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The exploration of intricater—sx interactions to create tightly O FF R,
packed molecular assemblies has recently led to a new class of o OINT\ o ‘?F o/ FO\QVF
supramolecular materials for electronic and optoelectronic applica- e T P °3/©0% . p*o Q‘W?"’g@o F o
tions! This approach offers a very effective method to assemble KEF b FQ:YF Sy Q@F
chromophores and large aromatic molecules to improve their charge orsh Fr oot
mobility. However, it has been seldom used for organizing dipolar on 1 . ov 2
molecules to improve the poling induced polar order. There are Q c :j?(: o,s'if<
very few reports concerning the use of this method in electro-optic °@,3f ? /

(EO) materiald because of the numerous difficulties encountered, g ° Q’}?’%;Qoﬁp OIN%':‘
for example, low EO activity, poor mechanical strength, and d ve L ek FrE 4 FSCé\@
alignment stability. NC%N;& 3 4

To alleviate these problems, we have developed a new class of _ .
. . Figure 1. The structures of glass forming chromophores.

molecular glasses based on the reversible self-assembly of aromatic/

perfluoroaromatic (A+ArF) dendron-substituted nonlinear optical ~ Table 1. Physical and Optical Properties of 1-3, 4a, 5, and 6a,b

(NLO) chromophores. These structures are shown in Figure 1. Both SM—FM? number appled temp

phenyl and pentaflu_orophenyl rings are incorporated as peripheral 5 density? Jma®  voltage ragf stab.

dendrons on the-bridge and the donor-end of the chromophores  pawerials  °c)  (°c)  (x10%cm=)  (m)  (Vum)  (mV) (%)

1, 2, and 3. Using these molecular engineered dendritic chro-

o . 36 57 5.0 719 75 52 0

mophores and their binary chromophore composites, we have - 47 69 3.7 689 75 51 85
demonstrated dramatically enhanced EO activitigsds high as 3 59 70 44 703 100 108 92
327 pm/V, which is 10 times higher than the best inorganic crystal, 4@ 101 25 803 100 150 86
LiNbO3) and good alignment stability. 5 ] 50 68 4.4 704 120 130 93
s | i, - f th | | died 6d 62 76 4.8 727 90 275 86
tructural transition properties of these molecules were studied g 5.3 794 80 327 83

by shear-modulation force microscopy (S¥AM)3 that was em-
ployed as a nanorheological characterization method for detecting 2 Thermal transition temperature measured by-SW under nitrogen
inter- and intramolecular relaxations not obtainable by differential @t the heating rate of &/min. ® Core chromophoric moiety (formular of
scanning calorimetry (DSC). SMFM analyses of the glassy i ittt a1 Catined by tofal loading weigibsompiion
chromophores reveal in principle two thermal transitions as shown maxima of thin films by UV-vis spectroscopy? EO coefficient measured
in Table 1. Only the higher-temperature transitid) (could be g{ %ggr?q r:gﬂmbyesr;Tuprlee ;eﬁf‘leeicgomn éﬁfgggﬁgg\fnmgogﬂailaggnm'tw S/iatéi]ity
H Y (] e N
observed by DSC and cqrresponds to the malr_l glgss transition Ofcomposite ofpl:l mixture of and2. 6a composite of 3:1 mixture o8
the chromophore, that is, a global reorganization. The low- gnga4. 6b: composite of 1:1 mixture o8 and4.
temperature relaxatiormy) is due to the local reorganizations. As
expected from the ArArF interactions, chromophor@ shows a
significantly increased; and T, compared to those obtained from
1. These thermal transitions are also consistent with those of
composite5, which were generated by blending chromophare
and2 (1:1) to maximize the ArArF interactions.

To prove that extended structures form as the result of the Ar
ArFinteractions, a model compound was prepared by cocrystallizing
Ar and Ar- dendron-substituted carboxylic acids (1:1) in CHICI
They form cocrystals in the triclini®l space group (No. 2). The
crystal parameters age= 8.054,b =13.011,c = 18.507 Aa=
77.022, 5 = 79.1468, andy = 92.596, with two residues of each
component in the asymmetric unit by alternating heterodimer stacks

with an interplanar distance of 3.5 to 3.8 A. This structure represents
a clear solid-state evidence of multiple-AArF interactions between
peripheral dendron groups to form extended structures when the
chromophores are substituted with a chemo-specific combination
of dendrons.

