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An achiral nonlinear optical chromophore with a “remote functionality” that can act as a ligand is developed on the
basis of 4-nitroaniline derivatized with pyridine. The molecules are assembled through complexation with simple
achiral zinc(1l) salts and the H-bond network mediated by the counterions, to generate noncentrosymmetric materials
exhibiting optical second harmonic generation (SHG). The crystal structures of the new complexes are determined;
the counterion strongly influences the ligand orientations and lattice structure. SHG of the microcrystalline materials
is investigated. Correlation between the structure and SHG is rationalized using semiempirical quantum chemical
estimation of the hyperpolarizabilities of molecules and molecular clusters. The metal complexation plays a significant
role in molecular assembly but affects the SHG very little, enabling simplified analysis of the bulk property in terms
of molecular responses. Organization of remote functionalized molecules by metal ion complexation thus offers a
convenient approach to the rational design of quadratic NLO materials.

Introduction of a specific NLO-phore unit into different lattice structures
and examination of their SHG responses would provide

Development of novel molecular materials for quadratic . . . .
P 9 useful insight into the efficacy of the various assembly

nonlinear optical (NLO) applications such as second har-
monic generation (SHG) is realized through two major steps.
The first is the synthesis of the molecular unit, preferably
with a large hyperpolarizability3), and the second involves
the assembly of these molecular building blocks with optimal
orientation of the3 tensor components that maximizes the
NLO response of the bulk material. From the applications
perspective, it is highly desirable that the materials have a
wide transparency window in the wavelength range of
interest and good thermal and chemical stability. While the
first level of molecule (NLO-phore) synthesis has been
widely explored both theoretically and experimentalipe
more complex problem of assembly involves fundamental
questions of intermolecular interactions and molecular
organization in crystals and thin films. The even order nature
of the NLO effect of SHG necessitates a noncentrosymmetric
structure for the material; optimal orientation of the mol-
ecules can lead to enhanced respoAs®sveral chemical
and physicdlapproaches have been implemented to fabricate
molecular materials exhibiting SHG response. Organization
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Table 1. Crystallographic Data for PINA-C, PINA-N, ZPA, and ZPP

param PINA-C PINA-N ZPA ZPP
empirical formula G2H11N30; Ci2H11N302 CagH28NsOsZn CsoH32Ns0sZn
cryst system orthorhombic monoclinic monoclinic orthorhombic
space group Pbca Pn Pn C222
alA 11.3657(8) 4.5747(18) 10.406(4) 13.6852(9)
b/A 7.7206(6) 10.194(4) 10.387(4) 16.1279(11)
c/A 24.7787(18) 12.037(5) 14.203(6) 13.7491(9)
pldeg 90.0 99.730(6) 108.928(6) 90.0
VIA3 2174.3(3) 553.3(4) 1452.2(10) 3034.6(3)
z 8 2 2 4
pealdg cn 3 1.401 1.376 1.468 1.466
ulmm™t 0.099 0.097 0.906 0.870
temp/K 298(2) 298(2) 298(2) 298(2)
MA 0.71073 0.71073 0.710 73 0.71073
min, max transm 0.8917, 0.9853 0.6829, 0.9923 0.5677,0.8991 0.7208, 0.9028
Flack param a 0.053(8) 0.011(13)
no. of reflcns 2631 2546 6574 3641
no. of params 154 154 390 205
GOF 1.082 1.172 0.933 1.085
R (for | = 20)) 0.0586 0.0692 0.0486 0.0407
WR? 0.1394 0.1598 0.0649 0.0915
largest diff peak, hole/e 23 0.206,—0.326 0.219;-0.220 0.555,-0.293 0.585;-0.200

aNot refined.

