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Two novel homochiral lanthanide—silver heterometallic coordination polymers LnAg(OAc)(IN); [Ln = Nd (1), Eu
(2), HIN = isonicotinic acid, HOAc = acetic acid] have been prepared under hydrothermal conditions, which were
characterized by elemental analysis, infrared, thermogravimetric analysis, and single-crystal X-ray diffraction. Both
complexes are isostructural and crystallize in a hexagonal system, chiral space group P6,22. Both polymers are
constructed from infinite right-handed homochiral helical chains with Ln—O—Ag connectivity, representing the first
examples of homochiral lanthanide—transition metal heterometallic coordination polymers with a 3D coordination
framework based on spontaneous resolution. Furthermore, the luminescent properties of 2 were studied.

Introduction method are still rare because their mechanism remains poorly
The design of chiral metalorganic coordination polymers ~ Understood.There are only a few examples of spontaneous
has attracted much attention not only because of their resolution, where the chiral information in the building units
potential applications in enantioselective separation, nonlinearc@n be transmitted into higher dimensionality to generate
optical, and magnetic properties but also because of theirhomochiral coordination polymefs. However, almost all
intriguing architecture$:* To date, two general approaches ©f these reported homochiral coordination polymers have
have been adopted for the synthesis of such materials: (i)been attributed to a homometallic system, while the chemistry
enantioselective synthesis using chiral species, which yieldstoward homochiral lanthanideransition metal (Lr-M)
enantiopure products, and (ii) spontaneous resolution uponheterometallic coordination polymers based on spontaneous
crystallization without any chiral auxiliary, generating a resolution remains largely unexplored.
conglomerate. By the first approach, many homochiral  Recently, high-dimensional LAV heterometallic coor-

coordination polymers have been obtaii€édn contrast,  gination polymers have attracted increasing attention because
homochiral coordination polymers generated by the second st their interesting structural topologies and the significance
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of discovering new materiaf®> However, because of com-  Table 1. Crystal Data and Structure Refinement for Compouhasd
plicated interactions among the organic moiety and two types 2

of metal centers, the construction of a homochiraH-Mh compound 1 2
heterometallic coordination framework is one of the most ~ &mpirical formula 6‘75%56'“9“3““08 %?Elfgg'\‘ﬁuoﬁ
challenging issues in synthetic chemistry and materials temp (k) 293(2) 293(2)
science. Fortunately, the characteristic of lanthanide and cryst syst hexagonal hexagonal
transition-metal ions with different affinities for O and N Zﬁge group 5’51822241(8) Pf511282098(6)
donors might provide the impetus for homochiral discrimina- ¢ (4) 27.418(3) 27.279(3)
tive interactions between two chiral components. Inspired V(A9 3319.8(5) 3294.9(4)
by the aforementioned considerations, we have attempted lz)calcd(g o) 2.033 62.072

to study the systematic synthesis of homochiral—Mh  (mm2) 3.957 3773
heterometallic coordination polymers. In the current work,  F(000) 1962 1980

we choose isonicotinic acid (IN) with both N and O donor ~ S©F o Loz,
atoms as a linker between the lanthanide and transition-metal R;ta“ > 20(1)] 0.0323 0.0308
ions because this rigid ligand has been proven to be able to WR2[I > 20(1)] 0.0568 0.0515

form novel structures with 3D L.aM heterometallic coor-
dination framework$.Here, we report two novel homochiral
3D Ln—M coordination polymers LnAg(OAc)(IN)[Lnh =
Nd (1), Eu ), HOAc = acetic acid] containing right-handed
helical chains with LA-O—Ag connectivity.

