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Abstract: A novel pyridyl-dicarboxylate Schiff-base ligand

(5-((pyridin-3-ylmethyl)amino)isophthalic acid, H,L)

and its Zinc(Il) complex, namely, ZnL. (1), were synthesized. The ligand was characterized by NMR analysis. The

X-ray crystallographic analysis on complex 1 shows that 1 crystallizes in homoclinic, space group P2,/c with a=
0.753 83(10) nm, b=1.040 52(14) nm, ¢=1.734 67(19) nm, B=112.123(5)°, V=1.260 5(3) nn’, Z=4, D=1.769 g-
em™, F(000)=680, u=1.966 mm™, the final R=0.0308, wR=0.0856. In complex 1, the coordination environment
of Zn(ll) is distorted tetragonal-pyramid with N,0, set. The 2D 4,4-topological sheets in 1 packed along a axis to

form its 3D framework, which was stabilized by the 77+--7r interactions between the adjacent aromatic rings on the

neighbouring sheets. The photoluminescent property of 1 was also investigated. CCDC: 769437
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The crystal engineering of hybrid inorganic-
organic materials based on transition metal are of
continuous interests due to their structural diversities
and relevance in a wide range of applications including
superconductors, magnetic materials, catalysis, and
luminescent probes™. Up to now, many groups have
focused their researches on metal-organic frameworks
(MOFs) constructed by N- or O-donor ligands*®. Recent
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years we have seen an upsurge in the joint-use of N-
and O-donor ligands in the self-assembly process of
MOFs. However, a literature survey shows that most
research focused on the use of multiple ligands
containing just N- or O-donor, while the multi-
functional ligand containing both N and O are less
documented™,

The ligands containing both N and O as coordina-
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tion atoms have been found to be good building blocks
for the construction of hetero-metallic lanthanide-
transition metal complexes!", which have attracted
many attentions due to their special value in investiga-
tion on the nature of the magnetic exchange interactions
between 3d and 4f metal ions in magnetic materials that
Meanwhile, Schiff-base

ligands have also attracted many attentions of chemists

contain rare earth metals!".

during the past decades because of the convenience in
synthesis, good coordination ability and wide applica-
tions of Schiff-base complexes including catalysis and
biomimetic chemistry . In our previous work, we have
reported one novel N,O-bifunctional Schiff-base ligand
and its Cd(I) complex™. In order to further investigate
the self-assembly process of the N,O-bifunctional
system, meanwhile to expand this system, Zn(Il) salt
was used to react with a novel pyridyl-dicarboxylate
Schiff-base ligand H,L.  (H,L =5-((pyridin-3-ylmethyl)
amino)isophthalic acid), and one new metal-organic
frameworks ZnL (1) was prepared and characterized by
X-ray crystallography. The photoluminescent property

of 1 was also investigated.
1 Experimental

1.1 General
All commercially available chemicals are of

reagent grade and used as received without further

purification. Solvents were purified according to the
standard methods. C, H and N analyses were made on
Elementar Vario EL-Ill elemental analyzer. Infrared
(IR) spectra were recorded on Nicolet AVATAR 360
FTIR spectrophotometer by using KBr discs. '"H NMR
the Bruker DRX-500
spectrometer. Luminescent spectra were recorded on
HITACHI F4500 fluorescence spectrophotometer.

1.2 Structure determinations

spectra were tecorded on

A suitable colorless single crystal of 1 with dimen-
sions of 0.40 mmx0.20 mm x0.10 mm and 0.40 mm X
0.10 mmx0.10 mm, respectively, were selected for data
collection at 293 K, using a Bruker Smart Apex I CCD
equipped with a Mo K« radiation (A =0.071 073 nm).
The structures were solved by direct methods with
SHELXS-97 program'¥ and refined with SHELXL-97
by full-matrix least-squares techniques on F2 All non-
hydrogen atoms were refined anisotropically and
hydrogen atoms isotropically. The hydrogen atoms
except for those of water molecules were generated
geometrically. The details of the crystal parameters,
data collection and refinement for the compounds are
summarized in Table 1, and selected bond lengths and
angels with their estimated standard deviations of 1 are
listed in Table 2

CCDC: 769437.

