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A praseodymium complex, [Pr2(C2O4)3(H2O)6]n·2nMeOH·2nEtOH (1), 
has been synthesized through a solvothermal reaction and structurally 
characterized by single crystal X-ray diffraction. Complex 1 is crystallized 
in the space group P21/c of the monoclinic system with two formula units 
in one cell. It is characteristic of a two-dimensional (2D) structure with 
the praseodymium atom binding with nine oxygen atoms to give a 
tricapped trigonal prismatic coordination geometry. The [Pr2(C2O4)3(H2O)6]n

 

layers, methanol and ethanol molecules interconnect together through 
abundant hydrogen-bonding interactions to yield a three-dimensional (3D) 
supramolecular framework. Photoluminescence measurements with 
solid-state sample discover that it has an emission in the green region. 
The photoluminescent bands at 512, 526, 547, 560 and 582 nm are 
attributable to the distinct emission 3P0-3HJ (J = 4, 5, 6) and 3P0-3FJ  
(J = 2, 3) transitions of the Pr3+ ion. Diffuse reflectance measurement with 
solid-state sample reveals the existence of a narrow optical band gap of 1.46 
eV. Variable-temperature magnetic susceptibility and field dependence magnetization measurements are also investigated and the magnetic 
susceptibility obeys the Curie-Weiss law (χm= c/(T-θ)) with the value C being of 2.45 K and Weiss constant θ being of –21.67 K.  
 

 
 

INTRODUCTION* 

Lanthanide complexes often exhibit special 
optical and magnetic properties owing to the 
presence of 4f electrons of the lanthanide ions. 
Lanthanide complexes are particularly desirable 
for their magnetic, photoluminescent, chemical, 
and electronic characteristics originating from the 
4f electrons. Nowadays, lanthanide complexes 
have become a significant research hotspot due to 
their interesting structural motifs, abundant 
properties and extensive application values in the 
fields like light-emitting materials, sensors, 
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electroluminescent devices, fluorescent probes, 
magnetic materials, cell imaging, and analysis test, 
and so on.1-4 A large number of lanthanide 
complexes have thus far been prepared.5-9 As one 
of the members of lanthanide, praseodymium is 
also an interesting element because praseodymium 
compounds can generally display different ground 
state properties due to the vital role of quadrupolar 
fluctuations and crystalline-electric-field effects.10,11 
Furthermore, the trivalent praseodymium ion is 
very useful for visible fiber lasers because it can 
afford efficient energy conversion, good beam 
quality, pliable configurations, small footprint, and 
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wideband transitions. To our knowledge, 
investigation on the praseodymium complexes is 
relatively rare up to date. Therefore, the structures 
and properties of praseodymium complexes have 
yet to be explored. In order to obtain new 
lanthanide complexes with novel structures and 
properties, we recently focus on the synthesis and 
characterization of praseodymium complexes. We 
report in this work the solvothermal preparation, 
crystal structure, photoluminescent, magnetic and 
semiconductive properties of a new praseodymium 
complex, [Pr2(C2O4)3(H2O)6]n·2nMeOH·2nEtOH 
(1), which is characteristic of a 2D layer and a 3D 
supramolecular framework, although this structural 
type was already reported.12,13    

EXPERIMENTAL 

Synthesis and characterization of 
[Pr2(C2O4)3(H2O)6]n·2nMeOH·2nEtOH (1): All the 
chemicals and reagents are of analytical grade, commercially 
obtained and used without further purification. It was 
synthesized by mixing Pr(NO3)3·6H2O (1 mmol, 434 mg), 5-
sulfosalicylic acid dehydrate (2 mmol, 434 mg), 1 mL 
methanol, 1 mL ethanol and 10 mL distilled water in a 25 mL 
Teflon-lined stainless steel autoclave and heated at 453 K for 
15 days, then power off. When the autoclaves were cooled 
down to room temperature, yellow block crystals were 
obtained and applied to single crystal X-ray analysis. The 
yield is 26% based on praseodymium. C12H32O22Pr2: calcd. C, 
17.79; H, 3.98; Found C, 17.92; H, 4.03. Elemental 
microanalyses of carbon and hydrogen were carried out with 

