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Table S1 The elemental contents of hydrochar (HC) and water soluble non-volatile 

compounds (WSNV)

Sample Reaction Time Carbon content (%) Hydrogen content (%) Oxygen content (%)

HC 2 h 62.6 3.9 33.5

HC 3 h 63.2 3.6 33.2

HC 4 h 65.2 3.4 31.4

HC 5 h 66.1 3.1 30.8

HC 6 h 67.4 2.9 29.7

HC 8 h 67.7 2.9 29.4

HC 10 h 68.9 2.8 28.3

WSNV 2 h 48.6 6.3 45.1

WSNV 3 h 52.9 5.8 41.3

WSNV 4 h 55.6 5.2 39.2

WSNV 5 h 58.4 4.9 36.7

WSNV 6 h 59.3 4.6 36.1

WSNV 8 h 59.2 4.5 36.3

WSNV 10 h 60.7 4.5 34.8



BG_sample-1_190728171922 #395 RT: 16.50 AV: 1 NL: 1.10E8
T: FTMS + p ESI Full ms [50.00-500.00]
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Figure S1 The MS spectrum of compound at 16.50 min under positive ionisation mode



BG_sample-1_190728171802 #118 RT: 4.93 AV: 1 NL: 1.21E8
T: FTMS - p ESI Full ms [50.00-500.00]
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Figure S2 The MS spectrum of compound at 4.89 min under negative ionisation mode



Table S2 The mass loss between the fragment ions and the corresponding functional group

Experimental 

mass loss
Lost group

Theoretical mass of 

lost group a

Corresponding functional 

group

14.02 CH2 14.0157 methylene

18.01 H2O 18.0106 hydroxy

26.02 C2H2 26.0157 acetylene

27.99 CO 27.9949 carbonyl

28.03 C2H4 28.0313 ethylene

30.01 CH2O 30.0106 aldehyde

43.99 CO2 43.9898 carboxyl

82.04 C5H6O 82.0417 methyl furan

94.04 C6H6O 94.0417 phenol

96.02 C5H4O2 96.0210 furfural

98.03 C5H6O2 98.0326 furfuryl alcohol

a the theoretical mass of lost group was calculated by the following equation: 

Mass of lost group =12 × (mol of C) + 1.0078 × (mole of H) + 15.9949 × (mole of O)



sample-1 #2451 RT: 4.69 AV: 1 NL: 1.77E6
F: FTMS - p ESI d Full ms2 178.9763@hcd40.00 [50.0000-200.0000]

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

134.99

91.00

161.04

179.05
85.03

59.01
89.02

131.03

71.01

97.03
83.01

81.03 129.02101.02 162.0557.03 135.9972.99 180.06141.8791.9269.0360.02 113.02 122.89 159.03106.9377.06

Figure S3 The MS2 spectrum of de-protonated C6H12O6 (4.26 min) and its possible 

fragmentation process 
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sample-1 #3127 RT: 5.99 AV: 1 NL: 7.07E6
F: FTMS - p ESI d Full ms2 161.0440@hcd40.00 [50.0000-185.0000]
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Figure S4 The MS2 spectrum of de-protonated C6H10O5 (4.89 min) and its possible 

fragmentation process 
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sample-1 #5283 RT: 10.13 AV: 1 NL: 1.50E7
F: FTMS - p ESI d Full ms2 125.0226@hcd40.00 [50.0000-145.0000]
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Figure S5 The MS2 spectrum of de-protonated C6H6O3 (10.17 min) and its possible 

fragmentation process 
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sample-1 #6779 RT: 12.98 AV: 1 NL: 3.04E7
F: FTMS - p ESI d Full ms2 114.9880@hcd40.00 [50.0000-135.0000]
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Figure S6 The MS2 spectrum of de-protonated C5H8O3 (12.91 min) and its possible 

fragmentation process
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sample-1 #8143 RT: 15.54 AV: 1 NL: 1.87E6
F: FTMS - p ESI d Full ms2 233.0447@hcd40.00 [50.0000-255.0000]
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Figure S7 The MS2 spectrum of de-protonated C12H10O5 (15.45 min) and its possible 

fragmentation process
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sample-1 #8622 RT: 16.43 AV: 1 NL: 2.36E6
F: FTMS + p ESI d Full ms2 190.0284@hcd40.00 [50.0000-215.0000]
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Figure S8 The MS2 spectrum of protonated C8H12O4 (16.50 min) and its possible 