Table 1 Crystallographic data for complex 1

Empirical formula C,HoN,OZn
Formula weight 335.61
Temperature / K 293

Crystal system Monoclinic
Space group P2/c

a/ nm 0.753 83(10)
b/ nm 1.040 52(14)
¢/ nm 1.734 67(19)
B/ 112.123(5)
V/nm? 1.260 5(3)

A 4

D,/ (g-em?) 1769
Absorption coefficient / mm™ 1.966
F(000) 680

0 range / (°) 2.33-27.50
Reflections collected 7 382
Independent reflections 2 870

R 0.032 7
Goodness-of-fit on F* 1.065

R 15201 0.030 8
wR [1520(1)] 0.085 6"

“w=1/[0*(F2)+(0.052P%+0.509 9P| where P=(F,+2F2)/3.

Table 2 Selected Bond lengths (nm) and bond angles (°) for complex 2

Zn1-01
Zn1-04#2

0.201 08(18)
0.209 9(2)

Zn1-02#1
Zn1-N1#3

0.197 12(18)
0.205 3(2)

Zn1-0342 0.222 0(2)
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Continued Table 2

01-Zn1-02#1 101.68(7) 01-Zn1-03#2
O1-Zn1-N1#3 110.75(8) 02#1-Zn1-03#2
O2#1-Zn1-N1#3 103.03(8) 03#2-Zn1-04#2
O04#2-7Zn1-N1#3 113.58(11)

92.24(3) 01-Zn1-04#2 126.55(10)
154.92(8) 02#1-Zn1-04#2 96.01(3)
59.11(8) 03#2-Zn1-N1#3 91.12(9)

Symmetry codes: #1: 1-x, 5/2+y, 3/2-z; #2: 1-x, —1—y,

1.3 Synthesis of 5-((pyridin-3-ylmethyl)amino)

isophthalic acid (H,L)

The ligand was synthesized according to the
previously reported literatures". To a dry CH;OH
solution (30 mL) of 5-aminoisophthalic acid (50 mmol,
9.05 g) was slowly added 3-picolinaldehyde (50 mmol,
5.36 g) in 25 mL. CH;0H. The resulting yellow solution
was stirred over night and then refluxed for 8 h. After
been cooled to room temperature, excess NaBH, was
added. The pH value of the solution was adjusted to
5.5 with HCl and the pale yellow precipitate was
collected, washed with water and recrystallized in
ethanol/H,0 solution. The ligand was obtained in 75%
yield. FTIR (KBr pellet, cm™): 1677s, 1 602s, 1 566m,
1525s,1469s,1437m, 1421m, 1 315s, 1288s, 1 174s,
835m, 777m, 763m. 'H NMR (500 MHz, DMSO): §
8.52(s, 1H); 6 8.44(d, 1H); 6 7.90(t, 2H); 6 7.58(s, 2H);
87.38(t, 1H); 6 4.39(s, 2H).

1.4 Synthesis of ZnL (1)

Complex 1 was synthesized by hydrothermal
method. To a suspension of H,L (0.0272 g, 0.1 mmol)
in 10 mL water was added NaOH (0.008 g, 0.2 mmol),
Zn(NOs),-6H,0 (0.0297 g, 0.1 mmol), and 2 mL C,HsOH.
After being stirred for 30 min, the resulting solution was
sealed into a bomb equipped with a Teflon liner and
heated at 120 °C for 72 h. After slow cooling of the
reaction mixture to room temperature, colorless crystals
of 1 suitable for X-ray analysis were obtained in 60%
yield. Anal. Caled for compound 1, C,H(N,OZn: C
50.10, H 3.01, N 8.35; found: C 50.02, H 3.06, N 8.33.

