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A Multifunctional Eu MOF as a fluorescent pH sensor and 

exhibiting highly solvent-dependent adsorption and 

degradation of rhodamine B 

Qingguo Meng,b,† Xuelian Xin,a,† Liangliang Zhang,a Fangna Dai,a Rongming Wang,a 
Daofeng Suna,* 

Due to their tunable structure and porosity, metal-organic frameworks have provided a new 

platform for fluorescence sensor and adsorptrion/separation of gas or organic molecules. 

Many studies have focused on sensing metal ion, anion, or organic molecules through 

fluorescence quenching or enhancement of MOFs, seldom are reported on pH-fluorescence 

sensor. Furthermore, highly solvent-dependent adsorption and degradation of dye molecules 

based on functional MOF has never been explored to date. In this study, we describe a 

multifunctional Eu MOF, [H3O][Eu3(HBPTC)2(BPTC)(H2O)2]•4DMA (UPC-5, UPC = China 

University of Petroleum (East China)) based on a tetracarboxylate ligand. The luminescence 

intensity of UPC-5 is strongly correlated with the pH value in the pH range from 7.5 to 10.0, 

and a linear relationship between pH value and fluorescent intensity is observed. Another 

attractive property of UPC-5 is that its Li-exchanged form, Li-UPC-5, possesses solvent-

dependent adsorption and degradation of rhodamine B. The highly efficient degradation or 

decolorization of rhodamine B with long-term stability and activity makes Li-UPC-5 have 

potential advantage in treating rhodamine B pollutant. 

 

Introduction 

Recently, luminescent materials based on metal-organic 

frameworks (MOFs) or coordination polymers have been of 

extensive interest due to their wide range of potential 

applications in optics, displays, luminescence-based sensors, 

light-emitting devices (LEDs) or proofs for clinical use.1-7 In 

particular, luminescent porous MOF-based sensors have 

developed rapidly and their applications in simply detecting 

metal ions,8-10 anions,11,12 small organic molecules,13,14 

explosive and explosive-like molecules15,16 have been widely 

documented. However, pH-dependent fluorescent sensors 

based on porous MOFs have been seldom reported. To design 

and synthesize such fluorescent MOF-based sensor, the 

framework should contain a certain functional group or unit 

that can accept proton or OH– group in a certain pH range 

without causing the collapse of the framework. Very recently, 

Zhou et al. reported an exceptionally stable, porphyrinic Zr 

metal-organic framework (PCN-225) exhibiting pH-dependent 

fluorescence.17 The PCN-225 MOF can remain intact in 

aqueous solutions with pH ranging from 1 to 11, furthermore, 

the fluorescence intensity of PCN-225 is strongly correlated 

with pH value of the dispersed solution in the experimental pH 

range from 0 to 10.2, which reason derive from the pyridine-

type nitrogen atoms in the porphyrin center can accept proton 

to destroy the π-electron conjugated double-bond system of 

porphyrin. 

On the other hand, the tunable structures and porosities 

of MOFs have provided a platform for the applications in 

adsorption/separation of gas or organic molecules. Generally, 

the separation of gas/organic molecules is highly dependent 

on the host-guest interaction between the framework and the 

gas/organic molecules. Dye molecules, as widely used 

chemicals in many industries,18 have caused environmental 

pollution due to their poor biodegradability.19 Thus, the 

selective removal/enrichment or degradation of dye molecules 

Page 1 of 6 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

is very important for environmental protection. In the past 

several years, the adsorption or separation of dye molecules 

by porous MOFs was reported in the literature.20-22 On the 

basis of current research, the separation of dye molecules by 

porous MOFs includes two ways: size-exclusion effect and 

ionic selectivity. The former was fully illustrated by Xu group 

through the effective separation of large dye molecules by 

Zn/Cd MOFs with large channels.23,24 The separation of dye 

molecules through ionic selectivity was also reported 

recently.25 Although semiconductor-mediated or metal oxides-

based photodegradation of dye pollutants under visible-light 

irradiation has been documented,26-28 reports on highly 

selective adsorption23-25 and efficient degradation of dye 

molecules by MOFs are still rare.29 Furthermore, highly 

solvent-dependent selectivity and degradation to dye 

molecules based on a multifunctional MOF has never been 

explored so far. In this contribution, we report a 

multifunctional Eu MOF, [H3O][Eu3(HBPTC)2(BPTC)(H2O)2] 

