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The series of dinuclear 4,4'-bis(hexyloxy)azo-
benzene, [H(Azo-6)], cyclopalladated complexes
of general formula [Azo-6)Pd(m-X)]2, (X = Cl,
Br, I, N 3, SCN, OAc) and [Azo-6)2Pd2(m-Ox)]
(Ox = oxalate) have been synthesized and inves-
tigated for mesomorphism and spectroscopic
properties. Single-crystal X-ray analysis of the
dinuclear bromo- and iodo-bridged complexes
has been performed. The structural data,
compared with those of the known homologous
chloro compound, show that all the [Azo-
6)Pd(m-X)]2)] (X = Cl, Br, I) molecules crystal-
lize in the monoclinic space groupP21/c and are
isomorphous. They are arranged in slipped pairs
with intermolecular non-bonding Pd–Pd con-
tacts ranging from 3.668(1) Å(X = Cl) to
3.758(3) Å(X = I). The different nature of the
bridging group allows variation of the distance
between the palladium atoms and the bond
environment experienced by the metal centers.
Thus, this comparative study reveals that the
effectiveness of the bridging group in promoting
thermotropic mesophases is greater for chloride,

bromide, azide or oxalate than for iodide,
thiocyanate or acetate. The greatest range of
liquid-crystal behavior was displayed by
[Azoÿ6)2Pd2(mÿOx)]. Remarkably, this com-
pound is the first example of a metallomesogen
containing the bridging oxalate group.

The bimetallic complexes exhibit different
absorption spectra (i.e. colors) depending, in
general terms, on the nature of the bridge
connecting the two cyclometalated [H(Azo-6)]
moieties, which can be varied so as to tune the
optical properties. Blocking the azo group in the
trans position results in several cases in weakly
luminescent complexes, with luminescence effi-
cienciesff �10ÿ4 and luminescence lifetimes of
the order of nanoseconds.

Using the data obtained from the 4,4'-
bis(hexyloxy)azoxybenzene [H(Azoxy-6)] deri-
vative, [Azoxy-6)Pd(m-Cl)]2, from the mono-
nuclear acetylacetonate (acac) complexes
[(Azo-6)Pd(acac)] and [(Azoxy-6)Pd(acac)], and
from the uncomplexed [H(Azo-6)] and
[H(Azoxy-6)] ligands, the nature of the excited
states relevant to the photophysical behavior are
discussed. Copyright # 1999 John Wiley &
Sons, Ltd.
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INTRODUCTION

Liquid-crystalline compoundsare self-assembling
specieswhoseanisotropicpropertiesare suitable
for applicationsin electro-opticaldeviceswhich
requirefluid materialsor thin solid films.1,2 In the

formercasethemoleculesundergoreorientationby
theeffectof anappliedfield whereasin thelatterno
molecularswitching is involved. Recentdevelop-
mentsin optical materialsbasedon thesedifferent
mechanismsincludetheenhancedphotorefractivity
observedin nematicliquid crystalsproperlydoped

Figure 1 Generalformulaeandaromaticprotonnumberingschemesof thedinuclearcomplexes[(Azo-6)Pd(�-X)]2, (1–6: X = Cl,
Br, I, N3, SCN,OAc, respectively)and[(Azo-6)2Pd2(�-Ox)], 7.
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with electrondonor–acceptormolecules3 and the
increasedluminescenceproperties displayed by
orderedfilms obtainedby vitrifiable liquid crys-
tals.4,5Thesynthesisof mesogenicmaterialsshould
be accuratelyplannedaccording to the selected
technological approach, and the target of the
presentinvestigationis to explore new synthesis
routesto produceorganometalliccompoundsable
to form long-term stable and well-organized
mesophases.

The dinuclearcyclopalladatedcomplexesare a
well-knownclassof metallomesogensfeaturingan
‘H-shaped’ molecular structure.6 These species,
whentheycontainappropriateazobenzeneligands,

afford high-viscosityfluid phases7,8 andin solution
may be weakly luminescent.9 In particular, the
chloro-bridgeddimer[(Azo-6)Pd(�-Cl)]2 (1 in Fig.
1) obtainedby ortho-palladationof 4,4'-bis(hexyl-
oxy)azobenzene,[H(Azo-6)], hasrevealedinterest-
ing characteristicsin termsof crystalpackingand
mesomorphism.8 A dichloromethanesolution of
this complex exhibits absorptionmaxima at 258,
375 and 472nm (with extinction coefficients
" = 32000, 22000 and 22000Mÿ1 cmÿ1 respec-
tively) and a luminescenceband maximum at
536nm (f = 0.9� 10ÿ4, t = 3.4ns).9b

Wewishedto attainthepossibilityof tuningboth
the mesomorphicand spectroscopicpropertiesof

Figure 2 Generalformulaeandaromaticprotonnumberingschemesof the referencecompoundsI, II, IIa, Ib andIIb .
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thesesystems.In particular,wehopedto changethe
natureof the bridging ligandsso as to modulate,
throughthedistancebetweenthepalladiumcenters,
theanisometricratio betweenmolecularlengthand
width and the bond environment of the metal
centers.To this aim, as useful models,we have
taken into accountthe seriesof dinuclearortho-
palladated[H(Azo-6)] derivatives,[(Azo-6)Pd(�-
X)]2, (1–6: X = Cl, Br, I, N3, SCN, OAc respec-
tively) and[(Azo-6)2Pd2(�-Ox)] (7: Ox = oxalate),
shownin Fig. 1.

In this paper we describe the synthesis,the
characterizationand the mesomorphic,spectro-
scopic and photophysical properties of such a
family of homologouscomplexes.Moreover, as
far as the spectroscopicdata are concerned,the
results obtainedare comparedwith those of the
related dinuclear cyclopalladated,chloro-bridged
complex [(Azoxy-6)Pd(�-Cl)]2, IIa , arising from
4,4'-bis-(hexyloxy)azoxybenzene, [H(Azoxy-6)],
of the mononuclearacetylacetonate(acac)deriva-
tives, [(Azo-6)Pd(acac)], Ib , and [(Azoxy-6)Pd
(acac)], IIb , and of the uncomplexed ligands
[H(Azo-6)], I , and[H(Azoxy-6)], II (Fig. 2).

EXPERIMENTAL

General procedure and instruments
1H-NMR (CDCl3 solutions,Me4Si internal stan-
dard) and infrared spectra (KBr pellets) were
recordedon a Bruker WM-300 and on a Perkin-
Elmer 2000 FT-IR spectrometer,respectively.
Elementalanalyseswereperformedwith a Perkin-
Elmer 2400analyzer.

