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1. Experimental section 

 Materials and Methods

H6L was synthesized by a modified procedure documented previously.1 All other reagents and 
solvents were obtained from commercial sources and used as received.

Elemental analyses for C, H and N in the solid sample were carried out on a VarioEL analyzer. 
The infrared (IR) spectra (diamond) were recorded on a Nicolet 7600 FT-IR spectrometer within 
the 4000-500 cm-1 region. TGA (thermal gravimetric analysis) was recorded under an air 
atmosphere with a heating rate of 10 °C/min using a a SDT 2960 Simultaneous DSC-TGA of TA 
instrument in the temperature range of 50-800 °C. Powder X-ray power diffraction (PXRD) 
patterns were collected by a D8 Focus (Bruker) diffractometer with Cu K radiation Field-
emission (λ = 0.15405 nm). The gas adsorption isotherms for N2 at 77 K, H2 at 77 K and 87 K, 
CO2 at 273 K and 298 K were performed on ASAP 2050 V1.01 E and Autosorb MP-1 apparatuses 
at 1 atm. The vapor adsorption isotherm for benzene at 293 K was performed on an Autosorb iQ 
Station 2 apparatuses of Quantachrome Instrument (version 3.01).
A basic trinuclear cluster-model [Cd3(bipy)2(L)] was constructed according to the experimental 
data. All the calculations for the studied complexes were performed with C1 symmetry using the 
Gaussian 09 package2. B3LYP3 together with the 6-31G basis set for C, H, N, O atoms and the 
LANL2DZ basis set for the Cd element were chosen for the structure optimization. Time 
dependent DFT (TD-DFT)4-6 calculations were performed on the basis of the optimized ground 
equilibrium geometries. The polarized continuum model (PCM)7-9 in water, benzene, and Nitro-
benzene was considered. GaussSum 2.510 was used for orbitals and the DOS analysis for structures 
and orbital manipulations.

Scheme S1. Schematic representation of ligands H6L and bipy.

 X-ray crystal structure determination:

Diffraction intensity data for single crystal of 1 was collected at 273 K on a Bruker Apex II 
CCD diffractometer equipped with graphite-monochromated Mo-Kα radiation (λ = 0.71073 
Å). Data processing was accomplished with the SAINT program. Absorption corrections 
were applied using SADABS.11 The structure was solved by direct methods using SHELXS-
97 program of the SHELXTL package and refined by using the full-matrix least squares 
method on F2 with SHELXTL-97.12 Anisotropic displacement parameters were applied to all 
non-hydrogen atoms. Hydrogen atoms were located geometrically and were added to the 
structure factor calculation. The remained solvent molecules in the channels of 1 were 
disordered and could not be modeled properly, and the contribution of their electron density 



was removed by the SQUEEZE routine in PLATON, which was determined by elemental 
analysis and thermogravimetric analysis. The formula for 1 was also determined by 
combining single-crystal structure, elemental microanalysis and TGA. A summary of the 
crystallographic data for complex 1 is listed in Table S1. CCDC-1017377 contains the 
supplementary crystallographic data for this paper. This data can be obtained free of charge 
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Table S1. Summary of Crystal Data and Structure Results for 1.

Compound 1

chemical formula C88H92Cd3N8O23

structural formula {Cd3(L)(bipy)2•4DMA}n

fw 1966.90

temperature (K) 273(2)

a (Å) 31.136(9)

b (Å) 20.048(6)

c (Å) 15.849(4)

α (°) 90

β (°) 108.347(5)

γ (°) 90

V (Å3) 9390(4)

Z 4

space group C2/c

2θ max (deg) 50.34

μ(Mo-Kα) mm-1 0.746

D (g/cm3) 1.391

F(000) 4016

Reflections collected / unique 23749/8371 [Rint = 0.0792]

R1
a wR2

b [I > 2σ(I)] R1 = 0.0841, wR2 = 0.2592

R1
a wR2

b (all data) R1 = 0.1211, wR2 = 0.2854

GOF 1.011

a R1 = Fo -Fc/Fo, b wR2 = {w[(Fo)2-(Fc)2]2/w[(Fo)2]2}1/2



2. Structural figures

(a)

  

(b)                       (c)                         (d)
Fig. S1 (a) An ORTEP representation of the asymmetric unit of 1. Thermal ellipsoids are drawn at 
the 30% probability level. The hydrogen atoms and free solvent molecules are omitted for clarity. 
Symmetry codes: A x, y, z-1; B x-1/2, -y+1/2, z-1/2; C -x+1/2, -y+1/2, -z+1; D -x+1/2, -y+1/2, -z; 
E -x+1, y, -z+1/2; F -x+1, y, -z+3/2; G x, y, z+1; H x+1/2, -y+1/2, z+1/2. (b-d) The coordination 
modes of Cd(1) (b), Cd(2) (c) and carboxylate ligand (d).

