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Three Complexes Based on Pyridine-Pyrazine-Hydrazone Ligand:
Syntheses, Photocatalysis and Luminescent Properties
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Abstract: Three novel complexes, namely {[Zn;(L),(S0,),(H,0),] - H,0}, (1), {{Cd,(L),(SO,4) (H,0)] -H,0}, (2) and
{{Cd(L)I]-CH;0H}, (3). (HL=N'-nicotinoylpyrazine-2-carbohydrazonamide), have been synthesized and character-
ized by elemental analyses, infrared spectra and single-crystal X-ray diffraction analyze. In complex 1, Zn(Il) ions
are connected by us;,n'n'n'-SO,2~ anions to form a inorganic layer motif in bc plane, and the L.~ ligands are
decorated on both sides of the layer. Adjacent layers are connected by hydrogen-bonding interactions giving rise
to 3D supramolecular network. The 2D complex 2 is formed by the [(Cd2)y(,-SO,),] units and Cd1 ions which are
connected by the ligands. Adjacent layers of 2 are extended into 3D supramolecular network by 7 --- 7
interactions. Zigzag 1D chains of complex 3 are connected by intermolecular hydrogen bonds into extended plane
structure. The photocatalytic degradation of methylene blue (MB) results indicate that complexes 1~3 are
excellent candidates as photocatalysts in decomposing MB with the presence of H,0,. In addition, the luminescent
properties of these three complexes have been studied in the solid state. CCDC: 1544978, 1; 1544980, 2;
1544979, 3.
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In view of the pursuing “green life”, degradation
of organic dyes has been given tremendous attention'".
In this regard, removing the poor biodegradable dyes
from water has been attracting a great deal of attention
and becoming a hot research topic®*. There have been
considerable efforts in treating wastewater based on
adsorption and separation®®, chemical treatment”, and
photocatalytic methods®. Among these, photocatalysis
offers a convenient and recyclable approach and has
been applied in ecologically eliminating organic dyes
and other noxious contaminants. Therefore, the cons-
truction of inexpensive, stable, and efficient materials
with improved photocatalytic properties is extremely
urgent.

Recently, some results have demonstrated that
(MOCPs) are

efficient photocatalysts on the degradation of organic

metal-organic coordination polymers

dyes, water splitting, or photoreduction of CO, "',
How to form efficient, stable, photocatalytic MOCPs is
still a big challenge. Because the ligand plays an
important role in the construction of functional
MOCPs, the rational design of organic ligand is the
vital factor in the formation of the targeted MOCPs.
Hydrazone, a kind of Schiff base ligand, have been
attracting much attention because of their strong
tendency to chelate to transition metals*". Especially,
the hydrazone asymmetrically decorated by different
aza-aromatics possessing tridentate chelating and
bridging coordinating sites may be a good cand-idate
to construct novel MOCPs with unique structure
characters and interesting properties! .

In view of these points, we employed N’ -nico-
tinoylpyrazine-2-carbohydrazonamide (HL) as ligand to
achieve three novel complexes: {[Zn3(L),(SO,),(H,0),]+
H;0}, (1), {[Cdy(L)2(SO4)(H0)]- H;0}, (2) and {[Cd(L)]
-CH;OH}, (3). The photocatalytic research result indi-
cates that complexes 1~3 are good candidates as
photocatalysts in decomposing MB with the presence

N=— NH,

O

N\ NN A
(6]

Scheme 1 Structure of HL

of H,0,. In addition, the luminescent properties of these

three complexes have been studied in the solid state.
1 Experimental

1.1 Materials and measurement

All  chemicals were commercially purchased
except for HL. which was synthesized according to the
literature™.  Elemental analyses for carbon, hydrogen
and nitrogen were performed on a Thermo Science
Flash 2000 element analyzer. FT-IR spectra were
obtained in KBr disks on a PerkinElmer Spectrum One
FTIR spectrophotometer in 4 000~450 cm™ spectral
range. Diffuse reflectance data were collected using a
Shimadzu  UV-3600
Kubelka-Munk function was used to estimate the
optical band gap. The powder X-ray diffraction (PXRD)
studies were performed with a Bruker AXS D8
Discover instrument (Cu K« radiation, A=0.154 184
nm, U=40 kV, /=40 mA) over the 260 range of 5°~50°

at room temperature. The photoluminescent properties

spectrophotometer, and the

were measured on an F-4500 FL Spectrophotometer.
1.2 Preparations of the complexes 1~3

