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We have synthesized four new uranyl complexes, their photoluminescent characterization and photocatalytic 

properties were studied in detail. 
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Four uranyl complexes (UO2)2(µ2-OH)(µ3-OH)(his)(CH3CO2) (his=histidine) (1), [(UO2)2(µ2-
OH)(µ3-OH)2(gly)]·1.5H2O (gly=glycine) (2), UO2(CH3CO2)(µ2-OH)(2,2’-bipy) (3) and 
UO2(CH3CO2)2(2,2’-bipy) (4) were synthesized by the reaction of UO2(CH3CO2)2·2H2O as the 
metal source, histidine, glycine and 2,2’-bipy  as the ligand in aqueous system. They were 
characterized by elemental analysis, IR, UV-Vis, single crystal X-ray diffraction analysis and 
thermal gravimetric analysis.  The structural analysis reveals that complex 1 exhibits one-
demensional chain structure constructed by the building unit [(UO2)4O10(C6O2N3)2], and further 
extend the chain into 2D supramolecular architectures by hydrogen bonding interactions.  For 
complex 2, uranyl polyhedrons through edge-sharing to form a 2D wave-like layer and 
furthermore connected by hydrogen bonding to form a 3D supramolecular structure.  Complex 3 is 
a discrete UO2-2,2’-bipy compound UO2(CH3CO2)(OH)(2,2’-bipy).  Complex 4 is also a discrete 
UO2-acetic-2,2’-bipy compound UO2(CH3CO2)2(2,2’-bipy) which is similar to complex 3.  The 
adjacent molecules were respectively connected by the hydrogen bonding to form a 2D 
supramolecular network for 3 and a 1D superamolecular chain for 4.  In order to extend their 
functional properties, their photoluminescent characterization and photocatalytic properties were 
also studied firstly.   
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Introduction 

In recent years, actinide-based complexes have attracted 
considerable interests in their syntheses and characterization.  The 
chemical reactivity of uranium has been intensively investigated in 
comparison with those of its neighboring 5f metals in the periodic 
table. The contribution of the uranium-containing samples can be 
used as nuclear power1.  However, it also could seriously damage 
human health and environment.  Recently, what strongly attracted us 
is that the uranium-organic hybird materials combining the unique 
characteristics and properties of their organic components with 
uranyl units to produce diversity in structure, bonding and 
application.  Studies on the design, synthesis, and characterization of 
uranyl-organic compounds have been keeping on fast development 
from the viewpoints of the exploration of new materials with 
attractive and promising applications in wide areas of gas storage, 
ion exchange, intercalation chemistry, photochemistry and catalysis, 
etc2.   

   To our best knowledge, the coordination chemistry of uranium 
is dominated by U(VI) in the form of uranyl cation UO2

2+ with two 
typical axial uranyl bonds.  Uranyl cation usually exhibits three 
types of coordination environments in the equatorial plane, which 
inducing tetragonal, pentagonal, and hexagonal bipyramidal 
geometries3.  Until now, a large number of uranyl compounds have 
been synthesized because of their rich structural diversity.  
Nevertheless, it is worth to mention that the characteristic of organic 
ligands play a key role in forming the uranyl complexes with 
various structure.  In the reported literatures, most of the researchers 
selected carboxylate and heterocyclic ligands to construct uranyl 
compounds with various structures including clusters4, chains5, 
layers6 and frameworks7.  Herein, for purpose of clarity, these 
uranyl complexes reported by predecessors were mainly classified 
into four types based on the different style of the ligands: (i) the 
rigid carboxylate uranyl complexes, such as UO2(H2O)(1,2-
bdc)·0.32H2O ， UO2(1,4-bdc), UO2(1,3-bdc)8, (ii) the flexible 
carboxylate uranyl complexes, such as UO2(C7H10O4), 
UO2(C8H12O4), UO2(C6H8O4)(H2O)2

9, (iii) the N-containing 
heterocyclic complexes, such as   (UO2)2(2,2’-
bpy)(CH3CO2)(O)(OH), UO2(NO3)2(bpm) (bpm=2,2’-
bipyrimidine)2a, 10, (iv) the uranyl complexes including the 
carboxylic and N-containing heterocylic ligand, for example: 
[(UO2)3(L

1)4(NO3)2(H2O)2]·2H2O (HL1=pyridine-2-carboxylic 
acid)11.  After careful investigation of the uranyl complexes based 
on different types of ligands above, it is found that the numerous 
uranyl complexes including the carboxylic and/or N-containing 
heterocylic ligand are reported, but study on uranyl complexes with 
amino acid ligand is rare.  With the aim to have a deeper insight of 
further investigate the influence of this type of ligands on the 
architectures of uranyl complexes, we choose amino acids as ligand 
to synthesize uranyl complexes in this article.  To our best 
knowledge, amino acid is not only an important compound of life, 
but also having essential elements to human body.  Amino acids are 
biologically important organic compounds composed of amine and 
the carboxylic acid functional groups, which have particular 
applications in biochemistry.  In addition, amino acids have two 
potential binding sites due to the O-donor and N-donor, which is 
especially preferable to bond to uranium atom to form a class of 
crystalline microporous uranyl-organic materials with well-defined 
channels and rich functionalities.  Except for gas uptake and storage 
properties, uranyl-organic complexes are often considered as 
efficient heterogeneous photocatalytic activity catalysts candidates 
because: i) maximum dispersed and uniformly distributed uranyl 

ions in uranium-based complexes provide numerous potential 
catalytic centers; ii) highly ordered open channels with well-defined 
size and shape offer excellent selectivity of substrates; iii) 
heterogeneous nature of uranium-organic hybird materials facilitates 
the recovery and reuse of the catalysts.  However, many metal-
organic frameworks reported to date are not catalytically active due 
to the coordinative saturation of their metal sites.  Therefore 
exploring desirable active metal centers is very important to achieve 
framework activity.  Uranium-based compounds exhibit versatile 
physiochemical properties, for example, luminescence12, 
photocatalytic performance13, and photoelectric conversion4, 14.   