an Elementar Vario EL elemental analyzer. Photoluminescent 
experiments were carried out with solid-state sample at room 
temperature on a F97XP spectrometer. Solid-state UV/vis 
spectra with powder sample were recorded at room 
temperature on a computer-controlled TU1901 UV/vis 
spectrometer equipped with an integrating sphere in the 
wavelength range of 190–900 nm. BaSO4 powder was applied 
as a 100% reflectance reference, on which the ground powder 
samples were coated. Variable-temperature magnetic 
susceptibility and field dependence magnetization 
measurements of 1 on polycrystalline samples were conducted 
on a MPMS Quantum Design SQUID magnetometer. All the 
magnetic data were corrected for diamagnetism estimated 
from the Pascal’s constants. 

X-ray crystallographic study: The intensity data set were 
collected on a SuperNova CCD X-ray diffractometer with a 
carefully selected single crystal. The X-ray source is graphite 
monochromated Mo-Kα radiation (λ = 0.71073 Å). The data 
reduction and empirical absorption correction were performed 
with the CrystalClear software.14 The crystal structure was solved 
by using the direct method and the Siemens SHELXTLTM V5 
software15 and refined by using a full-matrix least-squares 
refinement on F2. All the non-hydrogen atoms were found on the 
difference Fourier maps and applied anisotropic refinement. The 
hydrogen atoms were theoretically added to their parent atoms 
and included in the structural factor calculation with assigned 
isotropic thermal parameters. The crystal data as well as the 
details of data collection and refinement are given in Table 1, 
while the selected bond lengths and bond angles were presented in 
Table 2. Crystallographic data for the structural analysis have 
been deposited with the Cambridge Crystallographic Data Centre, 
CCDC No. 1565375. Copies of this information may be obtained 
free of charge from the Director, CCDC, 12 Union Road, 
Cambridge, CBZ 1EZ, UK (Fax: +44-1223-336033; email: 
deposit@ccdc.cam.ac.uk or www:http://www.ccdc. cam.ac.uk).

 
Table 1 

 Crystal data and structure refinement details 

Formula C12H32O22Pr2 
Mr 810.20 
color yellow 
Crystal size/mm3 0.17 0.12 0.10 
Crystal system monoclinic 
Space group P21/c 
a (Å) 11.2551(3)  
b (Å) 9.6369(2)  
c (Å) 10.3403(3)  
β (º) 114.537(3) 
V (Å3) 1020.27(5) 
Z 2 
2θmax (º) 50  

Reflections collected 5842 
Independent, observed reflections (Rint) 1800, 1715 (0.0288)  
dcalcd. (g/cm3) 2.637  
μ (mm-1) 4.837  
T (K) 293(2) 
F(000) 796 
R1, wR2 0.0283, 0.0822 
S 1.002  
Largest and Mean Δ/σ 0, 0  
Δρ (max, min) (e/Å3) 0.784, -1.053 
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Table 2 

  Selected bond lengths (Å) and bond angles (º) 

