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Nanoscale lanthanide-containing metal-organic frameworks (MOFs) have more and more interest due to their great 

properties and potential applications, but how to construct them easily is still challenging. Here, we present a facile and 

rapid synthesis of Eu(III)-containing Nanoscale MOF (denoted as NMOF) under ultrasonic irradiation. The effect of the 

ratio and the addition order of metal ions and linkers on the morphology and size of MOFs was investigated. It is found 

that both of the ratio and the addition order can affect the morphology and size of 1,4-benzenedicarboxylic acid(H2BDC) 

-based MOFs, but they show no evident influence on that of H2aBDC-based MOFs. The former exhibit typical emission 

bands of Eu(III) ions, while the latter only show the photoluminescent properties of ligands. 
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1. INTRODUCTION 

Metal organic frameworks (MOFs), also called porous 

coordination polymers (PCPs) are hybrid inorganic-organic 

crystalline porous materials made from an assembly of 

metal ions with organic linkers [1 – 3]. Their unique 

properties, such as well-defined and high porosity, large 

internal surface areas, thermal stability and tunable 

chemical functionality etc., make them extremely attractive 

for applications in gas storage [4], separation [5, 6], and 

catalysis [7 – 9]. 

Among them, lanthanide-containing MOFs (LnMOF) 

have attracted great interest because they usually exhibit 

excellent luminescent performance-emitting intensely over 

narrow wavelength ranges, and are promising candidates 

for the design of luminescent materials and devices  

[10 – 13]. Bulky LnMOFs have been extensively 

investigated. To further explore the applications of 

LnMOFs, the bulky LnMOFs need to be scaled down to 

the nanoregime to form nanoscale MOFs (NMOFs), which 

perform different functionality from the bulky one because 

of the straightforward transportation property and/or 

interaction within the nanoscale materials [14]. For 

example, NMOFs can be potentially used in magnetic 

resonance imaging, biolabeling, biosensing, drug delivery 

and so on [15, 16]. More and more investigations have 

been focused on the design and preparation of NMOFs, 

however, the study on functional nanoscale LnMOFs is 

still at the very early stage [15, 17 – 20]. Especially, the 

construction of NMOFs efficiently is still a very 

challenging issue. 

To date several methods have been developed for 

fabricating NMOFs, such as solvent diffusion approach 

[21], reverse microemulsion [20], and microwave-assisted 

synthesis [22]. Solvent diffusion approach usually costs 
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long reaction times and a large amount of solvent. Reverse 

microemulsion method also requires a large amount of 

solvent as well as surfactants. Microwave-assisted 

synthesis has been demonstrated to be very efficient and 

eco-friendly, but it is difficult to tune the dimensionality of 

the nanocrystals of MOFs. Recently, ultrasonic synthesis 

has been proposed as a simple, efficient, low cost, and eco-

friendly approach to NMOF [14, 23 – 29]. Many MOFs, 

such as Zn3(BTC)2·12H2O [23], MIL-53(Fe) [24], 

HKUST-1 [25], MOF-5 [26], Mg-MOF-74 [27], PCN-

6/PCN-6’ [28], IRMOF-9/IRMOF-10 [28], ZIF-8 [29], 

{[Zn(ip)(bpy)]}n [14], have been prepared via 

sonochemical approach , but nanoscale LnMOFs made via 

this approach have been rarely explored.  

In this context, we present a facile and rapid synthesis 

of Eu(III)-containing NMOF under ultrasonic irradiation. 

The effect of the ratio of metal ions and linkers on the 

morphology and size of LnMOFs as well as the effect of 

the addition order was investigated. Two kinds of linkers, 

1,4-benzenedicarboxylic acid(H2BDC) and 2-amino-1,4-

benzenedicarboxylic acid(H2aBDC) were used 

respectively. The resultant LnMOFs were observed by 

scanning electron microscope (SEM) and transmission 

electron microscope (TEM). The Photoluminescent 

properties of them were also characterized. 

2. EXPERIMENTAL METHODS 

2.1. Materials 

H2BDC (99 %) and H2aBDC (99 %) were purchased 

from Alfa Aesar. Europium(III) acetate hydrate 

(Eu(OAc)3·6H2O), N,N-dimethylformamide (99.8 %, DMF) 

and other chemicals were purchased from local chemicals. 