In this context, we choose UO2(CH3CO2)2·2H2O as a starting 
materials, histidine and glycine as the ligand, four uranyl complexes  
(UO2)2 (µ2-OH) (µ3-OH) (his) (CH3CO2) (1), [(UO2)2(µ2-OH)(µ3-
OH)2(gly)]·1.5H2O (2), UO2(CH3CO2)(µ2-OH)(2,2’-bipy) (3), and 
UO2(CH3CO2)2(2,2’-bipy) (4) have been successfully synthesized.  
These complexes were characterized by single-crystal X-ray 
diffraction, IR spectra, UV-vis spectra and XRD analysis, the 
thermal properties, photocatalytic properties and luminecence of 
them were also studied. 

 

Experimental Section 

Materials.  All other chemicals purchased were of reagent grade 
or better and used without further purification.  IR spectra were 
recorded on a JASCO FT/IR-480 PLUS Fourier Transform 
spectrometer with pressed KBr pellets in the range 200-4000 cm–1.  
The elemental analyses for C, H, and N were carried out on a Perkin 
Elmer 240C automatic analyzer.  Thermogravimetric analyses (TG) 
were performed under atmosphere with a heating rate of 10 ºC/min 
on a Perkin Elmer Diamond TG/DTA.  The luminescence spectra 
were recorded on a JASCO F-6500 spectrofluorimeter (solid).  UV-
vis spectra were recorded on JASCO V-570 spectrometer (200-1100 
nm, in form of solid sample).  X-ray powder diffraction (PXRD) 
patterns were obtained on a Bruker Advance-D8. 

Synthesis. Caution! Whereas the uranium oxynitrate 

hexahydrate (UO2(CH3COO)2·2H2O) used in this study contains 

depleted U, standard precautions for handling radioactive 

substances should be followed. 
(UO2)2 (µ2-OH) (µ3-OH) (his) (CH3CO2)(1). UO2(CH3CO2)2·2H2O 
(0.1058 g, 0.25 mmol) and histidine (0.0387 g, 0.25 mmol) were 
dissolved in water (5 ml) and stirred for 4 h at room temperature 
giving a yellow solution.  Then the mixed solution was heated at 
80 °C for one day, and yellow crystals were obtained.  Yield (based 
on U): 49.35%.  Anal. Calc. For C8H11O10N3U2: C, 12.23; H, 1.40; 
N, 5.35.  Found: C, 12.27; H, 1.51; N, 5.32. 
[(UO2)2(µ2-OH)(µ3-OH)2(gly)]·1.5H2O(2).UO2(CH3CO2)2·2H2O 
(0.1058 g，0.25 mmol) and glycine (0.0187 g，0.25 mmol) were 
dissolved in  water (10 ml), and the mixture was stirred at room 
temperature for 1 h, the yellow solution was obtained.  Then the 
mixed solution was heated at 80 °C for four days, yellow single 
crystals of 2 for X-ray diffraction analysis were obtained. Yield 
(based on U): 54.61%.  Anal. Calc. For C2H10N2O10.5U2: C, 3.40; H, 
1.41；N, 3.96.  Found: C, 3.41; H, 1.49；N, 3.89. 
UO2(CH3CO2)(µ2-OH)(2,2’-bipy) (3). UO2(CH3CO2)2·2H2O 
(0.1058 g, 0.25 mmol), histidine (0.0387 g, 0.25 mmol), 2,2’-bipy 
(0.0391 g, 0.25 mmol) and H2O (10 ml) were mixed in a 25ml 
beaker and stirred for 2 h, then the final reaction mixture was heated 
at 80 °C for one day, yellow block single crystals of 3 for X-ray 
diffraction analysis were obtained, but the low yield did not allow 
for additional chemical characterization.   Yield (based on U): 

Page 3 of 13 CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



 3

35.06%.  Anal. Calc. For C12H12N2O5U: C, 28.67; H, 2.39; N, 5.57. 
Found: C, 28.60; H, 2.44; N, 5.53. 

UO2(CH3CO2)2(2,2’-bipy) (4). UO2(CH3CO2)2·2H2O (0.1058 g, 
0.25 mmol) , histidine (0.0387 g, 0.25 mmol) and 2,2’-bipy (0.0391 
g, 0.25 mmol) were dissolved in deionizer water (15 ml), and stirred 
for 40 min at room temperature giving a yellow solution.  Then the 
mixed solution was placed at room temperature for one week, 
yellow single crystals of 4 for X-ray diffraction analysis were 
obtained.  Yield (based on U): 47.07%.  Anal. Calc.  For 
C14H14N2O6U: C, 30.87; H, 2.57; N, 5.14.  Found: C, 30.82; H, 2.63; 
N, 5.07. 

X-ray Crystallographic Determination. Suitable single crystals 
of four complexes were mounted on glass fibers for X-ray 
measurement, respectively. Reflection data were collected at room 
temperature on a Bruker AXS SMART APEX II CCD 
diffractometer with graphite monochromatized Mo Kα radiation 
(λ=0.71073 Å).  All the measured independent reflections (I > 2σ(I)) 
were used in the structural analyses, and semi-empirical absorption 
corrections were applied using SADABS program15.  Crystal 
structures were solved by the direct method.  All non-hydrogen 
atoms were refined anisotropically.  Hydrogen atoms on carbon and 
nitrogen were fixed at calculated positions and refined by using a 
riding model.  The hydrogen atom of coordination water molecules 
were found in difference Fourier map.  All calculations were 
performed using the SHELX-97 program16.  Crystal data and details 
of the data collection and the structure refinement are given in 
Table.1.  The selected bond lengths and angles around metal atom of 
complexes 1-4 are listed in Table.S1-S4. 

 

Results and Discussion 

Synthesis: For having a deep insight of further investigate the 
influence of the amino acids on the architectures of uranyl 
complexes, we choose UO2(CH3CO2)2·2H2O as a starting material, 
histidine and glycine as the ligands.  In view of the amino acids with 
high solubility in water, we choose water as the solvent in the 
reaction system.   Two new uranyl complexes have been synthesized 
by the reaction of mixing UO2(CH3CO2)2·2H2O , the amino acids 
and solvent of water, furthermore heating in a pyrex flask at 80 °C 
for four days or one day.  In order to obtain complexes with more 
complicated structures and dimensions, which have potential 
applications in functional materials, we try to add 2,2’-bipy to this 
reaction system as the auxiliary ligand.  We expect that both amino 
acids and 2,2’-bipy could coordinate to uranium atom to get rigid-
flexible mixed uranyl complexes as we designed previously.  
However, the reaction results found that only uranyl-2,2’-bipy 
complexes were obtained.  It is indicated that the coordination 
capability of 2,2’-bipy is obviously stronger than that of amino acids 
in this system above. 