      
(a)                                  (b)

Fig. S2 (a) A 2D layered structure in 1 along [010] direction. Color modes: carbon, gray; oxygen, 
red. The CdOxNy (x = 5, y = 2 for Cd(1); x = 6, y = 0 for Cd(2)) polyhedra are shaded in green. (b) 
Each double-layer in 1 is drawn in gold and blue, respectively.



Fig. S3 View of the 3D supramolecular structure for 1 along c-axis, in which free DMA molecules 
filled into the 1D channels. 

Fig. S4 The simplified (4, 4)-connected sql double-net shown in green and gold sticks, 
respectively.

3. TGA, PXRD and IR

3.1 TGA analyses
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Fig. S5 TGA curves of CdMOF (1) and activated 1a under air atmosphere. 
As shown in Fig. S5-black line, the TG curve for 1 shows that the first weight loss of 17.3% from 
86 °C to 258 °C correspond to the losses of four DMA molecules (cald. 17.7%). Then two 



continuous weight losses in the temperature range of 316-518 °C corresponds to the combustion 
of organic ligands, implying that the complex decomposes. A plateau of 22.2% at 518 °C is 
observed. The final residual for Cd-MOF (1) was not characterized due to the its corrosive 
reactions with the TGA buckets made of Al2O3, however it is expected to be mainly cadmium(II) 
oxide.
Activated sample 1a was also tested its thermal stability based on TGA curve (Fig. S5-red line). It 
can be seen clearly that 1 can completely release its guest molecules to form guest-free framework 
1a, and the solvent-free 1a is highly stable until 265 °C. Considering the intrinsic structural 
property as well as combining its highly thermal stability and solvent-stability, it is anticipated 
that guest-free 1a is a potential luminescent sensor for small solvent molecules at room 
temperature.

Fig. S6 Pore size distribution of 1a based N2 sorption data at 77 K. 

3.2 PXRD analyses

As shown in Fig. S7, the diffraction peaks of the measured Cd-MOF (1) are almost in good 
agreement with the simulated data generated from the result of single-crystal diffraction data, 
confirming the phase purity of the as-synthesized samples. 

Prior to the measurement of gas adsorption, some preparatory work has been done. The as-
synthesized sample of 1 was immersed into anhydrous methanol for 3 days, methanol was 
refreshed three times during the exchange. Then similar immersion was utilized to treat the sample 
with dichloromethane to remove methanol molecules. After the removal of dichloromethane by 
centrifuging, the wet sample was dried under vacuum at 80 °C for 15 h to yield an activated 1 
(denoted as 1a). Its PXRD pattern, as depicted in Fig. S8 (activated 1), is almost identical to that 
of 1, demonstrating the framework’s robustness of activated 1a. 

Cd-MOF (1) and activated 1a are insoluble in water and common organic solvents. Before the 
luminescent sensing study, the solvent-stabilities of 1a treated by water and other different organic 
solvents (1a/solvents) are also demonstrated by PXRD (Fig. S8). The samples of 1a/solvents were 
prepared by introducing each grinding sample (30 mg) into various solvents (N, N′-
dimethylformamide (DMF), H2O, benzene, nitrobenzene, 2-nitrotoluene, nitromethane, 2-
propanol, acetonitrile, methanol, ethanol, tetrahydrofuran (THF), carbon tetrachloride (CCl4)), and 
then aged for 72 h. Then the powder was obtained by filtration, and dried. As shown in Figure S8, 
it is clear that the basic frameworks of 1a are still maintained after immersing solvent molecules, 
illustrating good solvent-stability. 



Fig. S7 The PXRD of as-synthesized sample 1 (red) and the calculated pattern (black) from the 
crystal structure of 1.
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Fig. S8 PXRD patterns of 1a (activated 1) and 1a after immersed in various solvents (a and b), as 
well as 1a regenerated from 1a/benzene and 1a/nitrobenzene (c).