All chemicals were used as received. 

2.2. Ultrasonic Synthesis of LnMOFs 

Ultrasonic syntheses of H2BDC-based LnMOFs were 

carried out under ultrasonic irradiation at a frequency of 
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40 KHz (KQ3200DE, Kunshan Ultrasonics) at ambient 

temperature and atmospheric pressure for 10 min, and the 

ultrasonic output was kept to be 150 W in all experiments. 

Two series of experiments were performed, one series are 

as follows: an DMF solution (8 mL) of Eu(OAc)3·6H2O 

(5 mM) was added into a test tube (20 mL), and the test 

tube was fixed in the bath of the ultrasonic generator. 

Under ultrasonic irradiation, 2 mL of DMF solution of 

H2BDC with different concentrations (100, 75, 50, 25, 

10 mM) was added into Eu(OAc)3·6H2O solution. After 

the ultrasonic irradiation for 10 min, the resulting products 

were filtered. The products were isolated by filtering the 

precipitation from reaction mixture, and the precipitation 

washed with DMF, ethanol and acetone and then dried in 

vacuum. The products are denoted as A1, A2, A3, A4 and 

A5, respectively. In the other series of experiments, the 

order of addition of two solutions is inversed. The products 

are denoted as B1, B2, B3, B4 and B5, respectively. 

 
Fig. 1. SEM images: a – e, 1bar=1μm; TEM images: f – j, 

1bar = 200 nm; a, f – A1; b, g – A2; c, h – A3;  

d, i – A4; e, j – A5 

Ultrasonic syntheses of H2aBDC-based LnMOFs were 

carried out in substantially identical condition, only 

H2BDC solution was replaced by H2aBDC solution. And 

resultant products are denoted as C1 to C5 and D1 to D5, 

respectively. 

2.3 Characterization 

Morphological investigations were carried out using a 

LEO-1503 field-emission SEM, after sputtering the 

samples with a thin layer of gold. The TEM images were 

obtained with Hitachi H-7650B, operating at 80 kV. The 

samples were prepared by placing a droplet of a suspension 

onto a carbon-coated Cu grid. Photoluminescence spectra 

were taken on a Perkin Elmer LS55 fluorescence 

spectrometer at room temperature. 

 
Fig. 2. SEM images: a – e; TEM images: f – j; a, f – B1; b, g –

 B2; c, h – B3; d, i – B4; e, j – B5; 1 bar = 1 μm 

3. RESULTS AND DISCUSSION 

3.1. Characterization of LnMOFs 

A series products were prepared by adding H2BDC 

solution into Eu solution under ultrasonic irradiation. The 

SEM and TEM images of A1 to A5 were shown in Fig. 1. 

In the present of high concentration of linkers, the resultant 
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products, A1 are randomly nanoparticles with sizes of 

about 130 nm (Fig. 1 a and f). With the decreasing 

concentration of linkers, both the shape and size of MOFs 

are drastically changed. Decrease of the concentration of 

linkers results in fairly uniform rod-like nanocrystals with 

a length and width of 650 nm and 100 nm, respectively 

(Fig. 1 c and h). Further decrease the linker 

concentration，the size of nanoparticles decreased again, 

only about 50 ± 25 nm, and showed sphere-like 

morphology (Fig. 1 e and j). Nanoscale LnMOF was 

successfully synthesized in the sonochemical condition, 

and the shapes and sizes can be tuned by the ratio of linker 

and metal ions. For comparison, the order of addition of 

metal ion and linker solutions is inversed to see whether 

the order effects on the morphology of the MOFs. SEM 

and TEM images of resultant LnMOFs were shown in 

Fig. 2. In the present of high concentration of linkers, 

nanocrystals of about 30 – 40 nm formed first and then 

they aggregated to be larger speroidicity particles with the 

length of 800 nm and width of 600 nm (Fig. 2 a and f). In 

the present of lower concentration, the nanoplates,  

100 – 500 nm in length and 80 – 120 nm in thickness were 

obtained (Fig. 2 d and i). Further decrease the 

concentration of linkers, the obtained nanoplates turned 

imperfect, which are aggregations of nanorods. The results 

suggest that the order of addition of the two solutions is 

important, which determined MOFs how to nucleate in the 

initial step. 