It is worth to mention that there are some differences in structure 
between complex 3 and 4, which may be attribute to the different 
reaction condition.  By the solution method, complex 4 was 
successfully synthesized at room temperature, while via heating at 
80 °C to react for one day, complex 3 was also obtained.  The 
results revealed that the temperature is also a key factor of the 
reaction to form the complexes, and acetic acid maybe more easily 
coordinated to uranium atom at room temperature.  In addition, 
complexes 1-4 are all stable at room temperature, and slightly 
soluble in DMSO and DMF, almost insoluble in water. 

Structural Description of Complexes 1-4: 

Structure of the complex 1: The asymmetric unit of complex 1 
is shown in Fig. 1a.  Structural analysis shows that the complex 1 
was crystallized in the monoclinic system with C2/c space group.  
The asymmetric unit of 1 consisted of two uranyl cations, one 
histidine ligand, one two-bridging hydroxyl-oxygen group, one 
three-bridging hydroxyl-oxygen group and one CH3COO- ligand.  
This uranium atom (U1) coordinated with two oxygen atom (O3, 
O4) in the axial direction, one oxygen atom (O8) of the CH3COO– 
ligand, one oxygen atom (O7#1) and one nitrogen atom (N1#1) from 
the histidine ligand, one two-bridging hydroxyl-oxygen atom (O5) 
and one three-bridging hydroxyl-oxygen atom (O6) in the equatorial 
plane to form a pentagonal bipyramid polyhedrogen.  Similarly, the 
uranium atom (U2) was seven-coordinated by two oxygen atoms 
(O1, O2) of the uranyl cation, two oxygen atoms (O10, O9#2) from 
the histidine ligand and CH3COO- group, respectively, and three 
bridging oxygen atoms (O5, O6, O6#2) to generate a pentagonal 
bipyramid geometry. 

For complex 1, the four U=O bond distances were 1.794(13), 
1.771(14), 1.795(14) and 1.786(14) Å for U1-O3, U1-O4, U2-O1 
and U2-O2, respectively.  The bond length of U-N was 2.596(15) Å 
and the distance of U-Obridging ranged from 2.236(11) to 2.401(11) Å.  
Additionally, the uranyl ions (U1 and U2) have nearly linear 
[O=U=O]2+ bond angles of 174.0(6) ° and 176.3(6) °.  In the 
structure of complex 1, two histidine ligand and four uranyl 
polyhedrons constructed a building [(UO2)4O10(C6O2N3)2] unit via 
the edge-sharing polyhedral connection (Fig. 1c), in which the 
histidine adopted terminal coordination mode.  One oxygen atom of 
the carboxylate group from the histidine acted as a bridge to link 
these units one by one and furthermore formed an infinite 1D chain 
structure (Fig. 1b).  There are three kinds of hydrogen bonds in 
complex 1: (i) N―H…O type between the nitrogen atom from the 
five-number ring of histidine ligand and oxygen of uranyl cation; (ii) 
N―H…O type between the nitrogen atom from the chain of 
histidine ligand and oxygen atom of uranyl cation; (iii) C―H…O 
type between the carbon atom from histidine ligand and oxygen 
atom uranyl cation.  By the hydrogen bonding interaction of (i), the 
molecules were connected to a 2D network structure along ab plane 
(Fig. 1d). Hydrogen bonding of (ii) linked molecules to form a 2D 
network structure along ab plane (Fig. 1e). By the hydrogen bonding 
interaction of (i), (ii) and (iii), a 2D supramolecular structure formed 
(Fig. 1f). 
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Figure 1. (a): The asymmetric unit of complex 1(Symmetry codes: #1: 3/2-

x,1/2-y,1-z; #2: 1-x,1-y,1-z); (b): The 1D chain structure of complex 1; (c): 

The building unit of complex 1; (d): The 2D network structure connected by 

hydrogen bonding of (i) along ab plane of complex 1; (e): The 2D network 

structure connected by hydrogen bonding of (ii) along ab plane of complex 1; 

(f): The 2D supramolecular structure of complex 1 

 

Structure of the complex 2: The single-crystal X-ray analysis 
reveals that complex 2 is crystallized in the monoclinic system with 
space group C2/c.  As shown in Fig. 2a, the asymmetric unit of 
complex 2 consisted of two uranyl cations, one glycine ligand, one 
two-bridging hydroxyl-oxygen group, two three-bridging hydroxyl-
oxygen groups and one and a half lattice water molecule.  The U1 
was seven-coordinated by two oxygen atoms (O3, O4) in the axial 
direction, one oxygen atom (O9) from the glycine ligand and four 
three-bridging hydroxyl-oxygen atoms (O6, O6#2, O7, O7#4) in the 
equatorial plane to generate a slightly distorted pentagonal 
bipyramid geometry.  U2 adopted the same coordination mode as 
that of U1. The seven oxygen atoms coordinated with U2 were 
fromed by two oxygen atoms (O1, O2) from uranyl, one oxygen 
atom (O8) from the glycine ligand, two three-bridging hydroxyl-
oxygen atoms (O6, O7#5) and two two-bridging hydroxyl-oxygen 
atoms (O5, O5#1).  Thus, seven oxygen atoms coordinated to U2 to 
form a slightly distorted pentagonal bipyramid UO7 polyhedron 
configuration.  U1 and U2 were connected by two oxygen atoms 
(O8, O9) from one carboxylate group of glycine and one three-
bridging oxygen atom (O6), which furthermore stabilized the 
structure of complex 2.  In complex 2, the glycine ligand also 
adopted terminal coordination mode that similar to complex 1. 

The two uranyl ions U1 and U2 have nearly linear [O=U=O]2+ 
bond angles of 176.5(5) and 175.8(6)°, respectively.  The four U=O 
bond distances were 1.796(12), 1.788(12), 1.781(13) and 1.778(12) 
Å for U1-O3, U1-O4, U2-O1 and U2-O2, respectively.  The bond 
distances of U-Oglycine were in the range of 2.368(12)-2.474(11) Å.  
Additional, the bond length of U-Otwo-bridging and U-Othree-bridging were 
2.336(12) and 2.372(11) Å, respectively. 

