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Poled polymer'~? and acentric Langmuir-Blodgett* films rep-
resent promising approaches to high-efficiency second harmonic
generation (SHG) materials.’ Nevertheless, net achievable
nonlinear optical (NLO) chromophore alignments, number den-
sities, and alignment temporal stabilities are significant issues in
the former materials,® as are scattering microdomains, structural
stability, and structural regularity, in the latter.” We commu-
nicate here an alternative approach to thin-film NLO materials
utilizing the sequential construction of covalently self-assembled
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¢Conditions: (i) benzene, 25 °C; (ii) reflux in n-PrOH; (iii) C1,Si-
0SiC1,08SiCly in THF; (iv) poly(vinyl alcohol) in DMSO.

chromophore-containing multilayer structures.®

The general synthetic strategy (Scheme I) is based on self-
assembly technology originally developed by Sagiv.®!® Note-
worthy features include a stilbazole chromophore precursor!! in
which layer-building quaternization (step ii)'? affords both an
anchored high-8 center'? and diagnostic changes in the optical
spectrum.!* In addition, soft polymeric layers are introduced
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Figure 1. (A) SHG intensity as a function of fundamental beam incident
angle from a glass slide having a self-assembled CpCh monolayer on
either side. The interference pattern arises from the phase difference
between the SHG waves generated at either side of the substrate during
propagation of the fundamental wave. The solid envelope is a theoretical
curve generated for xﬁ}/xg}, = 3. (B) Plot of the square root of SHG
intensity versus the number of chromophore layers in the multilayer
superlattice. The straight line is the linear least-squares fit to the ex-
perimental data.

transverse to the stacking direction (steps iii and iv, where n =
2 has so far afforded films of the most consistent quality)!s to
promote structural stability. The course of multilayer evolution
on clean'® SiO, substrates is readily monitored by optical spec-
troscopy (growth of chromophore absorption at 510 nm); XPS
spectroscopy (initial diminution of Si and O signals; growth and
persistence of C, N, and I signals); advancing contact angles, which
are in accord with expected surface functionalities®'%!7 and which
repeat in each i-iv cycle (reaction product, 8,(H,0): clean SiO,,
15°;1,82°; ii, 55°; iii, 1 7°; iv, 17°); preliminary null ellipsometry,
which is in accord with expected layer dimensions (approximate
thickness in notation of Scheme I: CpChSi = 34 A&;
CpChSiPVASIiPVASICpChSiPVASiPVASiICpChSiPVASiP-
VASi ~ 235 A);'® and NLO characteristics (vide infra). These
multilayer films adhere strongly to glass, are insoluble in common
organic solvents and strong acids, and can only be effectively
removed by diamond polishing.
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Transmission SHG measurements in the p-polarized geometry
employed the 1064-nm output of a Q-switched Nd:YAG laser.2
No in-plane anisotropy in the signal was detected as samples were
rotated about the film normal. This indicates that these films
possess uniaxial symmetry about the normal and that the dis-
tribution of chromophore molecular orientations does not have
an azimuthal dependence. Figure 1A shows the SHG intensity
as a function of incident angle for a glass slide coated on both
sides with a self-assembled monolayer (CpCh). Two features are
noteworthy and are observed in all multilayer samples. First,
nearly complete destructive interference of SHG waves from the
two monolayers is evident. This destructive interference is observed
over many randomly selected spots on the films. It indicates that
the quality of the structures on the two sides of the substrate is
nearly identical and uniform, suggesting that the present self-
assembly method is capable of generating excellent quality
multilayers in a reproducible way. Second, excellent fits of the
transmission SHG data envelopes can be obtained for x{2/x?
in the range 3-4. For Figure 1A, the fit is shown for xgz/x%
= 3. Assuming a one-dimensional chromophore (i.e., one char-
acterized by a single, dominant 8 component) and minimal dis-
persion, the relationship in eq 1 obtains.!® Here, ¢ is the average
of the orientation angles, ¥, of the chromophore dipoles with
respect to the substrate surface normal. Our results thus suggest
that ¢ is in the range 35°-39° for the present self-assembled
chromophoric superlattices.

D/x§) = 2 cot? § M

By calibrating the SHG data against quartz, we obtain x{2 =
2 X 1077 esu for a typical superlattice film, and therefore, x{2
= 6 X 1077 esu for a single ChCp layer of 22-A estimated
thickness. This SHG efficiency considerably exceeds that of poled
polymers,'=3 compares favorably with high-quality LB films,*’
and is consistent with high chromophore number densities and
degrees of acentric alignment.? Moreover, the large magnitude
of x{2 suggests that the formation of centrosymmetric aggregates,
which commonly occurs in LB films’»*4 and which greatly de-
presses achievable x{2 values, is not important in the present
self-assembled materials. Temporal stability studies reveal less
than 10% decline in the SHG efficiency of a five-layer structure
in the course of a month.

Since the present multilayers are extremely thin in comparison
to A = 1064 nm light and hence to the expected coherence length,
the intensity of the SHG signal should scale quadratically with
the number of chromophore layers.?! This is an NLO diagnostic
commonly employed to assess the structural regularity of LB
films.*” As can be seen in Figure |B, the adherence of the present
multilayer structures to quadratic behavior is good, indicating that
it is possible to maintain the same degree of noncentrosymmetric
chromophore ordering in the additions of successive layers.

In summary, these results demonstrate that self-assembly
techniques represent a promising approach to the synthesis of
thin-film materials having high second-order optical nonlinearities,
and also that SHG experiments are informative structural probes
thereof. Further synthetic elaboration and physical characteri-
zation efforts are in progress.
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