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S 1. SUPPLEMENTARY EXPERIMENTAL

S 1.1. Materials for Catalyst Preparation and Activity Measurement

All the reagents, including Co(NO3)2·6H2O (Sinopharm, ≥ 98.5%), Ni(NO3)2·6H2O (Sinopharm, 

≥ 98.0%), ammonium heptamolybdate (Aldrich, AR), α-cellulose (Aldrich, particle size ≤ 25 μm), 

sulfur (Sinopharm, ≥ 99.5%), NH3·H2O (Sinopharm, 28 wt%), and n-hexane (Sinopharm, AR), are 

commercially purchased. M (Si/Al = 25) was purchased from Catalyst Plant of Nankai University 

Co., Ltd., Tianjin, China and calcined in a tube furnace at 550 oC for 4 h to remove crystal H2O.

S 1.2. Catalyst Preparation

AC and biochar (BC)-supported catalysts were prepared according to our previous work.1 

Typically, 20 mL CDS, 2 g a precursor (Co@BC, MoO2@BC, or Co-MoO2@BC), and a calculated 

amount of sulfur were mixed and transferred to a 100 mL stainless-steel autoclave (SLSA). After 

purging with N2 3 times, the autoclave was pressurized with 4 MPa H2 at room temperature (RT). 

The autoclave was heated to 340 oC and maintained at 340 oC for 4 h. Subsequently, the reactor was 

quickly cooled to RT in a water bath (WB). The reaction mixture (RM) was taken out from the 

reactor and filtrated. The filter cake was washed with CDS and dried in a vacuum oven at 80 oC for 

4 h to get a catalyst, i.e., CoSx@BC, MoSxOy@BC, or CoMoSxOy@BC.

In addition, a M-supported nickel was used for the CHC of PEEPs to hydrogenated PEEPs. 

Ni10%/M with highly dispersed nickel nanoparticles (NNPs) was prepared according to our previous 

work.2

S 1.3. Catalyst Characterization

For each catalyst, its specific surface area (SSA) and pore size distribution were measured by N2 

physisorption at -196 oC, and its element contents were determined on a CHNS Elementar vario 

macro cube. About 25 mg a sample and 50 mg WO3 (a combustion improver) were mixed and 

wrapped in foil sheets and pressed into a pellet in a mold. The gas pressure is maintained in the 

range of 0.12-0.125 MPa. The flow rates of thermal conductivity detector, O2, and He are 600, 0, 

and 600 mL min-1, respectively. The temperatures of thermal conductivity detector, combustion, 
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and reduction are 59.7, 1150, and 850 oC, respectively. The metal contents were determined with a 

laser ablation inductively coupled plasma mass spectrometer (LA/ICPMS). Transmission electron 

microscopic images (TEMIs) were taken on a JEM-200 CX transmission electron microscope. 

X-ray diffraction (XRD) measurement was carried out with a Bruker Advance D8 XRD equipped 

with a Cu Kα source by scanning from 20o to 80o at a rate of 0.2 s step-1 (error ± 0.2o). X-ray 

photoelectron spectrum was recorded on an ESCALAB 250Xi Thermo Fisher Scientific Kα 1063 

spectrophotometer with the Al Kα radiation.

S 1.4. Catalyst Activity Measurement and Sample Analyses

About 0.1 g a substrate (OBMDB or BOB), 50 mg a catalyst, and 20 mL n-hexane or ethanol 

were placed into a 100 mL SLSA, which was purged with N2 3 times and pressurized with H2 or N2 

at RT. Subsequently, the SLSA was heated to a chosen temperature and maintained at the 

temperature for a prescribed time. Then, the autoclave was cooled to RT in a WB. The RM was 

taken out from the reactor and filtrated through a polytetrafluoroethylene membrane (PTFEM) with 

0.45 μm of pore size. The filtrate was analyzed with a GC/MS using the corresponding substrate as 

the external standard. Each experiment was repeated at least 3 times to ensure the data repeatability.

S 1.5. CHC of PEEPs

In a typical experiment, ca. 0.5 g PEEP1C or PEEP2C, 0.5 g Ni10%/M, and 20 mL n-hexane were 

put into a 100 mL SLSA. The initial hydrogen pressure (IHP) is 5 MPa and the reaction was carried 

out at 160 oC for 40-50 h. Subsequently, the SLSA was cooled to RT in a WB. The RM was taken 

out from the reactor in the SLSA and filtrated through a PTFEM with 0.45 μm of pore size.
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S 2. SUPPLEMENTARY NOTES

S 2.1. Catalyst Characterizations

As depicted in Figure S1, both cobalt nanoparticles (CNPs) and molybdenum nanoparticles 

(MNPs) are uniformly dispersed on BC. The size of CNPs is significantly smaller than that of 

MNPs. In Co-MoO2@BC, CNPs and MNPs are successfully co-dispersed on BC. After 

sulfurization, all the nanoparticles (NPs) are still uniformly dispersed without apparent 

agglomeration, indicating that the NPs are effectively anchored into BC by in-situ co-pyrolysis. 

Interestingly, compared with Co-MoO2@BC, abundant hierarchical pore structures appear on the 

CoMoSxOy@BC surface, which could be related to the phase transitions of Co and Mo species 

during the sulfurization.

As listed in Table S1, Co@BC has the highest SSA in both total pore (TP) and micropore (MP) 

before the vulcanization, while the SSATP distribution of the samples except Co@BC is in the range 

of 300-500 m2 g-1. However, the differences in pore characteristics between MoO2@BC and 

Co-MoO2@BC are negligible, suggesting that introducing CNPs promotes the formation of pores, 

while the competition between Co and Mo may weaken this effect.3 After the vulcanization, SSATP 

and SSAMP decreased significantly, while average pore size (APS) increased, especially for 

MoSxOy@BC and CoMoSxOy@BC. The phase transition of Co species may not lead to the increase 

of total pore volume (TPV), while Mo species play a reverse role in this process. The increases in 

TPV and APS imply an increase in the proportion of MPs and macropores. In other words, 

widening the channels may facilitate the contact of substrates, especially larger molecules, with 

active sites of the catalysts, which is beneficial to the CD of lignites.
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Figure S1. TEMIs of the samples.

Table S1. Characteristics of the samples.
SSA (m2 g-1) TPV (cm3 g-1) Content (wt%)Sample TPa MPb TPa MPb APS (nm)a

Cc Hc Nc Sc Odiff Cod Mod

AC 486 469 0.22 0.19 1.85 93.72 1.13 0.37 0.44 4.34
Co@BC 650 581 0.52 0.24 3.20 80.43 1.27 0.57 0.15 11.01 5.97

MoO2@BC 393 380 0.18 0.15 1.86 66.45 0.69 1.13 0.11 11.20 18.82
Co-MoO2@BC 404 378 0.19 0.15 1.85 64.54 0.53 1.33 0.31 10.40 4.53 14.80

CoSx@BC 429 303 0.45 0.13 4.18 76.19 2.07 0.54 7.72 6.12 5.37
MoSxOy@BC 339 261 0.22 0.12 3.23 59.05 1.99 1.17 8.31 8.27 19.08

CoMoSxOy@BC 320 234 0.25 0.09 3.11 58.19 1.34 0.79 11.02 7.25 4.66 15.71
diff: by difference; a total pore (TP) calculated by BET method; b micropore (MP) calculated by t-plot method; c Measured by elemental analysis. d Measured with 
LA/ICPMS.
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As shown in Figure S2, a broad diffraction peak (DP) around 42o (100) in AC confirms the 

formation of graphite. Characteristic diffraction peaks, including 26o (011), 37o (020), 53o (022), 

60o (031), and 67o (-231), corresponding to the monoclinic MoO2 phase are observed in the patterns 

of MoO2@BC and Co-MoO2@BC.4-6 After the sulfurization, the DP attributed to Co0 around 44.5o 

almost disappeared. The DPs around 27.9o, 29.9o, 30.5o, and 51.9o from CoSx@BC and 

CoMoSxOy@BC are attributed to CoS1.097 [JCPDS No. 19-0366], CoS [JCPDS No. 65-0407], and 

C9S8 [JCPDS No. 02-1459].7-9 However, the characteristic DPs assigned to MoO2 remained 

partially, indicating that the monoclinic MoO2 phase cannot be completely converted to MoSx phase 

during the short-time vulcanization, but is instead converted into a MoSxOy mixed phase. Notably, 

the DPs attributed to MoO2 in MoSxOy@BC and CoMoSxOy@BC patterns are narrower than those 

in MoO2@BC and Co-MoO2@BC patterns, which also explains the phase transition of partial 

MoO2 species to some extent. In detail, the DPs around 33.0o, 50.6o, and 58.3o from MoSxOy@BC 

and CoMoSxOy@BC are attributed to MoS2 [JCPDS No. 17-0744], Mo3S4 [JCPDS No. 27-0319], 

and Mo7S8 [JCPDS No. 51-1004].10,11 These results indicate that the BC can effectively anchor the 

Co and Mo species, which ensures the uniform dispersion of NPs after the sulfurization.
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Figure S2. XRD patterns of the samples.

