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Section S1: The arrangement of dimethylammonium cations

Fig. S1 The arrangement of dimethylammonium cations in the second larger channel. Distances 
are in angstrom (Å).

Section S2:  Water Vapor Sorption
        

The as-made Eu-MOF was soaked in anhydrous methanol for 8 h. The supernatant was 
decanted and replenished four times over three days. A completely desolvated sample of about 
100 mg was obtained by heating the solvent-exchanged bulk at 80 °C under dynamic high vacuum 
for 24 h. Water adsorption isotherms of the dehydrated Eu-MOF were measured on a 
Quantachrome IQ2 system. Before the water vapor measurement, the samples were evacuated 
again by using the “degas” function of the surface area analyzer for 10 h at 80 °C.

The dehydrated Eu-MOF retained the original structure, which has been approved by its 
indentical PXRD pattern with that of as-made Eu-MOF (Fig. S2). 

The drastic increase of adsorbed water in the low vapor pressure range (0–30% RH) suggested 
that the water molecules are adsorbed in the pores of the materials. The amounts adsorbed water 
molecules are determined to be 3.0 (at 40 % RH) per [Eu2(L)2] unit for Eu-MOF, which is 
compared to initial water content of Eu-MOF. Above that, adsorbed water continues gradually 
increasing. There is a small hysteresis in the adsorption/desorption process at low humidity (Fig. 
S3). 
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Fig. S2 PXRD patterns of simulated from single-crystal X-ray diffraction results, the as-
synthesized and dehydrated Eu-MOF.
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Fig. S3 Water vapor adsorption/desorption isotherms of the dehydrated Eu-MOF at 298 K. 
Closed and open squares correspond to the adsorption and desorption processes, respectively.
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Section S3: Proton conductivity studies of Eu-MOF.
    

Method for measuring ionic/proton conductivity is impedance spectroscopy, in which a 
sinusoidally varying voltage is applied across the sample of interest, and the current flowing 
through the sample is measured as a function of the sinusoidal frequency. The complex impedance 
(Z) is then calculated by dividing the complex voltage by the complex current, as a function of 
frequency. A typical model for ion/proton transport through a grain of powdered material is the 
parallel combination of a resistor and capacitor, which in the frequency domain (after applying the 
Laplace transform) traces out a semicircle in the complex (Z vs Z) plane as a function of 
frequency. The conductivity of the sample is then calculated by geometrically scaling the low 
frequency intercept of the semicircle with the Z (real) axis. So a typical impedance plot (Z vs Z) 
of ionic-conducting materials shows a semicircle in the high frequency region and a tail at low 
frequencies. The tail at low frequencies indicates blocking of protons at either the electrode or 
grain boundaries.

Proton conductivity was measured on the powdered crystalline samples Pellets. Ac impedance 
spectroscopy measurement was performed on a PARSTAT 2273 impedance analyzer over a 
frequency range from 0.1 Hz to 1 MHz, with a quasi-four-probe electrochemical cell and an 
applied ac voltage of 10 mV with copper electrodes (the purity of Cu is more than 99.9 %). The 
conductivity was calculated as  = (1/R)(h/S), where R is the resistance, h is the thickness, and S 
is the area of the tablet. Activation energies (Ea) were calculated by fitting the conductivity data to 
the Arrhenius relation for thermally activated conduction, which is given as σT = σ0 exp ( Ea / 
kT), where σ, σ0, Ea, k, T are the conductivity, pre-exponential factor, activation energy, 
Boltzmann constant and absolute temperature, respectively.

Fig. S4 Nyquist plots for Eu-MOF at room temperature and various relative humidity.

S5



.

Fig. S5 Nyquist plots for Eu-MOF at 68% relative humidity and different temperature (a) 3055 

°C (b) 65100 °C.

Fig. S6 The possible mechanisms of proton transport in Eu-MOF.
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Table S1: Compare proton conductivity of CPs or MOFs containing dimethyl ammonium and 
other proton-conducitng MOFs reported in the last two years with that of Eu-MOF in this work.

