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Polar and Luminescent Supramolecular Films that supramolecular rather than simply molecular effects may be
responsible for the formation of these polar solids. This observa-
tion demonstrates that additional chemical functionality can be
added to the system without disrupting the organizational energet-
Department of Chemistry and Beckman Institute ics behind pola_r ordering. _Furth_ermore, a _special feat_ure of t_he
for Advanced Science and Technology systems described here is their large th|cknes§ WhIC.h varies
Department of Materials Science and Engineering Petween 20 and 116m. This corresponds to the dimensions of
and Materials Research Laboratory 2 500-13 750 stacked molecular layers. The specific modifica-
University of lllinois, Urbana, lllinois 61801 tions studied here involved the replacement of the terminal
biphenyl hydroxyl ofl with dimers of phenylene vinylene that
Receied August 8, 1997  are either cyano (polar}, or hydrogen (apolar, terminated?
The synthesis and comprehensive characterization of these two
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We report on two photoluminescent triblock rodcoil molecules iniock molecules will be reported elsewhéfe. The rodcoil
that self-organize into thick polar fllms that may contain up to |\ iecules were characterized By NMR and gel permeation
10 000 molecular layers. The design of molecules that assemblechromatography
into polar matgrials is an importgnt objective for many reasons. oo o dle X-ra scattering (SAXS) scans indicate these
One of them is that such materials could open access to films lecul 9 Ki tyl '?h & / f hiv 8
much thicker than molecular dimensions that can adhere to mﬁ_eﬁu_es pack ;”Ot a)_/t(;:‘]rs wi I spacing o rougd 3{ k?lm
substrates and present a surface of receptors or catalytic site Ich 1S consistent with monolayer as opposed 1o brlayer

regardless of substrate roughness. These solids also offer acce gmtslonheﬁh?efg% oll;ﬂg ?;\c/)irf?)?ri(recr)digolllom}grlr?rchuéec%%r:;ag]mg
to properties that require absence of a center of inversion (e.g., pheny y

second harmonic generation, piezoelectricity, pyroelectricity, teristic submolecular spacing observed is consistent with, but does

ferroelectricity). In centrosymmetric systems, the vanishing of Bo;[kderr;onstrgte, bulk po!jar ordgr in ;[hetf"g" To %Stﬁbl'Sh 'f.
the 5 tensor (responsible for frequency doubling) eliminates the ulk pofar order occurred, we Investigated second harmonic

e . : : eneration (SHG) in these supramolecular films. Film& ahd
possibility of generating a second-order nonlinear optical (NLO) g ; .
signal. Several strategies have been used to externally control3 were solution cast from CHEbnto glass slides and allowed

the formation of noncentrosymmetric multilayers such as Lang- to dry overnight under nitrogen. SHG measurements were then

muir—Blodgett (LB) films of molecules and electrical poliftf obtained using a 1064 nm infrared laser beam. Profilometry and
For example, Marks et al. reported multilayer films of up to 5 SHG scans across the surface of the films are shown in Figure 2

chromophore layers~<100 nm thick) with remarkable retention revealing essentially identical fluctuations in the film thickness
of noncentrosymmetry within the filn¥s.In addition, an electri- and intensity of green photons_(532 n_’fﬁ)_Par_tlcuI_ar care was
cally poled smectic A liquid crystar¢10 «m thick) containing taken to prepare films with a wide variation in thickness across

NLO chromophores attached to siloxane rings has shown :Ee diamtleterdpf ﬂ:e film. By va{yin?t;hekfilm thiclénéelisGwithilréb
thermally stable second-order NLO activityln this general € Samplé, direct measurements ot thickness an couid be

. s obtained from the same film. The thickness of these films range
gggfn?él;il;;ﬁ?ggég% polar stacks of molecules would be between 20 and 118m implying that stacks of up to tens of

Our laboratory recently reported on a new class of supramo- thousands c_>f molecular_lay_ers preserve global polarity. Sincg the
lecular materials composed of miniature triblock copolymer SHG intensity scales with film thickness, we infer polar stacking
moleculesl (Figure 1)° These molecules form films composed is a bulk property of the supramolecular films and not the result

i 5
of mushroom shaped supramolecular aggregates, each containin f loss of centrosymmetry at interfaces® Quadrupolar SHG

about 100 molecules. Interestingly, these supramolecular nano-obzlg'g/lejg“iﬁelsy ISrt]ec:TL:g f\',!Irthﬁ rs]'inf]zrtzs nﬁgeei%ggmgﬁ?tm?nk;;and
structures organize into layers that stack with “caps to stems” Y 9 y : !