As illustrated in Figure S3, the DP (778.7 eV) attributed to Co0 almost disappeared after the 

vulcanization, which is consistent with the XRD analysis. The spin-orbit splitting (ΔE) of the Co 2p 
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peaks is closely related to the phase states of Co species, but distinguishing all the Con+ is difficult 

according to the Co 2p spectrum.12,13 For CoMoSxOy@BC, the correlation peaks of Con+ at 794.3 

and 778.9 eV shift toward the lower binding energy (BE) side, which may be due to the phase 

transition of amorphous CoOx to CoSx.14 Compared to Co-MoO2@BC, the DP attributed to the 

Co-O-Mo species around 781.9 eV becomes weaker, indicating that this doped lattice was partially 

destroyed during the vulcanization.
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Figure S3. X-ray photoelectron spectra of Co-MoO2@BC (upper) and CoMoSxOy@BC (lower).

For Mo 3d, the DPs attributed to Mo6+ and Mo2+ almost disappeared, i.e., the multivalent Mo 

species converted to the Mo species with normalized valence state (tend to +4 valence). The BE of 

226.5 eV can be attributed to S 2s. A non-negligible lattice doping of Co and Mo species exists in 

Co-MoO2@BC.1 The weakening in the DP at 232.5 eV attributed to Moδ+ (+4 < +δ < +6) further 

indicates that the Co-O-Mo doped lattice is more stable, which is consistent with the analysis about 

Co 2p.15 In addition, the correlation peak at 229.4 eV attributed to Mo4+ also shifts toward the lower 

BE side, implying that the Mo4+ species before and after vulcanization are completely different.16,17

As summarized in Figure S4, for the S 2p spectrum, 3 main DPs around 162.1, 163.5, and 168.8 

eV can be assigned to the Sm- (sulfur species) in low coordination on the surface, metal-sulfur 

bonds, and shake-up satellite, respectively.14 Noteworthily, the broad DP near 163.5 eV confirms 

that this binding signal is complex.16 In other words, the Co and Mo species were effectively 
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vulcanized to some extent.
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Figure S4. X-ray photoelectron spectrum of CoMoSxOy@BC (S 2p).

S 2.2. CHC of BOB in n-Hexane under Different Conditions

As Figure S5 demonstrates, with raising temperature from 220 to 260 oC, BOB conversion 

increased from 2.4 to 100%. The yields of toluene and phenol increased monotonically with 

prolonging reaction time from 0.5 to 3 h. CoMoSxOy@BC can effectively catalyze the cleavage 

of >C-O- bridged bonds without hydrogenating the ARs, which is fundamentally different from the 

metallic catalysts.1,2 The formation of benzene may be due to the direct cleavage of the >Car-O- 

bond in BOB and/or phenol dehydroxylation. A slight increase in bibenzyl, 2-BP, and 4-BP implies 

that CoMoSxOy@BC can induce the rearrangement of free radical fragments under certain 

conditions. Since the oxygen atom has a relatively strong electronegativity and -OH is an 

ortho-para directing group, the benzyl radical is more easily combined with the ortho-carbons in 

benzene ring. As a result, the yield of 2-BP is slightly higher than that of 4-BP.
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Figure S5. CHC of BOB under different conditions.

S 2.3. Other Notes

Table S2. FTIR absorbance assignments for different functional groups.
Wavenumber range (cm-1) Assignment

3600-3200 -OH or hydrogen-bonded -OH
3000-2800 Aliphatic C-H
1800-1650 >C=O
1620-1490 AR
1450-1380 >CH2 or -CH3
1320-1000 >C-O- in alkanols, alkenols, ethers, or phenols
900-700 Out-of-plane aromatic >C-H
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Figure S10. Total ion chromatogram of CHCSP1.
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S 3. SUPPLEMENTARY SUBCATEGORIES ABOUT THE ANALYSIS WITH GC/MS

Table S3. NAsI detected in PEEP1N and PEEP1C.
RC RCPeak NAI

PEEP1N PEEP1C
Peak NAI

PEEP1N PEEP1C
11 Nonane 0.08 235 Icosane 1.68 1.16
29 Decane 0.34 0.25 241 Henicosane 1.69 1.12
49 Undecane 0.61 0.56 243 Docosane 1.66 1.07
73 Dodecane 1.87 1.52 247 Tricosane 1.66 1.02

102 Tridecane 0.79 0.67 251 Tetracosane 1.23 0.75
130 Tetradecane 1.63 1.28 254 Pentacosane 1.02 0.62
155 Pentadecane 1.27 0.85 256 Hexacosane 0.69 0.41
177 Hexadecane 1.40 1.10 257 Heptacosane 0.58 0.34
200 Heptadecane 1.39 1.10 258 Octacosane 0.42 0.24
218 Octadecane 1.81 1.38 259 Nonacosane 0.38 0.22
227 Nonadecane 1.68 1.18 260 Triacontane 0.20 0.13

Table S4. BAsI detected in PEEP1N and PEEP1C.
RC RCPeak BAI

PEEP1N PEEP1C
Peak BAI

PEEP1N PEEP1C
5 3-Ethylhexane 0.03 92 5-Propylnonane 0.16 0.04

17 3-Ethyl-2-methylheptane 0.18 0.23 119 2-Methyltridecane 0.15 0.10
19 5-Methylnonane 0.04 0.06 170 2-Methylpentadecane 0.08 0.06
22 2-Methylnonane 0.03 0.02 201 2,6,10-Trimethylpentadecane 0.60 0.48
33 3,3-Dimethyloctane 0.06 0.04 255 3-Ethyltetracosane 0.04
78 2,5-Dimethylundecane 0.10 0.03

Table S5. NSCs detected in PEEP1N and PEEP1C.
RCPeak NSC PEEP1N PEEP1C

Peak NSC RC in PEEP1N

237 Cycloicosane 0.10 0.06 252 Cyclotetracosane 0.09

Table S6. ACHsI detected in PEEP1N and PEEP1C.
RC RCPeak ACHI

PEEP1N PEEP1C
Peak ACHI

PEEP1N PEEP1C
4 Ethylcyclohexane 0.06 0.05 36 Butylcyclohexane 0.03 0.02

16 Propylcyclohexane 0.04 0.07

Table S7. Hopanes detected in PEEP1N and PEEP1C.
RC RCPeak Compound PEEP1N PEEP1C

Peak Compound PEEP1N PEEP1C
261 Stigmastane 0.41 0.14 263 17α,21β-28,30-Bisnorhopane 0.23 0.08
262 28-Nor-17β(H)-hopane 0.56 0.19

Table S8. NAsII detected in PEEP1N and PEEP1C.
RC RCPeak NAII

PEEP1N PEEP1C
Peak NAII

PEEP1N PEEP1C
51 Undec-5-ene 0.06 216 Octadec-1-ene 0.20
99 Tridec-1-ene 0.18 219 Octadec-7-ene 0.11 0.05

127 Tetradec-1-ene 0.20 226 Nonadec-1-ene 0.37
153 Pentadec-1-ene 0.18 228 Nonadec-5-ene 0.12 0.04
175 Cetene 0.23 0.06 234 Icos-1-ene 0.29 0.07
181 Hexadec-3-ene 0.06 236 Icos-9-ene 0.11 0.04
198 Heptadec-3-ene 0.29 240 Henicos-10-ene 0.30 0.08
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Table S8. NAsII detected in PEEP1N and PEEP1C (continued).
RC RCPeak NAII

PEEP1N PEEP1C
Peak NAII

PEEP1N PEEP1C
242 Docos-1-ene 0.26 0.05 248 Tricos-11-ene 0.08 0.03
244 Docos-10-ene 0.09 0.03 250 Tetracos-1-ene 0.16 0.03
246 Tricos-9-ene 0.30 0.05 253 Pentacos-12-ene 0.12

Table S9. BAsII detected in PEEP1N.
Peak BAII RC Peak BAII RC
28 2,6-Dimethyloct-1-ene 0.04 249 5-Methyldocos-5-ene 0.05

229 4-Methyloctadec-9-ene 0.05

Table S10. Cyclenes detected in PEEP1N and PEEP1C.
RCPeak Compound PEEP1N PEEP1C

2 1,2,3-Trimethylcyclopent-1-ene 0.05
13 3-Isopropyl-6-methylcyclohex-1-ene 0.06 0.07
14 4-Propylcyclohex-1-ene 0.05 0.05
37 1-Ethyl-6-ethylidenecyclohex-1-ene 0.06 0.04

Table S11. Alkadienes detected in PEEP1N and PEEP1C.
RCPeak Alkadiene PEEP1N PEEP1C

6 2,6-Dimethylhepta-2,4-diene 0.03 0.03
20 2,5-Dimethyl-3-vinylhexa-1,4-diene 0.09 0.08

Table S12. NSAs detected in PEEP1N and PEEP1C.
RC RCPeak NSA PEEP1N PEEP1C

Peak NSA PEEP1N PEEP1C
38 Indane 0.30 0.61 144 Diphenylmethane 0.96 0.26
72 Naphthalene 1.56 179 Fluorene 0.12

128 Biphenyl 0.44 221 Anthracene 0.26

Table S13. ASBsI detected in PEEP1N and PEEP1C.
RC RCPeak ASBI

PEEP1N PEEP1C
Peak ASBI

PEEP1N PEEP1C

1 Toluene 0.04 0.08 45 m-Cymene 0.11 0.12
7 Ethylbenzene 0.05 0.20 47 2-Ethyl-1,4-xylene 0.40 0.25
8 m-Xylene 0.19 0.54 52 1-Isobutyl-4-toluene 0.02