 

 

For having a deeply understanding of the structure framework, it 
would be essential to explore the connection ways of the metal 
centers and the glycine.  In complex 2, uranyl polyhedrons through 
edge-sharing to form an infinite 1D chain structure along a axis 
direction, and the chain was furthermore connected by pentagonal 
pyramids sharing edge to a 2D wave-like layer (Fig. 2b).  As shown 
in Fig. 2c, it is the 2D wave-like layer of complex 2 along bc plane.  
In addition, there are five kinds of hydrogen bonds in complex 2: (i) 
N—H…O type between the nitrogen atom from glycine and oxygen 
atom from uranyl cation; (ii) C—H…O type between the carbon atom 
from glycine and oxygen from carboxyl group of glycine; (iii) C—H
…O type between the carbon atom from glycine ligand and oxygen 
from uranyl cation; (iv) O—H…O type between the lattice water 
molecule and the uranyl cation; (v) O—H…N type between the 
oxygen atom from lattice water molecule and the nitrogen atom 
from glycine. Hydrogen bonding of (i) linked adjacent asymmetric 
units to form an infinite 1D supramolecular chain like a zigzag (Fig. 
2d).  Furthermore, as shown in Fig. 2e, the molecules were 
connected to a 3D supramolecular structure by the hydrogen 
interactions of (i), (ii) and (iii).  It is interesting that both hydrogen 
bondings (ii) and (iii) presented a bifurcate connection mode.  
Additionally, the molecules were furthermore stabilized by the 
hydrogen bonding interactions of (iv) and (v). 
 

 

Figure 2. (a): The asymmetric unit of complex 2(the free water molecule has 

been omitted)(Symmetry codes: #1: 2-x,2-y,1-z; #2: 1-x,y,1/2-z; #4:-x,y,1/2-

z; #5: 1+x,y,z); (b): The 2D wave-like layer of complex 2; (c): The wave-

like layer of complex 2 along bc plane; (d): The 1D chain structure 

connected by hydrogen bonding of (i) of complex 2; (e): The 3D 

supramolecular structure of complex 2 

 
Structure of the complex 3: The single-crystal X-ray analysis 

reveals that the complex 3 is crystallized in the orthorhombic system 
with space group Pbca.  As shown in Fig. 3a, the asymmetric unit of 
complex 3 contained one uranyl ion, one 2, 2’-bipy ligand, one two-
bridging hydroxyl-oxygen group and one CH3COO- ligand.  The 
uranium atom coordinated with two oxygen atoms (O1, O2) in the 
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axial direction, two nitrogen atoms (N1, N2) from one 2,2’-bipy 
ligand, two two-bridging hydroxyl-oxygen atoms (O3, O3#1) and 
two oxygen atoms (O4, O5) of carboxylate groups in the equatorial 
plane to form a hexagonal bipyramid geometrical configuration. The 
bond lengths of U=O are 1.763(5) and 1.769(5) Å, the length of U-O 
was in the range of 2.273(6) to 2.484(4) Å and the length of U-N 
was 2.612(4) and 2.654(5) Å.  The uranyl ion has nearly linear 
[O=U=O]2+ bond angle of 174.7(3)° and the bond angle of N-U-N 
was 61.75(14)°.  There were two kinds of hydrogen bonds in 
complex 3: (i) C—H…O type between the carbon atom from 2, 2’-
bipy ligand and oxygen atom from CH3COO- group; (ii) C—H…O 
type between the carbon atom from 2, 2’-bipy ligand and oxygen 
atom from uranyl cation.  Hydrogen bonding of (i) and (ii) linked 
adjacent asymmetric units to form a 2D supramolecular network 
structure (Fig. 3b). 
 

Figure 3. (a): The asymmetric unit of complex 3(Symmetry codes: #1: -x,-

y,1-z); (b): The 2D supramolecular network connected by hydrogen bonding 

of (i) and (ii) of complex 3 

 

Structure of the complex 4: Complex 4 crystallized in the 
monoclinic system with P21/n space group.  There was one 
crystallographically distinct uranyl center, two CH3COO– groups 
and one 2, 2’-bipy ligand in the asymmetric unit (Fig. 4a).  The 
uranyl center was coordinated by two oxygen atoms (O1, O2) in the 
axial direction, two nitrogen atoms (N1, N2) from one 2,2’-bipy 
ligand and four oxygen atoms (O3, O4, O5, O6) of carboxylate 
groups in the equatorial plane, resulting in a distorted hexagonal 
bipyramid.  The U=O lengths were 1.760(3) and 1.755(3) Å, 
respectively, while the U-O distances in the equatorial plane ranged 
from 2.437(3) to 2.472(3) Å.  The bond lengths of U-N1 and U-N2 
were 2.632(4) and 2.643(4) Å, respectively. The uranyl ion has 
nearly linear [O=U=O]2+ bond angle of 179.08(15)°.  In addition, 
the molecule of the complex 4 was linked to form a 1D chain 
supramolecular structure by the hydrogen bonding interactions of 
C14—H14C…O2 (3.3781 Å, 174°) (Fig. 4b).  

Figure 4. (a): The asymmetric unit of complex 4. (b): One-dimensional 

chain through hydrogen bond of complex 4 

 
Structural Comparison: 

