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The lanthanide−organic frameworks (LnOFs), [Sm(H2N-BDS)0.5(ox)(phen)] (1) and [Ln(H2N-
BDS)(ox)0.5(phen)2] (Ln = Eu 2, Gd 3, Tb 4, Er 5, Yb 6; H2N-BDS = 2-amino-1,4-benzenedisulfonate, ox 
= oxalate, and phen = 1, 10-phenanthroline) were obtained by hydrothermal syntheses. Structural analyses 
reveal that 1 is a three-dimensional (3D) pillared-layer structure constructed by [SmO6N2] polyhedra, and 
tetradentate H2N-BDS and tetradentate ox ligands, while complexes 2-6 are isostructural 2D frameworks, 
constructed by [LnO4N4] polyhedra and bidentate H2N-BDS and tetradentate ox ligands. LnOFs 
containing Sm(III), Eu(III) and Tb(III) ions exhibit the characteristic down- conversion luminescence of 
the corresponding Ln(III) ion. Gd:Tb,Eu doped complex provides a white light emission. Gd:Yb,Er doped 
complex exhibits up-conversion emission at 410 nm (4H9/2→ 4I15/2, blue), 518–570 nm (4S3/2, 

2H11/2→ 
4I15/2, green), and 655 nm (4F9/2→ 4I15/2 , red). 

1.  Introduction 

The lanthanide - organic frameworks (LnOFs) are a very active 
field in material chemistry and structural chemistry owing to the 
wide range of potential applications in bioassays, sensor systems 
and optical materials, etc.1 Lanthanide ions exhibit sharp 
emission in the visible and near-infrared regions, line-like, long 
luminescent lifetime, and large Stokes shift. Furthermore, the 
emissive performance of LnOFs can be improve by doping other 
Ln(III) ions.2 Among the Ln(III) ions, Gd(III) ion with 4f7 

electronic configuration has the high energy of the lowest 
emitting level and is often employed as host material in the doped 
Ln(III) to achieve the desirable down-conversion (DC)2a,b,c or up-
conversion (UC) luminescence2j. Eu(III) and Tb(III) ions emit 
intense red (616 nm) and green (545 nm) DC luminescence, 
respectively, which act as dopants in designing emitting materials 
to realize a multicoloured luminescence, including white light.2a-i 
White light emission based on metal - organic frameworks 
(MOFs) has been reported in recent years.2a-h White light emitting 
materials have broad applications in display and lighting. 2h,3 The 
Er(III) ion is a promising laser active ion for UC luminescence 
and the UC luminescence efficiency of Er(III) ion can be 
increased by codoping with Yb(III) ion. 4, 5 However, UC 
luminescence of lanthanide complexes is less studied2j, 4c, 4d, 
which is mainly because the existence of multiphonon relaxation 
can decrease the efficiency of the process. UC luminescence 
materials have attracted significant attention as potential solid 
state visible lasers and biological labels5.  

The luminescent properties of lanthanide complexes strongly 
depend on the coordination sphere of the metal ion. The choice of 
ligand for the antenna effect plays a key role in constructing 

efficient lanthanide complexes. High-energy C-H, N-H, and O-H 
oscillators significantly quench the metal excited states 
nonradiatively, leading to decreased luminescence intensity.6 Our 
strategy to obtain luminescent LnOFs with 2-amino-1,4-
benzenedisulfonate (H2N-BDS),  1, 10-phenanthroline (phen) and 
oxalate (ox) ligands. The rigid H2N-BDS is a multidentate 
connector that allows for the formation of luminescent LnOFs. 
The complexes containing H2N-BDS have been less explored to 
date.7 It is well documented that phen can serve as both co-
chelating and co-sensitizing ligand and it is helpful to enhance the 
luminescent property of complexes.8 Ox anion can coordinate to 
Ln(III) ion to prevent water molecules binding to the Ln(III) 
ions, leading to a high luminescence intensity. Thus, a series of 
LnOFs, [Sm(H2N-BDS)0.5(ox)(phen)] (1) and  [Ln(H2N-
BDS)(ox)0.5(phen)2] (Ln = Eu 2, Gd 3, Tb 4, Er 5, Yb 6) were 
synthesized. Indeed, no water molecule exists in the coordination 
sphere of the Ln(III) ions. The Gd(III)-doping experiments by 
addition of the Eu/Tb, Yb/Er ions were carried out. Interestingly, 
white light emission is realized based on Gd:Tb,Eu doped 
complex by regulating the intensities of blue, green and red 
emissions in the doped complex. Gd:Yb,Er doped complex 
exhibits UC emission at 410 (blue), 518–570 (green), and 655 nm 
( red). 