12 p-Xylene 0.38 0.40 53 1-sec-Butyl-4-toluene 0.05
15 Cumene 0.04 0.06 56 1-Ethyl-2,3-xylene 0.08 0.09
21 Propylbenzene 0.05 0.16 57 Prehenitene 0.16 0.13
23 1-Ethyl-3-toluene 0.24 0.44 60 1-Ethyl-2,4-xylene 0.18
24 1-Ethyl-4-toluene 0.19 0.35 66 Pentylbenzene 0.29
25 Mesitylene 0.12 0.22 136 (3-Methylpentyl)benzene 0.04
27 Pseudocumene 0.17 0.18 139 Pentamethylbenzene 0.06
30 Hemimellitene 0.46 0.54 143 1,4-Dicumene 0.15
31 Butylbenzene 0.03 145 4-(6-Methylheptan-2-yl)toluene 0.17 0.10
34 p-Cymene 0.10 0.13 148 1-tert-Butyl-3,5-xylene 0.05 0.07
35 1-Ethyl-2-toluene 0.43 0.43 149 1,3-Dicumene 0.09
41 4-Ethyl-1,2-xylene 0.31 0.43 154 5-tert-Butylhemimellitene 0.07
42 1,2-Diethylbenzene 0.01 158 Mellitene 0.24 0.25
44 1-Ethyl-3,5-xylene 0.08 0.10 167 1-tert-Butyl-3-ethyl-5-toluene 0.19 0.19
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Table S14. ABs detected in PEEP1N and PEEP1C.
RCPeak AB PEEP1N PEEP1C

46 But-1-enylbenzene 0.23
48 1-Ethyl-3-vinylbenzene 0.40 0.59
58 1-(But-3-en-2-yl)-2-toluene 0.05 0.06
61 (2-Methylbut-3-en-2-yl)benzene 0.13
62 1-Ethyl-4-vinylbenzene 0.39 0.36
64 But-2-en-2-ylbenzene 0.75
65 But-3-en-2-ylbenzene 0.94
75 Pent-2-en-2-ylbenzene 0.15 0.31
76 (2-Methylbut-1-enyl)benzene 0.32 0.28

114 1-(But-2-enyl)-2-ethyl-3-toluene 0.14 0.09
115 Hexa-1,3-dienylbenzene 0.15 0.19

Table S15. ANsI detected in PEEP1N and PEEP1C.
RC RCPeak ANI

PEEP1N PEEP1C
Peak ANI

PEEP1N PEEP1C
106 1-Methylnaphthalene 0.78 2.00 160 2-Propylnaphthalene 0.19 0.23
111 2-Methylnaphthalene 1.27 1.67 161 1-Isopropylnaphthalene 0.21 0.29
133 1-Ethylnaphthalene 0.16 0.74 178 1-tert-Butylnaphthalene 0.18 0.11
135 2-Ethylnaphthalene 0.11 186 1-Butylnaphthalene 0.10

Table S16. DANs detected in PEEP1N and PEEP1C.
RC RCPeak DAN PEEP1N PEEP1C

Peak DAN PEEP1N PEEP1C
137 Dimethylnaphthalene 0.45 0.85 150 Dimethylnaphthalene 0.27 0.20
141 Dimethylnaphthalene 1.24 1.38 189 6-Ethyl-1-methylnaphthalene 0.18
142 Dimethylnaphthalene 0.91 1.06 211 7-Isopropyl-1-methylnaphthalene 0.74 0.92
146 Dimethylnaphthalene 0.22 0.39 213 1,4-Diisopropylnaphthalene 0.23 0.29
147 Dimethylnaphthalene 0.80 0.69 222 2,6-Diisopropylnaphthalene 0.15

Table S17. TMNsI detected in PEEP1N and PEEP1C.
RC RCPeak Compound PEEP1N PEEP1C

Peak Compound PEEP1N PEEP1C
165 TMNI 0.20 0.13 172 TMNI 0.39 0.40
166 TMNI 0.08 0.10 173 TMNI 0.26 0.26
168 TMNI 0.46 0.23 174 TMNI 0.16 0.14
171 TMNI 0.41 0.35 180 TMNI 0.49 0.27

Table S18. IPDMNs detected in PEEP1N and PEEP1C.
RCPeak IPDMN PEEP1N PEEP1C

199 4-Isopropyl-1,6-dimethylnaphthalene 0.66 0.42
202 4-Isopropyl-1,5-dimethylnaphthalene 0.18 0.14

Table S19. TMNsII detected in PEEP1N and PEEP1C.
RC RCPeak TMNII

PEEP1N PEEP1C
Peak TMNII

PEEP1N PEEP1C
187 1,2,3,4-TMNII 0.08 0.09 203 1,4,5,8-TMNII 0.08 0.10

Table S20. ANsII detected in PEEP1N and PEEP1C.
RC RCPeak ANII

PEEP1N PEEP1C
Peak ANII

PEEP1N PEEP1C

157 2-Vinylnaphthalene 0.20 0.27 183 1-Allylnaphthalene 0.13 0.30
182 1-(Prop-1-en-2-yl)naphthalene 0.15 0.21
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Table S21. ASBPs detected in PEEP1N and PEEP1C.
RC RCPeak ASBP PEEP1N PEEP1C

Peak ASBP PEEP1N PEEP1C
184 3-Methylbiphenyl 0.21 208 3,3'-Dimethylbiphenyl 0.21
191 4,4'-Dimethylbiphenyl 0.17 210 2,4'-Dimethylbiphenyl 0.15 0.09
195 2-Ethylbiphenyl 0.11 0.39 212 4-Isopropylbiphenyl 0.19 0.33
196 4-Ethylbiphenyl 0.12 225 2,2',5,5'-Tetramethylbiphenyl 0.17 0.20
206 3,4'-Dimethylbiphenyl 0.17 0.36

Table S22. TMIs detected in PEEP1N and PEEP1C.
Peak Compound RC in PEEP1N Peak Compound RC in PEEP1C
129 1,2,3-TMI 0.34 151 1,1,3-TMI 0.33

Table S23. MDPMs detected in PEEP1N and PEEP1C.
RCPeak MDPM PEEP1N PEEP1C

Peak MDPM RC in PEEP1C Peak MDPM RC in PEEP1C

193 4-MDPM 0.27 0.19 207 2-MDPM 0.03 209 3-MDPM 0.08

Table S24. DMDPMs detected in PEEP1N and PEEP1C.
RCPeak DMDPM PEEP1N PEEP1C

Peak DMDPM RC in PEEP1C

214 3,4-DMDPM 0.03 223 3,5-DMDPM 0.13
220 2,5-DMDPM 0.04

Table S25. AFs detected in PEEP1C.
Peak AF RC Peak AF RC Peak AF RC
204 9-Methylfluorene 0.04 205 1-Methylfluorene 0.12 224 2-Ethylfluorene 0.09

Table S26. MSIs detected in PEEP1N and PEEP1C.
RC RCPeak MSI PEEP1N PEEP1C

Peak MSI PEEP1N PEEP1C

71 1,6-Dimethylindane 0.51 104 1,1,5-Trimethylindane 0.21 0.12
88 4,7-Dimethylindane 0.23 0.25 105 1,1,3-Trimethylindane 0.20 0.20
94 4,6-Dimethylindane 0.28 0.21 113 1,1,6-Trimethylindane 0.13 0.10

100 1,2-Dimethylindane 0.29 0.27 163 1,1,4,5,6-Pentamethylindane 0.57 0.27
101 4,5,7-Trimethylindane 0.02

Table S27. MSTs detected in PEEP1N and PEEP1C.
RC RCPeak MST PEEP1N PEEP1C

Peak MST PEEP1N PEEP1C
81 2-Methyltetralin 0.25 0.16 124 5,7-Dimethyltetralin 0.05
87 1,8-Dimethyltetralin 0.05 0.09 132 1,4-Dimethyltetralin 0.11 0.11

91 1,5-Dimethyltetralin 0.03 134 1,5,7-Trimethyltetrali
n 0.15

Table S28. MPs detected in PEEP1C.
Peak MP RC Peak MP RC
232 1-MP 0.05 233 2-MP 0.08

Table S29. DAPs detected in PEEP1N and PEEP1C.
Peak DAP RC in PEEP1C Peak DAP RC in PEEP1N
238 3,6-Dimethylphenanthrene 0.05 245 Retene 0.06
239 2,7-Dimethylphenanthrene 0.04

Table S30. MAs detected in PEEP1C.
Peak MA RC Peak MA RC
230 9-MA 0.12 231 2-MA 0.18
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Table S31. BPMs detected in PEEP1C.
Peak Compound RC Peak Compound RC
185 4-BPM 0.12 197 2-BPM 0.07

Table S32. Phenols detected in PEEP1N and PEEP1C.
RC RCPeak Compound PEEP1N PEEP1C

