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Synthesis, Structure and Luminescence of a 1D Zinc(I) Coordination
Polymer Constructed from 4’-Hydroxyl-biphenyl-4-carboxylate
and 1,3-Bis(4-pyridyl)propane Ligands
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Abstract: A new 1D zinc(Il) coordination polymer {[Zn(Hhbc),(bpp)]H,0}, (1) (Hhbe=4"-Hydroxyl-biphenyl-4-
carboxylate, bpp=1,3-bis (4-pyridyl)propane) has been synthesized by hydrothermal method and characterized by
elemental analysis, IR, TGA, powder X-ray diffraction and single-crystal X-ray diffraction. The carboxylate
oxygens of two different Hhbe ligands connect one Zn" ion in bidentate-chelating and monodentate coordinated
modes to form mononuclear zinc building blocks, which are further linked into a 1D infinite chain through trans-
bpp ligands. These chains are further linked into a 2D supramolecular network through water-hydroxyl tetramers
involving the free water molecules and hydroxyl groups of Hhbe ligands. Furthermore, the luminescent property of

complex 1 was investigated at room temperature. CCDC: 919045.
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0 Introduction

The rational design and synthesis of new metal-
organic coordination polymers have received increasing
attention due to their potential applications in the
fields such as catalysis, materials science, biochemistry
and so on"". The rational selection of organic ligands
and metals play an important role in constructing
functional coordination polymers, and the weaker non-
covalent interactions, such as hydrogen bonds, 7-7
stacking interactions also play key roles in the
recognition process forming final 3D architectures™".,
Metal-organic coordination polymers containing carbo-
xylates and flexible N-bridging ligands constitute a
new family""?. As a multidentate ligand, the 4'-hydr-
(Hhbc)

possesses one oxygen of the hydroxyl group and two

oxyl-biphenyl-4-carboxylic acid molecule
oxygen atoms of carboxylate group, and might be
utilized as a versatile linker for constructing interesting
coordination polymers with abundant hydrogen bonds
interactions™'%. Moreover, it is well known that the
flexible 1,3-bis (4-pyridyl)propane (bpp) ligand is an
excellent candidate for constructing novel structures
as the auxiliary ligands™"™*¥1, So far, work on the
construction of transition metals coordination polymers
involving 4’ ,4-H;hbe ligand and N-containing auxiliary
ligands is still scarce!"™'®. On the basis of the above
consideration, we report herein the hydrothermal
synthesis, crystal structure and luminescent properties
of a new 1D coordination framework based on the
Hyhbe and bpp ligands, namely, {[Zn(Hhbc),(bpp)] *
H,0},

also reported in this paper.

(1). The photoluminescent properties of 1 are

1 Experimental

1.1 Materials and measurements

All chemicals purchased were of reagent grade
and used without further purification. All syntheses
were carried out in 23 ml Teflon-lined autoclaves
under autogenous pressure. Elemental analyses (C, H
and N) were performed on a Perkin-Elmer 240 CHN
elemental analyzer. Infrared spectra were recorded

(4 000~400 cm™) as KBr disks on Shimadzu IR-440

spectrometer. Powder XRD investigations were carried
out on a Bruker AXS D8-Advanced diffractometer at
40 kV and 40 mA with Cu Ko (A=0.154 06 nm) radi-
ation. Luminescence spectra for crystal solid samples
were recorded at room temperature on an Edinburgh
FLS920 phosphorimeter. Thermogravimetry analyses
(TGA) were performed on an automatic simultaneous
thermal analyzer (DTG-60, Shimadzu) under a flow of
N, at a heating rate of 10 °C *min™" between ambient
temperature and 800 °C.
1.2 Synthesis of complex 1