•4DMA (UPC-5, UPC = China University of Petroleum (East 

China)) (H4BPTC = 3,3’,5,5’-biphenyltetracarboxylate), which 

possesses pH-dependent fluorescence in the pH range of 7-10, 

and highly solvent-dependent adsorption and degradation of 

rhodamine B based on ionic selectivity. 

 

Results and discussion 

1. Crystal structure of UPC-5  

Colorless crystals of UPC-5 were obtained by solvothermal 

reaction of H4BPTC and Eu(NO3)3•6H2O in dma/H2O at 90 oC 

for 2 days. The resultant crystalline sample of UPC-5 was not 

soluble in common solvents such as acetone, dmf, dmso etc. 

The crystal structure was determined by single-crystal X-ray 

diffraction, and the formula of 

[H3O][Eu3(HBPTC)2(BPTC)(H2O)2]•4DMA was further confirmed 

by thermogravimetric analysis and elemental analysis. 

 

Fig. 1 The coordination modes of aBPTC (a), bBPTC (b); the trinuclear 

“hourglass” SBU (c); the 1D supramolecular chain (d); the 3D porous 

framework with 1D channel along b axis (e), and space-filling representation 

of the 3D porous framework (f). The uncoordinated solvent molecules are 

omitted for clarity.  

UPC-5 crystallizes in triclinic space group P-1, and the 

asymmetric unit consists of one and a half Eu ions, one and a 

half BPTC ligands and one coordinated water molecule. As 

shown in Fig. 1, there are two types of BPTC ligands (aBPTC, 
bBPTC) with different coordination modes: aBPTC bridges six Eu 

ions, and one of carboxylate group is protonated, and bBPTC 

also links six Eu ions but all the carboxylate groups are 

deprotonated. Meanwhile, two types of Eu ions (Eu1, Eu2) 

with different coordination numbers exist in UPC-5: Eu1 is 

coordinated by eight oxygen atoms from six carboxylate 

groups, and Eu2 is coordinated by nine oxygen atoms from 

eight carboxylate groups and one coordinated water molecule. 

Thus, one Eu1 and two Eu2 ions are connected by six 

carboxylate groups from different ligands to form a trinuclear 

SBU, which is similar to other transition metal “hourglass” 

SBU.30 The trinuclear SBUs are first linked by aBPTC ligands in 

ab plane to generate a 2D layer, which is further connected by 
bBPTC ligands along c axis to give rise to a 3D open anionic 

framework with 1D channels along b axis. The dimensions of 

the channels are about 10.0 х 15.0 Å, and the protonated H2O 

molecules reside in the channels to balance the charge of the 

whole framework. The solvent-accessible volume calculated by 

PLATON31 is 664.5Å3, corresponding to 41.1 % of unit cell of 

UPC-5.  

It should be pointed out that there exists a 1D 

supramolecular chain generated through the link of strong 

hydrogen bonds among the mono-protonated aBPTC ligands, 

as shown in Fig. 1d. The distance between the O···O is about 

2.513 Å with the O···H···O angle of 169.10°, indicating a strong 

hydrogen bonding interaction. On the basis of the crystal data, 

the H atom does not belong to any O atom, since the two O···H 

bonds are 1.357 and 1.167 Å, which may illustrate that the two 

O atoms are sharing the same H atom. The hydrogen bond 

distance presented here is also in the range that the electron-

transfer or hydrogen-bonded proton-transfer can occur 

between the two O atoms.32,33
 

 

2. Gas-uptake Property 

Considering the existence of 1D channels, gas-uptake 

measurements for desolvated UPC-5 were carried out. Before 

the measurement, the as-synthesized crystal sample of UPC-5 

was immersed in methanol to exchange the uncoordinated 

DMA and water molecules. The exchanged sample was 

activated at 60 oC under vacuum for 10 hours. As shown in Fig. 