Pr(1)-O(1)#1  2.476(4)  O(3W)-Pr(1)-O(5)#3  95.12(15)  
Pr(1)-O(2)  2.528(4)  O(4)-Pr(1)-O(5)#3  137.70(12)  
Pr(1)-O(3)#2  2.477(3)  O(1)#1-Pr(1)-O(2)  64.57(12)  
Pr(1)-O(4)  2.520(4)  O(3)#2-Pr(1)-O(2)  144.63(13)  
Pr(1)-O(5)#3  2.526(4)  O(2W)-Pr(1)-O(2)  127.09(13)  
Pr(1)-O(6)  2.586(4)  O(3W)-Pr(1)-O(2)  75.18(13)  
Pr(1)-O(1W)  2.546(4)  O(4)-Pr(1)-O(2)  124.50(12)  
Pr(1)-O(2W)  2.502(4)  O(5)#3-Pr(1)-O(2)  69.88(13)  
Pr(1)-O(3W)  2.502(4)  O(1)#1-Pr(1)-O(1W)  83.31(16)  
  O(3)#2-Pr(1)-O(1W)  81.06(14)  
O(1)#1-Pr(1)-O(3)#2  136.38(12)  O(2W)-Pr(1)-O(1W)  136.76(15)  
O(1)#1-Pr(1)-O(2W)  76.05(14)  O(3W)-Pr(1)-O(1W)  71.86(17)  
O(3)#2-Pr(1)-O(2W)  88.27(14)  O(4)-Pr(1)-O(1W)  69.17(14)  
O(1)#1-Pr(1)-O(3W)  137.38(13)  O(5)#3-Pr(1)-O(1W)  142.94(13)  
O(3)#2-Pr(1)-O(3W)  73.97(14)  O(2)-Pr(1)-O(1W)  73.23(13)  
O(2W)-Pr(1)-O(3W)  144.15(16)  O(1)#1-Pr(1)-O(6)  140.75(14)  
O(1)#1-Pr(1)-O(4)  71.75(12)  O(3)#2-Pr(1)-O(6)  67.15(12)  
O(3)#2-Pr(1)-O(4)  64.64(12)  O(2W)-Pr(1)-O(6)  73.95(14)  
O(2W)-Pr(1)-O(4)  68.40(13)  O(3W)-Pr(1)-O(6)  70.50(15)  
O(3W)-Pr(1)-O(4)  126.18(15)  O(4)-Pr(1)-O(6)  118.21(13)  
O(1)#1-Pr(1)-O(5)#3  84.18(13)  O(5)#3-Pr(1)-O(6)  62.99(12)  
O(3)#2-Pr(1)-O(5)#3  129.69(13)  O(2)-Pr(1)-O(6)  117.25(12)  
O(2W)-Pr(1)-O(5)#3  72.38(13)  O(1W)-Pr(1)-O(6)  135.88(15)  

Symmetry transformations used to generate equivalent atoms: #1 -x+2, -y+1, -z+1; #2 -x+1, -y+1, -z; #3 -x+2, -y+1, -z. 
 

RESULTS AND DISCUSSION 

Crystal Structure 

Single crystal X-ray diffraction analyses show that 
complex 1 is composed of neutral 2D 
[Pr2(C2O4)3(H2O)6]n

 layers, isolated methanol and 
ethanol molecules, as depicted in Fig. 1. Complex 1 
is crystallized in the P21/c space group of the 
monoclinic system with two formular units in one 
cell. Each praseodymium atom is coordinated by nine 
oxygen atoms, of which six are from three oxalate 
groups and three are from three coordination water 
molecule, to give a tricapped trigonal prismic 
coordination geometry. The bond lengths of Pr–O are 
in the range of 2.476(4) Å – 2.586(4) Å with an 
average value of 2.518(4) Å, which are in the normal 
range and comparable with those reported in the 
references.16-21 The result of the bond valence 
calculation reveals that the praseodymium ion is in a 
3+ oxidation state (Pr1: 3.208).22 In the title complex, 
all the oxalate groups act as a quadridentate ligand. 
Each oxalate anion chelates to two praseodymium 
ions with the chelating angles in the range of 
62.9(1)°–64.6(1)°. Six oxalate groups interconnect 
six praseodymium ions together to yield a ring (Fig. 
2a). Each ring links to six neighboring ones and 
extends along the ac plane to give a planar 2D layer 
(Fig. 2). The neighboring Pr···Pr distance in the ring 
is 6.4505(4) Å, 6.4593(4) Å, 6.5865(5) Å, 6.4505(4) 
Å, 6.4593(4) Å, 6.5865(5) Å. The 
[Pr2(C2O4)3(H2O)6]n

 layers, methanol and ethanol 

molecules interconnect together through abundant O-
H···O and C-H···O hydrogen-bonding interactions to 
yield a 3D supramolecular framework, as shown in 
Fig. 3. 

