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We report for the first time hydrothermal synthesis of lanthanide— boxylic acid, [Ln(C204)2(pyzch(H20).], [Ln = Pr (1), Er
pyzcH polymers, [Ln(C204)2(pyzc), (H20).], [Ln = Pr (1), Er (2)], (2)]- This is the first example of lanthaniegpyzcH polymers
in which pyzcH was decomposed into C,0,2~ and thus caused with oxalates.

novel two-dimensional hexagonal lattice networks. The magnetic The hydrothermal reaction of pyzcH,¢i, or Er,Os, and

FeCk in an aqueous solution at 16& for 6 days produced
prism crystalg. Single-crystal X-ray analysisof the two
Acta 1988, 148, 265), leading to A = ~4.3 cmY, 27 = ~11.73 c_ompounds illustrated the presence of an oxalaté jox

- o . . ligand. Because no oxalate was directly introduced to the
cm™, and g T 0.79. Complex 2 d'SP'a¥S an intense room- starting reaction mixture, we supposed that oxalate might
temperature, liquid-state luminescent emission. be derived from the decomposition of pyzcH. Similar
situations also occurred in other systeins.

As is well-known, lanthanide ions are good choices for . Xay crystallography reveals that the two compounds are

building multidimensional coordination polymers because of 1S0morphous. Here, we choogeto represent the detailed
their tendency to adopt high coordination numbers, which Structure. As shown in Figure 1, the Pr(lll) ion is nine-
can be employed for the construction of high-dimensional co0rdinated with two water molecules, two oxalates, and two
and high-connected frameworks that provide practical ma- PYZC ligands. The coordination polyhedron may be repre-

terials combining their specific magnetic and optical proper- Se€ntéd as a distorted, tricapped trigonal prism (Egure 2).
ties? Especially, it is still a challenge to understand the The Pr-O (within the range from 2.484 to 2.570 A; mean

magnetic interactions between lanthanide ions, value 2.534 A) and P+N (2.791 A) bond lengths are in the

On the other hand, 2-pyrazinecarboxylic acid (abbreviated "°rmal range for Pr(ll) iong.As in the case found in
pyzcH) is a good ligand with multifunctional coordination  (3) (a) Tanase, S.; Marques Gallego, P.; Bouwman, E.; Long, G. J.;
sites providing a high likelihood for the generation of EEbF*{JOUg.'.ll--SGD"”}{‘dJeTE‘”- F-:zggé%flsdel%%:'\gutékﬁlnjenml-:;wr\)ﬁmen,

. . . . ., rReedijK, J.Dalton lrans. )y . 1, J.-M.; Xu, .
structures with high dimensions. However, most gf the work Xu, W.: V\J,u’ C.-J.: Yu, W.-T Transition Met.((%hemZOOS 28 308,
has so far focused on the assembly of the transition metal (4) The syntheses of complexes J@,04)2(pyzCh(H20)a]n [LN = Pr (1),

: ; Er (2)] are as follows: RyO11 or EROs (0.05 mmol) and pyzcH (1.0
pyzcH frameworks, while the analoQous ChemIStry of the mmol) were dissolved in an aqueous solution (13 mL) at room

property of polymer 1 has been studied by an approximate
treatment being enlightened by McPherson et al. (Inorg. Chim.

