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Two novel d'® metal coordination polymers [Zn(PDB)], (1) and [Cd3(PDB),(OH),(H20)s]» (2) (H,PDB = pyridine-
3,4-dicarboxylic acid) have been synthesized under hydrothermal conditions and characterized by elemental analysis,
IR, TG analysis, and single-crystal X-ray diffraction. Crystal data for 1: C;H3sNOZn, orthorhombic Pna2;, a =
8.423(17) A, b = 6.574(13) A, ¢ = 12.899(3) A, Z = 4. Crystal data for 2: Cy4H;2N,01,Cds, monoclinic C2/c, a
= 20.130(4) A, b = 6.692(13) A, ¢ = 13.081(3) A, B = 102.78(3)°, Z = 4. Both compounds exhibit novel
three-dimensional frameworks. Compound 1 not only possesses a one-dimensional rectangular channel but also
contains infinite double-stranded helical chains. Compound 2 has two different types of channels, one being built
up from pyridine rings and {CdOsN} and {CdOg} building units and the other being constructed from pyridine
rings and {CdOsN} building units. Furthermore, both compounds show strong photoluminescence properties at
room temperature.

The rational design and synthesis of novel coordination tions and topologies have been prepared through taking
polymers is of current interest in the field of supramolecular certain factors into account, such as the coordination nature
chemistry and crystal engineering, not only because of their of the metal ion and the shape, functionality, flexibility, and
intriguing structural motifs but also because of their potential symmetry of organic ligantlpf which many are derived from
applications in catalysis, molecular adsorption, magnetism, multicarboxylate ligands because of their interesting struc-
nonlinear optics, and molecular sensingConsequently, a  tural characteristic3.In particular, symmetrical multicar-
variety of coordination polymers with interesting composi- boxylate ligands, such as 1,3,5-benzenetricarboxylate, 1,2,4,5-
benzenetetracarboxylate, and 1,4-benzenedicarboxylate, have
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d° Metal Complexes Constructed from DB

and their co-workers in the construction of high-dimensional
structures with large pores or undulated layet8. In
contrast, pyridine-3,4-dicarboxylic acld,as a member of
the multicarboxylate ligands containing N-donors, is rarely

three-dimensional frameworks. Interestingly, the three-
dimensional architecture of compoutahot only possesses

one-dimensional rectangular channels but also contains
infinite double-stranded helical chains. Such structural

used. However, its two unique structure features inspire ourfeatures, to the best of our knowledge, have never been
research interest. In the first place, because of the stericdescribed before in the system of metahrboxylate coor-
hindrance between the two adjacent carboxyl groups, thedination polymers. And the three-dimensional structure of

conjugation interaction between the pyridine group and
carboxyl group is markedly weakened; thereforeR?BB is
likely to form high-dimensional frameworks with metal
atoms!? In the second place, the steric orientation of the
carboxyl groups is considerably flexible, which will cause
the carboxyl groups to connect metal ions in different
directions!® Such “skewing” of coordination sites in the
carboxyl groups should favor the formation of a helical
structuret*

On the other hand, polynucleat®dnetal (Cu, Ag', Au',
Zn", or Cd') complexes have attracted extensive interest in

compound? has two different types of channels (364.0

A and 5.7x 3.6 A), which is still rare so fat’ Furthermore,
both of them show intense photoluminescent properties at
room temperature.

Experimental Section

General Methods. All chemicals purchased were of reagent
grade and used without further purification. Elemental analyses (C,
H, and N) were performed on a Perkin-Elmer 2400 CHN elemental
analyzer. The contents of Zn and Cd were determined by a Leaman
inductively coupled plasma (ICP) spectrameter. FTIR spectra were

recent years in that they not only exhibit appealing structures recorded in the range 46@000 cn1* on an Alpha Centaurt FTIR

but also possess photoluminescent propettidsseries of

d® metal organic frameworks have been described re-
cently5¢% However, to the best of our knowledge, there
has been only one reported polymer constructed by‘a d
metal and PDB ligand hitherté.