Complex 1 was prepared by the addition of
stoichiometric amounts of Zn(NOs), -6 (H,0) (0.15 g,
0.5 mmol) and 1,3-bis (4-pyridyl)propane (0.1 g, 0.5
mmol) to a hot aqueous solution (15 mL) of H,hbc
(0.107 g, 0.5 mmol) which the pH was adjusted to
7.0~8.0 with NaOH (0.021 g, 0.25 mmol). The resulting
solution was sealed in a 23 mL Teflon reactor and
kept under autogenous pressure at 170 C for 72 h.
The mixture was cooled to room temperature at a rate
of 5 °C+h™, and colorless block crystals were obtained
in a yield of 49% based on Zn. Elemat analysis found
(%): C, 66.10; H, 4.80; N, 3.95. Caled. for CyH3N,
0,7Zn(%): C, 66.03; H, 4.83; N, 3.99. IR (KBr pellet)
(em™): 3 441(s), 3 078(w), 2 960(m), 1 667(vs), 1 573
(s), 1 541(s), 1 477(s), 1 405(vs), 1 348(m), 1 315(w),
1 279(s), 1 261(m), 1 228(s), 1 160(m), 1 107(s), 1 071
(vs), 1 038(s), 1017 (w), 930(m), 870(s), 834 (m), 805
(s), 776(s), 751(m), 723(m), 701(s), 647(m).
1.3 Crystal structure determination

A single crystal with dimensions of 0.33 mm x
0.28 mmx0.22 mm was mounted on a glass fiber for
data collection which was performed on a Bruker
SMART APEXII CCD diffractometer operating at 50
kV and 30 mA using a Mo Ko radiation (A=0.071 073
nm) at 296(2) K by using a @ scan mode. In the range
1.73°<6<27.00°, a total of 21 425 reflections were
collected, of which 7 310 were unique (R;,=0.065 5)
and 3 752 observed ones (I>20(I)) were used in the
succeeding structure calculations. Data collection and
reduction were performed using the APEX Il software!™.
Multi-scan absorption corrections were applied using

the SADABS!™.

The structure was solved by direct
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methods and refined on F? by full-matrix least squares
technique using the SHELX-97 program package "\
All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms attached to carbon were placed in
geometrically idealized positions and refined using a
riding model. Water H atoms were tentatively located
in difference Fourier maps and were refined with
distance restraints of O-H 0.082 nm and HH 0.138
nm, with an standard deviation of 0.001 nm, and with
U.(H)=1.5U.(0). R=0.056 7 and wR,=0.113 7 (w=1/
[0*(F,)+(0.052 0P)*+1.950 OP], where P=(F}>*2F2/3)
for 3 752 observed reflections with I>20([). S=1.031,
(A/0),,=0.000, (Ap),,=483 e*nm™ and (Ap),;,=—300
e -nm . Crystal parameters and details of the data

collection and refinement are given in Table 1.

Selected bond lengths and angles are given in Table

2. H-bonding parameters are given in Table 3.

CCDC: 919045.
2 Results and discussion

2.1 Structure description

Single-crystal X-ray diffraction analysis reveals
that compound 1 crystallizes in the monoclinic space
group C2/c and has a 1D infinite chain structure. As
shown in Fig.1, the Zn(Il) center is five-coordinated by
three carboxylate oxygen atoms from two different
Hhbc ligands and two nitrogen atom from two different
bpp ligands, adopting a distorted trigonal biyramidal
geometry. The Zn-O, Zn-N bond lengths and 0-Zn-O,
0-Zn-N bond angles range from 0.195 0(3) to 0.220 1(3)