lanthanides has received less attention. temperature. After stirring for 30 min, 1 mL of 0.3 mmol/mL FeCl
In this Communication. we report the structure and was added dropwise to the initial mixture and reacted at*Gstor 6
. L . . days under hydrothermal conditions. Then small prism crystals of [Ln-
magnetism of two lanthanide complexes with 2-pyrazinecar- (C200)2(pyzCh(H20)]n [Ln = Pr (1), Er (2)] were obtained in
approximately 42%1) and 47% ) yield (based on RO11 or ErOg),
*To whom correspondence should be addressed. E-mail: liuxin64@ respectively. Elem anal. Calcd for14N4O16Pr (1): C, 21.65; H,
nankai.edu.cn. Fax:86-22-23499810. 1.80; N, 7.22. Found: C, 21.73; H, 1.87; N, 7.14. Elem anal. Calcd
(1) (a) Batten, S. R.; Robson, Rngew. Chem., Int. EA.998 37, 1460. for C14H14N4O16EN (2): C, 20.27; H, 1.69; N, 6.76. Found: C, 20.32;
(b) Tsukube, H.; Shinoda, SChem. Re. 2002 102 2389. (c) H, 1.65; N, 6.79. B
Cheetham, A. K.; Ferey, G.; Loiseau,Angew. Chem., Int. EA.999 (5) Crystal data forl: C14H14N4O16PR, M = 776.11, triclinic,P1, a =
38, 3268. (d) Lwamoto, M.; Furukawa, H.; Mine, Y.; Uemura, F.; 7.9905(1) Ab = 8.6809(1) Ac = 8.7788(1) Ao = 115.540(2), B
Mikuriya, S. I.; Kagawa, SJ. Chem. Soc., Chem. Commu®86 =101.868(2), y = 96.133(2), V= 524.35(1) B, Z =1, T = 294-
1272. (2) K, F(000) = 372, GOF= 1.075, R1= 0.0259, wR2= 0.0651.
(2) (a) Benelli, C.; Gatteschi, IChem. Re. 2002 102, 2369. (b) Piguet, Crystal data for2: Ci4aH14N4O16Er, M = 828.81, triclinic,P1, a =
C.; Bernardinelli, G.; Hopfgartner, Ghem. Re. 1997 97, 2005. (c) 7.967(2) A,b=8.670(2) A,c = 8.763(2) A,o. = 115.521(2), B =
Bernardinelli, G.; Hopfgartner, G.; Petoud, S.; Schaadl. @m. Chem. 101.985(3), y = 96.267(3), V=520.6(2) B, Z=1,T=294(2) K,
Soc.1996 118 6681. (d) Sabbatini, N.; Guardigli, M.; Lehn, J. M. F(000) = 390, GOF= 1.160, R1= 0.0270, wR2= 0.0775. Direct
Coord. Chem. Re 1993 123 201. (e) Kido, J.; Okamoto, YChem. methods withSHELXS-97and refinement offr 2 using SHELXL-97
Rev. 2002 102 2357. (f) Zhao, H.; Bazile, M. J.; GalaMascars, J. (6) (a)Li, X.; Cao, R.; Sun, D. F.; Shi, Q.; Bi, W. H.; Hong, M. Borg.
R.; Dunbar, K. RAngew. Chem., Int. E@003 42, 1015. (g) Reinhard, Chem. Commur2003 6, 815. (b) Orioli, P.; Bruni, B.; Vaira, M. D.;
C.; Gudel, H. U.Inorg. Chem.2002 41, 1048. Messori, L.; Piccioli, FInorg. Chem.2002 41, 4312.
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Figure 1. Thermal ellipsoid plots (50% probability) showing the molecular
structures ofl (H atoms omitted for clarity).

Figure 3. (a) View of the zigzag chain bridged by,G4?~ ligands in1.
(b) Two-dimensional structure formed by-R0—Pr bonds, with the pyrazine
ring of the pyzc ligands omitted for clarity. (c) Schemic drawing
representing Rrmetallic hexagonal lattices ifh. Solid balls: Pr. Shorter
lines: carboxyl bridges. Longer lines: @42~ bridges.

