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Precise synthesis of multilevel branched organic microwires for optical
signal processing in the near infrared region
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ABSTRACT Complicated multilevel micro/nanostructures
have attracted great attention as essential basic components of
integrated optoelectronic devices. However, precise synthesis
of these well-designed micro/nanostructures is still a major
challenge. In this report, a series of near-infrared emissive
multilevel branched organic microwires with different in-
tegrated levels are successfully fabricated for the first time by a
facile self-assembly approach based on our well designed and
synthesized (2E,2′E)-1,1′-(1,5-dihydroxynaphthalene-2,6-
diyl)bis(3-(4-(dimethylamino)phenyl)prop-2-en-1-one)
(DHNBP). The growth mechanism is attributed to lattice
matching between (100) and (010) crystal planes, with an in-
terplanar spacing mismatch rate as low as 5.3%. Benefiting
from the uniaxial oriented molecular packing mode of the
crystal, the well-prepared microwires have outstanding optical
properties. More significantly, the branched structures can
work as optical logic gates and optical signal processors.
Therefore, this synthesis method for multilevel branched mi-
crowires will potentially facilitate the development of organic
integrated optoelectronics.

Keywords: organic homostructure, solution self-assembly, lattice
matching, asymmetric optical waveguide, integrated photonics

INTRODUCTION
Integrated electronic chips with electrons as information carriers
are approaching their inherent limit caused by interconnect
delays and heat generation [1]. In comparison, photons have
intrinsically higher information-carrying capacity and produce a
low heat load [2]. Therefore, photonic chips based on integrated
optical circuits with photons as information carriers are
attracting more attention and are considered to be ideal sub-
stitutes for their electronic counterparts [3–5]. To achieve this
end, a toolbox of micro or nano scale optical components based
on micro/nanowires have been developed, such as light emitting
diodes [6,7], lasers [8,9], optical waveguides [10], field effect
transistors (FETs) [11,12], and all-optical switches [13,14].
Nevertheless, the fabrication of integrated multilevel micro-
structures with advantages over individual micro/nanowires in
optical circuits remains a major challenge. Moreover, most of
the reported multilevel micro/nanowires have been fabricated
based on inorganic semiconductor materials through litho-

graphy [15,16] and micromanipulation [17,18]. These are
complicated techniques that could cause poor stability and
severe optical loss because of simple physical interaction at the
junction position with a nonnegligible lattice mismatch.
Compared with their inorganic counterparts, organic semi-

conductor materials are more attractive for photonic applica-
tions due to their large optical cross-sections, tailorability of
molecular structures, broad spectral tunability, and solution-
based processing ability [19]. Besides, organic materials can
easily self-assemble into micro/nanocrystals based on weak
intermolecular interactions, such as the van der Waals interac-
tion, π-π interaction, and hydrogen/halogen bonds, with nearly
negligible lattice mismatch that enables the realization of organic
FETs [20–22], organic optical waveguides [23,24], and organic
solid-state lasers [25–28]. In recent decades, organic micro-
hetero/homostructures, like multiblock structures [29], core-
shell structures [30–32], branched structures [33–35], and
multilevel structures [36,37], have been developed by our group
and others via the self-assembly method. Among these struc-
tures, branched micro/nanowires have drawn much attention
because branching can naturally achieve parallel connectivity
and interconnection, which are essential to functional logic gates
for data computing [38]. For example, Zhao and coworkers [39–
41] developed a series of branched microwires that included
dendritic heterostructures, organic/metal hybrid branched het-
erostructures, and H-type organic microwires that could be used
for optical signal manipulation. Later, Fu and coworkers [42]
also reported H-type organic branched microwires with two
components, which demonstrated the functions of a multi-
channel signal converter and laser-power meter system. Bran-
ched organic homostructures can also work as optical logic gates
and wavelength division multiplexing systems because of the
asymmetrical waveguide property at the junction position
[43,44]. However, most reported branched structures are pri-
mary branched structures in which one or more micro/nano-
wires grow in the side direction from a backbone. Higher
integrated branched structures, such as secondary or multilevel
branched structures (Fig. 1a), in which one or more micro/
nanowires grow in the side direction from a branch, can provide
more complex optical logic operation possibilities. However, the
fabrication of this kind of structure is still a challenge.
Nowadays, near-infrared (NIR) emissive organic materials are