On the basis of the aforementioned points, our aim is to
synthesize novel high-dimensional coordination polymers
through combining respective merits of pyridine-3,4-dicar-
boxylic acid and a ® metal. In this paper, we report two
novel d° metal complexes [Zn(PDB)J1) and [Cd(PDB)-
(OH)2(H20)2]n (2). Compoundsl and 2 both exhibit novel
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spectrophotometer using a KBr pellet. TG analyses were performed
on a Perkin-Elmer TGA7 instrument in flowing,Nvith a heating

rate of 10°C min~%. Excitation and emission spectra were obtained
on a Spex FL-2T2 spectrofluorometer equipped with a 450 W xenon
lamp as the excitation source. Luminescence lifetimes were
measured with a Spex 1934D phosphorimetergisiry W pulsed
xenon lamp as the excitation source. All measurements were
performed at room temperature.

Hydrothermal Syntheses. [Zn(PDB)}, (1). Compoundl was
synthesized from the reaction mixture of Zn(j©6H,O (0.5
mmol), H,bPDB (0.6 mmol), triethylamine (1.2 mmol), and water
(10 mL) in a 23 mL Teflon reactor, under autogenous pressure at
160°C for 5 days, and then cooled to room temperature at a rate
of 10 °C/h. Light-yellow crystals of compounil were obtained
(yield: 87% based on Zn). Anal. Found: C, 36.28; H, 1.26; N,
5.90; Zn, 27.95. Calcd: C, 36.45; H, 1.30; N, 6.07; Zn, 28.2. IR
spectrum (cml): 1653 (w), 1549 (s), 1493 (w), 1450 (s), 1418
(w), 1397 (s), 1286 (w), 1205 (m), 1172 (m), 1128 (m), 1074 (s),
946 (w), 890 (m), 856 (s), 818 (m), 775 (m), 734 (s), 687 (s), 611
(s), 575 (m), 479 (s), 422 (w).

[Cd3(PDB),(OH),(H20)7]n (2). Compound2 was synthesized
from the reaction mixture of Cd(N§-4H,0 (0.5 mmol), HPDB
(0.6 mmol), triethylamine (1.5 mmol), and water (10 mL) in a 23
mL Teflon reactor, under autogenous pressure at0ofor 5 days,
and then cooled to room temperature at a rate of@. Light-
yellow crystals of compoun@ were obtained (yield: 36% based
on Cd). Anal. Found: C, 22.64; H, 1.60; N, 3.72; Cd, 45.81.
Calcd: C, 22.78; H, 1.63; N, 3.80; Cd, 45.72. IR spectrumYm
1610 (s), 1593 (s), 1551 (w), 1483 (w), 1431 (s), 1403 (w), 1390
(w), 1287 (m), 1194 (w), 1164 (m), 1061 (s), 858 (s), 832 (m),
782 (w), 720 (s), 658 (s), 590 (m), 520 (w), 451 (m).

X-ray Crystallography . Single crystals of compoundsand?2
with dimensions 0.342< 0.276 x 0.159 and 0.334x 0.242 x
0.233 mnj, respectively, were glued on a glass fiber. Data were
collected on a Rigaku R-AXIS RAPID IP diffractometer with Mo
Koo monochromated radiation. (= 0.710 73 A) at 293 K. An
empirical absorption correction was applied. The structures were
solved by direct methods and refined by the full-matrix least-squares
method onF? using the SHELXTL crystallographic software
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Table 1. Crystal Data and Structure Refinementloand 2

molecular formula @HsNO4sZn C14H1,CNO1
M, 230.47 737.46
TIK 293(2) 293(2)
MA 0.71073 0.71073
cryst system orthorhombic monoclinic
space group Pna2; C2lc
alA 8.4225(17) 20.130(4)
b/A 6.5742(13) 6.6921(13)
c/lA 12.899(3) 13.081(3)
pldeg 102.78(3)
VIA3 714.2(2) 1718.5(6)
z 4 4
F(000) 456 1400
reflcns colled/ 1513/1513 3695/1961
unique
final R indices R1=0.0263, wR2= 0.0457 R1= 0.0241, wR2= 0.0666
[I> 20()]2

R indices (all dat&) R1= 0.0308, wR2= 0.0465 R1= 0.0259, wR2= 0.0681
ARL = J||Fo| — IFcl/ZIFol; WR2 = F[W(Fe? — Fe2)?/ 3 [W(Fe?)?V2

