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Although the third-order nonlinear optical (NLO) properties of
organic molecules have been the subject of many investigations,
most reports only provide the third-order polarizabilitat a fixed

wavelength. Spectral dependences of two-photon absorption cross

sections (related to the imaginary part of the third-order polariz-
ability) have been studiett? but there is very little data on the
dispersion of both the real and imaginary parts of the third-order
polarizabilityy,&7 without which structure-property relationships
are difficult to develop. Organometallic complexes have attracted

significant recent interest, because the presence of the metal often ’

results in intense charge-transfer transitions in the linear optical
spectrum that may result in compounds with enhanced nonlinear-
ity8~11 and because the accessibility of multiple oxidation states
may afford compounds with which one can reversibly modulate
(“switch™) nonlinearity:1%-15 Despite these advantages, there are
no extant studies of the dispersion . and yimag Of organo-
metallic (or indeed inorganic) complexes. We present herein the
wavelength dependence of both the real part and the imaginary
part of the nonlinearityy of an organometallic dendrimer. We
interpret the dispersion ofinag in terms of competition between

two-photon absorption and saturable absorption processes. Our

modeling of the dispersion of bothimag and ya has broad
implications for our understanding of the NLO properties of
complex molecules.

The new dendrimer (Figure 1) was prepared using “steric
control™® and was characterized by various spectroscopic data an
elemental analysés.Because of the acceptor nitro groups on its
periphery, the dendrimer has a charge-transfer character, and it
absorption spectrum (Figure 2) is red-shifted compared to the
analogous dendrimer without acceptor grotféd/e expected that
the red-shift of the absorption maximum would result in enhanced
nonlinear properties of the molecule, including increased two-photon
absorption (cf. ref 3). However, our initial measurements at 800
nm revealed no two-photon absorption effect; instead, a negative
value of the nonlinear absorption coefficightvas obtainedf is
usually defined by the relation = o + fl, and so a positive
value off} indicates an absorption coefficient, that increases with
intensity |, as in the case of two-photon absorption, and a negative
value off} indicates saturable absorption). This prompted a detailed
investigation in which we evaluated the nonlinear absorption
characteristics of the dendrimer over a range of wavelengths, in
the form of the imaginary part of the hyperpolarizabitity.g The
Z-scan experiment allowed us to simultaneously evaluate the real
part of the hyperpolarizability..a. (Note that the accuracy is lower
for yreathan foryimag This is because the nonlinear absorption of
the solvent is negligible in the wavelength and intensity ranges used
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Figure 1. Structure of the organometallic dendrimer.
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Figure 2. Experimental and calculated values ta and yimag for the

organometallic dendrimer. The absorption spectrum (against air, in arb units)
of a dilute solution of the dendrimer in dichloromethane is also shown (the
small peak at ca. 1150 nm is due to overtone absorption of the solvent).

by us, and thus the nonlinear absorption of the dendrimer can be
determined relatively precisely; in contrast, the refractive nonlin-
earity of the dendrimer is measured as an increment to the refractive
nonlinearity of the solvent and glass walls of the cuvette.)

Figure 2 shows experimental results obtained in this study, as
well as an interpretation of the dispersion of the real and imaginary
parts of y using simplified dispersion formulas. The nonlinear
absorption results reveal a range (ca. 7880 nm) in which the
sign of g (and thereforeyimag IS negative, corresponding to
absorption saturation. Outside this range, the sigh isfpositive,
indicating the dominance of two-photon absorptigra is negative
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across most of the measurement range, positive values beingexpected. The second peak due to resonance at v,/2 is
obtained around 1200 nm (two unreliable data pointsyfey at apparently distorted by the presence of a nearby one-photon reso-
ca. 1100 nm were not plotted). nance av = v,, leading to a negative nonlinear absorption contri-

Interpretation of the dispersion cannot be accomplished in a bution.
comprehensive way until the structure of the energy levels of the In conclusion, this study demonstrates that the dispersion of cubic
dendrimer is known in detail. At present we have based our nonlinearity in complex molecules such as organometallic den-
interpretation on the results of the linear optical spectroscopy, drimers can be understood in terms of an interplay of two-photon
assuming that resonances with two transitions seen in the absorptiorabsorption and absorption saturation and that simple dispersion
spectrum at ca. 330 and 480 nm are relevant for the nonlinear relations can reproduce the behavior of both the real and imaginary
properties. Because a change of sigf & seen, our interpretation ~ components of the hyperpolarizability. Further studies testing these
assumed a superposition of two competing processes: two-photonobservations are currently underway.
absorption and absorption bleaching.

The general sum-over-states expressions for the dispersion of
the third-order polarizability are known (see, for example, ref 18)
and can be used for the interpretation of the complex polarizability,
providing that one accounts for damping factors. The full expres-
sions contain a large number of terms, but since our interest is in

the hyperpolarlza.bllltyy(—w; O ) at relatlvgly low frequen- Research Scholarship. We thank Frank Brink (Electron Microscopy
ciesw, the most important terms in the expansion are those close |, _. . . L -
Unit, ANU) for assistance in acquiring the transmission electron

to resonance. For two-photon resonances with two excited states_ .
O : ... micrographs.
at w, and wy, these are the terms containing denominators with
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frequency difference®,—2w andw,—2w. In contrast, the spectral Supporting Information Available: Details of the preparation and
dependence of absorption bleaching can be modeled with termsprocedures and spectroscopic and analytical data for the dendrimer, its
containing single-photon resonances, containing-w in the precursor complexes, and the nonlinear optical measurements. This

denominator. (It should be noted that a Z-scan measurement doednaterial is available free of charge via the Internet at http:/pubs.acs.org.
not allow one to differentiate between instantaneous and non-
instantaneous processes modifying the absorption coefficient be-
cause of the action of the _electromagnetic field of the laser pulse () ggsf?olﬂit%'E?egowﬂP'g?Sa%é\mggnﬁf gﬁtﬁ%rf:}{t gfl-P'f?g griiofol\\/ﬂvﬁ”,
and because of the depletion of the ground state.) Luther-Davies, BJ. Phys. Chem. 2003 107, 11264. ' e

With the above ideas in mind, the line-fitting in Figure 2 was  (2) Nonlinear Optics of Organic Molecules and PolymeNalwa, H. S.,
Miyata, S., Eds.; CRC Press: Boca Raton, FL, 1997.
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