Peak Compound PEEP1N PEEP1C
26 Phenol 2.90 3.11 89 3-Ethyl-5-cresol 1.52 1.07
40 o-Cresol 4.67 5.59 90 4-Isopropylphenol 0.18 0.06
43 p-Cresol 7.44 8.09 93 3,4,5-Trimethylphenol 0.17 0.11
54 2,6-Xylenol 1.11 0.91 95 Pseudocumenol 0.40 0.61
59 Phlorol 1.72 1.57 96 2-sec-Butylphenol 0.09
63 2,4-Xylenol 5.15 5.72 97 2-Ethyl-4,5-xylenol 0.59 0.53
67 4-Ethylphenol 1.94 1.46 98 Thymol 0.22 0.22
68 3,5-Xylenol 2.57 3.60 103 4-Isopropyl-3-cresol 0.94 0.73
69 2,3-Xylenol 0.55 0.71 107 4-sec-Butylphenol 0.28 0.26
70 2-Ethyl-6-cresol 0.85 0.73 108 5-Isopropyl-2-cresol 0.47 0.29
74 Cumenol 0.15 0.20 109 2-Propyl-4-cresol 0.18
77 Mesitylenol 0.66 0.49 110 2-Butylphenol 0.08
80 2-Propylphenol 0.19 0.32 112 6-Propyl-2-cresol 0.31 0.41
82 Carvacrol 2.09 1.91 117 2-tert-Butyl-4-cresol 0.25 0.18
83 4-Ethyl-3-cresol 0.21 0.22 120 2-Isobutylphenol 0.18 0.13
84 2,3,6-Trimethylphenol 0.14 0.18 122 Durenol 0.74 0.39
85 3-Isopropylphenol 1.42 1.37 125 4-tert-Pentylphenol 0.46 0.30
86 2-Ethyl-4-cresol 0.37 0.40 159 2,5-Di-tert-butylphenol 0.10 0.05

Table S33. Indanols detected in PEEP1N and PEEP1C.
RC RCPeak Compound PEEP1N PEEP1C

Peak Compound PEEP1N PEEP1C
116 5-Indanol 0.86 0.77 140 6-Methyl-4-indanol 0.06 0.10

Table S34. Anisoles detected in PEEP1N and PEEP1C.
RC RCPeak Compound PEEP1N PEEP1C

Peak Compound PEEP1N PEEP1C
121 1-tert-Butyl-4-anisole 0.19 138 1-Isopropyl-4-methyl-2-anisole 0.03
126 1-sec-Butyl-4-anisole 0.16 0.14 156 1-(But-3-en-2-yl)-4-anisole 0.10 0.04

Table S35. MSBFs detected in PEEP1N and PEEP1C.
RCPeak MSBF RC in PEEP1N Peak MSBF PEEP1N PEEP1C

55 2-Methylbenzofuran 0.05 79 4,7-Dimethylbenzofuran 0.09 0.06

Table S36. DBFs detected in PEEP1N and PEEP1C.
RCPeak Compound RC in PEEP1C Peak Compound PEEP1N PEEP1C

164 DBF 0.14 190 4-Methyldibenzo[b,d]furan 0.33 0.25

Table S37. PEsII detected in PEEP1N and PEEP1C.
RCPeak PEII

PEEP1N PEEP1C
118 1-(3-Ethylphenyl)ethanone 0.12 0.19
123 1-(3,4-Xylyl)ethanone 0.44 0.43
131 1-(4-(But-3-en-2-yl)phenyl)ethanone 0.22 0.16
152 1-Mesitylethanone 0.16
162 1-(2,4,6-Trihydroxyphenyl)ethanone 0.14
169 1-(2,3,4-Trimethylphenyl)ethanone 0.14 0.28
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Table S38. OOs detected in PEEP1N and PEEP1C.
RCPeak OO RC in PEEP1N Peak OO PEEP1N PEEP1C

10 1-Ethoxy-3-methoxypropane 0.21 188 Fluoren-9-ol 0.06 0.28
39 3,4,5-Trimethyl-2,3-dihydrofuran 0.12 194 Xanthene 1.16

Table S39. Pyridines detected in PEEP1N and PEEP1C.
RC RCPeak Compound PEEP1N PEEP1C

Peak Compound PEEP1N PEEP1C

3 2-Methylpyridine 0.03 0.04 32 2,3,6-Trimethylpyridine 0.06 0.08
9 2,3-Dimethylpyridine 0.17 50 3-Ethyl-2,6-dimethylpyridine 0.08

18 3,4-Dimethylpyridine 0.03 0.08

Table S40. ONCOCs detected in PEEP1N and PEEP1C.
RCPeak ONCOC PEEP1N PEEP1C

176 2,3,4-Trimethylquinoline 0.13 0.09
192 2-Methylcarbazole 0.04
215 3-Methylindeno[2,1-c]pyridin-9-one 0.16
217 9,10-Dihydroanthracen-9-amine 0.34
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Table S41. NAsI detected in PEEP2N and PEEP2C.
RC RCPeak NAI

PEEP2N PEEP2C
Peak NAI

PEEP2N PEEP2C
84 Dodecane 0.32 0.28 254 Henicosane 0.11 0.24

101 Tridecane 0.16 0.23 257 Docosane 0.12 0.23
122 Tetradecane 0.23 0.23 258 Tricosane 0.15 0.30
149 Pentadecane 0.08 0.12 259 Tetracosane 0.12 0.13
172 Hexadecane 0.19 0.09 260 Pentacosane 0.04 0.32
230 Nonadecane 0.15 0.15 261 Hexacosane 0.05 0.12
250 Icosane 0.13 0.21 262 Heptacosane 0.03 0.06

Table S42. BAsI detected in PEEP2N.
Peak BAI RC Peak BAI RC
66 2,7-Dimethyloctane 0.10 67 2-Methyldecane 0.15

Table S43. Alkenes detected in PEEP2N and PEEP2C.
RCPeak Alkene RC in PEEP2N Peak Alkene PEEP2N PEEP2C

22 Hept-3-ene 0.03 41 3,3-Dimethylhex-1-ene 0.19 0.22

Table S44. Cyclenes detected in PEEP2N.
Peak Cyclene RC
52 Tetrahydroindene 0.42
88 2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene 0.23

Table S45. NSAs detected in PEEP2N and PEEP2C.
RCPeak NSA PEEP2N PEEP2C

Peak NSA RC in PEEP2C

115 Naphthalene 0.10 0.21 166 Biphenyl 0.04

Table S46. ASBsI detected in PEEP2N and PEEP2C.
RC RCPeak ASBI

PEEP2N PEEP2C
Peak ASBI

PEEP2N PEEP2C

46 Propylbenzene 0.01 93 1,4-Diethyl-2-toluene 0.14 0.23
70 Hemimellitene 0.05 94 1-sec-Butyl-4-toluene 0.03
74 1-Ethyl-3,5-xylene 0.12 0.04 97 1-Ethyl-3-cumene 0.11
78 4-Propyltoluene 0.03 109 1,3,5-Triethylbenzene 0.04 0.06
79 2-Ethyl-1,4-xylene 0.04 191 1,2,4-Triethylbenzene 0.02
80 1-Ethyl-2,3-xylene 0.04 208 1,4-Diethyldurene 0.16 0.10
81 Isobutylbenzene 0.13 217 1-Ethyl-3,5-dicumene 0.14 0.09
87 1,3-Diethyl-5-toluene 0.22 0.07 218 1,2-Diethylprehenitene 0.08
89 2,4-Diethyl-1-toluene 0.15 0.13 227 1,2,4,5-Tetraethylbenzene 0.06 0.05
91 1-sec-Butyl-2-toluene 0.08 233 1,3,5-Tricumene 0.04 0.05

Table S47. ASNsI detected in PEEP2N and PEEP2C.
RC RCPeak ASNI

PEEP2N PEEP2C
Peak ASNI

PEEP2N PEEP2C
144 2-Methylnaphthalene 0.39 0.62 183 Dimethylnaphthalene 0.02

151 1-Methylnaphthalene 0.28 0.28 192 Trimethylnaphthalen
e 0.10 0.03

167 2-Ethylnaphthalene 0.19 0.11 193 Trimethylnaphthalen
e 0.02 0.01

170 Dimethylnaphthalene 0.30 0.16 197 Trimethylnaphthalen
e 0.06
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175 Dimethylnaphthalene 0.27 0.20 199 Trimethylnaphthalen
e 0.10 0.07

176 Dimethylnaphthalene 0.11 0.05 200 Trimethylnaphthalen
e 0.09 0.02

177 Dimethylnaphthalene 0.13 0.10 201 Trimethylnaphthalen
e 0.22 0.06

178 Dimethylnaphthalene 0.03 206 Trimethylnaphthalen
e 0.10 0.09

Table S47. ASNsI detected in PEEP2N and PEEP2C (continued).
RCPeak ASNI

PEEP2N PEEP2C
211 1,2,3,4-Tetramethylnaphthalene 0.02
216 7-Isopropyl-1-methylnaphthalene 0.04
231 6-Isopropyl-1,4-dimethylnaphthalene 0.03

Table S48. ASBPs detected in PEEP2N and PEEP2C.
RCPeak ASBP PEEP2N PEEP2C

Peak ASBP RC in PEEP2N

190 3-Methylbiphenyl 0.08 249 4-Isopropylbiphenyl 0.04
245 4,4'-Dimethylbiphenyl 0.03 0.04

Table S49. ASFs detected in PEEP2N and PEEP2C.
RC RCPeak ASF PEEP2N PEEP2C

Peak ASF PEEP2N PEEP2C
223 9-Ethylfluorene 0.04 0.07 243 1,9-Dimethylfluorene 0.11 0.05

Table S50. MSDHPs detected in PEEP2N.
Peak MSDHP RC Peak MSDHP RC
215 1-Methyl-9,10-dihydrophenanthrene 0.08 237 4,5-Dimethyl-9,10-dihydrophenanthrene 0.19
219 9-Methyl-9,10-dihydrophenanthrene 0.05