Table 1 Crystal data and structure refinements of complex 1

Empirical formula CyH3N;0+Zn v /(%) 90.00
Formula weight 708.05 V /nm? 6.741 8(15)
Temperature / K 296(2) A 8
Size / mm 0.33x0.28x0.22 u/ mm™ 0.783
0 range for data collection / (°) 1.73 to 27.00 D./ (g-em™) 1.395
Crystal system Monoclinie F(000) 2 944
Space group C2/c Reflections collected 21 425
a/ nm 2.023 2(2) Independent reflections (R;,) 7 310 (0.065 5)
b/ nm 1.527 53(18) Goodness of fit on F? 1.014
¢/ nm 2.377 6(4) Ry, wR, (I>201(1)) 0.056 7, 0.113 7
al(°) 90.00 Ri, wR, (all data) 0.133 8, 0.138 6
B/ 113.435(2) (AD) s (AP)uin / (€M) 483, =300
Table 2 Selected bond lengths (nm) and bond angles (°)
Zn(1)-0(5) 0.195 0(3) Zn(1)-0(1) 0.216 6(3) Zn(1)-N(2) 0.205 2(3)
Zn(1)-0(2) 0.220 1(3) Zn(1)-N(1) 0.206 2(3)
O(5)-Zn(1)-N(2) 102.01(12) 0(5)-Zn(1)-0(2) 160.20(11) O(5)-Zn(1)-N(1) 95.88(12)
N(1)-Zn(1)-O(1) 111.48(12) N(2)-Zn(1)-N(1) 105.54(12) N(2)-Zn(1)-0(2) 93.23(12)
0(5)-Zn(1)-0(1) 101.15(11) N(1)-Zn(1)-0(2) 92.07(12) N(2)-Zn(1)-0(1) 133.51(12)
0O(1)-Zn(1)-0(2) 59.05(11)
Symmetry cod: ' =0.5+x, —0.5+y, z.
Table 3 Hydrogen bonds for complex 1
D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm 2 DHA /(%)
O(1W)-H(1W)---O(1) 0.083 1(19) 0.197(2) 0.279 0(5) 168(6)
O(1W)-H(2W)---0(3)’ 0.081 8(19) 0.210(3) 0.288 1(5) 159(5)
0(6)-H(6A)---O(4)" 0.081 8(19) 0.200(3) 0.275 7(4) 155(6)
0(3)-H(3A)---O(1W)" 0.080(2) 0.193(3) 0.267 8(4) 156(6)
Symmetry codes: * 0.5-x, 1.5-y, 1-z; ™ 0.5+x, —=0.5+y, z; * =0.5+x, 0.5+y, z.
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Symmetry codes: ' —0.5+x, —=0.5+y, z

Fig.1 View of the asymmetric unit of 1 with 30%
probability ellipsoids

nm and 59.05(11)° to 160.20(11)°, respectively, which
is within the reasonable range of observed values for
other five-coordinated Zn (II) complexes with oxygen
and nitrogen donating ligands®?!,

In the complicated polymeric structure of 1, the
Hhbe ligands are terminal and adopt monodentate and
(Scheme 1a,

1b), respectively, and the bpp ligand has TG

bidentate-chelating coordination modes
conformation (the two pyridyl groups of bpp ligand
show different trans(T) and gauche(G) orientations)!”
and adopts two end pyridyl N atoms that link to two
Zn(Il) atoms (Scheme 1c). In this manner, every two
Hhbe ligands coordinated one Zn" center to form a
mononuclear zinc building block, which can be

regarded as a knot. Each bpp ligand bridges two

neighbouring knots to form a one-dimensional infinite
chain  (Fig.2a), with the Zn --- Zn separation being
1.267 (5) nm. These chains are further linked into a
2D supramolecular network through the O -H --- O
hydrogen bonding interactions involving the free water
molecules and hydroxyl groups of Hhbe ligands (Fig.
2b). These hydrogen bonds all fall in the normal
range; details are available in Table 3. It should be
point out that the water-hydroxyl tetramers have been

observed in the 2D structure (Fig.2c). Interactions

e}
e}

(@) (b) ©
Scheme 1 Coordination mode of Hhbe and bpp ligands

in the structure of complex 1

Symmetry codes: * 0.5-x, 1.5y, 1-z

Fig.2 View of structure 1 (a) the 1D infinite chain; (b) 2D layer network formed by hydrogen

bonds (dash lines); (¢) Water-hydroxyl tetramers
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between water aggregates and their surroundings can

be important for the stability of metal-organic

complexes?,
2.2 IR and TGA

The IR spectra of compound 1 shows broad bands
at 3 441 cm™, which may be assigned to the v(0-H)
stretching vibrations of the free water molecules and
hydroxyl groups of Hhbe ligands. The moderate
absorption bands observed at 3 078, 2 960 cm™ are
attributed to the ¥(Cpe-H) vibration of bpp ligand.
The features at 1 667 and 1 573, 1 405 cm™ are asso-
ciated with the asymmetric (COO) and symmetric (COO)
stretching vibrations. The Av(v,(COO~)-p,(COO "))
value are 94 and 262 cm ™, respectively, indicating
the coordination of Hhbe with Zn(Il) in monodentate
and bidentate-chelating modes™!, respectively, which
is well consistent with X-ray diffraction structural
analysis.