Table 2. Selected Bond Lengths (A) and Angles (deg) foand 2

CompoundlL
Zn(1)—-0(5)** 1.968(2) Zn(1)-0(1y* 2.057(2)
Zn(1)-0(2) 1.9934(19) Zn(HO(6) 2.209(2)
Zn(1)—-N(1)*2 2.029(3)
O(5y1=2Zn(1)-0O(1)*® 100.19(11) O(2)Zn(1)-0O(6) 84.29(9)
0O(2)-Zn(1)-O(1y3 83.86(8) O(1%—zn(1)-O(6)  168.06(8)
O(5)1-Zn(1)-0(6)  89.34(11) O(B}—zZn(1)-0O(2) 135.41(17)

Compound2
Cd(1)-0(1) 2.2295(18) Cd(O(1y+ 2.2362(19)
Cd(1)-0(1)1 2.274(2)  Cd(2»0(1) 2.2362(19)
Cd(1)-0(6)*? 2.297(2) Cd(2y-0(4y> 2.327(2)
Cd(1)-N(1) 2.319(2) Cd(2)0(4y® 2.327(2)
Cd(1)-0(2) 2.415(2)  Cd(&0O(5) 2.3846(19)
Cd(1)-0(3)* 2.546(2)  Cd(2yO(5)*® 2.3846(19)
Cd(1y--Cd(1y* 3.3583(9)
O(1)-Cd(1-O(1)y**  83.58(7) O(1yCd(1)-N(1) 102.20(7)
O(1)-Cd(1)-0(6)2  162.37(8) O(IH—Cd(1-N(1)  153.82(7)
O(1y*—Cd(1)-O(6)*? 85.78(7) O(1yCd(1)-0(2) 104.84(8)
O(1y*—Cd(1)-0(2)  78.40(8) N(1)Cd(1)-0(2) 123.35(8)
O(6)2—Cd(1-0(2) 86.66(9)  O(1)Cd(1)>-O(3)* 77.28(7)
O(2)-Cd(1)-0(3)®  155.80(7) N(1)}Cd(1)-0O(3)* 78.55(8)
O(1)-Cd(2y-0(4)y®  77.36(7) O(1*—Cd(2-04y>  77.36(7)
O(1)-Cd(2-0O(5)*"  86.30(7) O(1)-Cd(2)-0O(4)>  104.88(7)
O(1)-Cd(2)-0(5)®® 90.88(7) O(I¥—Cd(2-0(1)  176.19(9)

packagé® Anisotropic thermal parameters were used to refine all

non-hydrogen atoms. Hydrogen atoms were located from difference

Fourier maps. The crystal data and structure refinement of
compoundsl and 2 are summarized in Table 1. Selected bond
lengths and angles of compounti&nd?2 are listed in Table 2.

Results and Discussion

Crystal Structures. [Zn(PDB)], (1). A single-crystal
X-ray structural analysis shows that the structure of com-
poundl is a unique three-dimensional framework in which
the asymmetric unit contains 1 Zn atom and 1 PDB molecule.
The zinc(I1) atom exhibits a distorted hexahedral configurétion
coordinated by one nitrogen atom (Zn{N(1A) 2.029(3)

A) of a PDB group and four oxygen atoms (Zn€ip(1A)
2.057(2) A, Zn(13-0(2) 1.993(19) A, Zn(B-O(5A) 1.968(2)

A, Zn(1)—0(6) 2.209(2) A) of the carboxyl groups from
three different PDB ligands, as shown in Figure la. The

(18) (a) Sheldrick, G. M.SHELXL97, Program for Crystal Structure
RefinementUniversity of Gdtingen: Gitingen, Germany, 1997. (b)
Sheldrick, G. MSHELXL97, Program for Crystal Structure Soluton
University of Gdtingen: Gitingen, Germany, 1997.
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Figure 1. (a) Perspective view of the Zn(ll) coordination environment
including the asymmetric unit if. (b) View of the two-dimensional Zn
O—C layer parallel to thec plane showing th¢ Zn,0sCs} 16-numbered
rings. (Pyridine rings are omitted for clarity.)

