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1. Thermal stability analysis of ionic liquids
Since the experiments used pyrolysis temperatures up to 300℃, the thermal stability of ionic liquids should be investigated in order to ensure the catalytic effect of ionic liquids at this temperature. Therefore, thermogravimetric TGA-DTG analysis combined with differential scanning calorimetry (DSC) was used to determine the thermal stability of the ionic liquids. The results of the analysis are shown in the Fig.S1.
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Figure S1. The DSC curve and TGA-DTG curve of [Bmim]OTf.
As can be seen from the Fig.S1. The DSC curve of [Bmim]OTf ionic liquid only started to show the peak of heat absorption at 318.0℃ and terminated at 381.9℃, at which time the corresponding TGA-DTG curve started to increase the rate of weight loss at 320℃, stabilized for a period of time at about 370℃, and started to lose weight again at about 410℃ with a rapid decrease in rate, indicating that the decomposition of [Bmim]OTf started at The decomposition temperature of [Bmim] OTf is around 320℃, and almost all of it decomposes at 530℃, which corresponds to the DTG curve indicating that the real decomposition temperature of [Bmim] OTf starts at around 400℃. This shows that the decomposition temperature of the ionic liquid is much higher than 300℃, so the ionic liquid can maintain good thermal stability during this experiment.

2. Pyrolytic gas chromatography analysis
[image: ]
Fig.S2 The gas chromatogram of pyrolysis gas under 140℃(a), 180℃(b), 260℃(c), 300℃(d)
Due to the small amount of experimental materials and gas production, especially under high temperature it is difficult to collect gaseous products to make accurate analysis, the gas phase products generated by catalytic cracking of cellulose in [bmim]OTf under 140℃, 180℃, 260℃ and 300℃ were analyzed qualitatively.
Through the analysis of gas chromatography, as shown in fig.S2, CO and CO2 were produced at 140℃ which means ionic liquid [bmim]OTf will make cellulose cracking take place in a relatively low temperature. Generally considering that the generation of CO is produced by dehydroxylation of compounds with hydroxyl groups while CO2 is generated by decarboxylated of compounds with carboxy groups. Moreover, the generation of CO2 is also associated with cellulose internal dehydrated.
As shown in Fig.S2b, it generates H2 at 180℃ in addition to CO2 and CO but the content is less. H2 was generated by cleavage and deformation of C=C and C-H key groups. As shown in Fig.S2c and Fig.S2d, the content of H2 and CO increased at 260℃ and 300℃ which shows that high temperature favors the formation of H2 and CO.
3. Pathway of pyrolytic conversion of glucose
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Figure S3. Pathway of pyrolytic conversion of glucose. a is the chain glucose conversion pathway, b and c are the cyclic glucose conversion pathway.
3.1 Conversion of chain glucose
Streptoglucose is a six-carbon chain structure containing five hydroxyl groups and one aldehyde group, and thus may be converted mainly to the long-chain compounds 4-hydroxybutyric acid, vinyl propionate, 3-pentanol, 2-ethylhexanol, etc. There are three possible conversion pathways for streptavidin glucose (as shown in Figure 7a) as follows.
 (1) cellulose was pyrolyzed at 300 ℃ to generate 4-hydroxybutyric acid, in general, organic matter with aldehyde group is converted to acid by oxidation, so the first path for the aldehyde group of the broken bond of chain glucose was oxidized to generate 4-hydroxybutyric acid and vinyl alcohol, path ① may be the main path of chain glucose conversion. After that cellulose generates vinyl propionate at 260 ℃, so 4-hydroxybutyric acid decarbonylates to lose a carbon then is oxidized to generate propionic acid, which is dehydrated by esterification with ethylenol to generate vinyl propionate.
(2) Cellulose only produces 3-pentanol at 180 °C, suggesting that the production of 3-pentanol is only a side reaction in the conversion of chain glucose, so the second pathway is the reduction of the chain glucose aldehyde group to a long chain alcohol followed by dehydration breakage to lose a carbon to 3-pentanol.
(3) The formation of 2-ethylhexanol from cellulose at 140 °C. The other major reaction pathway in the conversion of chain glucose, i.e. the third pathway, is the breaking of the long bonds of chain glucose, which undergoes addition and substitution reactions to form 2-ethylhexanol, and the possible conversion of 2-ethylhexanol to 3-pentanol.