{[Zn3(L)2(S04)2(H,0),] - H,0}, (1). A mixture of HL
(0.05 mmol, 12.1 mg), ZnSO,-7H,0 (0.10 mmol, 28.7
mg), absolute methyl alcohol (3 mL), H,O (3 mL) and
N,N-dimethylacetamide (DMA) (2 mL) was placed in a
Teflon-lined stainless steel vessel (20 mL), heated to
80 °C for 3 days, and then cooled to room temperature
at a rate of 5 C-h™". Yellow block crystals of 1 were
obtained and picked out, washed with distilled water
and dried in air. Yield: 18.4 mg, 74.2% (based on HL).
Elemental analysis: Caled. for CxH»N,0135,Zn5(%): C
28.63, H 2.40, N 18.21; Found (%): C 26.65, H 2.38,
N 18.26. IR (KBr, em™): 3 455, 1 636, 1 528, 1 497,
14511410, 1 141, 1 012.

{|Cd,(L)2(SO,) (H,0)] - H,0}, (2). A mixture of HL
(0.05 mmol, 7.4 mg), CdSO,-8/3H,0 (12.815 mg, 0.1
mmol), absolute ethanol (2 mL) and H,O (6 mL) was
placed in a sealed flask (20 mL), heated to 80 “C for
3 days. White block crystals of 2 were obtained and
picked out, washed with distilled water and dried in
air. Yield: 14.9 mg, 71.0% (based on HL). Elemental
analysis: Caled. for CuHpCdaNpOgS(%): C 31.48, H
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2.64, N 20.02; Found (%): C 31.51, H 2.68, N 20.08.
IR (KBr, em™): 3453, 1657, 1528, 1476,1394,1 130,
1 053, 981.

{{Cd(L)I]-CH;0H}, (3). A mixture of HL (0.05
mmol, 7.4 mg), CdIy(18.3 mg, 0.1 mmol), distilled H,0
(4 mL), methyl alcohol (4 mL) and N,N-dimethylace-
tamide (DMA) (2 mL) were sealed in a 20 mL little
bottle and heated at 80 °C for 3 days. After the mixture
was cooled to room temperature, yellow block crystals
of 3 were obtained and picked out, washed with
distilled water and dried in air. Yield: 8.71 mg, 68.1%
(based on HL). Elemental analysis: Caled. for C,,H;
CdINgO4(%): C 28.12, H 2.56, N 16.39; Found(%): C
28.16, H 2.48, N 16.42. TR (KBr, cm™): 3 458, 1 654,
1531, 1469, 1391, 1138, 1 048, 1 008.

1.3 X-ray crystallography

X-ray Single-crystal diffraction analysis of 1~3

was carried out on a Bruker SMART APEX Il CCD

diffractometer equipped with a graphite monochro-
mated Mo Ka radiation (A=0.071 073 nm) by using ¢-
w scan technique at room temperature. The structures
were solved via direct methods (SHELXS-97)" and
refined by the full-matrix least-squares method on F*
with anisotropic thermal parameters for all non-H
atoms (SHELXL-97). The empirical absorption correc-
tions were applied by the SADABS program'”. The H-
atoms of carbon were assigned with common isotropic
displacement factors and included in the final
refinement by the use of geometrical restraints. H-
atoms of water molecules were first located by the
Fourier maps and then refined by the riding mode.
The crystallographic data for complexes 1~3 are listed
in Table 1. Moreover, the selected bond lengths and
bond angles are listed in Table 2.

CCDC: 1544978, 1; 1544980, 2; 1544979, 3.