Theopticalobservationsweremadewith a Zeiss
Axioskop polarizing microscope equipped for
photographyand with a Linkam CO 600 heating
stage.Transitiontemperaturesandenthalpieswere
obtained by a Perkin-Elmer DSC-7 differential
scanning calorimeter (DSC) with heating and
cooling ratesof 10°C minÿ1. The X-ray powder
diffraction (XRD) measurementswere performed
with anINEL CPS-120powderdiffractometerusing
monochromatizedCuK a radiation� = 1.54Å).

Room-temperatureabsorptionandluminescence
spectraof aerateddichloromethanesolutionswere
recordedwith a Perkin-ElmerLambda5 spectro-
meter and with a Spex Fluorolog II spectro-
fluorimeter, respectively.Excitation spectrawere
also obtainedand found to match the absorption
profiles. Uncorrectedluminescenceband maxima

areusedthroughoutthe text. In orderto determine
luminescencequantumyields we obtainedlumi-
nescencespectraby employingisoabsorbingsolu-
tions at lexc 450nm. Correctionof the spectrafor
thephototuberesponsewasthenaccomplishedand
we compared the areas under the corrected
luminescenceprofiles on an energyscale(cmÿ1)
with that for [Ru(bpy)3]

2� (f = 0.028) in aerated
water solution; the experimental procedure is
describedin a previouspaper.10 The experimental
uncertaintyin the bandmaximais 2 nm while that
for the luminescenceintensity is 20%. Lumines-
cencelifetimes wereobtainedwith an IBH single-
photonequipment(N2 lamp,excitationat 337nm).
Theuncertaintyon theevaluatedlifetimes is 10%.

Synthesis

All chemicals and the ligand [H(Azoxy-6)], II
(Kodak), were used without further purification.
The ligands [H(Azo-6)], I ,8 the chloro-bridged
dinuclearcomplex[(Azo-6)Pd(�-Cl)]2, 1,8 andthe
reference compounds [(Azo-6)Pd(acac)], Ib ,11

[(Azoxy-6)Pd(�-Cl)]2, IIa ,11 and [(Azoxy-6)Pd
(acac)],IIb ,11 werepreparedasreportedelsewhere.

[(Azo-6)Pd(��-Br)] 2 2
A 20-foldexcessof NaBr(294mg,2.86mmol)was
addedto a suspensionof 1 (150mg, 0.14mmol) in
acetone(5 ml) andthemixturewasstirredat room
temperaturefor 24h. After removalof the solvent
under reduced pressure,the crude product was
dissolvedin chloroformandextractedwith water.
The organic layer was then dried over anhydrous
sodium sulfate and the chloroform evaporated
underreducedpressureto give a palebrown solid
in 85% yield (122mg). Analysis:Calcd:C, 50.76;
H, 5.85; N, 4.39. Found: C, 50.86; H, 5.74; N,
4.35%.

[(Azo-6)Pd(��-I)] 2 3
A suspensionof 1 (150mg, 0.14mmol) anda 20-
fold excessof KI (475mg, 2.86mmol) in 5 ml of
acetonewas stirred in the dark for 6 h. The so-
formed red solid was filtered off, washedwith
water,recrystallizedfrom chloroform–ethanol and
driedundervacuum.Yield: 141mg (80%).Analy-
sis: Calcd: C, 46.88;H, 5.40; N, 4.56. Found:C,
46.50;H, 5.39;N, 4.93%.

[(Azo-6)Pd(��-N3)]2 4
A solutionof 1 (100mg, 0.095mmol) in dichloro-
methane(15ml) wasaddedto a 20-fold excessof
NaN3 suspendedin acetone(15ml). The mixture
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wasstirredat room temperaturefor 24h, thenthe
white precipitate (salt) was filtered off and the
solvent was evaporatedto leave an orangesolid
which was recrystallized from acetone. Yield:
91mg (90%). Analysis:Calcd: C, 54.39;H, 6.28;
N, 13.18.Found:C, 53.77;H, 6.11;N, 13.18%.IR
(KBr): 2071cmÿ1 (N3).

[(Azo-6)Pd(��-SCN)]2 5
A mixture of 1 (150mg, 0.14mmol) and KSCN
(280mg, 2.86mmol) in acetone(5 ml) wasstirred
at roomtemperatureovernightandthesolventwas
then evaporatedoff. The resulting red solid was
dissolvedin dichloromethaneand extractedwith
water; the organiclayer wasdried over anhydrous
sodium sulfate and evaporationof the dichloro-
methanegave a red solid which was filtered off,
washedwith chloroformanddried in vacuo. Yield:
94mg (60%). Analysis:Calcd: C, 54.99;H, 6.09;
N, 7.69. Found:C, 54.08; H, 5.97; N, 7.87%.IR
(KBr): 2148cmÿ1(SCN).

[(Azo-6)Pd(��-OAc)]2 6
Palladiumacetate(35mg,0.16mmol)wasaddedto
asuspensionof anequimolaramountof [H(Azo-6)]
(60mg) in 30ml of acetic acid and the stirred
mixture was kept at 50°C for 2.5h. The violet
precipitatewasfiltered off andrecrystallizedfrom
diethylether.Yield: 77mg(90%).Analysis:Calcd:
C, 57.09; H, 6.63; N, 5.12. Found: C, 56.96; H,
6.55;N, 5.10%.IR (KBr): 1592cmÿ1 (C=O).

[(Azo-6)2Pd2(��-Ox)] 7
This compound was synthesizedfollowing two
different procedures:(a) startingfrom the chloro-
bridgedderivative1 by ametatheticalreactionwith
sodium oxalate; and (b) reacting the acetate-
bridgedcomplex6 with oxalic acid.

Procedure(a)
[Na(OX)]2 (380mg, 2.86mmol) was dissolvedin
water (2 ml) and added to a suspensionof 1
(150mg, 0.14mmol) in acetone(5 ml). Theresult-
ing mixture was stirred at room temperaturefor
three days and the dark red solid formed was
recoveredby filtration, washedwith water,recrys-
tallized from chloroform–ethanoland dried under
reducedpressureto givearedproductin 90%yield
(137mg). Analysis: Calcd: C, 56.44; H, 6.25; N,
5.26.Found:C,56.00;H, 6.14;N, 4.95%.IR (KBr):
1636cmÿ1 (C=O).

Procedure(b)
To a suspensionof 6 (100mg, 0.09mmol) in

ethanol(5 ml) an equimolaramountof oxalic acid
(11mg) was added;the suspensionturned imme-
diately from violet to red–orange.Themixturewas
thenstirredat roomtemperaturefor 1.5h. The red
solid was filtered off, washed with water and
ethanol and dried under vacuum. Yield: 92mg
(95%).Analysis:Calcd:C, 56.44;H, 6.25;N, 5.26.
Found: C, 56.20; H, 6.15; N, 5.19%. IR (KBr):
1635cmÿ1 (C=O).