2. Experimental Section 

2.1 Materials and Physical measurement 

  Lanthanide nitrates were prepared by the corresponding oxide 
with nitric acid. Other reagents were commercially available and 
were used without further purification. Infrared (IR) spectra were 
measured on a Bruker Tensor37 spectrophotometer using the KBr 
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pellets technique. Elemental analyses (C, H and N) were 
performed on an Elementar Vario EL analyzer. Inductively 
coupled plasma (ICP) spectroscopy was performed on an Agilent 
7500Ce spectrometer. X-ray diffraction was carried out on a 
PANaytical X'Pert PRO MPD diffractometer for Cu Kα radiation 
(λ = 1.5406 Å), with a scan speed of 2°·min-1 and a step size of 
0.02° in 2θ. The simulated PXRD patterns were obtained from 
the single-crystal X-ray diffraction data. Solid state fluorescence 
spectra were recorded on an FL4500 fluorescence 
spectrophotometer (Japan Hitachi company) at room temperature 
in identical operating conditions. The lifetimes were measured at 
room temperature on FLS920 Steady State & Time-resolved 
Fluorescence Spectrometer (Edinburgh Instrument). The emission 
quantum yields were measured at room temperature using a 
Quantum Yield Measurement System Fluorolog®-3 (HORIBA 
company) with a 450W Xe lamp coupled to a monochromator for 
wavelength discrimination, an integrating sphere as sample 
chamber, and an analyzer R928P for signal detection. Up-
conversion spectrum was obtained with a Hitachi F4500 
fluorescence spectrophotometer with an external 980 nm 
excitation source (Beijing Hi-Tech Optoelectronic Co., China) 
instead of the xenon source in the spectrophotometer and with a 
fiber-optic accessory. Thermogravimetric analyses (TGA) were 
carried out using a shimadzu DTG-60AH thermal analyzer (Japan) 
under air from room temperature to 800 °C with a heating rate of 
10 °C/min.  

