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ABSTRACT

n:0,1,2 3,4

A series of a-conjugated molecular wires based on thienylethynylene units have been developed to understand the effect of the molecular
structures on their photophysical properties. The investigation of their photophysical properties indicates that the formation of aggregates at
the ground state is effectively suppressed by the incorporation of truxene units. The excited-state lifetimes are observed to be biexponential

for these molecular wires.

m-Conjugated materials have been extensively investigatedpolymers3# Oligo(thienylethynylene)s (OTESs) have attracted
due to their applications in a wide range of optoelectronic considerable interest due to their rigid geometry and ability
devices. Such conjugated systems provide an extraordinaryto effectively transfer energy over long distanéd#e incor-
channel to transport electronic excitations to segments with poration of triple bonds in linear OTEs has been demon-
the greatest effective conjugation lendgtRrogress in the  strated and investigated for their applications in electronic
study of molecular devices through single molecular wires devices as “molecular wire§"In this paper, we present an

over the past decade has been phenonte8ghthesizing
functional molecular wires with different effective conjuga-

efficient preparation of a family of molecular wires con-
necting two truxene moieties through OTE units of different

tion lengths no doubt permits easier and more reliable conjugation lengthsTr(TE) ,Tr, and their photophysical

fabrication and is also of fundamental importance.

properties in solution and in thin film. We observed that

Molecular wires based on rodlike aryleneethynylene back- compoundl has a longer excited-state lifetime (10.1 ns) than

bones are of considerable current interest as optoelectronic
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the lifetime of OTEs with a few hundred picoseconds. Our agashira coupling betwee® and 5 in 81% yield. When
goal is to understand the relationship between the effectivetrimethylsilylacetylene was used for the Sonogashira cross-
conjugation length and the photophysical properties as well coupling, catalyst Pd@PPh), was employed to give a
as the excited-state lifetime in such molecular wires. The reasonable yield. However, it afforded a very poor yield
investigation indicates that the introduction of the truxene (<10%) when ethylnylenes with high molecular weight
units as the end group not only effectively suppresses theand/or large steric hindrance, for exampéSchemes 1 and

formation of aggregates of these molecular wires in the 3) 8 (Schemes 2 and 4), ari® (Scheme 4), were used. A
ground state but also converts the single-exponential of the

excited-state lifetime of OTESs to biexponential with a longer _

lifetime component, which makes it possible to employ such ;

compounds for optoelectronic devices. Scheme 2. Synthesis off(TE) sTr
The synthesis comprises an iterative Pd-mediated Sono-

gashira coupling reactidhScheme 1 illustrates the synthetic

i. Pdy(dba)s, Cul, PPh,
OH NEts, 40 °C,10 h, 84%.

SN
W, ii. KOH, Toluene, 110 °C,
0.5h, 79%.
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Scheme 1. Synthesis ofTr(TE) ,Tr
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RR § much higher yield was achieved through the replacement of
R Iy \,(’M\ R PdCL(PPh), by Pd(dba). Therefore, Pgdba} was chosen
Ny
R=nCetis  TH(TE),Tr
Scheme 3. Synthesis ofTr(TE) 4Tr
; . 3
approaches tor(TE) ,Tr. A reaction sequence of the iodina- I 3, Pdy(dba)s, Cul R '» X“\ W/[ °
tion of 1 followed by a Suzuki coupling with 2-thiophene- :\\\S/ PPhs, NEt, 40 °C.10 ocmﬁ Y
boronic acid catalyzed by Pd(Pfhand then treatment with 9 82% R 10
N-iodosuccinimide (NIS) afforde8 in 33% overall yield. P //’\\
. . . . . /é S’ ]
A Sonogashira coupling 08 with trimethylsilylacetylene 1) n-BuLl, -78 °C toO°CR\ Ag=
followed by deprotection of the TMS group under basic 2)15, <78 °C 10 0 °C, R(\K? "
conditions afforded5 in 56% overall yield. The first 8% IR 5, Pdy(dba)s, Cul
molecular wireTr(TE) ,Tr was obtained through the Son- Q F’sz/s NEt;, 40°C,100
i R R o
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Scheme 4. Synthesis ofTr(TE) sTr and Tr(TE) ¢Tr
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3 outlines the synthesis dir(TE) 4Tr. A Sonogashira reac-
tion of 3 with 9 afforded10 in 82% yield. Following the
typical iodination conditions with NIS, we did not obtain
11 and quantitatively recoverelD, although NIS is a typical
reagent for iodination of the thiophene ring. Prolongation
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Figure 1. Absorption and PL spectra @ (TE) ,Tr (n=2-—6) in
THF solution. PL spectra recorded under excitation at the absorption
Amax Wavelength at room temperature.