motifs. In this context, we have considered a general ation; the resulting molecule N¥-(4-picolyl)-4-nitroaniline,
approach on the basis of what can be termed as “remote-PINA. Zinc(ll) was chosen as the metal ion since it affords
functionalized NLO-phores”. Since the assembly of these materials with good transparency window as well as thermal
units is primarily mediated by the remote-functional group stability>'° This paper presents, first, the polymorphic
that is not in conjugation with the-electron system of the  structures of centrosymmetric as well as noncentrosymmetric
NLO-phore, the variations in the SHG response of the bulk crystals formed by the ligand, PINA, designated respectively
materials will be dominated by the assembly patterns with as PINA-C and PINA-N. Investigation of complexes of PINA
the molecular response remaining largely invariant. with a variety of achiral Zn(ll) salts showed that several
We have investigated several organic molecular materials (acetate, propionate, succinate, maleate) form SHG active
based on remote functionalized chromophores and NLO- materials. The crystals of the complexes derived from the
phores. The interesting phenomena demonstrated includeacetate and propionate salts of Zn(Il), Zn(PINX) (X =
charge transfer occurring exclusively in the solid state, acetate, ZPA, and X propionate, ZPP) were amenable to
enhanced fluorescence in the solid state and doped polymesstructure analysis and are presented here. SHG measurements
films,® and the realization of noncentrosymmetric crystal on the microcrystalline powders of PINA as well as the Zn-
lattices and second harmonic generation from achisivell (II) complexes are reported. The trends are examined using
as chiral molecular unitsIn this study, we have explored a quantum chemical estimations of the hyperpolarizability of
new avenue on the basis of metal complexation for the molecules and molecular clusters and qualitative consider-
assembly of remote functionalized NLO-phores to fabricate ations of the NLO-phore orientations that are influenced by
SHG active materials. Metal complexation is a convenient the extended H-bonded network formations in the two
approach to assemble molecular NLO materials; however, crystals. The study illustrates the utility of metal complex-
the metal ions bound to the chromophore units affect their ation of remote functionalized molecules as a convenient and
electronic structure and hence NLO response, making anyrational approach to the assembly of novel molecular SHG
analysis of the SHG from the bulk material and further materials.
design/development complicated. In many instances, the ) )
metal ion complexation may have the detrimental effect of EXperimental Section
reducing the hyperpolarizability of the molecular NLO-  synthesis and Characterization N-(4-Picolyl)-4-nitroaniline
phores and thus the SHG response of the material. The(PINA). A 2.0 g amount of KCO; was added to 30 mL of DMSO,
remote functional approach outlined above is expected toand the solution was stirred for 15 min. A 0.713 g (0.67 mL, 6.6
circumvent these difficulties. We have chosen the classical mmol) amount of 4-picolylamine and 0.913 g (0.68 mL, 6.6 mmol)
NLO-phore on the basis of the pushull system, 4-nitroa- of 4-fluoronitrobenzene were added, and the reaction mixture was
niline (pNA), and introduced 4-picolyl group as the remote
functionality to aid in the assembly through metal complex-
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stirred for 12 h at 3C°C. Ice mixed with water was added and
stirred for 15 min. The yellow precipitate formed was filtered out,
washed with cold water, and dried under vacuum; yield9.6%.

The crude product was recrystallized by diffusing hexane vapors
into a solution in ethyl acetate yielding crystals of PINA-C: mp/
°C = 145-147; FT-IR (KBr)»/cm™t = 3231.0, 3013.1, 1603.0,
1570.0, 1510.0, 1475.7, 1113.84 NMR (DMSO-dg) 6/ppm =
4.47 (d, 2H), 6.64 (d, 2H), 7.30 (d, 2H), 7.86 (t, 1H), 7.96 (d, 2H),
8.50 (d, 2H)23C NMR (DMSO-dg) 8/ppm= 45.21, 111.70, 122.61,
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126.61, 136.83, 148.33, 150.17, 154.63. Needle-shaped crystals of

PINA-N were grown from a mixture of acetonitrile and water (6:4
VIV).

