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1   
 
1.1   
    1,2,4,5- (BTEC)(CAS 89-05-4)

( )[Tb(NO3)3·6H2O] (ZrCl4)

 
    RF 4500 CenPoreUv/UF

Research KQ2200DE
AL104 PHSJ-3F

pH Z36H K DJS-2012R
RET basic

DZF-6030A IR 
Prestige-21 Zeiss Merlin 
microscope T6  
 
1.2   
1.2.1  UiO-66-(COOH)2  
    2.15 g 1,2,4,5- (BTEC) 1.15 g

(ZrCl4) 25 mL
373 K 9 h

100 16 h
3 10000 r/min 5 min

60 24 h
UiO-66-(COOH)2  
1.2.2  Tb3+-UiO-66-(COOH)2  
    0.5 g UiO-66-(COOH)2 0.5 g Tb(NO3)3· 
6H2O 10 mL 60 

24 h 3 10000 
r/min 5 min 60 

20 h Tb3+-UiO-66-(COOH)2  
1.2.3   
    (IR) (SEM)
(FL) UiO-66-(COOH)2 Tb3+-UiO-66- 
(COOH)2  
    UiO-66-(COOH)2 KBr

IR Prestige-21
UiO-66-(COOH)2

Zeiss Merlin microscope UiO-66-(COOH)2

RF 4500
1 cm

10 nm 300 nm
540 nm  

 
1.3   
    1.0 g/L

pH

,
303 K 180 r/min

0.22 m
1 mL 5.0 mL pH 2.5

1.0 mL 0.5 g/L
10 min

/ 650 nm
 

    pH Tb3+-UiO-66-(COOH)2

30 mL 10 mg/L
pH 3 4 5 6 7

5 mg Tb3+-UiO-66-(COOH)2

303 K 180 r/min 22 h
 

    Tb3+-UiO-66-(COOH)2

pH 7 10 mg/L 5 mg 
Tb3+-UiO-66-(COOH)2 303 K 180 r/min

 
    Tb3+-UiO-66-(COOH)2

pH 7 10 mg/L 5 mg 
Tb3+-UiO-66-(COOH)2 180 r/min

10 h
 

    Tb3+-UiO-66-(COOH)2

5 10 20 40 60 mg/L
pH=7 5 mg Tb3+-UiO-66- 

(COOH)2 313 K 180 r/min
10 h
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1.4   
    

 
    5 mg/L 1 2 3 4 mL

25 mL 5.0 mL pH 2.5
1.0 mL 0.5 g/L

10 min 

 
    25 mL

 
    Tb3+-UiO-66-(COOH)2

 
 

e 0 e( ) /Q V m                        (1) 
 

0 e 0( ) / 100%R                     (2) 
 

0 mg/L e

mg/L Qe mg/g R
% V L m
mg  

 
1.5  2

2UO  
    2 mL PE 1 mg Tb3+-UiO-66- 
(COOH)2( 0.0001 g)

(
) 3 min

( 300 nm)
540 nm F F0 0F F F  

 
2   
 
2.1   
2.1.1  SEM EDS  
    UiO-66-(COOH)2 Tb3+-UiO-66-(COOH)2

1 1
Tb3+-UiO-66-(COOH)2

UiO-66-(COOH)2

UiO-66-(COOH)2 Tb3+-UiO-66- 
(COOH)2 Tb

( 2) UiO-66- 
(COOH)2  

 

 

1  UiO-66-(COOH)2 Tb3+-UiO-66-(COOH)2 SEM
 

Fig. 1  SEM images of UiO-66-(COOH)2(a) and Tb3+- 
UiO-66-(COOH)2(b) 

 

 
2  UiO-66-(COOH)2 Tb3+-UiO-66-(COOH)2 EDS  

Fig. 2  EDS spectra of UiO-66-(COOH)2(a) and Tb3+-UiO- 
66-(COOH)2(b) 
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2.1.2  FT-IR  
    UiO-66-(COOH)2 Tb3+-UiO-66-(COOH)2

3 UiO-66-(COOH)2
[20]

UiO-66-(COOH)2 3369.57 cm 1

O—H
1712.57 cm 1 C=O 1496.99 
cm 1 C O
UiO-66-(COOH)2 FT IR

O H C=O C O
UiO-66- 

(COOH)2  
 

 

3  UiO-66-(COOH)2 Tb3+-UiO-66-(COOH)2

 
Fig. 3  FT-IR spectra ofUiO-66-(COOH)2 and Tb3+-UiO- 
66-(COOH)2 
 
2.1.3   
    Tb3+-UiO-66-(COOH)2 4

( 300 nm)
Tb3+-UiO-66-(COOH)2 Tb3+

5D4
7FJ (J=6 5 4)

486 540 590 nm 5D4
7F6

5D4
7F5

5D4
7F4 540nm 5D4

7F5

Tb3+

 
 
2.2   
2.2.1   
    5(a) Tb3+-UiO-66-(COOH)2 U( ) 

pH pH=7
97.26 % 58.36 mg/g  

 

