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The structural, emissive, and nonlinear optical properties of new Cul adducts with para-substituted trans-stilbazolic
and pyridinic ligands are reported. Single-crystal X-ray diffraction results indicate that the para-substituent on the
organic ligand greatly influences the structural motif by its steric (tert-butyl), electronic/steric (dimethylamino), or
bridging-donor (cyano) properties so that two absolutely new structural motifs, polymeric and oligomeric, are found
when trans-stilbazole and pyridine carry a dimethylamino group in the para-position. In addition, a surprising
photoemission behavior is observed, being the solid-state emission of [Cul(trans-4-stilbazole)], [Cul(trans-4'-
(dimethylamino)-4-stilbazole)],, and [Cul(4'-tert-butyl-4-stilbazole)], totally quenched. In the case of the noncen-
trosymmetric Cul adduct of trans-4'-(dimethylamino)stilbazole a discrete second harmonic generation (SHG) occurs.

Introduction with a pseudoaromatic donor nitrogen atom (L) are particu-
larly intriguing for both the variety of structural motifs and
the related optical emission display&d.

We have recently investigated the photoemission and the
second-order NLO properties of a series of known, noncen-
trosymmetric [CuX(L)} single-stranded “chains” and double-

tranded “stairs” species, hamely [CuCl(quinolineg)FuCl-
(2-methylquinoline)], [CuBr(pyridine)},, [CuBr(2,4,6-tri-
methylpyridine)}, [CuBr(2-methylquinoline)|, and [Cul-
(2,4,6-trimethylpyridine)].® Solid-state emissive properties
of chains were explored for the first time, while those of
stairs were added to the few already studied in the literature

* Authors to whom correspondence should be addressed. E-mail: ([Cul(pyridine)}, [Cul(3-methylpyridine)j, and [Cul(4-

During the past decade, interest for new materials exhibit-
ing worthwhile photoluminescence and nonlinear optical
(NLO) properties has been focused on crystalline inorganic
organic hybrids, capable of merging the advantages of the
organic compounds (appreciable response speed and intensi
in a wide spectral range, straightforward synthetic approach)
to those of the inorganic ones (chemical, thermal, and
mechanical stabilities) Among the inorganie-organic hy-
brid materials, the adducts between group 11 metal halides
(MX, with X = ClI, Br, or I) and monohapto Lewis bases
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Chart 1 300 spectrometers) and elemental analyses carried out in the
—2 Dipartimento di Chimica Inorganica Metallorganica ed Analitica
of the University of Milano.
For the numbering used in the attribution of fi®eNMR signals,
see Chart 1.
Synthesis and Characterization of Compounds +8. Synthesis
R =H, NMe;, ‘Bu and R’ = NMe of [Cul(trans-4-stilbazole)}, (). A 0.153 g (0.844 mmol) amount

. N . ... of trans4-stilbazole dissolved in 10 mL of GBI, was added under
(ES), their energy being influenced by both the polarizability stirring to a solution of 0.196 g (0.182 mmol) of [Cul(pyriding)]

of the halides and the electronic properties of the nitrogen i, 25 mL of CHCl,. A yellow solid separated, which was filtered
donor ligands. Moreover, we have tested their solid-state out and washed twice with 10 mL of GBI, (yield 82.7%).1H
second-order NLO activities, proving evidence for a cor- NMR (CDiCN, 25°C): 6 (ppm) 8.57 (AABB', 2H, H,, and H;,
relation between the latter and the structural motif, stairs broad), 7.63 (2 H, b, and H), 7.50 (d, 1 H, H, J = 16.2 Hz),
always showing a better response than chains. 7.50 (AABB', 2 H, H;, and H), 7.45 (1H, H), 7.40 (2 H, H;,
Among monohapto Lewis bases with a nitrogen donor in and H), 7.21 (d, 1 H, H, J = 16.2 Hz). Anal. Calcd for GH1;-
a pseudoaromatic systetrans-4-stilbazolepara-substituted ~ NCul: C, 42.00; H, 2.96; N, 3.77. Found: C, 41.34; H, 3.18, N,
with electron donor groups have been extensively investi- S:73- Crystals ot suitable for X-ray diffraction were obtained by
gated for their significant second-order NLO activities, either dissolution in boiling CHCN followed by slow cooling to room
as metal complexésr as salts, these latter particularly in temperature and then'C. ) ) .
the solid staté. ' Synthesis of [Culfrans-4'-(dimethylamino)-4-stilbazole)}, (2).

. . L .. A 0.195 g (0.872 mmol) amount dfans-4'-(dimethylamino)-4-
We have thus decided to pursue the investigation of solid- stilbazole dissolved in 20 mL of Ci€l, was added under stirring

state photoemissive and second-order NLO responses of newy a solution of 0.202 g (0.187 mmol) of [Cul(pyridingfissolved
Cul adducts with eithetrans-4-stilbazoles, having either a  in 25 mL of CH,CI,. A yellow solid separated, which was filtered
sterically demandingtért-butyl) or a strong electron-donor  out and washed twice with 10 mL of GHI, (yield 76%).2H NMR
(dimethylamino) group in position’ 4or the corresponding  (CDsCN, 25°C): 6 (ppm) 8.51 (AABB', 2H, H,, and H;, broad),
para-substituted pyridines. The more extendedonjugation 7.51 (AABB', 2 H, Hy, and Hy, J = 8.9 Hz), 7.43 (AABB', 2 H,

of trans-4-stilbazolic ligands with respect to pyridines allows Hs, and K, J= 5.4 Hz), 7.40 (d, 1 H, &l J = 16.2 Hz), 6.95 (d,
one to judge the importance afconjugation length on the 1 H, H, J=16.1 Hz), 6.81 (AABB', 2 H, Hy, and H, J = 8.9
photophysical emission properties of these adducts. Hz), 3.00 (s, 6 H, NMg). Anal. Calcd for GsHigN,Cul: C, 43.43;

In the following, we thus report on the structural, unusual H, 3.86; N, 6.76. Found: C, 43.40; H, 3.55; N, 6.53. Rather small

lack of emission. and, when available, second-order NLO crystalline needles d, poorly suitable for X-ray diffraction, were

. obtained by dissolution in hot G&N followed by slow cooling
features of new Cul adducts with (see CharttBns4- to room temperature and then®G.