Table 1 Crystal data and structural refinement of complexes 1~3

Complex 1 2 3
Empirical formula CrH»N 1,0 15S:Zn; CH»CduN 1,088 C,H5CdINGO,
Formula weight 922.75 839.38 512.58
Temperature / K 296 296 296
Crystal system Orthorhombic Triclinic Monoclinic
Space group Aba2 P1 P2)/c
a/ nm 1.678 1(2) 1.053 6(3) 1.229 7(6)
b/ nm 1.965 4(2) 1.144 9(4) 1.000 2(5)
¢/ nm 0.925 53(11) 1.190 8(4) 1.307 3(6)
al(°) 94.754(5)

B/ 95.078(6) 94.593(9)
v/ (°) 97.687(6)

Volume / nm’ 3.052 6(6) 1.411 5(8) 1.602 7(14)
A 4 2 4

D./ (g-cm™) 2.008 1.975 2.124
Absorption coefficient / mm™ 2.564 1.651 3.304

F(000) 1 856 828 976

Crystal size / mm 0.3x0.2x0.1 0.1x0.1x0.08 0.2x0.2x0.08
Riu 0.041 9 0.050 4 0.033 0
Reflection collected, unique 7547, 2 678 638, 4 909 7 888, 2 817
Goodness-of-fit on F 0.985 0.986 0.998

Table 2 Selected bond lengths (nm) and angles (°) for complexes 1~3

Complex 1

Zn(1)-0(4)
Zn(1)-N(4)

0.198 4(3)
0.200 2(3)

Zn(1)-N(1)
Zn(2)-N(6)

0.225 9(3)
0.209 4(3)

Zn(2)-0(6)
Zn(2)-0(3)"

0.212 8(3)
0.217 5(3)
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Continued Table 2

Zn(1)-0(2) 0.202 3(3) Zn(2)-N(6)" 0.209 4(3) Zn(2)-0(3)" 0.217 5(3)

Zn(1)-0(1) 0.211 5(3) Zn(2)-0(6)" 0.212 8(3)
0(4)-Zn(1)-N(4) 125.28(13) 0(4)-Zn(1)-0(2) 91.52(12) O(1)-Zn(1)-N(1) 149.93(11)
N(6)"-Zn(2)-0(3)" 95.68(11) N(4)-Zn(1)-0(2) 142.88(13) N(6)-Zn(2)-N(6)" 95.76(19)
0(6)"-Zn(2)-0(3) 89.08(11) 0(4)-Zn(1)-0(1) 101.14(12) N(6)-Zn(2)-0(6)" 176.08(14)
0(6)-Zn(2)-0(3)" 85.37(11) N(4)-Zn(1)-O(1) 76.19(11) N(6)ii-Zn(2)-0(6)" 88.01(12)
N(6)-Zn(2)-0(3)" 95.68(11) 0(2)-Zn(1)-0(1) 103.71(12) N(6)-Zn(2)-0(6) 83.01(12)
N(6)'-Zn(2)-0(3)" 89.51(11) 0(4)-Zn(1)-N(1) 99.67(12) N(6)'-Zn(2)-0(6) 176.08(14)
0(6)"-Zn(2)-0(3)" 85.37(11) N(4)-Zn(1)-N(1) 74.10(12) 0(6)"-Zn(2)-0(6) 88.23(17)
0(6)-Zn(2)-0(3)" 89.08(11) 0(2)-Zn(1)-N(1) 97.16(13) N(6)-Zn(2)-0(3) 89.51(11)
0(3)"-Zn(2)-0(3) 172.26(17)

Complex 2

Cd(1)-N(4) 0.221 7(8) Cd(1)-N(7) 0.250 8(8) Cd(2)-0(7) 0.230 8(7)

Cd(1)-N(10) 0.222 1(8) Cd(1)-N(1) 0.254 1(7) Cd(2)-N(2)* 0.235 8(7)

Cd(1)-0(1) 0.223 6(6) Cd(2)-0(3)' 0.228 3(6) Cd(2)-N(12)* 0.236 7(8)