 
4  Tb3+-UiO-66-(COOH)2  

Fig. 4  Fuorescent spectra of Tb3+-UiO-66-(COOH)2 

 

5(b) 30 min Tb3+-UiO- 
66-(COOH)2 8 h

10 h
94.34% 56.6 mg/g

5(c) Tb3+-UiO-66-(COOH)2

313 K
96.32% 57.79 mg/g 5(d)

Tb3+-UiO-66-(COOH)2

313 K
60 mg/L (1) (2)

333.12 mg/g  
2.2.2   
    

1 6
1 6 Qt t k1

k2

 
    1 Tb3+-UiO-66-(COOH)2

0.9999 Qe 59.17 
mg/g 59.28 mg/g

Tb3+-UiO-66-(COOH)2

Tb3+-UiO-66-(COOH)2 U
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5 pH Tb3+-UiO-66-(COOH)2  

Fig. 5  Effect of pH(a), contact time(b), temperature(c) and concentration(d) on adsorption of U( ) by 
Tb3+-UiO-66-(COOH)2 

 
1  Tb3+-UiO-66-(COOH)2 U( )  

Table 1  Kinetic constants for adsorption of U( ) on Tb3+-UiO-66-(COOH)2 

Quasi first order kinetic model Quasi second order kinetic model 

K1/min 1 Qe/(mg g 1) 2
rR  K2/(g mg 1 min 1) Qe/(mg g 1) 2

rR  

0.0064 1.631 0.9835 0.8622 59.172 0.9999 

 

 
6   

Fig. 6  Pseudo-first-order(a) and pseudo-second-order(b) kinetic curves 
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2.2.3   
    

e Qe

Langmuir Freundlich
2 7 2 7

Qm KL Langmuir
Kf Freundlich  
    2 Freundlich

Tb3+-UiO-66-(COOH)2

2
rR =0.9951 Tb3+-UiO-66-(COOH)2

U( )  

2.3  MOFs   
2
2UO

 
    MOFs

2
2UO Tb-MOFs Tb3+

540 nm  
 

2  Tb3+-UiO-66-(COOH)2 U( )  

Table 2  Adsorption isotherm constants of uranium by Tb3+-UiO-66-(COOH)2 

Langmuir equation Freundlich equation 

Qm/(mg g 1) KL/(L mg 1) 2
rR  n Kf/(mg g 1) 2

rR  

370.37 54.00 0.9765 1.7 117.00 0.9951 
 

 
7  Tb3+-UiO-66-(COOH)2 Langmuir Freundlich  

Fig. 7  Langmuir(a) and Freundlich(b) isotherms for adsorption of U( ) by Tb3+-UiO-66-(COOH)2 
 

 
8  Tb3+-UiO-66-(COOH)2 U( )  

Fig. 8  Fluorescent emission spectra of Tb3+-UiO-66-(COOH)2 toward U( ) with different concentrations(a) and standard 
curve of U( )recognition by Tb3+-UiO-66-(COOH)2(b) 
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    8 300 
nm 540 nm

200 g/L~10 mg/L

F=0.4234C+3024.4 2
rR =0.9924

Sb k LOD
232.72 g/L  

 
3   
 
    1) Tb3+-UiO-66-(COOH)2 U( )

Tb3+-UiO- 
66-(COOH)2 10 mg/L
97.26% pH 7 313 K

10 h  
    2) Tb3+-UiO-66-(COOH)2
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Synthesis of Ln-MOFs and its adsorption and  
fluorescence recognition of uranyl ions 

 
LI Ying-mei1, 2, ZHOU Xia-yu1, 2, XIA Yu-xin1, 2, HU Dan1, 2, LI Zhe-yi1, 2,  

ZHANG Xu1, 2, LI Le1, 2, DAI Zhong-ran1 

 
(1. Key Discipline Laboratory for National Defense for Biotechnology in Uranium Mining and Hydrometallurgy, 

University of South China, Hengyang 421001, China; 

2. College of Public Health, University of South China, Hengyang 421001, China) 

 
Abstract: A luminescent MOFs material Tb3+-UiO-66-(COOH)2(Ln-MOFs) was prepared by hydrothermal 

synthesis. The structure of Tb3+-UiO-66-(COOH)2 was characterized by Fourier transform infrared (FT-IR), 

scanning electron microscopy (SEM) and fluorescence spectrum (FL). The results show that the best conditions of 

uranium adsorption are as follows: pH is 7, adsorption time is 10 h, temperature is 313 K, the initial U( ) 

concentration is 60 mg /L, the maximum adsorption capacity of U( ) is 333.13 mg/g. The material can also be 

used to detect U( ) with fluorescence at the same time. The optimal excitation and emission wavelengths are 300 

and 540 nm, respectively. There is a good linear relationship in the concentration range of 200 g/L to 10 mg/L 
2
2UO  with a correlation coefficient of 0.9924. Limit of detection (LOD) is 232.7 g/L. The proposed method is 

simple, selective and sensitive. 

Key words: uranyl ions; MOFs; adsorption; fluorescence recognition 
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