplate. Under high optical excitation density above the
lasing threshold, such as 3.5Ey, the lasing mode (or stimulated
emission) completely dominates the PL spectrum, while the
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spontaneous emission remains at low intensity. Thus, as seen
from Figure 6A, only lasing resonance peaks are observed in the
PL spectra. As in the ORM with small size (I, = 2.0 um, [, = 1.8
um), single-mode lasing was successfully achieved at room
temperature. It is that the single-crystalline nature of these
microplates contributes to the high density of optical gain,
which can account for the observed laser action within ORM
with such small size. Figure 6B—D demonstrates the simulated
electromagnetic distribution of these three corresponding
ORMs resonators. The simulation results indicate that the
ORMs with different sizes can all act as the efficient WGM
optical resonators for lasing oscillator.

In practice, these as-prepared ORMs are not absolutely
uniform. As indicated in Figure S9 (Supporting Information),
the quality factors Q of these rectangular geometries (square
resonators or rectangular resonators) are all larger than 1500,
which promises the efficient optical resonator for the laser
operation. Among these geometries, the square ORM resonator
has the largest Q of ~6700. Moreover, the simulated electric
field distribution of square optical resonator (such as edge
lengths I, = 4 um, and I, = 4 um) shows the excellent light
confinement. Meanwhile, the rectangular microplates (such as
I; =S um, and I, = 3 um) can still confine the electric field in
the rectangular optical resonator. Thus, the 0o-MSB rectangular
microplates (ORMs) can all provide the efficient optical
resonator for laser operation.

In a sharp contrast, a 4-PL spectrum (red line) of the edge
emission of the individual PHM shows no resonance
phenomenon as the PL spectrum (green line) of the body
has (Figure 7A). It illustrates that the PHM cannot act as an
efficient optical resonator. To further know the light-confine-
ment properties in individual PHM, we simulated the
electromagnetic field distribution of the hexagonal resonators
with different morphologies (Figure 7B). The right top inset of
Figure 7B shows that d, and d, are the long edge and the short
edge of the elongated hexagonal microplates, respectively. The
d,/d, is defined as the ratio #, and the sum of d; and d, is
defined as a constant value of 10 ym. The calculated Q of the
optical resonator versus the ratio 7 is plotted in Figure 7B. As
we can see, the Q factor decreases dramatically with the
increasing value of 1. When n = 1, the resonator is the
equilateral hexagonal resonator. This regular hexagonal
resonator indeed provides the excellent light confinement
with the high-Q mode of ~2500, as indicated by the electric
field distribution (left top inset of Figure 7B). This simulated
high-Q mode is also consistent with our previous observation of
WGM microlaser within the DSB equilateral hexagonal
microdisks."® Again the resonator with high-Q has been
demonstrated for the operation of lasing oscillator.

In the case of PHMs with elongated hexagonal morphology
(n = 3, red circle), the bottom inset of Figure 7B demonstrates
that the electromagnetic field distribution both exists within the
hexagonal resonator and in the surroundings, which means
poor light confinement in this PHM resonator with low-Q
modes (Q = 100) by simulation. As is known to us, higher Q
indicates a lower rate of energy loss relative to the stored
energy of the resonator and the oscillations die out more
slowly.®® Tt also means that high-Q resonator provides the
effective platform for the laser action. Thus, the elongated
hexagonal morphology accounts for the low-Q modes and the
absence of laser action in the individual PHMs. As compared
with PHMs, the ORMs with rectangular morphology inherently
have the high-Q modes, which hold the promise for the laser
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Figure 7. (A) u-PL spectra of one typical PHM. Right inset: red
rectangular dashed line denotes the edge region, and the yellow square
dashed line denotes the body region. Scale bar is 5 um. PL spectra
collected from the edge (red line) and body (green line) of an isolated
PHM. (B) Quality factors Q dependence of the shape of the elongated
hexagonal microplate. Right top inset: d| and d, are the long edge and
the short edge of the elongated hexagonal microplate, respectively.
The ratio 7 is defined as d,/d,, and the sum of d, and d, equals a
constant value of 10 ym. Left top inset: simulated 2D normalized
electric field (surface: electric field norm (V/m), 4 = 460 nm, n = 1.80)
of the normal hexagonal resonator corresponding to the # = 1
(denoted by the green circle). Bottom inset: simulated 2D normalized
electric field (surface: electric field norm (V/m), 4 = 460 nm, n = 1.80)
of elongated p-MSB hexagonal resonator corresponding to the 7 = 3
(denoted by the red circle) in the case of PHMs. Red corresponds to
the highest field density, and blue is the lowest field density.

action. In a short conclusion, the light-confinement property
(Q) can be attributed with the morphology of these self-
assembled single-crystalline organic microstructures. More
importantly, the morphology of these microstructures can be
precisely modulated by the organic molecular structure.

B CONCLUSION

In summary, the molecular modulation of the morphology on
the organic optical microresonator properties has been
investigated through the preparation of elongated hexagonal
microplates and rectangular microplates from two model
isomeric molecules of 1,4-bis(4-methylstyryl)benzene (p-
MSB) and 1,4-bis(2-methylstyryl)benzene (0-MSB), respec-
tively. Impressively, fluorescence resonance phenomenon was
observed in the individual 0-MSB rectangular microplate
(ORM) rather than the p-MSB elongated hexagonal microplate
(PHM). It indicates that the ORMs with rectangular
morphology possess better light-confinement property and
higher quality (Q) factors over the PHMs with elongated
hexagonal morphology. More significantly, optically pumped
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lasing action was only observed in the ORM with a high quality
factor Q of ~1500 above a lasing threshold of ~540 nJ/cm? By
decreasing the size of ORMs, single-mode lasing was
successfully achieved in the ORMs with small size (ie., edge
lengths I} = 2.0 ym, and I, = 1.8 pm). Thus, the molecule—
morphology—property relationship was successfully established
for these self-assembled organic single-crystalline microplates.
These self-assembled organic microplates with different
morphologies are natural light sources with distinctive
properties, which could be integrated on the optics chip at
micro/nanoscale.

B ASSOCIATED CONTENT
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