S7

Compound Pore guests  / S cm1  RH % T (oC) Water 

satbility

Published 

year

Eu-MOF [H2N(CH3)2]+, water 1.1  103 98 100 Yes This work

Cd-5TIA[1] [H2N(CH3)2]+ 3.6  103 98 28 [a] 2012

In-5TIA[1] [H2N(CH3)2]+ 5.35  105 98 28  2012

In-IA-2D-1[2] [H2N(CH3)2]+, water 3.4103 98 27  2013

In-IA-2D-2[2] [H2N(CH3)2]+, DMF 1.59105 anhydrous 120  2013

[(CH3)2NH2][Zn3Na2(cpi

da)3]2.5DMF[3]

[H2N(CH3)2]+, 

absorbed H2O

2.1106 97 95 2013

4.2102 98 ambient 

room

{[(Me2NH2)3(SO4)]2[Zn2(

ox)3]}n
[4]

[H2N(CH3)2]+and 

SO4
2

1104 anhydrous 150

Yes 2014

[Zn3(5-sip)2(5-

sipH)(bpy)](DMF) 

2(DMA)[5]

[H2N(CH3)2]+, DMF 8.7105 60 25  2014

(NBu4-ZIF-8-OH)[6] OH 2.3108 99 25 2014

CaPiPhtA-NH3
[7] Lattice water, NH3 6.6103 98 24  2014

(NH4)2(adp)[Zn2(ox)3]·
3H2O[8]

NH4+，Lattice water 8103 100 25  2014

(NH4)5[MnII2CrIII3
(ox)9]10H2O[9]

NH4+，Lattice water 7.1104 74 25 No 2014

[EuL(H2O)3]2H2O[9] 1.6105

[DyL(H2O)3]2H2O[9]

Uncoordinated

pore water 1.33105

97 75  2014

[Zn(H2PO4)2(HPO4)]·(H2

dmbim)2
[10]

H2PO4
− and HPO4

2− 2104 anhydrous 190 Yes 2014

{[Cd2(L)3(DMF)(NO3)](

DMF)3(H2O)8}n
[11]

DMF, Lattice water 1.3105 98 25  2014

[H3O][Mn3(μ3-

OH)(C14H8O6S)3(H2O)](

DMF)5
[12]

H3O+, DMF, water 3104 98 34  2014

PCMOF-5[13]

Free phosphonic acid 

groups and water 

lining 1D pores

2.5103 98 60.1 Yes 2013

{NMe3(CH2COOH)}[Fe

Cr(ox)3]3H2O[14]

8105 65

Et−MnCr[14] 2104 80

Bu-FeCr[14] 5106

Bu-MnCr[14]

Lattice water

9108

90

25  2012

Et−FeCr·2H2O[15] Lattice water 107 65 25 No 2013



[a] The water stability of compounds has not been investigated in paper.
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Et−FeFe·2H2O[15]

[Zn3(H2PO4)6](Hbim)[16] 1.3103 anhydrous 120  2013

[Zn3(H2PO4)6(H2O)3](Hbi

m)[16]

Benzimidazole 

6.1107 anhydrous 60  2013

ZrF[H3(O3PCH2NHCH2C

OO)2][17]

Hydrogen bonding 

between carboxylic 

acid groups on 

adjacent chains

1103 95 140  2013

MnII3[NbIV(CN)8]2(4-

aminopyridine)10(4-

aminopyridinium)2·12H2

O[18]

4-NH2pyH+ and 

water

4.6104 100 49  2013

Cu-DSOA H3O+ and water 1.9103 98 85 Yes 2013
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Section S4: Studies of sensing metal ions through cation exchange
   
4.1 Detailed ion-exchange experiments of Eu-MOF are as follows: 

The as-synthesized Eu-MOF crystals of 40 mg dispersed in 0.01 mol L1 aqueous solution 
containing M(NO3)x (M = Li+, Na+, K+, Ag+, Mg2+, Ca2+, Ba2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, 
Cu2+, Zn2+ and Pb2+) for 3 days to form Mn+@Eu-MOF, which are then filtered and washed with 
fresh distilled water for many times till the filtrate is completely colorless to wash off the cations 
physically absorbed on the surface of the crystals. Next, Mn+@Eu-MOFs are dried in air for the 
sensing studies. 

