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Receied January 24, 2001 Figure 1. Molecular structure of AZPON. This complex, which contains
a palladium(ll) center bonded in a square planar geometry, results from
The photorefractive effect is of considerable interest in the the cyclometalation of azobenzene and from the coordination through
development of a variety of optical deviceBhotorefractivity is ~ ©Xygen and nitrogen atoms to the 2-hydroxyrdhgxyloxybenzylidene)-
a property exhibited by some materials in which the redistribution 4-n-hexylaniline.
in space of photogenerated charges will induce a nonuniform
electric space-charge field which can, in turn, affect the refractive €lectrooptic (Pockels) effect by aligning the chromofores, which
index of the material. The net effect is a refractive index replica are initially randomly oriented. To apply the field, samples were
of the illumination pattern. Although photorefractivity was first prepared by sandwiching our materials between transparent
observed in inorganic salts, in the past decade organic noncrystalindium—tin oxide-covered glass electrodes. The thickness of the
line photorefractive materiddave been of great interest because films was controlled by using glass spacers~@5 um.
of their low cost, chemical structure flexibility, and ease of In photorefractive materials the refractive index modulation is
processing. They usually consist of a host polymer in which the induced by a space-charge field which is phase-shifted when
different features required for photorefractive behavior are compared to the original light pattern. As a consequence, the
provided by different guest molecules. We describe here a new detection of nonlocality in the index variation is usually taken as
material in which a single low-molecular mass entity exhibits all a confirmation of its photorefractive nature. This is often done
of the functions necessary for photorefractive behavior. The active by measuring the energy transfer between two coherent beams
species is an highly efficient cyclopalladated molecule, and it which interfere on the material to originate the index grating:
could be representative of a new class of not yet properly exploredonly if a phase shift between the interference and the index grating
photorefractive materials. exists, does such energy transfer, usually called two-beam
The photoconductiveand nonlinear optical propertiesf coupling, occur. We performed two-beam coupling experiments
substances containing a metal complex have recently beenby overlapping on our samples two HBle laser “writing” beams
described. The investigation reported herein shows that it is which were either s or p polarized. To have a component of the
possible to combine such features in a single molecule to obtainapplied field along the grating wavevector, we tilted the sample
a photorefractive material. In previous studies we observed thatnormal away from the bisector of the writing beams. The
a grating could be written in a polymer containing cyclopalladated experiments were performed by using a grating pertod- 3
azobenzene choromophores using a high-power asferdecided um and by monitoring the intensities of the two beams after they
to extend these preliminary data by using the recently synthésized exit from the sample. As shown in Figure 2, the gain coefficient
palladium complex AZPON, whose molecular structure is shown T" depends on polarization. For p-polarized beams we observed a
in Figure 1. AZPON is crystalline at room temperature, and to monotonic increase of the gain up to a valud'ef 230 cnt! at
obtain a transparent amorphous sample suitable for optical E = 28 V/um, which is among the largest measured to date at
characterization we mixed the metal complex with an inert such low fields in organic materials. The gain then saturates, and
polymer like polystyrene (PS) or poly(isobutyl methacrylate) it is constant for higher fields. The extinction coefficient in our
(PIBMA). Phase separation occurred for high complex content, samples is relatively higho(= 120 cn?), but nonetheless the
and we limited our optical investigation to homogeneous samples. gain exceedes the absorption by far, and we have a net gain of
As with all organic photorefractive materials, a DC electric 110 cn. For s-polarized beams the gain is much smaller and
field was applied on the samples to obtain better photoconduction.of opposite sign. This indicates a substantial orientational
In addition, the electric field is necessary to obtain a macroscopic contribution to the refractive index gratifigrrom the data of
- —— - - 3 Figure 2, as described in the caption, it is possible to quantitatively
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Figure 2. Applied field dependence of the gain coefficidhfrom two- Fi . - -

N i ) . - gure 3. Applied field dependence of the efficiency for DFWM
beam coupglng n A%.EON'PIBMSF 6(.)'40 ;or S (ﬁ"c'?Q' an p-polarlzgdG Wexperiments in AZPON:PIBMA= 60:40. Writing beams are s-polarized
(sqyzarez) theams.t_ € pgwq:r_ %nsny ? eac V\I’”t'lngt’ dea”_“ W;‘S_ : with a beam ratido = 1 and a power density of 0.6 W crhfor each
goms ae}rr:[by/(eb g+ra1|ng sf]nvc\’/her_e d ﬁis ﬂvr;aissiﬂ:us:n?plgstmgkngss beam. The reading beam is p-polarized, and its power densityxs 5