/

stilbazole (), trans-4'-(dimethylamino)-4-stilbazole 2§, Synthesis of [Cul(4-tert-butylpiridine)] 4 (3). Compound3 was
4-tert-butylpyridine @), and 4-(dimethylamino)pyridinet. prepared by dissolving 0.314 g (1.65 mmol) of Cul in an aqueous
Other adducts of Cul witlrans-4'-tert-butyl-4-stilbazole %) solution saturated with KI and adding, under stirring, 0.28 mL
and trans-4-[4-(4-(dimethylamino)phenyl)buta-1,3-dienyl]-  (0.2582 g, 1.91 mmol) of 4ert-butylpiridine. A white solid
pyridine 6), as well as of CuCI{) and CuBr 8) with trans separated, which was washed with 12 mL of an aqueous solution

4'-(dimethylamino)-4-stilbazole, were investigated for their saturated with KI, 20 mL (_Jf distilled water, 15 mL Of methanol,
emissive and second-order NLO properties only, since we and 10 mL ofn-hexane (yield 78.8%). The tetrameric nature of

were unable to obtain suitable single crystals for an X-ray ¢0mpound3 was suggested by its yellow-orange emissioy
structural characterization. irradiation with a UV lamp emitting at 266 nm. By the addition of

20 mL of methanol to the reaction mother liquor, an additional

Experimental Section amount of white solid (yield 13.7%) was obtained, which, by
» irradiation with the UV lamp, showed both a yellow-orange and a
‘General Comments. [Cul(pyridine)}.,’ trans-4'-tert-butyl-4- e emission, suggesting the presence of both a tetrameric and a
stilbazole? and trans-4-[4-(4-(dimethylamino)phenyl)buta-1,3-di- polymeric specieé respectivelyH NMR ((CDs),CO, 25°C): &
enyl]pyridiné were prepared according to the literatutrans4- (ppm) 8.90 (AABB', 2H, Hy, and H, broad), 7.66 (AABB', 2 H,

Stilbazole andrans-4'-(dimethylamino)-4-stilbazole were purchased 1y, and H; broad), 1.38 (s, 9 H-Bu). *H NMR ((CD3),CO, —80

from Eastman Organic Chemicals and Sigma-Aldrich, respectively, ocy. 5 (ppm) 8.80 (AABB', 2H, H,, and H, J = 5.2), 7.72

and used without further purification. All complexes were charac- (AA'BB', 2 H, Hs, and H;, J = 5.2), 1.35 (s, 9 H1-Bu). Anal.

terized by'H NMR (Bruker AC-200 and a Bruker Avance DRX Calcd for GH,aNCul: C, 33.18; H, 3.99: N, 4.30. Found: C, 33.60;

(5) See e.g. (@) Kanis, D. R.; Lacroix, P. G.; Ramer, M. A Marks, T. J H, 3.98; N, 4.24. Crystals & suitable for X-ray diffraction were
S e e i Lo (b') R B B Ug(l)’, R Bruni, obtained by addition of methanol to a @, solution of the
S.; Cariati, E.; Cariati, F.; Fantucci, P.; Invernizzi, I.; Quici, S.; Ledoux, compound.

© I(.;)Zk//lss,dJ.Orsgar%om;tallics‘?oee 13 i775- o G Ehem. Mat Synthesis of [Cul(4-(dimethylamino)pyridine)]s (4). A 0.162

a) Marder, S. R.; Perry, J. W.; Yakymyshyn, C.@hem. Mater. L X :

1994 6, 1137, (b) Coradin, T. Ctaent, R.: Lacroix, P. G.; Nakatani, 9 (0-150 mmol) amount of [Cul(pyridine)lvas dissolved in 20
K. Chem. Mater1996 8, 2153. (c) Baard, S.; Yu, P.; Audie, J. P.; mL of CH,Cl,; 0.085 g (0.696 mmol) of 4-(dimethylamino)pyridine,
Riviere, E.; Clenent, R.; Guilhem, J.; Tchertanov, L.; Nakatani,X. dissolved in 3 mL of CHCl,, was then added. The solution was
Am. Chem. So200Q 122, 9444, concentrated under vacuum up te-& mL, and then 30 mL of

(7) Malik, A. U. J. Inorg. Nucl. Chen1967, 29, 2106. . . - .
(8) Lucenti, E.; Cariati, E.; Dragonetti, C.; Manassero, L.; Tessore, F. N-pentane was added. The white-greenish precipitate (73.4% yield)

Organometallic2004 23, 687. was filtered out, washed with-pentane (50 mL), and dried under
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vacuum. The solid showed an orange emission by irradiation with
a UV lamp emitting at 266 nm'H NMR ((CD3),CO, 25°C): ¢
(ppm) 8.14 (AABB', 2H, H,, and K, J = 7.8 Hz), 7.16 (AABB’,

2H, H;, and K, J= 7.8 Hz), 3.38 (s, 6 H, NMg. Anal. Calcd for
C;HioNoCul: C, 26.88; H, 3.20; N, 8.96. Found: C, 26.50; H, 3.15;
N, 9.05. Crystals oft suitable for X-ray diffraction were obtained
by slow diffusion of n-pentane in a CKCl, solution of the
compound.

Synthesis of [Culfrans-4'-tert-butyl-4-stilbazole)], (5). A
0.099 g (0.42 mmol) amount dfans4'-tert-butyl-4-stilbazole
dissolved in 20 mL of CKCI, was added under stirring to a solution
of 0.095 g (0.088 mmol) of [Cul(pyriding)Jdissolved in 20 mL
of CH.Cl,. A yellow solid separated from the deep yellow solution
by addition of an excess ofpentane (yield 93%)}H NMR (CDs-

CN, 25°C): 6 (ppm) 8.91 (AABB', 2H, H,, and H;, broad), 7.52
(AA'BB', 2 H, Hy, and Hy, J = 8.4 Hz), 7.44 (2 H, H, and H;,
J=28.4Hz),7.36(d, 1H, g§J=16.3 Hz), 7.31 (AABB', 2 H,
Hz, and H, J=8.2 Hz), 7.03 (d, 1 H, H J = 16.3 Hz), 1.36 (s,
9H, t-Bu). Anal. Calcd for GHioNCul: C, 47.72; H, 4.44; N, 3.27.
Found: C, 47.70; H, 4.58; N, 3.36.

Synthesis of [Cultrans-4-[4-(4-(dimethylamino)phenyl)buta-
1,3-dienyl]pyridine)], (6). A 0.087 g (0.35 mmol) amount dfans
4-[4-(4-(dimethylamino)phenyl)buta-1,3-dienyl]pyridine dissolved
in 10 mL of CH,CIl, was added under stirring to a solution of 0.094
g (0.087 mmol) of [Cul(pyridine)]in 20 mL of CH,Cl,. An orange
solid separated, which was filtered out and washed twice with 10
mL of CH,ClI, (yield 71%)."H NMR (CDsCN, 25°C): ¢ (ppm)

8.5 (AA'BB', 2H, H,, and H;, broad), 7.39 (4 H, K Hs, Hx, and
He), 7.27 (1 H, H), 6.87 (1 H, H), 6.80 (3 H, H, Hz, and H),
6.60 (d, 1 H, Ho, J = 15,3 Hz), 3.00 (s, 6 H, NM#. Anal. Calcd
for Ci7H1gNoCul: C, 46.32; H, 4.09; N, 6.36. Found: C, 45.90; H,
4.20; N, 6.55.