AR1= J||Fo| — IFl/T|Fol. PWR2 = J[W(Fo? — Fc2)?/ 3 [W(Fe?)Z Y2

Synthesis of [EUAg(OAC)(IN) (2). A procedure identical with
that of 1 was followed to preparg except that NgD; was replaced
by EbO3 (0.176 g, 0.5 mmol). Colorless octahedron-shaped crystals
were obtained (yield: 0.067 g, 49% based on Ag). Elem anal. Calcd
for CH1sAgNSEUGs: Eu, 22.19; Ag, 15.74; C, 35.04; H, 2.19; N,
6.13. Found: Eu, 22.15; Ag, 15.79; C, 35.16; H, 2.12; N, 6.05. IR

Materials. All chemicals purchased were of reagent grade and (KBr pellet, cnt1): 3436(w), 3068(w), 3029(w), 1639(m), 1598-
were used without further purification. Water used in all reactions (s), 1540(s), 1461(w), 1407(s), 1226(w), 1054(w), 1003(w), 949-
was distilled water. (w), 853(w), 766(m), 689(m), 602(w), 543(w).

Physical MeasurementsThe elemental analyses (C, H, and N) X-ray Crystallographic Study. The collection of crystal-
were carried out a Perkin-EImer 240C elemental analyzer; Nd, Eu, lographic data was carried out on a Bruker SMART Apex CCD
and Ag were analyzed on a PLASMA-SPEC(]) inductively coupled diffractometer using graphite-monochromated Ma kadiation ¢
plasma atomic emission spectrometer. The infrared (IR) spectra= 0.710 73 A) at 293 K. Empirical absorption correction was
were recorded (4004000 cnt! region) on an Alpha Centaurt  applied. The structures were solved by direct methods and refined
Fourier transform IR spectrophotometer using KBr pellets. Ther- by full-matrix least-squares methods &% using theSHELXTL
mogravimetric analyses (TGA) were performed on an SDT Q600 crystallographic software packagfeAnisotropic thermal parameters
instrument in a flowing N atmosphere with a heating rate of 10 Wwere used to refine all non-H atoms. The H atoms fer-Cwere
°C/min. Fluorescence spectroscopy data were recorded on a SPEXlaced in idealized positions. The Flack parameters-0f00(2)
FL-2T2 luminescence spectrometer equipped with a 450-W Xe lamp and—0.024(15) forl and2, respectively, indicate that the absolute

Experimental Section

as the excitation source.

Synthesis of [NAAg(OAC)(IN) (1). A mixture of Nd,O3 (0.168
g, 0.5 mmol), AgNQ (0.034 g, 0.2 mmol), HIN (0.123 g, 1.0

configurations are correct. The crystal data and structure refinement
of compoundsl and2 are summarized in Table 1. Selected bond
lengths and angles for compountisand 2 are listed in Table 2.

mmol), HOAc (0.030 g, 0.5 mmol), and water (8 mL) was sealed
in a 23-mL Teflon reactor and was kept under autogenous pressur
at 180°C for 4 days. Pink octahedron-shaped crystals were filtered  Single-crystal X-ray diffraction analyses reveal thand
off, washed with distilled water, and dried in air (yield: 0.061g, o crystallize in the high-symmetry hexagonal space group
45% based on Ag). The as-synthesized material is insoluble in Waterp6122 and possess a homochiral 3D heterometallic coordina-
Ez(g)gon,\]dmoznlozrg?x; Sl()Slvsg,tsé E\,'glg,nﬁl' ZC gllc,dl\fﬂ’g%ggghn g tion framework constructed from inorganic right-handed

1 51 A AR Q7 (~ REEQ- M 997 N R A4 1P (KR " helical chains and IN linkers. Becausend2 are isostruc-

Nd, 21.21; Ag, 15.97; C, 35.59; H, 2.27; N, 6.14. IR (KBr pellet, ) ; ) i
cmY): 3470(w), 3045(w), 3029(w), 1635(m), 1595(s), 1537(s), tgral, only Fhe structqred;ls described in detail. An ORTEP
view of 1 is shown in Figure 1. There are half of Nd(lll)

1459(w), 1406(s), 1225(w), 1059(w), 1001(w), 951(w), 853(w),
ions, half of Ag(l) ions, half of OAc, and one and half

766(m), 680(m), 601(w), 548(w).

