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The synthesis and crystal structures of two new NLO-active generated carboxylate ligands via the hydrolysisogs-
coordination polymers, [Zn(2-pc)(4-pc)] and [Cd(2-pc)(4-pc)(H-0)]- diketone; cyano® ester; and G=C’ groups. More impor-
N,Hs (2-pc = 2-pyridine carboxylate, 4-pc = 4-pyridine carboxy- tantly, the in situ generation of ligands seems to play an
late), bridged by in situ generated mixed ligands under solvothermal important role in the formation of the crystal structures and
treatment is described. favors acentric crystallizatiohThis fact encourages us to

explore unprecedented in situ generation of two different

organic ligands from one precursor as a strategy for as-
Crystal engineering based on noncentrosymmetric metal Sembling acentric MOF crystals under hydro(solvo)thermal

organic frameworks (MOFs) using asymmetric bridging conditions.

ligands as building blocks has attracted much attention Therefore, we extended our study on solvothermal ligand

because acentric MOFs have potential applications as secondreactiond to include solvothermal reactions using 2-(2-

order nonlinear optical (NLO) materials, in which significant pyridyl)-5-(4-pyridyl)-1,3,4-oxadiazole (PP&)Scheme 1)

progress in the generation of acentric MOFs using a single

kind of bridging ligands and ¥ metal ions has been Scheme 1. Self-Assembly of the in Situ Generated, Acentric Bridging

o . . Ligands with Zn(ll) or Cd(ll) lons
demonstrated, although it is still a formidable challefidfe.

We believe that MOFs constructed with mixed bridging = 702t ogjo Y°

ligands might have a higher probability to exhibit NLO ~ \ N ——= |Zx(( \,)(N’I)]

activity, although such a strategy still remains unexplored. Solvothermal Acentric 3-D (1)

However, control of the construction of MOFs with mixed- e — . .

ligand bridges such that they have polarity and chirality =N » °%° °%%°

requires rational design of the ligands and appropriate N Cd . [Cd(gj)(é)(HZO)].sz
N

synthetic techniques. -
Meanwhile, the hydro(solvo)thermal technique has recently
been successfully applied to synthesize MOFs with in situ

Chiral 2-D (2)

and metal acetates, in which PPO bears different functional
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zsu.edu.cn. Fax: Int. code86 20 8411-2245. reaction on PPO took place, giving rise to two new, colorless
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Figure 1. Coordination environment of the metal atomlin

ligands 2-pc and 4-ptl1 and?2 crystallize in the acentric
and chiral space grougana2; andP2;, respectively. Obvi-
ously, the PPO oxadiazole group was broken up into the two
carboxylate groups of 2-pc and 4-pc during the reaction,
resulting in the formation of MOFs in the same 1:1:1 molar
ratio of metal to 2-pc to 4-pc.

The crystal structufé of 1 reveals that each metal atom
is five-coordinated by two nitrogen atoms from one 2-pc and
one 4-pc ligands and three oxygen atoms from one 4-pc and

two 2-pc ligands [Zr-N, 2.013(3)-2.024(3) A; zZn-0,
1.934(2)-2.220(3) A; N-zn—N, 172.63(11); O—Zn—0,
97.51(11)-164.20(11); N—Zn—0, 79.64(10)-95.99(11)]

in a distorted trigonal-bipyramidal geometry (Figure 1). The
Zn(ll) ions are linked by syn-anti carboxylate groups from
2-pc ligands into infinite helical chains with a pitch of 6.012-
(3) A along a 2 screw axis in the direction. Interestingly,
such chains crystallize in botP) right-handed and\() left-
handed fashions, as shown in Figure 2a,b and are extended

)

(10)

Typical experiments for the syntheseslofind2: To an agueous
solution (8 mL) of Zn(MeC@Q),-6H,0 (0.058 g, 0.2 mmol) fod or ) ) ) o )
Cd(OAC-2H,O (0.1 mmol) for2 was slowly added a methanol  Figure 2. () P helix and (b)M helix along thec axis in 1 (4-pc ligands
solution (8 mL) of 2-(2-pyridyl)-5-(4-pyridyl)-1,3,4-oxadiazole (PPO)  were omitted for clarity), and (c) 3-D net and (d) topologic&B&10 net
(0.045 g, 0.2 mmol). The mixture was stirred at room temperature for in 1.
30 min. The mixture was placed in a 23-mL Teflon-lined autoclave
and heated at 14TC for 36 h. The autoclave was then cooled to room . .
temperature over a period 8 h at arate of 5°C-h™%, and1 or 2 as tO. a three'g'menS'ona}l (3_'D) network throth th.e 4-pc
colorless crystals were collected by filtration, washed with water, and bridges, as illustrated in Figure 2c. Thus, the zinc ions act
dried in air. Phase-pure crystals bfor 2 were obtained by manual _ ; _ _
separation. The final yields were 60% and 65% based on M &rd a,‘s 4-connected nodes and are linked py the 2 p(? and 4 pc
2, respectively. Anal. Calcd (%) fat: C, 46.56; H, 2.60; N, 9.05. linkers to form the 3-D network. Topological analysis shows
Eoulgd%SC,F%-‘th: g gSSgBNHQéOZSCSICfsf%er 35.44; H, 3.47; that1is a new example of the nonuniform 4-connected 3-D

