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Table S1 The original data about chemical composition (wt%) of Nb-MMT from XRF

Catalyst Si0, ALO; CaO MgO Fe,0;3 K,0 Na,O P,05 NbyOs
MMT 73.99 1395 582 3.00 .72 120 025 0.07 0.00
0.25Nb-MMT 73.74 1418 534 3.08 1.75 124 023 0.06 0.37
0.SNb-MMT 7439 1395 454 3.04 .70 123 030 0.08 0.78
INb-MMT 7443 1428 3.56 2.82 1.79 127 023  0.07 1.56
2Nb-MMT 74.78 13.89 224 284 1.66 1.19 023 0.05 3.12
3Nb-MMT 73.63 13.79 2.07 2.67 .72 132 023 0.08 4.50
INb-MMT-500 75.02 13.66 3.18 2.73 1.71 122 027 0.04 2.17
INb-MMT-900 74.05 1415 299 285 1.73 128 026 0.06 2.64
Table S2 Elemental content (wt%) of Nb-MMT determined by XRF
Catalyst Si Al Ca Mg Fe K Na P Nb
MMT 3453 738 416 1.80 120 1.00 0.18 0.03 0.00
0.25Nb-MMT 3441 751 382 185 122 1.03 0.17 0.03 0.26
0.5Nb-MMT 3471 738 324 183 119 1.02 022 003 0.54
INb-MMT 3473 756 254 169 125 1.05 0.17 0.03 1.09
2Nb-MMT 3490 735 160 170 1.16 099 0.17 0.02 2.18
3Nb-MMT 3436 730 148 160 120 1.09 0.17 0.03 3.15
INb-MMT-500 35.01 723 227 164 120 1.02 020 0.02 1.52
INb-MMT-900 3456 749 213 171 121 1.06 0.19 0.03 1.85




Table S3 Overview of glucose conversion to 5-HMF yield using various niobium-containing catalysts

under optimal conditions ?

Experimental parameter

Entry Catalyst Ref
Conversion/% Yield/%
1 Nb,Os/H3PO4 92.0 52.0 S1
2 Nby-WO; 100.0 56.0 S2
3 Porous NbOPO, 68.0 39.3 S3
4 NbO/NbP 55.0 30.8 S4
5 INb-MMT-900 99.0 70.5 This work

Table S4 Summary of glucose conversion and 5-HMF yield under different condition ?

Experimental parameter

Entry Catalyst
Conversion/% Yield/%
1 INb-MMT-900 99.0+0.8 70.5+£2.0
2b INb-MMT-900 98.7+0.2 554+19
3¢ INb-MMT-900 98.7+0.7 50.6 £ 0.7
44 INb-MMT-900 91.5+0.1 448 +2.6
5S¢ INb-MMT-900 95.0+04 50.4 £1.5
6f INb-MMT-900 98.4+0.7 65.6+£1.0

2 Reaction conditions: 66.6 mM glucose, 40 mg catalyst, 170 °C, 3 h, 5 mL of reaction solution, methyl

isobutyl ketone/saturated sodium chloride solution (MIBK-NaCl) =70 :

30 (v/v). ™ ¢ The initial

concentration of glucose was 100 mM and 133 mM, respectively. ¢ f The initial mass of catalyst was 10
mg, 20 mg and 60 mg, respectively.



Table S5 Characterization of the recycled 1INb-MMT-900 by XRF analysis.

Run Si Al Ca Mg Fe K Na P Nb

Fresh 3456 749 213 1.71 1.21 1.06 0.19 0.03 1.85

1 3461 746 207 170 1.21 1.06 0.19 0.03 1.79
2 3453 758 200 1.71 1.21 1.05 0.17 0.03 1.71
3 3463 749 210 1.71 1.21 1.06 020 0.03 1.64
4 3463 7.51 2.03 1.71 1.21 1.04 0.19 0.03 1.60

Table S6 5-HMF yield in two-phase solvent with different ratio of organic phase to inorganic

phase (conditions: 66.6 mM glucose, 40 mg I1Nb-MMT-900, 170 °C, 3 h).

Volume of solvent (ml) Yield/%
Entry

MIBK Water (NaCl)  Organic phase  Inorganic phase Total
1 5 0 7.44 0 7.44
2 4 1 44.92 8.1 53.02
3 3.5 1.5 51.17 19.35 70.52
4 3 2 31.84 15.89 47.73
5 2.5 2.5 25.44 17.16 42.6
6 1.5 3.5 14.12 23.13 37.25

7 0 5 0 15.56 15.56




Fig. S1 SEM images of (a) MMT, (b) 0.25Nb-MMT, (c) INb-MMT, (d) 3Nb-MMT, (e) 1Nb-

Fig. S2 The effect of different Nb loadings on glucose conversion and 5-HMF yield (conditions:

66.6 mM glucose, 40 mg 1INb-MMT-900, 170 °C, 3 h, 5 mL of reaction solution, MIBK-NaCl

=70 : 30 (Vv/v)).
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Fig. S3 Reusability of INb-MMT-900 catalyst (conditions: 66.6 mM glucose, 40 mg 1Nb-MMT-

900, 170 °C, 3 h, 5 mL of reaction solution, MIBK-NaCl =70 : 30 (v/v)).
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Fig. S4 XRD patterns (a), FTIR spectra (b), and XPS spectra (c) of INb-MMT-900 during four

consecutive runs.



Fig. S5 Glucose conversion to 5S-HMF in different solvents (conditions: 66.6 mM glucose, 40 mg

INb-MMT-900, 170 °C, 3 h).
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Fig. S6 HPLC chromatogram of the aqueous phase of the reaction solution obtained from the

conversion of glucose (conditions: 66.6 mM glucose, 40 mg 1Nb-MMT-900, 170 °C, 5 min).
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