O—Zn—0 bond angles range from 83.86(8) to 168.06(8)
and the G-Zn—N bond angles range from 87.36(13) to
118.92(11) (see Table 2). Figure 1b shows that in tie
plane all the zinc atoms are connected with each other by
carboxyl groups of PDB ligands, thus forming novel
{Zn,OsC,4} 16-membered rings. All the rings are further
linked to form a two-dimensional ZnO—C layer (Figure
1b). Meanwhile, in eacHZn,OsC,} ring there is a PDB
ligand normal to the direction of the layer attaching to the
ring, which connects three zinc atoms located in the ring
via its two carboxyl groups in both chelate and bimonoden-
tate coordination modes and links the fourth zinc atom
situated in the adjacent layer via its N atom (Figure S1;
Supporting Information). That is to say, each PDB ligand is
connected with four zinc atoms (Chart 1a). On the basis of
such a coordination mode, an interesting three-dimensional
covalently bonded framework is formed. It is noteworthy
that there exists a one-dimensional rectangular channel with
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Figure 2. Molecular packing ofl viewed along thé axis, showing the
one-dimensional rectangular channels.

Chart 1.
and (b)2

Coordination Modes of the PDB Ligand in Compounds Xa)

M M
IKI M b (I) M
/
O\C’O (_/) o
\ [ M
Z
N N
l
M M

a

pores open of 7.k 4.9 A built up from pyridine ring and
Zn—0—C layer building units running along thle axis
(Figure 2).

The most striking feature of compoudtds the interesting
arrangement of PDB molecules and unusual coordination of
zinc atoms forming a unique helical structure. As described
in Figure 3, the PDB ligands bridge each pair of adjacent
zinc atoms into a single-stranded helical chain running along
a crystallographic 2axis in thec direction with a long pitch
of 12.90 A. In addition, unlike the most double-helical
complexes? the adjacent helical chains in compouhdne
exhibiting left-handedness and the other right-handedness
are not entangled together but bridged by common carboxyl
oxygen atoms which are alternatively offered by two helical

Figure 3. Space-filling plots of the (a) left-handed chain and (c) right-
handed chain and the (b) ball-and-stick plot of the double helix bridged by
common oxygen atoms ih.

ferent directions, sequentially causing a twist of the chain
and finally resulting in the formation of the helical structure.
To our knowledge, compouridconstitutes the first example
of a three-dimensional covalently bonded framework, with
participation by a multicarboxylate ligand containing an
N-donor, having both 1D rectangular channel and double-
stranded helical structure.

[Cd3(PDB),(OH)2(H20).]n (2). X-ray crystallographic
analysis reveals that compouBe&xhibits an interesting 3-D
network. The fundamental unit is shown in Figure 4. There
are two crystallographically unique Cd centers in the
asymmetric unit, both displaying distorted octahedral coor-
dination geometry. The Cd(1) center is coordinated by two
oxygen atoms (Cd(BO(3C) 2.546(2) A, Cd(HO(6B)
2.297(2) A) of two different carboxylate groups, one nitrogen
atom of a pyridine ring with Cd(£)N(1) bond distance of
2.319 (2) A, one terminal oxygen atom (Cd{)(2)
2.415(2) A), and twais-oxygen atoms (Cd(HO(1) 2.230(18)

A, Cd(1-O(1A) 2.274(2) A). The terminal oxygen atom
0O(2) and thez-oxygen atom O(1) have bond valence séins

chains to generate a double-stranded helical chain (Figure®f 0-251 and 1.190, respectively, suggesting that O(2) is a

3b). To illustrate this clearly, the left- and right-handed
helical chains are represented respectively in Figure 3a,c.
These bridged double-stranded helical chains are further
extended into the three-dimensional architecture in compound
1 (Figure S2). Because left-handed and right-handed helical
chains coexist in the crystal structure, the whole crystal is
mesomeric and does not exhibit chirality. As discussed
above, the occurrence of helical structure in compofind
may be attributable to the fact that the steric orientation of
the carboxyl groups is remarkably flexible. As shown in
Figure 2b, 3,4-sited carboxyl groups of PDB ligands in each
single-stranded ZnPDB chain chelate zinc atoms in dif-

