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Molecular nonlinear optical (NLO) effects show promise for have shown thatl-arylpyridinium electron acceptors give especially
various applications, e.g., in optical data processing and biological large 3, response& and the hexadecyl chain engenders the
imaging?! Within this field, transition metal complexes offer many amphiphilic properties required for LB deposition. The visible
possibilities for creating multifunctional materi&lsRecently, absorption spectrum df in MeCN shows a broad MLCT band at
methods for modulating molecular NLO responses have attractedAmax = 624 nm € = 16 100 Mt cm™1), and cyclic voltammetry
attention? e.g., the first report of a reversible redox-switching of gives a reversible R#' wave atE;,, = 0.50 V vs Ag-AgCl; these
the first hyperpolarizabilitys.* Various related solution studies with  data are very similar to those for the model spe@és For the
both quadratic and cubic NLO effects have been descflird, latter, respectivedy values of 220x 10739 and 186x 1073 esu
corresponding work with organized materials is very scarce. Redox- have been determined from HRS in MeCN at 295 K and from Stark
switching of the second harmonic generation (SHG) from self- measurements in PrCN at 7714
assembled monolayers (SAMs) of ferrocenyl (Fc) thiols on gold

has been reportéd-However, these SAMs grgatly at.ten.uate the 532 N@@N@C1GH33_,]
nm SHG from bare gold, and a ca. 5-fold intensity increase was
ascribed to oxidation of the Fc electron donors; this counterintuitive Cq6-PhQ*

claim was supported by ZINDO-deriv¢gdvalues. Later independent
studies confirm that oxidizing Fc unitiecreaseg,> so the reported E

HaN
switching is likely due to only molecular orientational changes H3N—\Rif N@_CNOR 3+ [PFs s
(originally noted as a contributing factd). / SN/ \ 4

HoN

In order to progress toward potential applications of redox- °’NH3
switchable NLO phenomena, significant challenges must be
overcome, especially for quadratic effects. First, it is necessary to Using a water subphase and a Chi€blution of 1 at 295 K
incorporate active chromophores into polar materials, with many gave stable Langmuir monolayers that deposited on both sides of
molecules required for significant effects. Second, the material must hydrophilic glass by vertical dipping. Analysis of the presstre
be electrochemically addressable, preferably as a thin film. We havearea isotherm assuming monomolecular coverage affords an un-
studied dipolar Rbammine complexes with metal-to-ligand charge- feasibly small apparent area of 12 tolecule'™. This observation,
transfer (MLCT) transitions and very large stafivalues fo.” The reminiscent of studies with a nickel bis(dithiolene) complex,
well-understood optical properties of such chromophores are ideally i gicates that the film is not one molecule thick due to aggregation
suited to external contrdlNoncentrosymmetric arrangements of or stacking!® However, the Langmuir curve obtained withis
NLO chr_omophores can be depc_)sned on various substrates via thepen‘ectly reproducible and independent of concentration, volume
Langmuir-Blodgett (LB) techniqué. Several reports of RU ¢ o5 ion, and compression rate. Multilayer LB films were

complexes showing NLO eﬁeCt,S in LB films haye appedr€f. deposited (up to 18 layers); despite uncertainty over the exact nature
special relevance, a small photoinduced modulation of 295 nm SHG of the layer at the interface, the deposition behavior is uniform

from alternating, highly diluted films containing a [Ribpy)]** and reproducible with transfer ratios close to unity. The purple
(bpy = 2,2-bipyridyl) derivative was ascribed to changeirn coloration of1 is clearly visible to the naked eye with even one
MLCT excitation®® However, the ground state complex shows an layer, and film formation gives a large blue-shift in the ML@Fax
intense bpy-based absorption near 295 nm, so excitation-inducedto 530 nm (0.35 eV higher than that in MeCN), indicative of
absorption changes may affect the SHG signal. Sortino, Di Bella, |y 5qqregates as observed for example with amphiphilic squafdines.
and colleagues reported redox-switching of linear optical absorption The absorbance at 530 nm increases linearly with the number of
in SAMs of {RU'(NHz)s} ¢-4,4-bipyridinium complexes on trans- layers, consistent with a homogeneous deposition.
parent platinurt? and also described LangmtiSchider films of SHG measurements were carried out with the multilayer films
such species. SAMs of a [Ru (bpy)]** derivative on indium tin ¢ 3 py, sing a 1064 nm Nd:YAG laser with detection at 45in
oxide (ITO) show redox-switching of a ligand-based UV absorp- yangmission, and a complete lack of activity confirmed the
tion.!2 ) ) centrosymmetric Y-type deposition obtained. In order to produce
We have sypthesnzed the new pro-ligand sajsfPhQ']PFs and films capable of showing SHG activity, spacer layers of arachidic
reacted this with [RUNH3)s(H;0)](PF); to give complex salt, acid were also deposited on hydrophilic glass to give alternating
with characterization viéH NMR spectroscopy and CHN elemental noncentrosymmetric multilayered structures (Figure 1), correspond-
analyses. Hyper-Rayleigh scattering (HRS) and Stark spectroscopying with a Z-type deposition. Up to five bilayers were deposited

t University of Manchester. with good overall stability. These films show MLCT bandstatx
* University of Leuven. = 530 nm and SHG signals. A periodic fringe pattern is observed

NHg

R =n-CygH33 (1), H (2)
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extent of switching with our films probably arises from: (i)
reabsorption of SHG by the Ruorm; (ii) incomplete oxidation
due to the need for charge compensation,(BBns must migrate
from the electrolyte into the film), and insulation by the alkyl chains.
The gradual loss of SHG activity for the Rform may originate
from changes in the film structure. LB monolayerslafive a much
weaker SHG when compared to the alternating multilayers and do
not show a convincing redox-switching. However, using more
n-C1gH39COoH . .
highly active complexé$ may also allow such an effect to be
L, demonstrated with SAMs.
In summary, we have demonstrated for the first time redox-
switching of bulk NLO behavior based on a well-understood
/,/1 molecular-level change. Further studies will use directed synthesis
yd and changes in film thickness, counteranion, etc. to increase the
o (1 o magnitude and durability of the effect.
glass surface
Figure 1. Simplified representation of a part of the alternating LB films.
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