 2.2. Synthesis of complexes 1-6 

A mixture of Ln(NO3)3·6H2O (0.1 mmol) (Ln = Sm 1, Eu 2, Gd 3, 
Tb 4, Er 5, Yb 6), 2-amino-1,4-benzenedisulfonate (0.2 mmol), 
oxalate (0.1 mmol), 1, 10-phenanthroline (0.2 mmol), H2O (10 
mL), and an aqueous solution of NaOH (1 mol/L, 0.20 mL) was 
sealed in a Teflon-lined reactor and heated at 140 °C for 3 days. 
After slow cooling to room temperature, block crystals of the 
complexes were obtained. Yield: about 65% based on the Ln(III). 
For 1: Anal. Calcd for C34H21N5O14S2Sm2: C, 37.52; N, 6.43; H, 
1.94%. Found: C, 37.40; N, 6.31; H, 1.87%. Selected IR (KBr 
pellet, cm-1): 1679(vs),  1608(vs), 1521(m), 1427(s), 1312(m), 
1242(s), 1171(s), 1049(m), 1021(m), 889(w), 851(m), 792(m), 
729(m), 663(s). For 2: Anal. Calcd for C31H21N5O8S2Eu: C, 46.10; 
N, 8.67; H, 2.62%. Found: C, 45.91; N, 8.19; H, 2.76%. Selected 
IR (KBr pellet, ν/cm-1): 1651(vs), 1520(m), 1426(s), 1314(s), 
1261(s), 1166(s), 1102(s), 863(m), 844(m), 797(m), 724(s), 
666(s). For 3: Anal. Calcd for C31H21N5O8S2Gd: C, 45.80; N, 
8.61; H, 2.60%. Found: C, 45.05; N, 8.49; H, 2.72%. Selected IR 
(KBr pellet, cm-1): 1650(vs), 1519(m), 1425(s), 1315(m), 1262(s), 
1166(s), 1111(m), 1002(s), 863(m), 843(m), 797(m), 724(s), 
665(s). For 4: Anal.Calcd for C31H21N5O8S2Tb: C, 45.71; N, 8.60; 
H, 2.60%. Found: C, 45.35; N, 8.47; H, 2.69%. Selected IR (KBr 
pellet, cm-1): 1650(vs), 1519(m), 1425(s), 1316(m), 1261(s), 
1166(s), 1110(m), 1003(s), 863(m), 843(m), 797(m), 724(s), 
665(s). For 5: Anal.Calcd for C31H21N5O8S2Er: C, 45.25; N, 8.51; 
H, 2.57%. Found: C, 45.15; N, 8.43; H, 2.60%. Selected IR (KBr 
pellet, cm-1): 1655(vs), 1520(m), 1425(s), 1317(m), 1264(s), 
1167(s), 1111(m), 1005(s), 863(m), 843(m), 798(m), 725(s), 
665(s). For 6: Anal.Calcd for C31H21N5O8S2Yb: C, 44.93, N, 8.45, 
H, 2.55%. Found: C, 45.01; N, 8.39; H, 2.52%. Selected IR (KBr 
pellet, cm-1): 1652(vs), 1523(m), 1427(m), 1319(m), 1262(s) 
1166(s), 1110(m), 1004(s), 864(m), 843(m), 798(m), 725(s),  

666(s).  For Gd77.82Eu9.92Tb12.26 doped complex: Found: 45.73, N, 
8.70, H, 2.79%.  Selected IR (KBr pellet, cm-1): 1629(vs), 
1520(m), 1426(s), 1315(s), 1261(s), 1167(s), 1106(s), 1002(s), 
853(m), 844(m), 797(s), 726(s), 666(s). For Gd90.52Yb5.89Er3.59: 
Found: C, 45.11; N, 8.60; H, 2.74%. Selected IR (KBr pellet, cm-

1): 1629(vs), 1520(m), 1426(s), 1316(m), 1264(s), 1168(s), 
1106(m), 1004(s), 853(m), 843(m), 778(m), 727(s), 668(s).     

 2.3. X-ray crystal structure determination 

The X-ray single crystal data collections for the six complexes 
were performed on a Bruker Smart Apex II CCD diffractometer 
equipped with a graphite monochromated Mo Kα radiation (λ = 
0.71073 Å) at 293(2) K. Semiempirical absorption correction was 
applied on the complexes using the SADABS program. The 
structures were solved by direct methods and refined by full 
matrix least squares method on F2 using SHELXS 97 and 
SHELXL 97 programs.9 All non-hydrogen atoms in the 
complexes were refined anisotropically. The hydrogen atoms 
were generated geometrically and treated by a mixture of 
independent and constrained refinement. A summary of the 
crystallographic data and details of the structure refinements are 
listed in Table 1. The selected bond lengths and bond angles are 
listed in Table S1. 