polar order. This was confirmed by second-order NLO measure- the solid films exhibit strong photoluminescence when excited
ments of solvent cast films. Transmission electran microscopy (10) General procedure: An oven-dried flask was charged with benzene

showed these layers stack over thicknesses on the ordetmof 1 (30'mL) and THF (1 mL), followed by-BuLi (1.0 mmol). Styrene (9.0 mmol)
We report here on the self-organized films formed by triblock was added via syringe, and the solution was stirred for 30 min after which

molecules? and 3 containing conjugated phenvlene vinylene isoprene (9.0 mmol) was added and stirring continued for an additional 30
9 Jug P y y min at which time CQg) was bubbled into the flask. The solvent was

segments (Figure 1). Interestingly, we found that polar order of \omoyed, and the crude material was purified by flash chromatography on
supramolecular units is also observed in these systems suggestingilica gel. The purified material (1.0 mmol) was placed into an oven-dried
flask along with CHCI, (10 mL), 4-(dimethylamino)pyridinium-4-toluene-

T Department of Chemistry and Beckman Institute for Advanced Science sulfonate (DPTS) (1.0 mmol), diisopropyl carbodiimide (DIPC) (3.0 mmol),

and Technology. and dimethylthexylsilyl-4-(4-hydroxyphenyl)benzoate, and the solution was
* Department of Materials Science and Engineering and Materials Researchstirred fa 8 h atroom temperature. The reaction was then diluted with water
Laboratory. and washed with CkCl, (25 mL), the solvent was evaporated, and the crude
(1) Marks, T. J.; Ratner, M. AAngew. Chem., Int. Ed. Engl995 34, material was purified by flash chromatography on silica gel. The silyl
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(4) Yitzchaik, S.; Marks, T. JAcc. Chem. Red.996 29, 197—-202. material was sufficiently pure to be carried forward without additional
(5) Wijekoon, W. M. K. P.; Wijaya, S. K.; Bhawalkar, J. D.; Prasad, P. purification. Repeating the DIPC/DPTS coupling and the silyl deprotection
N.; Penner, T. L.; Armstrong, N. J.; Ezenyilimba, M. C.; Williams, D.JJ. reactions afforded material containing two biphenyl units with a carboxylic
Am. Chem. Sod 996 118 4480-4483. acid terminus. This product was then placed into an oven-dried flask along
(6) Katz, H. E.; Scheller, G.; Putvinski, T. M.; Schilling, M. L.; Wilson, with CH,Cl, (10 mL), DPTS (1.0 mmol), DIPC (3.0 mmol), and the phenylene
W. L.; Chidsey, C. E. DSciencel991, 254, 1485-1487. vinylene dimer, and the solution was stirred &h atroom temperature. The
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Marks, T. J.; Lin, W.; Wong, G. KLangmuir1993 9, 388—390. solvent was evaporated, and the crude material was purified by flash
(8) Wang, H.; Jin, M. Y.; Jarnagin, R. C.; Bunning, T. J.; Adams, W.; chromatography on silica gel to yield molecu2sr 3.
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Figure 1. Chemical structure of triblock rodcoil moleculés-3. These molecules contain average degrees of polymerization of 9 for styrene and
isoprene, based ot NMR and GPC, covalently grafted to a chemically defined rigid block.
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Figure 2. (Top) Profilometry (in blue) and SHG (in red) data obtained
at different positions in supramolecular film of rodcBilThe scans show
essentially identical fluctuations in both signals. (Bottom) Similar
profilometry (in blue) and SHG (in red) data for a supramolecular film
of rodcoil 3. Also shown at the left are the photoluminescent solutions
and solid films of both materials irradiated with 365 nm UV light.

by 365 nm UV radiation. As shown in Figure 2, solid-state
photoluminescence is particularly strong in films formed by
rodcoil material2.

We have demonstrated the potential chemical versatility of
supramolecular materials formed by triblock rodcoil molecules.
We can anticipate that a large variety of chemical structures will
exhibit similar self-organizing behavior to that originally reported,
including molecules lacking a polar terminus. The nanostructured
materials described here contain thousands of molecular layers
organized with polar order and give rise to strong photolumines-
cence. On the basis of these observations, we believe the
chemistry of very large supramolecular aggregates can deliver
designed materials with extremely valuable and unexpected
properties.
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(13) The thickness profiles for the films were measured using a Sloan
Dektak3-ST surface profilometer. The locations of the profilometer scanning
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back of the glass substrates to mark the beginning and ending points of the
scanning paths. The nonlinear optical experimental setup is similar to that
described by Stupp (Stupp, S. I.; Lin, H. C.; Wake, DGRem. Mater1992
4, 947-953). Samples for nonlinear optical experiments were mounted onto
a rotation/translation stage and either fheor s-linearly polarized 1064 nm
fundamental was tightly focused onto the sample yielding a peak intensity of
about 10 MW/cr. The 1064 nm fundamental was produced by a Molectron
MY34-20 Q-switched Nd:YAG laser with a 20 ns pulse width operating at a
20 Hz repetition rate. The second harmonic signal at 532 nm was sent through
an analyzer and separated from the fundamental via a series of green pass
filters and an Instruments SA, Inc. DH-10 double monochromator. The 532
nm light was collected in a Hamamatsu R1477 photomultiplier tube, and the
signal was sent out to a Stanford Research Boxcar Averager and then to the
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