Cd(1)-0(2) 0.230 9(7) Cd(2)-N(6) 0.230 1(8) Cd(2)-0(3) 0.243 8(6)
N(4)-Cd(1)-N(10) 151.6(3) N(4)-Cd(1)-N(1) 67.3(2) 0(7)-Cd(2)-N(2)* 84.7(3)
N(4)-Cd(1)-0(1) 71.6(2) N(10)-Cd(1)-N(1) 84.3(3) 0(3)-Cd(2)-N(12)" 113.5(2)
N(10)-Cd(1)-0(1) 136.4(3) O(1)-Cd(1)-N(1) 138.1(2) N(6)-Cd(2)-N(12)F 90.4(3)
N(4)-Cd(1)-0(2) 109.5(2) 0(2)-Cd(1)-N(1) 92.0(3) 0(7)-Cd(2)-N(12)F 86.3(3)
N(10)-Cd(1)-0(2) 69.5(3) N(7)-Cd(1)-N(1) 83.9(3) N(2)-Cd(2)-N(12)" 96.1(3)
0(1)-Cd(1)-0(2) 109.5(2) 0(3)-Cd(2)-N(6) 94.1(3) 0(3)i-Cd(2)-0(3) 75.2(2)
N(4)-Cd(1)-N(7) 106.9(3) 0(3)-Cd(2)-0(7) 159.5(2) N(6)-Cd(2)-0(3) 88.9(2)
N(10)-Cd(1)-N(7) 68.8(3) N(6)-Cd(2)-0(7) 91.1(3) 0(7)-Cd(2)-0(3) 85.1(2)
O(1)-Cd(1)-N(7) 100.5(3) 0(3)-Cd(2)-N(2) 87.7(3) N(2)"-Cd(2)-0(3) 83.9(2)
0(2)-Cd(1)-N(7) 138.3(2) N(6)-Cd(2)-N(2) 171.9(3) N(12)"-Cd(2)-0(3) 171.4(3)

Complex 3

Cd(1)-N(4) 0.222 2(5) Cd(1)-N(6)' 0.229 6(5) Cd(1)-0(1) 0.232 5(4)

Cd(1)-N(1) 0.251 5(6) Cd(1)-I(1) 0.269 54(13)
N(4)-Cd(1)-N(6) 104.02(17) N(4)-Cd(1)-0(1) 70.76(15) N(6)-Cd(1)-N(1) 89.73(18)
N(6)-Cd(1)-I(1) 104.52(12) N(6)-Cd(1)-0(1) 101.34(16) O(1)-Cd(1)-N(1) 138.80(15)
O(1)-Cd(1)-I(1) 114.27(10) N(4)-Cd(1)-N(1) 68.06(17) N(4)-Cd(1)-I(1) 149.17(12)
N(1)-Cd(1)-I(1) 100.67(13)

Symmetry codes: ' —x+2, —y+3/2, z+1/2, " —x+2, —y+2, z, " —x+2, —y+2, z+1 for 1; ' —x+2, —y+2, —z+2, " x+1, y+1, z, " x+1, y, z for 2;

Pewtl, y+1/2, —2+3/2 for 3.

1.4 Photocatalytic experiments

To evaluate the photocatalytic activities of these

three complexes, the photocatalytic degradation of

methylene blue (MB) aqueous solution was performed

at ambient temperature!™. The procedure was as follows:

20 mg of the desolvated samples was dispersed into

100 mL of MB aqueous solution

(12.75 mg -L ™),

followed by the addition of four drops of hydrogen

peroxide solution

(H20,, 30%). The suspensions were

magnetically stirred in the dark for over 1 h to ensure

adsorption equilibrium of MB onto the surface of

samples. A 300 W xenon arc lamp was used as a light

source to irradiate the above solutions for 0, 20, 40,

60, 80, and 100 min. And the corresponding reaction
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solutions were filtered and the absorbance of MB
aqueous solutions was then measured by a spectro-
photometer. For comparison, the contrast experiment
was completed under the same conditions without any
catalyst. The characteristic peak (A=664 nm) for MB
was employed to monitor the photocatalytic degrada-

tion process.
2 Results and discussion

2.1 Crystal structures of complexes 1~3

Single-crystal X-ray crystallographic analysis

reveals that complex 1 crystallizes in the orthorhombic

space group Aba2. The asymmetric unit of 1 consists

of one and a half Zn(Il) ions, one L~ ligand, one SO

anion and half lattice water molecule. The HL ligand
indeed coordinate to two Zn(ll) ions by the tridentate
chelating site and the bridging pyridine nitrogen atom.