receiving more attention for their potential applications in tel-
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ecommunications [45,46], bioimaging [47,48], night-vision tar-
get identification [49], information security displays [50], and
sensors [51]. In integrated optical devices, long wavelength
emission can help decrease the optical loss caused by Rayleigh
scattering in an optical waveguide [46]. However, organic
molecules with NIR emission are highly limited, let alone NIR-
branched microwires. Herein, for the first time, we have suc-
cessfully synthesized NIR emissive multilevel branched micro-
wires made of (2E,2′E)-1,1′-(1,5-dihydroxynaphthalene-2,6-
diyl)bis(3-(4-(dimethylamino)phenyl)prop-2-en-1-one)
(DHNBP) using a facile solution-evaporation method. DHNBP
forms individual microwires at good-solvent-dominated condi-
tions, while it forms branched structures at poor-solvent-
dominated conditions. Sequentially, the growth mechanism of
the branched structures was investigated, and it was determined
that lattice matching plays an important role in the formation of
branch structures and that supersaturation affects the final
branch morphologies. We demonstrated that DHNBP molecules
are packed in a uniaxially oriented mode in the crystalline state,
which endows the microwires with outstanding optical proper-
ties, such as excellent optical waveguide performance, resonator
effect, and high polarized emission. The branched microwires
also showed interesting optical waveguide properties, which

suggest that they can function as photonic components. The
primary branched structures showed different cavity effects at
the trunk and branch regions: acting as an asymmetric optical
waveguide at the truncation position and exhibiting a polarized-
light propagation property. Significantly, the secondary bran-
ched microwires integrate two branched structures together at
different levels. The function of the secondary branched
microwires as a combined signal processor is also exhibited in
this study. Overall, our study provides new multilevel branched
organic microwires with different aggregation levels that can
potentially be used as photonic components in integrated optical
circuits.

EXPERIMENTAL SECTION

General information
All reagents and solvents were used as received and without
further purification, except for tetrahydrofuran (THF). THF was
dried by distillation from sodium/benzophenone under nitro-
gen. 1H nuclear magnetic resonance (NMR) and 13C NMR
spectra were measured on a Bruker 400-MHz spectrometer at
298K with chemical shifts (δ, ppm) relative to tetramethylsilane
(Me4Si). High-resolution mass spectra were measured on a

Figure 1 (a) Schematic of the integration process of multilevel microwires via epitaxial growth. (b) Molecular structures and packing structures of DHMAC
and DHNBP crystals. (c) Bright-field microscopy image and photoluminescence (PL) microscopy images of an individual microwire excited with a focused
laser beam (λ = 375 nm) at different positions. (d) Corresponding PL spectra at positions 1–5. Inset: related curve of the ratio between the PL intensity at
740 nm at the tip and excitation position (Itip/Ibody) versus the distance between the tip and the excitation position (D). The curve was fitted by an exponential
decay function (Itip/Ibody = Aexp(−RD)). (e) PL spectrum of a 17.5-μm-long microwire and partial magnification at a wavelength of 725 nm. Inset: related curve
of the space between resonance peaks (Δλ) at 725 nm versus 1/L (L: microwire length). The curve was fitted by a linear function.
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Waters GCT Premier mass spectrometer. Field-emission scan-
ning electron microscopy (FESEM) images of the samples were
observed using an FESEM (Carl Zeiss, Supra 55) at an accel-
eration voltage of 10 kV. Transmission electron microscopy
(TEM) images were obtained using a TEM (FEI company,
Tecnai G2 F20, United States). For TEM measurements, one
drop of solution was dropped on a carbon-coated copper grid
and evaporated at room temperature. TEM measurements were
performed at an accelerating voltage of 100 kV. X-ray diffraction
(XRD) patterns were measured using a D/max 2400 X-ray dif-
fractometer with Cu Kα radiation (λ = 1.54050Å). Steady-state
fluorescence spectra of the samples were measured using a
HITACHI F-4600 fluorescence spectrophotometer. Fluorescence
microscopy images were obtained using a Leica DMRBE fluor-
escence microscope with a spot-enhanced charge couple device
(CCD, Diagnostic Instrument, Inc.). Samples were prepared for
optical characterization by placing a drop of dispersion onto a
cleaned glass slide. Microarea photoluminescence (μ-PL) spectra
were collected on a homemade optical microscope. To measure
the photoluminescence (PL) spectra of individual microwires, a
microwire was excited locally with a 375-nm laser focused down
to the diffraction limit. The excitation laser was filtered with a
375-nm notch filter. The light was subsequently coupled to a
grating spectrometer (Princeton Instrument, ARC-SP-2356) and
recorded by a thermal-electrically cooled CCD (Princeton
Instruments, PIX-256E). PL microscopy images were taken with
an inverted microscope (Olympus, BX43).

