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Abstract: Surface modification is an important method to func-
tionalize micro-/nanostructures, but substrates are mainly con-
fined to robust inorganic compounds. We develop here a facile
method to modify the surface of a fragile organic 1D microstruc-
ture. The bulk molecules and surface modifier were designed with
orthogonal solubility to protect the molecular crystals from
destruction under the reaction conditions. As a proof of concept,
white-light-emitting 1D microstructures were obtained by grafting
red chromophores onto the surface of self-assembled blue-
emissive microwires via a heterophase Sy2 reaction. Spatial
distribution of the two species is visualized by fluorescent lifetime
mapping, which reveals a core—shell structure. The ability to
postfunctionalize organic 1D structures enables many applica-
tions, where the surface property plays key roles, such as an
organic P—N junction and a biosensor.

Recently, one-dimensional (1D) organic micro-/nanostructures
have attracted considerable attention for their application in
optoelectronic devices, such as field-effect transistors (FET),
photodetectors, and optical waveguides.* The device performance
can be dramatically improved through screening new materials, fine-
tuning the morphologies, and developing new fabrication tech-
niques. However, as the properties of a material depend not only
on the bulk but also on its surface state, surface engineering is a
key step to improve the device performance.? Although surface
modification is widely employed in inorganic nanowires and carbon
nanotubes,® it is still a challenge for an organic 1D structure due
toitsfragility. Moreover, lack of a suitable detection method might
be another reason.

In this contribution, we address these two issues. By surface
modification of 1D microstructures via facile chemistry, we deposit
a sparse layer of a second material onto the existing structure and
dramatically change its property. This strategy has several advan-
tages: (1) potential to generate different 1D structures for different
applications from one existing structure; (2) a very small amount
of the second material is needed; (3) easy preparation. Therefore,
as aproof of concept, we obtain white-light-emitting (WLE) wires,
which can be potentially used in full color display and illumination
via this method.* However, potential applications go far beyond
this.

Figure 1 illustrates the molecular structures used for this study.
The synthesis and characterization of these new compounds,
Blue-Br, Blue-H, and Red-OH, are detailed in the Supporting
Information. Photophysical measurement (Figure S1) shows that
the absorption band of Red-OH overlaps nicely with the
emission band of Blue-Br. Thisisimportant for excitation energy
transfer,®> which was initially designed as an amplification
mechanism to detect the surface reaction.
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Blue-Br: R = CgH12Br
Bine-H: R = CgHy3

Figure 1. Chemical structures of molecules used for the study.

Uniform microwires, with widths of about 1—4 um and lengths
up to several hundred um, were readily formed by heating a
suspension of Blue-Br in a mixture of CHCI; and EtOH (1:1) and
subsequent slow cooling (Figure S2). Owing to the aromatic core,
Blue-Br exhibited the ability to grow preferentially in one direc-
tion.® Similar self-assembled behaviors were also observed for
model compound Blue-H, indicating that the terminal Br groups
did not interfere with formation of 1D structures. All one-component
microstructures emitted blue light with CIE coordinates of (0.14,
0.17) (see Table 1).

Table 1. Experimental Results under the Reaction Conditions of
I—=Iva

No.

Reaction
Conditions

Fluorescent
Microscope
Images

21 mg of Blue-Br (or Blue-H) and 1 mg of K,CO;3; (or without) were
suspended in 2 mL of pure EtOH or a solution of 1.0 mM Red-OH in
EtOH (2 mL) under reflux for 1 h. The fluorescent microscope images were
obtained under irradiation of a mercury lamp. Only Blue-Br nanowires (1)
emit the white color after surface modification.

Table 1 illustrates the optimized conditions for the modifica-
tion of the wires. By suspending wires of Blue-Br in a mixture
of Red-OH and K,CO;3; (1.0 mM) in EtOH under reflux for 1 h
and washing with copious EtOH (Table 1, condition 1), these
blue-emitting wires are transformed into WLE wires under UV
irradiation. Such a dramatic change of emission light is the first
evidence of surface reaction. The success of modification relies
crucially on the orthogonal solubility of Blue-Br and Red-OH:
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Blue-Br isinsoluble in EtOH so the microstructure is preserved
in the process (Table 1, condition IV, and Figure S3), while
Red-OH is soluble (1.0 mM) in EtOH in the presence of K,COsa.
Powder X-ray Diffraction (XRD) patterns also indicate that the
crystal structures do not change significantly after modification
(Figure S9). Three additional evidential observations confirm
that Red-OH had been covalently bonded onto the surface of
Blue-Br: (1) product Red-O-Blue on modified microwires was
detected by MALDI-TOF MS measurements (Figure S5); (2)
under the same reaction conditions, Blue-H cannot be modified
(condition I11); (3) Although Red-OH can also physically adsorb
onto the surface of Blue-Br without K,CO;3 (condition 11),” they
are readily washed away after resuspending the microwires in
hot EtOH (Figure S6). In contrast, the covalent linkage between
Red-OH and Blue-Br can withstand such conditions and the
WLE wires are stable.