Zn(PINA) ;(CH3COO), (ZPA). A solution of 0.025 g (0.11
mmol) of PINA in 2 mL of methanol was mixed with a solution of
0.024 g (0.11 mmol) of zinc acetate in 2 mL of methanol and kept
at 30°C. Crystals of the complex formed in 3 days were filtered
out, washed, and dried: yiekd 84.5%; mp/C = 162—-164; FT-

IR (KBr): »/cm1 = 3312.1, 3134.6, 3069.0, 1603.0, 1560.3, 1504.6,
1477.6, 1111.1'H NMR (DMSO-ds) 6/ppm= 1.80 (s, 6H), 4.50
(d, 4H), 6.63 (d, 4H), 7.39 (d, 4H), 7.87(t, 2H), 7.96 (d, 4H), 8.52-
(d, 4H); 3C NMR (DMSO-ds) 6/ppm = 22.89, 45.15, 111.75,
123.01, 126.62, 136.90, 149.70, 149.90, 154.56, 171.43.

Zn(PINA) »(C2HsCOO0), (ZPP). A solution of 0.025 g (0.11
mmol) of PINA in 2 mL of methanol was mixed with a solution of
0.025 g (0.11 mmol) of zinc propionate in 3 mL of methanol and
kept at 30°C. Crystals of the complex formed in 4 days were
filtered out, washed, and dried: yietd 80.6%; mp/C = 136—

138; FT-IR (KBr): v/lcm! = 3315.9, 3120.0, 3069.0, 2949.4,
1610.0, 1595.3, 1506.5, 1483.4, 11092t NMR (DMSO-ds)
olppm = 0.95 (t, 6H), 2.10 (m, 4H), 4.52 (d, 4H), 6.64 (d, 4H),
7.42 (d, 4H), 7.89 (m, 2H), 7.96 (d, 4H), 8.53 (d, 4H5C NMR
(DMSO-ds) 6/ppm= 10.98, 28.91, 45.15, 111.76, 123.16, 126.70,
136.94, 149.79, 150.49, 154.52, 180.46.

Crystallography. X-ray diffraction data were collected on a
Bruker Nonius Smart Apex diffractometer (with CCD detector).
Mo Ka radiation with a graphite crystal monochromator in the
incident beam was used. Data were reduced using SAINT; all non-
hydrogen atoms were found using the direct method analysis in
SHELXTL, and after several cycles of refinement, positions of the

hydrogen atoms were calculated and added to the refinement

process! The Flack parameter was refined for the zinc complexes.
Details of data collection, solution, and refinement, as well as the
crystallographic information files, are submitted as Supporting
Information.

SHG Measurement.Second harmonic generation from micro-
crystalline powders was examined using the Kufzrry2 method.

Identity of the powder samples was ensured and presence of

polymorphic structures ruled out by verifying the agreement

Figure 1. Molecular structure of PINA in (a) PINA-C and (b) PINA-N
from single-crystal X-ray analysis. H atoms are omitted for clarity, and
90% probability thermal ellipsoids are indicated. C (gray), N (blue), and O
(red) atoms are indicated.

Figure 2. H-bonded chains of PINA formed along (a) thexis in PINA-C
and (b) thec axis in PINA-N. H atoms except those involved in H-bonding
are omitted for clarity. C (gray), H (white), N (blue), and O (red) atoms
and an H-bond (broken cyan line) are indicated.

the reference (1 3= SHG of urea). Calibration measurements were
carried out usindN-4-nitrophenyl-§)-prolinol (NPP).

Semiempirical Computations.Geometries of the molecules and
molecular clusters for the computations were taken from the crystal
structure, and hydrogen atoms alone were optimized using the
semiempirical AM1 metho@d in the program suite MOPAC983.
Hyperpolarizabilities were computed using the TDHF method
available in MOPAC93; the values reported are the magnitude of
Pvee cONventionally defined using they, andz projections of the
various tensorial componenis,, the static value, as well g 17
for excitation wavelength of 1064 nm are presented.