crystallogaphically unique IN ligands in the asymmetrical
unit. Each Ag(l) ion is four-coordinated via two O atoms
from two OAc ligands [Ag-O 2.327(3) A] and two N atoms
from two bridging IN ligands [Ag-N 2.309(4) A] to furnish
a tetrahedral geometry. The Nd(lll) ion displays a bicapped
trigonal prism geometry coordinated by two O atoms from

eResults and Discussion

(8) (a) Cutland-Van Noord, A. D.; Kampf, J. W.; Pecoraro, VAngew.
Chem., Int. EJ2002 41, 4668. (b) Zhou, Y. F.; Jiang, F. L.; Yuan,
D.Q.; Wu, B. L.; Wang, R. H.; Lin, Z. Z.; Hong, M. GAngew. Chem.,
Int. Ed. 2004 43, 5665. (c) Zhao, B.; Chen, X. Y.; Cheng, P.; Liao,
D. Z.; Yan, S. P.; Jiang, Z. HI. Am. Chem. So2004 126, 15394.
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Zhang, M. B.; Yang, G. YAngew. Chem., Int. EQR00§ 45, 73.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for Compounds
1land22

Compoundl
Nd1-03 2.414(3) Nd+04 2.507(3)
Nd1-01# 2.362(3) Nd+02# 2.510(3)
Agl-N1 2.309(4) Agt04 2.327(3)
01"1-Nd1-01%2 161.87(18) 03-Nd1-01% 82.33(12)
04—Nd1-01#2 124.28(12) 03Nd1-04 132.61(11)
04—Nd1-02# 72.64(12) 03-Nd1-03* 73.83(18)
04—Nd2—043 51.17(15) O%—Nd1-02% 145.71(13)
N1-Agl—N1% 102.8(2) N1+-Agl-04 112.38(15)
04—Agl—04% 118.55(17) O4Agl—N1#5 104.90(14)
Compound2

Eul-03 2.372(3) Eut04 2.475(3)
Eul-02% 2.318(3) EutrO1# 2.462(3)
Agl-N1 2.311(4) Agt04 2.319(3)
021—-Eul—02%2 162.34(16) 03 Eul—-02%1 82.45(11)
04—Eul—02* 124.45(12) O3Eul-04 132.51(11)
04—Eul-01# 72.77(11) 03-Eul-03® 73.59(16)
04—Eu2—-04% 51.96(14) O%—Nd1-01# 145.47(12)
N1-Agl—N1% 102.6(2) N1-Agl-04 112.38(15)
04—Ag1—04* 118.06(16) 04Agl1—N1#5 104.92(14)

@ Symmetry operations. Fdr. (#1)x —y,x — 1,z+ Yg; (#2) —y + 2,
—X+3,—z—Ys #)Xx—y+ 1, -y+ 2, -z #4) —x+ 3, —x+y+
2,—z2— Y3 (#5) =y + 2, —x+ 2, —z— Ys. For2: (#1)x —y, X, 2+ Yg;
#H2)—x+y+2,y+1,—z+Y #)—x+2, —x+y+1 -2+
#HA)Yy + 1, X, —z+ Ys; #5) —x+y+ 1y, —z+ s

Figure 1. ORTEP plot of the asymmetric unit df (50% probability
ellipsoids). All H atoms are omitted for clarity. Symmetry codes: Ay(
+2,—x+2,-z2—Y); B(—x+3,—x+y+2 -z—13); C(~y+2,

X=Y,z2+Y);D(x—y,x— 1,2+ Ye), E(-y+ 2, —x+ 3, =z — Yp);

Fx—y+1,-y+2 —2.

one OAc ligand, four O atoms from four bridging IN ligands,
and two O atoms from two terminal IN ligands. The NGO

bond lengths [2.362(3)2.510(3) A] are in the normal
ranget! IN ligands have two types of distinctly different

Figure 2. Right-handed heterometallic helicate with N@—Ag con-
nectivity: a ball-and-stick representation along thexis (a) and a space-
filling representation along thb axis (b). Color code: pink, Nd; green,
Ag; red, O; blue, N. C and H atoms are omitted for clarity.