the continual red-shift in agreement with the increase of the
effective conjugation length. Their molar extinction coef-
ficient of absorptionimax also gradually increased from
Tr(TE) oTr to Tr(TE) ¢Tr. In comparison with their corre-
sponding OTES, the obvious red-shift in absorptigny of
these molecular wires was achieved due to the introduction
of truxene units to improve the effective conjugation length
of the whole molecular wire. For example, the absorption
Amax red-shifted about 77 nm fofr(TE) 2Tr, 49 nm for
Tr(TE) 3Tr, 39 nm for Tr(TE) 4Tr, 22 nm for Tr(TE) sTr
relative to those ofTE), (317 nm), of(TE)3 (360 nm), of
(TE)4 (377 nm), and of TE)s (400 nm), respectivel{A2 All

PL spectra in solution showed a maximum peak with a
shoulder on the red side. It was observed that thel Rk

of the reaction and/or heating did not result in improvement in dilute THF solution red-shifted fronTr(TE),Tr to
of the reaction. Other procedures were tested, and finally, Tr(TE) ¢Tr. They also exhibited similar Stokes shifts (about

iodination was achieved through the lithiation D® with
n-BuLi at —78 °C followed by the addition of elementary
iodine to afford11in 78% yield? Tr(TE) 4Tr was obtained
through the Sonogashira reaction betwédrand5.

66 nm) due to their similar rigid backbone. Moreover, it was
observed that both absorption and Rhax of Tr(TE) ¢Tr

red-shifted only 2 nm in comparison with those of
Tr(TE) sTr, which indicated that the saturation of the effec-

As shown in Scheme 4, the Sonogashira coupling reactiontive conjugation length of this series of molecular wires was

between8 and 11 afforded Tr(TE) sTr in 78% yield. For
the synthesis ofTr(TE)sTr, the Sonogashira coupling
between1l and trimethylsilylacetylene followed by the
deprotection of the TMS group achieved the terminal
ethylnylene 13 in 59% yield. The Sonogashira coupling
reaction of13 with 11 afforded Tr(TE) ¢Tr in 75% vyield.

achieved aroundr(TE) ¢Tr. Normally, the saturation of the
effective conjugation length for OTEs is found at around
the octomer rang&The fluorescence quantum yield®g,)

of these molecular wires in dilute THF solution were
measured to be 0.25 farr(TE) ,Tr, 0.22 for Tr(TE) sTr,
0.20 for Tr(TE) 4Tr, 0.20 for Tr(TE)sTr, and 0.18 for

Scheme 4 also show the structures of model compounds ofTr(TE) ¢Tr, respectively, using 9,10-diphenylanthracene as

(TE)n (n=2-5)4

All compounds were readily soluble in common organic
solvents, such as toluene, THF, and LCH. The structures
and purity of all new compounds were fully characterized
and verified by*H and'3C NMR, elemental analysis, as well
as MALDI-TOF MS (see the Supporting Information).

The photophysical properties of molecular wires
Tr(TE) ,Tr (n = 2—6) were first investigated in dilute THF
solution. Figure 1 shows their absorption and photolumi-

nescent (PL) spectra in solution. Photophysical data from

both solution and thin films are summarized in Table 1. All

the standard? Although decreased with an increase in the
number of thiophene rings, thefbp,s were dramatically
improved in comparison with those of OTEs due to the
introduction of aromatic units with six-membered
ringsit
The fluorescence decay parameters of these molecular

wires in solution are collected in Table 1. Usually, the ex-
cited-state lifetime for OTEs was found to be single-expo-

(6) (a) Tykwinski, R. RAngew. Chem., Int. E2003,42, 1566—1568.
b) Wang, J.-L.; Luo, J.; Liu, L.-H.; Zhou, Q.-F.; Ma, Y.; Pei,Qrg. Lett.
2006,8, 2281—2284. (c) Chinchilla, R.; Najera, Chem. Re»2007,107,

molecular wires exhibited an identical absorption at 308 nm g74—922.

with the same molar extinction coefficient (leg= 4.92),
which was assigned to the—s* electron absorption band
of truxene unit$. It was also observed that their absorption
Amax peaked at 394 nm fofTr(TE) ,Tr, 409 nm for
Tr(TE) 3Tr, 416 nm forTr(TE) 4Tr, 422 nm forTr(TE) sTr,
and 424 nm forTr(TE) ¢Tr, respectively, which exhibited
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(7) Ringenbach, C.; De Nicola, A.; Ziessel, R.Org. Chem2003,68,
4708—4719.

(8) (a) Pei, J.; Wang, J.-L.; Cao, X.-Y.; Zhou, X.-H.; Zhang, W.3B.
Am. Chem. So®003,125, 9944—-9945. (b) Cao, X.-Y.; Liu, X.-H.; Zhou,
X.-H.; Zhang, Y.; Jiang, Y.; Cao, Y.; Cui, Y.-X.; Pei, J. Org. Chem.
2004,69, 6050—6058.
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T. J. Phys. Chem. R003,107, 739—746.
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Table 1. Photophysical Properties of Molecular Wires in Solutions and in Thin Films

