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Experimental methods

Kinetic Study

A kinetic study on the alcoholysis of glucose over AIPW and HPW was conducted to
investigate the reaction process. Some assumptions on the basis of experimental results
were are expressed as follows (1) glucose does not selectively convert to MDGP, and
all the other decomposition products are regarded to be humin and byproducts,
generated in a parallel first-order reaction model '; (2) ML is defined as the main
subsequent degradation product of MDGP, because the intermediate product 5S-MMF
is rapidly converted into ML, which keeps a low level in the whole reaction process,
and at the same time produces undesirable products; (3) ML will be decomposed to a
certain extent under some extreme reaction conditions, such as excessive reaction
temperature 2. Based on the assumptions, a pseudo-first-order reaction model on the
formation of ML from glucose is proposed as given in Scheme 2.

This reaction model results in the following first-order differential rate equations:
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Solving the linear differential rate equations above, the time-dependent expressions are
obtained below.
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where [Glucose] is the conversion of glucose, whereas [MG] and [ML] represent the
yield of MDGP, and ML at time t (min), in mol%. k; (min'!"), k, (min!), k3 (min-'), k4
(min") and ks (min!) are reaction rate constants (min-!).

The kinetic parameters in the equations were fitted to simulate the conversion of
glucose and yields of MDGP and ML obtained under applied conditions, respectively,
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using the method of non-linear least squares regression analyses by MATLAB.

Results and discussion

Fig. S6 demonstrates the comparison between the experimental data and the kinetic
models under different conditions. It can be found that the model results are in good
agreement with the experimental results. Table S1 shows the kinetic parameters for the
kinetic models. It is notable that the coefficients of determination (R?) for all the models
except that over AIPW at 140 °C are larger than 0.9, indicating a good fitting between
the models and experimental results.
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Fig. S1 HPLC chromatograms of the reaction mixture obtained from the methanolysis of (a)
glucose and (b) MDGP. Reaction conditions: substrate (1 g), methanol (15 g), AIPW (0.4
mmol), 140 °C, cooled down right after reaching the target temperature,



5 7
() ol .
4} . "
- s b P
3 -7 e--""" Ea,=132.79 kl/mol
o~ Ea2=112.45 kJ/mol 4 r R2=0.9910
R2=0.9969
ﬁi 2 '33 E
2}
1
1}
| Ea;=31.18 kl/mol Ea;=21.25 kJ/mol
1 . . . 1 s s "
0.275 0.28 0.285 0.29 0.295 0.275 0.28 0.285 0.29 0.295
1/RT 1/RT
®k ® ik --- Linear fit (k) - - -Linear fit (k) ®k @k --- Linearfit(k) ---Linearfit(k;)

Fig. S2 Arrhenius plot for the conversion of glucose over (a) AIPW (b) HPW in the range from

140 °C to 160 °C.
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Fig. S3 ESI-MS spectra of HPW and AIPW solution at positive ion mode.
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Fig. S4 ESI-MS/MS spectra of selected species at m/z of 498 in the MDGP solution containing
AIPW.
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Fig. S5 ESI-MS/MS spectra of selected species at m/z of 595 in the MDGP solution containing
AIPW.
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Fig. S6 Comparison of experimental data (¢: ML, e: Glucose conversion, m: MDGP) and kinetic
model (solid lines). Reaction conditions: 2 g of substrate, 0.4 mmol catalyst, 15 g methanol.

Table S1 Kinetic rate constants and coefficients of determination for kinetic models

Catalyst Temperature lfl ].Cz k.3 1.64 I_CS R/ R Ry
(°C) (min'!)  (min’!) (min!)  (min) (min'")
140 1.3259  0.0022 0.0906 0.0010 0.0000 0.9617 0.9857 0.9739
HPW 150 1.5519  0.0064 0.0969 0.0022 0.0000 0.9606 0.9854 0.9600
160 1.7641  0.0133 0.1215 0.0041 0.0032 0.9646 0.9514 0.9688
140 12480 00198 02877  0.0000  0.0038 09836 09290  0.8390
AIPW 150 16993  0.0461 04006  0.0000  0.0063 09751 09222  0.9089
160 2.0110  0.0896 0.5387 0.0000 0.0058 0.9995 0.9445 0.9335

R;2, Ry%, R;? are the coefficients of determination for the simulation model of glucose conversion, MDGP yield, and

ML yield, respectively.
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