Synthesis of DHNBP
The synthesis method and characterization of DHNBP and
intermediate compounds are detailed in the Supplementary
information (Scheme S1, Figs S1–S4).

Single-crystal information
Single-crystal DHNBP was obtained by the solvent vapor eva-
poration method. First, 2mg DHNBP was dissolved in 4mL
dichloromethane (DCM) and then 2mL EtOH was carefully
added. DHNBP single crystals were obtained after most of the
solvent evaporated. Single-crystal XRD data were collected on a
Bruker D8-Venture diffractometer with a Turbo X-ray Source
(Mo-Kα radiation, λ = 0.71073Å), adopting the direct drive
rotating anode technique and a CMOS detector at room tem-
perature. The data frames were collected using the APEX2
program and processed using the program SAINT routine in
APEX2. Structures were solved by direct methods and refined by
the full-matrix least squares on F2 using the SHELXTL-2014
program. Crystallographic data were compared with the Cam-
bridge Crystallographic Data Center supplementary publication
no. CCDC-2081135 (DHNBP).

Fabrication of DHNBP microwires
Organic DHNBP microwires were prepared by a facile solution–
evaporation method using mixed DCM and EtOH. During the
preparation process, 1mg DHNBP powder was dissolved into
1mL DCM. Then, 500 μL EtOH was added into this DHNBP/
DCM solution, resulting in a volume ratio of DCM to EtOH of
2:1. After shaking for some time, the well-mixed solution was
dropped onto a glass substrate, which was then covered with a
watch glass. DHNBP microwires were obtained as the solvents
gradually evaporated. Additionally, branched microwires of
DHNBP were fabricated using the same method with DCM to

EtOH ratios adjusted to 1:2 and 1:4 for primary branched
microwires and secondary branched microwires, respectively.

RESULTS AND DISCUSSION
DHNBP was designed based on a previously reported organic
material (E)-3-(4-(dimethylamino)phenyl)-1-(2-hydroxyphenyl)-
prop-2-en-1-one (DHMAC), which shows a red emission at
650 nm because of the excited state intramolecular proton
transfer process and intramolecular donor-acceptor interaction
[52,53]. We combined two DHMAC molecules to elongate the
π-conjugation length, which leads to a narrowing of the highest
occupied molecular orbital-lowest unoccupied molecular orbital
(HOMO-LUMO) energy gap and results in further red shift
emission (Fig. 1b, c) [54,55]. A larger π-conjugated system can
strengthen the intermolecular π-π interaction, which is helpful
for the formation of uniaxially oriented molecular crystals [56].
Uniaxially oriented molecular crystals with organic molecules
packed into the same molecular conformation and orientation
always have high anisotropic refractive indices and direct the
propagation of the emitting light in a preferential direction,
leading to excellent waveguide performance and high polarized
light emission [57,58]. However, achieving uniaxially oriented
molecular crystals remains challenging because organic mole-
cules always have multiple conformations and various interac-
tions in crystals [59–61]. The centrosymmetric molecular
structure of DHNBP was adopted to balance intermolecular
interactions and achieve a uniaxially oriented molecular crystal.
DHNBP was synthesized via the six-step synthesis route