, Lo./o. Found: €, 50.0U7 R, 5.45; N, 15.62. : P .
Crystal diffraction intensities fat and2 were collected at 293 K on nets pred|cted by Wells, as shown in Figure 2d, belng

a Brudker SmartdApex e(?CD diffract(})l\r)netgr with graphite-monochro- characterized by a short vertex symbot.§.10)12

mated Mo Ku radiation ¢ = 0.71073 A). Absorption corrections were ihi ; _
applied using SADABS. The structures were solved with direct ,In 2 _the Cd(”) atom exhibits a distorted pentagonal
methods and refined with the full-matrix least-squares technique based bipyramidal geometry [CdN, 2.357(4)-2.397(4) A; cd-0,
on F2 using the SHELXTL program package. Anisotropic thermal 2.272(3Y-2.609(4) A; N-Cd—N, 91.2(2y; O—Cd-0,

parameters were applied to all non-hydrogen atoms. The organic

hydrogen atoms were generated geometrically KC= 0.96 A); the 51.9(2)-152.5(2); N—Cd—0, 69.10(14)-173.5(4}], being

wa:]er hydrogen atoms weri located Afrorln difffrence maps ar}d refineld additionally ligated by one aqua ligand when compared to
Wit ISOtI‘OpIC temperature actors. naytlca expressions o neutra H H 10 H

atom scattering factors were employed, and anomalous dispersion that "’! 1 (Flgure 3) D_lfferently’ 2 has a Iayer_ StrUCFure'
corrections were incorporated. Crystal data for C1HgN,0aZn, featuring homochiral, right-hande@) helices with a pitch
c;rtgogr?g(n;;aﬁ, srfcseoglrggfl\,/ M, 2229625%6}; 22535(5) Af of 8.618(1) A formed by the Cd(ll) ions and syn-anti
1.68'4_gcm—3,’ = '2_022 mn‘le F(000) = 624, 6426'557i?cted carboxylate groups of Z—pc Iigaqu (I_:igure 4) that are related
reggctlog%é??:lun;?ue refletctlon%{bj(z?-oéé?, F_‘illo=2 é).fO321|i by the 2 screw axes in thdé direction. Such chains are
Wi = 0. , Flack parameter= 0. y = 1. or al . . .

data. Crystal data fa: C1aH:4CdN:Os, monodlinic, space group2s, extended to a nonuniform 2-D (4,4) grid through 4-pc bridges
M, = 406.67,a= 9.600(1) Ab=8.618(1) Ac=11.478(1) Ap =

107.693(2), V = 904.7(2) B, z = 2, pealcd = 1.493 gcm 3, u = (11) Wells, A. F.Three-Dimensional Nets and Polyhedi&iley: New
1.231 mnt?, F(000) = 404, 5463 collected reflections, 3457 unique York, 1977.

reflections Rn = 0.0182), R1= 0.0353, wR2= 0.1012, Flack (12) Dolomanov, O. V.; Blake, A. J.; Champness, N. R.; SderpM. J.
parametex = —0.03(4), GOF= 1.141 for all data. Appl. Crystallogr 2003 36, 1283-1284.

Inorganic Chemistry, Vol. 44, No. 12, 2005 4149



COMMUNICATION

Figure 3. Coordination environment of the metal atom2n

Figure 4. Top view of the chiral 2D net along theaxis in 2.

(Figure 4). The guest M, molecules derived from the
hydrolysis of PPO are clathrated between the layers (Figure
S1 in the Supporting Information).

Preliminary quasi-Kurtz powder second-harmonic genera-
tion (SHG) measurementtson powdered. and2 exhibited
modest SHG efficiencies approximately 3.5 and 1.5 times
than that of KDP, respectively. TGA analyses showed that

(13) Kurtz, S. K.; Perry, T. TJ. Appl. Phys1968 39, 3798-3813.

4150 Inorganic Chemistry, Vol. 44, No. 12, 2005

1 was decomposed at 458 (Figure S2 in the Supporting
Information), wherea had a weight loss of ca. 11.9% in
the temperature range of 16@53°C, corresponding to the
loss of one aqua ligand and one lattice hydrazine molecule
per formula unit (calcd 12.3%), and no obvious weight loss
then up to 320C (Figure S3 in the Supporting Information).
Both 1 and 2 are insoluble in common solvents owing to
their neutral 3-D and 2-D polymeric structures, and they
might serve as potential candidates for practical NLO
applications.

It is noteworthy that we failed in preparing bothand?2
via direct reactions of the Zn(ll) and Cd(ll) salts, respectively,
with a 1:1 mixture of 2-pc and 4-pc under very similar
reaction conditions, which led to white microcrystalline
products exhibiting no SHG effect. This fact implies that
and2 might be unable to be prepared directly from a mixture
of 2-pc and 4-pc. Therefore, it can be concluded that the in
situ ligand generation is propitious to the formation of
acentric crystals ofl and 2, although further studies are
needed to better understand this phenomenon.

In summary, this work implies that self-assembly of MOFs
via solvothermal in situ generation of mixed organic ligands
might be a useful route in controlling both the stoichiometries
and crystal structures and hence presents a new synthetic
approach for NLO-active and even other functional MOF
materials constructed by mixed organic ligands.
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