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Syntheses, Structures, and Fluorescent Properties of Three ds-Block Metal
Complexes with Pyrazine-2,3,5,6-tetracarboxylic Acid and 4,4’-Bipyridine
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Abstract: Three coordination polymers {|Cd(pztc)(H,0),] - (H,bpy) -3 (H,0)}, (1), {[Zns(pztc),(Hbpy),(bpy)(H,0),] «
7H,0}, (2), and [Cug(pzte)s (Hbpy)s (bpy), (H,0)s] - 17H,0 (3)  (bpy =4.4" -bipyridine, H,pztc =pyrazine-2,3,5,6-
tetracarboxylic acid) have been synthesized and characterized by infrared spectra, elemental analysis, thermal
analysis, fluorescence and single-crystal X-ray diffraction. The hydrogen bonding interactions in complexes 1 and
3 are abundant. Complex 2 displays a 3D network and exists an interesting goldfish-like (H,0), cluster. Complex
3 shows 1D herringbone chain structures, which can be linked by hydrogen bonds to form a 3D supramolecular

structure. In addition, on excitation of 320 nm, complexes 1 and 2 emit fluorescence with emission maximum at

496 nm and 494 nm respectively. CCDC: 888444, 1; 888445, 2; 888446, 3.

Key words: pyrazine-2,3,5,6-tetracarboxylic acid; 4,4'-bipyridine; water cluster; fluorescent properties

The rational design and syntheses of coordination engineering, owing to their potential applications in
polymers have achieved considerable progress in the luminescence, magnetism, catalysis, gas storage, ion
fields of supramolecular chemistry and crystal exchange, and nonlinear optics as well as due to their
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intriguing variety of architectures'?. A lot of such
coordination polymers have been prepared through
making use of not only strong covalent bonding but
also weak bonding such as hydrogen bonds and 7---7
stacking interactions between polyfunctional organic
ligands and metal ions**.

The synthesis of coordination polymers containing
two different types of ligands allows for greater
flexibility in the design of coordination networks than
those based on only one™@. Up to now, there are a few
complexes containing ds-block metal ions and
pyrazine-2,3,5,6-tetracarboxylic acid (Hypztc) or other
bridging multifunctional organic ligands with N- and
O- donors™. To the best of our knowledge, there is no
study about Cd(Il), Zn(Il), and Cu(ll) complexes with
pyrazine-2,3,5,6-tetracarboxylic acid (Hgpztc) and 4,4’
-bipyridine (bpy). Hjpztc containing O- and N- atoms
have proven to be elegant candidate for the rich
coordination modes and function as hydrogen-bond
accepters as well as hydrogen-bond donors®™¥. 4,4'-
bipyridine has been relatively well-known an excellent
building block in the design and construction of
supramolecular polymers. It can not only act as an
exobidentate bridging ligand, but can also serve as a
terminal ligand or an uncoordinated guest molecule,
which may be further involved in hydrogen bonding
and/or 7r---7 stacking interactions!"”. In this work,
{[Cd (pztc) (H0)o] - (Hzbpy) -3 (H:0)}, (1),
{[Zn3 (pztc), (Hbpy), (bpy) (H;0).] - 7H;0}, (2), and [Cug
(pzic)s (Hbpy)s (bpy) (H20)s] - 17H0 (3)

characterized by elemental analysis, IR

complexes

have been
spectra,
thermal gravimetric analysis, and single crystal X-ray
diffraction. The luminescent properties of complexes 1

and 2 have also been investigated.
1 Experimental

1.1 General

Pyrazine-2,3,5,6-tetracarboxylic acid was synth-
esized by reported method"!, other chemicals purch-
ased were of reagent grade and used without purifica-
tion. Elemental analyses for C, H, and N were
performed on a Perkin-Elmer 240 CHN elemental
analyzer. IR spectra were recorded from 400 to 4 000

cm ™ with a Bruker TENSOR 27 spectrophotometer
using a KBr pellet. TGA experiments were performed
on a NETZSCH TG 209 instrument with a heating
rate of 10 “C -min~". Fluorescence spectra were mea-
sured on a Cary Eclipse EL06063917 fluorescence
spectrophotometer with a xenon arc lamp as the light
source.