shown in Scheme S1. Compound 3 was synthesized according to
previously reported procedures [62], which is proceeded by a
two-step acetylation reaction to form Compound 5. After
demethylation by BBr3, Compound 6 can be obtained. Finally,
DHNBP was synthesized through the Claisen-Schmidt con-
densation reaction of Compound 6 and 4-(dimethylamino)-
benzaldehyde (Compound 7). Next, the photophysical proper-
ties of DHNBP were studied using ultraviolet-visible (UV-vis)
absorption spectroscopy and PL spectroscopy in DCM solution
(Fig. S5). The absorption and PL maxima occur at 501 and
652 nm, respectively. A large Stokes shift of 150 nm can be
observed; this shift is beneficial for avoiding the self-reabsorp-
tion effect in optical applications.
Single crystals of DHNBP were prepared by slowly vaporizing

a mixed solution of DCM and EtOH (6:1, v/v) at room tem-
perature. When excited by a 375-nm laser, bulk DHNBP crystals
showed a red to NIR fluorescence emission with a wavelength
ranging from 600 to 900 nm and a maximum emission wave-
length of 730 nm (Fig. S5). The molecular packing mode was
investigated using single-crystal XRD, the results of which are
shown in Fig. S6 and Table S1. DHNBP crystals belong to the
triclinic system and space group P1 with cell parameters of a =
5.1154(4) Å, b = 11.8779(9) Å, c = 12.1137(10) Å, α =
116.915(4)°, β = 102.128(2)°, and γ = 92.562(3)°. Different from
the edge-to-face packing mode of DHMAC (left in Fig. 1b), all
DHNBP molecules are packed with identical conformation and
orientation along the a axis in the crystal, exhibiting regular
uniaxially oriented packing (right in Fig. 1b and Fig. S7). To the
best of our knowledge, this type of face-to-face packing always
prefers to form a one-dimensional morphology in the crystal
growth process.
Microcrystals were fabricated by a facial drop-drying method.

First, DHNBP was completely dissolved in DCM at room tem-
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perature with a concentration of 1.0mmol L−1. Then, 0.2mL
DHNBP solution in DCM was added into 0.1mL EtOH and
mixed by a brief and strong shake of the mixture. The mixed
solution was then immediately dropped onto a glass substrate.
After the solvents evaporated, microwires were finally obtained,
as shown in Fig. S8 (bright-field microscopy image). A single
microwire with a length of 44 μm is shown in Fig. 1c. The optical
waveguide behavior of DHNBP microwires was studied based on
this single wire, using a laser microspectral analysis system
(Fig. S9). When the microwire was excited at different positions
using a 375-nm laser beam, the relative PL spectra at the tip
position were collected, as shown in Fig. 1d. The ratio between
the PL intensity at 740 nm (maximum intensity) at the tip and
the excitation position (Itip/Ibody) had a nonlinear relationship
with the distance of the tip and excitation position (D), which
could be fitted by a single-exponential decay function: Itip/Ibody =
Aexp(−RD) (inset in Fig. 1d). The optical-loss coefficient R was
calculated to be 0.016 dB μm−1, suggesting excellent optical
waveguide performance in the DHNBP microwires, which is
essential for integrated photonic applications.
Interestingly, the PL spectra at the tip position of the DHNBP

microwires show a series of sharp fluorescence resonance peaks
that indicate an optical cavity effect. For further investigation,
PL spectra of microwires with different lengths at the tip posi-
tion were detected. Fig. 1e shows the PL spectrum of a selected
microwire with a length of 17.5 μm. Resonance peaks are very