X-ray structure determination and
re®nement of complexes 2 and 3

The complexes2 and 3 were recrystallizedfrom
chloroform. An orangecrystal of 2 (0.22mm�
0.44mm� 0.48mm) and a red crystal of 3
(0.23mm� 0.08mm� 0.20mm) were used for
data collection. X-ray data were collected on a
SiemensR3m/V four-circle diffractometer,using
MoKa radiation� = 0.71073Å).

Corrections were applied for Lorentz and
polarization effects. Absorption correctionswere
appliedby using the -scanmethodfor both data
collections.12 Both structures were solved by
Patterson methods and completed by Fourier
recycling. The refinementwas performedusing a
full-matrix least-squaresprocedureminimizing the
function

P
! (jFoj ÿjFcj)2. Theweightingscheme

used in the last refinementcycle was !ÿ1 = s2

jFoj � qj Fcj2, with q = 0.0001for 2 andq = 0.0012
for 3. Anisotropic displacementparameterswere
introducedonly for Pd,Br, I, N andO atoms.The
hydrogenatomswere includedas idealizedatoms
riding on the respectivecarbonatomswith C–H
bond lengths appropriate to the carbon atom
hybridization. The isotropic displacementpara-
meters of each hydrogen atom were fixed at
U = 0.08Å2. In both cases,some disorder was
foundin two of thealiphaticchains[from C(30)to
C(36) and from C(43) to C(48)]. The refinement
wascarriedout usinggeometricconstraintsfor the
carbonatoms(the C–C distanceswereassumedto
be 1.53Å). All calculationswere performedwith
SHELXTL PLUS13 and PARST14 programs.Atomic
scattering factors were as implemented in the
SHELXTL PLUS program.

RESULTS AND DISCUSSION

Synthesis

The cyclopalladateddinuclear complexes[(Azo-
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6)Pd(�-X)]2, 2–5, werereadily obtained,by meta-
thetical reactions, treating the chloro-bridged
compound 1 with the appropriate MX salts,
whereasthe reactionbetweenthe ligand I and an
equimolaramountof palladium(II)acetategavethe
cyclopalladateddinuclearacetate-bridgedcomplex
[(Azo-6)Pd(�-OAc)]2, 6. The oxalate-bridged
species 7 was obtained in similar yields by
exchangereactions starting either from 1 and
sodium oxalate or from 6 and oxalic acid. The
formation of 7 was faster from 6 than from 1
(Experimentalsection).

All the new synthesizedcomplexes display
analytical data which are in full agreementwith
the proposedstoichiometries(Experimentalsec-
tion) and havebeencharacterizedby IR and 1H-
NMR spectroscopies(Table 1). In particular,
regarding the 1H-NMR signals, attention was
focused on the proton H3 (Fig. 1) since the
frequency at which it resonatesproved very
sensitive to the nature of the palladium-bonded
bridging groups. The H3 signal is indeed at
6.83ppm for 1 while it appearsto be shifted
downfield by 0.19 and 0.53ppm for 2 and 3,
respectively.

The IR spectrum of [(Azo-6)Pd(�-N3)]2, 4,
showsa strongbandat 2071cmÿ1 which can be
assignedto theasymmetricN3 stretchingvibration
of a �-(1,1)-azide-bridgedgroup.15 Thus, as pre-
viously observedin similar dinuclear palladium
complexes, the two N3 ligands form a four-
memberedPd2N2 ring as shown in Fig. 1 (Ref.
16;seealsoA. CrispiniandM. Ghedini,Comments
Inorg. Chem.(1999),in press).TheH3 protonof 4
resonatesat 6.60ppm, shifted upfield (0.23ppm)
with referenceto the homologoussignal of 1,
possiblybecauseit is shieldedby theazidegroup.

The complex[(Azo-6)Pd(�-SCN)]2, 5, is distin-
guishedby an absorptionin the IR spectrumat
2148cmÿ1, diagnosticof a thiocyanatebridging
group.17 The1H NMR spectrumof 5 showstheH3

signalat6.45ppm,shiftedupfield(D � = 0.38ppm)

with respectto 1, by the effect of the anisotropic
magneticfield exertedby the p-electronsin the
thiocyanate-bridginggroup.18 Moreover, the 1H
NMR signals reveal the presenceof only one
isomer;therefore,accordingto the usualantisym-
biotic behavior of palladium compounds,it is
suggestedthat thetwo thiocyanate-bridginggroups
are antiparallel to each other.19 The molecular
structureproposedfor 5 is depictedin Fig. 1.

The acetatecompound6, [(Azo-6)Pd(�-OAc)]2,
gives an IR spectrum wherein the absorptions
which could be attributed to the acetategroups
cannotbe assignedbecausethey aresuperimposed
on those arising from the azobenzeneligands.
However, in the 1H-NMR spectrum,one singlet
(2.09ppm)accountingfor thetwo CH3COOgroups
is detected.Hence,of the two possiblediastereo-
isomers(cisandtrans) only thetrans, for whichthe
methylgroupsareequivalent,is formed.Moreover,
as previously observedfor like compounds,18,20

threedifferent triplets(� = 3.47,3.73and3.95ppm
respectively),which result from the diastereotopic
methylenic protons of the alkoxy chains, are
present.The 1H-NMR signalcorrespondingto the
H3 protonshowsa strongupfield shift (0.94ppm)
with respectto thevaluesobtainedfor 1. This shift
could result from the anisotropicmagneticfield
createdby the ortho-palladatedring of the other
ligand.18,21 Therefore,for the molecularstructure
of 6 astronglybentgeometry,‘open-book’-shaped,
asobtainedby X-ray analysisof relatedcomplexes,
is proposed(Ref. 21; see also A. Crispini and
M. Ghedini, CommentsInorg. Chem. (1999), in
press).

The IR spectrum of [(Azo-6)2Pd2(�-Ox)], 7,
shows a peak, centeredat 1636cmÿ1 [nas(CO)],
characteristicof a tetradentateoxalate bridge,22

while otherbandsappearoverlappedwith thoseof
the azobenzeneskeletons.The H3 signal in the
protonic spectrum is found at 6.78ppm, only
weakly shifted upfield (0.05ppm) with respectto
1. On thebasisof thisevidence,for thiscomplex,it

