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Research on organic field-effect transistors (OFETSs) has achieved [o'“o;; sl
remarkable progress in the past decade. The carrier mobilities have L"’Qﬂ«ﬁd
been promoted to the range of 8.15.4 cn?¥ V-1 s71, which is o ===
good enough to compete with amorphous silicon [mobility ﬁ&u\‘&ﬂ
0.1 cn? V-1s71]. These breakthroughs are closely related with the [Lof’ Co\j
development of novel OFET materials, such as oligomeric thiophenes,
linear-fused acenes, conjugated polymers, phthalocyanines (Pcs), cndl Lo,
and peryleneé. N N = ‘z:z M= Eu*(1), Ho(2), Lu*(3)
Phthalocyanines are promising active materials for OFETs and I o o'o'a W
have been studied widely for a long tifhi@he most investigated e Ot
members in this family are CuPc and CoPthe mobilities of the Figure 1. Schematic molecular structures of the triple-decker compounds.
vacuum deposited Pc thin films are found in the range o0
103 cn?V~1s1 The best achievement of vacuum deposited thin
film was obtained from a sandwich-type device constructed by using
two kinds of phthalocyaninato metal complexes, displaying a
mobility of 0.11 cn? V-1 s714 A single crystal CuPc-based OFET
was reported most recently with mobility as high as 1.G &n!
s 1,5 representing the highest reported so far for Pc-based OFETSs.
The Langmuir-Blodgett (LB) technique allows fine control of e
both the structure and the thickness of the film at the molecular Ao "2"“‘1“““""‘2)
level and has been employed in building films for OFET stuflies. - B
However, the mobilities of LB film-based OFETSs, usually in the Figure 2. x—A isotherms (A) and schematic structure of the device
range of 107—10-3 cr? V-1 51, are far behind those of either (B, inset shows the schematic structurelaiggregates).
vacuum deposited or solvent processed films. This, together with
the fact that the LB technique is a difficult method for rapid
manufacturing, has suppressed interest in using the LB technique
in OFET studies. However, our recent research on the OFET
properties of amphiphilic tris(phthalocyaninato) rare earth triple-
decker complexes revealed that the LB films of this material show
unexpectedly good OFET performance, with carrier mobilities
reaching 0.240.60 cn? V-1 s71, which is among the highest
mobilities achieved so far for LB film-based OFETS.
The structure of these amphiphilic tris(phthalocyaninato) rare
earth complexes is shown in Figure 1. The sandwich triple-decker
nature of these compounds was defined by MALDI-TOF mass

spectra andH NMR spectra (Supporting Information). In the , conclusion is further supported by the linear increase in the

moleculebs,tthree Pe ”rt‘ﬁs tare ctlﬁsely :ondedq |ntla Ecec-jto-]‘rz:]ce absorbance of the LB film along with the number of layers. Small-
manner by two rare earth atoms through coorcination bonas. eseangle X-ray diffraction patterns (XRD) of the thin film of the three
are the first examples of amphiphilic tris(phthalocyaninato) rare

} . ) ... compounds show similar results, with one diffraction peak around
earth triple-decker complexes with crown-ether voids as hydrophilic P P

; . . 2.5 nm (Figure S2 of Supporting Information), which is the
_heads and long alkyl_ chglns as hydrophobic tails. A thickness of the molecule when the alkyl chains extend upward in
isotherms are shown in Figure 2. These compounds are able to

form very stable monolayers on the water surface. The limiting the film. Th.ese results. suggest a very regular layered structure for

mean molecular areas are 5.88. 6.04. and 6 56fuml.2 and3 these LB fllms. Po_larlze(_j absorption spectra were (_employed to

respectively, when the surfac.;e ;’)re.ssdre is képt at Zé r,nN“ﬁIné detect the orientation (dihedral angle be_tween Pc rings and the
! surface of substrate) of the Pc rings in the fiinAll three

" Shandong University. compounds gave similar results, with orientation angles close to

* Permanent address: Department of Chemistry, Jinan University, Jinan 250001,Oo This further confirms the face-on ordering deduced from the
China. .

8 Chinese Academy of Science. 7—A isotherms. The morphology of a 20 layer film @fwas
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multilayer films were deposited under these conditions. These values
are very close to the area of a phthalocyanine ring plus four crown-
ether voids, revealing that the triple-decker compounds adopt a
“face-on” arrangement on the water surface. The transmission
electronic microscopy (TEM) image (Figure S1 of Supporting
Information) of this monolayer on the surface of mica shows
uniformly dispersed domains.

These monolayers have been transferred reproducibly to hydro-
philic substrates by the vertical dipping meth&@estype LB films
were formed for all three compounds. The fact that the transfer
ratio was maintained at an ideal value, 1, during the whole transfer
process indicates the formation of uniform thin films. This
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0] ey o eee—e the mobility and film structure is not yet fully understood, we
believe that, in addition to the contribution from Pc ring stacking,
2 ] the contribution fromJ aggregation to the mobility might be
z 6 s significant. This is supported by many studies showing that edge-
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to-edge linked molecules can act as molecular wires in various
circumstance&
In conclusion, we have presented good OFET properties of three

R P i i i

amphiphilic tris(phthalocyaninato) rare earth complexes. The high

0 20 -40 60 80

Vds(V) OFET performance can be ascribed to the intramolecatar
Figure 3. Drain—source currentlg) versus draif-source voltage\() stacking and the intermoleculdiaggregation in the LB films. Thls_
characteristic fo at constan¥ (0, —5, —10, —15, —20, —25, —35, —40 represents one of the best results so far obtained for all LB film-
V from bottom to top). based OFETs. The good performance proves that these ftris-

(phthalocyaninato) rare earth triple-decker compounds are very
promising organic semiconductors. The design and synthesis of new
sandwich compounds with good solubility in organic solvents and
the optimization of the device fabrication are in progress.

characterized by atomic force microscopy (AFM) (Figure S1 of
Supporting Information). The image shows a very smooth surface
decorated with some pinholes and defects.

The triple-decker compounds show a Q-band at 645 nm in
solution, which blue-shifts dramatically compared with that of Acknowledgment. Financial support from NSFC (Grant Nos.
mononuclear phthalocyaninato metal complexes in solution (around 20325105, 20431010, 90206049, and 20472089), National Ministry
690 nm)? This significant blue-shift can be ascribed to strong of Science and Technology of China (Grant No. 2001CB6105-07),
intramolecularr— interaction among the three stacked Pc rihgs.  and the Key Lab of Photochemistry of CAS are acknowledged.
In LB films, the Q-band of these triple-decker complexes red-shifts
to 674 nm (Figure S3 of Supporting Information), indicating the
formation of J aggregates (edge-to-edffelnd a very strong
interaction between the neighboring molecules in one layer. The
strong intramolecular—: stacking in the triple-decker molecules
together with strong intermolecular edge-to-edge interaction in the potorences
J aggregates provide the electrons with an extensive area for
delocalization.

Supporting Information Available: Details of the structure
characterization and device fabrication 1or3: XRD, TEM, and AFM
of LB films for 1—3, plot of Ig4s versusVys for 1 and 3. This material
is available free of charge via Internet at http://pubs.acs.org.
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