By comparison, the angles of O=U=O of the four complexes are all 
closed to 180°, which is similar to those reported in the literature.  
Comparison of corresponding bond lengths and angles of some 
relevant uranyl complexes with carboxylate ligand is given in Table 
2, it is conclusion that the U=O bond length of uranyl complexes 
with amino acid ligand is slightly longer than those uranyl 

complexes with the carboxylate ligand, and the angles of O=U=O in 
those complexes with amino acid ligand is slightly smaller.  
Moreover, the U-Ocarboxylate bond lengths of the complexes with 
histidine ligand are slightly longer than those in uranyl complexes 
with glycine ligand.  In complexes 1-4, the order of the angles of 
O=U=O is 4 > 2 > 1 > 3, it should be attributed to the different 
coordination environments around uranyl groups.  As it reported in 
the literatures, the uranyl complex usually is completed by four to 
six U-O bonds in the equatorial plane, having the average bond 
length of 2.28 Å for the hexa-coordinated uranium polyhedra, 2.37 
Å for the hepta-coordinated one and 2.47 Å for the octa-coordinated 
one17.  Additionally, the coordination environment of uranyl were 
different in the complexes.  For complex 1 and 2, the uranyl was 
seven-coordinated to form a pentagonal bipyramid geometric 
configuration while the uranyl was eight-coordinated to generate a 
hexagonal bipyramid geometry in complex 3 and 4.  Even though 
both of histidine and glycine in complexes 1 and 2 adopted terminal 
coordination mode, the packing fashion and the linking fashion of 
hydrogen bonding for these complexes were different.  In the 
structure of complex 1, the building unit [(UO2)4O10(C6O2N3)2] was 
formed by four uranyl polyhedrons and two histidine ligand, and 
four uranyl polyhedrons were connected by histidine to form an 
infinite 1D chain structure.  It is worth to mention that the building 
unit [(UO2)4O10(C6O2N3)2] of complex 1 exhibits an interesting type 
of linkage.  The building unit consists of four pentagonal bipyramids, 
two of them share two edges and one corner with two adjacent 
neighbors and the other two have only one edge and one corner in 
common with the first pair of uranyl centers17.  The connection 
nodes between the pentagonal bipyramid all occured in the 
equatorial plane.  Furthermore, the molecular configuration of 
complex 1 is similar to that of compound 
(Hdib)2[(UO2)2O(OH)(siph)]18.  In complex 2, the pentagonal 
pyramids (UO7) through edge-sharing to form a 2D wave-like layer, 
the molecule was furthermore connected by hydrogen bonding to 
form a 3D supramolecular structure.  Complexes 3 and 4 were a 
discrete UO2-2, 2’-bipy complexes, and by the hydrogen bonding 
interactions, the adjacent molecules of complexes 3 and 4 were 
connected to form a 2D supramolecular network and an infinite 1D 
supramolecular chain structure, respectively. 
IR spectra: For IR spectrum of complex 1 (Fig. S1), the peaks at 
3345, 3281, 3142 cm-1 should be attributed to the stretching 
vibration of N-H from the histidine ligand.  The characteristic band 
shown at 3026 cm-1 was attributed to the stretching vibration of =C-
H.  Weak absorptions observed at 2892 and 2863 cm–1 are features 
of the νC–H vibration modes of −CH2− within the histidine ligand.  
The strong peak at 1600 cm-1 should be attributed to the asymmetric 
stretching of COO- whereas the symmetric peak was observed at 
1553 cm-1.  The strong bonds appearing in the region of 904-858 
cm-1 were ascribed to the characteristic absorptions for the 
asymmetric and symmetric stretching vibrations of bond U=O, 
which were associated with the structure of complex 1. 

The IR spectrum of complex 2 was shown in Fig. S2, a broad 
band from 3568 to 3435 cm-1 were associated with free water 
molecules.  The peak at 3124 cm-1 should be attributed to the 
stretching vibration of N-H from the ligand.  The strong peak at 
1569 cm-1 should be attributed to the asymmetric stretching of COO- 
whereas the symmetric stretching viberation was observed at 1447 
cm-1.  The asymmetric and symmetric stretching modes of the 
uranyl cation, range from 912 to 864 cm-127, which were associated 
with the structure of 2. 

The IR spectrum of complex 3 was shown in Fig. S3, the peak at 
3414 cm-1 was attributed to the stretching vibration of O-H. The 
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strong bonds appearing in the region of 917-859 cm-1 were ascribed 
to the characteristic absorptions for the asymmetric and symmetric 
stretching vibrations of bond U=O. The characteristic band shown at 
1243, 1012, 766, 710 and 678 cm-1 indicated the existence of 2, 2’-
bipy ligand, which was associated with the structure of 3. 

The IR spectrum of complex 4 was shown in Fig. S4, the group 
with peaks at 919 cm-1, 862 cm-1 was attributed to the asymmetric 
and symmetric stretching vibrations of bond U=O27.  The peaks 
range from 608 cm-1 to 1048 cm-1 indicated the existence of 2, 2’-
bipy ligand, which were associated with the structure of 4.  
Thermal properties: To examine the thermal stability of the 
complexes, thermal gravimetric analysis (TG) was carried out at a 
heating rate of 10 °C/min under the condition of N2 atmosphere 
with the temperature range from 20 to 1000 °C (Fig. S5-S8). The 
TG curve of 1 shows only one stage: the weight loss of 63.58% in 
the range of 275-305 °C should be attributed to the release of one 
histidine ligand, one CH3COO- group and two bridging oxygen 
atoms.  The final residue is corresponding to UO3 and some 
remaining constituent of carbon.  The TG curve of 2 is divided into 
three steps.  The first weight loss of 3.90% in the range of 35 to 165 
°C should be attributed to one and a half lattice water molecules.  
The second weight loss occurs in the range of 165-314 °C, with a 
percentage weight loss of 12.97%, which is ascribed to the release 
of one coordinated water molecule and one glycine ligand.  The last 
step of decomposition occurred within the range of 314 to 1000°C, 
which is considered the loss of two bridging oxygen atoms, and the 
final residue is corresponding to UO3 and some remaining 
constituent of carbon.  The TG behavior of these complexes is 
slightly different due to the differences of organic composition in 
the structures.  The TG curve of 3 shows only one stage: the weight 
loss of 22.17% in the range of 322 to 343 °C is attributed to the 
release  of half  2, 2’-bipy ligand and one CH3COO- group. The final 
residue is corresponding to UO3 and some remaining constituent of 
carbon. The TG curve of 4 shows only one stage: the weight loss of 
51.79% in the range of 184 to 556 °C is attributed to the release of 
one 2, 2’-bipy ligand and one CH3COO- group.  The final residue is 
corresponding to UO3 and some remaining constituent of carbon.  
XRD analysis: The powder X-ray diffraction data of the complexes 
1-4 were obtained and compared with the corresponding simulated 
single-crystal diffraction data (Fig. S9-S12).  The phase of the 
corresponding complex is considered as purities owning to the 
agreement of the peak positions. The different intensity may be due 
to the preferred orientation of the powder samples. 
Photoluminescent properties: The fluorescence on uranyl 
compounds is currently a significant attention in the development of 
fluorescent materials.  The uranyl ion is a fluorescent centre.  The 
luminescence spectra of uranyl compounds are located in the visible 
region (480-600nm)28.  It is necessary to have an investigation of the 
photoluminescence with regard to the uranyl compounds.  The 
structure and intensity of uranyl luminescence spectra depend on the 
bonding, symmetry and the local environment of UO2