Amax (emis),? Amax (abs),© Amax (emis),
compd Amax (abs),* nm (log €) nm nm nm Dpr,? % 7,° s (32)
Tr(TE):Tr 308 (4.92), 394 (4.99) 460 (487) 309, 400 470, 491 25 0.42 (91.4%), 1.29 (8.6%), (1.075)
Tr(TE)s;Tr 308 (4.92), 409 (5.04) 474 (504) 309, 410 519 22 0.30 (97.8%), 1.70 (2.2%), (1.172)
Tr(TE) Tr 308 (4.92), 416 (5.08) 484 (512) 309, 415 525 20 0.32 (84.3%), 1.50 (15.7%), (1.162)
Tr(TE)5;Tr 308 (4.92), 422 (5.12) 488 (515) 309, 418 529 19 0.32 (88.5%), 1.85 (11.5%), (1.133)
Tr(TE)¢Tr 308 (4.92), 424 (5.15) 490 (516) 309, 424 515 18 0.31 (98.2%), 1.64 (1.8%), (0.990)

a|n THF solution (5x 107% M). P In THF solution (107 M); the shoulder peaks are shown in parenthesksthin films. 9 In THF solution (107 M)
and 9,10-diphenylanthrancene as standahd THF solution (107 M); the fluorescence decay was monitored at the maximum emission peakr Balties
denote the fluorescence lifetimes associated with the two exponentials obtained from the reconvolution fits. The percentage indicates the contribution of that
component. All emission spectra were collected by the excitation at the absorption maximum of the corresponding compounds.

nential within a few hundred picosecorfdldowever, in THF acteristics in the absorption spectra relative to other molecular
solutions (107 M), the decay of the emission maximum band wires, such as OTESTheir absorption spectra in films show
for these molecular wires was found to be biexponential with an identical peak at about 309 nm owing to thes*

two excited-state lifetimes yieldingyé of less than 1.2. One  electron absorption band of the truxene units. The absorption
excited-state lifetime ranged from 0.42 to 0.30 ns, which Amax peaked at 400 nm fofTr(TE) oTr, 410 nm for
was in agreement with that in OTE#nother one exhibited ~ Tr(TE) sTr, 415 nm for Tr(TE) 4Tr, 418 nm for Tr(TE) sTr,

a longer lifetime ranging from 1.29 to 1.85 ns. Given the and 424 nm forTr(TE) ¢Tr, respectively. Such red-shifts
lack of interchain interactions in dilute solutions, this were in agreement with an increase of the effective conjuga-
emission was assigned to intrachain singlet excitons on thetion length. In comparison with those in dilute solutions, the
backbone. Therefore, the introduction of truxene units, which PL spectra of these molecular wires in thin films became
have long excited-state lifetimes (10.1 ns), might modify the very broad and their maximum peaks were obviously red-
excited-state lifetime of such molecular wires. shifted, for example, 10 nm fofr(TE) ,Tr, 45 nm for Tr-

The absorption and PL spectra of these molecular wires (TE)3sTr, 41 nm for Tr(TE) 4Tr, 41 nm for Tr(TE) sTr, and
Tr(TE) ,Tr (n = 2—6) in thin film were also measured. 25 nm forTr(TE) ¢Tr, respectively, which indicated that the
Figure 2 shows their absorption and PL spectra in thin film. excimer for these molecular wires might be formed in the

excited states. It was also observed that thé Rl.gradually
_ red-shifted fromTr(TE) ,Tr to Tr(TE) sTr. In comparison

with that of Tr(TE) sTr, the PL Amax Of Tr(TE) ¢Tr blue-
shifted about 14 nm and also blue-shifted 4 nm relative to

glar e
£iof B Ni that of Tr(TE) 5Tr.
P T In conclusion, we have developed a new series of
g:':j ——TerE) T '°°§ m-conjugated molecular wires based on thienylethynylene
Fif e units, Tr(TE) ,Tr (n = 2—6), through the Sonogashira cross-
EM_ -ﬂ-zg coupling reaction in good yields. In comparison with OTEs,
s B the obvious red-shift oflmax Of their absorption and PL

%DO 350 400 450 500 550 450 500 550 G600 B50 " . . . max . . . p .

Wavelength (o) spectra in dilute solution and in thin film is in agreement

Figure 2. Absorption and PL spectra GF(TE) ;Tr (n = 2—6) in with an increase of the effective conjugation length. Intro-

thin film. PL spectra recorded under excitation at the absorption duction of truxene units not only suppresses the formation
Amax Wavelength at room temperature. of aggregates at the ground state, but also modifies the

excited-state lifetime from single exponential to biexponen-
tial. We are currently synthesizing a complete library of these

The thin films were obtained by spin-coating toluene solution Molecular wires through various strategies and trying to pave
(ca. 10 mg/mL) onto quartz plates at 1000 rpm. All com- the way for the investigation of these unique classes of
pounds exhibited excellent film-forming properties. The Precisely defined conjugated architectures.

absorption spectra of every molecular wire (Tr(TE)) in Acknowledgment. This work was supported by the Major
thin films were nearly identical with those in solution, which State Basic Research Deve|opment Program from the
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possibly owing to truxene moieties with hexyl substituents.
Therefore, these molecular wires exhibited different char-
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