Table 1 Selected1H-NMR datafor complexes1–7 [d (ppm),multiplicities]a

H 1b 2 3 4 5 6 7

H2', H6' 7.76(d) 7.71(d) 7.66(d) 7.79(d) 7.80(d) 7.30(d) 7.98(d)
H3 6.83(s) 7.02(d) 7.36(d) 6.60(d) 6.45(d) 5.89(d) 6.78(s)
H3', H5' 6.91(d) 6.92(d) 6.93(dd) 6.96(dd) 6.96(dd) 6.68(d) 6.94(dd)
H6 7.70(d) 7.76(d) 7.82(d) 7.77(d) 7.77(d) 7.54(d) 7.63(d)
H5 6.68(dd) 6.69(dd) 6.70(dd) 6.75(dd) 6.69(dd) 6.59(dd) 6.66(dd)

a Spectrarecordedin CDCl3 at 300MHz; s, singlet;d, doublet.
b Ref. 8.
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seemsreasonableto suggestan arrangement(Fig.
1) whereboth the palladiumatomsarelinked to a
planar oxalate ligand to give two five-membered
rings.22

In summary,asfar astheelectroniceffectsof the
ligandsareconcerned,it is worthnotingthat,along
the series1–3, the NMR signal of the proton H3

progressivelymovesdownfield(from 6.83ppmfor
1, X = Cl, to 7.36ppmfor 3, X = I; Table1) asthe
electron-withdrawingpower of the X bridging
ligand decreases.Therefore,excludingthe ligands
with p-electronscloseto H3 (namelyN3 andSCN)
thepositionof H3 in 7 (6.78ppm)suggeststhat the
oxalate group exerts an electron-withdrawing
powergreaterthanthat of Cl.

Crystal structure of complexes 2
and 3

Compounds2 and 3 crystallize as discretemol-

ecules,eachof thembeingbis(�-halo)-cyclopalla-
dated complexes.They both crystallize in the
monoclinic spacegroup P21/c, and becausethey
areisomorphousthemolecularstructureof only the
bis(�-bromo)-cyclopalladatedcomplex2 is shown
in Fig. 3.

Crystaldataandrelevantrefinementparameters
are summarizedin Table 2. The final coordinates
andequivalentisotropictemperaturefactorsof non-
H atomsfor 2 and 3 are reportedin Table 3 and
Table4, respectively.

The two Pd(II) centersin eachcompoundare
bridged by the X atoms(X = Br, I). Two cyclo-
metalatedazobenzeneligandscompletethesquare-
planarcoordinationsphere.The palladatedphenyl
ringsarefoundin a transgeometrywith respectto
thePd–Pdvector.Thetwo five-memberedpallada-
cyclesin complexes2 and 3 showessentiallythe
samebond distancesand angles(Table 5). These
valuesarealsofoundto bein goodagreementwith

Figure 3 A view of complex2 alongtheb-axis,showingthe atomicnumberingscheme.
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thoseobservedfor the previousdescribedisomor-
phouschloro-bridgedcomplex.8

Comparing2 and3, differentbonddistancesare
observedwithin thePd2X2 rhombus.Thedifference
in Pd–X bond length values takes into account
either the trans influenceexertedby the Pd–C(Ar)
s-bondor thesizeof thehalideX. BothPd2X2 rings
exhibit a slight folding andthe dihedralanglesare
13.0(2)° for complex2 and12.8(1)° for complex3.
In similar [(L ')Pd(�-X)]2 complexes(HL' = 2,6-
dimethylazobenzene; X = Br, I) the folding of the
Pd2X2 ring hasbeenfound to bemorepronounced
[X = Br: 15.1(1)°; X = I: 19.8(1)°].23 Accordingly,
theintramolecularPd–Pdseparationsof 3.674(2)Å
for complex 2 and 3.890(2)Å for complex 3
are longer than the correspondingdistancesfound
in [(L ')Pd(�-X)]2 [X = Br: 3.589(3)Å; X = I:
3.790(1)Å].

While the two orthometalatedphenyl rings are
essentiallycoplanarwith the respectivemetallo-
cycles,the two rotationallyfreephenylringsbreak

theplanarityof thewholemolecule.Indeed,thetwo
meantorsionanglesN-N-C(ar)-C(ar)are found to
be36(2)° and39(2)° in 2 and41(3)° and40(3)° in 3.
The values of the tilt angles increasealong the
seriesX = Cl, Br, I (tilt anglesof 35(1)° and39(1)°
for the chloro-bridgedderivative), reflecting the
steric repulsion involving the X atoms, which
increaseswith the size of the bridging ligand.
However, the deviations from planarity are less
pronouncedthan for [(L ')Pd(�-X)]2 complexesin
which the presenceof two bulky methyl groupsin
ortho positionsgivestilt anglesbetween100° and
85°.

The centrosymmetricallyrelatedmoleculestend
to pair. The shortestintermolecularPd–Pdnon-
bondedseparation(d) is 3.672(2)Å in complex2
and 3.758(3)Å in complex 3. The value of d
[3.668(1)Å for the chloro-bridged derivative8]
increaseswith the size of the halogen-bridged
ligandin theorderCl <Br<I. Moreover,sincethe
Pd–Pd intramolecularseparations(D) in [(Azo-

Table 2 Crystaldataandstructurerefinementfor complexes2 and3

Compound 2 3

Empirical formula C48H66Br2N4O4Pd2 C48H66I2N4O4Pd2
Formulaweight 1135.7 1229.6
Temperature 298K 298K
Wavelength 0.71073Å 0.71073Å
Crystalsystem Monoclinic Monoclinic
Spacegroup P21/c P21/c
Unit cell dimensions a = 18.925(7)Å a = 18.967(4)Å

b = 15.477(5)Å b = 15.662(5)Å
c = 18.303(5)Å c = 18.460(3)Å
b = 114.18(3)° b = 113.31(2)°

Volume 4891(3)Å3 5036(2)Å3

Z 4 4
Density(calculated) 1.542g cmÿ3 1.622g cmÿ3

Absorptioncoefficient 2.415mmÿ1 1.984mmÿ1

F(000) 2304 2448
� rangefor datacollection 1.5–25° 1.5–25°
Index ranges ÿ22� h� 20, 0� k� 18 ÿ22� h� 20, 0� k� 18

0� l � 21 0� l � 21
Independentreflections 8553[R(int) = 0.058] 8888[R(int) = 0.027]
Observedreflections 3449 2603
[I > 2s (I)]
Transmissionfactors 0.455/0.722 0.714/0.907
Numberof parameters 301 301
Final R indicesa,b R = 0.0771,R' = 0.0642 R = 0.0625,R' = 0.0605
Goodness-of-fit 2.19 1.09
LargestandmeanD / s 0.077,0.003 0.009,0.001
Largestdiff. peakandhole 1.58andÿ0.82e Åÿ3 0.97andÿ0.82e Åÿ3

a R =
P j j F0 j ÿj F0 j j /

P j F0 j.
b R' = [

P
! (j F0 j ÿj F0 j)2 /

P
! j F0 j2]1/2.
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Table 3 Atomic coordinates(�104) andequivalentisotropicdisplacementcoefficients(Å2� 103) for complex2