2, UPC-5 exhibits a typical Type-I adsorption isotherm for N2 at 

77 K, with the surface area of 432 m2 g-1. After the exchange of 

H3O+ by Li+ in the channels (According to the ICP results, about 

83% H+ was exchanged by Li+ after being immersed in fresh LiCl 

methanol solution for 12 hours.), the surface area of the 

resultant Li-UPC-5 increases slightly to 443.7 m2 g-1. These 

results indicate that UPC-5 and Li-UPC-5 can sustain their 

frameworks after the removal of the solvates in the channels. 

The gas uptakes for H2 and CO2 were also measured, which are 

shown in Figs. S4-S11. 
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Fig. 2 N2 adsorption isotherms for UPC-5 and Li-UPC-5. 

3. Fluorescent pH Sensor 

The luminescence measurement reveals that, upon excitation 

at 331 nm, UPC-5 exhibits luminescence at λmax = 593, 617, 

653, 696 nm, in which the emissions at 653 and 696 nm are 

very weak, as shown in Fig. S12. The emissions of UPC-5 show 

the characteristic transitions of Eu3+ ion and can probably be 

assigned to 5D0→7F1, 5D0→7F2, 5D0→7F3, 5D0→7F4 transitions, 

respectively. Due to the existence of protonated carboxylate in 

UPC-5, it can react with OH- group to be deprotonated, which 

may cause the change of the luminescence. Thus, pH-

dependent fluorescence measurement was carried out. The 

crystalline sample of UPC-5 was ground and dispersed in water 

solution. As shown in Fig. S13 and Fig. S14, the 

photoluminescence intensity of UPC-5 decreases gradually 

with the time after adding 1d NaOH solution. When the pH 

value increases from 7 to 7.5, the luminescent intensity of 

UPC-5 increases sharply to reach the maximum (Fig. 3), which 

reason may derive from that the introduction of Na+ ion into 

the channels highly influence the luminescence emission of 

Eu3+ ions. However, when the pH value increases from 7.5 to 

10, the intensity of the luminescence gradually decreases. 

Interestingly, the luminescence intensity of UPC-5 is strongly 

correlated with the pH value in this pH range from 7.5 to 10.0, 

and a linear relationship between pH value and fluorescent 

intensity is observed. This reason may derive from that at 

lower basicity, the OH- groups react with the proton in aBPTC 

ligands and destroy the electron transfer and the conjugate 

system, gradually influencing the characteristic transitions of 

Eu3+ ion (quenching effect), as found in porphyrin system.34 In 

comparison, when the pH is higher than 10, the emission 

intensity decreases significantly, which reason may result from 

that the deprotonation of the carboxylate group significantly 

destroyed the conjugated system and the electron transfer. As 

is known, it is very important for health to keep blood and 

other body fluids alkalescence. When the body keeps a pH 

value of 7.4, it has the best power of spontaneous healing. 

UPC-5 possesses highest emission intensity at pH = 7.5, and 

has a linear relationship between pH value and fluorescent 

intensity in pH range from 7.5 to 10.0, which may suggest that 

UPC-5 can act as pH-dependent fluorescent sensor.35 

 

Fig. 3 (a) pH dependent fluorescence of UPC-5 in the aqueous solution with 

pH ranging from 7 to 11. (b) blue squares showed fluorescence emission at 

617 nm at different pH values. Insert: the linear relationship between pH 

value and fluorescent intensity in the pH range from 7.5 to 10.0, (c) 

schematic deprotonation process of carboxylate group under basic media. 