To further understand the process of cations exchange, we choose the concentration of 0.1 mol 
L1 Fe3+/Cu2+ aqueous solution for the next time-dependent experiments. The grounded powder 
samples of Eu-MOF has been introduced in Fe3+/Cu2+ solution for different time (such as 5 min, 
10 min, 30 min, 1 h, 2 h, 5 h, 1 d) to obtain time-dependent Fe3+@Eu-MOF and Cu2+@Eu-MOF 
samples, are then filtered and washed with fresh distilled water for many times till the filtrate is 
completely colorless to wash off the cations physically absorbed on the surface of the crystals. 
Next, these time-dependent Fe3+@Eu-MOF and Cu2+@Eu-MOF samples are dried in air. Then we 
analyzed time-dependent luminescence intensity, PXRD patterns, IR spectra, element analysis 
(EA) and ICP of solid sample Fe3+/Cu2+@Eu-MOF as well as ICP of their filtrate after “ion-
exchanging”.

Fig. S7 Photographs of the Eu-MOF crystals, Cu2+@Eu-MOF, and Fe3+@Eu-MOF after 
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immersion in Cu2+/Fe3+ aqueous solution.

4.2. Time-dependent luminescence of Fe3+@Eu-MOFs and Cu2+@Eu-MOFs.

The PL intensity of Cu2+@Eu-MOFs after Cu2+ solution treating for 5 minutes decreased to 14% 
of that of pure Eu-MOF. The PL intensity of Fe3+@Eu-MOFs after Fe3+ solution treating for 5 min 
decreased to about 26 % of that of pure Eu-MOF. With the exchange time increasing, the 
fluorescence intensity of Fe3+@Eu-MOFs and Cu2+@Eu-MOFs continue lessening.

Fig. S8 The emission intensity of time-dependent of Fe3+@Eu-MOF obtained after immersion in 
Fe3+ aqueous solution for different immersion time.
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Fig. S9 The emission intensity of time-dependent Cu2+@Eu-MOF obtained after immersion in Cu2+ 

aqueous solution for different immersion time.

4.3 Time-dependent Powder X-ray diffraction (PXRD) of Fe3+@Eu-MOFs and 
Cu2+@Eu-MOFs  

 For time-dependent Fe3+@Eu-MOFs, the profile of the PXRD patterns did not show obvious 
variation in 10 minutes, indicating that the host framework of Eu-MOF retained before in 10 
minutes in Fe3+ aqueous solution. And 30 minutes later, the diffraction intensity at 8.14o and 9.65o 
respectively in 2 gradually decreased and finally disappeared (1d), and meanwhile new peaks at 
14.26o, 15.46o of free liand (H4L= 5-(3,5-dicarboxybenzyloxy)-isophthalic acid) started to appear 
more prominently suggesting the collapse of the original crystal structure and transformation to 
ligand (H4L).

PXRD patterns of Cu2+@Eu-MOF do not change with the immersion time and well match with 
the simulated pattern from single crystal Eu-MOF from beginning to end, suggesting the 
framework of Eu-MOF remains, although the photoluminescence is mostly quenched.

Fig. S10: PXRD patterns of time-dependent Fe3+@Eu-MOF obtained after immersion in Fe3+ 
aqueous solution for different immersion time, free ligand (H4L= 5-(3,5-dicarboxybenzyloxy) -
isophthalic acid) and the simulated pattern of Eu-MOF.
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Fig. S11. PXRD patterns of time-dependent Cu2+@Eu-MOF obtained after immersion in Cu2+ 
aqueous solution for different immersion time and the simulated pattern of Eu-MOF.

4.4 Time-dependent IR spectra of Fe3+@Eu-MOFs and Cu2+@Eu-MOFs

The adsorption band at 1700 cm1 indicative of free carboxylic acid group[20] is not found in 
Cu2+@Eu-MOFs and pure Eu-MOFs, but appeared in the IR profiles of Fe3+@Eu-MOFs. The 
results suggest that some COO groups are not coordinated to the metal ions and has been 
protonated in solid-state Fe3+@Eu-MOFs.
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Fig. S12. IR spectra at room temperature. (a) free ligand (H4L= 5-(3,5-dicarboxybenzyloxy)-
isophthalic acid); (b) pure Eu-MOF and time-dependent Fe3+@Eu-MOF: (c), (d), (e), (f), (g), (h) 
corresponding to 5 min, 10 min, 30 min, 1 h, 5 h, 24 h respectively.

Fig. S13. IR spectra at room temperature. (a) free ligand (H4L= 5-(3,5-dicarboxybenzyloxy)-
isophthalic acid); (b) pure Eu-MOF and time-dependent Cu2+@Eu-MOF: (c), (d), (e), (f) 
corresponding to 30 min, 1 h, 5 h, 24 h respectively.