obvious in this spectrum, with the space between the individual
spectral peaks (Δλ) measured to be 4.0 nm at a wavelength of
725 nm. The Δλ was found to decrease with microwire length (L)
and increase with fluorescence wavelength (PL spectra for
microwires of different lengths can be seen in Fig. S10). This
trend showed a good linear relationship between Δλ at 725 nm
and 1/L, conforming to typical characteristics of a Fabry-Perot
(FP) resonator (inset of Fig. 1e) [63]. Significantly, the FP cavity
effect suggests the excellent light confinement property of
DHNBP microwires, which is essential for the propagation of
photon signals in optical circuits. Next, the polarization property
of the microwires was studied. A strong polarization phenom-
enon in the emission light at the tip position of a selected
microwire was observed, which is consistent with the distribu-
tion function of the linear polarization (Fig. S11). The data can
be well fitted by a cosine quadratic function (cos2θ), which is a
characteristic of polarized emission from uniaxially oriented
molecular crystals [62].
After obtaining DHNBP microwires with excellent optical

properties, we tried to fabricate integrated structures for optical
logic operation. According to our previous work [23], a synthesis
method for branched homostructures was proposed and is
shown in Fig. 2a. DHNBP can be dissolved in DCM at the
concentration of 1 mmol L−1, but almost insoluble in EtOH. So,
DCM was used as a good solvent and EtOH was used as a poor
solvent. Under good-solvent-dominant conditions, like

Figure 2 Fabrication of DHNBP microwires. (a) Schematic of the growth mechanism of individual and branched microwires. Bright-field microscopy
images of (b) individual microwires, (c) primary branched microwires, and (d) secondary branched microwires. PL microscopy images of (e) individual
microwires, (f) primary branched microwires and (g) secondary branched microwires.
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VDCM:VEtOH = 2:1, the supersaturation of the solution is relatively
low. Epitaxial growth in the side direction, which should get over
the energy barrier, could not occur because of the low growth
potential energy [64]. Therefore, only individual microwires can
be formed (Fig. 2b, c, and Fig. S8). On the contrary, at poor-
solvent-dominant conditions, like VDCM:VEtOH = 1:2, the super-
saturation of the solution is relatively high. Meanwhile, the
growth potential energy is correspondingly high, which helps
overcome the energy barrier of the epitaxial growth in the side
direction. As a result, branched structures may form on the basis
of lattice matching. Fortunately, when we increased the volume
ratio of EtOH in the above drop-drying method, branched
microwires were formed. As shown in Fig. 2d, e, and Fig. S12,
primary branched microwires were formed at a large scale when
VDCM:VEtOH = 1:2. Excitingly, when we further increased the
volume ratio of EtOH to VDCM:VEtOH = 1:4, a secondary branch
was selectively grown from the primary branch to form a totally
new organic homostructure (secondary branched microwire),
which had not yet been reported (Fig. 2f, g, and Fig. S13). When
the volume ratio of EtOH was further increased to VDCM:VEtOH =
1:6 or VDCM:VEtOH = 1:8, more complex multilevel branched
structures formed. However, in these cases, the crystals start to
bend, suggesting crystalline defects because of the dislocation of
crystal lattice during the high-speed growth process (Fig. S14).
To illustrate the growth mechanism of the branched micro-

wires, XRD was performed on both individual and branched
microwires. The results showed that both microwire types have
the same crystal structure according to the same characteristic
peaks of (01-1) and (020) crystal planes (Fig. S15). From the
SEM images of primary and secondary branched microwires
(Fig. 3a, b, and Fig. S16), we can see that the branch and trunk of
the wires are smoothly connected at an angle of 92.6°, which fits
the γ angle of the unit cell perfectly. This phenomenon was also
verified by the TEM images of the branched structures
(Fig. S17). From the selected area electron diffraction (SAED)
patterns of individual and branched microwires, we can clearly
find that the trunk and branch both grow along the [100] crystal
direction (Fig. S17). Fig. 3c shows a schematic of the junction
position of the DHNBP microwires. The growth of the micro-
wires should be along the a axis direction according to the
molecular packing mode for uniaxially oriented molecular
crystals and the SAED patterns. This is also consistent with the
calculation result for the growth morphology obtained using the
material studio software (Fig. 3d). Therefore, we can speculate
that the a axis direction of the branch should be the same as the
b axis direction of the backbone, such that the angle is the same
as the γ angle. In addition, the growth of the crystal can also be
demonstrated by the attachment energy of the crystal planes.
The calculated result from the Materials Studio package shows
that the (100) crystal plane has very high attachment energy
(approximately −74.8 kJmol−1) while the attachment energies of
the (010) and (01-1) planes are relatively low (−18.3 and
−20.8 kJmol−1, respectively, Table S2). This means that the
packing speed of the (100) plane is much faster than those of the
other two planes, resulting in a large exposure area of the (010)
and (01-1) planes, which is consistent with the XRD results. We
now estimate that the connected planes at the junction position
should be at the (010) plane of the trunk structure and the (100)
plane of the branch structure. As shown in Fig. 3e, the inter-
planar spacing of the (010) plane is 20.9Å and the interplanar
spacing of the (100) plane is 9.9 Å. The mismatching rate was