1.2 Syntheses of the complexes

Complex 1: 6 mlL ethanolic solution of bpy
(0.046 9 ¢, 0.3 mmol) and 15 mL aqueous solution of
Hupzte (0.038 4 g, 0.15 mmol) were added to 15 mL
aqueous solution of Cd(NO;),-4H,0 (0.092 5 g, 0.3
mmol). The mixture was adjusted to pH =2.5 and
stirred for 2 h. Colorless parallelogram crystals of 1
were obtained after the filtrate was allowed to stand at
room temperature for one week. Yield: 66% based on
Cd. Elemental analysis, Found(%): C, 35.33; H, 3.26;
N, 9.15. Caled. for CsHxCdN, O3 (%): C, 35.28; H,
3.29; N, 9.14. IR (KBr, ecm™): 3 474vs, 1 607vs, 1 447
m, 1 417m, 1 308m, 629w, 491w.

Complex 2: 6 ml ethanolic solution of bpy
(0.046 9 ¢, 0.3 mmol) and 15 mL aqueous solution of
Hjpzte  (0.0384 g, 0.15 mmol) were added to 15 mL
aqueous solution of ZnS0,-7H,0 (0.086 3 g, 0.3 mmol).
The mixture was stirred for 1 h. Colorless rectangular
crystals of 2 were obtlained after the filtrate was
allowed to stand at room temperature for one week.
Yield: 62% based
Found(%): C, 40.32; H, 3.51; N, 10.24. Calcd. for
CyHisZnsNyOy (%): C, 40.35; H, 3.53; N, 10.23. IR
(KBr, em™): 3 473vs, 3 372vs, 1 648vs, 1 441m, 1 323
s, 603w, 476w.

Complex 3 was prepared with the same method
as 2 using Cu(ClO,),-6H,0 (0.111 1 g, 0.3 mmol)
instead of ZnSO, -7H,0. Blue square crystals of 3

on Zn. Elemental analysis,

were obtained after the filtrate was allowed to stand at
room temperature for about 10 days. Yield: 58% based
on Cu. Elemental analysis, Found(%): C, 39.61; H,
3.69; N, 10.07. Caled. for CoH;pCugNyOs:(%): C,
39.73; H, 3.67; N, 10.07. IR (KBr, cm™): 3 415vs,
1 633vs, 1 421m, 1 302s, 642w, 424w.

1.3 X-ray crystallography

Crystal diffraction data were collected on a
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computer-controlled Rigaku Saturn 724 CCD detector
for 1 and rigaku saturn CCD area detector for 2 and
3. The
monochromatized Mo Ka radiation (A=0.071 073 nm)

by using the w- and ¢-scan technique. The structures

detector was equipped with graphite-

were solved by direct methods and refined with full-

matrix least-squares on F? using SHELXS-97 and

SHELXL-97". All non-hydrogen atoms were refined

anisotropically. All hydrogen atoms were generated

geometrically and refined with isotropic temperature

factors. The crystallographic data are listed in Table 1.
CCDC: 888444, 1; 888445, 2; 888446, 3.

2 Results and discussion

2.1 Structure description

The asymmetric unit of 1 consists of one Cd(Il)
ion, one pzic'~, one lattice H,bpy**, two coordinated
molecules, and three uncoordinated water

molecules. As shown in Fig.1a, the Cd(Il) ion is 7-

water

bipyramidal geometrical coordination environment. The
(O1, N1, and
08) from one pztc*, O1A from a different pztc*, and

equatorial sites are occupied by ONO

010 of a water molecule, while the axial sites are
occupied by 09 of a coordinated water molecule and
03B from one pztc*~. The adjacent Cd(I) ions are
connected by O1 and O1A into a [Cd,(pztc),(H,0),]
unit, which can continue to grow into a 2D grid layer
and the lattice Hybpy®* fill in the 2D grid layer (Fig.
1b).

The pztc*™ and H,bpy** are linked by N-H--- 0
hydrogen bonding interactions to construct an infinite
1D zigzag chain (Fig.1c), and the 1D chain expands
the 2D grid layer to a 3D supramolecular structure
(Fig.1d). The hydrogen bond interactions in 1 are
(011, 012, and
013), one pztc*~ O atom 07, and their symmetric

abundant, three water molecules

equivalents form an interesting centrosymmetric eight-

membered crown hydrogen bonding ring (Fig.1le) with

coordinated and exhibits

a distorted pentagonal

two additional acyclic tripolymers

Table 1 Crystal data and structure refinement information for 1~3

Complex 1

Empirical formula CigHxCdN4O 5
Formula weight 612.78
Crystal system Monoclinic
Space group P2//c

a/ nm 1.688 5(10)
b/ nm 0.963 9(5)
¢/ nm 1.491 0(9)
B/(° 113.828(10)
V/ nm? 2.220(2)

Z 4

D,/ (Mg-m™) 1.833

©/ mm™ 1.063

F(000) 1232

0 range / (°) 1.32 to 27.85

Reflections collected / unique
Goodness of fit on F*

Final R* indices [I>20(1)]