Photoluminescence Spectrum 

It is well known that lanthanide complexes have 
distinct photoluminescent emission bands due to 
their rich f-orbital configurations. Lanthanide ions 
have an important feature that they can display 
strong photoluminescence and ability of tuning 
their emission range for specific applications in 
different regions of the spectrum. Amongst the 
lanthanide ions, trivalent praseodymium ion (Pr3+) 
has been studied extensively for its potential 
applications at the fields of infrared lasers, sensors, 
photonics, electronics, and special band 
amplification. Pr3+-containing complexes are 
studied for optical imaging because the Pr3+ energy 
level scheme contains some metastable multiplets. 
Based on the above consideration and in order to 
reveal the potential photoluminescent properties, 
we carried out the photoluminescent measurements 
for complex 1 in the solid state at room 
temperature. The experiment result of the 
photoluminescent measurements is shown in Fig. 4. 
It is clearly that the photoluminescent spectrum of 
complex 1 exhibits an effective energy absorption 
locating in the wavelength range of 300–400 nm. 
Upon the emission of 512 nm, the excitation peaks 
have a main band at 363 nm, accompanied by two 
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smaller peaks at 321 nm and 333 nm, respectively. 
We then also carried out the corresponding 
photoluminescent emission spectrum of complex 1, 
upon excited by the wavelength of 363 nm. The 
emission spectrum is characteristic of a main peak 
at 512 nm in the green region as well as four 
shoulder peaks at 526, 547, 560 and 582 nm, 
respectively. It is proposed that the 

photoluminescent peaks at 512, 526, 547, 560 and 
582 nm are attributable to the distinct emission 3P0-
3HJ (J = 4, 5, 6) and 3P0-3FJ (J = 2, 3) transitions of 
the Pr3+ ion. This indicates that effective energy 
transfer happened and a conjugated system is 
established between the oxalate groups and the Pr3+ 
ion. Therefore, complex 1 can be a potential green 
photoluminescence material. 

 

 
Fig. 1 – An ORTEP drawing of 1 with 30% thermal ellipsoids.  

Lattice methanol and ethanol molecules and hydrogen atoms were omitted for clarity. 

 

 
(a) 

 
(b) 

Fig. 2 – The 2D layer viewed from different directions. 
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Fig. 3 – A packing diagram of 1 with the dashed lines representing the hydrogen bonding interactions (Å, º): O1W-H1WA···O7(1-x, 
1/2+y, 1/2-z) 2.863(14), 163; O2W-H2WA···O2(2-x, -1/2+y, 1/2-z) 2.818(6), 162; O3W-H3WA···O5(x, 3/2-y, 1/2+z) 2.699(6),  
164; C5-H5A···O7(1-x, -y, -z) 2.82(4), 149; C5-H5A···O8(1-x, -y, -z) 2.81(5), 115; C5-H5B···O3W(x, -1+y, z) 2.82(4), 137;  
                                 C5-H5B···O1W(x, 1/2-y, -1/2+z) 2.60(4), 107; C5-H5C···O4(x, 1/2-y, -1/2+z) 3.12(4), 128. 

 

 
Fig. 4 – Solid-state photoluminescent spectra of 1 measured at room temperature. Red: excitation; green: emission. 