A graphical illustration of the electric field poling of the self-
assembled chromophores is shown in Figure 2. Owing to the
possible extended structure induced by—ArF interactions,
chromophore3 gave the highests; (108 pm/V) among all
monolithic molecular glasses. This value is more than two times
higher than those obtained from chromophates 2 that do not
have such interactions. Moreover, the compo5sité:1 blend ofl
and?2) showed a3z of 130 pm/V. Again, the enhancegk in this
T Department of Materials Science and Engineering, University of Washington. composite verifies that it is possible to form supramolecular self-

§ Department of Chemical Engineering, University of Washington. ; ; in fi
* Department of Chemistry, University of Washington. assembly between different chromophpres. High electric fields
U University of Maryland. (greater than 100 W) that can be applied to pole chromophore
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Figure 2. Graphical illustration of the alignment formation of self- ’
assembled chromophoi& by Ar—ArF interactions: (a) locked random Y
X I . 0
dipoles (shown as arrows) before poling; (b) unlocked random dipoles before

poling; (c) locked acentric dipoles after poling followed by cooling. 600 700 800 900 1000 1100
Wavelength (nm)

3and composit®, and their resultant highss values, also suggest  Figure 3. The absorption spectra with Gaussian deconvolution fitting curve
that they possess improved dielectric strength. These poled thinfor composite6a before and after poling.
films could retain over 90% of their originak; values at room
temperature for more than 2 years. On the contrary, the temporal(¢ = 0.18) and the thirdg¢ = 0.22) peaks were contributed from
stability of the glasses without the AArF interactions deteriorated 4 as shown in Figure 3.
dramatically within 1 month. The initial decay of thg values of It is noteworthy that the order parameter aggl(up to 230 pm/
chromophore4 in polymethylmethacrylate (PMMA) 4@) and V) for chromophore4 blended in the dendritic glas8 have
composites5 and 6a are compared at 50C (see Supporting increased significantly after poling. The improved poling efficiency
Information). The doped polymeta showed the lowest temporal ~ observed in the composites suggests that self-assembled chro-
stability compared to those obtained from molecular glass com- Mophore matrices may act as pseudo-Ising lattices to help organize
posites5 and6a. This reveals that the temporal stability of these doped chromophores and improve their polar ofder.
materials is dictated mainly by the low-temperature structural N conclusion, a series of molecular engineered organic glasses
relaxation,T;, as seen from the SMFM analysis. were prepared to exploit the use of complementary-Ar"

Although the chromophore number density & 5.0 x 102° interactions to improve poling eff|C|en(_:y. These self-organized
cm3) in these molecular glasses are already very highx of molecular glasseg were used as host in Fhe binary chromophore
the typical guesthost polymers), it is still possible to further system to further_lmprove the number density of chromophores and
enhance thes; values of these materials by doping a second 'ssVvalues. Ultrahigirs; (up to 327 pm/V at the wavelength of 1310
chromophore with higher hyperpolarizabilitg)(in these glasses. nm) yalues have been achieved in these materlals_. To our knovyledge
In this manner, highep and loading level could be achieved this is the highest value ever reported for organic EO materials.

simultan_eously in the same materials. The re_su_lting binary glass  acknowledgment. Financial supports from DARPA (Molecular
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ra3 values, 275 pm/V foa and 327 pm/V for6b. This is quite  0120967) are acknowledged. Alex K.-Y. Jen thanks the Boeing-
amazing considering that severe intermolecular static interactions johnson Foundation for its support.
may exist in such high-loading level of chromophores.

To Verify that improved d|p0|e a|ignment also p|ays a role in Supporting Information Available: Experimental details and
the enhanced33 Valuesl we have Studled Order parameter Change additional CharaCterization not inC|uded in the manuscript. ThIS matel’ia|
of the poled molecular glasses by measuring the change of theiris available free of charge via the Internet at http:/pubs.acs.org.
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