The state of the modifiers on the surface was revealed by the
steady state and transient fluorescent emission features of the
modified wires (as shown in Figure 2a—b). The emission maximum
(580 nm) and lifetime (5.2 ns) of Red on the surface show excellent
agreement with those in the molecular state (1076 M in hexane,
550 nm, 5.5 ns), which are drastically different from those in the
aggregated state of Red-OH (625 nm, 2.4 ns). This indicates that
Red chromophores do not form aggregates on the surface. In other
words, the surface density of Red is low, which is consistent with
the fact that the amount of nitrogen element is below the detection
limit of the surface sensitive X-ray photoelectron spectrum (XPS)
measurement.
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Figure 2. (a) Fluorescence spectra of Blue-Br microwires before and after
modification; (b) transient fluorescence spectra of Blue-Br microwires before
and after modification; (c) intensity mapping of the WLE microwires. Red
color indicates the region with high intensity. (d) Lifetime mapping of WLE
microwires excited at 485 nm; blue color indicates the region with a short
lifetime. The white rectangle specifies the region used for analysis; (€)
distribution of lifetime and intensity across the wire. Average lifetime is
defined as the time it takes for the intensity at a certain pixel to decay to
1/e of itsinitial value after excitation. Each point is averaged over 57 um
along the wire in a specified region.

To further prove the success of the surface modification, we
mapped the spatial distribution of Red-OH and Blue-Br wires
by measuring the lifetime of different locations (Figure 2d). The
lifetime of Red-OH (5.5 ns) is longer than that of Blue-Br (0.8
ns), so the average lifetime on one pixel depends on the ratio of
Red-OH and Blue-Br in that region. It is expected that the
average lifetime on the outer circle of the 1D structure be longer

than that of the body (Figure S8). This is indeed what we
observed. Figure 2d shows that relatively long lifetime spots
(green) regularly circle around the wire, which indicates a
core—shell structure. To quantify such a distribution, both the
intensity and averaged lifetime are plotted versus position across
the wire, as shown in Figure 2e. Clearly, the position of the
intensity peak coincides with the minimum of the average
lifetime, where the ratio of Blue-Br is highest. In contrast, the
average lifetime reaches maxima where the intensity starts to
decay, because the ratio of Red-OH is much higher at the wall.®
Apart from heterogeneity across the wire, we also observed a
higher intensity at the end of the wire, indicating a wave-guiding
phenomenon.

Neglecting the light distribution on the wire, the whole wire
appears to be a bright white color under illumination. It has CIE
coordinates of (0.32, 0.36), very close to those of the standard
white light (0.33, 0.33). Compared with other methods,® our
strategy only needs a very small amount of the acceptor
(estimated to be 107 compared to that of the bulk from
geometric calculation), because the acceptors are exposed at the
surface and contribute better to the spectrum when viewing from
the outside of the wire. In addition, after redissolving WLE
microwires in chloroform and recrystallizing in ethanol, the new
assembled microwires were blue-emissive, which demonstrated
the advantage of postmodification over coassembly in this WLE
system.

In conclusion, we have developed and demonstrated a new
concept in the design of organic 1D heterostructures, i.e. via
postmodification of their surface. A proof of concept example
demonstrates its feasibility and usefulness: WLE structures are
readily obtained from normal blue-emitting wires after modifica-
tion with second red-emitting materials on their surface. We
envisage many situations where such a modification will be
desirable. For example, biosensors can be grafted onto the
surface, with only a very small amount needed. Moreover,
core—shell P—N structures can also be readily obtained in this
way. Finally, the ability to control the surface property is
important to devices such as FET, which is extremely sensitive
to the surface layers.*® We hope our strategy would open a new
avenue to explore in this area.
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