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Fig. S1. Nitrogen isotherms of 300C/SBA-15 before and after hydrothermal treatment (T stands
for hydrothermal treatments).
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Fig. S2. Nitrogen isotherms of 400C/SBA-15 before and after hydrothermal treatment.
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Fig. S3. Nitrogen isotherms of 600C/SBA-15 before and after hydrothermal treatment.
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Fig. S4. Pore size distribution of Pd 300, 400, 600C/SBA15 before and after hydrothermal
treatment.
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Fig. S5. XPS O1s spectra of 300C/SBA-15, 400C/SBA-15 and 600C/SBA-15

Fig. S6. XPS Pd 3d spectrum of 5%Pd 300C/SBA-15.
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Fig. S7. Raman spectra of graphite standard, SBA-15, Glucose-SBA-15, 300C/SBA-15,
400C/SBA-15 and 600C/SBA-15.
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Fig. S8. Two-dimensional 13C-13C NMR spectrum of 300C/SBA-15 with 1-s spin exchange,
measured at 7.8 kHz MAS with TOSS-deTOSS around the evolution time, and total suppression
of spinning sidebands (TOSS) before detection. The horizontal cross sections corresponding to
magnetization originating from various different functional groups are shown on the right. Most
cross sections have the same spectral pattern, indicating equilibration of magnetization over all
types of functional groups, except for the OCH cross section, which shows more pronounced cross
peaks typically observed within a sugar ring.
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Fig. S9. 1-s 13C-13C spin exchange NMR spectrum of Pd 300C/SBA-15 with conditions as
described in the preceding Fig. caption. The horizontal cross sections corresponding to
magnetization originating from four different functional groups are shown on the right. Residual
diagonal peaks are labeled by “D”.

Fig. S10. 2D 13C-13C NMR spectra of (a) 300C/SBA-15 and (b) Pd 300C/SBA-15. These dipolardephased double-quantum/single-quantum correlation spectra (DQ/SQ spectra, sheared along the
vertical dimension) show only correlations between directly bonded nonprotonated carbons. Some
peak assignments are indicated in red and blue.
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Fig. S11. Particle size distribution of Pd 300C/SBA-15, Pd 400C/SBA-15, and Pd600C/SBA15
before and after two hydrothermal treatments. The Pd particle sizes were measured from HAADFSTEM images. T stands for hydrothermal treatment.
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(a)
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Fig. S12. HRTEM images of fresh Pd 300C/SBA-15.
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(a)
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Fig. S13. HRTEM images of Pd 300C/SBA-15 after first hydrothermal treatment.
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Fig. S14. HRTEM images of Pd 300C/SBA-15 after second hydrothermal treatment.
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Calculation for dispersion of Pd particles
The calculation for Pd particle dispersion is based on the equation below.1
𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 =

6𝑀𝑤
𝑆𝑎 ∙ 𝑑 ∙ 𝜌 ∙ 𝑁𝐴𝑉

In the equation, 𝑀𝑤is the molecular weight of Pd (106.4 g/mol); 𝑆𝑎 is the cross sectional area of
Pd atom (0.0787 nm2); 𝜌 is the density of Pd (12.02 g/cm3); 𝑁𝐴𝑉 is the Avogadro’s number
(6.022×1023); 𝑑 is the surface-averaged diameter of Pd particles from STEM analysis (unit is nm).
The cross sectional area of Pd atom and density value are from Micrometrics ASAP manual.2
Putting the values generate the equation below.
𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 =

1.12
𝑑

The dispersion from CO chemisorption is calculated in the same manner.

Calculation of Weisz-Prater parameter
The Weisz-Prater parameter was used to estimate internal mass diffusion limitations using
equation below
Φ𝑖 =

𝑟𝑒𝑓𝑓 ∙ 𝑟𝑝2
𝑒𝑓𝑓
𝑐𝑖,𝑠 ∙ 𝐷𝑖,𝑚𝑖𝑥

< 0.3

Where Φ𝑖 is the dimensionless Weisz-Prater parameter; 𝑟

𝑒𝑓𝑓

is the effective rate per volume of

catalyst (mol s-1 m-3); 𝑟𝑝 is the radium of the catalyst particle (m); 𝑐𝑖,𝑠 is the concentration of
𝑒𝑓𝑓

reactant i at the surface of the particle (mol/m3); and 𝐷𝑖,𝑚𝑖𝑥 is the effective diffusivity of i in the
mixture (m2 s-1). When Φ𝑖 is less than 0.3, it is safe to ensure absence of internal mass diffusion
limitations.3
Assuming the catalyst density is the same with carbon black XC72R as 1.7 g/cm3 and catalyst
volume is 0.6 cm3/g. 𝑟