4.5 Time-dependent Element Analysis and ICP analysis

Eu-MOF after immersion in aqueous solution containing different metal cations was filtered 
and then washed with fresh distilled water many times till the filtrate is completely colorless. The 
quantity of exchanged dimethylammonium cations can be evaluated by measuring the “N” content 
in time-dependent Element Analysis. Time-dependent ICP measurement can monitor the amount 
of Eu3+ and Cu2+/Fe3+ in solid-state Cu2+@Eu-MOF and Fe3+@Eu-MOF obtained after immersion 
in Cu2+/Fe3+ aqueous solution. ICP analysis of the filtrate at different ion-exchanging time is 
favorable to determine the Eu3+ content dissolved or exchanged with guests. The results of EA and 
ICP are listed as Table S2 and S3 respectively.

Time-dependent element analysis showed the [H2N(CH3)2]+ content in both Fe3+@Eu-MOF and 

S13



Cu2+@Eu-MOF decreased with immersion time increasing. Meanwhile, ICP analysis of the solid 
sample demonstrated Cu2+ content increased with the immersion time increasing and Fe3+ was 
slightly lifted in its solid sample in the measured time. Additionally, the Eu(III) content of the 
time-dependent filtrate after “Cu2+-exchanging” is negligible little. In contrast, the Eu(III) content 
of the time-dependent filtrate after “Fe3+-exchanging” continue increasing, which are attributed to 
the collapse of framework and Eu3+ dissolved in solution. 

Table S2: Time-dependent EA (elemental analysis) and ICP results of Fe3+@Eu-MOF obtained 
after immersion in Fe3+ aqueous solution, as well as ICP results of the time-dependent filtrate after 
“ion-exchanging”.

N% in solid 
Fe3+@Eu-
MOF 
observed in 
EA results

[(CH3)2NH2]+

 in solid 
Fe3+@Eu-MOF 
calculated 
according to  
N content

Eu in 
solid 
sample 
Fe3+@Eu-
MOF

Fe in 
solid 
sample 
Fe3+@Eu-
MOF

Eu3+ ion amount 
(ppm) in filtrate 
after Fe3+ 
exchanging 
observed in ICP 
results

Immersion time 
in Fe3+ aqueous 
solution

1.63 5.37 17.01 1.07 6.66 5 min
1.25 4.11 16.28 1.69 14.48 10 min
0.92 3.02 11.53 1.21 15.97 30 min
0.88 2.89 11.52 1.38 18.1 1 h
0.58 1.91 10.89 1.75 18.22 5 h
0.09 0.29 6.17 3.29 21.26 24 h

 
Table S3. Time-dependent EA (elemental analysis) and ICP results of Cu2+@Eu-MOF obtained 
after immersion in Cu2+ aqueous solution as well as ICP results of the time-dependent filtrate after 
ion-exchanging.
N content (%) 
in solid 
Cu2+@Eu-MOF 
observed in EA 
results

[(CH3)2NH2]+(%)
 in solid 
Cu2+@Eu-MOF 
calculated 
according to  
N% content 

Eu in solid 
sample 
Cu2+@Eu-
MOF

Cu in 
solid 
sample 
Cu2+@E
u-MOF

Eu3+ ion amount 
(ppm) filtrate 
after Cu2+ 
exchanging 
observed in ICP 
results

Immersio
n time in 
Cu2+ 
aqueous 
solution

 1.52 5.13 16.81 1.83 0.34 5 min
1.35 4.44 16.46 2.47 0.39 10 min
1.14 3.75 15.78 3.08 0.43 30 min
1.18 3.88 15.19 3.33 0.47 1 h
1.13 3.71 14.98 4.33 0.53 2 h
0.93 3.06 14.54 5.45 0.72 5 h
0.84 2.76 13.87 6.38 0.95 24 h

4.6 The quenching effect of Eu-MOF as a function of Cu2+, Fe3+ concentration
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Fig. S14 Fluorescence intensity (at 616 nm) of Fe3+@Eu-MOF solid sample after 24 h immersion 
as a function of Fe(NO3)3 concentration in solution, ex = 320 nm. 

Fig. S15 Fluorescence intensity (at 616 nm) of Cu2+@Eu-MOF solid sample after 5 h immersion 
as a function of Cu(NO3)2 concentration in solution, ex = 320 nm.
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