R* indices (all data)

22 538 /5 275 (R;,=0.059 5)
1.007

R=0.032 6, wR,=0.062 5
R=0.044 3, wR,=0.066 7

Parameters 373
Observed reflections [[>20(])] 4 349
(AD)was (AP)in / (€nm™) 584, -635

2 3
CaHasZnsN 1O CoH102CueNxOs;
1 369.05 2 781.18

Orthorhombic

Orthorhombic

Peca Pnna
1.986 2(4) 2.215 4(4)
1.164 5(2) 2.047 9(4)
2.281 3(5) 2.350 8(5)
90.00 90.00
5.276 5(18) 10.66 6(4)
4 4

1.723 1.732
1.456 1.292

2 800 5696
2.22 to 27.88 1.84 to 26.73

41 694 / 6 289 (R;,=0.037 9)
1.010

R=0.031 0, wR,=0.076 8
R=0.035 1, wR,=0.079 7

80 227 / 11 326 (R;,=0.060 6)
1.006

R=0.045 2, wR,=0.110 1
R=0.054 1, wR,=0.115 6

429 1011
5736 9912
509, -410 615, -588

Ri=SNEI-IFINEL; wR=] 3 w(F2=FAY S w(FH?"

(05D, 010, 02A;
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Uncoordinated water molecules in (b, ¢, and d), and hydrogen atoms in (b) are omitted; Symmetry code: A: —x+1, —y+1, —z; B:i—x+1, y+1/2,

—z+1/2 in (a); A: —x+1, —y+1, —z; B: —x+1, y—1/2, —z+1/2; C: x, y+1, z; D: x, —y+3/2, z2=1/2; ¥ —x, —=y+1, —z in (e)

Fig.1 Structure unit showing with ellipsoids at the 50% probability level (a), the 2D grid layer (b), the infinite 1D zigzag

hydrogen bonding chain (c), the 3D supramolecular structure (d), and the crown of hydrogen bonding ring (e) of

complex 1

their symmetric equivalents), two additional acyclic
(O6E, N4, N3, O3B; their symmetric

equivalents), and two additional acyclic dimmer (09,

tetramers

04C; their symmetric equivalents) dangling from
opposite ends of the hydrogen bonding ring respectively
and pointing away from the hydrogen bonding ring.
The end of every acyclic polymers are O2A, O3B,
04C, 07, and their symmetric equivalents. These
atoms come from different pztc*~ ligands, so they can
expand the crown hydrogen bonding structure to a 3D
stair-like supramolecular structure.

The crystal structure of 2 consists of a centrosy-
mmetry polynuclear [Zny(pztc), (Hbpy), (bpy), (H,0)4]
structural unit
Zn(I) ions

environments. Znl is 6-coordinated and exhibits a

(Fig.2a). There are two independent
(Zn1 and Zn2) in different coordination

distorted octahedral geometry. The equatorial sites are
occupied by ONO (01, N1, and O3) donors from a
(N3) from an Hbpy*
ligand, while the axial sites are occupied by O8A

pztc*~ ligand and one N atom

from another pztc* ligand and 09 of a water molecule.

7Zn2 has a slightly distorted octahedral geometry. The
(05, 05C)
from different pztc* ligands and O atoms (010, O10C)
of two water molecules, and the axial sites are occupied

by two N atoms (N5, N6B) from different bpy molecules.

equatorial sites are occupied by O atoms

The crystal structure can be further linked by NS5-
7Zn2-N6 to construct a 1D double chain (Fig.2b).

In complex 2, bpy molecules act as exobidentate
bridging ligands and link Zn2 ions, while Hbpy* serve
as terminal ligands coordinating to Znl ions. From
Fig. 2b, we can see that O5 atoms coordinating to Zn2
are alternately stretch along two directions, and the
Zn2-05
construct the 1D double chains to 2D layers (Fig.2c)

along different directions can further
and 3D networks. Interestingly, the coordinated and
lattice water molecules are connected by hydrogen
bonding to construct a goldfish-like (H,0),, cluster
(Fig.2d). The average O---O distance of 0.277 5 nm
within the (H,0), cluster is close to the distance
found in the regular ice (0.274 nm) and other water

clusters™. The bpy ligands in 2 exert significant
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Lattice water molecules and hydrogen atoms in (a), (b) and (c) are omitted; Symmetry code: A: —x, —y+1, —z; B: —x+1/2, v, z2—-1/2;
C: —x+1/2, =y, z in (a); A: —x+1/2, —y, z; B: =x+1/2, y, 2+1/2; C: x, =y, z+1/2; D: =x+1/2, y, z-1/2; E: x, -y, z2=1/2 in (b);
A: =x+1/2, y, z+1/2; B: x —y+1, z41/2; C: x, =y, z+1/2; D: —x+1/2, y+1, z+1/2; E: —=x+1/2, y, 2=1/2; F: —=x+1/2, —y+1, z;