Chart 1. Coordination Modes of IN and OAc ifh
Ag
N. N
) [
Ag—0O _0—Ag
\Nd
ol
Nd Nd Nd Nd
a b c

helical chain with a pitch of 27.418 A. It is noteworthy that
the helical chains with LO—M connectivity are quite rare.
Up to now, to our knowledge, only two homochiral helical
chains with Ln-O—Cu connectivity have been report&d.
Compared to homometal lanthanide coordination polymers
containing IN ligands, in which the N donor atoms are free,
Ln—M—IN heterometallic coordination frameworks are built
up from the nanosized lanthanide clusters and transition-
metal clusters through the recognition between two types of
metal ions and multifunctional liganddn the structure of
1, a homochiral helical chain forms by introducing the second
ligand, OAc, and a soft transition-metal ion, Ag(l). OAc
ligands connect to two types of metal centers in both
chelating and bridging modes along different directions,
which, therefore, lead to a noncentrosymmetric organization
and a twist of the chain and the helical structure finally forms
(Figure S2 in the Supporting Information). Furthermore, the
lack of a symmetry center of two types of metal centers also

coordination modes: one acts as a bridging ligand to ensures the acentricity of the chain and provides the

coordinate one Ag(l) ion and two Nd(Ill) ions (Chart 1a)

possibility constructing a homochiral helical chain. On the

and the other acts as a terminal ligand to coordinate two other hand, the Ag(l) ion with a noncentrosymmetric
Nd(lll) ions (Chart 1b). OAc adopts chelating and bridging coordination geometry also plays an important role in the

coordination modes (Chart 1¢). In the structurd,ahe chiral

formation of helical chains. In the current work, the occur-

unit can be considered as a right-handed inorganic hetero-rence of the helical structure dfmay be attributed to the

metallic helical chain built up from the alternate Nd(lIl) and
Ag(l) coordination centers with shared carboxylate O atoms
(Figure 2). The 6screw axis passes down the center of the

(11) Vaidhyanathan, R.; Natarajan, S.; Rao, C. NIrferg. Chem 2002
41, 4496.

inducement of the Ag(l) iol¥ and the coordination mode of

(12) Ma, L.; Evans, O. R.; Foxman, B. M.; Lin, Whorg. Chem.1999
38, 5837.

(13) (a) Prince, R. B.; Okada, T.; Moore, J. Angew. Chem., Int. Ed.
1999 38, 233. (b) Chen, X. D.; Du, M.; Mak, T. @Chem. Commun.
2005 4417.
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Figure 3. Perspective view of the 3D coordination frameworklialong
the ¢ axis.

Figure 4. Polyhedral view of a helical chain interleaved with six other
neighboring chains id. The bold line represents the IN ligand.

OAc. It is interesting that the helical chains inare not
polar because of the 2-fold rotation axis going through the
Ag(l) and Nd(lll) centers.

The distinguishing feature df is that the helical chains

Gu and Xue

Intensity (a. u.)

T T T T T
450 500 550 600 650 700
Wavelength (nm)
Figure 5. Solid-state emission spectrum @at room temperature (excited

at 396 nm).

750

without introduction of an inversion center between them.
It is well-known that helical structural motifs exhibit an axial
chirality,*> and packing these 1D helical chains into a
homochiral solid needs homochiral discriminative interac-
tions. In the structure of, the coordination bonds between
IN ligands and two types of metal centers offer the
homochiral interactions to realize the homochiral assembly.
In other words, spontaneous resolution yielding homochiral
crystals occurs irl through interchain coordination bonds
that chemically assemble these right-handed helices. Fur-
thermore, the observed chirality df, indicated by its
hexagonal chiral space group, can be understood in terms
of chirality transfer from the chiral helical chains to the whole
framework through the coordination bonds between IN
ligands and two types of metal centers.