As shown in Fig.1a, the Znl ion is coordinated by two

N atoms and one carbonyl oxygen atom from one L~

ligand, two oxygen atoms from two SO/ anions, thus

creating distorted trigonal bipyramid coordination
geometry. The Zn2 ion adopts a slightly distorted
octahedral geometry coordinated to two N atoms from
two L~ ligands, two oxygen atoms from two SO~
anions and two coordinated water molecules. The Zn-
O bond distances are in the range of 0.198 4(3) to
0.217 5(3) nm, and the Zn-N bond length is in the
range of 0.200 2(4)~0.225 9(3) nm. The SO,* anion in
1 connects three Zn (II) ions adopting a wsm'n'n'-
coordination mode. In this way, Zn (II) ions are
connected by SO,*” anions to form the inorganic layer
motif in be plane (Fig.1b). The L ligands are decorated
on both sides of the layer motif by the tridentate
chelating site and the bridging pyridine nitrogen atom
(Fig.1c). Moreover, the SO,* anions and the lattice 07
water molecules join adjacent layers through the
hydrogen-bonding interactions (N3 --- 05" 0.301 3(5)
nm, £ N3-H3A-05%=158.3°, 06---07" 0.278 3(5) nm,
/ 06-H6A ---07"=168.8°, and 06-:- 05" 0.269 5(4)
nm, £ 06 -H6B -+ 05" =150.5°) giving rise to 3D

13 .1
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Symmetry codes: ' 1+x, 1+y, z; " T+x, y, z; ™ 2—x, 2—y, 2—z; ¥ =1+x, v, z

Fig.1 Crystal structure of complex 1: (a) coordination environment of center ions; (b) inorganic layer motif;

(c) 2D plane structure; (d) hydrogen bonds; (e) 3D supramolecular network connected by 7-7 stacking
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supramolecular network (Fig.1d and 1e).

X-ray single crystal structure analysis reveals
that 2 crystallizes in the triclinic space group P1. The
asymmetric unit of crystal 2 consists of two six-
coordinated Cd (I) ions, two L~ ligands, one SO~
anion, one coordinated water molecule and one lattice
in Fig2a, the six-

water molecule. As shown

coordinated Cd1 ion is surrounded by two L~ ligands
through the tridentate chelating sites (Cd-N 0.221 7(8)
~0.254 1(7) nm, Cd-0O 0.223 6(6)~0.230 9(7) nm), and
the Cd2 is coordinated to three N atoms from three L~
ligands, two oxygen atoms from two SO,’~ anions and
one coordinated water molecule (Cd-N 0.230 1(8)~
0.236 7(8) nm, Cd-O 0.228 3(6)~0.243 8(6) nm). As
shown in Fig.2b, one [(Cd2)y 1,-SO,),] unit joins adjacent
six Cdl by six L~ ligands and each Cdl connects
three [(Cd2),(u2-SOy),] units to form a layer motif (Fig.
2¢). Furthermore, the N7-containing pyrazine rings
and NI12-containing pyridyl rings in adjacent layer
motifs are nearly parallel to each other, which can
provide the chance for the formation of 7---7r interac-

tions with the C-to-centroid distance being 0.352 7(2)

(2)

and 0.373 0(5) nm. All these 77 -+ 7 interactions extend
adjacent layers into 3D supramolecular network as
shown in Fig.2d.
Single-crystal X-ray crystallographic —analysis
reveals that complex 3 crystallizes in the monoclinic
space group P2,/c and its asymmetric unit consists of
one Cd(Il) ion, one L~ ligand, one I~ anion and one
lattice methyl alcohol molecule. The Cd(II) ion is coor-
dinated by two N atoms and one oxygen atom of one
ligand, one N atom from another ligand and one iodide
anion resulting in a distorted quadrangular pyramid
geometry. The measured Cd-O distance is 0.225 (4)
nm, Cd-N distance is in the range of 0.222 2(5)~
0.251 5(6) nm, and Cd-I distance is 0.269 54(13) nm,
respectively. The bond angle around the Cd(Il) center
lies in the range of 68.06(17)°~149.17(12)°. The HL
ligand coordinates to two Cd(Il) ions by the tridentate
chelating site and the bridging pyridine nitrogen atom,
which give rise to the formation of the zigzag 1D chain
(Fig.3b).
connected by the intermolecular hydrogen bonds N3 -
H3B---01%, N3-H3A---02 and the 02-H2A---0O1" into