2+29.  In 
general, fluorescence of uranyl complexes typically has a 
characteristic six peaks relating to the S11→S00 and S10→S0ν 

electronic transitions, where ν=0-430.  But the luminescent 
properties regarding complex 1 were studied at the excitation 
wavelength of 400 nm and only three peaks (471, 526, 547 nm) 
were presented in Fig. 5a. The luminescent properties regarding 
complex 3 was studied at the excitation wavelength of 364 nm and 
three peaks (418, 516, 531 nm) were presented in Fig. 5c. This 
should be attributed to the overlap of the energy level after 
coordination with the organic ligand, leading to the change of 
electronic configuration.  Similarly, complex 4 was studied at the 

excitation wavelength of 368 nm and only two peaks (529 nm, 542 
nm) were presented in Fig. 5b.  The photoluminescent spectra of the 
three complexes both exhibit a broad peak, which should due to 
presence of organic conjugating system leading to the overlap of the 
energy level.  However, according to the experimental results, it is 
found that the photoluminescent peak of complex 2 was not 
observed, this phenomenon of fluorescence quenching may be 
attributed to that the excitation energy of glycine ligand is not match 
with the excitation energy of uranyl.  To the best of our knowledge, 
not all uranyl complexes exhibit luminescence of UO2

2+ cations.  
This is a common phenomenon because many factors are relevant to 
the luminescent property, such as size and quality of the crystal, 
disorder within the equatorial plane of the uranyl group, and so on31. 
 

Figure 5. (a): The photoluminescent spectrum of the complex 1(the 

excitation wavelength is 400 nm); (b): The photoluminescent spectrum of the 

complex 4(the excitation wavelength is 368 nm); (c): The photoluminescent 

spectrum of the complex 3(the excitation wavelength is 364 nm) 

 

UV-vis spectra: The diffuse reflectance of UV-vis spectra of 
complexes 1-4 were shown in Fig. S13-S16.  For complex 1, there 
are three peaks presented in the spectroscopy, the peaks at 210 nm 
should be attributed to the electronic transition of the ligand, the 
peak at 312 nm, 442 nm should be attributed to the electronic 
transition between the U=O double bond32,33. Similarly, the 
spectroscopy of complex 2 occurred three peaks at 209, 319 and 437 
nm, which were also attributed to the typical absorption peaks of 
(UO2)

2+.  For complexes 3 and 4, three peaks (214 nm, 323 nm, 435 
nm) and (256 nm, 331 nm, 435 nm) occurred in the UV-vis 
spectrum respectively, which is associated to the typical absorption 
of uranyl cation. It worth to mention, by comparing with complex 1-
4, we found that the shape and position of the peaks are almost 
similar, only the absorption intensities of complex 3 and 4 were 
slightly weaker than complex 1 and 2, which nearly due to the 
different type of the ligands.   
Photocatalytic Performance: Photocatalysts have attracted much 
attention due to their potential applications in purifying waste water 
and air by thoroughly decomposing organic compounds34.  Among 
these photocatalysts, the kinds of uranyl-contained complexes were 
extraordinary important because of the thoroughly decomposing of 
organic polluction which completed by the uranyl double bond35.  
As we all know, methyl blue, methyl orange and rhodamine B 
(RhB) as the dyes have been widely used in textile, printing, paper 
and pharmaceutical industry, but causing serious pollution to the 
environment at the same time36.  In this work, we selected methyl 
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blue and rhodamine B as the model compound of organic pollutant 
to investigate the degradation efficiency using complex 1 as catalyst.  
With the aim to have a deep insight of further investigate of the 
degradation efficiency of the dye, we also studied the degradation 
efficiency under the irradiation of UV and visible light, respectively.  
During the degradation process, we used a 18 W Hg lamp as UV 
light source and a 125 W Xe lamp as the visible light source.  The 
distance between the reaction vessel and the light source was all 15 
cm.  And during the process of the decomposing reaction, a UV-
1000 spectrophotometer was used to monitor the reaction under the 
specific given wavelength.  To rule out the possibility that the 
photocatalytic activity of the complex arises from molecular or 
oligomeric species formed through dissolution of the solid samples 
in the photocatalytic reaction systems, control experiments were 
conducted.  We subjected the catalysts to UV and visible light and 
continuous stirring in water for 3h, and tested the photocatalytic 
activity of the solution after filtering off the solid materials.  No 
catalytic activity was observed for the solution. 

In this work, we take complex 1 as the example to illustrate the 
degradation efficiency intail. Firstly, the photodegradation activity 
was tested by using a solution of rhodamine B (RhB) as a target 
pollutant for degradation experiments. For comparison, the 
degradation reaction was also tested under UV and visible light, 
respectively.  As it is shown in Fig.6a, in the presence of complex 1, 

only a very small decrease in intensity for the characteristic 
absorption of RhB was observed under visible light irradiation.  
However, under the irradiation of UV light (Fig.6b), the decrease 
intensity of absorption was larger than that of under visible light 
irradiation.  As it is shown in Fig.8b, for comparison, the self-
degradation of RhB was also assessed under the same experimental 
conditions.  It obviously revealed that without the solid catalyst in 
the reaction system, the RhB hardly degraded in 3 h of irradiation 
under UV and visible light, suggesting that the solution contains no 
photocatalytically active species.  However, in the presence of 
complex 1, the RhB in the aqueous solution is degraded 8.61% 
under the irradiation of UV light and 1.64% under the irradiation of 
visible light in the early 30 min.  The slope of the curves (Fig.8b) 
reflected that the degradation efficiency of the solution under UV 
light was much better than that under visible light.  After degraded 
the RhB solution in the presence of complex 1 for 3 h under UV 
light, the degradation rate of it was nearly 17.48%.  These results 
suggest that complex 1 may be not a very good candidate for 
photocatalytic degradation of RhB. 