4. Solvent-dependent adsorption of rhodamine B 

Another attractive property of porous MOFs is the separation 

or enrichment of organic molecules including dye molecules. 

Due to the existence of H3O+ cation in the channels, the 

adsorption or separation of dye molecules based on ionic 

selectivity for UPC-5 was carried out. Dye molecules with 

different size and charges were selected for the test. To our 

surprise, UPC-5 possesses highly solvent-dependent selectivity 

to rhodamine B, but there is no adsorption to other dye 

molecules. We found that when the as-synthesized crystals of 

UPC-5 were soaked in methanol solution containing LiCl to 

exchange H3O+ with Li+, the resultant Li-UPC-5 sample 

possesses faster adsorption to rhodamine B, as shown in Fig. 

S15 and Fig. S16. Thus, following experiments on adsorption 

and degradation are based on Li-UPC-5. 

  

Fig. 4 a–c, UV-vis spectra of RHB in acetone (a), methyl violet in acetone (b), 

mixed dyes of RHB and methyl violet in acetone (c) before and after the 

addition of Li-UPC-5. The insert photographs highlight the adsorption effects 

showing before (left) and after (right) adsorption. d, the standard curve for 

rhodamine B concentration. 
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When the crystals of Li-UPC-5 were soaked in acetone 

solution of rhodamine B, the colorless crystals gradually 

became colored (pink) in three hours and the color of the 

solution changed from pink to colorless, indicating rhodamine 

B could be efficiently adsorbed by crystals of Li-UPC-5 (Fig. 4a). 

As comparison, when the crystals of Li-UPC-5 were soaked in 

acetone solution of methyl violet or other anionic dye 

molecules, there were almost no adsorptions even after 12 

hours, indicating that Li-UPC-5 can selectively adsorb 

rhodamine B (Fig. 4b, 4c). The capability of Li-UPC-5 to adsorb 

rhodamine B from acetone solution was evaluated through 

UV/Vis spectroscopy. According to the standard curve for 

rhodamine B concentration (Fig. 4d), the adsorptivity of Li-

UPC-5 is 4.38 mg g-1, which is slightly bigger than other 

MOFs.25 The adsorption of rhodamine B into the channels of 

Li-UPC-5 can be further confirmed by gas uptake 

measurement. By fitting the N2 isotherm, the Brunauer-

Emmett-Teller (BET) surface area of the active Li-UPC-5 is 

443.7 m2 g-1. After the adsorption of rhodamine B, there is 

almost no adsorption to N2 molecules, indicating rhodamine B 

molecules were adsorbed into the pores of Li-UPC-5 (Fig. 5). 

 

Fig. 5 N2 adsorption isotherm before and after adsorption of 

Rhodamine B. Insert: the crystal colors of Li-UPC-5 and RHB@Li-UPC-5. 

 

More interestingly, the adsorption capacity of rhodamine B 

by Li-UPC-5 is highly determined by the solvent. The polarity of 

acetone is about 5.4 and the ability for acetone to form 

hydrogen bonds with other organic molecules is somewhat 

weak, compared to H2O, dmf, MeOH etc. The adsorption 

measurements for rhodamine B in H2O and MeOH reveal that 

there are almost no adsorptions in these solvents even after 

several days, as detected by UV/Vis spectroscopy (Fig. 6). 

Because the polarity of H2O and MeOH is much stronger than 

acetone, in order to understand the effect of the solvents on 

the adsorption capacity of rhodamine B, two solvents with 

similar polarity, isopropanol and chloroform, were used. As 

shown in Fig. 6c, there is almost no adsorption to rhodamine B 

in isopropanol solution, as detected by UV/Vis spectroscopy, 

however, Li-UPC-5 can efficiently adsorb rhodamine B in 

chloroform solution, although the adsorption capacity is lower 

than that in acetone solution. These results indicate that if the 

solvent can act as the donor or acceptor of hydrogen bond 

(protic solvent) to form hydrogen bonding interactions with 

rhodamine B, then the adsorption capacity in these solvents is 

very low, on the contrary, Li-UPC-5 can efficiently adsorb 

rhodamine B in the solvents that possess low ability to form 

hydrogen bonds (aprotic solvent). Hence, the adsorption of 

rhodamine B in aprotic solvent is much higher than that in 

protic solvent, and the higher the polarity of the aprotic 

solvent, the larger the adsorption capacity.   