Results and Discussion

Two polymorphs of PINA could be crystallized depending

between experimental powder X-ray patterns and those simulated®n the solvent employed. Ethyl acetateexane yielded

from the single-crystal structure (see Supporting Information). centrosymmetric crystals (PINA-C) belonging to the orthor-
Particle sizes were graded using standard sieves; sizes ranging fronflombic space grouf’bca whereas noncentrosymmetric
40 to 300um were studied. Samples were loaded in glass capillaries crystals (PINA-N) belonging to the monoclinic space group
having an inner diameter of 6@0n. The fundamental beam (1064 Pn were obtained from acetonitritevater solution. The
nm) of a Q-switched ns-pulsed (6 ns, 10 Hz) Nd:YAG laser (Spectra crystallographic data for the two are collected in Table 1.
Physics model INDI-40) was used. The second harmonic signal The molecular structures in the two crystals are very similar

was collected using appropriate optics and detected using a(Figure 1) except for the link between the 4-picolyl group
monochromator, PMT, and oscilloscope (Tektronix model TDS 210, and pNA moiety: the dihedral angle C2RI2—C11—C8 is

60 MHz). Filters were used to bring the signals from all the samples .
in the same range. Urea with particle siz&50um was used as respectively 121.9 and 80.n PINA-C and PINA-N. In

(13) Dewar, M. J. S.; Zoebisch, E. G.; Healy, E. F.; Stewart, J. J. Rm.

(11) (a)SAINT-Plusversion 6.45; Bruker AXS: Madison, WI, 2003. (b)
SHELXTL, version 6.14; Bruker AXS: Madison, WI, 2003.
(12) Kurtz, S. K.; Perry, T. TJ. Appl. Phys1968 39, 3798.
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Figure 3. (a) Molecular structure of ZPA from single-crystal X-ray
analysis. H atoms are omitted for clarity, and 75% probability thermal
ellipsoids are indicated. (b) H-bonding around each molecule of ZPA. H
atoms except those involved in H-bonding are omitted for clarity. C (gray),
H (white), N (blue), O (red), and Zn (green) atoms and an H-bond (broken
cyan line) are indicated.

Table 2. Significant Bond Lengths in ZPA and ZPP

cryst bond bond length (A)

ZPA Zn1-N1 2.042(2)
Zn1-N2 2.038(2)
Zn1-011 1.962(2)
Zn1-012 2.040(2)

ZPP Zn1-N1 2.050(2)
Zn1-06 1.9670(17)

both the crystals, the PINA molecules are assembled into
extended chain structures through intermolecular H-bonds
formed between the amino nitrogen and pyridine nitrogen
atoms: ryg..n1 = 2.967 A, Ono—pz-.n1 = 147.7 in PINA-C;
Ino-nt = 2.966 A, Ono—po-n1 = 165.2 in PINA-N. Figure

2a shows the adjacent chains formed alonggthgis, related

by a center of inversion in PINA-C; the chains formed along
the c axis in PINA-N are shown in Figure 2b.

Crystals of zZn(ll) acetate complex, ZPA grown from
methanol are found to belong to the monoclinic space group
Pn with one molecule in the asymmetric unit (Figure 3a,
Table 1). Zn(ll) is tetrahedrally coordinated by the pyridine
nitrogen of two PINA molecules and the oxygen of two
acetate ions; the significant bond lengths are collected in
Table 2. The pNA moieties in the PINA ligands are oriented
away from the direction of the acetate ligands; the torsion
angle between the bisector of the G12n1-012 angle and
the dipole vector of the pNA moieties NN5 and N4-N6
is respectively 110.3 and 137.3Each ZPA molecule is
engaged in four H-bonds around it (Figure 3b) involving the

Figure 4. Schematic diagram of the (a) the extended net and (b)
interpenetrating network (the two nets colored differently for clarity) formed
through the H-bond assembly of ZPA molecules. The vertexes represent
the Zn(ll) ions and the edges the connectivity between corresponding
molecules mediated by H-bonds: (bh...zn = 10.094 A (N8-H8---012);

(1) rzpezn = 12.188 A (N4-H4---013).