Furthermore, the zigzag 1D chain are

Symmetry codes: ' 1+x, 1+y, z; " 1+x, v, z; " 2—x, 2—y, 2—2

Fig.2 Crystal structure of complex 2: (a) ORTEP drawing of 2 with 30% thermal ellipsoids; (b) connection mode of

mononuclear and dinuclear unit; (¢) 2D structure; (d) 3D supramolecular architecture connected by -7 stacking
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Symmetry codes: ' —x+1, y=1/2, —=z+3/2; " x, —y+1/2, z=1/2; " x, y+1, z

Fig.3  Crystal structure of complex 3: (a) ORTEP drawing of 3 with 30% thermal ellipsoids; (b) zigzag 1D chain;

(c) hydrogen bonds interaction; (d) 2D supramolecular architecture connected by hydrogen bonds

extended plane structure (Fig.3c¢ and 3d).
2.2 PXRD patterns and photoluminescent
properties
In order to evaluate the phase purity of 1~3,
powder X-ray diffraction experiments have been
(Fig.4). Their high
purity solid state phases were confirmed by the good

performed at room temperature

match of the patterns for the as-synthesized samples
and simulated ones from the single-crystal data.
Luminescent properties of MOCPs based on d"
metal ions are of special interest due to their
prospective applications in electroluminescent displays,
nonlinear optical (NLO) devices and so on™. The
combination of organic linkers and metal centers in
MOCPs provides an efficient route to a new type of
photoluminescent materials with potential applications
because of their structure- and metal-dependent
emission. In this context, solid-state photoluminescent
behavior of HL as well as complexes 1~3 are examined

in the solid state at room temperature.

As shown in Fig.4d, the HL ligand are nearly
non-fluorescent in the range of 400 ~650 nm for
excitation wavelength of 370 nm at ambient tempera-

1 The intense emissions occur at 450 and 490 nm

ture
for complexes 1 and 2 with the excitation wavelength
of 370 nm. The emissions are neither metal-to-ligand
charge transfer (MLCT) nor ligand-to-metal transfer
(LMCT) in nature since Zn(Il) is difficult to oxidize or

[21]

reduce due to its d" configuration®. Thus, they may
be assigned to intraligand (7*—n or 7*—7) emiss-
ion. The enhancement of luminescence in d" compl-
exes may be attributed to ligand chelation to the metal
center, which effectively increases the rigidity of the
ligand and reduces the loss of energy by radiationless

2 In comparison, complex 3 shows relatively

decay
weak emission bands. This significantly weakened
intensity of the emission is probably attributed to the

21 The observation

quenching effect of iodide ions
indicates that the complexes of 1 and 2 may be

candidates for potential photoactive materials.
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Fig.4 PXRD patterns of complex 1 (a), 2 (b), 3 (¢) and emission spectra of the ligand and complexes 1~3 at room temperature (d)

The fluorescence property means the transition
from the excited state to the ground state at the same
energy level. While the photocatalytic property requires
the excited electrons stay at the surface of the
material long enough to participate surface oxidation-
reduction reaction. Therefore, the fluorescence prop-
erties and photocatalytic properties are theoretically
reverse process. In general, materials with good
photocatalytic performance will not be too strong
fluorescence. By the above points, the photocatalytic
properties of complexes 1~3 need to be investigated.
2.3 Photocatalysis property

The band gap of complexes 1~3 was measured by
solid (UV-Vis) diffuse

reflectance measurement method at room temperature.