3.  Results and Discussion 

3.1  Crystal Structure 

Structure of [Sm(H2N-BDS)0.5(ox)(phen)] (1). The asymmetric 
unit of 1 comprises one Sm(III) ion, half piece of H2N-BDS 
ligand, two half pieces of ox and phen ligands. The oxalate 
moieties and the H2N-BDS ligand lie about inversion centres in 
the crystal structure The coordination environment around Sm(III) 
is a distorted [SmO6N2] square antiprism by two oxygen atoms 
(O3 and O4B) from two H2N-BDS ligands, four oxygen atoms 
(O1, O2A, O6, and O7C) from two ox ligands, and two nitrogen 
atoms (N1 and N2) from phen molecule (Fig. 1a). The Sm1-O 
(sulfonate) distances are 2.394(4) and 2.399(3) Å. The Sm1-N 
distances are 2.572(3) and 2.580(4) Å. The Sm1-O (ox) distances 
range from 2.399(3) to 2.437(3) Å. The sulfonate groups of H2N-
BDS and carboxylate groups of ox exhibit only a bridging-
bidentate coordination mode. H2N-BDS ligand is considered as a 
connector between four Sm(III) ions while ox ligand is 
considered as a connector between two Sm(III) ions. Sm(III) ions 
are connected by ox linkers giving rise to Sm-ox zigzag chains 
with Sm…Sm separation of 6.296 Å. The Sm-ox chains show 
double-stranded helices consisting of the right- and left-handed 
helices sharing the Sm(III) ions along the b-axis. The chains are 
cross-linked through SO3 groups, leading to a layer with Sm…Sm 
of 5.963 Å on the ab-plane. Interestingly, the layer also consists 
of right- and left-handed double-stranded helices along the b-axis. 
Each turn of the helix contains four ox ligands, two SO3 groups 
and six Sm(III) ions with a pitch of 19.277 Å (Fig. 1b). The linear 
H2N-BDS linkers connect the layers to form a pillared-layer 3D 
framework, giving Sm…Sm distance of 10.013 Å across the 
columns running along the c axis (Fig. 1c). Topological analysis 
of this framework with TOPOS software 10 reveals a {36.48.56.6} 
topology structure.  
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 Structure of [Ln(H2N-BDS)(ox)0.5(phen)2] (Ln = Eu 2, Gd 3, Tb 
4, Er 5, Yb 6). The complexes 2-6 are isostructurs but different 
from 1 in both the compositions and structures. The complex 2 is 
selected as an example to describe the structure. The asymmetric 
unit of 2 comprises one Eu(III) ion, two half pieces of H2N-BDS 
ligands, a half ox ligand, and two phen ligands. As in 1, H2N-
BDS and ox ligands in the crystal structure of 2 also lie in the 
inversion centers. The coordination environment around Eu(III) 
is a distorted [EuO4N4] square antiprism by two oxygen atoms 
(O2 and O4) from two H2N-BDS ligands, two oxygen atoms 
(O7A and O8) from ox, and four nitrogen atoms (N1, N2, N3, 
and N4) from two phen molecules (Fig. 2a). The Eu1-O 
(sulfonate) distances are 2.350(5) Å. The Eu1-N distances range 
from 2.556(6) to 2.588(7) Å. The Eu1-O (ox) distances are 
2.345(5) and 2.395(5) Å. Different from 1, H2N-BDS ligand 
acting as linear linkers between two Eu(III) ions adopt a bis-
monodentate coordination mode, while ox ligand serving as 
linear linker between two Eu(III) ions shows the same 
coordination mode as in 1.The two terminal phen molecules are 
not parallel with the dihedral angle of 84.10°. The H2N-BDS 
ligands link two neighboring Eu(III) ions to form [Eu(H2N-
BDS)]n zigzag chains with the Eu…Eu…Eu angle of 144.56°. 