Synthesis of [CuClfrans-4'-(dimethylamino)-4-stilbazole)],

(7). A 0.106 g (1.07 mmol) amount of CuCl was added under
nitrogen atmosphere to 50 mL of saturated KCI aqueous solution.
The suspension was kept under stirring up to the complete
dissolution of CuCl. A 0.2 mL (0.196 g, 2.478 mmol) volume of
pyridine was slowly added under a flux of nitrogen. [CuCl-
(pyridine)], separated as white solid. After the mixture was filtered,
the compound was washed with 10 mL of saturated KCl aqueous
solution, 10 mL of methanol, and 10 mL nfhexane (yield 86%).

A 0.059 g (0.083 mmol) amount of this white solid was dissolved
under nitrogen in 20 mL of CKCl,. With working being done under

a flux of nitrogen, 0.088 g (0.395 mmol) dfans4'-(dimeth-
ylamino)-4-stilbazole dissolved in 10 mL of GBI, was added. A
yellow solid separated, which was filtered out under nitrogen (yield
86.3%). The solid must be kept and manipulated under nitrogen to
avoid easy oxidation by air. Due to the compound instability to
oxidation to paramagnetic species of Cu(ll), #hfeNMR charac-
terization could not be performed. Anal. Calcd fogsi;gNo-
CuCl: C, 55.67; H, 4.95; N, 8.66. Found: C, 55.70; H, 5.05; N,
8.78.

Synthesis of [CuBrtrans-4'-(dimethylamino)-4-stilbazole)},

(8). A 0.11 g (0.772 mmol) amount of CuBr was added under
nitrogen atmosphere to 50 mL of saturated KBr aqueous solution.
The suspension was kept under stirring up to the complete
dissolution of CuBr. Under a flux of nitrogen, 0.1 mL (0.098 g,
1.244 mmol) of pyridine was slowly added. [CuBr(pyriding)]
separated as white solid. After the mixture was filtered under
nitrogen, the compound was washed with 10 mL of saturated KBr
aqueous solution, 10 mL of distilled water, and 10 mlndfexane
(yield 89.6%). A 0.096 g (0.108 mmol) amount of this white solid
was dissolved under nitrogen in 20 mL of gH,, and then a

solution of 0.164 g (0.159 mmol) dfans-4'-(dimethylamino)-4-
stilbazole dissolved in 20 mL of Gi€l, was added. A yellow solid
separated, which was filtered out under nitrogen (yield 83.%pb).
NMR (CDsCN, 25°C): ¢ (ppm) 8.86 (AABB', 2H, H,, and H,
broad), 7.58 (AABB', 2 H, Hy, and H, broad), 7.51 (AABB', 2

H, Hs, and K, J = 8.6 Hz), 7.42 (d, 1 H, gl J = 16.4 Hz), 6.94
(d,1H, H,J=16.4 Hz), 6.81 (AABB', 2 H, Hs, and H;, J =

6.9 Hz), 3.01 (s, 6 H, NMg. Anal. Calcd for GsHigN,CuBr: C,
48.98; H, 4.35; N, 7.62. Found: C, 48.70; H, 4.51; N, 7.99. The
compound can be recrystallized under nitrogen by dissolution under
reflux in CH;CN, followed by slow cooling to OC. It must be
kept and manipulated under nitrogen to avoid easy oxidation by
air.

Photoluminescence MeasurementsSolid state and solution
emission spectra were recorded using a Spex Florolog 2 spectro-
fluorometer equipped with a Hamamatsu R 928 A water-cooled
photomultiplier tube. The purity of the batches of compouhdd
used to record the spectra was assessed by checking the agreement
between their XRPD diffractograms and those calculated on the
basis of the single-crystal results.

Second-Order NLO Kurtz —Perry® Measurements.The 1064
nm wavelength of a Nd:YAG pulsed laser beam was directed on
sample-containing capillaries. The scattered radiation was collected
by an elliptical mirror, filtered to select only the second-order
contribution, and recollected with a Hamamatsu R 5108 photo-
multiplier tube. SHG efficiency was evaluated by taking as reference
the SHG signal of quartz.

X-ray Data Collection and Solution for Compounds 4.
Suitable crystals were mounted in air on the glass fiber tip of a
goniometer head. Data collections were performed at room tem-
perature with a Bruker AXS SMART CCD area-detector diffrac-
tometer using graphite-monochromatized Moa Kradiation
(A =0.710 73 A). A total of 20001), 2400 @ and3), or 1800 @)
frames was acquired by applying thescan method, witdhw =
0.3°,t =30 (1, 3, and4) or 45 @2) s/frame, and samptedetector
distance fixed at 3.931f, 5.52 @), 4.98 @), or 3.95 @) cm. The
first 50 frames were recollected at the end of each measurement:
crystal decay was never observed. An empirical absorption cor-
rection was applied to the integrated reflectiéh3he structures
were solved by direct methollsand successfully refined with full-
matrix least squares calculatiosAnisotropic temperature factors
were assigned to all non-disordered atoms but hydrogens, which
were made riding their parent atoms with a common isotropic
displacement parameter.

Since2 is almost insoluble in the most common organic solvents,
many recrystallization attempts invariably yielded small needles
of rather modest quality. Lowering the temperature to 193 K
resulted in no significant improvements in data collection, so that
the room-temperature acquisition was definitely retained. Due to
the poor data quality, difficulties were encountered in assigning
the correct space group, a few orthorhombic choices being equally
probable. As both thE-statistics and (particularly) the SHG results
(see below) prompted a noncentrosymmetric crystal packing,
structure solution was carried onffma2;. The conventional figures
of merit obtained from the subsequent refinement were not
completely satisfactory, so that reconsideration of the space group

(9) Kurtz, S. K.; Perry, T. TJ. Appl. Phys1968 39, 3798.

(10) Sheldrick, G. M.SADABS: program for empirical absorption cor-
rectiory University of Gdtingen: Gdtingen, Germany, 1996.

(11) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Gagliardi, A.; Moliterni,
A. G. G.; Burla, M. C.; Polidori, G.; Cavalli, M.; Spagna, BIR97:
package for structure solution by direct methp@997.

(12) Sheldrick, G. MSHELX97 program for crystal structure refinement
University of Gadtingen: Gitingen, Germany, 1997.
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Table 1. Crystallographic Data and Refinement Details for Compouhe4?

Cariati et al.