fragmentation process 
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sample-1 #9404 RT: 17.90 AV: 1 NL: 1.77E6
F: FTMS - p ESI d Full ms2 259.0817@hcd40.00 [50.0000-285.0000]
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Figure S9 The MS2 spectrum of de-protonated C11H16O7 (17.97 min) and its possible 

fragmentation process

O
O

O O

O

OH

HO

O

O

OH

HO

HO

O

O

259.08

144.04

115.04



sample-1 #9540 RT: 18.15 AV: 1 NL: 6.43E7
F: FTMS + p ESI d Full ms2 192.9850@hcd40.00 [50.0000-215.0000]
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sample-1 #9516 RT: 18.10 AV: 1 NL: 9.58E6
F: FTMS - p ESI d Full ms2 190.9271@hcd40.00 [50.0000-215.0000]
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Figure S10 The MS2 spectrum of (a) protonated and (b) de-protonated C11H12O3 (18.11 min) 

and its possible fragmentation process

(a) Positive mode

(b) Negative mode
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sample-1 #10443 RT: 19.84 AV: 1 NL: 1.77E7
F: FTMS + p ESI d Full ms2 221.0799@hcd40.00 [50.0000-245.0000]
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sample-1 #10412 RT: 19.79 AV: 1 NL: 3.47E6
F: FTMS - p ESI d Full ms2 219.0651@hcd40.00 [50.0000-245.0000]
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Figure S11 The MS2 spectra of (a) protonated and (b) de-protonated C12H12O4 (19.81 min) 

and its possible fragmentation process
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sample-1 #10596 RT: 20.13 AV: 1 NL: 4.99E6
F: FTMS + p ESI d Full ms2 207.0643@hcd40.00 [50.0000-230.0000]
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sample-1 #10587 RT: 20.11 AV: 1 NL: 1.10E7
F: FTMS - p ESI d Full ms2 205.0493@hcd40.00 [50.0000-230.0000]
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Figure S12 The MS2 spectrum of (a) protonated and (b) de-protonated C11H10O4 (20.07 min) 

and its possible fragmentation process

(a) Positive mode
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sample-1 #11346 RT: 21.53 AV: 1 NL: 1.46E7
F: FTMS + p ESI d Full ms2 235.0590@hcd40.00 [50.0000-260.0000]
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Figure S13 The MS2 spectrum of protonated C12H10O5 (21.45 min) and its possible 

fragmentation process
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sample-1 #11872 RT: 22.51 AV: 1 NL: 1.64E7
F: FTMS + p ESI d Full ms2 192.9850@hcd40.00 [50.0000-215.0000]
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Figure S14 The MS2 spectrum of protonated C11H12O3 (22.43 min) and its possible 

fragmentation process
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sample-1 #12521 RT: 23.72 AV: 1 NL: 1.46E6
F: FTMS - p ESI d Full ms2 217.0495@hcd40.00 [50.0000-240.0000]
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Figure S15 The MS2 spectrum of de-protonated C12H10O4 (23.64 min) and its possible 

fragmentation process
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sample-1 #13159 RT: 24.91 AV: 1 NL: 1.72E7
F: FTMS - p ESI d Full ms2 223.0450@hcd40.00 [50.0000-245.0000]
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Figure S16 The MS2 spectrum of de-protonated C11H12O5 (24.82 min) and its possible 

fragmentation process
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sample-1 #13436 RT: 25.42 AV: 1 NL: 5.31E7
F: FTMS + p ESI d Full ms2 181.0370@hcd40.00 [50.0000-205.0000]

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100
R

el
at

iv
e 

A
bu

nd
an

ce

99.04

139.02
84.9671.05 111.02

125.00

121.0197.01 105.96
100.05

167.01153.03102.97 135.08 149.00 163.0781.03 181.09116.9972.05 93.01 140.02 167.96

112.03

85.03 126.0156.97 69.6160.99

Figure S17 The MS2 spectrum of protonated C10H12O3 (25.42 min) and its possible 

fragmentation process
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sample-1 #13693 RT: 25.90 AV: 1 NL: 1.09E6
F: FTMS - p ESI d Full ms2 219.0651@hcd40.00 [50.0000-245.0000]
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Figure S18 The MS2 spectrum of de-protonated C12H12O4 (25.56 min) and its possible 

fragmentation process
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