x y z U(eq)a

Pd(1) 1680(1) 1215(1) 1956(1) 53(1)
Pd(2) 179(1) 1150(1) ÿ102(1) 51(1)
Br(1) 1662(1) 1306(1) 615(1) 66(1)
Br(2) 198(1) 1330(1) 1232(1) 68(1)
N(1) 1849(7) 1224(8) 3130(7) 54(6)
N(2) 2528(7) 1332(9) 3656(7) 65(6)
N(3) 5(7) 1056(8) ÿ1272(7) 47(6)
N(4) ÿ690(7) 1051(8) ÿ1809(7) 54(6)
O(1) 4643(6) 1215(8) 2327(6) 82(6)
O(2) ÿ457(6) 899(9) 4246(7) 92(7)
O(3) ÿ2780(5) 1146(8) ÿ449(6) 75(6)
O(4) 2214(6) 945(8) ÿ2551(7) 79(6)
C(1) 2843(8) 1264(11) 2486(8) 55(4)
C(2) 3367(8) 1183(10) 2182(8) 56(4)
C(3) 4156(9) 1277(12) 2702(9) 60(5)
C(4) 4414(9) 1353(11) 3515(9) 68(5)
C(5) 3852(9) 1415(10) 3823(9) 74(5)
C(6) 3070(9) 1351(11) 3311(9) 65(5)
C(7) 1248(8) 1222(11) 3419(8) 44(4)
C(8) 1292(8) 1713(10) 4076(8) 54(4)
C(9) 719(9) 1617(11) 4331(9) 62(5)
C(10) 116(9) 1026(11) 4005(9) 60(5)
C(11) 75(9) 549(11) 3359(9) 65(5)
C(12) 650(8) 612(10) 3077(9) 59(5)
C(13) ÿ958(8) 1123(10) ÿ617(8) 45(4)
C(14) ÿ1506(8) 1155(10) ÿ321(9) 55(4)
C(15) ÿ2303(9) 1115(12) ÿ827(9) 63(5)
C(16) ÿ2550(8) 1001(9) ÿ1664(8) 50(4)
C(17) ÿ2007(8) 1004(10) ÿ1962(8) 54(4)
C(18) ÿ1215(9) 1061(11) ÿ1473(9) 55(4)
C(19) 595(8) 1086(10) ÿ1588(8) 42(4)
C(20) 472(8) 1546(9) ÿ2249(8) 52(4)
C(21) 1017(8) 1550(10) ÿ2589(8) 52(4)
C(22) 1675(9) 1029(11) ÿ2249(9) 59(5)
C(23) 1773(9) 544(11) ÿ1588(9) 66(5)
C(24) 1249(8) 581(10) ÿ1247(9) 54(4)
C(25) 5468(8) 1369(11) 2798(8) 63(5)
C(26) 5849(9) 1367(12) 2220(9) 76(5)
C(27) 6719(8) 1508(11) 2626(9) 67(5)
C(28) 7126(9) 1578(12) 2078(9) 84(6)
C(29) 7994(9) 1629(12) 2496(10) 84(6)
C(30) 8386(11) 1842(13) 1959(10) 117(8)
C(31) ÿ472(9) 1359(12) 4872(10) 84(6)
C(32) ÿ1241(11) 1060(14) 4924(13) 134(9)
C(33) ÿ1431(17) 1420(19) 5495(17) 251(17)
C(34) ÿ2142(13) 992(18) 5613(15) 195(13)
C(35) ÿ2813(13) 1333(18) 5083(15) 184(12)
C(36) ÿ3396(11) 974(13) 5409(11) 125(8)
C(37) ÿ3587(9) 1099(11) ÿ915(9) 72(5)
C(38) ÿ3983(8) 1257(11) ÿ361(9) 73(5)
C(39) ÿ4858(8) 1180(11) ÿ782(8) 70(5)
C(40) ÿ5243(9) 1334(11) ÿ216(9) 80(5)
C(41) ÿ6113(9) 1261(13) ÿ592(10) 90(6)
C(42) ÿ6483(11) 1425(13) 3(11) 139(9)
C(43) 2071(11) 1307(14) ÿ3280(12) 114(7)
C(44) 2633(12) 1085(17) ÿ3650(13) 166(11)
C(45) 3374(11) 1304(15) ÿ3184(12) 133(8)
C(46) 3873(11) 1142(15) ÿ3709(12) 137(9)
C(47) 4665(11) 1325(16) ÿ3237(12) 152(10)
C(48) 5225(11) 1170(13) ÿ3610(11) 127(8)

a EquivalentisotropicU definedasone-thirdof the traceof the orthogonalizedUij tensor.
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Table 4 Atomic coordinates(�104) andequivalentisotropicdisplacementcoefficients(Å2� 103) for complex3

x y z U(eq)