G: —x+1/2, y, z+1/2; H: x, —y+1, z2=1/2 in (d)

Fig.2 (a) Structure unit showing with ellipsoids at the 50% probability level(a), the infinite 1D double chain (b),
the 2D layer (c), and the goldfish-like water cluster (d) in 2

influence on the self-assembly 3D structure compared

with  the reported zinc coordination polymers
constructed from Hypzte”, and the synthesis method is
simpler than the hydro (solvo)thermal syntheses used
by the
constructed from other multifunctional organic ligands
with N- and O- donors and bpy™*".

The crystal structure of 3 consists of an axisym-

[Cus (pzte)s (Hbpy)a (bpy) (HO)s]

structure unit. The coordination modes of bpy and

reported  zinc  coordination  polymers

metric  polynuclear
Hbpy* molecules in 3 are similar with that in 2. As
shown in Fig.3a, there are four independent Cu(ll) ions
(Cul, Cu2, Cu3, and Cu4) in different coordination
environments. Cul is 6-coordinated and exhibits a
distorted octahedral geometry. The equatorial sites are
occupied by ONO (01, N1, and O8) from a pztc'"
ligand and one N atom (N5) from one Hbpy* ligand,
while the axial sites are occupied by two O atoms
(017, O18) of two water molecules. The coordination
environment of Cu2 is similar with Cul. Cu3 adopts a
slightly  distorted planar

square geometry, and

coordinates with two O atoms (011, O11A) from different
pzic* ligands and two N atoms (N9, N11B) from two
bpy molecules. The coordination environment of Cu4
is similar with Cu3. The axisymmetric polynuclear
units are connected by bpy molecules to generate an
infinite 1D herringbone chain (Fig.3a). The 1D herrin-
ghone chains are connected by N-H--- O hydrogen
bonding interactions to construct a 2D layer structure
(Fig.3b). The 2D layers are further assembled via O-
H--- O hydrogen bonding interactions to build a 3D
supramolecular structure.

2.2 Thermal analysis (TGA)

TGA were carried out for 1~3 in the temperature
range of 30~800 °C under the atmosphere of air with
heating rate of 10 C-min™ (Fig.4). For 1, the weight
loss of 13.9% from 30~177 °C corresponds to the loss
of 2 coordinated and 3 uncoordinated water molecules
(Caled. 14.7%), the degradation of the bpy, H)bpy®,
and pztc* occur in the temperature of 208~600 C.
The remaining weight of 21.5% is presumably CdO,

which is in agreement with the calculated value of
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Lattice water molecules are omitted; Symmetry code: A: x, —y—1/2, =z+1/2; B: x+1, v, z in (a)

Fig.3 Structure unit showing with ellipsoids at the 50% probability level of 3 (a) and the 2D

hydrogen bonding layer structure (b) of 3

21%. The TG curve of 2 shows weight loss of 14.89%
within 117 °C corresponding to 4 coordinated and 7
(Caled. 14.47% ). Between
117~266 °C, there is almost no weight change. The

lattice water molecules

complex continues to decompose above 266 “C. The
weight loss of 3 from 30 C to 227 C is 15.84%,
which was resulted from the loss of 8 coordinated and
17 lattice water molecules (Caled. 16.18%). When the
temperature was further increased, decomposition is
not achieved until 392 °C. The remaining weight of
15.22% is presumably CuO, which is in agreement
with the calculated value of 17.13%.
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Fig4 TG curves of 1~3

2.3 Fluorescence

Previous studies have shown that polymeric

compounds containing cadmium and zinc exhibit
photoluminescent properties and they have potential
applications in optical amplifiers, optical waveguides
and OLEDs™. The photoluminescent properties of
complexes 1 and 2 were also investigated (Fig.5). The
fluorescent emission spectra of compounds 1 and 2
were detected in the solid state at room temperature.
These two complexes display blue/green emissions at
496 nm for 1 (A,=320 nm) and 494 nm for 2 (A.,=320
nm), which are similar to those of the corresponding
ligands. Since Cd** and Zn** are difficult to oxidize or
reduce due to the d" configuration, emissions of 1 and

