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Figure 1. Emission spectra d in chloroform and methanol and upon
addition of acids in methanol.

Table 1. Substituent Key

and Optical and Analytical Data for

Polymers 3-6, 8, and 9

The generation of nanostructured organic semiconductors is
a critical technology in key areas that include device miniatur-
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from the generation of nanostructures. An elegant way to dodecyl dodecyl 92 320 359376 0.38 57C° 2.2
generate nanostructures in soft mate_nals is the use of heated g godecyl ethex 87 328 358,375 0.48 &70° 58
atomic force microscope (AFM) cantilever tips, which allow 8 N/A  dodecyl 86 314 379 N/A insoluble

the reversible or irreversible writing of nanostructures in thin 9 N/A  ethex 88 314 379 0.48 54 10° 55

films.® Simple ways of generatingrganic semiconductor

nanostructures are rare and often rely on self-assembly processestate but blue fluorescent in solution. The quantum yield of
such as ribbon or wire formation of substituted PPEs shown by emission of the soluble representatives is around 0.4 (quinine
Miillen and Rabé monolayer self-assembly and electron beam Ssulfate standard). Their absorption maxima is between 314 and
lithography®® Herein, we describe (a) the synthesis of conju- 330 nm and the emission maxima are recorded between 370
gated fluorescent polymers by the thermal and Cu-catalyzed 1,3-and 379 nm, often accompanied by shoulders at-Z0 nm.
dipolar cycloadditions of terminal diynes with aromatic diazides, The optical properties are practically independent of the
the thermal reaction having been investigated by Szeimies andmolecular weight of the PArTs, suggesting that the used building
Huisgen long ago, and (b) fabrication of nanostructured organic blocks lead to species with localized HOMO and LUMO. A
semiconductors by nanoscale thermal processing of annealechoteworthy observation is the red shift in emission upon addition

diazide/dialkyne thin films with a heated AFM cantilever g2

The copper-catalyzed 1,3-dipolar cycloaddition, the so-called
“Click” reaction, is an excellent tool towards novel materials
as shown by Hawker and othéfsHowever, the synthesis of
conjugated polymers by 1,3-dipolar cycloadditions has been
conspicuously absent and only one example has been repdrted.
Reaction of the diazide% with the diynes2 in THF in the

of acid to the PArTs. Figure 1 shows the emission spectrum of
polymer5 upon protonation. It is surprising that the emission
spectrum of5 is narrow and structured but its absorption
spectrum is broad and featureless. We speculate Shist
conformationally unrestricted in the ground-state; i.e., the arylene
units are twisted with respect to each other. In the excited state,
the relaxed conformation is the planar one, similar to the case

presence of copper sulfate and sodium ascorbate furnishes thef the polyf-phenyleneethynylenejs. The conformational

polymers3—6 in excellent yields as yellowish or off-white
powders that precipitated out of solution, while the reaction of
7 with 2 generates the polyme&and 9 in excellent yields
(Scheme 1, Table 116

The formed poly(arylenetriazolylene)s (PArT) are of moderate
molecular weights €10* Dalton) due to their relative lack of
solubility in the THFwater mixture employed as reaction
solvent If the unsubstituted fluorenediazidgR; = H) is used,
a polymer with a significant fraction of insoluble material is
isolated. However, most of the other PArTs are well soluble in
chloroform or dichloromethane.

According toH and 13C NMR spectroscopy, the PArTs
display regular 1,4-substitution around the triazole unit (Sup-
porting Information). The PArTs are nonfluorescent in the solid
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fixation into a planarized and well-defined excited state will
lead to the observed vibronic progression, where -a10
transition in addition to the B0 transition is observed. We
speculate that the excited state of the protonated polymer chain
is not planarized, but twisted due to the interchain repulsion of
the positive charges leading to a broader and unstructured
emission spectrum.

What is the reason for (a) the molecular weight independence
of the optical data and (b) the observed significant red shift
upon protonation? Quantum chemical model calculations (SPAR-
TAN B3LYP 6-31G**//6-31G**) on 1,4-diphenyl-1,2,3-triazole
shed light on both issues: (a) The high band gap and the length
independence of the optical properties are due to a distinct
localization of the FMO on different parts of the molecule; the
HOMO is predominantly located on the former alkyne and the
LUMO is located on the former azide part of the cycloadduct.
(b) Protonation in the 3-position of the triazole gives the most
stable azaallylic imidazolinium type cation, which has a lower
HOMO-LUMO gap and a more delocalized FMO.
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Figure 2. Local thermal writing into the organic substrate using a heated AFM cantilever tip. Left: Thermal writing process. Middle and right:
Thermally induced writing using a conjugated polyréenade by click chemistry at the micrometer and submicrometer scale. The recessed regions
are the locations where the heated AFM tip has scanned over the polymer film and locally induced cycloaddition.

Scheme 1. Copper Catalyzed Synthesis of-%, 8, and 9 and Resonance Structures of the Protonated Polymers
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local heating from the tip of an AFM cantilever permits the
formation of functional nanopatterAi$Monomersl, 2, and7 Supporting Information Available: Text giving details for the
are crystalline. A solution containing didodecyldiazitiend synthesis and characterization of polym8rs6 and8 and9 and
bisethexyl-substituted diyr2 (precursors fo6) was spin-cast ~ details about the thermal probe technique, film making and
on a coverslip to give an 80 nm thick film that was preannealed a@nnealing, heated cantilever AFM measurments, and quantum
at 170°C for 1 h and formed a nontacky micrometer-thick chemical calculations, schemes showing the synthesis ot 10,
polymer film. According to DSC, the 1,3-dipolar cycloaddition 12, and13, and figures showing the absorption and emission spectra

ds at this t t Th il fi b htof 7, 8,9, 12 and13, DSC data forl0, AFM cantilevers, a plot of
proceeds at this temperatureé. 1he cantilever Up was brought ;g nijeyer temperature calibration, and HOMO and LUMO struc-
into contact with the film with a load force o£100 nN and

. o : - tures ofM1 andM2. This material is available free of charge via
heated. Precision calibration of the cantilever was posSible the Internet at http:/pubs.acs.org.
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