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One-dimensional nanostructures (such as nanowires) of semi- A P 1000 B
conductor materials have attracted increased interest in recent year. .08+ 388@“" 2004
due to their promising applications in optical and electronic gl | 25 min gm 1 min
nanodevice$ However, most nanowires reported to date are based § 10 % ] l %
on inorganic materials. Fewer studies have been performed ong %% f g 4001 25
organic semiconductors, while they have been widely used in thin- < 4 4, ) = 200]
film-based optoelectronic devices such as transistors, light-emitting
diodes, and photovoltaic cells. Some one-dimensional nanostructures °'"1 0 450 500 550 600 650 700 0 550 600 650
(e.g., nanofibers) have been fabricated with conducting polymers Wavelength / nm Wayelength / nm

such as polyanilie®® and polyacetylen&, but the crystalline Figure 1. Crystal formation of propoxyethyl-PTCDI in methanol: absorp-
structure of polymer nanofibers is often difficult to control due to  tion (A) and fluorescence (B) spectra recorded at different time intervals

- - . : following injection of a minimal volume of chloroform solution. Excitation
the complicated intermolecular interaction. Recently, some works of the free molecules at 450 nm produces decreased emission due to the

have proven that self-assembly th_TOUQh strangr stacking is an ~ conversion into crystal phase, while excitation of the crystal phase at 570
effective approach to one-dimensional nanostructures for aromaticnm results in no emission as evidenced by the zero intensity scanning line

organic molecule8,particularly the larger macrocyclic aromatic ~ (580-650 nm, shown in B).

molecules such as hexabenzocororfefiehis implies a potential (compared to alkyl chains) affords sufficient solubility for the

way to enhance the charge carrier mobility, which is believed to PTCDI molecule in hydrophobic solvents such as chlorofétm
~ : - ,
be favored along the—x stacking directiort: while the small size and increased density of the side chain allows

In. th!s communication, we report on a 5'”?'0'9 method for for tight packing of the perylene backbones to maximizesther
fabricating nanobelt structures from organic semiconductor molec- interaction. As a result. the molecule becomes insoluble in more

ules. The molecule used is a derivative of perylene tetracarboxylic polar solvents, such as methanol. Injection of a minimum volume

d||m|d_e (PTCD!)’ which forms an extre_n_1e|y robu_st Clas_s of of concentrated chloroform solution of the molecule into methanol
materials W'th. high photo and thermal stability. More interestingly, leads to formation of nanocrystal phase through self-assembly (more
PTCDI materials are ah-typesemlcpnducto_rs, n c_ontrgstqto‘ ?the details in Supporting Information). Figure 1A shows the absorption
morkt_e cor;_rpgglp-typie cc:unterp_arts n org%nlc Se][“'c?”b‘_J L spectral monitoring of such a self-assembling process. Right after
maxing | mo gu:jes_ unique candidates for fabrication as . injection, the absorption bands—0, 0—1, 0-2, and 6-3 at
vagmljfs optoe;gtrogl_lfics;/lcesl. les i i ional 520, 485, 455, and 426, respectively) of the molecule decreased
eli-assembling molecules into one- Imensiona stru_c_- gradually with time, while a new band corresponding to the crystal
tures represents a balance between molecular stacking and SOIUb'“typhase appeared at longer wavelength. The isobestic point at 536
On one hand, a sufficient solubility i_n some solvents is crucial fo_r nm confirms a stoichiometric conversion from free molecules to
processing the §elf-a§sembly from individual molecules, and this ingle crystals. Normalization of the absorption spectra reveals the
requires appropriate side chains (e.g., long and/or branched alkanesfelative enhancement of the-Q, 0—2, and 0-3 transitions (Figure

tﬂ hmﬂer thhard—:r st:;cklng OIZ p;;élene bzckbon@sl.—lower\]/er, f(f)n S3), which implies strong excitonic interactions between the stacked
the other hand, such a weakenedz stacking prevents the effec- 5 ~p, chromophore¥.18

tive packing of PTCDI molecul_es "?"0”9_ one dlmensu_)n. One way Strongr—a stacking normally leads to nonemitting crystal phase
to enha_nce the mc_;lecular packing is to increase the size of tht_a COrey e to the forbidden low-energy excitonic transitoiThis is

aromatic system, i.e., to change the PTCDI monomer to a trimer
tetramer, or pentamét.15In some cases, the enlarged PTCDI mo-
lecules favor the formation of fibril structures, whereas the molec-