Pd(1) 1735(1) 1186(1) 1996(1) 54(1)
Pd(2) 182(1) 1153(1) ÿ150(1) 51(1)
I(1) 1734(1) 1293(1) 595(1) 59(1)
I(2) 185(1) 1325(1) 1244(1) 61(1)
N(1) 1887(12) 1213(13) 3163(10) 55(10)
N(2) 2565(11) 1327(16) 3668(10) 75(10)
N(3) 33(11) 1055(11) ÿ1291(10) 42(9)
N(4) ÿ658(10) 1079(13) ÿ1842(10) 49(9)
O(1) 4698(9) 1221(14) 2365(10) 96(10)
O(2) ÿ423(10) 837(12) 4246(10) 82(10)
O(3) ÿ2785(9) 1166(14) ÿ499(10) 85(10)
O(4) 2238(11) 892(12) ÿ2594(12) 92(11)
C(1) 2871(13) 1218(16) 2523(13) 55(7)
C(2) 3457(15) 1141(17) 2231(15) 68(8)
C(3) 4210(16) 1258(19) 2744(15) 68(8)
C(4) 4478(17) 1391(18) 3537(15) 86(9)
C(5) 3888(16) 1419(16) 3853(16) 89(9)
C(6) 3122(15) 1295(18) 3353(14) 67(8)
C(7) 1288(14) 1130(17) 3447(13) 52(7)
C(8) 1291(13) 1690(15) 4079(13) 54(7)
C(9) 728(13) 1606(15) 4331(13) 56(7)
C(10) 162(15) 1002(16) 4015(15) 58(7)
C(11) 141(15) 471(16) 3397(14) 68(8)
C(12) 719(13) 558(16) 3133(13) 57(7)
C(13) ÿ964(14) 1141(16) ÿ673(13) 60(8)
C(14) ÿ1531(14) 1215(17) ÿ383(14) 57(7)
C(15) ÿ2327(15) 1142(18) ÿ891(14) 60(7)
C(16) ÿ2537(12) 1049(13) ÿ1694(12) 44(6)
C(17) ÿ1976(12) 1030(14) ÿ2009(13) 47(6)
C(18) ÿ1193(14) 1089(17) ÿ1481(14) 60(7)
C(19) 625(13) 1080(15) ÿ1601(12) 41(6)
C(20) 544(14) 1564(15) ÿ2266(13) 61(7)
C(21) 1077(15) 1535(18) ÿ2580(15) 79(9)
C(22) 1688(14) 1004(16) ÿ2283(14) 55(7)
C(23) 1775(15) 502(17) ÿ1640(14) 66(8)
C(24) 1257(14) 523(16) ÿ1280(14) 61(7)
C(25) 5493(13) 1362(19) 2819(14) 72(8)
C(26) 5897(15) 1411(20) 2254(15) 90(10)
C(27) 6774(14) 1501(18) 2661(14) 84(9)
C(28) 7176(14) 1629(18) 2092(15) 82(9)
C(29) 8025(14) 1669(18) 2513(15) 84(9)
C(30) 8462(17) 1858(20) 2017(16) 121(12)
C(31) ÿ492(15) 1326(20) 4862(16) 95(9)
C(32) ÿ1271(16) 1021(20) 4858(18) 121(12)
C(33) ÿ1427(22) 1500(26) 5460(22) 202(20)
C(34) ÿ2119(22) 1054(29) 5580(25) 223(22)
C(35) ÿ2853(21) 1337(31) 5072(25) 237(25)
C(36) ÿ3409(18) 925(22) 5387(18) 145(15)
C(37) ÿ3594(14) 1128(18) ÿ964(14) 74(8)
C(38) ÿ3957(14) 1258(19) ÿ388(14) 80(8)
C(39) ÿ4843(15) 1165(18) ÿ808(15) 87(9)
C(40) ÿ5256(17) 1282(23) ÿ248(17) 120(11)
C(41) ÿ6107(16) 1240(22) ÿ626(16) 108(10)
C(42) ÿ6452(18) 1412(22) ÿ26(18) 146(14)
C(43) 2121(18) 1296(22) ÿ3296(17) 117(11)
C(44) 2676(17) 1029(24) ÿ3656(19) 159(16)
C(45) 3449(18) 1339(24) ÿ3166(18) 144(14)
C(46) 3904(18) 1181(26) ÿ3711(20) 171(17)
C(47) 4713(19) 1317(29) ÿ3220(20) 200(20)
C(48) 5232(18) 1198(23) ÿ3652(17) 150(15)

a EquivalentisotropicU definedasone-thirdof the traceof theorthogonalizedUij tensor.
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Table 5 Selectedbondlengths(Å) andangles(°) for complexes2 and3

2 3

Pd(1)–X(1) 2.443(2) 2.590(3)
Pd(1)–X(2) 2.572(2) 2.718(3)
Pd(2)–X(1) 2.578(2) 2.721(2)
Pd(2)–X(2) 2.442(2) 2.585(3)
Pd(1)–N(1) 2.040(12) 2.059(20)
Pd(1)–C(1) 2.010(14) 1.983(22)
Pd(2)–N(3) 2.035(13) 2.018(20)
Pd(2)–C(13) 1.965(13) 1.998(23)
N(1)–N(2) 1.263(14) 1.268(25)
N(1)–C(7) 1.436(22) 1.433(39)
N(2)–C(6) 1.408(25) 1.395(40)
N(3)–N(4) 1.280(14) 1.302(22)
N(3)–C(19) 1.454(23) 1.449(36)
N(4)–C(18) 1.365(24) 1.418(38)
C(1)–C(6) 1.397(22) 1.381(34)
C(13)–C(18) 1.442(20) 1.381(34)

X(1)-Pd(1)-X(2) 85.1(1) 85.0(1)
X(1)-Pd(2)-X(2) 85.0(1) 85.0(1)
X(1)-Pd(1)-N(1) 171.7(4) 171.2(6)
X(2)-Pd(1)-N(1) 102.0(4) 102.0(6)
X(1)-Pd(1)-C(1) 92.6(5) 93.5(8)
X(2)-Pd(1)-C(1) 173.6(5) 173.8(7)
X(1)-Pd(2)-N(3) 102.4(4) 102.1(6)
X(2)-Pd(2)-N(3) 171.9(4) 172.6(6)
X(1)-Pd(2)-C(13) 175.5(4) 175.7(7)
X(2)-Pd(2)-C(13) 92.7(5) 93.2(8)
N(1)-Pd(1)-C(1) 79.8(6) 79.1(10)
N(3)-Pd(2)-C(13) 79.6(6) 79.6(9)

Figure 4 Packingprojectionfor complex2 vieweddownthea-axisshowing thepair of molecules.Aromatic ringsandhexyloxy
chainsareomittedfor clarity.
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6)Pd(�-X)]2 complexesare3.528(1),3.674(2)and
3.890(2)Å for X = Cl, Br, I respectively,the D/d
ratio increasesin thesameorder.

The molecules in the pair are superimposed
alongtheb-axisandshiftedby nearly4 Å alongthe
molecularshortaxis (Fig. 4).

Mesomorphism

These dinuclear palladium complexes display
thermotropicmesophaseswhenthebridginggroup
is Cl, Br, N3 or Ox (compounds1, 2, 4 and 7,
respectively).The liquid-crystallinebehaviorof 1
was discussedin a previous paper,8 so here we
briefly describethe mesomorphismof 2, 4 and 7
only. The mesophasesthey exhibit wereidentified
by the optical textures observedby polarizing
microscope24 and confirmed by XRD analysis
performed on powder samples. The transition
temperaturesand enthalpies,determinedby DSC
measurements,areshownin Table6.

In particular, the thermotropicbehaviorof the
bromo-bridgedcomplex 2 featuresa monotropic
nematicphase,N, showinga Schlierentexture,24

stablein a rathernarrowtemperaturerange(6 °C).
The azide-bridgedpalladiumcomplex4, after a

crystal-to-crystaltransitionat150°C,givesriseto a
smecticA phase,SA, between185.6and190.1°C.
This mesophasefeaturesa polygonaltexturewhich
transformsinto afanshapedtexture24 justbeforethe

clearingpoint at 190°C (with partial decomposi-
tion). XRD measurementsagreewith the meso-
morphismdescribed.

The mesogenicpropertiesare changedsignifi-
cantly by replacing the azide with the oxalate
bridge. Indeed complex 7, in the first heating
process,after a changeof the crystallinephaseat
154°C, exhibits a mesophasewhosenatureis not
assigned. The structural classification of this
mesophasehas been omitted becauseit is con-
troversial.Indeed,both the optical textureand X-
ray patternsuggesta nematicphasewhile it is well
known that the disorderedN phase has to be
expectedat a higher temperaturethan the more
orderedSA mesophase.Moreover, subjectingthe
sampleto a secondheatingrun, the N mesophase
doesnot appearand the SA phaseextendsover a
temperaturerangewhich startsfrom a temperature
lower thanthatat which it appearedduringthefirst
heatingrun. Thus,althoughreproduciblein virgin
samples, this mesophaseis not a permanent
property of this material. In order to clarify this
point further investigations on similar oxalate
complexesarein progress.