Table S51. MDHAs detected in PEEP2N and PEEP2C.
RCPeak MDHA PEEP2N PEEP2C

213 2-Methyl-9,10-dihydroanthracene 2.61 2.13
246 9-Methyl-9,10-dihydroanthracene 0.19 0.25

Table S52. ASIs detected in PEEP2N and PEEP2C.
RCPeak ASI PEEP2N PEEP2C

Peak ASI RC in PEEP2N

95 5-Methylindane 0.19 0.20 116 2-Ethylindane 0.06
98 4-Methylindane 0.35 0.28 125 1,1-Dimethylindane 0.09

105 1-Ethylindane 0.06 0.02

Table S53. ASTs detected in PEEP2N and PEEP2C.
RC RCPeak AST PEEP2N PEEP2C

Peak AST PEEP2N PEEP2C
127 6,7-Dimethyltetralin 0.09 0.04 137 5,7-Dimethyltetralin 0.06

128 5,6-Dimethyltetralin 0.04 0.05 160 1,4,6-Trimethyltetrali
n 0.03 0.03

132 5-Ethyltetralin 0.08 0.14

Table S54. NAsIII detected in PEEP2N and PEEP2C.
Peak NAIII RC Peak NAIII RC
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PEEP2N PEEP2C PEEP2N PEEP2C
2 Butan-1-ol 2.66 2.64 12 Hexan-3-ol 0.14 0.21
4 Pentan-2-ol 3.41 4.14 29 Hexan-1-ol 5.83 6.17
5 Pentan-1-ol 0.29 0.40 38 Heptan-1-ol 0.16

10 Hexan-2-ol 0.17 0.29 73 Octan-1-ol 0.10 0.05

Table S55. BAsIII detected in PEEP2N and PEEP2C.
RC RCPeak BAIII

PEEP2N PEEP2C
Peak BAIII

PEEP2N PEEP2C
6 2-Methylbutan-1-ol 0.23 0.28 7 3-Methylbutan-1-ol 0.37 0.97

Table S55. BAsIII detected in PEEP2N and PEEP2C (continued).
RC RCPeak BAIII

PEEP2N PEEP2C
Peak BAIII

PEEP2N PEEP2C
11 3-Methylpentan-2-ol 0.09 0.13 23 2-Ethylbutan-1-ol 2.85 1.86
13 4-Methylpentan-2-ol 0.82 2.44 24 3-Methylpentan-1-ol 1.02 0.87
16 3-Methylhexan-2-ol 0.42 61 2-Ethylhexan-1-ol 0.31 0.41
19 2-Methylpentan-1-ol 0.18 63 4-Methylheptan-2-ol 0.39 0.50

Table S56. NAsIV detected in PEEP2N and PEEP2C.
RC RCPeak NAIV

PEEP2N PEEP2C
Peak NAIV

PEEP2N PEEP2C
1 But-3-en-1-ol 0.54 27 Hex-3-en-1-ol 1.16 0.22
3 But-2-en-1-ol 2.95 1.51 30 Hex-2-en-1-ol 0.30 0.24
9 Hex-1-en-3-ol 0.02

Table S57. BAsIV detected in PEEP2N.
Peak BAIV RC Peak BAIV RC
15 4-Methylpent-4-en-2-ol 0.10 69 5-Methylhept-6-en-1-ol 0.13

Table S58. EAs detected in PEEP2N and PEEP2C.
RC RCPeak EA PEEP2N PEEP2C

Peak EA PEEP2N PEEP2C
26 2-Ethoxybutane 5.70 5.96 36 2-Ethoxypentane 2.84 0.98

Table S59. DAAs detected in PEEP2N and PEEP2C.
RC RCPeak DAA PEEP2N PEEP2C

Peak DAA PEEP2N PEEP2C

32 1-(1-Ethoxyethoxy)butane 1.31 1.10 71 1,1-Diethoxyhexane 0.10 0.43
40 1-(1-Ethoxyethoxy)propane 0.03

Table S60. APMs detected in PEEP2N and PEEP2C.
RCPeak APM RC in PEEP2N Peak APM PEEP2N PEEP2C

100 p-Tolylmethano
l 0.09 168 (4-tert-Butylphenyl)methanol 0.04 0.02

Table S61. Phenols detected in PEEP2N and PEEP2C.
RC RCPeak Compound PEEP2N PEEP2C

Peak Compound PEEP2N PEEP2C
62 Phenol 0.53 1.19 121 Mesitylenol 0.20 0.21
82 o-Cresol 0.89 0.62 123 2-Propylphenol 0.10 0.28
85 p-Cresol 0.67 0.58 124 Thymol 1.04 1.02
92 2,6-Xylenol 0.66 0.66 126 6-Propyl-2-cresol 0.04 0.07
96 Phlorol 1.58 1.78 129 2,3,6-Trimethylphenol 0.14 0.15
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99 2,4-Xylenol 1.40 2.34 130 Pseudocumenol 0.12 0.21
102 4-Ethylphenol 0.25 0.25 131 2-Ethyl-4,5-xylenol 0.88 0.74
103 3-Ethylphenol 0.14 0.14 133 2,5-Diethylphenol 0.05 0.18
104 2,5-Xylenol 0.10 0.13 134 5-Isopropyl-2-cresol 0.24 0.18
108 Carvacrol 1.16 0.97 136 2-tert-Butylphenol 0.30 0.24
112 2-sec-Butylphenol 0.13 138 4-Isopropyl-3-cresol 0.69 0.52
114 Hemimellitenol 0.72 139 4-sec-Butylphenol 0.06 0.12
117 2-Ethyl-6-cresol 1.13 1.08 140 2-Butylphenol 0.04 0.07
118 2-Ethyl-4-cresol 0.65 0.63 142 3,4-Diethylphenol 0.33 0.36
119 4-Ethyl-3-cresol 0.72 0.71 145 3-tert-Butylphenol 0.09 0.03
120 3-Ethyl-5-cresol 0.20 0.17 147 4-tert-Pentylphenol 0.08

Table S61. Phenols detected in PEEP2N and PEEP2C (continued).
RC RCPeak Compound PEEP2N PEEP2C

Peak Compound PEEP2N PEEP2C

148 2-tert-Butyl-4-cresol 0.96 0.86 179 2,6-Di-tert-Butylphenol 0.42 0.50
150 3,5-Diethylphenol 0.20 0.18 181 2-tert-Butyl-4,6-xylenol 0.12 0.11
156 Durenol 0.18 0.16 184 Propofol 0.10 0.06
161 2-tert-Butyl-6-cresol 0.22 0.21 189 3-tert-Butylcumenol 0.16 0.10
162 2-Ethyl-5-propylphenol 0.08 0.07 205 2,4-Di-tert-butylphenol 0.22 0.22
163 2,4-Diisopropylphenol 0.45 0.32 255 3,5-Di-tert-butylphenol 0.06 0.08
164 4-tert-Butyl-2-cresol 0.15 0.13

Table S62. ASBDs detected in PEEP2N and PEEP2C.
RC RCPeak ASBD PEEP2N PEEP2C

Peak ASBD PEEP2N PEEP2C
90 3-Methylcatechol 0.13 194 4-tert-Butylcatechol 0.62 0.50

186 2,3,5-Trimethylhydroquinone 0.10 0.06 247 3,5-Di-tert-butylcatechol 0.28 0.11

Table S63. ASNsII detected in PEEP2N.
Peak ASNII RC Peak ASNII RC
232 6,7-Dimethylnaphth-1-ol 0.14 252 4-Isopropylnaphth-2-ol 0.09

Table S64. ASAs detected in PEEP2N and PEEP2C.
RCPeak ASA PEEP2N PEEP2C

141 1-Isopropyl-4-anisole 0.16
143 2-Ethyl-4-methylanisole 0.40 0.36
152 1,3,4-Trimethyl-2-anisole 0.04 0.04
153 1-Isopropyl-4-methyl-2-anisole 0.89 0.74
158 1-sec-Butyl-4-anisole 0.17 0.19
165 1-tert-Butyl-4-anisole 0.14 0.02
169 2-Isopropyl-4-methylanisole 0.17 0.14
171 1-Butyl-4-anisole 0.11 0.07
188 1-tert-Butyl-4-methyl-2-anisole 0.09 0.05

Table S65. AEBs detected in PEEP2N and PEEP2C.
RCPeak AEB PEEP2N PEEP2C

Peak AEB RC in PEEP2N

86 1-Ethoxy-4-toluene 0.20 0.13 185 1-tert-Butyl-4-ethoxybenzene 0.05

Table S66. ASDMBs detected in PEEP2N and PEEP2C.
RC RCPeak DMB PEEP2N PEEP2C

Peak DMB PEEP2N PEEP2C
154 4-Ethylveratrol 0.12 228 4-tert-Butylveratrol 0.28 0.13
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203 3,6-Dimethoxydurene 0.06 0.11

Table S67. ASBDOs detected in PEEP2N and PEEP2C.
RCPeak BDO PEEP2N PEEP2C

146 5-Propylbenzo[d][1,3]dioxole 0.09 0.24
174 5-Isobutylbenzo[d][1,3]dioxole 0.08 0.07
180 5-Ethyl-2,2-dimethylbenzo[d][1,3]dioxole 0.12

Table S68. Alkanals detected in PEEP2N and PEEP2C.
RCPeak Alkanal PEEP2N PEEP2C

Peak Alkanal RC in PEEP2C

18 Hexanal 0.18 0.32 45 2-Ethylhexanal 0.25

Table S69. Alkenals detected in PEEP2N and PEEP2C.
RC RCPeak Alkenal PEEP2N PEEP2C