Figure 5. (a) Molecular structure of ZPP from single-crystal X-ray
analysis. H-atoms are omitted for clarity, and 75% probability thermal
ellipsoids are indicated. (b) H-bonding around each molecule of ZPP.
H-atoms except those involved in H-bonding are omitted for clarity. C
(gray), H (white), N (blue), O (red), and Zn (green) atoms and an H-bond
(broken cyan line) are indicated.

amino and acetate groups; the independent ones correspond
to rnz--012 = 3.017 A, Onz—h3---012 = 149.0 andryg..o13 =

Inorganic Chemistry, Vol. 45, No. 24, 2006 9761
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Table 3. Powder SHG Data for PINA-N, ZPA, and ZPP (1€ SHG
of Urea with Particle Size> 150 uM)

SHG (V)
av particle sizegm) PINA-N ZPA ZPP
40 2.09 5.36 0.21
75 2.85 6.53 0.22
125 2.97 11.63 0.23
175 3.14 12.43 0.24
225 3.35 14.81 0.25
275 3.38 15.05 0.28

07 = 2.897 A Onz-p2--07 = 167.3. These H-bonds connect
o o the molecules into a noninterpenetrating network structure
n(l)gnlf;(taer?)énestrceﬂi?\nngttl;j:acdelﬁ?:]aertg (?riettr\]/(vao ﬁ]egtstzgloféttjegi?f:?enrlﬁ/tfc?rnc(far(i?y)) (Figure 6) that extends parallel to the plane. Thus, the
formed through the H-bond assembly of ZPP molecules. The vertexes H-bonded assembly of ZPA and ZPP share some common
represent the Zn(ll) ions and the edges the connectivity between the features but exhibit significant differences as well.
Cozrffgpf”ding molecules mediated by H-bords: zn = 11.911 A (N2- Electronic absorption spectra of PINA as well as the zinc
: - complexes are shown in Figure 7. The three compounds show
nearly identical solution spectra with a peak~a370 nm.
The absorption is much broader in the solid state, as expected
from the impact of intermolecular interactions on the
electronic structure; it falls off near 500 nm in all cases so
that the materials are nearly transparent at the wavelength
at which the SHG is measured in our study (532 nm). Results
of the Kurtz—Perry powder SHG studi&son the different
materials are collected in Table 3. The particle size depen-
dence of the SHG indicates that all the compounds show
phase-matchable behavior. The SHG observed in Z2P¥5(
U) is considerably enhanced with respect to that of PINA-
N; however, on changing the counterion from acetate to
propionate in ZPP, the SHG is reduced below that of PINA-
N. Even though a judicious choice of metal ion can enhance
the molecular hyperpolarizabili, metal complexation in
many instances has the opposite impact and/or enforces
nonoptimal orientation of the NLO-phores resulting in low
SHG in the bulk material. Among the SHG active zinc
complexes reported earlier, those showing strong response
are raret®'” the majority of them exhibit SHG well below
10.0 W18 (see Supporting Information for a more extensive
list of references). The relatively high value of ZPA is notable
and indicates that the remote functionality approach has
Figure 7. Electronic absorption spectra of PINA and its zinc(ll) complexes enabled an ef.ﬂCIem explmtgtlon of the NLQ response of the
in (a) solution state and (b) solid state. molecular units. As described below, this approach also
facilitates convenient analysis of the basis of the observed
2.901 A, Ons_ta-013= 149.7. These H-bonds assemble ZPA SHG response of the two zinc complexes. Even though the
molecules into a 3-dimensional interpenetrating network powder SHG is an average measure and does not provide
structure (Figure 4).

