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ABSTRACT

A convenient approach to a series of star-shaped zz-conjugated organic materials with oligofluorenes (OF) as the branches and a benzene ring
as the core has been developed. The optical properties of these materials are liable to be tuned by introduction of more fluorene rings. The
investigation of the structure—property relationship of these materials has indicated differences between star-shaped oligofluorenes and linear
oligofluorenes, as well as polyfluorenes.

m-Conjugated organic materials with electronically rigid aggregatesand excimersor ketone defect&>during either
backbones have attracted considerable interest in bothannealing or passage of current, leading to red-shifted and
academic research and industrial applications due to increasless efficient emission.

ing potential as active components for a wide range of In comparison with these polymers, monodisperse conju-
electronic and optoelectronic device©ver the last few  gated oligomers possessing well-defined conjugation lengths
years, polyfluorene derivatives (PFs) have emerged as a
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and structures are characterized by structural uniformity, ||| || R NG

absence of chain defects, and ease of purification and Scheme 1
characterization, which make them superior to conjugated

polymers for a systematic investigation of structupeoperty

relationshipg. For instance, a series of well-defined linear oG
oligofluorenes were investigated to estimate their different %;CoCH3 SiCl, 13C¢
effective conjugation lengths, which was highly variable for y,.c, 5.H EtOH/Tol
polymers in determining electronic properties such as band s 87% H1sCo
gaps, absorption coefficients, emission quantum yields, etc. Br H13Cs
Moreover, most recently, oligofluorenes have also acted as

Hy3Cs

H13C6 "CeHys

high-performance blue emitters for application in OLEDs. Br. 36 H13Cs Pd(PPhs). / Tol
The morphological and thermal stability of oligofluorenes CHCly H13Ct TN
was substantially improved through introduction of aryl Br oty BZ(OCH)
pendant group®:or spiro-configured structurés while the CuBr/ AlL;O; HysCq HoG 2z
electronic properties were retained. Modification of chemical T’H c 1378 CeHiz H13C6 "CoHy;
structures with racemic or chiral alkyl groups even afforded 77% 1 56%
monodisperse oligofluorenes exhibiting linearly or circularly Br 2

polarized blue emission with good morphological stability '2"

and high glass transition temperaturég €' Up to now, to
the best of our knowledge, most of the oligofluorenes

CuBrz/ Al203  Pd(PPh;), / Tol
intensively investigated were linear rigid-rod molecules > >

ccl,  NaCO3/H0

together with a few exceptions of spiro-linked examples H 949, W—B(OCHZ)Z
possessing a three-dimensional (3D) structure. For the design Hy3Ce (;6,.,123 HysCeCetha
of new material structuresC; symmetry confers very HisCe 1%

promising properties for nonlinear optics and electronic or
optoelectronic devices.

In this communication, we present a repetitive divergent
synthetic strategy for preparing a series of well-defined star-
shaped 1,3,5-tri(oligofluorenyl)benzene derivatives v@th
symmetry, investigate structur@roperty relationships of
materials, and also evaluate the absorption and emission
properties of star-shaped oligofluorenes with linear ones.

CuBr, / Al,O; Pd(PPh;),/Tol
cCly ~ NayCO3/H,0

0
86% C@—B(OCHZ)Z
H HysC¢” “Cstis

The synthetic approach to the desired materials is il- H13Cq 90%
lustrated in Scheme 1. The parent compound in this series, H1:Cs
1, was synthesized in high vyield via tetrachlorosilane-
mediated cyclotrimerization of 9,9-dihexyl-2-acetylfluorene H

under solvents of ethanol and toluefighe bromination of

1 by employing bromine in chloroform failed to afford the
desired2. *H NMR results showed that the bromination did
not occur exclusively at 7-positions of fluorene rings, which
results in great difficulty of getting pur2 because of the
similar polarity of the components in the mixture. Alumina-
supported CuBrselectively brominating aromatic hydro-
carbon&! under mild conditions successfully afforded the
target molecule with high yield. This method is feasible
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Not only did we obtain appropriafé! and'3C NMR and diyl)s (329 nm for the dimer, 352 nm for the trimer, and
analytical data, we also employed MALDI-TOF/MS mea- 364 nm for the tetramer). Such a red-shift may be due to
surement to characterize the structure and molecular weightthesr-electron delocalization through the benzene core among
for new compounds. We also synthesized three linear oligo-the branches together with the contributions from the
(9,9-bisn-hexylfluorene-2,7-diyl) (their structures are out-  additional central phenyl ring. The electronic absorption
lined in Supporting Information) to evaluate our star-shaped maximum of 7 (372 nm) is quite close to that of poly-
materials. (dialkylfluorene) (380 nm}2 Figure 2 shows the plot of the

For compoundsdl, 3, and5, after the bromination, the
multiple signal arising betweea 7.30 and 7.40 ppm and |
belonging to the nine protons at 6-, 7-, and 8-positions of
the outermost fluorene rings disappeared and a new multiple
signal centered at abodt7.50—7.47 ppm appeared, which
was assigned to the six protons neighboring the bromine
atoms. It was convenient to inspect the process of bromi-

3.9
3.8
37

nating and cross-coupling reactions through the change of 3 36 .