' consistent with the results shown in Figure 2B, where the emission
of free molecules (excited at 450 nm) decreased gradually with
the crystallization process, and excitation of the crystal phase at

ular packi_ng is not high_ly _opt?mizgd. The twisting between the 570 nm resulted in no emission (Figure 1A). The measurement of
PTCDI units (energy minimization) in the supramolecules weakens differential scanning calorimetry (DSC) also suggested strong

ther— interaction between molecules and thus distorts the packing molecular packing through—z interaction (Supporting Informa-

from _the ideal ﬁface-;o-faced (;onfor?atio?f. Indeegl, JEd'Shierd ftion). The melting point of propoxyethyl-PTCDI (24£) is much
emission was often observed from the sel-assembled crystals o higher than that of nonyldecyl-PTCDI (84C). The long and

the supra-PTCDI molecules, which implies distorted stacking? branched side chain of the latter diminishes ther interaction

For the rrfmlecu!e uTef:j ".]b.tlh's sftugy (inset of Fr:glurg dlA)r‘1 t.he between molecules and thus weakens the molecular packing, leading
greater conformational flexibility of the propoxyethyl side chain , 5 1oyyer melting point. The weakened (distorted)r stacking

t Southern llinois University. makes_ the Iovx_/—epergy excitonic transition allowaple, resultlng in
#University of lllinois at Urbana-Champaign. red-shifted emission for the crystal phase (Supporting Information).
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Figure 2. (A) SEM image of propoxyethyl-PTCDI nanobelts (gold-stained)
cast on glass; (B) TEM image of nanobelts cast on,3i@; (C) zoom-in
TEM image of a nanobelt cast on Si@m ([Inset] Electron diffraction
over a nanobelt cast on carbon film.); (D) AFM image of nanobelts cast on
mica (-scale: 6-140 nm); average thickness, 100 nm.

Optimizedsr—s stacking favors the one-dimensional growth of

180°

270°

Figure 3. Single nanobelt under cross-polarized microscope (homemade
based on Veeco Aurora lll NSOM, using a 180NA1.25 oil immersion
polarization objective and 36 zoom CCD camera): consecutive rotation

of the sample showed an alternate appearance of birefringence as the
nanobelt was aligned at 4%o the polarizer.

dimensionally confined optoelectronic properties (e.g., charge carrier
mobility) of organic semiconductor materials. We are currently in

crystals. SEM measurement of the self-assembly of propoxyethyl- the process of fabricating such nanobelts into field effect transistors
PTCDI in methanol reveals well-defined beltlike nanostructures as (FET) on oxidized silicon wafers.

shown in Figure 2A. The close-to-rectangular shape of the cross

ti b ither f the brok belt the belt o
section can be seefl SIther om the broken nanobets or e be SAdvanced Radiation Sources (CARS), and ORDA, COS, and MTC

at SIUC. We thank Prof. Dan Dyer for DSC measurement.

twisted in the middle with one edge facing upward (Supporting
Information). TEM and AFM measurements of the sample also
revealed the uniform nanobelt structures (Figure 2B, D). High-
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Supporting Information Available: Experimental details of syn-

magnification TEM imaging over a single belt showed even contrast thesijs, spectroscopy and microscopy measurements; complete refs 4,
across the whole surface (Figure 2C), consistent with the beltlike 7 10, and 14. This material is available free of charge via the Internet
structure. Electron diffraction of the nanobelt showed a typical at http://pubs.acs.org.

crystalline pattern with sharp diffraction spots (inset of Figure 2C).

Two distinct reciprocal lattice vectors can be obtained from the Raferences

diffraction pattern, giving twal spacingsdl 0.865 andi2 0.466
nm. Thedl is perpendicular to the belt direction. These spacing
values are consistent with the X-ray measurement of bulk crystals
of the similar PTCDI molecule¥. As a comparison, we have also
imaged the self-assembled nanostructure of nonyldecyl-PTCDI, for
which only spherical shape (zero-dimension) nanocrystals were
found (Supporting Information). The lack of one-dimensional self-
assembly is consistent with the distorteetr stacking due to the
steric hindrance of branched side chains as discussed above.
Considering the parallel conformation between packed molecules,
the anisotropy in the cross-sectional plane is expected to be small
compared to the anisotropy along the s stacking, i.e. the one-
dimensional nanostructure obtained would be approximately opti-
cally uniaxial?® This is similar to the uniaxial columnar packing
of discotic liquid crystal molecules. Figure 3 shows the consecutive
rotating microscopy imaging of a nanobelt under crossed polariza-
tion, where the central image was taken in the bright field. Only
when the nanobelt was aligned°®4b the direction of the polarizer
was the anisotropy birefringence maximized. At a position parallel
to the polarizer, the birefringence of the nanobelt became minimal
(hardly detectable). This implies that the optical axis is indeed along
the direction ofr—zx stacking.

In summary, an n-type semiconductor nanobelt structure has been
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