N N ' 10*Wcm2 Th ti iod ig\ = 3 um. Here the effici i
o is the angle between the sample normal and the probe Heat,is om © grafing perioc i wm. Here the etciency 1S

; . defined as the ratio between the diffracted intensity and the transmitted
the ratio between the pump and the probe beams before entering the.

. A intensity without the writing beams, i.e., reflection and absorption losses
sample and/ = Iprope (Ipump = O)/lprobe (Ipump = 0) is the amplification (~50%) are not taken into account.
factor. The angle between the sample normal and the bisector of the
writing beams was 60outside the sample. It is possible to estimate the Figure 3 we obtainrAn = 4.7 x 1072 at 11 Vjum, where we
birefringence and electrooptic contributions to the index modulation observe the maximum efficiency. For fields higher than 2iznv/
by using the raticfer/Aeo = (3 — R)/(R + 2). Here Agr(eo) are em- we reach a constant value ah = 9.3 x 1073,
pirical constants which take into account both molecular (dipole moment,  Ag \with most photorefractive organic materials, the dynamics

optical polarizability, hyperpolarizability) and other (temperature, number of the grating formation are relatively complex and dependent
density of chromophores) parametdrscan be obtained from'y/I's =

X on several factors, including light intensity and applied field. In
cosAI(R = 1) + (R + 1) cosf)i2, wherefi is the angle between the experimental conditions and for a fiell= 30 V/um the
writing beams in the sample.

efficiency reaches 90% of its steady-state value after several

. . . . minutes. Upon the turning off of the writing beams the grating is
grating and not by its phase. We measured the intensity of the graseqd, but we still measure2% of the original diffraction

transmitted and diffracted components of the reading beam as dntensity after 1 h.

fu_nction of the a}ppliegl elect'rip field, and results are shown in It should be mentioned that the palladium-bonded azobenzene
Figure 3. The diffraction efficiency shows a maximum for an

. ! - . : . molecule is conformationally blocked, and gratings derived from
ggggﬂnﬁef (I:EonNstgw tvé‘T 26‘;(3/ /'trgefr:gis:nsqg?ciremgfg?rwf;ﬁ(lis' cis—trans isomerizations can be safely excluded. While our data
the gain gaturates The ogservedﬂpe}iodic behavior of the diffracted? consistent with a substantial reorientational contribution to
intensity is in accordance with Kogelnik's coupled-wave mddel. index modulation, the photoconductlc_)n properties Of AZPON are
We also measured diffraction efficiencies using s-polarized g?;rfaziig/n?jg;fgygd Ft;c;IV\{[ﬁ\(/eera,LZ%tbtg:]szztnagerhg:gllsoll(%lettggl%ree of
;%%(ijtlirc])gn t\),fgm;ﬁ;&eegfgcp'\?\?,ﬁye;n gr]ilr?wgreu‘tsseohsams:%] fem?ge;rler:j tentatively be invoked to explain the charge-transport properties
by usiné theptwo different Iigandg (azobenzene andpz-r?ydfoxy- of AZPON. Our results offer a significant advancement in the
a-(n-hexyloxybenzylidene) rhexylaniline) which in AZPON ~ SS3eh 107w PROTTTactue moteciar mateRas. fe exce e
Oa/(:e OJfO Ianﬁdebﬁiglggragﬁj&mt act)?ngb;hi Zirgzleaﬁgn%n\?v? ?A)o ;Af’t efficient materials known to g:latg, and its simple synthetic route
PIBMA Nc? diffraction and no two-begm coupling could be make us foresee a fast optimization of cyclometalated compounds
e : . e for photorefractive applications.

detected in this case in our experimental conditions.

From DFWM experiments it is possible to extract the amplitude
of the refractive index modulatioAn. This is done by using
Kogelnik’s coupled-waves model for slanted dielectric thick
transmission gratingsFrom the model and from the data of JA0155783
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