The thermogravimetric (TGA)  of

compound 1 were performed in a N, atmosphere when

analyses

the sample was heated to 800 °C at a constant rate of
10 °C *min . The TG and DTA curves of 1 are
depicted in Fig.3, which shows that compound 1 has
three weight loss steps. The first corresponding to the
escape of one free water molecule is observed from 40
to 100 C  (Obsd. 2.61%, Calcd. 2.54%). The second
corresponding to the escape of one bpp ligand is
observed from 200 to 380 C (Obsd. 28.29%, Calcd.
27.96% ). The sharp weight loss above 500 C
corresponds  to the

decomposition of framework

structure. Finally, 1 was completely degraded into
Zn0 with total loss of 87.93% (Calcd. 88.51%).

100 -

TG a

80 o

= 0
T 604 |, &
® DTA 3

5 L 4
E 404 &
6 A

204 8

10

0 ; y y 12

0 200 400 600 800

Temperature / °C
Fig.3 Thermogravimetric curves (DTA and TG)
for complex 1
2.3 Powder X-ray diffraction analysis

Samples of complex 1 were measured by X-ray

powder diffraction at room temperature. As shown in
Fig.4, the peak positions of the experimental patterns
are in a good agreement with the simulated patterns,
which clearly indicates the good purity of the

complex.

‘ Simulated

As-synthesized

il

2.4 Photoluminescent properties

10 20 30 40
20/ (°)

Fig.4 PXRD patterns of complex 1

Photoluminescence experiments for Zn !-contai-
ning polymers, as a typical d'" transition-metal config-
uration which exhibits photoluminescent property ¥,
were performed at room temperature in the solid state.
The Hhbe and bpp ligands with their extended aroma-
ticity, is thus regarded to be excellent candidates for
enhanced emissive properties. As illustrated in Fig.5,
complex 1 exhibits indigotin photoluminescence with
an emission maximum of 480 nm upon excitation at
388 nm. From the emission maximum of 1, which is
clearly red-shifted compared with the free ligand
Hhbe™. Complex 1 represents an obvious qualitative
change of luminescence property resulted from the
interaction between metal ion and ligand. The
emission of 1 probably origins from ligand-to-metal
charge transfer (LMCT)™ excited state, because both

ligands have relatively large 7r-conjugated system of

Excitation Emission

4,,=480 nm 4,=338 nm

300 350 400 450 500 550 600 650
Wavelength / nm

Fig.5 Solid-state excitation and emission spectra

of complex 1 at room temperature
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benzene-pyridyl rings and uses carboxylate oxygen
and nitrogen donors to coordinate to Zn(Il) ions, which
benefits the charge transfer between Zn(Il) ion and
organic ligands. The luminescent lifetime of solid
complex 1 using an Edinburgh FLS920 phosphori-
meter with 450 W xenon lamp as excitation source

show lifetime for complex 1 of 3.08 ns at 480 nm
(Fig.6).

—o— Measured
Fitted

10 20 30 40 50
Decay time / ns
Fig.6  Luminescent lifetime for complex 1 in solid state

at room temperature
3 Conclusions

In conclusion, we have successfully constructed a
new one-dimensional coordination polymer {[Zn(Hhbc),
(bpp)] -H,0}, based on Hhbe and bpp ligands under
hydrothermal reaction. Complex 1 emits the intensely
indigotin luminescence of Zn** ion with the fluoresce-
nce lifetime of 3.08 ns (480 nm) in the solid state at
room temperature, which may be have potential
applications as luminescent materials in indigotin

light-emitting devices.
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