Peak Alkenal PEEP2N PEEP2C
25 2-Ethylbut-2-enal 0.20 0.36 33 Hex-2-enal 0.74 0.62

Table S70. Benzaldehydes detected in PEEP2N.
Peak Compound RC Peak Compound RC
68 Benzaldehyde 0.02 234 3,5-Di-tert-butyl-4-hydroxybenzaldehyde 0.03

Table S71. NAsV detected in PEEP2N and PEEP2C.
RC RCPeak NAV

PEEP2N PEEP2C
Peak NAV

PEEP2N PEEP2C
31 Heptan-4-one 0.72 50 Octan-4-one 0.16
35 Heptan-2-one 2.44 0.42 56 Nonan-4-one 0.10
44 Octan-2-one 0.05 0.17

Table S72. BAsV detected in PEEP2C.
Peak BAV RC Peak BAV RC
49 5-Methylheptan-2-one 0.08 51 2-Methylheptan-4-one 0.14

Table S73. ASPEs detected in PEEP2N and PEEP2C
RCPeak ASPE PEEP2N PEEP2C

214 1-(4-tert-Butyl-2,6-xylyl)ethanone 0.13 0.18
248 1-(4-Heptylphenyl)ethanone 0.11 0.13

Table S74. HPAs detected in PEEP2N and PEEP2C.
RCPeak HPA PEEP2N PEEP2C

155 1-(4-Hydroxyphenyl)butan-1-one 0.06 0.12
182 1-(5-Hydroxy-2,3,4-trimethylphenyl)ethanone 0.09 0.05

Table S75. DHPAs detected in PEEP2N and PEEP2C.
RCPeak DHPA PEEP2N PEEP2C

196 1-(2,6-Dihydroxy-3-tolyl)ethanone 0.14 0.06
202 1-(2,4-Dihydroxy-3-tolyl)ethanone 0.53 0.42
207 1-(4,6-Dihydroxy-2,3-xylyl)ethanone 1.66 1.36
235 1-(2,4-Dihydroxy-3-tolyl)butan-1-one 0.17
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Table S76. APAs detected in PEEP2N and PEEP2C.
RCPeak APA PEEP2N PEEP2C

157 1-(4-Methoxyphenyl)propan-1-one 0.11 0.08
159 1-(2-Ethoxyphenyl)ethanone 0.15
195 1-(4-Ethoxy-2,6-xylyl)ethanone 0.25 0.18

Table S77. DMPEs detected in PEEP2N and PEEP2C.
RCPeak DMPE PEEP2N PEEP2C

212 1-(2,4-Dimethoxyphenyl)ethanone 1.18 1.16
221 1-(3,4-Dimethoxyphenyl)ethanone 0.18
240 1-(2,4-Dimethoxy-3-tolyl)ethanone 0.13 0.05
241 1-(4,6-Dimethoxy-2,3-xylyl)ethanone 0.03

Table S78. DMPPs detected in PEEP2N and PEEP2C.
RCPeak DMPP PEEP2N PEEP2C

225 1-(3,4-Dimethoxyphenyl)propan-2-one 0.12
236 1-(2,4-Dimethoxy-3-tolyl)propan-1-one 0.03

Table S79. DMPBs detected in PEEP2N and PEEP2C.
RCPeak DMPB PEEP2N PEEP2C

238 1-(3,4-Dimethoxyphenyl)butan-1-one 0.08 0.06
239 3-(2,4-Dimethoxyphenyl)butan-2-one 0.14 0.08
256 1-(4,5-Dimethoxy-2-tolyl)butan-1-one 0.08

Table S80. HMPAs detected in PEEP2N and PEEP2C.
RCPeak HMPA PEEP2N PEEP2C

187 4-(4-Hydroxy-3-methoxyphenyl)butan-2-one 0.17 0.12
209 1-(2-Hydroxy-4-methoxyphenyl)ethanone 0.30 0.37
210 1-(2-Hydroxy-6-methoxyphenyl)ethanone 0.05 0.06

Table S81. NAAsI detected in PEEP2N and PEEP2C.
RC RCPeak NAAI

PEEP2N PEEP2C
Peak NAAI

PEEP2N PEEP2C
8 Butyric acid 0.39 2.87 253 Palmitic acid 0.08 0.28

48 Hexanoic acid 0.31 0.26

Table S82. NAAsII detected in PEEP2N and PEEP2C.
Peak NAAII RC in PEEP2C Peak NAAII RC in PEEP2N
21 But-2-enoic acid 0.15 76 Oct-6-enoic acid 0.82

Table S83. ANAs detected in PEEP2N and PEEP2C.
RCPeak ANA PEEP2N PEEP2C

Peak ANA RC in PEEP2C

14 Ethyl butyrate 0.30 1.66 17 Butyl acetate 1.94
34 Ethyl pentanoate 0.27 0.32 58 Hexyl acetate 0.48
53 Butyl butyrate 0.13 0.72 65 Ethyl heptanoate 0.17
54 Ethyl hexanoate 3.79 4.14 113 Ethyl octanoate 0.59

Table S84. EBAs detected in PEEP2N and PEEP2C.
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Peak EBA RC in PEEP2C Peak EBA RC in PEEP2N
37 Ethyl 2-ethylbutanoate 0.18 43 Ethyl 3-methylpentanoate 1.50

Table S85. EHAs detected in PEEP2C.
Peak EHA RC Peak EHA RC
20 Ethyl 2-hydroxypropanoate 0.44 47 Ethyl 3-hydroxybutanoate 0.75

Table S86. AAsII detected in PEEP2N and PEEP2C.
RC RCPeak AAII

PEEP2N PEEP2C
Peak AAII

PEEP2N PEEP2C

28 Ethyl but-2-enoate 0.44 1.95 60 Ethyl hex-3-enoate 2.88 2.76
55 Ethyl 4-methylpent-2-enoate 1.19 0.54 72 Ethyl hex-2-enoate 3.75 2.92
57 Ethyl hex-4-enoate 0.52 0.55 110 Butyl hex-2-enoate 0.12
59 Ethyl hex-5-enoate 1.91 1.23 111 Ethyl oct-2-enoate 0.33

Table S87. MBs detected in PEEP2N and PEEP2C.
RCPeak MB PEEP2N PEEP2C

198 Methyl 4-tert-butylbenzoate 0.11 0.05
204 Methyl 2-ethylbenzoate 0.09
224 Methyl 5-acetyl-2-methoxybenzoate 0.03 0.10

Table S88. EBs detected in PEEP2N and PEEP2C.
RCPeak Compound PEEP2N PEEP2C

Peak Compound RC in PEEP2C

106 EB 0.16 0.30 173 Ethyl 4-acetylbenzoate 0.05
135 Ethyl 4-methylbenzoate 0.08 0.07

Table S89. OOs detected in PEEP2N and PEEP2C.
RCPeak OO PEEP2N PEEP2C

Peak OO RC in PEEP2N

42 Tetraethyl silicate 0.28 0.21 226 OBMDB 0.29
220 4-Methyldibenzo[b,d]furan 0.14 0.17

Table S90. Pyridines detected in PEEP2N and PEEP2C.
RC RCPeak Compound PEEP2N PEEP2C

Peak Compound PEEP2N PEEP2C

39 3-Methylpyridine 0.55 0.56 83 4-Propylpyridine 0.46 0.33
64 2-Propylpyridine 0.32 0.22 107 4-(Pentan-3-yl)pyridine 0.73
75 5-Ethyl-2-methylpyridine 0.08 0.21

Table S91. ONCOCs detected in PEEP2N and PEEP2C.
RCPeak ONCOC PEEP2N PEEP2C

77 2,2-Diethoxyethanamine 0.15
229 2-Methylbenzo[f]quinolone 0.01 0.02
244 2-Anthracenamine 0.49 0.29
251 9,10-Dihydroanthracen-9-amine 0.08

Table S92. SCOCs detected in PEEP2N and PEEP2C.
RCPeak SCOC PEEP2N PEEP2C

222 5-tert-Butyl-2-methylbenzenethiol 0.15
242 1-(3,5-Dimethylbenzo[b]thiophen-2-yl)ethanone 0.02
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Table S93. NAsI detected in CHCSP1 and CHCSP2.
RC RCPeak NAI

CHCSP1 CHCSP2
Peak NAI

CHCSP1 CHCSP2
4 Heptane 2.64 196 Octadecane 1.74 1.15

12 Octane 0.32 1.47 198 Nonadecane 1.65 2.39
32 Nonane 1.00 200 Icosane 2.04 1.56
38 Decane 0.23 0.65 201 Henicosane 1.81 2.80
65 Undecane 1.27 202 Docosane 1.72 2.23
90 Dodecane 2.32 203 Tricosane 1.71 2.29

115 Tridecane 2.22 204 Tetracosane 1.17 1.82
141 Tetradecane 1.95 0.16 205 Pentacosane 0.91 1.52
160 Pentadecane 2.10 0.86 206 Hexacosane 0.36 0.83
171 Hexadecane 2.24 207 Heptacosane 0.28 1.08
188 Heptadecane 3.08 0.72