these two characteristic signals iH NMR spectra. With W 38

the increased-electron delocalization and effective conju- 34

gation length of the whole molecule after the attachment of 33l "”*

more fluorene segments, the specific single signal belonging 02 03 04 05 06 07 08 09 10 14
to the protons of the benzene ring serving as the core 1n

gradually moved downfield, most apparently the chemical _. ) .
hift moving froms 7.91 tod 7.96 ppm for3. For the largest Flgure 2. Energy (AE) pf the Iowesp electronic 'gransmon.for
S 9 : 90 pp : 9 oligomers1, 3, 5, and7 in THF solutions vs the inverse ring

star-shaped compound poorly resolved multiple signals  numbers (1/n) of oligofluorene in the conjugated homologue.
were observed ranging from7.60 to 8.00 ppm, which was

assigned to the proton of fluorene rings and those on the

benzene ring. Due to the different local electron environment, lowest energy transition vs the inverse ring numbers of
the chemical shifts of the carbons at the 9-position of the oligofluorenes for the benzene core series in THF solution.
fluorene rings ift*C NMR spectra moved upfield in sequence The linear equations showed a saturation limit Af vs
from the innermost to the outmost fluorene ring, which also the number (n) of fluorene rings.

reflected the successful coupling and extension of the

fluorene arms. For instance, the chemical shifts of these E(eV)=3.17+ 0.72/n

carbons for5 were ¢ 55.43, 55.32, and 55.15 ppm,

respectively. o The curve about the lowest energy transition vs the numbers
The absorption and emission spectra of compounds of fluorene rings also suggested this trend. The photolumi-

5, and7 in THF solution are shown in Figure 1. The pescence (PL) features revealed typical characteristics of
conjugated oligofluorenes derivatives. The emission maxima
_ of the series were liable to be tuned by varying the number
of the introduced fluorene rings, which was also red-shifted
14% in comparison with the linear ones. The PL spectrun8 of
and 5 exhibited a maximum with a well-defined vibronic
feature. However, it turned into a shoulder similar to that of
polyfluorenes for compound. Figure 3 exhibits absorption
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Figure 1. Absorption and emission spectra of oligomérs3, 5,
and7 in THF solutions at room temperature.
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electronic absorption behavior of these star-shaped oligof- §
luorenes exhibited a perfect correlation to the conjugation foz
length, i.e., the absorption maximum was continuously red- ‘ of
shifted as the effective conjugated length of the respective 20 a0 T
oligofluorene branches increased.3, 5, and7 exhibited Wavelength (nm)
maXImqm absorptions at 319, ,348' 363’, and 372, nm, Figure 3. Absorption and emission spectra of oligomérs3, 5,
respectively, and were substantially red-shifted relative t0 ang7 in solid states at room temperature.

the linear compounds of oligo(9,9-hishexylfluorene-2,7-

Normailzed Emisslon Intensity (a. u.)
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Table 1. Physical Properties of Star-Shaped Oligofluorenes Derivatiy&s 5, and7

Amax abs Amax abs Amax PL Amax PL [oF [oF
oligomers Mw (solutions) (films) (solutions) (films) T4 (°C) band gap (THF) (films)
1 1075.1 319 nm 319 nm 352 nm 351 nm 35 3.49eV 0.41 0.21
3 2071.4 348 nm 348 nm 370 (389) nm 402 nm 66 3.10 eV 0.63 0.34
5 3068.9 363 nm 359 nm 389 (410) nm 420 nm 76 3.02eV 0.76 0.44
7 4065.8 372 nm 365 nm 402 (416) nm 426 nm 88 2.94 eV 0.85 0.56

and emission spectra df 3, 5, and7 in films spin-coated
from toluene solutions. In comparison with PL spectra in
solutions, PL spectra of derivativ€s5, and7 in films are
obviously red-shifted, although the absorption spectra ex-
hibited a small blue-shift; however, we observed the same
absorption and emission maximabboth in solutions and

in solid states. Moreove¥,did not exhibit any of the vibronic
features at 444 and 476 nm usually observed in spectra of

polyfluorenes. l\\_._\
For photoelectronic applications, the thermal stability of » e

organic materials is critical for device stability and lifetime.
The degradation of organic photoelectronic devices depends
on morphological changes resulting from the thermal insta-
bility of the amorphous organic layét.The morphological  Figure 4. DSC curves (second run) of oligomets3, 5, and7.
change might be promoted by the rapid molecular motion
near the glass transition temperaturg) (Rl compounds
exhibited an onset of evaporation or decomposition at benzene derivatives wit@;-symmetry. We have provided
temperatures greater than 3%Dwith no weight loss at lower & facile method of selective bromination for 1,3,5-tri-
temperatures. Compounds were in an amorphous state afoligofluorenyl)benzene derivatives. These bromides might
room temperature. The glass transition temperatures wereserve as good building blocks for the construction of
improved from 35 (oligomel) to 88 °C (oligomer7) with fluorene-based starburst or dendritic molecules. The Suzuki
an increase of fluorene rings at every branch, which was cross-coupling reactions successfully achieve the extension
close to that of poly(9,9-dialkyfluorene®).Table 1 also of oligofluorene branches with excellent yields. The absorp-
summarizes temperatures of glass transitidigsdf 1, 3, 5, tion and emission spectra of these materials in THF solutions
and7. We observed that the compounds formed kinetically and in solid states are readily tuned by varying the number
stable amorphous phases after thermal annealing. Accord-of the fluorene rings. The investigation of photo properties
ingly, pristine samples typically showed a weak and broad indicates tha? not only exhibits the narrow emission spectra
melting endothermic peak on the first heating cycle of the but also has structureless features in solid states due to the
DSC experiment. Once residual solvents in samples werestar-shaped structure, which may be helpful for the systematic
removed, only amorphous phases of most compounds wergnvestigation of structure—property relationships on the
observed and no recrystallization and melting peak was design of novel and efficient organic optoelectronic materials.
observed upon heating above the glass transition temperature ) )
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In summary, we have presented a convenient and efficientChina.
approach to soluble star-shaped 1,3,5-tri(oligofluorenyl)-
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