Furtherheatingcausesisotropizationto occurat
290°C, with partial decomposition.It should be
notedthat, on cooling the SA phase,7 solidifiesat
201°C, keeping the order of the SA phaseuntil
room temperature.The secondheatingrun shows
theSA phaseonly, which is stablebetween225and

Table 6 Optical, thermalandthermodynamicdatafor complexes1–7

Compound Transitiona T(° C) DH(kJmolÿ1)

1c C–N 213 42.6
N–SE 221 0.75
SE–Idec 235

2 C–I 215 39.0
I–N 196 0.5
N–C 190 31.1

3 C–I 211b

4 C–C 150b 39.6
C–SA 186 5.1
SA–Idec 190

5 C–I 220a

6 C–I 140a

7 C–C 154 45.5
C–N 238 44.6
N–SA 246 4.5
SA–Idec 290

a C, crystal;S, smectic;N,nematic;I,isotropic liquid; dec.,decomposition.Datarecordedduring the first heatingcycle.
b Observedby meansof polarizedlight microscopyonly.
c Ref. 8.
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287°C. Thenatureof this phasewasconfirmedby
variable-temperatureX-ray diffraction studiescar-
ried out on a powderedsample.

Absorption spectra

The optical propertiesof azobenzeneshave been
under scrutiny for a long time.25 The electronic
absorption spectra of this type of compounds
typically showtwo low-energybands.An illustra-
tion is provided by Fig. 5, where the absorption
spectra of the 4,4'-bis (hexyloxy) azobenzene,
[H(Azo-6)], I , trans isomer (Fig. 2), and of the
4,4'-bis (hexyloxy) azobenzene,[H(Azoxy-6)], II ,
arecompared.

For ligand I , the two lowest-energyabsorption
bandspeak at 359 and 441nm, with extinction
coefficients" = 22000and1700Mÿ1 cmÿ1, respec-
tively. The more intense higher-energyband is
associatedwith a transitionconnectingthe ground
and 1pp* excited states;the lower-intensityband
correspondsto atransitioninvolving n non-bonding
orbitals localizedon the nitrogenatoms,andleads
to direct populationof 1np* excitedstates.25 The

lattertransitioncannottakeplacefor II , becausethe
electronsresidingin the n orbitals are engagedin
thebondto theoxygenatom(Fig. 2). Accordingly,
theabsorptionspectrumfor II doesnot exhibit the
weakbandaround440nm (Fig. 5).

The trans–cisphotoisomerizationexhibited by
the flexible azo group has beenone of the most
studied reactions in the field of organic photo-
chemistry.25,26 A convenient description of the
processmay be given in terms of the potential
energy curves for the lowest-lying excited
states.27,28Thethermallystabletransconfiguration,
andthecis configurationthat thesecompoundscan
assumeunderphotoirradiation,arecharacterizedby
shallowminima for singletandtriplet levels(both
of p p* andnp* electronicnature),asa functionof
thetrans–cisnuclearcoordinate.As aconsequence,
the non-radiative processes(which include the
trans–cisinterconversion),deactivatingtheexcited
states,areveryfastandcompeteefficientlywith the
radiative process. A lack of any practically
detectableluminescencefor the azobenzenesre-
sults.

For some azobenzenecyclometalatedmono-

Figure 5 Absorptionspectrain CH2Cl2 of theuncomplexedligandsI andII .
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nuclearPd(II) complexeswe havealreadyshown
thatluminescencecanbeobserved.9b This is dueto
the blocking of the azo group in the trans
configurationas a consequenceof the formation
of afive-memberedring involving themetalcenter.

Table7 collectsthespectroscopicresultsandthe
photophysicaldatafor thereferenceazoligandI , its
dinuclear1–7 andmononuclearIa derivativesand
the referenceazoxy ligand II togetherwith the its
complexesIIa andIIb . Selectedabsorptionspectra
for the dinuclearcomplexes1–7 areshownin Fig.
6. Worthy of noteis the fact that thesespectraare
characterizedby closelyoverlappingprofiles,with
theexceptionof compound6.

In particular,all thecomplexesexhibit two broad
band systems in the violet–visible wavelength
region. The higher-energybands peak at 350–
380nmandcomparewell with theintensebandfor
theparentligand I , which peaksat 359nm.On this
basis,for complexes1–5and7 the bandat around
350–380nm is assignedto an intraligand pp*
origin, similar to thecaseof the referenceligand I
andof the relatedmononuclearcomplexIb (Table
7).9b

For complexes1–5and7, thequite intenseband
peaking at around 470nm, (" >104 Mÿ1 cmÿ1),
which imparts the color thesespeciesshow,does
notfind asimilarcounterpartin I , whereonly avery
weakband(" 103 Mÿ1 cmÿ1) is presentat 441nm.
Comparisonbetweenthe spectrafor complex IIa
andthecorrespondingligand II revealsevenmore

clearlythatthebandat433nmfor theformeris not
observedatall in thelatter,thusconfirmingthatthis
typeof bandfindsits origin in electronictransitions
occurringwithin thecomplexesbut is absentwithin
the uncomplexedligands. In addition, the data
collectedin Table7 showthat the energyposition
of lowest-energybandin thedinuclearcomplexesis
affectedsomewhatbothby thenatureof thebridge
andby thepresenceof theazoor theazoxygroup.
Theseobservationssuggestthattheintense,lowest-
energy,absorptionbandrecordedfor thepalladium
complexesis relatedto theelectronicpropertiesof
the five-term ring, i.e. the cyclopalladatedring.
According to a simplified descriptionin termsof
MO energylevels,thelow energyfor this transition
might be related to the presenceof an electron
residingin an MO which shouldcorrespondto the
LUMO for therelatednon-cyclometalatedaromatic
ring.9

Spectroscopy and structural
properties

As previouslydiscussed,a substantiallysymmetric
structurecanbe assumedfor the dinuclearspecies
1–5(X = Cl, Br, I, N3, SCN)and7 (X = Ox).This is
in agreementwith the fact that the absorption
spectraof the complexesclosely resembleeach
other(Fig. 6).