1 2 3 4
formula Q3H11CU|N C30H32CU2|2N4 C36H52CU4| 4Ny C21H30CU;3|3N6
fw 371.67 829.48 1307.72 937.83
cryst system monoclinic orthorhombic orthorhombic monoclinic
space group P2i/c Pna2; Pbcn P2,/c
a(A) 15.978(6) 7.574(4) 23.341(11) 14.061(6)

b (A) 4.148(2) 11.662(6) 20.409(9) 11.917(5)
c(A) 19.338(8) 33.970(19) 19.177(9) 17.848(7)
o (deg) 90 90 90 90

p (deg) 103.34(1) 90 90 105.58(1)
y (deg) 90 90 90 90

V (A3) 1247.1(9) 3001(3) 9135(7) 2881(2)

z 4 4 8 4

F(000) 712 1616 4992 1776

D¢ (Mg m=3) 1.980 1.836 1.894 2.162
u(Mo Ka) (mm1) 4.20 3.50 4.57 5.43

temp (K) 300(2) 293(2) 299(2) 297(2)

cryst morphology
cryst size (mm)

yellow platelet
0.46 0.14x 0.04

yellow needle
0.34x 0.06 x 0.04

colorless platelet
0.32x 0.20x 0.04

colorless platelet

0.24x 0.12x 0.10

measd reflcns 14 404 24 839 33473 32431

unique reflcns 3521 5394 2764 8140

Rint 0.038 0.053 0.035 0.048

- 0.047 0.047 0.014 0.056

| > 20(]) reflcns 2298 4351 2583 4479

data/restr/params 3521/0/145 5394/44/296 2764/0/419 8140/0/298

GoF SF?) =0.82 SF) =1.12 SF) =1.12 SF?) =0.86

FOM for | > 20(l) R(F) =0.024 RE) =0.068 RE) =0.041 RE) =0.031
WR(F?) = 0.045 WRE?) = 0.148 WRE?) = 0.102 WRE?) = 0.053

FOM for all data RE) = 0.051 RE) = 0.086 RE) = 0.045 RE) = 0.086
WR(F?) = 0.048 WRF?) = 0.154 WRF?) = 0.105 WREF?) = 0.061

diff peak, hole (e A3) 0.42,—-0.85 1.84,-3.06 0.86,-0.62 0.60,-0.66

aRint = 2|Fe? = Fmeafl/ZIFo?; Ry = Z|0(F?)|/Z|Fo?l; R(F) = Z||Fo| — |Fell/Z|Fo|; WR(F?) = [ZwW(Fo? — FA)HEwFeY2 S(F?) = [2w(Fe? — FA)(n
— p)]¥2, with n number of reflections and number of refined parametens; = 1/[03(F,?) + (0.01P)2 + 1.88P], whereP = (F,2 + 2F2)/3.

seemed necessary. Being that the glide planenambiguously saturated aqueous solutions and the proper ligand or the
confirmed by systematic absences, attempts were made to refinecomp|ex [Cul(pyridine)] by ligand exchange; compounds
the structure in the nonisomorphic subgroBa_of Pna2;. No 7 and 8 were obtained by ligand exchange from [CuX-
appreciable improvements were however obtained, soRha2; (pyridine)}: (X = Cl, Br) (see Experimental Section).

was definitely accepted. The disorder (46%) affecting one of its For compoundsl—4, suitable single crystals for X-ray
two independent organic ligands was modeled by superimposing diffraction were obtainéad. The structural motifs observed are

two organic moieties almost related by a 186tation about their how infl d by th f bsti
longest inertial axis (ligands 2A and 2B in Figure 2). Coincidence somehow influenced by the nature of thara-substituents

of chemically equivalent bond distances and angles was imposed.o" the organic ligands. .
All atoms were assigned identical, but refinable, isotropic thermal I thetrans-4-stilbazole adduct, [Cutians-4-stilbazole)j
parameters. No hydrogens were added. (1), arrangement of the asymmetric units defines the well-

The disorder affecting theert-butylic groups of two organic ~ known double-stranded “stair” motif (Figure 1). As already
ligands in compoun@ (ligands 3 and 4 of Figure 4 with disorder  reported for [Cul(4-acetylpyridine)j and for known [Cul-
percentages of 18 and 25, respectively) was modeled by imposing(L)], stairs;® the presence of a planar, pseudoaromatic
the contemporaneous presence of ter-butyls reciprocally tiltted  njtrogen-donor ligand bound to the metal implies a certain
by 60°. Refinement was driven to completeness by assigning djstortion from an ideal stair, i.e. from orthogonal steps. The
identical but refinable isotropic thermal parameters and Imposing g translation axis is parallel to the monoclinic one: the
the coincidence of chemically equwal_ent bond d|§tances. No lstrands thus describe degenerate helixes of pitch 4.15 A:
hydrogen atoms were added. Further refinement details and crystal. S . .

i.e., they are intrinsically chiral. The latter asymmetry is yet

data are gathered in Table 1. ished by th I . King in th
Crystallographic data (excluding structure factors) for the vanished by the overall centrosymmetric packing in the space

structures reported in this paper have been deposited with the9rOUPP2i/C. Any copper atom is tetracoordinated (to three
Cambridge Crystallographic Data Centre as supplementary publica-i0dine atoms and the nitrogen of one ligand) in distorted
tion Nos. CCDC 261941, 261942, 261943, and 261944. Copies of tetrahedral stereochemistry. The three-Cuectors and the
the data can be obtained free of charge on application to CCDC, Cu—N one are comparable to those of known [Cul{lsfairs.

12 Union Road, Cambridge CB2 1EZ, U.K. (fa%44)1223 336- Table 2 collects Cul, Cu—N, Cuw--Cu, and t--| distances
033; E-mail deposit@ccdc.cam.ac.uk). for both 1 and a pool of Cambridge Structural Database
(CSD) retrieved stair¥ The Cu--Cu?! diagonal distance

Results and Discussion (2.85 A) is greater than the sum of the van der Waals radii

Synthesis, X-ray Structure Determination, and Chemi-
cal Behavior. Compoundd —6 were synthesized by straight-
forward methods, starting from either Cul dissolved in Kl

(13) The reported values result from a statistical analysis on the [Cyl(L)]
stairs (L= nitrogen-based pseudoaromatic ligand) retrieved from the
2003 edition of the Cambridge Structural Database.
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Table 2. Comparison between the Values of €y Cu—I#, Cu—I1#2, Cu—N, Cu-+-Cu, and t-+I Distances in Compound [Cutans-4-stilbazole)j, 1,
and the Average Values of the Same Distances in Known [Cuwl(Sfairs” Retrieved from the 2003 Version of the CSDS

compd Cu1 (A) Cu—I¥1a(A) Cu—I1#2(A) Cu—N(1) (A) Cu---Cu (A) I+l (A)
1 2.62 2.69 2.66 2.04 2.85 4.47
[Cul(L)] stairs 2.67 2.71 2.64 2.05 3.07 4.39

aConsult Figure 3 for the labeling scheme.
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Figure 1. Representation, with 50% probability Ortep, of the double-

stranded stair of compound [Ctri{ns-4-stilbazole)], 1. Hydrogen atoms Figure 3. Representation, with 50% probability Ortep, of the structural
have been omitted for clarity. The labeling scheme adopted throughout the motif of compound [Culfans-4'-(dimethylamino)-4-stilbazolej] 2. The
manuscript has been highlighted. The stair deviates from the ideality, i.e. a@bsence of both hydrogen atoms and of the ligand 2A of the disordered
from perfectly orthogonal steps. The stairs translation axes are parallel to model is due to clarity purposes. The polymer translation axis is parallel to

b; i.e., the polymers evolve as degeneratéhélices of pitchb (4.15 A). a; the presence of Cul bonding interactions between consecutive dimers
The organic moieties stack on both sides of the strand with an interplanar along this same axis results in an unprecedented degenerate helicoidal motif.
distance of 4.15 A (#1+-x,y + 1/2, =z + 1/2; #2,—x,y — 1/2,z + 1/2). The absence of stacking of consecutive ligands along both sides of the

polymeric skeleton can be appreciated.