In addition, we also selected another kind of dye methylene blue 
as model compound of organic pollutant to investigate the 
degradation efficiency using complex 1 as catalyst.  The absorption 
spectra of methylene blue solution during the photodegradation 
reaction under the visible and UV light were shown in Fig.7.  Under 
the irradiation of UV light, the decrease intensity of absorption was 
remarkable larger than that of under visible light irradiation.  As 
shown in Fig.8a, in the presence of complex 1, the methylene blue 
solution is degraded 40.40% in 180 min under visible light and 
degraded 54.89% under the UV light irradiation.  Above all, it 
revealed that the degradation efficiency of methylene blue solution 
is much better than that of RhB solution in the presence of complex 
1.  These results suggest that complex 1 exhibit high photocatalytic 
activities under UV and visible light irradiation for methylene blue. 
 

 

 

 

 

 

 

 

Figure 6. Absorption spectra of rhodamine B (RhB) solution during the 

photodegradation reaction under the irradiation of (a) visible light and (b) 

UV light with the use of complex 1 

 

Figure 7. Absorption spectra of methylene blue solution during the 

photodegradation reaction under the irradiation of (a) visible light and (b) 

UV light with the use of complex 1 

 

Figure 8. (a):  Self-degradation and photocatalytic decomposition of 

methylene blue solution with the use of complex 1 under UV and visible 

light; (b): Self-degradation and photocatalytic decomposition of rhodamine 

B (RhB) solution with the use of complex 1 under UV and visible light  

 
For comparison, we also tested the degradation efficiency of 

complexes 2-4 by using methylene blue as a target pollutant for 
degradation experiments. For complex 2, the absorption spectra of 
methylene blue solution during the photodegradation reaction 
under the visible and UV light were shown in Fig.S17-18. The self-
degradation and photocatalytic decomposition of methylene blue 
solution with the use of complex 2 under UV and visible light are 
shown in Fig.S19. The degradation effciency of  methylene blue in 
the presence of complex 2 under visible light was a little better 
than under UV light, but the methylene blue solution is degraded 
23.6% in the early 30 min under visible light and degraded 25.5% 
under UV light.  The absorption spectra of methylene blue solution 
during the photodegradation reaction of complex 3 under the 
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visible and UV light were shown in Fig.S20-21. As shown in 
Fig.S22, the slope of the curves reflected that the degradation 
efficiency of the solution under UV light was much better than that 
under visible light in 120 min, however, after degraded the 
methylene blue solution in the presence of complex 3 for 3 h under 
UV light and visible light, the degradation rate of it was 32.5% and 
35.0%, respectively. The absorption spectra of methylene blue 
solution during the photodegradation reaction of complex 4 under 
the visible and UV light were shown in Fig.S23-24, the absorption 
peaks decreased obviously under visible light, but as shown in 
Fig.S25, after degraded the methylene blue solution in the presence 
of complex 4 for 3 h under visible light, the degradation rate of it 
was nearly 20.3%.  Based on analysis above, it is conclusion that 
the degradation eficiency of complexes 1 and 2 was much better 
than complexes 3 and 4. To our best knowledge, the uranyl-
contained complexes could degrade the organic pollutions mainly 
duo to the uranyl double bond. Among complexes 1-4, the high 
percentage composition of uranium in complexes results in the 
high degradation efficiency. 

 
The photochemistry of uranyl compounds dates back to the early 

1800s. Since then, their photochemistry, especially photocatalytic 
performance has been studied extensively.  Generally, two 
mechanisms have been proposed for the photocatalytic reactions 
involving UVI species, that is, hydrogen abstraction and electron 
transfer (Fig.9)37.  Electron may be promoted from the HOMO to 
the LUMO under photoexcitation, the empty uranium orbitals 
generating excited *UO2

2+ species.  To our best knowledge, the 
excited electron in the LUMO is not stable, it may be return to the 
HOMO.  However, the electron from organic molecules (such as 
RhB) may be abstracted by the *UO2

2+ species to form the 
intermediates.  So the HOMO is occupied by the electron from the 
guest molecules, and the excited electron would remain in the 
LUMO until they captured by O2 in the solution, generating highly 
active peroxide anions.  The peroxide anions furthermore oxidize 
and decompose the organic intermediates in the solution, leading to 
complete degradation of the organic substances38.  

As illustrated previously, RhB photodegradation in the presence 
of uranyl photocatalysts also might adopted an abstraction-de-
ethylation process, once having reached the photoexcited uranyl 
centers, the RhB molecules begin to decompose with hydrogen 
abstraction and then the transitional active complex can be formed.  
Thus, one α-hydrogen atom of the methylene group bonded to the 
electron withdrawing nitrogen atom of RhB, which associated to 
uranyl species, and furthermore cracked to small organic acids and 
CO2

24, 39.  The photocatalytic reaction mechanism of methylene blue 
in the presence of uranyl complex is similar to that of RhB, which 
also adopted the hydrogen abstraction mechanism. 

 

 

 
Figure 9. The photocatalytic reaction mechanism of RhB in the presence of 

uranyl complex 

 

Conclusion 

In summary, we have synthesized four uranyl complexes by using 

histidine, glycine and 2, 2’-bipy as the ligand.  Complex 1 features a 

1D structure containing four uranyl polyhedrogens as the building 

unit connected by histidine ligand.  Complex 2 is a 2D wave-like 

layer structure constructed of UO7 polyhedra and glycine ligand.  

Complexes 3 and 4 are a discrete molecule, by the hydrogen 

bonding interactions, the adjacent molecules of complexes 3 and 4 

were connected to form a 2D supramolecular network and an 

infinite 1D supramolecular chain structure, respectively.  In addition, 

the XRD analysis indicating that the bulk products obtained are 

homogenous in nature.  The thermal stability and fluorescence 

properties were also studied, and the results showed that the 

complexes have good thermal stability and fluorescence property.  

Photoluminescent studies reveal those complexes 1, 3 and 4 display 

characteristic emissions of uranyl centers.  They seem to be good 
candidates for biological fluorescence materials.  Complex 1-4 also 

exhibit photocatalytic property under UV and visible light 

irradiation, and complexes 1-3 degrade methylene blue efficiently.  