Table S94. BAsI detected in CHCSP1 and CHCSP2.
RC RCPeak BAI

CHCSP1 CHCSP2
Peak BAI

CHCSP1 CHCSP2
2 3-Ethylpentane 0.58 120 2,3,7-Trimethyldecane 0.26

10 2,4-Dimethylhexane 0.69 130 3-Methyldodecane 0.05
11 2-Methylheptane 0.25 133 5-Propyldecane 0.21
16 3-Methylheptane 1.06 148 4,6-Dimethyldodecane 0.27
23 4-Ethylheptane 0.19 0.19 155 2-Methyltridecane 0.20
24 4-Methyloctane 0.78 161 4,8-Dimethyltridecane 0.40
26 3-Ethylheptane 0.51 184 2-Methyl-8-propyldodecane 0.85
40 5-Methylnonane 0.78 192 7-Methylhexadecane 0.76
44 4-Ethyloctane 0.25 195 3-Methylheptadecane 0.16

117 6-Ethylundecane 1.02

Table S95. NSCs detected in CHCSP1 and CHCSP2.
RC RCPeak NSC CHCSP1 CHCSP2

Peak NSC CHCSP1 CHCSP2

1 Cyclohexane 2.78 139 Bi(cyclohexane) 4.89
54 Perhydroindane 0.86 151 Perhydroas-indacene 0.09 0.25
81 Spiro[4.5]decane 0.24 0.41 167 Perhydrofluorene 0.61
85 Decalin 0.44 0.32 176 Perhydrophenanthrene 0.23
86 Decalin 1.82 0.46 182 Perhydroanthracene 0.08

102 Cyclododecane 0.29 187 Perhydroanthracene 0.39
106 Cyclopentylcyclohexane 0.46 0.41

Table S96. ACPs detected in CHCSP1 and CHCSP2.
Peak ACP RC in CHCSP2 Peak ACP RC in CHCSP1

9 Ethylcyclopentane 0.26 19 Propylcyclopentane 0.50

Table S97. EMCPs detected in CHCSP2.
Peak EMCP RC Peak EMCP RC
14 1-Ethyl-3-methylcyclopentane 0.49 20 1-Ethyl-2-methylcyclopentane 0.13

Table S98. ACHsI detected in CHCSP1 and CHCSP2.
RC RCPeak ACHI

CHCSP1 CHCSP2
Peak ACHI

CHCSP1 CHCSP2

8 Methylcyclohexane 9.20 5.58 59 Butylcyclohexane 0.28 0.05
22 Ethylcyclohexane 2.22 3.81 83 Pentylcyclohexane 0.28 0.76
34 Propylcyclohexane 0.64 1.14 92 Hexylcyclohexane 0.30
35 Isopropylcyclohexane 0.14 0.65 137 Heptylcyclohexane 0.57
36 Propylcyclohexane 0.14 1.00 158 Octylcyclohexane 0.22
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58 sec-Butylcyclohexane 0.13 1.02

Table S99. DACHsI detected in CHCSP1 and CHCSP2.
RCPeak DACHI

CHCSP1 CHCSP2
13 1,4-Dimethylcyclohexane 0.58 2.03
15 1,4-Dimethylcyclohexane 0.34 0.19
17 1,3-Dimethylcyclohexane 1.68
21 1,2-Dimethylcyclohexane 0.91
29 1-Ethyl-3-methylcyclohexane 0.08 0.39
30 1-Ethyl-4-methylcyclohexane 2.82
33 1-Ethyl-2-methylcyclohexane 0.13 1.95
37 1,3-Diethylcyclohexane 0.31
39 1-Isopropyl-3-methylcyclohexane 0.07
41 1-Methyl-2-propylcyclohexane 0.11
45 1,3-Diethylcyclohexane 0.14
46 1-Isopropyl-4-methylcyclohexane 0.08 0.35
47 1,4-Diethylcyclohexane 0.72
55 1,4-Diethylcyclohexane 2.25
57 1-Methyl-2-propylcyclohexane 0.14
60 1,2-Diethylcyclohexane 0.05 0.69
93 1-Methyl-2-pentylcyclohexane 0.55 0.21

Table S100. TACHsI detected in CHCSP1 and CHCSP2.
RCPeak TACHI

CHCSP1 CHCSP2
18 1,3,5-Trimethylcyclohexane 0.18
25 1,3,5-Trimethylcyclohexane 0.24
27 1,2,4-Trimethylcyclohexane 0.46 0.24
28 1,2,4-Trimethylcyclohexane 0.34
31 1,2,3-Trimethylcyclohexane 0.22 0.38
42 1-Ethyl-2,3-dimethylcyclohexane 0.18 0.17
43 1-Ethyl-1,4-dimethylcyclohexane 0.14 0.24
49 4-Ethyl-1,2-dimethylcyclohexane 0.41
52 1-Ethyl-3,5-dimethylcyclohexane 1.38
66 1,2-Diethyl-3-methylcyclohexane 0.45 1.31
67 2,4-Diethyl-1-methylcyclohexane 0.09 0.82
69 1,3-Diethyl-5-methylcyclohexane 0.29 0.82
75 1,2-Diethyl-1-methylcyclohexane 0.15
79 1,4-Diethyl-2-methylcyclohexane 0.13 0.16

104 2-Isobutyl-1,4-dimethylcyclohexane 1.88 0.40

Table S101. TACHsII detected in CHCSP1 and CHCSP2.
RCPeak TACHII

CHCSP1 CHCSP2
48 1,1,2,3-Tetramethylcyclohexane 0.03
56 1,2,3,4-Tetramethylcyclohexane 0.11
99 1,5-Diethyl-2,3-dimethylcyclohexane 0.44 0.16

Table S102. ACHsII detected in CHCSP1.
Peak ACHII RC Peak ACHII RC
87 Hex-1-enylcyclohexane 0.56 128 Non-1-enylcyclohexane 0.44

Table S103. MBCHs detected in CHCSP1.
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Peak Compound RC Peak Compound RC
145 3-MBCH 0.69 156 2-MBCH 0.21

Table S104. NSDCHAs detected in CHCSP1 and CHCSP2.
RCPeak NSDCHA CHCSP1 CHCSP2

147 Dicyclohexylmethane 0.29
152 Propane-1,2-diyldicyclohexane 0.39
168 1,2-Dicyclohexylethane 0.22
169 1,3-Dicyclohexylpropane 0.48 0.31

Table S105. MDCHMs detected in CHCSP1 and CHCSP2.
RCPeak Compound CHCSP1 CHCSP2

Peak Compound RC in CHCSP1

157 2-MDCHM 0.28 0.40 159 3-MDCHM 0.23

Table S106. DCHAs detected in CHCSP1.
Peak DCHA RC Peak DCHA RC
190 (2-Cyclohexylethylidene)cyclohexane 0.68 193 But-1-ene-1,3-diyldicyclohexane 0.60

Table S107. ASPHIs detected in CHCSP1 and CHCSP2.
RCPeak ASPHI CHCSP1 CHCSP2

70 5-Methylperhydroindane 1.68 0.40
73 4-Methylperhydroindane 0.31

103 1-Ethyl-7a-methylperhydroindane 0.39 0.48

Table S108. DMSDs detected in CHCSP1 and CHCSP2.
RC RCPeak Compound CHCSP1 CHCSP2

Peak Compound CHCSP1 CHCSP2
108 DMSD 0.42 0.09 113 DMSD 0.20
112 DMSD 0.14 0.50 121 DMSD 0.17

Table S109. DMSUs detected in CHCSP1 and CHCSP2.
RC RCPeak Compound CHCSP1 CHCSP2

Peak Compound CHCSP1 CHCSP2
122 DMSU 0.20 138 DMSU 0.27
123 DMSU 0.11 0.13 140 DMSU 0.70
131 DMSU 0.26 143 DMSU 0.06 0.25
132 DMSU 0.14 144 DMSU 0.30 0.69
134 DMSU 0.14

Table S110. ADs detected in CHCSP1 and CHCSP2.
RC RCPeak AD CHCSP1 CHCSP2

Peak AD CHCSP1 CHCSP2
94 2-Methyldecalin 0.74 127 2-Ethyldecalin 0.50
96 2-Methyldecalin 2.47 0.33 142 1-Ethyldecalin 0.55 0.52
97 1-Methyldecalin 1.19 0.13 179 2-Butyldecalin 0.15

100 1-Methyldecalin 0.67 1.03

Table S111. DMDs detected in CHCSP1 and CHCSP2.
RC RCPeak Compound CHCSP1 CHCSP2

Peak Compound CHCSP1 CHCSP2
105 DMD 0.32 0.27 111 DMD 0.17 0.44
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107 DMD 0.40 114 DMD 0.49
109 DMD 0.08 0.42 116 DMD 0.70 0.40
110 DMD 0.24 0.37 118 DMD 0.52

Table S111. DMDs detected in CHCSP1 and CHCSP2 (continued).
RC RCPeak Compound CHCSP1 CHCSP2

Peak Compound CHCSP1 CHCSP2
119 DMD 0.67 0.18 126 DMD 0.78 0.66
124 DMD 0.19 0.61 129 DMD 0.63
125 DMD 0.36

Table S112. IPDMDs detected in CHCSP1 and CHCSP2.
RCPeak IPDMD CHCSP1 CHCSP2

163 7-Isopropyl-1,4-dimethyldecalin 0.32
164 4-Isopropyl-1,6-dimethyldecalin 0.34 0.46
183 7-Isopropyl-1,8-dimethyldecalin 0.13