Table 3. Comparison, on the Basis of the Metal Coordination Number,
between the Values of Geometrical Parameters ICLi2), Cu—N, and
1(1)—Cu—1(2) in Compound

[Cul(trans-4'-(dimethylamino)-4-stilbazole)] 2, and the Average Values
for the Same Parameters in Known [Cul{lz)(n = 1, 2) Dimers

Retrieved from the 2003 Version of the CSDS

Figure 2. Representation, with 50% probability Ortep, of the dimeric [Cul-

(trans-4'-(dimethylamino)-4-stilbazole)] asymmetric unit of compound Cu-I(1,2) (A) Cu-N(A) 1(1)—Cu-1(2) (deg)
[Cu'l(trans—4’-(di'methylamino_)-4-sti|bazo|a)] 2. Hydrogen atoms have been ~ Cu coord no. 2 [Cuy 2 [Cull 2 [Cull,
omitted for clarity. The labeling scheme adopted throughout the manuscript

has been highlighted. Each metal coordinates two bridging halides and the 3 2.55,2.58 255,257 199 2.00 1239 118.7
nitrogen of a ligand. One of the independent ligands is affected by disorder 4 2.62,2.75 263,265 205 207 1147 1105

(ca. 46%), modeled by superimposing two moieties (2A and 2B) related
by a 180 rotation about their longest inertial axis.
(2.80 A), as commonly (but not exclusively) happens in and I(2) are tri and dicoordinated, respectively (Figure 3).
known [Cul(L)], stairs. The halide is tricoordinated in Actually, both coordination number and stereochemistry
distorted pyramidal geometry (diagonai:1** = 4.47 A vs influence Cu(1) and Cu(2) geometrical parameters. On going
an average of 4.39 A of known stairs). The organic moieties from the former to the latter, (i) Cal and Cu-N distances
approximately preserve their planarity and stack along both decrease and (ii)#Cu—I angles increase (Table 3). €u
sides of the Cul skeleton, the distance between their meanand Cu-N bond distances il are comparable to the average
planes being 4.15 A. values of Cambridge Structural Database retrieved [CUHKL)
Within the asymmetric unit of [Cultans4'-(dimeth- ~ dimeric species X = 1 or 2, Table 3}* In 2, the
ylamino)-4-stilbazole)] (2), each copper coordinates the mMmetat--metal distance within a dimer (2.63 A) is lower than
nitrogen donor atom of one organic ligand, while the iodine the sum of the van der Waals radii (2.80 A). In known [Gul]
atoms simply bridge two metal centers (Figure 2). The dimers the latter distance undergoes a notable variety,
copresence of a;Xscrew axis parallel ta and of a Cu-| spanning the 2.533.45 A range, with a mean value of 2.85
bond between consecutive dimers creates a degeneraté.* As in most of the dimeric [Cujjmoieties, even in the
helicoidal strand of pitcla = 7.57 A (Figure 3), a structural ~ present case the dimer is not planar: the angle between the
motif previously unknown for adducts of Cul of this kind. planes described by the ILu(1)-1(2) and I(1)-Cu(2)-
Along the polymeric unit, both copper and iodine experience 1(2) triangles is about 14 Both independent ligands ap-
two different coordination numbers: Cu(1) is tetracoordi- — -
nated with a distorted tetrahedral geometry, while Cu(2) is 4 ;';ferrg‘zfiegit‘r’ggﬁs_ggggg ggg;g‘oséfgfqtéctf‘cl I%”g‘;'iozr; the [GHd(L)
tricoordinated with a planar trigonal stereochemistry. I(1) from the 2003 edition of the Cambridge Structural Database.
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Table 4. Comparison between the Average Values of-GuCu—N,
Cur--Cu, and {-+1 Distances in Compound [Cul(tert-butylpyridine),

3, and in Known [Cul(L)} Tetramers Retrieved from the 2003 Version
of the Cambridge Structural Database

compd [Cu--CuA) m---1OA) [Cu-10A) [Tu—NIA)

3 2.72 4.48 2.70 2.04
[Cul(L)] 4 tetramers 2.69 4.48 2.75 2.05

Figure 4. Representation, with 30% probability Ortep, of the tetrameric
structural motif [Cul(4tert-butylpyridine)}, 3. Hydrogen atoms have been
omitted for clarity. The labeling scheme adopted throughout the manuscript
has been highlighted. A distorted tetrahedron of copper atoms is surrounded
by a distorted tetrahedron of halogens. Each copper is tetracoordinated to
three iodine atoms and the nitrogen of one organic ligand. The disorder
affecting the substituents on ligands 3 and 4 (ca. 18 and 25%, respectively)
has been modeled by imposing the contemporaneous presence teftwo
butylic moieties each, reciprocally tilted by 60

proximately preserve their planarity. As pointed out in the
Experimental Section, one of them is affected by some Figure 5. Representation, with 50% probability Ortep, of the hexameric
orientational disorder (46%). As already shown fans structural motif in [Cul(4-dimetilaminopyridine)]4. Hydrogen atoms have

tilb d simil #s this feat Id b been omitted for clarity. The labeling scheme adopted throughout the
S '. ene and similar ComPOU” IS Teéature cou € manuscript has been highlighted. The hexamer reminds the distorted portion
evidence of a local dynamic process comparable to a “pedalof a stair, the distortion implying absence of complete stacking of the ligands
mot|0n” The |east_squares planes Of the |ndependent ||gand§)n both sides of the Cul skeleton (angle_s between the average planes of
are reciprocally tilted with respect to the €Gu vector, thus ~ '9ands 1/3 and 3/2 of 6 and 68, respectively) (#1-x, -y, —2).

forming an angle of ca. 66 Interestingly, at variance with ) .

the “classical’ [Cul(L)} chains and stairs, no stacking of ©f 2.75, 2.05, 2.69, and 4.48 A, respectively; Table!%).
consecutive organic moieties is observed along the Cul Notably, the average GuCu distance o8 is shorter than
skeleton: actually, along both sides, two distinct piles of the sum of the van der Waals radii (2.80 A). As depicted by

ligands, having interplanar distance of 7.57 A, are presentthe thermal ellipsoids of Figure 4, the aromatic rings undergo
(Figure 3). a conspicuous thermal motion about the normal to their mean

m Planes.tert-Butyl moieties as well are characterized by a
high degree of motion. For ligands 3 and 4 (Figure 4) the
latter is so pronounced to require a disordered model,
according to which twaert-butyl groups, reciprocally tilted
tby 60, have been contemporarily refined (see Experimental
Section). Probably, thiert-butyl group in thepara position
hinders the stabilization of the polymeric stair structure,
easily formed with the “naked” pyridine. However, by
emission studies, we had evidence of the presence, in the
reaction mother liquor, of a very minor amount of the
polymeric stair form of3 (see Experimental Section).