3.3 FTIR analyses

IR peaks (cm-1) for 1/benzene: 3066 (w), 2927 (w), 2876 (w), 1672 (w), 1595 (s), 1522 (m), 1471 
(w), 1435 (w), 1388 (vs), 1311 (m), 1244 (s), 1167 (m), 1106 (w), 1018 (m), 858 (m), 781 (m), 
761 (m), 735 (w), 699 (w).
IR peaks (cm-1) for 1/nitrobenzene: 3071 (w), 2938 (w), 2881 (w), 1595 (s), 1517 (vs), 1471 (w), 



1440 (w), 1388 (s), 1343 (s), 1311 (w), 1244 (m), 1167 (m), 1106 (w), 1018 (m), 848 (m), 781 (m), 
756 (w), 735 (w), 699 (m).
As shown in Fig. S9b, some bands for Cd-MOF (1) are different from free H6L and bipy ligands, 
due to the formation of CdII-O and CdII-N coordination bonds of carboxylate oxygen atoms and 
nitrogen atoms from H6L and bipy ligands. The infrared spectra of various solvent-soaked 1 
(1/solvents) (Fig. S10) further confirm that the framework of 1/solvents is retained after the 
introduction of organic solvents. 
In the IR spectra of 1/benzene, 1/nitrobenzene, 1/DMF, and 1/H2O, one adsorption band is 
abrupt and abnormal at about 2500 cm-1, that should be attributed to the asymmetric vibration 
from free linear carbon dioxide (νasym = 2348 cm-1) in air, found in the background spectrum (Fig. 
S9-background), which is caused by instrument. 
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(a)                                        (b)             
Fig. S9 FTIR of free bipy, H6L ligands and Cd-MOF (1). 

        
4000 3500 3000 2500 2000 1500 1000

40

60

80

100

120

T 
%

Wavenumbers (cm-1)

Benzene

(a)
4000 3500 3000 2500 2000 1500 1000

40

60

80

100

120

T 
%

Wavenumbers (cm-1)

Nitrobenzene

(b)

        
4000 3500 3000 2500 2000 1500 1000

40

60

80

100

120

T 
%

Wavenumbers (cm-1)

DMF

(c)
4000 3500 3000 2500 2000 1500 1000

40

50

60

70

80

90

100

110

T 
%

Wavenumbers (cm-1)

H2O

(d)



        
4000 3500 3000 2500 2000 1500 1000

30

40

50

60

70

80

90

100

T 
%

Wavenumbers (cm-1)

Ethanol

(e)
4000 3500 3000 2500 2000 1500 1000

65

70

75

80

85

90

95

100

105

T 
%

Wavenumbers (cm-1)

Nitromethane

(f)

        
4000 3500 3000 2500 2000 1500 1000

30

40

50

60

70

80

90

100

T 
%

Wavenumbers (cm-1)

Methanol

(g)
4000 3500 3000 2500 2000 1500 1000

40

50

60

70

80

90

100

T 
%

Wavenumbers (cm-1)

CH2Cl2

(h)

 
4000 3500 3000 2500 2000 1500 1000 500

10

20

30

40

50

60

70

80

90

100

 

 

T 
%

Wavenumbers (cm-1)

 1a
 1a/benzene
 1a/nitrobenzene (i)

1600 1400 1200 1000 800 600

10

20

30

40

50

60

70

80

90

100

 

 

T 
%

Wavenumbers (cm-1)

 1a
 1a/benzene
 1a/nitrobenzene(j)

 
4000 3500 3000 2500 2000 1500 1000 500

30

40

50

60

70

80

90

100

 

 

T 
%

Wavenumbers (cm-1)

 1a
 1a/benzene
 1a regerated from 1a/benzene (k)

1600 1400 1200 1000 800 600

40

50

60

70

80

90

100

 

 

T 
%

Wavenumbers (cm-1)

 1a
 1a/benzene
 1a regenerated from 1a/benzene(l)



 
4000 3500 3000 2500 2000 1500 1000 500

20

30

40

50

60

70

80

90

100

 

 

T 
%

Wavenumbers (cm-1)

 1a
 1a/nitrobenzene
 1a regenerated from 1a/nitrobenzene (m)

1600 1400 1200 1000 800 600
20

30

40

50

60

70

80

90

100

110

 

 

T 
%

Wavenumbers (cm-1)

 1a
 1a/nitrobenzene
 1a regenerated from 

         1a/nitrobenzene(n)

Fig. S10 IR spectra of solvent-soaked Cd-MOF (1) (a-h); the contrastive spectra of 1a, 1a/benzene, 
and 1a/nitrobenzene (i) as well as the related partial enlarged drawing (j); the contrastive spectra 
of 1a, 1a/benzene and 1a regenerated from 1a/benzene (k), as well as 1a, 1a/nitrobenzene and 1a 
regenerated from 1a/nitrobenzene (m), and the corresponding enlarged drawing (l and n).

