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Turning innovation into industry.

Why one-dimensional (1D)? 1D organic much less studied. It still remains a challenge how to assemble molecules ~Complementary building-block molecules A unique p-type semiconductor
into 1D nanostructures, as it requires a tight interplay (electron donor)
—> Miniaturization of devices; Advantages of Organic Materials: between molecular design and synthesis (chemistry) N-type:
- Higher sensitivity and selectivity; . : _ and the materials fabrication and characterization. | i . ,
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* Easy to modify: chemical interactions. Thermodynamic Optimization through Molecular T oH R' 0 RR asymmetric

e Flexible for processing: vapor, liquid/solution, solid. 2SI HE TR 0 epiimze he e A

stacking, leading to 1D assembly. P-type:
e Adaptable to various substrate. ——
e Cheap for manufacturing, processing, packaging. Combined
e Strong, tunable fluorescence emission: optical sensing. —— . . Arylene Ethynylene Macrocycle (AEM)
1D inorganic nanowires, nanotubes, nanobelts, (whatever named), Kinetic control through Solution Processing: to max. m Large, rigid, planar surface favors
have been extensively studied for both metals and semiconductors. Accounts of Chemical Research, 41 (2008) 1596-1608. the 1D growth of the assembly. n—m stacking;
m Tunable sizes for tubular structures;
m Flexible structure and property
modification: redox, binding, etc.
A unique n-type semiconductor Flexible structural modification 1D optical property: Cross-Polarized _ o ,
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Ve WaWal LUMO . Transition dipole moment depends on
Perylene tetracarboxylic diimide (PTCDI) 37 eV lockin amplfe stacking conformation
> High fluorescence yields. S e —
» High thermal, chemical and photochemical stability. 1800 e
» Strong tendency to aggregate via m-7 stacking between the Both frontier orbitals exhibit ipg Objective » &2
ervlene units nodes at the imide nitrogen. -6.23 eV o 5
p y . Notch Fil Stacking distance: 3.4A, Rotated: 30° Stacking distance: 3.4A, X-slide: 2.67A, Y-slide: 0.36A
. L. otch Kilter Transition dipole moment along X-Y-Z Transition dipole moment along X-Y-Z
> n-type semiconductor characteristics as compa red to more L(]);;lgt-eli':ss (ground to the lowest excited state): Sscilation (ground to the lowest excited state): oscilation
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common p-type. Modification of side-chain structures leads to no alteration . Lens 00762 02047 00000 00041 21411 00518 04317 02171
Broad applications in thin-film optoelectronic devices: of tr]:e electronic gropertyr?f fPTC:DL ?Ut aftect thek. rmnl Polarizer -
; , , conformation an strengt Ol molecular t—m stac INg. Detector
LCD’s, LED'’s, FET's, solar cells, and chemosensors, etc. J. Am. Chem. Soc. 127(2005) 10496-10497 J. Phys. Chem. B, 110 (2006), 12327-12332
Waveguide: 1D confined optics Waveguide: no bending loss A nanobelt composed of rotated stack

O O O A > Enhanced charge mobility due to 7z—electron delocalization.
» Increased exciton migration 77— interaction (energy
- hopping).
» Increased lateral (or intramolecular) charge separation due
to enhanced vertical charge mobility.
inframolecular
o
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- - Exciton diffusion, Charge separation, Charge transport
3. =. --- three major factor affecting efficiency of organic
- - optoelectronic devices, like solar cells.
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delocalization intramolecular wt-delocalization interface | | | |
fast injection vapor
08 . 0.08 - ” Concentrated soltior nanofibers | —__ nanofibers diffusion
el - formed (== roog | oasaoname | B | e solvent
o} 0 concentrate conc. fibers
> 0.4 T—delocalization SOIVen o~ 8.3 N~ — solution _ > | solution exchange Er-r-ni
g D 0.06 - ’ ? I L | —_— poor solvent poor solvent —
% 0.0 8 ;;}
-0.4 'e h E P I
S 0.04- . |
-0.8 O PTCDI—>PTCDI--
1 L 1 L 1 <
3370 3380 3390
Field, G .
e ESR spectrum of nanobelt loses the reflection symmetry - k
about the line center: QOO e
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e Anisotropic g-tensor, with g1 (2.0038) > g//(2.0026), Is W | y
Implicative of the /ntermolecular n—delocalization along the avelength / nm
long axis of molecular stacking. J. Am. Chem. Soc. 129 (2007) 6354-6355
Seeded growth: ultralong nanobelts Sol-gel: control through temperature
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