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1. Definition of Parameter Z

The components of parameter Z, namely Smic, Stotal, Vmic, and Vtotal, represent
micropore area, total specific surface area, micropore volume, and total pore volume,
respectively. These parameters are directly measured through nitrogen physisorption
experiments, and the test materials are primarily microporous in nature.

Typically, for gas or small molecule transformation reactions, microporous
structures are well-suited to meet the demands for adsorption and diffusion during the
reaction process. An increase in micropores typically leads to a larger specific surface
area, and thus, there is often a positive correlation between micropore surface area and
catalytic performance!-3. This suggests that the pore structure’s role in adsorption and
mass transfer during the reaction is frequently treated as a unified factor. In this process,
we applied a one-sided fitting method (Figures S4 and S5), but the results were not
ideal. This indirectly confirms the complexity of multi-step reactions and indicates that
two sets of parameters are required to address this issue, thereby improving the
accuracy of Z in describing the catalyst's transport properties.

In this case, the intermediate HMFCA exhibits poor affinity for the microporous
material, as confirmed by in situ infrared analysis (see Fig S9). In situ DRIFTS shows
that CuC-GLUj, exhibits adsorption-related new bands earlier, indicating that its pore
architecture provides better accessibility and mass transport for HMFCA, thereby
promoting its subsequent conversion to FDCA. Therefore, it is necessary to reconsider
the role of pore structure in multi-step reactions, particularly the potential competitive
effects between different pore structures. We believe that the proportion of pore types
is a crucial factor influencing the reaction process. Hence, refining parameter Z into
two components, namely 1/(Spic/Stora) and 1/(Viie/Viea), Would represent the
competitive adsorption and diffusion capacities of mesopores within materials

containing multiple pore types in the catalyst.
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2. Supplementary results
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Figure S1. Synthesis of CuC-GLU, (x= 0.0-0.5, and the prepared material without glucose was

marked as CuC-GLU .
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Figure S2. Cu LMM spectra of (a) CuC-GLUy,, (b) CuC-GLUy;, (c) CuC-GLUj,, (d) CuC-

GLUO.3, (C) CuC—GLUOA, (f) CHC-GLUO.S.
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Figure S3. SEM images of (a) CuC-GLUj, (b) CuC-GLUj, (c) CuC-GLUjy,, (d) CuC-GLUg; (e)

CuC-GLU0_4 (f) CuC-GLUO. 5.
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Figure S4. Catalytic performance and 1/(Spic/Stota1) 0f CuC-GLU.
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Figure S5. Catalytic performance and 1/(Vpnie/Vieta)) of CuC-GLU;.
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Figure S6. Surface element content of CuC-GLUjy: (a) Cu, (b) C and (c) O.
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Figure S7. performance of CuC-GLU; after dosage correction (using CuC-GLUj, as a reference).
The dose of catalyst was corrected to m mg and the rest of the conditions were the same as for the
general process.

Corrective methods:

A= |St0lall'|cu(8urface contem)l
Amin = AcucGLuon) = 629.07

m= 1OO(Amin)/lstotall.lcu(Surface contem)l mg

S9 /827



Table S1. Valence state content and catalytic performance of CuC-GLU;.

Selectivity (%)
Samples Mole ratio Mole ratio Mole ratio of HMEF Conversion

of Cu’/Cu of Cu*/Cu Cu?*/Cu (%) FDCA HMFCA
CuC-GLUj ¢ 23.55 60.30 16.15 100 11.58 84.45
CuC-GLU* 39.70 60.30 0 100 54.72 40.32
CuC-GLUj,* 36.15 63.85 0 100 74.22 22.77
CuC-GLUj3* 38.54 61.46 0 100 44.62 51.41
CuC-GLUj 4 36.06 63.94 0 100 15.20 78.85
CuC-GLU 5 37.63 62.37 0 100 8.73 87.30
CuC-GLU,° 36.15 63.85 0 100 55.07 40.01
R-CuC-GLUj, 25.63 60.41 13.96 84.33 3.17 24.64
RA-CuC-GLUj,° 37.14 62.86 0 100 49.13 44.77

2 The reaction conditions consisted of HMF (32 mg, 0.25 mmol), catalyst (100 mg), NaOH (22 mg,
0.55 mmol), 0.75 mL water, maintained at 100 °C for 18 h unless otherwise noted.? 12 h instead of

18 h.
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Figure S8. UPS spectra of (a) Cu-BTC, (b) CuMGy 1, (¢) CuMGy,, (d) CuMGy 3, (€) CuMGy 4, (f)

CuMGg s, (g) Glucose.
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Table S2. Catalytic performance of CuC-GLU,, for HMFCA at different concentrations

Yield (%)
Samples HMF (mmol) HMFCA (mmol)
FDCA HMFCA
CuC-GLUj, 0.125 0.125 50.81 44.42
CuC-GLU, 0 0.25 54.18 43.67
CuC-GLUj, 0 0.5 24.82 73.14
CuC-GLUj, 0 0.75 17.12 80.24
CuC-GLUj, 0 1.00 11.50 87.13
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Figure S9. In Situ DRIFTS spectrum of HMFCA oxidation catalyzed by (a) CuC-GLUj, (b) CuC-

GLU()], (C) CUC-GLU()_S .
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Table S3. Catalytic performance of catalysts with different particle sizes

Average particle Yield (%) )
Samples . HMEF Conversion (%)
size (nm)
FDCA HMFCA
CuC-GLUy, 221.51 11.58 84.45 100
CuC-GLUj, 213.35 54.72 40.32 100
CuC-GLU,, 181.25 74.22 22.77 100
CuC-GLUj; 210.47 44.62 51.41 100
CuC-GLU4 204.54 15.20 78.85 100
CuC-GLUj 5 260.27 8.73 87.30 100

The reaction conditions consisted of HMF (32 mg, 0.25 mmol), catalyst (100 mg), NaOH (22 mg,

0.55 mmol), 0.75 mL water, maintained at 100 °C for 18 h unless otherwise noted.
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Table S4. Comparison of the present work with representative catalytic systems reported
in the literature.