By substitution of thetert-butyl group with a dimethyl-
amino group 4), characterized by significantly different
electronic properties and by a minor steric hindrance, the
structural motif is strongly affected. Structure solutiondof
revealed the first example of a hexameric [Culfldligomer
(L = (dimethylamino)pyridine) (Figure 5), which could be
viewed as a “cut” portion of a stair. Among the consequences
of the cut, it is worth noting the loss of complete stacking
of the ligands: on both sides of the Cul skeleton, just ligands
1 and 3 (Figure 5) are approximately piled (acute angle
between their least-squares planes’s.the average plane

The significant change of structural motif on going fro
1 to 2 could be originated by the different steric hindrance
of the ligands, which, in the latter compound, prevents their
stacking on both sides of the Cul skeleton. To further
strenghten this hypothesis, we synthesized the Cul adduc
with 4'-tert-butyl-4-stilbazole $). Concomitantly, to inves-
tigate the role of the length of the-delocalized “bridge”
on the structural motif, we prepared the Cul adduct with
trans-4-[4-(4-(dimethylamino)phenyl)buta-1,3-dienyl]pyri-
dine (6). Both derivatives were characterized by elemental
analysis andH NMR, but unfortunately we were unable to
obtain suitable single crystals for X-ray diffraction.

When we shifted toward adducts of Cul withara-
substituted derivatives of pyridine, we found, withtett-
butylpyridine, a structural motif unaltere@)(with respect
to [Cul(pyridine)};: a distorted tetrahedron of copper atoms
is included in a larger,ltetrahedron, whose vertexes cap
the triangular faces of the Gyolyhedron (Figure 4). The
fourth coordination site of each Cu is occupied by &#-
butylpyridine ligand. Average Cul, Cu—N, Cu---Cu, and
I--+I distances are in good agreement with those of known
[Cul(L)] 4 tetramers (2.70, 2.04, 2.72, and 4.48 A vs averages

(16) The reported values result from a statistical analysis on the [Cul(L)]
(15) Galli, S.; Mercandelli, P.; Sironi, Al. Am. Chem. Sod.999 121, tetramers (L= nitrogen-based pseudoaromatic ligand) retrieved from
3767 and references therein. the 2003 edition of the Cambridge Structural Database.
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Table 5. Comparison between the Average Values of-GuCu—N, T T T T J
Cu---Cu, and t--I Distances in Compound
[Cusl3(4-dimethylaminopyridine]», 4, and in Known [Cul(L)} Stairs

Retrieved from the 2003 Version of the Cambridge Structural Database

compd [Cu—10A) [Cu-NA) [Cu--CudA) O---1A)

4 2.65 2.01 2.84 4.46
[Cul(L)]n stairs 2.67 2.05 3.07 4.35

intensity (a.u.)

1 1 1 Il

of ligand 2 is tilted by 68.0 with respect to that of 3. Mean
Cue--Cu and t--1 diagonal interactions and mean €uand 0 wavele?'lsg(:h (nm)
Cu—N bond distances have values of 2.84, 4.46, 2.65, andFigure 6. Solid-state emission spectra of compouBdsid4 (continuous
2.01 A, respectively. The quoted figures support the inter- and dotted lines, respectively). In the casedothe spectrum has been
pretation of4 as a distorted portion of a stair; actually, known Magnified (1.5 for the sake of clarity.

400 450 650 700

[Cul(L)]. stairs show average €uCu and t-+I diagonal Table 6. Positions of Solid-State Emission Maxima for Compounds
interactions of 3.07 and 4.35 A and, particularly,-@wand Egu:gfan?ri-S(gl_bazt?]lel)& 1 J-4-stibazole)] 2
- . . ul(trans-4'-(dime ylamino)-4-stilbazole)) 2,
Cu—N bond distances of 2.67 and 2.05 A, respectively (Table [Cul(4-tert-butylpyridine)}, 3, [Cusls(4-(dimethylamino)pyridine]s, 4,
5).13 [Cul(pyridine)},, [Qul(3—methylpyridine)], [Cul(4_—methylpyridine)],
These latter two structures, together with the Cul adduct [Cul(4-acetylpyridinejl, and [Cul(4-acetylpyridine;]
with para-cyanopyridin€y’ clearly add further evidence that compd mae™ (NM) ref
even in the case of simple ligands such as pyridinepte- [Cul(trans-4-stilbazole)}, 1 quenching  this work
substituent on the organic ligand can influence the structural %guIEtransﬁ-(dilmet_z}/laﬁin30)-4-stilbazola)l2 gggnggi;g trf]\_is Worlk<
; ; ; _ ; ; ; _ ul(4-tert-butylpyridine)l, , this worl
mo_tnc by its §ter|c {ert-butyl), electron|c/§ter|c .(dlmethyl_ [Cusls(4-(dimethylamino)pyridine], 4 580 this work
amino), or bridging-donor (cyano) properties, with disruption  [cui(pyridine)}, 437 2
of the stair structural motif. [Cul(3-methylpyridine)] 454 4
Probably due to their intrinsic instability toward oxidation, %gﬂ:gj?gg)ﬁf;}gﬂg])i g% g
we could not obtain suitable single crystals7and8 for [Cul(4-acetylpyridine)] 700 3
X-ray diffraction. However, X-ray powder diffraction showed
that they are not isomorphous2oFurthermore, the lack of Photoluminescent Emission Studies and Solid-State
second harmonic generation under the KuRerry experi- Second-Order NonLinear Optical Properties. Table 6

mental conditions (see below) prompts, differently fr@m reports the emission maxima positions{"®) for com-

a centrosymmetric crystallographic arrangement. This seemgpoundsl—4. For comparisonfen™®*s of [Cul(pyridine)},

to suggest that even the nature of the bridging halides, not[Cul(3-methylpyridine)], [Cul(4-methylpyridine)], [Cul(4-

just that of the organic moiety, may play a nonnegligible acetylpyridine)],, and [Cul(4-acetylpyridine)lare reported
role in the definition of the structural motif. as well.