 

Fig. 6 UV-vis spectra of RHB in H2O (a), MeOH (b), isopropanol and CH3Cl (c), 

dmso (d) before and after the addition of Li-UPC-5. The insert photographs 

highlight the adsorption effects showing before (left) and after (right) 

adsorption. 

 

5. Degradation of rhodamine B in dmso solution 

To further confirm the phenomenon mentioned above, 

another aprotic solvent with higher polarity, dimethyl 

sulfoxide (dmso), was used to test the adsorption capacity of 

Li-UPC-5. To our surprise, Li-UPC-5 can efficiently degrade 

rhodamine B in dmso solution under natural light. As shown in 

Fig. 6d, the color of the solution changed from pink to colorless 

in several minutes, whereas the colorless crystals remain 

unchanged. Furthermore, the UV/Vis spectroscopy 

measurements on the solution and the solid reveal that the 

characteristic adsorption peaks at 355 and 565 nm for 

rhodamine B disappeared (Fig. S17), indicating that rhodamine 

B, at least the chromophore, was degraded. The degradation 

of rhodamine B by Li-UPC-5 is fast and high-efficient, and it can 

be completely degraded after 15 minutes, as detected by 

UV/Vis spectroscopy. Control experiment with Eu(NO3)3•6H2O 

and H4BPTC was also carried out: while no degradation was 

observed with Eu(NO3)3•6H2O and H4BPTC as the catalyst, 

indicating that the degradation should occur in the pores of Li-

UPC-5 after rhodamine B was adsorbed into the channels. 

For the purpose of the practical applications, it is essential 

for the photocatalyst to possess long-term stability and 

activity. In the present case, after each run of the rhodamine B 
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total decolorization, the solution was removed from the test 

tube, and the identical amount of rhodamine B in dmso 

solution was then followed to add into the test tube for 

another run reaction. Fig. 7 shows the results of rhodamine B 

decolorization during 20 consecutive cycles. Almost 100% 

decolorization of rhodamine B was achieved for each run 

reaction, and no obvious loss of the activity for rhodamine B 

decolorization was observed during 20 cycles, indicating that 

Li-UPC-5 possesses excellent long-term stability. The activity of 

Li-UPC-5 presented here is much higher than other MOF-based 

photocatalysts and Degussa P-25.36-38 

 

Fig. 7 (a), UV-vis spectra of RHB in dmso (0.02 mg/ml), (Eu(NO3)3 + 

H4BPTC + RHB) in dmso, and after the degradation for 20 cycles.(b), 

the relative intensity of UV-vis at 554 nm for the degradation of RHB in 

20 cycles. Insert: the photographs highlight the degradation effects for 

20 cycles. 
 

To analyze the degradation product, proton NMR study 

were carried out (Fig. S18). By comparison of the proton NMR 

spectra for before and after degradation of RHB, it revealed 

that the peaks at ~3.5 and ~1.0 ppm for –CH2CH3 group 

disappear, while new peaks at ~13 ppm, which should be 

assigned to the proton of carboxylate group, appear after the 

degradation. These results indicate the main products of the 

degradation should be phthalic acid and benzoic acid, as found 

in other literatures.39,40  

Conclusions 

In summary, a multifunctional europium-organic framework 

(UPC-5) based on a tetracarboxylate ligand was synthesized 

and characterized. The anionic porous framework and the 

existence of protonated carboxylate in UPC-5 make it possess 

multiple potential functionalities. Results and conclusions of 

these investigations are summarized as follows: 1) due to the 

existence of protonated carboxylate group and 1D 

supramolecular chain formed by sharing the proton, UPC-5 can 

be stable under alkalescence condition, and shows a linear 

relationship between pH value and fluorescent intensity at the 

pH range from 7.5 to 10. This result makes UPC-5 possess 

potential application as pH-dependent fluorescent sensor; 2) 