2 are neither attributable to ligand-to-metal charge

496 nm
494 nm
1
2
T T T T T
350 400 450 500 550 600
Wavelength / nm

Fig.5 Emission spectra of 1 and 2
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transfer bands (LMCT) nor metal-to-ligand charge
(MLCT). They may be attributable to

fluorescent emissions from an intraligand excited

transfer bands

state'. The enhancement of luminescence may be
attributed to ligands coordinated to the metal center,
which effectively increases the rigidity of the ligands
reducing the loss of energy by radiationless decay.
Complexes 1 and 2 may be the potential fluorescent
materials for blue/green-light emitting diode devices

because of the blue/green fluorescence emission.
3 Conclusion

Three ds-block metal

constructed from Hypztc and bpy at room temperature

coordination polymers

were synthesized. In complex 1, bpy molecules exist
as H,bpy?* and act as uncoordinated ions. While in
complexes 2 and 3, bpy molecules exist as bpy and
Hbpy*, participating in the coordination. The hydrogen
bond interactions in 1 are abundant. Three water
molecules, one pztc*~ O atom, and their symmetric
equivalents form an interesting centrosymmetric eight-
membered crown hydrogen bonding ring, which can
be expanded by pztc'~ to construct a 3D stair like
supramolecular structure. The coordinated and lattice
water molecules in complex 2 are connected by
hydrogen bonds to construct an interesting goldfish-
like (H,0),y cluster. Complex 3 displays an interesting
1D herringbone chain. In addition, complexes 1 and 2
show intense emission bands, which render them to be

potentially used as fluorescent materials.
Reference:

[1] Li J R, Kuppler R J, Zhou H C. Chem. Soc. Rev., 2009,38
(5):1477-1504

[2] Zhao J A, Mi L W, Hu J Y, et al. J. Am. Chem. Soc., 2008,
130(46):15222-15223

[3] Yang A H, Gao H L, Fang S R, et al. J. Coord. Chem., 2011,

64(13):2302-2311
[4] (a)CUI Hong-Xia(# £1.52). Chinese J. Inorg. Chem. (% L1t
FFIR), 2013,29(7):1485-1489
(b)YU Liang-Cai(& R A7), LAl Lan(#i *%). Chinese J. Inorg.
Chem.(RAALF F ), 2009,25(6):1137-1140
[5] Wen Y H, Cheng J K, Feng Y L, et al. Inorg. Chim. Acta,
2005,358(12):3347-3354
[6] Wu C D, Lu C Z, Wu D M, et al. Inorg. Chem. Commun.,
2001,4(10):561-564
[7] Yang A H, Quan Y P, Gao H L, et al. CrystEngComm, 2009,
11(12):2719-2727
[8] Pichon A, Fierro C M, Nieuwenhuyzen M, et al. CrystEng-
Comm, 2007,9(6):449-451
[9] YANG Ai-Hong(# % £1)), FANG Su-Rong(J% % 7¢), ZHANG
Yan-Ping(5K#°F), et al. Chinese J. Inorg. Chem.(FAUAL F
FIR), 2008,24(3):487-490
[10](a)lu W G, Jiang L, Feng X L, et al. Cryst. Growth Des.,
2006,6(2):564-571

(b)Yang A H, Zhang H, Gao H L, et al. Cryst. Growth Des.,
2008.8(9):3354-3359

(c)Pang H J, Zhang C J, Chen Y G, et al. J. Coord. Chem.,
2010,63(3):418-425

[11]Gao H L, Zhang Y P, Yang A H, et al. J. Mol. Struct., 2009,
918(1-3):97-100
[12](a)Sheldrick G M. SHELXL-97, Program for the Solution of
Crystal Structures, University of Gottingen, Gottingen,
Germany, 1997.

(b)Sheldrick G M. SHELXL-97, Program for the Refinement
of Crystal Structures, University of Gottingen, Gottingen,
Germany, 1997.

[13](a)Ghosh S K, Ribas J, Bharadwaj P K. Cryst. Growth Des.,
2005,5(2):623-629

(b)Liu D, Lang J P, Abrahams B F. J Am. Chem. Soc.,
2011,133(29):11042-11045

(c)Liu D, Li H X, Ren Z G. Cryst. Growth Des., 2009,9(10):
4562-4566

[14]He J R, Wang Y L, Bi W H, et al. J. Mol. Struct., 2006,

787:63-68

[15]Sarma R, Baruah J B. Solid State Sci., 2011,13 (9):1692-
1700

[16]Wang J J, Gou L, Hu H M, et al. Cryst. Growth Des., 2007,
7(8):1514-1521