 

Fig. 3. SEM images: a – C1; b – D5. 1 bar = 1 μm 

 

Fig. 4. Excitation (a) and emission (b) spectra of A1 to A5 

dispersed in EtOH (excited and monitored at 241 nm and 

619 nm, respectively) 

Moreover, H2aBDC was used to replace H2BDC to 

synthesize LnMOF under ultrasonic irradiation. It’s found 

that the concentrations of linker has merely influence on 

the morphology and sizes of obtained nanoparticles,  

20 – 30 nm (Fig. 3 a). The order of addition of the metal 

and linker solutions was also investigated, the similar 

sphere-like nanoparticles were obtained, which has no 

obvious relationship with the addition order (Fig. 3 b). 

 

Fig. 5. Excitation (a) and emission (b) spectra of B1 to B5 

(excited and monitored at 241 nm and 619 nm, 

respectively) 

 

Fig. 6. Excitation (1, 3) and emission (2, 4) spectra of Linker 

H2aBDC (1, 2) and LnMOF, C1 (3, 4) (excited and 

monitored at 241 nm and 430 nm, respectively) 

3.2. Photoluminescent properties 

Photoluminescence is one important performance of 

Eu-containing MOFs. Photoluminescent spectra of 

synthesized LnMOFs were recorded at room temperature 

with steady-state luminescence spectrometer. Fig. 4 shows 

the excitation and emission spectra of A1 to A5 (excited 

and monitored at 241 nm and 619 nm, respectively). The 

excitation spectra of A1 – A5 products are very similar, 

and are largely dominated by the ligand bands, pointing to 

a good antenna effect [30]. The emission spectra exhibit 

typical emission bands of Eu(III) ions upon excitation at 

241 nm. The emission bands arise from 5D0→7Fj  

(j = 0, 1, 2, 3 and 4) transitions of Eu(III) ions [31, 32]. 

Limitations in the resolution of the spectrometer used 

prevented us from observing further splitting of the peaks. 

The 5D0→7F0 and 5D0→7F3 transitions are too weak to be 

observed. It is well-known that the strong emission at 

619 nm is corresponding to 5D0→7F2 transition induced by 

the electric dipole moment, which is hypersensitive to the 

coordination environment of the Eu(III) ion [20]. The 

emission at 591 nm is attributed to the magnetic dipole 
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induced 5D0→7F1 transition, which is fairly insensitive to 

the coordination environment of the Eu(III) ion. The 

intensity ratio of 5D0→7F2 / 5D0→7F1 is approximately 5.0, 

which indicatis that the Eu(III) ion is not located at the 

inversion center and that the symmetry of the Eu(III) ion 

site is low [33 – 35]; this is in agreement with the previous 

reports [36]. 

Very similar results were observed for B series 

products, as shown in Fig. 5. While the photoluminescent 

spectra of Eu-aBDC MOFs are very different from that of 

A and B series. Fig. 6 shows typical excitation and 

emission spectra of C1 and the linker H2aBDC. The 

excitation spectrum of B1 is largely dominated by the 

linker bands. And the emission spectra of them are also 

very similar. There are no obvious typical emission bands 

of Eu(III) ion. This finding shows that the linker H2aBDC 

is not a good antenna for Eu(III) ion, and the H2aBDC-

based LnMOFs only exhibit the photoluminescent 

properties of ligand.  

4. CONCLUSIONS 

Nanoscale Eu(III)-containing LnMOFs were 

successfully synthesized by facile and rapid sonochemcal 

method. The effect of the ratio of metal ions and linkers on 

the morphology and size of H2BDC-based LnMOFs is very 

evident, and the addition order of metal ion and linker 

solutions also affects the morphology and size. What’s 

different that neither the ratio of metal ions and linkers nor 

the ratio of two solutions obviously affects the morphology 

and size of H2aBDC-based LnMOFs. H2BDC-based 

LnMOFs exhibit typical emission bands of Eu(III) ions, 

while the H2aBDC-based LnMOFs only exhibit the 

photoluminescent properties of ligand itself. The obtained 

nanoscale Eu(III)-containing LnMOFs can be used in 

fluorescence materials, sensing, biolabeling and other 

photoluminescence related fields. 
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