Temperat Oxidising Selectivit ~ FDCA

Catalyst Solvent Base . Recycle Reference
ure agents y Yield

CuC-GLU,, H,0 NaOH 100 Air (1bar) 100 74.22 11 This work
CuCl MeCN - RT +-BuOOH 100 50 - 4
Co-Cu-CN H,O Na,CO, 100 0O, (10 bar) 99 95 5 5

0,(40 mL
a-Co/Cu-NC Na,CO; 90 °C . 100 >99 5 6
min')
NaOH .
Mn@NC H,O Rt Air (1 bar) 100 94 5 7
NaClO
Co-SACs H,O - 65 O, (3 bar) 100 99.2 6 8
CoMn/N@C H,0 Cs,CO4 85 O, (1 bar) 100 96 6 9
MnO, H,O NaHCO; 110 O, (5 bar) 100 96.7 6 10
TBHP, air
MngFe;0; DMSO - 70 100 76.9 5 11
(1bar)

Ru/Fe-NC H,0 - 130 O, (1 Mpa) 100 98.6 6 12
Pt-Cuw/AC H,O - 150 O, (1 Mpa) 100 99 3 13
Pt-Pd H,O - 100 0O, (10 bar) 100 99 6 14
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Figure S10. Pore size distribution of CuC-GLUg,, R-CuC-GLU; and RA-CuC-GLUj,.
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Cu,0(200) Cu(111)

Figure S11. (a) TEM images, (b) HRTEM images, (c) SAED images, (d-h) EDS elemental mapping

images of CuC-GLU,

cuo(114)

Figure S12. (a) TEM images, (b) HRTEM images, (¢) SAED images, (d-h) EDS elemental mapping

images of R-CuC-GLU,
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Figure S13. (a) TEM images, (b) HRTEM images, (c¢) SAED images, (d-h) EDS elemental mapping

images of RA-CuC-GLUj,
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Figure S14. (a) The TG curve of CuC-GLU,, and R-CuC-GLUj,, (b) The TGA-MS curve of R-

CuC-GLUO.z.
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Table S5. Structural parameters of CuC-GLU,.

Samples pore size/nm Sio/m? g’ Sie/Stotar® Vpi/em?-g! Viie/ Viotal®
CuC-GLUj, 11.36 190.05 0.3279 0.027 0.2347
R-CuC-GLU,, 591 76.4591 0.6531 0.9827 0.5871
RA-CuC-GLU,, 10.32 220.01 0.3953 0.032 0.2471
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3. Characterization data for the furan-based compounds
5-Hydroxymethylfurfural (HMF). '"H NMR (500 MHz, D,0) & 9.34 (s, 1H), 7.41 (s,
1H), 6.58 (s, 1H), 4.64-4.57 (m, 2H). 3C NMR (126 MHz, D,0) 6 180.2, 161.6, 151.8,
126.7, 110.9, 56.2.

5-Hydroxymethyl-2-furancarboxylic acid (HMFCA). '"H NMR (500 MHz, D,0) &
6.92 (s, 1H), 6.39 (s, 1H), 4.55-4.50 (m, 2H). '*C NMR (126 MHz, D,0) 3 166.7, 157.7,
148.8, 116.0, 115.8, 109.3, 109.1, 56.4. (Note: the NMR data are based on the sodium
salt of HMFCA).

2,5-Furandicarboxylic acid (FDCA). '"H NMR (500 MHz, D,0) & 7.00 (s, 1H). 13C
NMR (126 MHz, D,0) 6 166.2, 150.3, 115.8, 115.7. (Note: the NMR data are based on
the sodium salt of FDCA).

2,5-Dihydroxymethylfuran (BHMF). 'H NMR (500 MHz, D,0) & 6.36 (s, 2H),
4.58-4.52 (m, 4H). 13C NMR (126 MHz, D,0) 6 153.8, 109.1, 56.0.
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Original 'H and 3C NMR spectra for the furan-based compounds
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» 'HNMR spectrum for HMFCA (sodium salt)
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» 'H NMR spectrum for FDCA (sodium salt)
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» 'HNMR spectrum for BHMF
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> TH NMR of selected reaction mixture
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The mixture was obtained under the reaction conditions of HMF (32 mg, 0.25 mmol), CuC-GLUj,
(100 mg), NaOH (22 mg, 0.55 mmol), 1.5 mL water, 100 °C, 18 h (Fig. 3). All products were

calculated based on the precise amount of acetonitrile (41 mg, 1.00 mmol) used:
Yield guur) = 2(/ @ /] acetonitrile) %

Yield gavrca) = 2(/ 8 /] acetonitrile) %

Yield gpca) = 2() @ /] acetonitrile) %

Carbon Balance = Yield (FDCA) +Yield (HMFCA) + Yield (BHMF)
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