(19) (a) Maggard, P. A.; Stern, C. L.; Poeppelmeier, KJRAmM. Chem.
Soc 2001, 123 7742-7743. (b) Shi, Z.; Feng, S. H.; Gao, S.; Zhang,
L. R.; Yang, G. Y.; Hua, JAngew. Chem., Int. EQ00Q 39, 2325~
2326. (c) Lu, C. Z.; Wu, C. D.; Lu, S. F.; Liu, J. C.; Wu, Q. J.; Hui,
Q. J.; Zhuang, H. H.; Huang, J. Shem. Commur2002 152-153.
(d) Wang, Y.; Yu, J. H.; Guo, M.; Xu, R. RAngew. Chem., Int. Ed
2003 42, 4089-4092. (e) Hong, M. C.; Su, W. P.; Cao, R.; Fujita,
M.; Lu, J. X. Chem—Eur. J.200Q 6, 427—-431. (f) Bu, X. H.; Liu,
H.; Du, M.; Zhang, L.; Guo, Y. M.; Shionoya, M.; Ribas, lforg.
Chem 2002 41, 5634-5634. (g) Vinje, J.; Parkinson, J. A.; Sadler,
P. J.; Brown, T.; Sletten, EEhem—Eur. J. 2003 9, 1620-1630. (h)
Wu, Z.; Chen, Q.; Xiong, S.; Xin, B.; Zhao, Z.; Jiang, L.; Ma, J. S.
Angew. Chem. Int. Ed2003 42, 3271-3274. (i) Barboiu, M;
Vaughan, G.; Graff, R.; Lehn, J.-M.. Am. Chem. SoQ003 125,
10256-10265.

(20) Brown, I. D.; Altermatt, DActa Crystallogr., Sect. B985 41, 244.
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Figure 4. Perspective view of the coordination environment of the Cd(ll)
atoms in2.

Chart 2. Schematic lllustration of the Structure of the
Two-Dimensional Layer ir2

coordinated water molecule, while O(1) is a hydroxy! group.
This result is consistent with the charge balance consider-
ation. The G-Cd(1)-0O bond angles range from 77.28(7)
to 162.37(8), and G-Cd(1)-N bond angles range from
81.63(8) to 153.82(7) The Cd(2) center is defined by four
oxygen atoms (Cd(2O(5G) 2.385(19) A, Cd(2yO(4F)
2.327(2) A, Cd(2Y0O(4E) 2.327(2) A, Cd(2yO(5H)
2.385(19) A) of four different carboxylate groups and two
uz-O atoms (Cd(2Y0(1) 2.236(19) A, Cd(2yO(1D)
2.236(19) A). The @-Cd(2-0 band angles range from
77.36(7) to 176.19(9)(shown in Table 2). The distance of
Cd1:--Cd1A bridged by twous-O atoms is 3.358(9) A.
Unlike those in compound, the two carboxyl groups of
PDB ligand in compoun@ exhibit another kind of coordina-
tion mode with Cd atoms, as shown in Chart 1b. That is, all
the carboxyl groups adopt a monodentate bridging mode to
connect with four Cd atoms. The two [Ce{] octahedra
are first connected together yig-O atoms in an edge-sharing
mode to form a dinuclear Cd cluster, and then the dinuclear
cluster is further connected by a [CgQpctahedron in a
corner-sharing fashion to generate a distinctive mono- and
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Figure 5. (a) Three-dimensional network & viewed alongb axis,
showing the pseudosinusoidal wave layer. (b) Space-filling model of the
crystal structure o, highlighting the two types of channels.

dinuclear mixed one-dimensional E@—Cd chain along the

c axis; the adjacent chains are linked via 3,4-sited carboxy!
groups of PDB ligands in a bisbidentate fashion, thus forming
a two-dimensional layer (Chart 2). Interestingly, each layer
displays a beautiful sinusoidal-like wave with an amplitude
of about 6.22 A and a period of about 6.62 A when viewed
along theb axis. The layers are cross-linked by PDB ligands
via their N and carboxyl groups, leading to the formation of
a novel three-dimensional extended network (Figure 5a).

The profound influences on the final structure of metal
coordination geometries and coordination modes of organic
ligand are revealed in the comparison of compo@nwith
the related polymef[Cd(pydc)(bpp)]0.5H,O}, (2). In 2,
pyridine-3,4-dicarboxylic acid acts as a tritopic subunit, each
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carboxyl group chelating a ¢don, and as far as each €d
metal center is concerned, it has a slightly distoft€dN:;O.}
pentagonal bipyramid coordination sphere; thus, thd Cd
center provides the pentaconnecting trigonal bipyridine nodes
and HPDB and 1,3-bis(4-pyridyl)propane act as triconnec-
tors and diconnectors, respectively. While2irH,PDB acts
as a pentatopic subunit, each carboxyl group adopting
bisbidentate fashion; in addition, what is different fr@n
is that there are two kinds of coordination environmental
Cd' centers ir2, i.e.{ CdQN} and{CdQs} octahedral. The
above differences cause the distinctness of linking fashion
of these subunits and finally result in the formation of two
different three-dimensional frameworks.