The chains are conjoined through ox moieties into (6, 3)  grid like 
layer running parallel to the ac crystal plane (Fig. 2b). The 
separations of Eu…Eu by ox and 2,6-NDS ligands are 7.164 and 
21.218 Å, respectively. The layers stack in a parallel fashion 
(interlayer Eu–Eu distance of 10.620Å) along the a crystal 
direction and are pinned by noncovalent interactions. The C-  
H…O hydrogen bonds are present between phen molecule and 
sulfonate group [C21-H21a…O3B-S1, 3.192(5) Å]. The face–to-
face π…π stacking interaction is found between the two phen 
molecules from neighboring layers with the centroid-centroid 
distance of 3.542 Å. So, 3D supramolecular structure is formed 
by the noncovalent interactions. (Fig. 2c)  
Comparing the average distances (Table S1, ESI†) of the Ln-O, 
Ln-N, and Ln···Ln for the complexes 1-6, the corresponding 
distances decrease as the ionic radius of the Ln(III) ions decrease 
in the order of Sm(III) > Eu(III) > Gd(III) > Tb(III) > 
Er(III) >Yb(III), which is consistent with the lanthanide 
contraction. 

Fig. 2  View of the structure of 2: (a) Coordination environment 
of Eu(III) ion. (b)  2D layer structure.  (c) 3D supramolecular 
structure by C-H…O and π…π stacking interaction. Symmetry 
codes: A: -x, -y, 1-z. B: -1+x, 1+y, z.  

(a) 

(c) 

(b) 

Fig. 1  View of the structure of 1: (a) Coordination environment 
of Sm(III) ion. Symmetry codes: A: -x, -y, 1-z; B: 1-x, -y, 1-z; C: 
-x, 1-y, 1-z. (b) Layer constructed from the left- and right-hand 
helical Ln-ox and Ln- SO3 –ox chains. Phen ligands are omitted 
for clarity. (c) A pillared-layer 3D framework. 

(a) 

(c) 
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 3.2  Luminescent Property 

The luminescent properties of the complexes in the solid state 
were investigated at room temperature. Under excitation at 375 
nm, complex 3 displays blue emission with the band centered at 
434 nm (Fig. 3a).The band coincides with a ligand-based 
emission (446 nm for H2N-BDS, 436 nm for phen and 432 nm 
for ox) (Fig. S2, ESI†), and may be attributed to the π*-π 
transitions of the ligands. Because the lowest excited state, 6P7/2 
of Gd(III) is too high (at around 32150 cm−1) 11 to accept energy 
from the ligand, there is no Gd(III) f→f emission in the visible 
range. Upon excitation of 350 nm, complex 1 exhibits three 
emission bands at 563, 598, and 644 nm (Fig. 3b), which are 
attributed to 4G5/2→ 6H5/2, 

4G5/2→ 6H7/2, and 4G5/2→ 6H9/2 

transitions of Sm(III) ion, respectively. A broad emission band 
centered at 434 nm is observed, which arises from the ligands12. 
The luminescent quantum yield is 2 %, and the luminescent 
lifetime is τ1 = 0.008 ± 0.00 ms and τ2 = 0.319 ± 0.03 ms (Fig. 
S3a, ESI†). Complexes 2 and 4 show a strong red and green 
luminescence upon irradiation with ultraviolet light, respectively. 
The excitation spectra were collected by monitoring the 617 nm 
for 2 and 544 nm for 4 (Fig. S4, ESI†). An intense broad bands 
centered at 350 nm for 2 and 370 nm for 4 correspond to the π-π* 
transition of ligands. The narrow band at 395 nm arises from 7F0

→5L6 of Eu(III) ion for 2. The intense ligand band indicates that 

luminescence sensitization via excitation of the ligands is 
effective for 2 and 4. Upon excitation at 350 nm, the emission 
spectrum of 2 consists of characteristic 5D0→

7FJ (J = 1−4) 
transitions at 591, 617, 650, and 698 nm, respectively (Fig. 3c). 
The strongest transition 5D0→

7F2 is at 617 nm with a shoulder of 
613 nm. The intensity ratio of 3.51 for I(5D0→