2 Results and discussion

2.1 Structure description

Complex 1 was offered by treatment of Zn(NO;),-
6H,0 with the sodium salt of H,L ligand in C,HsOH/
H,O system and crystallized in monoclinic system,

space group P2,/c. As shown in Fig.1, there are one

1—z; #3: x, 32—y, —1/2+z.

Zn(Il) ion and one ligand in the asymmetric unit of 1.
Four of the five sites of Zn(Il) ion are coordinated by
four carboxylic O atoms from three different ligand
with Zn-O bond lengths varying from 0.197 12(18) to
0.222 0(2) nm, and the remaining one site is occupied
by one pyridyl N atom of another ligand with Zn-N
distances of 0.205 3(2) nm (Table 2). The N-Zn-O and
0-Zn-0 bond angles around Zn(Il) ions are in the range
of 59.11 (8)° to 154.92 (8)°. Thus, the coordination
geometry of the five-coordinated Zn(Il) center can be
regarded as a distorted tetragonal-pyramid in N,0, set
with 7 value of 0.47". In complex 1, each ligand coor-
dinates to four Zn(Il) ions, and each Zn(Il) links four
different ligands. With this connection mode spreading
along the bc plane, the 2D (4,4)-topological sheet
structure of 1 come into being (Fig.2). As shown in Fig.
2, there are three kinds of M,L, cycles in the 2D sheet
of 1 and the Zn-Zn distances are 3.980 3(6), 7.253 9(10)
and 8.851 6(10), respectively. In 1, the ligands all adopt
identical coordination pattern, in which the two carbox-
ylate groups are in u-n":m' and pr-n':n' coordination

modes, respectively (Fig.2a). It is also noteworthy that,

Symmetric code: A: x, 1.5-y, =0.5+z; B: 1-x, -0.5+y, 1.5-z;
C: 1-x, 2y, 1-z
Fig.1 ORTEP plot of the coordination environment
around the Zn(Il) atoms in complex, where the
thermal ellipsoids were draw at 30% possibility

and the hydrogen atoms were omitted for clarity
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L, small blue ball; Zn(ll), Large green ball

Fig.2 (a) 2D network of complex viewing along the @ axis
where the hydrogen atoms were omitted for
clartity; (b) Schematic drawing of the
(4,4)-topological structure of 1
although the pyridyl N atoms coordinate to Zn(Il) center,
the amino N atoms do not participate in the
coordination environment of Zn(ll) in the title complex,
and the dihedral angle of the pyridine ring and central
benzene ring is 72.2°.

The packing arrangement of the 2D sheets is
shown in Fig.3. The layers repeat along the a axis. In
complex 1, the distance between the central benzene
rings and the corresponding centroids of adjacent
pyridine rings on the neighboring 2D sheets is 0.357 6
nm with dihedral angles of 2.690° indicating strong 7
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Fig.3 Stacking mode of the 2D sheets in complex 1
viewing along ¢ axis, where the hydrogen

atoms were omitted for clarity

.-+ 77 interactions between these two adjacent aromatic
rings, which stabilize the packing pattern of the 2D
sheets into its 3D framework"". The results reveal that
the 77 --- 7 interactions play distinguished role in
stabilizing the whole structure of complex 1.

The solid state emission spectra of title complex
and free ligand at room temperature are depicted in Fig.
4. Complex 1 exhibits intense blue emissions maximum
at 424 nm, when excited at 352 nm. Comparably, the
free ligand shows similar emission at 420 nm with
excitation at 352 nm. The luminescence of 1 is
tentatively assigned to the intraligand fluorescent
emission and the slightly red-shift in 1 is probably due
to the coordination of the ligand to the Zn(ll) centers™?2!.
The investigations on the reactions of 5-((pyridin-3-
ylmethyl)amino)isophthalic acid with other metal salts
are still in progress.
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Fig.4 Photoluminescent emission spectra of the free

ligand (A, e at 420 nm, A, ., at 352 nm) and

complex 1 (A, v at 424 nm, A ., at 352 nm)

in the solid state at room temperature
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