It is worth mentioning that, during the synthesi2pfraces First we investigated the behavior of the Cul addugts
of [Cul(cis-4'-(dimethylamino)-4-stilbazole)X) formed, as and4, with the twopara-substituted pyridines studied in this
evidenced byH NMR spectroscopy. To check for a possible work. The room-temperature solid-state photoluminescence
influence of thecis:trans conformation of the ligand on the  spectrum of3 (see Figure 6) shows a broad, bright yellow,
structural motif, we tried to prepare pu2efrom 2 irradiated structureless emission, centered at 602 'ArBolid-state
with a 125 W Hg/Xe lamp. In this regard, we observed that photoluminescent behavior of Cul tetramers have been
although irradiation o2 in CHzCN allows the formation of  systematically analyzetiTheir yellow emission (centered
good amounts of', the latter is obtained in much better around 586-625 nm) has been interpreted as a decay from

yield (*H NMR evidence) by photoisomerization tfns- a triplet “cluster centered”CC*) excited state; the latter
4'-(dimethylamino)-4-stilbazole in Ci&l,, followed by involves both thejand Cuy tetrahedra and has mixed halide-
exchange reaction with [Cul(pyriding)in CH.Cl,. Unfor- to-metal charge transfer’MCT*) and “metal cluster

tunately, various attempts to prepare suitable single crystalscentered” jMCC*, dcy, — (S,p)k] characters. The emission
of 2’ invariably failed; however, the proof of its belonging of 3 can be undoubtedly considered a decay frosC&*

to a noncentrosymmetric space group came from a not nihil excited state, the existence ofMCC* contribution being
SHG signal (see below). Interestingly, contrarily 2pthe supported by a Gu-Cu nonbonding interaction of 2.72 A.
related compounds, 5, and6, carrying atrans-stilbazolic Although the structural motif oft was neither reported nor
ligand as well, and the CuCFFf and CuBr 8) adducts of photophysically studied before, its emission, characterized
trans-4'-(dimethylamino)-4-stilbazole, much more easily by a LE maximum at 580 nm (see Figure 6), can be
oxidized by air to Cu(ll) species, did not present evidence

for atransto cis isomerization of their ligands during their  (18) It is worth mentioning that occasionally a very weak blue emission
centered at 452 nm is also observed. This weak high-energy HE

preparation. emission can be due to the presence of a minor amount of the
polymeric chain adduct, since the solid-state room-temperature emis-
(17) Graham, A. J.; Healy, P. C.; Kildea, J. D.; White, A.Aust. J. Chem. sion of these polymers is reported to be centered at about 430D
1989 42, 177. nm?

Inorganic Chemistry, Vol. 44, No. 11, 2005 4083



Cariati et al.

tentatively attributed, as for the adducts with a chain or stair actions present in the solid st&fayhere ther systems stack

polymeric networké to a3XLCT* excited state. Moreover,
the Cu--Cu distance of 2.84 A, higher than the sum of the
van der Waals radii (2.80 A), allows discarding any
contribution from excited states involving metal-delocalized
orbitals. However, &MLCT* process cannot be excludéd.

Rather surprisingly, the room-temperature solid-state emis-

sion spectra of botl and 2 show no luminescence. The
structural motif of2 was previously unknown in the literature,

at a distance of 6.33 Aelowthe critical value proposed by
Bredas'® Noteworthy, in acetone solution, the emission
spectrum ofl shows a maximum at 420 nm, not too different
from that of the free ligand. This could be due to lability in
solution of the stilbazolic ligands in this kind of Cu(l)
complexes, as evidenced by the brédaddNMR signals of
H, and H; (see Experimental Section).

In the case of, in the solid state, an emission quenching

so that no preexisting models are at hand to discuss itSprocess takes place even if the consectitians stilbazolic

emissive properties: the only available clue is itsG0u

moieties stack at a distance of 7.57 &ove that for any

diagonal distance (2.63 A), shorter than the sum of the van relevant interligandr interactiont® On the contrarytrans

der Waals radii, which would anticipate the possible
participation ofMCC* contributions to the emission process.
At variance, beind. is a typical stair with a Cu-Cu distance
(2.85 A) higher than the sum of the van der Waals radii, a
HE emission of the’ XLCT* type is expected. The stairs
for which a HE emission was reported ([Cul(pyriding)]
[Cul(3-methylpyridine)], [Cul(4-methylpyridine)], and [Cul-
(4-acetylpyridine)]) are characterized by ligandsmyridinic
type. Significantly, even within this limited pool of ligands,
a nonnegligible effect of their electronic properties on the
emission maxima energy was already notiééd.light of
this, being the metal and the halide Irare identical with
those in the above pyridinic stairs, the presencel,iof
trans-stilbazole inevitably drives the attention on the role of
sr-conjugation extension.

The more extended-conjugation otrans-stilbazole may
be the key factor in making quenching of luminescence
effective. Intermolecular interactions afdelocalized mol-

4'-(dimethylamino)-4-stilbazole itself, whose moieties are
stacked at a distance similar to thatdr(7.66 A¥* shows,
in its solid-state emission spectrum, two peaks at 477 and
503 nm. Moreover, as fdt, any additional emission which
can be attributed to the Cul polymeric network is completely
lacking (on the basis of the rather short-€Cu distance,
2.63 A, a3MCC* contribution to the emission involving the
Cu skeleton, could be expectdThe inadequate distance
for significant interligandz—u interactions to be at work,
supports, even fo2, the role, in the quenching process, of
orbitals belonging to the Cul skeleton. A nonemissive
SMLCT, e.g., cannot thus be discarded. As observedLfor
also in the case o2, an emission process is restored in
acetone solution, with a maximum centered at 468 nm and
a shoulder at 500 nm, analogous to the emission, in the same
solvent, of the fredrans-stilbazolic ligand.

Similar is the behavior 0¥, with total quenching of the
emission in the solid state and emission at 412 nm in acetone

ecules, in the solid state, have been already invoked tosolution. Since fob the structural motif is not available, we
explain the process of luminescence quenching. Actually, cannot explain its solid-state quenching on a structural basis.
calculations carried out on cofacial stilbenic arrangements Due to the larger steric hindrance of thert-butyl group

have shown that, for intermolecular distances above 8 A,

there is no exciton transfer between the twalectronic
systems, which behave as separate entities, as in solftion.

with respect to the dimethylamino one, we may argue that
the polymeric motif of the stair is unlikely. The above
evidence strongly suggests that, whernrans-stilbazolic

However, by a decrease of the intermolecular distance belowligand is bound to a polymeric Cul skeleton, complete solid-

the critical value of 7 A, the mixing of HOMO and LUMO

state quenching occurs of the expected emissions of both

orbitals produces excited states characterized by a potentiallythe trans-stilbenic moiety and the Cul skeleton (the latter
reduced efficiency of the emission process. Indeed, the stairinvolving either a3XLCT* or a 3MCC* excited state). We

adduct oftransstilbazole with Cul,1, where the organic

have evidence that the quenching process probably does not

moieties stack at a distance of only 4.15 A, does not emit at take place only through space, between the adjagent
all. The quenching of the emission process could possibly delocalized systems ofransstilbazoles, but involves a

be due to an extensive HOMO and LUMO orbital mixing

mixing of the excited states of adjacentelocalizedrans

of  systems closely interacting. Quite unexpectedly, there stilbazoles with excited states located mainly or partially on

is no evidence even for the emission typical of a Cul stair
network, attributed to & LCT excited staté.More probably,
then, the quenching of the emission involves a mixing of
thesr systems ofrans-stilbazoles and of orbitals delocalized
on the Cul skeleton: a nonemissi¥LCT, for example,
could be at work. This hypothesis is confirmed by the solid-
state emission spectrum afansstilbazole itself, which

the polymeric Cul skeleton.