𝑒𝑓𝑓

is calculated as 589 mol s-1 m-3. 𝑟𝑝 is estimated as 4 µm, same as

activated carbon.4 Diffusion coefficient of furfural and hydrogen gas in water at 80 °C is
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obtained as 3.361×10-9 m2/s and 1.408×10-8 m2/s.5 The concentration of furfural is 0.106 M.
Dissolved H2 concentration is assumed to be the same at 100°C in water at 760 psig pressure as
0.044 M.6
𝑒𝑓𝑓
𝐷𝑖,𝑚𝑖𝑥
= 𝐷𝑖,𝑚𝑖𝑥 ∙

𝜀
𝜏 is used for effective diffusivity calculation of porous material. Where 𝜀 is the
𝑒𝑓𝑓

catalyst porosity, 𝜏 is the tortuosity. 𝜀 is assumed to be 0.9 and a value of 15 is used for 𝜏. 𝐷𝐹,𝑚𝑖𝑥
𝑒𝑓𝑓

of furfural is calculated as 2.02×10-10 m2/s. 𝐷𝐻,𝑚𝑖𝑥 of H2 is calculated as 8.4×10-10 m2/s.
Putting the values together, Φ𝐹 of furfural is calculated as 0.44, and Φ𝐻 of H2 is calculated as
0.25, both of which are near 0.3, suggesting possible internal mass transfer limitations.

Generating structural models based on quantitative and 2D 13C NMR spectra
Since the quantitative 1D spectra of 400C/SBA-15 and 600C/SBA-15 showed similar
characteristics as previously observed for moderate and high temperature chars,7,
models with analogous compositions were used as the starting point.

13C
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structural

chemical shifts were

predicted using the ACD/NMR predictor and converted into spectra with peak broadening of 1517 ppm full width at half maximum. Spectra after dipolar dephasing were simulated by removing
signals of CH and CH2 groups, and scaling CH3 signals by 0.57. Two spinning sidebands of 5%
relative intensity each were included for the aromatic-carbon signals. The ratios of functional
groups were fine-tuned to match the experimental quantitative 1D spectra, while making few
changes to the connections between functional groups. For 300C/SBA-15 and Pd 300C/SBA-15,
connections between functional groups identified in 2D EXPANSE and DQ/SQ spectra (Fig. 5b,
6b, and S10) were included in the structural models. The simulated structure was converted into a
representative repeat unit by taking out some functional groups at the edges, and leaving out their
signals. To be general, functional groups were usually taken out in pairs. For example, if a furan
connected to an aliphatic chain is removed, then another aliphatic chain connected to a furan is
taken out of the structure. In the end, a model with spectra of minimum difference (root mean
square deviation) from the experimental spectra was chosen as representative.
The spectra of 300C/SBA-15 showed sharp carbohydrate peaks at 60-105 ppm, which matched
well with the resonance positions of glucose (red vertical lines in Fig. 5a). These carbons had weak
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dipolar couplings to 1H, since they survived after dipolar dephasing (dashed-line spectrum),
indicating that these carbohydrates were highly mobile. Whether they were segregated from the
pyrolyzed carbons was determined by two-dimensional 13C-13C exchange NMR with a long, 1-s
mixing time (Fig. S8). While significant off-diagonal intensity was observed for all carbons, the
O-CH cross section showed that the carbohydrates did not equilibrate their magnetization with the
rest of the carbons, indicating separation on the scale of a few nanometers. Thus, the alcohol signal
was mostly associated with only partially oxidized glucose somewhat separated from the rest of
the carbon film. While the C-OH functionalities were not explicitly represented in our structural
model in Fig. 5c, they were included in the simulation as roughly three equivalents of glucose,
with COOH groups instead of CH2OH.
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