One remarkable exception to this behavior
occursfor complex6 wherethe bridging group is

Table 7 Spectroscopicandphotophysicaldataa

Emission

Compound Absorption,l (" M
ÿ1cmÿ1) Color lmax

b (nm) t (ns) f� 104c

1 258(32000);375(22000);472(22000) Yellow 536 3.4 0.9d

2 268(52000);371(31000);472(27000) Yellow 522 4.6 0.85
3 268 (52000);372(28000)467(19000) Orange 522 4.6 0.8
4 265(82000);378(35000);475(30000) Orange 578 1.2 46.8
5 260(35000);373(22000);465(21000) Dark red 574 0.96 2.5
6 262(26000);371(28000);467(27000) Purple 552 3.49 1.4
7 260(19000);377(14700);480(17500) Orange–yellow 582 0.4 2.0
I 243(12000);359(22000);441(1 700) Paleyellow — — —
II 243 (12000);363(22000);— Yellow — — —
Ib 229(31000);376(12400);475(15000) Paleyellow 560 1.7 4.7d

IIa 230(59000);329(32000);433(15000) Paleyellow — — —
IIb 231(36000);320(17000);426(11400) Orange–yellow — — —

a SolventCH2Cl2, roomtemperature.
b For uncorrectedspectra.
c Fromcorrectedspectra;seeExperimentalsection.
d Ref. 9b.
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acetate.The suggestedmolecularstructureof this
complexis bent,with thetwo azobenzenemoieties
keptat a closedistancewith a Pd–Pdseparationof
about 3 Å (Ref. 21; seealso A. Crispini and M.
Ghedini, Comments Imorg. Chem. (1999), in
press).This arrangementis thoughtto causea high
degreeof interactionbetweenthearomaticrings,as
reported for other constrainedsystems.29 As a
consequencethe long tail on the red side of the
lowest-energyabsorptionbandof 6 (Fig. 6) maybe
ascribedto such an interaction and is therefore
thought to be responsiblefor the violet color
exhibitedby 6.

Luminescence spectra

The datagatheredin Table 7 showthat while the
palladiumazoxybenzenecomplexesIIa andIIb are
not luminescent,mostazobenzenecomplexesgive
luminescence.

Thismaybeof importancefor two reasons.First,
somepracticaluseof theluminescence(evenif it is
weak, as in this case) may be envisagedfor

applications requiring film-forming materials.30

Second,the determinationof the energylevel for
theemissiveexcitedstatemayallow thepositioning
of theenergylevelof thelowest-lyingexcitedstates
for azobenzenecompounds.25,27,28 For instance,
concerningthe latter point we haveseenthat the
trans blocking of the azo group occurring in
cyclometalateddinuclearcomplexesresultsin an
intenseabsorptionbandcenteredat around470nm
and an emissionbandcenteredat around560nm,
which can be ascribed to excited statesof the
cyclopalladated ring of an np* nature.9 This
amounts to an apparent Stokes shift of about
2000cmÿ1. Thus, given that the transition from
the groundstateto the 1np* level of ligand I (the
lowest-lyinglevel for the transconfiguration)may
bepositionedat2.8evbasedontheabsorptiondata,
thecorrespondingtrans-1np* relaxedlevelcouldbe
roughly placedat 2.5–2.6eV, provided the same
value for the Stokes shift can be assumed.
Similarly, for therelaxedtrans-1 pp* level it would
provideanenergyof 3.2–3.3eV. It seemstherefore
that,while sensitizationof thetriplet level hasbeen

Figure 6 Absorptionspectrain CH2Cl2 of somerepresentativeexamplesof dinuclearcomplexes[(Azo-6)Pd(�-X)]2.
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used for the determinationof the various triplet
energies for azobenzene-likecompounds,31 this
approachmight beof help in evaluatingtheenergy
layout for their singletexcitedstates.

CONCLUSIONS

The synthesisof the seriesof bridged dinuclear
cyclopalladatedcomplexes1–7 was successfully
achieved. Single-crystal X-ray analysis of the
dinuclearbromo-andiodo-bridgedcomplexeshas
beenperformed.Thestructuraldata,comparedwith
thoseof the homologouschloro compound,show
that all the [(Azo-6)Pd �-X)]2 (X = Cl, Br, I)
moleculescrystallizein themonoclinicspacegroup
P21/c and are isomorphous.They are arrangedin
slippedpairswith intermolecularnon-bondingPd–
Pd contactsranging from 3.668(1)Å (X = Cl) to
3.758(3)Å (X = I). The electronicand geometric
propertiesof the reactedbridging ligands impose
different intramolecular Pd–Pd separations.In
particular, the X-ray crystal structuredetermina-
tions of 1–3 give the following Pd–Pddistances:
1 = 3.528(1)Å,8 2 = 3.674(2)Å, 3 = 3.890(2)Å,
whereasthe analogousdistancesfound in com-
plexes similar to 4–7 are 3.283(1), 5.575(3),
3.196(3)Å (A. CrispiniandM. Ghedini,Comments
Inorg. Chem. (1999), in press)and 5.462(2)Å.22

Keeping in mind the molecular geometriesof
complexes1–3 andthoseproposedabovefor 4–7,
theplanarPd(�-X)2Pd(X = Cl, Br, I, N3, SCN)and
Pd2(Ox) fragmentscan be compared.Thus, it is
apparentthatthebridgingSCNgroups(complex5)
force the two palladium atoms to maintain a
distancewhich is comparablewith that estimated
for thebis-chelatingoxalategroup(complex7) and
about2 Å largerthanfor Cl, Br, I or N3 (complexes
1–4). Theinvestigationsinto their thermalbehavior
show that, by changing the bridging group X,
dramatic differencesoccurred. In particular, the
data obtainedby this comparativestudy indicate
that liquid-crystallinepropertiesare depressedfor
iodide (3), thiocyanate(5) or acetate(6), whereas
they are promotedfor chloride (1), bromide (2),
azide (4) or oxalate (7) bridges (Table 6).
Remarkably,with referenceto the synthesisof
new palladiummesogens,compound7 is the first
example reported until now of an ‘H-shaped’
speciescontainingthebridgingoxalategroup.

As far asthespectroscopicpropertiesof 1–7are
concerned,for theexaminedcomplexesthelowest-
energy absorption band is most likely to be

associatedwith electronictransitionslocalizedon
the cyclopalladatedring. This interpretation is
supportedby thefact that thecharacteristicsof this
band(energyposition and intensity) appearto be
sensitive to changesoccurring in the electronic
environment of the cyclopalladated ring; an
illustration is provided throughFig. 6, where the
absorptionspectrafor 1, 2,4,5 and6 arecompared.
For instance,the presenceof the oxalate group
seemsto reducethe absorptionpropertieswhereas
theazidegroupsignificantlyincreasesthelumines-
cenceefficency(Table7).Fromthepointof view of
possibleapplications,anusefuloutcomeis that the
range of observed colors for the investigated
compoundschangesfrom paleyellow (1) to orange
(4), dark red (5) andviolet (6). Interestingly,these
observationsmay be exploited for achieving a
certain degree of color tuning in this type of
material.
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