calculated to be 5.3%, suggesting good lattice matching between
the (010) and (100) planes of the DHNBP microwires and
contributing to the growth of branched structures. On the basis
of the above analysis, synthesis of branched microwires can be
achieved by modulation of the supersaturation of the mixed
solution.
To reveal the optical signal propagation behavior of our

branched DHNBP microwires, optical waveguide properties of a
selected primary branched microwire were studied. Fig. 4a
shows an optical microscope image of the branched microwire.
First, we excited the O position of the homostructure with a 375-
nm laser beam and collected the out-coupled emission spectra at
the tip positions A, B, and C, as shown in Fig. 4b. Interestingly,
resonance peaks were obvious in all the spectra (Fig. 4e). For the
A and B position spectra, the values of Δλ are both 2.4 nm, while
that of the C position is 4.8 nm at a wavelength of 730 nm. This
suggests that the trunk and branch can be FP-type resonators
with almost no mutual interference between them. Therefore, we
have integrated two optical resonators with different directions,
which provide a new platform for the investigation of photonics
in microcavities. Next, we focused the laser beam on two sides of
the junction, with d(E1O1) = d(E2O2) and collected PL spectra at
positions C1 and C2 (Fig. 4c, d). The different intensities of the
output light at positions C1 and C2 show the asymmetrical
optical waveguide property of the junction (Fig. 4f). This phe-
nomenon can account for the different levels of reflection of
input-light at the junction position because of the different
angles, ∠AOC and ∠BOC [44]. This asymmetrical optical

Figure 3 Growth mechanism study of the branched microwires.
(a) Scanning electron microscopy (SEM) image of a primary microwire.
(b) Partial magnification of the SEM image at the junction position.
(c) Schematic of trunk and branch orientations at the junction position. The
purple rectangle shows the junction between the a, c-plane of the trunk and
the b, c-plane of the branch. (d) Simulated growth morphology of DHNBP.
(e) Molecular packing and interplanar spacing of (010) and (100) planes.
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waveguide behavior could be used in an optical logic gate, which
is an important component in integrated optical circuits [65,66].
The ON/OFF ratio of this optical logic gate was calculated to be
2.9, which is approaching a useful level. The more interesting
thing is that the out-coupling light at the C position is also
polarized. When the E1 position was excited by the laser beam,
the polarization direction of the output light at the C1 and A1
positions was the same and depended on the polarization
direction of the output light at the A1 position (the inset in
Fig. 4f). This phenomenon indicates that polarized light can be
transmitted in the branched microwire, which can lead to
stronger information transferability.
More impressively, a secondary branched microwire was

selected to further explore the photonic performance of the
DHNBP branched homostructures. As shown in Fig. 5a, the
secondary branched microwire has four tips that represent four
out-coupling positions: A, B, C, and D. A variety of combina-
tions of the out-coupling signals can be achieved when exciting
the homostructure at a specified position. Here, two examples
are presented. Fig. 5b shows an image generated by a CCD, in
which NIR signals are also displayed (the inset is the PL
microscope image). When excited at the E position, four dif-
ferent optical signals could be collected, in which the signal at
the A position was relatively strong, and the signal at the B
position was much weaker. At positions C and D, the signals
were extremely weak and could be regarded as a closed channel.
Therefore, a combined signal of A(STRONG)-B(WEAK)-C

