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1. ICP-AES Results

Table S1. ICP-AES (Inductively Coupled Plasma Atomic Emission Spectrometry)

Samples Al % Fe %

MIL-101(Al/Fe)-NH2(20:1) 10.60±0.51 0.15±0.01

MIL-101(Al/Fe)-NH2(15:1) 10.57±0.54 0.17±0.01

MIL-101(Al/Fe)-NH2(10:1) 9.77±0.48 0.25±0.02

MIL-101(Al/Fe)-NH2(5:1) 9.41±0.37 0.38±0.02

2. Figures

Fig. S1. The SEM image of MIL-101(Fe)-NH2 MIL-101(Al/Fe)-NH2(20:1) MIL-101(Al/Fe)-
NH2(10:1) and MIL-101(Al/Fe)-NH2(5:1).



Fig. S2. (a) The ATR-FTIR spectra of the catalysts; (b) The magnified FTIR spectra of the catalysts.

The FT-IR spectra analyses were also performed to characterize the samples MIL-

101(Al/Fe)-NH2 (X), MIL-101(Al)-NH2 and MIL-101(Fe)-NH2. As shown in Figure 

S2, the band at 3498.5 cm-1 and 3370.5 cm-1 referred to the primary amines (-NH2) on 

the organic linker.1 The strong peaks at 1577 cm-1 and 1373 cm-1 occurring for all 

samples were attributed to the carboxylate linker, whereas bonds at 1644, 1441 and 

1256 cm-1 corresponded to the carboxyl groups of free aromatic carboxylic acid, the 

C=C stretching of benzenoid rings, and C-N vibration, respectively. The peak at 765cm-

1 was attributed to the out-of-plane bending vibration of C-H in the benzene ring.2 All 

of the results were similar to those observed in MIL-101(Al)-NH2 and MIL-101(Fe)-

NH2 samples. Nevertheless, the magnified IR spectra are shown in Figure S2b, the 

peaks below 1000 cm-1 are correspond to Al-O and Fe-O bonds vibration. 

Unfortunately, there were no Fe-O bonds in the bimetallic infrared spectra due to the 

extremely small amount of iron.



Fig. S3. (a) The N2 adsorption-desorption isotherms; (b) The pore size distribution of MIL-101(Al)-
NH2 and MIL-101(Fe)-NH2, respectively.

Fig. S4. The pore size distribution of MIL-101(Al/Fe)-NH2(20:1), MIL-101(Al/Fe)-NH2(15:1), 
MIL-101(Al/Fe)-NH2(10:1) and MIL-101(Al/Fe)-NH2(5:1), respectively.



Fig. S5. The XPS spectra of the samples.

Fig. S6. High resolution of the XPS spectra of the catalysts. (a)-(c) MIL-101(Al/Fe)-NH2 (15:1); 
(d)-(f) MIL-101(Al)-NH2; (g)-(i) MIL-101(Fe)-NH2.



The surface chemistry of the as-synthesized samples was also analyzed by XPS, and 

the diagrams were shown in Figure S5 and Figure S6. The high resolution XPS spectra 

of Al 2p, Fe 2p, N 1s and O 1s spectrums of the MIL-101(Al/Fe)-NH2 (15:1), MIL-

101(Al)-NH2 and MIL-101(Fe)-NH2 shows in the Fig. S6. As shown in Fig. S6a and 

S6d the peak at the binding energy of 74.5 eV was ascribed to Al3+ 2p.3 The Fe 2p XPS 

(Fig. S6g) electrons and binding energies of Fe3+ 2p3/2 and Fe3+ 2p1/2 peaks were located 

at 712.1 and 726.0 eV, respectively. Additionally, the peak at 717.0 eV was assigned 

to the satellite peak of Fe 2p3/2.4-6 The N 1s of the MIL-101(Al/Fe)-NH2 (15:1), MIL-

101(Al)-NH2 and MIL-101(Fe)-NH2 have the same peaks were shown in Fig. S6b, S6e 

and S6h, the N1s were fitted into two peaks at 399.2 eV and 400.4 eV, which 

corresponded to C-N and N-H of the amine group on the organic linkers, respectively.7 

Concurrently, the O 1s XPS spectrum were fitted out four peaks with binding energies 

of 531.4 (Al-O), 532.1 (C=O), 533.1(C-O) and 533.8 eV(O-H) for the samples MIL-

101(Al/Fe)-NH2 (15:1) and MIL-101(Al)-NH2. Whereas MIL-101(Al)-NH2 has a 

unique Fe-O bond at 530.6 eV which was shown in Fig. S6i. In the XPS spectrum of 

sample MIL-101(Al/Fe)-NH2 (15:1), there is still no trace of iron due to its very little 

amount in the structure.

Fig. S7. The cascade reaction at 110oC.



Fig. S8. The leaching test of the catalyst of MIL-101(Al/Fe)-NH2(15:1).

Fig. S9. The XRD of the MIL-101(Al/Fe)-NH2 (15:1) and after catalyzed five cycles.
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