4. Luminescence studies

The solid luminescence spectra of ligands (bipy and H6L), and Cd-MOF (1) at room temperature 
are shown in Fig. S11. Free bipy ligand displays two main fluorescent emission bands at λmax = 
392 and 411 nm under excitation at 363 nm, which can be assigned to π*→π transitions. When 
excited with λex= 348 nm, free carboxylate ligand (H6L) gives two strong sharp peaks at 382 and 
401 nm, and one weak shoulder peak at 423 nm, due to the intraligand and ligand-to-ligand charge 
transition. Cd-MOF (1) exhibits a strong broad emission band locating at around 427 nm upon 
excitation at 324 nm, in which the coefficient of carboxylate and bipy ligands with metal centers 
contributes to the fluorescent emission. 
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Fig. S11 Solid state excitation and emission spectra of free bipy and H6L ligands, as well as Cd-
MOF (1) at room temperature.

Fig. S12 Diagram of gas-sensing measurements for various solvent vapors. This experiment is 
executed similar to previous procedures described in Angew.Chem. Int. Ed. 2013, 52, 710; Chem. 
Eur. J. 2013, 19, 17172; Chem. Commun. 2014, 50, 10506.
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Fig. S13 (a) The luminescence spectra of 1a after exposure to solvent vapors for 24h when excited 
at 314 nm. (b) The comparison diagram between 1a, 1a/benzene and 1a/nitrobenzene. (c) The 
related luminescent intensity of 1a at 381 nm. (d) The luminescence spectra of 1a, 1a/benzene, 
and 1a/benzene-d6 (C6D6).

The fluorescence properties of 1a were investigated in various solvent emulsions at room 
temperature. The 1a-solvent emulsions were prepared by introducing 1a (5.0 mg) as a powder into 
various solvents (each 3.0 mL), treated with ultrasonication, and then aged to form stable 



emulsions prior to fluorescence measurements.
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Fig. S14 PL spectra (a) (λex = 314 nm) and luminescence intensity at the maximum (b) of 1a 
introduced into various pure solvents. 
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Fig. S15 (a) Absorption spectra of target solvents (benzene, nitrobenzene, 2-nitrotoluene, and 
nitromethane) in n-hexane. (b) The solid state absorption spectra of free ligands (H6L, and bipy), 
and Cd-MOF (1). (c) Absorption spectra of 1a-solvent emulsions in benzene (1a/benzene), 
nitrobenzene (1a/nitrobenzene), 2-nitrotoluene (1a/2-nitrotoluene), and nitromethane 
(1a/nitromethane). 
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Fig. S16 The PL spectra of pure benzene solution.



Fig. S17 Emission spectra of 1a upon exposure to benzene vapor at various time intervals at room 
temperature. Reproducibility of the enhancing ability of 1a to benzene vapor, the 1st cycle, 2nd 
cycle, and 3rd cycle, respectively.
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Fig. S18 Emission spectra of 1a upon exposure to benzene-d6 (C6D6) vapor at various time 
intervals at room temperature. Reproducibility of the enhancing ability of 1a to C6D6 vapor, the 1st 
cycle, and 2nd cycle respectively.

Fig. S19 Emission spectra of 1a upon exposure to nitrobenzene vapor at various time intervals at 
room temperature. Reproducibility of the enhancing ability of 1a to nitrobenzene vapor was 
carried for three cycles, namely, I-1st, II-2nd, III-3rd. 

In order to test that the used powder of 1a after detection of benzene vapor is reused and fully 
reversible, the used powder was heating at 80 °C for 3 hour under vacuum, then repeated this 
sensing experiment for three cycles. The results (Fig. S17) show the turn-on photoluminescent 



effect for 1a can be recovered without notable loss of the sensibility. The powder of 1a was used 
for sensing of nitrobenzene vapor is also similar and reusable (Fig. S19).
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Fig. S20 TGA curves of 1a, 1a/benzene, and 1a/benzene after activation under vacuum.

TGA curve of 1a after immersing benzene (Fig. S20-red) shows that the weight loss of ~20% 
from 50 to 250 °C is observed, which is attributed to the loss of the exchanged benzene molecules 
in channel. In fact, the weight loss of benzene adsorbed in the surface has begun from room 
temperature, so the amount of trapping benzene molecules by the framework of 1a is much more 
than 20%, which are stably trapped inside the channel. As shown in Fig. S20-blue curve, 1a after 
capturing benzene (1a/benzene) can be recovered by simply heating at 80 °C under vacuum for 3h. 
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Fig. S21 The blue-shift of wavelength position for 1a in benzene vapor at different time interval.
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Fig.22 Emission spectra of 1a upon exposure to benzene vapor with a low concentration of 8.8 
mg/cm3 at various time intervals at room temperature

Fig. S23 The contrastive images of firm sheets before (a) in-situ solid state luminescent 
measurements, and after benzene vapors (b-d) as well as nitrobenzene vapors (e).
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