This work enriches the structure diversity of uranyl complexes and 

demonstrates the progress of construction of new uranyl complexes 

by amino acids ligand.  It is believed that, with the further 

understanding of the uranyl complexes, more physicochemical 

properties of it will be revealed. 

Supporting information paragraph. The selected 
bond lengths and angles for complexes 1-4 are listed in Tables S1-
S4. Their hydrogen bonds are shown in Table S5. Infrared spectra 
and TG curves of complexes 1-4 are shown in Figs.S1-S4 and 
Fig.S5-S8. Fig.S9-S12 and Fig.S13-S16 have presented the PXRD 
patterns and UV-vis spectra of the complexes 1-4, respectively. 
Figs.S17-S19 has presented the degradation efficiency of complex 2. 
The degradation efficiency of complexes 3 and 4 are shown in 
Figs.S20-S22 and Figs.S23-S25, respectively. Copies of this 
information may be obtained free of charge, by quoting the 
publication citation and deposition numbers CCDC 1008960 for (3), 
1008961 for (1), 1008962 for (4) and 1008963 for (2) from the 
Director, CCDC, 12 Union Road. Cambridge, CB2 1EZ, UK 
(fax+44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or 
http://www.ccdc.cam.ac.uk). 
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Table 1 Crystallographic data for complexes 1−4 

Complex 1 2 3 4 

Formula C8H10N3O10U2 C2H10NO10.5U2 C12H12N2O5U C14H14N2O6U 

M (g﹒mol–1) 
784.25 692.17 502.27 544.30 

Crystal system 
Monoclinic Monoclinic Orthorhombic Monoclinic 

Space group 
C2/c C2/c Pbca P21/n 

a (Å) 
17.5227(16) 7.2325(16) 11.5887(3) 7.9487(5) 

b (Å) 
11.7243(10) 16.469(4) 13.7676(4) 19.0021(11) 

c (Å) 
16.7131(15) 17.315(4) 16.8921(5) 10.5863(6)  

α (°) 
90 90 90 90 

β (°) 
112.255(2) 100.814(3) 90 95.6450(10) 

γ (°) 
90 90 90 90 

V (Å3) 
3177.8(5) 2025.9(8) 2695.11(13) 1591.22(16) 

Z 
8 8 8 4 

Dcalc 
3.278 4.539 2.476 2.272 

Crystal size (mm) 
0.31× 0.20 × 0.18 0.23 × 0.14 × 0.12 0.40 × 0.26 × 0.18 0.17 × 0.21 × 0.11 

F(000) 
2744 2376 1840 1008 

µ(Mo-Kα)/ mm–1 
20.412 31.982 12.065 10.232 

Reflections collected 
9773 5702 9893 9876 

Independent reflections (I > 2σ(I) ) 
3896(2987) 2396(1608) 2651(2033) 3893(2978) 

Parameters 
209 141  183  210  

∆(ρ) (e Å–3) 
1.770 and -2.993 2.498 and -2.506 0.887 and -0.942 0.712 and -0.850 

Goodness of fit 
1.049 1.004 1.038 0.989 

R1
a 0.0609 (0.0845)b 0.0506 (0.0872)b 0.0294 (0.0462)b 0.0283 (0.0459)b 

wR2
a 0.1731 (0.1850)b 0.0946 (0.1088)b 0.0566 (0.0620)b 0.0615 (0.0690)b 

aR = ΣFo – Fc / Σ Fo , wR2 = [Σ(w(Fo2–Fc2)2 / [Σ(w(Fo2)2)1/2; [Fo > 4σ(Fo)]. 

bBased on all data. 
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Table 2 The relevant bond lengths (Å) and angles (°) of uranyl complexes 

Complex U=O (Å) U-Ocarboxylate (Å) O-U-O (°) Ref 

α-[(UO2)2(C2O4)(OH)2(H2O)2] 1.764(2) 2.440(11) 177.4(9) [19] 

β-[(UO2)2(C2O4)(OH)2(H2O)2] 1.760(2) 2.481(7) 178.8(3) [19] 

[(UO2)2(C2O4)(OH)2(H2O)2]·H2O 1.770(6) 2.471(7) 178.9(18) [19] 

UO2(HL1) 1.732(8) 2.376(10) 179.2(14) [20] 

(UO2)3(H2O)2L
2 1.725(11) 2.426(2) 178.8(8) [20] 

UO2(tci)(C3H5N2)·H2O 1.768(4) 2.461(2) 178.9(6) [21] 

[UO2(L
1)(H2O)] ·3H2O 1.756(18) 2.370(8) 176.4(6) [22] 

[UO2(L
1)(DMF)] ·0.5H2O 1.758(11) 2.378(5) 179.1(9) [22] 

[UO2(L
1)(H2L1)] ·H2O 1.763(5) 2.364(19) 175.9(17) [22] 

[(UO2)8(L12H8)] ·12H2O 1.742(5) 2.485(10) 178.1(13) [23] 

(UO2)2(NDC)2(2,2-bipy)2 1.770(10) 2.466(13) 178.4(9) [24] 

UO2(4,4-bpdc) 1.748(10) 2.287(14) 180.0(2) [25] 

UO2(1,3-bdc) 

[(UO2)3(Gly)2(O)2(OH)2](H2O)6 

[(UO2)5(Gly)4(O)3(OH)3](NO3)(H2O)12 

[(UO2)3(Ala)2O(OH)3](NO3)(H2O)3 

1.759(8) 

1.785(5) 

1.794(16) 

1.777(11) 

2.315(5) 

2.425(9) 

2.437(10) 

2.395(4) 

180.0(2) 

175.1(7) 

175.7(11) 

177.6(11) 

[25] 

[26] 

[26] 

[26] 

(UO2)2(µ2-OH)(µ3-OH)(his)(CH3CO2) 

[(UO2)2(µ2-OH)(µ3-OH)2(gly)]·1.5H2O 

1.786(13) 

1.785(5) 

2.492(2) 

2.421(9) 

175.2(19) 

176.1(19) 

this work 

this work 
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Only Graphic Abstract content 

 

 
 

We have synthesized four new uranyl complexes, their photoluminescent characterization and photocatalytic properties were 
studied in detail. 
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