(OFF)-D(OFF) was formed, as shown in Fig. 5d and the inset.
Fig. 5c and its corresponding inset show images when excited at
the O position; the bright spots at all tips are very clear, except
for that at the D spot, which is a little weaker. From the spectra,
it can be seen that the PL intensities of all tips are similar and
can be defined as an all-ON signal of A(ON)-B(ON)-C(ON)-D
(ON) (Fig. 5e and the inset). Thus, the secondary branched
microwires could potentially be used as optical signal processors
in integrated photonic circuits.

CONCLUSIONS
In summary, NIR emissive single and multilevel branched
organic microwires with different integration levels were fabri-
cated successfully via the self-assembly method based on a new
organic semiconductor material: DHNBP. Individual microwires
could be obtained using good-solvent-dominant conditions, and
branched structures could be prepared at poor-solvent-domi-
nant conditions, benefiting from lattice matching of the (100)
and (010) crystal planes and high growth potential energy
induced by high supersaturation. DHNBP crystals showed a
uniaxially oriented molecular packing mode, which endows the
microwires with outstanding optical waveguide properties and a
low optical-loss coefficient of 0.016 dB μm−1. For the primary
branched microwires, the trunk and branch structures work as
resonators with negligible mutual interference. Furthermore, an
asymmetric waveguide was observed, which provides the
opportunity to apply the wires in ON/OFF optical logic gates.
The ability to transmit polarized light in the branched structure
was also observed. For higher integrated secondary branched
microwires, we demonstrated optical signal processors that can
generate different combined signals composed of signals at four
tip positions. We believe that our fabricated multilevel branched
organic microwires will potentially boost the development of

Figure 4 Optical properties of primary branched microwires. (a) Bright-
field microscopy image of a typical primary branched microwire. (b–d) PL
microscopy images of the primary branched microwire when excited at
different positions with a focused laser beam (λ = 375 nm). (e) PL spectra at
tip positions A, B, and C when excited at the O position. Inset: partial
magnification at the 720–740 nm position of the PL spectra at A, B, and C
positions. (f) PL spectra at the C1 and C2 positions when excited at E1 and E2

positions, respectively. Inset: polar image of the peak intensities at A1 and C1

positions when excited at the E1 position.

Figure 5 Optical properties of secondary branched microwires. (a) Bright-
field microscopy image of a typical secondary branched microwire.
(b, c) Far-field PL microscopy images of the primary branched microwire
when excited at different positions with a focused laser beam (λ = 375 nm).
Inset: corresponding PL microscopy images. PL spectra at the tip positions
A, B, C, and D when excited at the (d) E position (inset: corresponding
spatially resolved peak intensities), and (e) O position (inset: corresponding
spatially resolved peak intensities).
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integrated photonic devices.
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具有近红外区域光信号处理功能的多级枝杈结构有
机微米线的精确制备
闫长存1, 吴俊杰1, 杨婉莹1, 陈松1, 吕强1, 王雪东1*, 廖良生1,2*

摘要 复杂的多级微纳米结构是集成光电子器件的基本组成部分, 然
而其精确制备依然面临着巨大的挑战. 本文基于有机近红外发光材料
DHNBP, 利用简易的溶液自组装方法首次成功制备了多级枝杈型有机
微米线晶体. 在不同的制备条件下, 该类多级枝杈结构的集成度也会随
之变化. 生长机理研究表明(100)晶面和(010)晶面完美的晶格匹配(晶
格失配率低至5.3%)起到了至关重要的作用. 得益于晶体中分子的单向
排列模式, 无论是单一微米线还是多级枝杈型微米线都具有优异的光
学性质. 另外, 本文进一步展示了该多级枝杈型微米线作为光学逻辑门
及光信号处理器的应用. 本文所展示的多级枝杈型有机微纳晶体有可
能会进一步推动集成光电子器件的发展.
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