after the replacement of H3O+ by Li+, the Li+ cations in the 

channels can efficiently exchange with cationic dye molecules, 

which make Li-UPC-5 possess highly selective adsorption of 

rhodamine B upon other ionic dye molecules in acetone 

solution. Furthermore, the adsorption of rhodamine B by Li-

UPC-5 is highly determined by the solvent, and the aprotic 

solvents are favourable for the adsorption of rhodamine B; 3) 

the most attractive property of this work is that Li-UPC-5 can 

efficiently degrade rhodamine B in dmso solution under 

natural light. The degradation is fast and the catalyst possesses 

long-term stability and activity. Although the adsorption and 

degradation of rhodamine B in organic solvents may 

somewhat limit its practical application, the fast and efficient 

degradation of rhodamine B makes Li-UPC-5 possess much 

advantage in treating rhodamine B pollutant with high 

concentration. Deep study of the degradation mechanism is 

currently underway in our lab. 

 

Acknowledgements 

This work was supported by the NSFC (Grant No. 21271117, 

21571187), NCET-11-0309, the Shandong Natural Science Fund 

for Distinguished Young Scholars (JQ201003), and the 

Fundamental Research Funds for the Central Universities 

(13CX05010A, 14CX02158A). 

 

Notes and references 
† Footnotes should appear here. These might include comments 

relevant to but not central to the matter under discussion, limited 

experimental and spectral data, and crystallographic data.  

Materials and measurements. Commercially available reagents were 

used as received without further purification. Elemental analyses (C,H,N) 

were performed with a PerkinElmer 240 elemental analyzer. Thermal 

gravimetric analysis (TGA) was performed under N2 on a PerkinElmer 

TGA 7 instrument. Photoluminescence spectra were performed on a 

Perkin Elmer LS 50B luminescence spectrometer. 

Synthesis of UPC-5. H4BPTC (64 mg, 0.2 mmol) and Eu(NO3)3•6H2O (223 

mg, 0.5 mmol) were dissolved in 50 ml of DMA-H2O (1:1). The solution 

was split into 50 portions and placed in glass tubes, then 0.25ml HNO3 

(6M) was added into each tube. The sealed tubes were slowly heated to 

90℃ from room temperature in 5 hours, kept at 90℃ for 2 days. After 

slowly cooled to 30℃ in 13 hours, colorless block crystals of UPC-5 were 

Page 5 of 6 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

separated in 49.5% yield based on H4BPTC. EA (%) calculated for 

[H3O][Eu3(HBPTC)2(BPTC)(H2O)2]•4DMA: C, 41.78; H, 3.45; N, 3.04; found: 

C, 42.35; H, 3.58; N, 3.03. 

Single-crystal X-ray diffraction study. Single-crystal X-ray diffraction was 

performed using an Agilent Xcalibur Eos Gemini diffractometer with 

Enhance (Mo) X-ray Source (Mo-Kα, λ = 0.71073 Å). Contributions to 

scattering from all solvent molecules were removed using the SQUEEZE 

routine of PLATON; structures were then refined again using the data 

generated. Crystallographic data (excluding structure factors) for the 

structure reported in this paper have been deposited in the Cambridge 

Crystallographic Data Center with CCDC Number: 1023321. These data 

can be obtained free of charge (http://www.ccdc.cam.ac.uk/data_ 

request/cif). Full experimental details and crystallographic analysis are 

given in the Supplementary Information. 
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