a state ultraviolet-visible
In a plot of K-M function versus energy, the band gap
E, is defined as the intersection point among the energy
axis and line extrapolated of the linear portion®. The
K-M function, F=(1-R)¥(2R) (R is the reflectance of
an infinitely thick layer at a given wavelength), can be
converted from measured diffuse reflectance data. As

shown in Fig.5, the E, values for complexes 1~3 are

2.20, 1.65 and 2.05 €V, respectively. The reflectance
spectra show that there exist the optical band gap and
semiconductive behaviors in complexes 1~3, and these
complexes can be employed as potential semicondu-
ctive materials (the E, of a semiconductor is 1~3 eV)*..

In order to evaluate the photocatalytic effective-
ness of the complexes 1~3, the photocatalytic degra-
dation of MB aqueous solution was performed at
ambient temperature. As can be seen in Fig.6, the
characteristic absorption peak of MB (664 nm) were
gradually reduced with time increasing from 0 to 100
min. Besides, the changes in the plot of C,/C, versus
irradiation time are shown in Fig.7a to clarify the
photocatalytic results (wherein C, is the concentration
at time ¢ of the MB solution and C, is the concentra-
tion at time {=0 of the MB solution). From Fig.7a, the
degradation rate of MB reaches 24% without any
photocatalyst, while it increases to 83%, 92% and
85% , respectively, when complexes 1, 2 and 3 are
added to the mixture as catalyst.

The efficiency of the photocatalyst is a function

of the balance between charge separation, interfacial
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Fig.5 (a) UV-Vis absorption spectra of complexes 1~3; (b) Kubelka-Munk-transformed diffuse reflectance of complexes 1~3
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Fig.6  Absorption spectra of the solution of MB without catalyst (a), or with complex 1 (b), 2 (c) and 3 (d) as catalyst, respectively
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Fig.7 (a) Photodegradation of MB with complexes 1~3; (b) Recycling experiments using
complexes 1~3 for the photocatalytic degradation of MB solution
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electron transfer, and charge recombination. In general, References:

a narrow band gap leads to the ease of the charge
separation, so the photocatalytic degradation rate of
MB should follow the reverse order of band gaps of
the complexes. As calculated, the band gaps of comp-
lexes 1~3 are 2.20, 1.65, and 2.05 eV, respectively.
The E, of 1~3 follows the sequence: 2<1=3, and the
reverse sequence of band gaps agrees with the
degradation rate of MB. In addition, the stabilities of
these three complexes are investigated by measuring
the powder PXRD patterns after photocatalytic
reactions. The PXRD patterns are consistent with
those of the original ones, which confirm that these
complexes keep their skeleton well after the photo-
catalytic process. The photocatalytic research result
indicates that complexes 1~3 are good candidates as
photocatalysts in decomposing MB with the presence
of H,0, and may have possible application in decom-
posing other dyestuff.

Further studies about the stability and repro-
ducibility are also carried out (Fig.7h), and the results
show that compounds 1~3 do not exhibit a significant
decrease after four runs in the same photocatalytic
tests  (83% for 1, 93% for 2, and 85% for 3 for the
first cycles, 82% for 1, 92% for 2, and 85% for 3 for
the second cycles, 83% for 1, 92% for 2, and 84% for
3 for the third cycles, 80% for 1, 90% for 2, and 82%
for 3 for the fourth cycles), which manifest that the

compounds 1~3 as photocatalysts are very stable and

possess good reproducibility.
3 Conclusions

In summary, an asymmetric triazolate derivative,
N'-nicotinoylpyrazine-2-carbohydrazonamide (HL), was
employed to achieve three novel MOCPs {[Zn;(L),(S0.),
(Hy0)4] - Hy0}, (1), {[Cd»(L),(SO,) (H,0)] - H,0}, (2) and
{ICd(L)I]-CH;0H}, (3). The structure of these compl-
exes was characterised by single-crystal X-ray diffrac-
tion, powder X-ray diffraction, elemental analyses and
infrared spectra. The photocatalytic experiment rusult
indicates that complexes 1~3 are good candidates as
photocatalysts in decomposing MB with the presence
of H,0,.
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