 
Solid-state UV/vis Diffuse Reflectance Spectrum 

Solid-state UV/vis diffuse reflectance spectra of 
complex 1 with powder sample were recorded at 
room temperature. The diffuse reflectance spectra 
data were treated with the well-known Kubelka-
Munk function, namely, α/S = (1-R)2/2R. The 
parameter α of this function means the absorption 
coefficient, S refers to the scattering coefficient 
which is practically wavelength independent if the 

particle diameter is larger than 5 μm, while R is the 
reflectance. The value of the optical band gap can 
be determined by extrapolating from the linear 
portion of the absorption edges from the α/S vs. 
energy diagram. The solid-state diffuse reflectance 
spectrum reveals that complex 1 exhibits a narrow 
optical band gap of 1.46 eV, as presented in Fig. 5. 
As a result, complex 1 can be a candidate for 
narrow band gap semiconductors. The mild slope 
of the optical absorption edge of complex 1 
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suggests that it could be an indirect transition.23 
The optical band gap of 1.46 eV of complex 1 is 
very close to those of GaAs (1.4 eV), CdTe  
(1.5 eV) and CuInS2 (1.55 eV), all of the them are 
well-known as highly efficient photovoltaic 
compounds.24, 25 

Magnetic Properties 

Trivalent praseodymium ion (Pr3+)-containing 
complexes are supposed to generally possess 
magnetic behaviors. Therefore, the variable-
temperature magnetic susceptibility and field 
dependence magnetization measurements of 
complex 1 on polycrystalline samples were carried 
out. Fig. 6 presents the thermal dependence of χM 
and μeff

 for 1, where χm is the magnetic 
susceptibility per Pr-containing molecule. The red 
line corresponds to the theoretical line based on the 
Curie-Weiss model. When the temperature is 
decreased from 300 K to 50K, the χM vs T diagram 
nearly keeps horizontal, then the χM tardily 
increases when the temperature is further cooled 
down to 2 K with the χM being of 0.11 emu·mol-1. 
The diagram of χM vs T of complex 1 displays an 
antiferromagnetic-like behavior. The essence of 
this antiferromagnetic-like behavior is unclear yet, 
but it is supposed to be relevant to the progressive 
thermal depopulation of the Stark components of 
the PrIII ion. The magnetic susceptibility obeys 
well the Curie-Weiss equation (χm= c/(T-θ)) with 
C = 2.45 K and a negative Weiss constant  
θ = –21.67 K; this verifies the presence of 

antiferromagnetic-like interaction in complex 1, 
which is in good agreement with the analogs.26, 27 
This antiferromagnetic-like interaction is the most 
probable the thermal depopulation of the Stark 
levels. The experimental μeff value is 5.09 μB 
which is larger than the 3.62 μB that would be 
expected for an isolated magnetic center of Pr3+ in 
complex 1. As shown in Fig. 7, the field 
dependence magnetization measurement of 
complex 1 was performed at 2 K, showing a large 
coercive field of about 290 Oe and remnant 
magnetization of about 1.9×10-3 Nβ. The 
magnetization diagram increases gently with the 
increased field. The M vs H curve discovers that 
the magnetization is not saturated when the field is 
increased to 8 T with a value of about 0.42 Nβ.  

CONCLUSIONS 

In summary, a praseodymium complex was 
prepared and it is characterized by a 2D layer and a 
3D supramolecular network. Solid-state photolu-
minescence experiments reveal that it shows an 
emission in the green region. The photoluminescent 
bands at 512, 526, 547, 560 and 582 nm are ascribed 
to the characteristic emission 3P0-3HJ (J = 4, 5, 6) and 
3P0-3FJ (J = 2, 3) transitions of the Pr3+ ion. Solid-
state UV/vis diffuse reflectance spectra reveals the 
existence of a narrow optical band gap of 1.46 eV. 
Variable-temperature magnetic susceptibility meas-
urement shows the presence of antiferromagnetic 
interactions.   

 

 
Fig. 5 – Solid-state diffuse reflectance spectrum for 1. 
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Fig. 6 – Thermal dependence of χM and μeff
 for 1. The red line corresponds to the theoretical line based on the Curie-Weiss model. 

 

 
Fig. 7 – Magnetization vs H of 1. 
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