As a final confirmation to this hypothesis, we have found
that in the case of compoun@, with an even morer
delocalized ligand and thereforg excited states of lower
energy, the solid-state emission is not totally quenched. A
relatively weak emission is indeed observed at 580 nm, while
the free ligand shows, in the solid state, a strong emission

shows an intense emission in the blue spectral region plus aat 540 nm with a shoulder at 565 nm. The presence of a

broad and much weaker band in the 50@0 nm region.
The latter, which is absent in solution emission spectra of
stilbazole, is probably originated by intermolecular inter-

(19) Cornil, J.; dos Santos, D. A.; Crispin, X.; Silbey, R.; Bredas, J.L.
Am. Chem. Sod 998 120, 1289.
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(20) Cariati, E.; Roberto, D.; Ugo, R.; Srdanov, V. I.; Galli, S.; Macchi,
P.; Sironi, A.New J. Chem2002 26, 13.

(21) Lacroix, P. G.; Daran, J. C.; Nakatani, Rhem. Mater.1998 10,
1109.
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decreased effect on the emission quenching by increasingpredicted by Zyss’ model, this allowing an explanation of

the length ofr delocalized system$.As in the other cases,
in acetone solution, the emission spectrumbashows an

the modest SHG signal detected.

emission band centered at about 550 nm quite similar to thatConclusions

of the free ligand in the same solvent. Unfortunately, even

for 6 we have not been able to grow single crystals suitable

for X-ray structural characterization.

Cul adducts with a series gpara-substitutedtrans-
stilbazoles and pyridines show a rich structural behavior. In

Testing the second harmonic generation (SHG) efficiencies Particular, the introduction of a dimethylamino group in the

on unsieved powders df—8 via the Kurtz-Perry powder
method working with an incident wavelength of 1.064 nm,
resulted in lack of SHG not only fdk, 3, and4 (as expected

para-position either of atrans-stilbazolic moiety or of a
pyridine ring produces two new structural motifs. The
polymeric helicoidal motif of compound [Culans4'-

because of their well-established centrosymmetric space(dimethylamino)-4-stilbazolej] totally new, arranges in a

groups) but also fob—8 thus suggesting at least a cen-
trosymmetric space group. Oryhas shown a discrete SHG
with efficiency of 22.5 times that of quartz. A comparable
SHG efficiency has been observed also for a mixturanfid
2 with a ratio of 13:1.

As described by the “two-level modet?,the molecular

noncentrosymmetric crystal structure and affords a discrete
SHG when irradiated at 1064 nm. Differently from pyri-
dines? to rationalize the solid-state photoemission behavior
of Cul adducts withpara-substitutedtrans-stilbazoles, the
structural motif cannot be considered the only parameter to
be taken into consideration. In these latter adducts, any solid-

second-order NLO response of organic and, to a lesser extenttate photoemission originated either from theystem of
organometallic species, can be retraced to one prevai”ngthe trans-sstilbazolic moiety or from the Cul skeleton is

charge transfer (CT) process. In thaid state this contribu-
tion is “tuned” by the reciprocal arrangement of the molecular
entities. This concept was successfully tackled by Zyss,

unexpectedly quenched, both totally (as in the case of [Cul-
(trans-4-stilbazole)], [Cul(trans-4'-(dimethylamino)-4-stil-
bazole)}, and [Cul(4-tert-butyl-4-stilbazole)]) or partially

who eventually proposed a set of geometrical relationships (as in the case of [Cutans-4-[4-(4-(dimethylamino)phenyl)-

linking the molecular quadratic hyperpolarizability along the
CT axis 3cr) to the crystalline nonlinearity/molecul&c).

buta-1,3-dienyl]pyridine]). On the basis of the different
arrangement of thigans-stilbazolic moieties in the crystalline

Thus, in the presence of such a performing chromophore structures ofl and2 (Figures 1 and 2), the quenching seems

astrans-4'-(dimethylamino)-4-stilbazole, we tried to explain
the poor SHG efficience of speci@sby taking advantage

not to be due only to a mixing of their HOMO and LUMO
levels, but probably it involves mixing of the level af*

of the geometrical model developed by Zyss. The latter was excited states of the organic ligands and orbitals of the Cul

applied (i) adopting an “oriented gas” model, i.e. supposing
that the chromophores interact only weakly, (ii) assuming,
at first approximation, that SHG active moieties can be

described by a monodimensional system whose axis coin-

cides with the CT direction, and (iii) identifying the CT axis
with the longest inertial axis of theans-4'-(dimethylamino)-
4-stilbazole chromophore, i.e. with the NN vector.
According to the crystallographic classZfmn®, the two
phase matchable componentsgf have expressiobzxx =
sir(¢) cos@) sirf(0) et andbzyy = co$(¢p) cos@) sir?(0)
Bct, wheref andg are the angles between the assumed CT
axis andc, and between the projection of the CT axisain
and a, respectively. The ratidsx,/ct and bzyy/fScr reach
their optimum value of 0.385 foff = 54.74 and¢ = 90°
or 0°, respectively. In2, the actual values of and ¢ are
—14.89 and 75.12 or 15.15 and 74.86 for the two
independent ligands (L1 or L2), unfavorably directed toward
almost opposite directions with respectdtoAn overall bes
= |(bzxxBct + bzvdBenir — (bzxdBet + bzvdPer)iz| value
of |(0.060+ 0.004); — (0.0061+ 0.004),| = 0.001 results.
The SHG performance @is thus about 4% of the optimum

(22) (a) Oudar, J. L.; Chemla, D. S. Chem. Phys1977, 66, 446. (b)
Oudar, J. LJ. Chem. Phys1977, 67, 2664.

(23) (a) Zyss, J.; Oudar, J. IPhys. Re. A 1982 26, 2028. (b) Zyss, J.;
Chemla, D. S. IfNonlinear Optical Properties of Organic Molecules
and Crystals Chemla, D. S., Zyss, J., Eds.; Academic Press Inc.:
Orlando, FL, 1987; Vol. 1, pp 23187.

skeleton $XLCT* or SMCC¥).

In conclusion, we have produced an unexpected evidence
for a surprising quenching of the photoemission process in
hybrid inorganie-organic materials such as adducts between
Cul and a series dfans-stilbazoles.

We have also evidenced a specific role of the dimethyl-
amino group, when located ipara position to a pseudo-
aromatic (pyridine) or aromatic (the phenyl group dfans
stilbazolic moiety) ligand, in producing new and unusual
structural motifs of the Cul skeleton either polymeric or
oligomeric.
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