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The polar distortion in the [Nbg)] ~ octahedra of LiNbG} has
been postulated to be the origin of the large nonlinear optical
(NLO) response of this inorganic oxidé.This out of center
tetragonal distortion is mimicked by oxide fluoride anions,
MOFs?~ (M = V,%5Nb,58 Ta) (Figure 1). Unlike the distortions
in [NbOg/J] ~, however, those in the oxide fluorides are inherent
to the anion and not a product of a phase transition. GtEBls),-
NbOFRs:2H,0 and Cu(GoHgN3),TaORs:2H,0, which were pre-
pared hydro(solvato)thermal®’? contain the oxide fluoride
anions [NbOFE]>~ and [TaOK]?", respectively. Compounds
containing the [MOE]?>~ (M = Nb, Ta) anion seldom crystallize
without internal disorder, and when they do the distortions in the
octahedra align in an antiparallel fashion. In order to design a Figure 1. ORTEP diagrams (50% probability) of the complex anions
polar structure containing [MQP?~ anions the structure-directing  (a) [NbOR]2~ and (b) [TaOE]2". Selected bond lengths are included
properties of the anions and cations need to be considered. A).

In order for one-dimensional chain structures to be engineered
into an NLO material two conditions must be achieved. First, crystallization of ordered [MO§?~ octahedrd! Second, the
the octahedra should crystallize without disorder, because orien-anions need to crystallize in a non-centrosymmetric fashion with
tational disorder introduces an internal center of symmetry. Much respect to one another. In this communication we report how the
work has been done to understand the factors which govern thefirst condition has been met by using the chelating ligand-2,2
dipyridylamine (dpa) to complex the €ucation.
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Figure 2. One-dimensional chains of Cu{gisN3),MOFs-2H,O (M = Nb, Ta) showing the oriented distortions of the M@Foctahedra. N3F5

distances are 2.714(2) and 2.721(3) A, respectively. The sixth coordination site of the Cu is occupied by F3 through long 2.845(1) and 2.877(2) A

bonds, respectively. Dashed lines represent these lorg-Gunteractions. Water molecules have been removed for clarity.

Table 1. Bond Valence Sunié for [NbOFRs]?~ and [TaOF]|?~

R, A S 2Su Vi—§
[NbORs]2~
5.01
Nb=01 1.760(1) 1.54 0.46
Nb—F1 1.953(1) 0.70 0.30
Nb—F2 1.923(1) 0.76 0.24
Nb—F3 1.928(1) 0.75 0.25
Nb—F4 1.928(1) 0.75 0.25
Nb—F5 2.072(1) 0.51 0.49
[TaORs)>™
4.80
Ta=01 1.782(2) 1.45 0.35
Ta—F1 1.946(2) 0.68 0.32
Ta—F2 1.923(2) 0.72 0.28
Ta—F3 1.920(2) 0.73 0.27
Ta—F4 1.925(2) 0.72 0.28
Ta—F5 2.063(2) 0.50 0.50

aBond valence calculated with the program Bond Valence Calculator
versus 2.00, C. Hormillosa, S. Healy, and T. Stephen, McMaster
University (1993).° Valence sums calculated with the formua=
exp[(Ro — R)/B], whereS = bond valence of bond*, R, = constant
dependent on the bonded elemes+ bond length of bondi®, and
B = 0.370.YSy = bond valence sum for the metdl. = predicted
valence for each ligandvi — S = calculated charge of the ligand.
Ry(Nb—0) = 1.911,Ry(Nb—F) = 1.822,Ry(Ta—0) = 1.920,Ry(Ta—
F) = 1.803.¢Bound to C@". ¢H bond acceptor.

complex cation [Cu(dpal?" consists of a Cti atom coordinated
by two dpa chelating ligands. In previous one-dimensional or
“linear chain” compounds studied by this grddpthe copper

cation was coordinated by monodentate ligands such as pyridine

pyrazine, or water, with two additional trans coordination sites,

(13) Halasyamani, P. S.; Heier, K. R.; Norquist, A. J.; Stern, C. L.;
Poeppelmeier, K. Rinorg. Chem.1998 37, 369.

in a square planar arrangement. This geometry has higher
symmetry,Dgy or D2, compared to the [Cu(dpdj* cation, where

the two dpa ligands coordinate in a cis arrangement. The
remaining sites for coordination on the copper center are then
cis to one another, and the point symmetry of the copper center
is reduced tcC;. No direct trans coordination of the copper atom
by the [MOFR]?~ anions is possible so the potential for copper to
crystallize on an inversion center is eliminated. Steric consider-
ations and anionanion repulsion prevent the coordination of two
[MOFs)?2™ anions in a cis geometry to form an anionic cluster. A
linear chain structure of a 1:1 complex of [Cu(dg#) cations

and [MOFR]?" anions is possible because dpa introduces a
hydrogen-bonding donor site through which the trans fluoride
ligand (F5) of the anion is linked. The chelating ligand'2,2
dipyridylamine has been shown to lower the symmetry of the
cation through cis coordination, yet maintain a one-dimensional
structure of [Cu(dpa)?* cations and [MOE]?~ anions in which

the polar distortions present in the [Mg¥ anions are aligned
within the centrosymmetric structure.
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