(16) (a) Roberto, D.; Ugo, R.; Bruni, S.; Cariati, E.; Cariati, F.; Fantucci,
Crystals of ZPP grown from methanol belong to the P.; Invernizzi, 1.; Quici, S.; Ledoux, |.; Zyss, Qrganometallic200Q

orthorhombic space group222 with half the molecule in 19, 1775. (b) Lacroix, P. GEur. J. Inorg. Chem.2001, 339 (c)
the asymmetric unit (structure of the full molecule is shown Roberto, D.; Ugo, R.; Tessore, F.; Lucenti, E.; Quici, S.; Vezza, S.;
. . ] . . . Fantucci, P.; Invernizzi, I.; Bruni, S.; Ledoux-Rak, I.; Zyss, J.
in F'Q'{re 561), CryStal|Ograph_IC d_at_a are provu_jed in Table 1. Organometallics2002, 21, 161. (d) Lacroix, P G.; Averseng, F.;
Coordination around Zn(ll) is similar to that in the case of Malfant, I.; Nakatani, K.Inﬁrgl. Chim. Acta2004 357, 3825. (e) g
T ; ; . Maury, O.; Viau, L.; Senechal, K.; Corre, B.; Guegan, J.; Renouard,
ZPA (the Slgnlflcant t_)or_]d I?ngths_ are listed in Tab_le 2)' T.; Ledoux, |.; Zyss, J.; Le Bozec, Ehem—Eur. J. 2004 10, 4454.
however, the pNA moieties in the ligands are now oriented (f) Tancrez, N.; Feuvrie, C.; Ledoux, I.; Zyss, J.; Toupet, L.; Le Bozec,

i i i i i i H.; Maury, O.J. Am. Chem. So@005 127, 13474. (g) Tessore, F.;
in the direction of the propionate ligands so that the torsion Roberto, D, Ugo. R.; Pizzotti, M.: Quici. S.. Cavazzint. M., Bruni

angle between the bisector of the ©Bn1—-06 angle and S.: De Angelis, Finorg. Chem2005 44, 8967.
the dipole vector of the pNA moieties, NAN3, is 28.0. (17) (@) Lin, W,; Evans, O. R.; Xiong, R.; Wang, 4. Am. Chem. Soc.
Each ZPP molecule is engaged in four similar H-bonds 1998129 13272. (b) Evans, O. R.; Lin, Wehem, Mater200], 13,

. . ’ : . 3009. (c) Ye, Q.; Li, Y.; Song, Y.; Huang, X.; Xiong, R.; Xue, Z.
(Figure 5b) involving the amino and propionate groups: Inorg. Chem.2005 44, 3618.
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Table 4. AM1/TDHF Computed Hyperpolarizabilitieg§ and 51.17) of ZPA and ZPP Molecules, the Molecular Clusters in Their Unit Cells (Figure
8a,c), PINA Ligand Pair in ZPA and ZPP Molecules, and PINA Ligand Clusters in the Unit Cells (Figuré 8b,d)

Bo (1030 esu) B117(107C esu)

ZPA

8.222
10.623 (5.312)

8.425 (4.213)
11.081 (2.770)

ZPP

9.035

9.805 (2.451)
11.648 (5.824)
11.245 (1.406)

ZPA

16.337
21.315 (10.658)
17.364 (8.682)
22.725 (5.681)

ZPP

17.711
19.497 (4.874)
22273 (11.137)
23.605 (2.951)

system

molecule

molecular cluster in the unit cell
ligand pair in the molecule
ligand cluster in the unit cell

aThe valueper moleculein the case of molecular clusters per PINA unitin the case of ligand clusters is indicated in parentheses.