0030
Figure 2. Coordination mode of praseodymium in §f&,04)>(pyzC)-

(H20)2]n (2).
0025

polymer 2, the Er-O(N) bond lengths (mean value 2.521
A; 2.780 A) become shorter with an increase of the atom
number of lanthanide because of lanthanide contraction. The
oxalates act as bridging ligands to link Pr(lll) ions into an
infinite zigzag chain (Figure 3a). Neighboring zigzag chains
are linked by the pyzc ligands into the two-dimensional
layerlike network (Figure 3b). In the cationic layer, each six-
Pr(lll)-ion unit forms a Pg hexagonal lattice (Figure 3c).
Six Pr(lll) ions are almost coplanar, and the-FPr---Pr 0 s 100 15 200 20 30
angles are within the range from 104.09 to 149.8file TK
the adjacent Pr(l1Fy-Pr(lll) distances vary from 4.463(4) to  Figure 4. xm (O) vs T anduerr (O) vs T plots for complexl. The solid
6.499(1) A. These values for the L hattice are similar to lines represent the theoretical values based on the equations.
that found in the three-dimensional lanthanide polymer
{[an(CQO4)3(H20)6]'3H20'O.5HNQ3}n [Ln = La(III), Pr-
(101, 8 in which six Ln atoms are bridged by six oxalates.
In the synthesis, although FeClas added into the
reaction mixture, there were neither chlorine anions nor Fe-
(1) ions in the products. To confirm the formation of
oxalates and investigate the role of Fe@ the system,
similar reactions were carried out. When we performed the
reaction in the absence of Fg@Qr added sodium oxalate
directly to the reaction mixture, the same polymers could
not be obtained, which indicates that Feflays a vital role
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in the formation of the products. We speculate that the
presence of Fegin the reaction will take advantage of the
degradation of pyzcH and the formation of the title polymers.
The electronic spectra dfin an aqueous solution show a
typical Pr(lll) f—f transition between 400 and 600 nm. Four
absorption bands of 190, 482, 442, and 442 nm could be
attributed to®H; — Dy, Hy — 3Py, *H; — 3Py and®H, —
Y6, and3H, — 3P,.° The electronic spectra @fin an aqueous
solution show a typical Er(lll) f transition between 400
and 550 nm. Three absorption bands of 444, 488, and 521
(7) Zhao, B, Yi, L.; Dai, Y.; Chen, X. Y.; Cheng, P.; Liao, D. 2, van, "M could be attributed tt15, — 72 andl 15 — 2Hi2.1°

S. P.; Jiang, Z. Hinorg. Chem 2005 44, 911.
(8) Barrett Adams, D. M. Y.; Kahwa, I. A.; Mague, J. New J. Chem. (9) Carnall, W. T.; Fields, P. R.; Wybourne, B. G.Chem. Physl965
1998 919. 42, 3797.
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The emission spectra of compl@xat room temperature
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squares fit to the data leadsAo= —4.3 cnm'l, zJ = —11.73

in an aqueous solution excited at 345 nm exhibited an intensecm™, g = 0.79, andR = 3 (Yobsd — X calcd?Y (Xobsd? = 4.21
band at 405 nm, which was assigned to the emission of x 1074 The absolute value @l is slightly larger than that

2Hojp — 152t

Variable-temperature (1-800 K) magnetic susceptibility
data at a magnetic field strength of 2 kG were collected for
compoundl (Figure 4). Theuer value at room temperature
was 3.41ug, which is slightly lower than those expected,
3.58ug, per insulated Pr(Ill) ion in théH, ground stateq
= 45). As far as the existence of a strong sparbit coupling

reported in the compound (NO3)>(OH),*? in which zJ
= —7. The negativezJ suggested the antiferromagnetic
interactions between the Pr(lll) ions.

In summary, by using the hydrothermal reaction, two Ln-
(1) coordination polymers containing pyzcH and oxalates
have been prepared. X-ray crystallography revealed that the
polymers have novel two-dimensional hexagonal lattice

for Ln atoms is concerned, the magnetic data were analyzednetworks. The magnetic properties bfsuggested antifer-

by the following approximate treatment equations previously
derived by McPherson et &.

N 0 MKT | g dAKT 4 1@ m9AKT 4 30 -16AKT
KT 1+ 2 MKT | og 4AKT 4 5 ~9NKT | o~ 16AKT

Pr
Xtotal — XPr/[l - XPr(ZJ/NgzﬁZ)]

In expressionsA is the zero-field-splitting parameterd is
the intermolecular magnetic coupling parameter. A least-

(10) Wijk, M.; Norrestam, R.; Nygren, M.; Westin, Giorg. Chem1996
35, 1077.

(11) Patra, A.; Friend, C. S.; Kapoor, R.; Prasad, PIJNPhys. Chem. B
2002 106, 1909.

(12) Kahwa, I. A.; Selbin, J.; Oconnor, C. J.; Foise, J. W.; McPherson, G.
L. Inorg. Chim. Actal988 148 265.

romagnetic interactions between the Pr(lll) ions. Complex
2 displayed an intense room-temperature liquid-state emis-
sion. Further experiments are underway to design novel
coordination polymers associated with pyzcH and oxalate
ligands and better understand the nature ef4fmagnetic
interaction and the luminescence in these systems.
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