It is also noteworthy that the arrangement of PDB groups
between the layers i is different from that ofl. That is,
all the PDB ligands adopt an AAAA arrangementlirwhile
in 2 they adopt an ABAB arrangement. The most interesting
feature of 2 is that it possesses two different types of
channels, which run parallel to the stacking directibn,
(Figure 5b). One is constructed from pyridine rings and
{CdON} building units with the size of ca. 5.% 3.6 A,
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and the other is built up from pyridine rings af@dO;N}
and{CdQs} building units with the size of ca. 9.6 4.0 A.
Meanwhile, all the terminal water molecules protrude into
the larger channel.

IR Spectra. The IR spectrum of compound shows
characteristic bands of carboxyl groups at 1549 tfor the
antisymmetric stretching and at 1440 and 1397 tfior
symmetric stretching. The separationd\) ( between
Vasyn{COy) andvsyn(COy) indicate the presence of chelating
(99 cnT?!) and monodentate (152 ci) coordination modes b
in compoundl. The IR spectrum of compour® exhibits , _ o
characteristic bands of carboxyl groups at 1610 and 1593;8:'2? ?é)l;(a(zJ)Sg.hd-state emission spectra of complexes at room temper-
cm! for the antisymmetric stretching and at 1431 ¢rfor
symmetric stretching. The separation\) ( between

Emission intensity(a.u.)

T T T T
300 400 500 600

Wavelength(nm)

T
200 700

emissions may not be related to the — n transition of the
Vasy{ CO2) andvs,n{CO,) bands show that the carboxylate ligand. In addition, a similar emission band at about 430
groups coordinate to the metal atoms in a bridging faskion. nm has been observed previously for other zinmanic
The absence of the characteristic bands at around 1700 cm polymers with either photoluminescent or nonphotolumi-
in compoundd and2 attributed to the protonated carboxylic nescent ligands, such as [Zn(mpa)(phgtf)]while the
group indicates that the complete deprotonation of PDB emission band at about 450 nm has also been observed in
ligand upon reaction with Zn and Cd iofsThe IR spectra  gther polynuclear ¥ metal polymers, such as [fOH),-
indicate that the carboxyl groups of PDB function in different (fa),(4,4-bpy)]"2and Cdtmadabce2H,0.25 Thus accord-
coordination modes, consistent with the crystal structures of jng to the above literature, the two emission bands might be
land2 attributable to the ligand-to-metal charge transfer (LMCT).
Photoluminescence PropertiesThe emission spectra of A bathochromic shift of emission occurs2ncompared with
compoundsl and2 in solid state at room temperature are 1, which is probably due to the differences of metal ions
depicted in Figure 6. It can be observed that intense emissionsand coordination environment around them, because photo-
occur at 436 nm (Figure 6dex = 375 nm) forl and 452 |yminescence behavior is closely associated with the met-
nm (Figure 6b/ex= 390 nm) for2. To understand the nature  alions and the ligands coordinated around tf&thshould
of the two emission bands, we analyzed the photolumines-pe pointed out that the lifetime &is longer than that ot
cence properties of the ADB ligand and found that the  (Figure S4). The fact may be ascribed to the presence of the
strongest emission peak foplPDB is at about 370 nm, which CdO core, as thq/%_oxo ||gand may tighten the whole
is attributable to ther* — n transition?® Therefore, the two
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skeleton, thus resulting in much weaker vibratiéh$hese central metal ion may have a very significant effect on the

observations indicate that compoundsand 2 maybe formation of the resulting structure. The successful prepara-

excellent candidates of blue-light-emitting diode devices, tion of compoundsl and 2 provides a valuable approach

since these condensed materials are highly thermally stablefor the construction of many other coordination polymers

and insoluble in common polar and nonpolar solvéfits.  containing a helix or channel structure. Furthermore, the

strong photoluminescence properties of compounasd?2

may make them excellent candidates for potential photoactive
In this paper, we successfully combined the merits'8f d  materials.

metal and pyridine-3,4-dicarboxylic acid and synthesized two
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