the zinc salt; the clusters of ligands in the unit cells (Figure
8b,d) were also considered in the study. Table 4 provides
the computed values for these systems as well. The relative
orientation of the pNA units leads to a slightly largein
ZPP compared to ZPA; the torsion angle between the dipole
vectors is 60.2 and 117.3n ZPP and ZPA, respectively. It
is seen that the NLO response of the PINA ligands is very
close to that of the respective complexes, supporting the
assumption of the remote nature of metal complexation. The
slight decrease in the of the ligands on complexation arises
due to the oppositely directed nonlinear response of the
pyridine—Zn(1l) unit with respect to that of the pNA moiety.
The most significant finding from the study is the following.
Even though at the molecular level the nonlinear response
of ZPP is stronger than that of ZPA, the respompss
moleculeor per PINA unitat the crystal level is considerably
weaker in ZPP. Examination of Figure 8 reveals that this
stems from the orientation of the pNA units that tends to
cancel out the response from each other to a large extent in
ZPP whereas, in ZPA, they are conducive to producing
appreciable SHG. The difference between ZPA and ZPP at
the molecular level is the counterion. This leads to the
different molecular conformations and extended H-bonded
network structures in the two crystal lattices that together
enforce the relative orientation of the NLO-phore units,
determining the bulk SHG response. The computational
) ) o exercise explains why the bulk SHG observed in ZPA is
details of the nonlinear susceptibility tensor components, stronger than that in ZPP. It demonstrates also that the
useful insight into the observed trends can be gained throughanalysis of the bulk SHG in terms of the response of the
semiempirical quantum chemical computations. NLO-phore units is facilitated by the remote functional nature
Computatlons were _carrled out on mok_ecular SUrUCUres of the ligand sites that ensured that the metal-mediated
determined from the single-crystal analysis. The hyperpo- 5ssembly did not influence the NLO-phore unit considerably.
larizabilities computed for single molecules of ZPA and ZPP 1hig provides a new direction for the systematic fabrication

as well as the cluster of symmetry-related ones in the unit ¢ qadratic NLO materials through the metal complexation
cell, two in ZPA and four in ZPP (Figure 8a,c), are collected g te.

in Table 4. The NLO response is dominated by the ligands _

since they bear the primary NLO-phore unit pNA; the Conclusions

contribution of the metal link attached to the remote A simple ligand involving the classical NLO-phore, pNA,
functional units is likely to be small. This aspect was probed is designed with an appropriate remote functional group that
through computations on the pair of PINA ligands in ZPA enables the assembly through metal complexation. The free
and ZPP retaining their relative orientations, by excising out ligand is shown to form polymorphic structures, one of them
being noncentrosymmetric and SHG active. Assembly of the

Figure 8. Molecular clusters considered in the computations: (a) unit cell
of ZPA; (b) PINA in the unit cell of ZPA,; (c) unit cell of ZPP; (d) PINA

in the unit cell of ZPP. C (gray), N (blue), O (red), and Zn (green) atoms
are indicated.

(18) (a) Qin, J.; Su, N.; Dai, C.; Yang, C.; Liu, D.; Day, M. W.; Wu, B.;
Chen, CPolyhedron1999 18, 3461. (b) Wang, X. Q.; Xu, D.; Yuan,
D.R.; Tian, Y. P.; Yu, W. T.; Sun, S. Y,; Yang, Z. H.; Fang, Q.; Lu,
M. K.; Yan, Y. X.; Meng, F. Q.; Guo, S. Y.; Zhang G. H.; Jiang M.
H. Mater. Res. Bull.1999 34, 2003. (c) Evans, C. C.; Masse, R;
Nicoud, J.; Bagieu-Beucher, M. Mater. Chem200Q 10, 1419. (d)
Evans, O. R.; Lin, WAcc. Chem. Re002 35, 511. (e) Han, L;
Hong, M.; Wang, R.; Luo, J.; Lin, Z.; Yuan, &Lhem. Commur2003
2580. (f) Ren, P.; Liu, T.; Qin, J.; Chen, G. Coord. Chem2003
56, 125.

ligand molecule through Zn(ll) complexation and H-bonding
leads to noncentrosymmetric and SHG active materials with
the lattice structure sensitively dependent on the anion. The
complex with zinc(ll) acetate shows an interpenetrating
3-dimensional network structure formed through intermo-
lecular H-bond interactions. The observed SHG of the metal
complexes is rationalized using semiempirical computations
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