7F2) : I(
5D0→

7F1) 
indicates that Eu(III) ion does not locate on an inversion center. 
When excited at 370 nm, complex 4 gives characteristic Tb(III) 
emission at 490, 544, 584, and 619 nm, which are assigned to the 
transitions from the 5D4 level to the 7FJ  (J = 6, 5, 4, 3) levels (Fig. 
3d). The 5D4→

7F5 emission is the most prominent one. No 
emission from the ligand could be observed in emission spectra 2 
and 4, which indicates that the ligands absorb and transfer energy 
efficiently to central Eu(III)/Tb(III) ions. In addition, the half-
width of the strongest band is less than 10 nm, indicating that 
complexes 2 and 4 exhibit high fluorescence intensity and color 
purity. The luminescent lifetime for 2 and 4 was measured from 
the decay profile by fitting with biexponential decay curve with 
τ1 = 0.336 ± 0.06 ms and τ2 = 0.757 ± 0.03 ms for 2 and τ1 = 
0.069 ± 0.02 ms and τ2 = 0.195 ± 0.03 ms for 4 (Fig. S3b,c, ESI†). 
The luminescent quantum yields for 2 and 4 are 3.62% and 
9.10%, respectively. Complexes 1, 2, 4 show weak luminescence 
efficiency due to the quenching effect of high-energy C-H/N-H 
oscillators from the ligands and/or poor matching of the triplet 
state of the ligand with that of the emissive excited states of the 

Fig. 3   Emission spectra of the complexes 3 (a), 1 (b), 2 (c), 4 (d) in the solid state at room temperature.  

(a) 

(c) 

(b

(d
)
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Ln(III) ion. However, the luminescence lifetimes and quantum 
yields are comparable to the reported ones of the LnOFs13. 
The emissions of Eu(III), Tb(III), and Gd(III)- complexes locate 
at the red, green, and blue regions, respectively. Therefore, white 
light emitting material can be synthesized by using the 
appropriate doping concentrations of Eu, Tb, and Gd in the 
material. Thus, Gd77.82Eu9.92Tb12.26 doped complex was prepared 
and it is isostructural to complexes 2-4 (Fig. S1, ESI†). The 
fluorescent spectrum of the doped complex was recorded. The 
doped complex simultaneously shows the characteristic emission 
peaks of the Eu(III) and the Tb(III) ions and  a broad ligand 
emission band as shown in Fig. 4. Interestingly, under excitation 
at 280 nm, the CIE chromaticity coordinate (0.328, 0.300) (Fig. 4, 
Inset) is close to the standard white light (0.333, 0.333) according 
to 1931 CIE coordinate diagram14. The color rendering index and 
correlated color temperature for the white light (0.328, 0.300) are 
81 and 5760K, respectively.  
It is noted that Sm(III) complex 1 provides blue (434nm), green 
(563), orange (598 nm), and red (644 nm) light, as it is possible 
to realize white light emission though the doping of luminescent 
Ln(III) ions into the Sm(III) - complex, when a suitable blue, 
green to red intensity ratio. Unfortunately, complex 1 is not 
isomorphous to complexes 2 and 3, which can not make doped 
material for white light emission. 
 
3.3  Up-conversion luminescence 

Up-conversion materials have attracted significant attention as 
potential solid state visible lasers and biological labels5. In this 
paper, the Gd90.52Yb5.89Er3.59 doped complex was prepared and it 
is isostructural to complexes 2, 5 and 6 (Fig. S1, ESI†). Up-
conversion luminescence of the doped complex is discussed. The 
up-conversion emission bands of the Gd90.52Yb5.89Er3.59 material 
are at 412 nm, 527-550 nm, and 653 nm (Fig. 5). The proposed 
up-conversion mechanism is described in the energy diagram, as 
shown in Fig. 6. In Gd90.52Yb5.89Er3.59 doped complex, the lowest 
excited level (6P7/2) of Gd(III) is far higher than excited levels of 
Yb(III) and Er(III), energy transfer from Yb(III) and Er(III) to 
Gd(III) can be avoided. So, up-conversion mechanism for Gd(III) 