3.2 Transformation of cyclic glucose
Cyclic levoglucose is the main product of the initial stage of cellulose pyrolysis, and its ring structure makes it possible to convert to other cyclic structured organics or to open the ring and convert to other chain organics, with five possible main conversion pathways, as shown in Figure 7b and Figure 7c. 
(1) Cellulose produced hydroxymethylcycloheptane at 180 °C. The first pathway is a side reaction of levoglucose conversion, i.e., the dissociation of the ring of hexameric glucopyranosic acid and its re-cycling with other small molecule compounds under catalytic action to form hydroxymethylcycloheptane, as shown in Figure 7b.
(2) Cellulose generated 2-butyl-1,3-cyclopentanedione at 300 °C, indicating that pathway ② is easily formed at high temperatures, and since high temperatures tend to eliminate hydroxyl groups, pyranose cleavage may be the result of dehydration of the two meso-hydroxyl groups and oxidation of the para-hydroxyl group to form dihydroxypyranones, followed by ring opening and reorganization to form 2-butyl-1,3-cyclopentanedione, as shown in Figure 7b.
(3) Cellulose generates 5-methyl-1,5-hexadien-3-ol at 180 °C. Chong Shen [39] et al. suggested that glucose undergoes dehydration of the hydroxyl group at the 1,2 position followed by Retro-Diels-Alder to generate 2,3-dihydroxyacrolein, and therefore postulated that pathway ③ is the dehydration of the cyclic glucose molecule to lose one molecule of water to generate a double-bonded pyran ring, followed by the reverse Diels-Alder reaction to generate 2,3-dihydroxyacrolein, which reacts with other small propylene molecules to form 5-methyl-1,5-hexadien-3-ol, as shown in Figure 7b.
(4) Cellulose only produces 1-acetoxy-2-butanone at 260 °C, which may be a small side reaction of levoglucose conversion, and the fourth pathway is the dehydration of pyranose to be oxidized to produce α-pyranone, which then opens the ring to produce 1-acetoxy-2-butanone, as shown in Figure 7b.
(5) Shafizadeh [40] suggested that an acidic catalyst promotes the dehydration reaction of cellulose and facilitates the generation of levoglucose and its derivatives, especially furan derivatives. In the present study, a larger number of furan-like compounds were generated at all temperatures, which is consistent with Shafizadeh's theory, thus introducing the fifth pathway for the main reaction of cyclic glucose (Figure 7c), i.e., cyclic hexameric glucose undergoes isomerization to form pentameric furanofructose, which is dehydrated again to form 2-furoyl alcohol and 5-methylfurfural. 2-furfuryl alcohol has two conversion pathways, either further oxidation to furanic acid or catalytic hydrogenation to tetrahydrofuran methanol, followed by further acid alcohol esterification of furanic acid and tetrahydrofuran methanol to form tetrahydrofuran methanol ester. 5-methylfurfural is demethylated to furfural and both are isomerized to form 3-methylcyclopentanedione, 3-methylfuran, butanedioic anhydride, 4-methyl-2(H)furanone, 3,5-dimethyl-2(5H)furanone, 3-methyl-2-pentyl-2-cyclopenten-1-one. 3-Methyl-2-pentyl-2-cyclopenten-1-one continues to cleave and break bonds to form 2-methyl-2-cyclopentenone cyclopentenone, 3-methyl-2-cyclopentenone, 2-methyl-2-cyclopentenone or 3-methyl-2-cyclopentenone after removal of methyl group was substituted by acetaldehyde group to form 2-oxy-3-cyclopentene-1-acetaldehyde. While 5-methyl furfural opens the ring cleavage into two carbon and four carbon fragments to form 1,4-butanediol and then oxidized to form 4-hydroxybutyric acid, 4hydroxybutyric acid after decarbonylation loses a carbon then oxidized to form propionic acid, the remaining two carbons form vinyl alcohol, propionic acid and acetyl alcohol esterification dehydration to generate vinyl propionate, vinyl propionate is oxidized to form a ring to generate 3-methylglutaric anhydride.



E-supplementary data of this work can be found in online version of the paper
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