TGA. A TGA study of 1 shows no weight loss between
room temperature and 29C, suggesting that the framework
is stable up to 290°C (Figure S5 in the Supporting
Information). Such a thermal stability &fmay be attributed
to the formation of a 1D heterometallic helical chain with
Ln—O—Ag connectivity. Above 290C, the weight loss is
due to the collapse of the whole framework. The result of
the TGA study for2 (Figure S6 in the Supporting Informa-
tion) is very similar.

Photoluminescent PropertiesBecause of the excellent
luminescent properties of Eu(lll) ions, the luminescence of
2 was investigated. The emission spectrun2 ¢éee Figure
5) at room temperature upon excitation at 396 nm displays
red luminescence and exhibits the characteristic transition
of °Do — 7F; (J = 0—4) of Eu(lll) ions. The appearance of

are connected together by IN spacers to form a homochiralthe symmetry-forbidden emissiotD, — “F, at 580 nm

3D framework, as shown in Figure 3. Terminal IN ligands

indicates that Eu(lll) ions ir2 possess the noncentrosym-

are around the helical chains and toward the space con-metric coordination environme#fitlt is known that the’Do
structed by the stacking of the helical chains. Figure 4 shows— “F1 transition is a magnetic dipole transition, and its

an expanded view of the packing around one helical chain.

One helical chain is interleaved by six more helices with

intensity varies with the crystal-field strength acting on the
Eu(lll) ion. The Dy — ’F; transition is an electric dipole

the same handedness, which ensures acentric helix packindgransition and is extremely sensitive to the coordination

(14) (@) Yu, Z. T,; Liao, Z. L.; Jiang, Y. S.; Li, G. H,; Li, G. D.; Chen, J.
S. Chem. Commun2004 1814. (b) Milios, C. J.; Kefalloniti, E.;
Raptopoulou, C. P.; Terzis, A.; Vicente, R.; Lalioti, N.; Escuer, A.;
Perlepes, S. PChem. Commur2003 819. (c) Tasiopoulos, A. J.;
Harden, N. C.; Abboud, K. A.; Christou, Golyhedron2003 22,
133.
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environment of the Eu(lll) ion. The intensity of tkBy —
F, transition increases as the site symmetry of the Eu(lll)
center decreases. In the spectrur2,dhe strongest emission

(15) Piguet, C.; Bernardinelli, G.; Hopfgartner, Ghem. Re. 1997, 97,
2005.
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peak in théD, — I, transition region is split into two levels  Conclusions
at 612 and 617 nm, which can be ascribed to the splitting of

energy levels. Because Eu(lll) centersdrpossess &;- h hiral 3D Lm-Ag h li dinati |
symmetric coordination environment, in principle, the emis- omochira F-Ag heterometallic coordination poly-

sion peak in théD, — 7F, transition can be split into five mers. These two complexes are isostructural, and their

peaks. In the present work, because of some important factorgrsmewo_r I:]S are constructed frc_)m thhe Infinite right-hha? ded
such as the short decay lifetime of lanthanide ions and the® ains with Ln-O—Ag connectivity. They represent the first

superposition of emission peaks, only two of these peaks £X@mples of a 3D homochiral ErM heterometallic coor-
appear in the current emission spectrum. The intensity Ofdlnatlon framework assembled by a right-handed inorganic
the 5D, — 7F; transition is the second strongest, and the helical chain based on spontaneous resolution. The successful

emission peak centers at 590 nm. The intensity ratio synthesis of both C,Ompounds not only p.rovides.novel
|(Dy—"F,)/|(Dy—7F1) is equal to ca. 1.5, which further gxamples of homochiral 3D LAV hgterometalllc coordina-
tion framework but also may promise a new strategy for the
design of novel homochiral 3D LAM heterometallic
coordination polymer materials with particular functions.

In conclusion, we have successfully synthesized two

confirms that Eu(lll) ions in2 occupy sites with low
symmetry and without an inversion centérThe red
emission of the’Dy — F, transition is the most intense,
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