doped system is essentially the same ones as in Y(III) doped 
system.2j When excited at 980 nm, the Yb(III) at the ground state 
2F7/2 absorbs the photon to excited state 2F5/2. Then the energy 
can be transferred to Er(III) ion and the Er(III) ion at ground state 
4I11/2 transits to excited state 4F7/2 . Subsequently, non-radiative 
relaxations from this state populate the 2H11/2 and 4S3/2 states. 
Then the radiative transitions of the 2H11/2 → 4I15/2 and 4S3/2 → 
4I15/2 generate the strong emission at 527-550 nm in the green 
spectral region. Red up-conversion luminescence at 653 nm can 
occur either following: Er(III) at 4F9/2 state is populated from the 
4S3/2 state by non-radiative relaxations; Non-radiative relaxations 
from 4I11/2 state populate the 4I13/2 state, which transits to the 4F9/2 
state via asecond-photon. Then, the radiative transition of the 
4F9/2 → 4I15/2 at 653 nm is produced. Weak blue emission at 412 
nm results from energy transfer 2H9/2 → 4I15/2 transition. The 2H9/2 
state is populated through the third photon absorption of the 4F9/2 
ground state. Furthermore, some of Er(III) ions in the 4S3/2 state 
are transferred into 4G11/2 state by the third photon absorption, 

Fig. 4 Emission spectrum of the Gd77.82Eu9.92Tb12.26 doped 
complex. Inset: The CIE chromaticity diagram. 

Fig. 5  Up-conversion emission for the Er(III) ion in the 
Gd90.52Yb5.89Er3.59 doped complex.  

Fig. 6  Up-conversion mechanism of the Gd:Er,Yb codoped 
complex under 980nm excitation at room temperature. The 
solid lines represent emission process, while the dashed lines 
represent photon excitation or nonradiative relaxation.  
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followed by non-radiative relaxations to 2H9/2 state, leading to 
emission from 2H9/2 to

 4I15/2.  

3.4 Thermogravimetric analysis (TGA) 

Complexes 1-6 and Gd77.82Eu9.92Tb12.26 and Gd90.52Yb5.89Er3.59 

doped complexes do not contain guest molecules, the TGA study 
(Fig. S5, ESI†) shows no weight loss from room temperature to 
about 270 °C, indicating the thermal stability of the framework. 
The weight loss between 270 and 550 °C should be attributed to 
the decomposition of the organic ligands. The final mass remnant 
is roughly consistent with a deposition of corresponding oxides. 
 

Conclusions 

The first examples of LnOFs containing H2N-BDS have been 
designed and synthesized. Sm(III) complex is a 3D pillared-layer 
structure constructed from [SmO6N2] polyhedra by the SO3 group, 
H2N-BDS and ox ligands while Eu(III), Gd(III), Tb(III), Er(III) 
and Yb(III)- complexes possess 2D frameworks constructed from 
[LnO4N4] polyhedra by H2N-BDS and ox ligands. Sm(III), 
Eu(III), Gd(III), and Tb(III) - complexes display different 
luminescence behavior due to their quite different energy level 
diagrams. Gd(III) ion has high energy of the lowest emitting level, 
which could be useful in the design of DC or UC doped emitting 
materials. Eu(III)/Tb(III) complexes are promising candidates 
because of the characteristic red/green emission. Interestingly, a 
combination of Gd(III), Tb(III) and Eu(III) complexes in 
appropriate ratio produces a white light emission. A significant 
UC emission blue (410 nm), green (518-570 nm), and red (656 
nm) for Gd:Yb,Er doped complex is observed.  
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