Table S113. MPHAs detected in CHCSP1.
Peak Compound RC Peak Compound RC
194 2-MPHA 0.24 197 9-MPHA 0.21

Table S114. MPHPs detected in CHCSP1.
Peak Compound RC Peak Compound RC
189 1-MPHP 0.60 191 2-MPHP 0.26

Table S115. ACHsIII detected in CHCSP1 and CHCSP2.
RCPeak ACHIII

CHCSP1 CHCSP2
Peak ACHIII RC in 

CHCSP1
74 1-Pentylcyclohex-1-ene 0.12 149 3-Heptylcyclohex-1-ene 0.10
89 3-Pentylcyclohex-1-ene 0.44 0.61 153 1-Octylcyclohex-1-ene 0.33

135 1-Heptylcyclohex-1-ene 0.38 172 1-Nonylcyclohex-1-ene 0.29

Table S116. IPMCHs detected in CHCSP1 and CHCSP2.
RCPeak IPMCH CHCSP1 CHCSP2

72 1-Isopropyl-4-methylcyclohex-1-ene 0.34 0.12
91 3-Isopropyl-1-methylcyclohex-1-ene 0.68
95 3-Isopropyl-4-methylcyclohex-1-ene 0.34 0.32

Table S117. ASTs detected in CHCSP1 and CHCSP2.
RCPeak AST CHCSP1 CHCSP2

136 Dimethyltetralin 0.40
154 Dimethyltetralin 0.09 0.20
170 4-Isopropyl-1,6-dimethyltetralin 0.37
178 8-Isopropyl-2,5-dimethyltetralin 0.56
181 Tetramethyltetralin 0.29
185 Pentamethyltetralin 0.14

Table S118. ACHsIV detected in CHCSP1 and CHCSP2.
RC RCPeak ACHIV

CHCSP1 CHCSP2
Peak ACHIV

CHCSP1 CHCSP2
50 2-Methylcyclohexanol 1.38 0.45 77 4-Ethylcyclohexanol 0.80 0.37
51 3-Methylcyclohexanol 0.49 0.20 101 2-sec-Butylcyclohexanol 0.62
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53 4-Methylcyclohexanol 0.21

Table S119. DACHsII detected in CHCSP1 and CHCSP2.
RCPeak DACHII

CHCSP1 CHCSP2
61 2,6-Dimethylcyclohexanol 0.70 0.12
62 2,5-Dimethylcyclohexanol 1.20 0.28
63 2,3-Dimethylcyclohexanol 1.34 0.66
68 3,5-Dimethylcyclohexanol 0.30
71 2,4-Dimethylcyclohexanol 0.20
80 3,4-Dimethylcyclohexanol 0.22 0.57
88 2-Isopropyl-5-methylcyclohexanol 0.70

Table S120. EAs detected in CHCSP2.
Peak EA RC Peak EA RC

3 1-Ethoxybutane 2.23 7 1-Ethoxypentane 0.37

Table S121. DMTHFs detected in CHCSP2.
Peak Compound RC Peak Compound RC

5 2,5-DMTHF 0.21 6 2,4-DMTHF 0.78

Table S122. Phenols detected in CHCSP1 and CHCSP2.
RCPeak Compound RC in CHCSP2 Peak Compound CHCSP1 CHCSP2

165 2,4-Di-tert-butylphenol 0.65 174 2,5-Di-tert-butylphenol 0.26 0.20
166 2,6-Di-tert-butyl-4-cresol 0.58 199 2-Phenethylphenol 0.41

Table S123. AEMs detected in CHCSP1.
Peak AEM RC Peak AEM RC
180 2-Allyl-3-ethoxymequinol 0.59 186 2-Allyl-5-ethoxymequinol 0.32

Table S124. PAs detected in CHCSP1 and CHCSP2.
RCPeak PA CHCSP1 CHCSP2

173 4-(2,4-Dimethoxyphenyl)butan-2-one 0.59
175 1-(3,4-Dimethoxyphenyl)propan-2-one 0.72
177 4-(4-Hydroxy-3-methoxyphenyl)butan-2-one 0.26 0.26

Table S125. ACHsV detected in CHCSP1 and CHCSP2.
RCPeak ACHV RC in CHCSP1 Peak ACHV

CHCSP1 CHCSP2
64 3-Methylcyclohexanone 0.14 84 3-Butylcyclohexanone 0.18 0.46

Table S126. DACHsIII detected in CHCSP1 and CHCSP2.
RCPeak DACHIII

CHCSP1 CHCSP2
76 2,5-Dimethylcyclohexanone 0.64 0.71
78 2-Isopropyl-5-methylcyclohexanone 0.40

Table S127. Decalones detected in CHCSP1 and CHCSP2.
Peak Compound RC in CHCSP1 Peak Compound RC in CHCSP2
82 Decalin-1-one 0.38 98 Decalin-2-one 0.55

Table S128. DADs detected in CHCSP1 and CHCSP2.
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Peak Compound RC in CHCSP1 Peak Compound RC in CHCSP2
146 Dimethyldecalin-2-one 0.37 150 Dimethyldecalin-2-one 0.13
162 7-Isopropyl-4-methyldecalin-2-one 0.25
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Table S129. Classification of the group components detected in PEEP1N and PEEP1C with GC/MS.
Group component Group component

Full name Nomenclature From Table Full name Nomenclature From Table

Relative content (area %) RC Trimethylindenes TMIs S22
Normal alkanes NAsI S3 Methyldiphenylmethanes MDPMs S23

Branched alkanes BAsI S4 Dimethyldiphenylmethanes DMDPMs S24
Non-substituted cyclanes NSCs S5 Alkylfluorenes AFs S25

Alkylcyclohexanes ACHsI S6 Methyl-substituted indanes MSIs S26
Hopanes S7 Methyl-substituted tetralins MSTs S27

Normal alkenes NAsII S8 Methylphenanthrenes MPs S28
Branched alkenes BAsII S9 Dialkylphenanthrenes DAPs S29

Cyclenes S10 Methylanthracenes MAs S30
Alkadienes S11 Biphenylmethanols BPMs S31

Non-substituted arenes NSAs S12 Phenols S32
ASBsI S13 Indanols S33

Alkenylbenzenes ABs S14 Anisoles S34
Alkylnaphthalenes ANsI S15 Methyl-substituted benzofurans MSBFs S35

Dialkylnaphthalenes DANs S16 Dibenzo[b,d]furans DBFs S36
Trimethylnaphthalene TMNsI S17 Phenylethanones PEsII S37

Isopropyl(dimethyl)naphthalenes IPDMNs S18 Other oxygenates OOs S38
Tetramethylnaphthalenes TMNsII S19 Pyridines S39

Alkenylnaphthalenes ANsII S20 Other nitrogen-containing organic compounds ONCOCs S40
Alkyl-substituted biphenyls ASBPs S21
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Table S130. Classification of the group components detected in PEEP2N and PEEP2C with GC/MS.
Group component Group component

Full name Nomenclature
From 
Table Full name Nomenclature

From 
Table

NAsI S41 Alkyl-substituted benzo[d][1,3]dioxoles ASBDOs S67
BAsI S42 Alkanals S68

Alkenes S43 Alkenals S69
Cyclenes S44 Benzaldehydes S70

NSAs S45 Normal alkanones NAsV S71
ASBsI S46 Branched alkanones BAsV S72
ASNsI S47 Alkyl-substituted phenylethanones ASPEs S73
ASBPs S48 Hydroxyphenylalkanones HPAs S74

Alkyl-substituted fluorenes ASFs S49 Dihydroxyphenylalkanones DHPAs S75
Methyl-substituted 9,10-dihydrophenanthrenes MSDHPs S50 Alkoxyphenylalkanones APAs S76

Methyl-9,10-dihydroanthracenes MDHAs S51 Dimethoxyphenylethanones DMPEs S77
Alkyl-substituted indanes ASIs S52 Dimethoxyphenylpropanones DMPPs S78
Alkyl-substituted tetralins ASTs S53 Dimethoxyphenylbutanones DMPBs S79

Normal alkanols NAsIII S54 Hydroxymethoxyphenylalkanones HMPAs S80
Branched alkanols BAsIII S55 Normal alkanoic acids NAAsI S81
Normal alkenols NAsIV S56 Normal alkenoic acids NAAsII S82

Branched alkenols BAsIV S57 Alkyl normal alkanoates ANAs S83
Ethoxyalkanes EAs S58 Ethyl branched alkanoates EBAs S84

Dialkoxyalkanes DAAs S59 Ethyl hydroxyalkanoates EHAs S85
Alkylphenylmethanols APMs S60 Alkyl alkenoates AAsII S86

Phenols S61 Methyl benzoates MBs S87
Alkyl-substituted benzene-diols ASBDs S62 Ethyl benzoates EBs S88

Alkyl-substituted naphthols ASNsII S63 OOs S89
Alkyl-substituted anisoles ASAs S64 Pyridines S90

Alkyl(ethoxy)benzenes AEBs S65 ONCOCs S91
Alkyl-substituted dimethoxybenzenes ASDMBs S66 Sulfur-containing organic compounds SCOCs S92
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Table S131. Classification of the group components detected in CHCSP1 and CHCSP2 with GC/MS.
Group component Group component

Full name Nomenclature From Table Full name Nomenclature From Table

NAsI S93 Dimethyldecalins DMDs S111
BAsI S94 Isopropyl(dimethyl)decalins IPDMDs S112
NSCs S95 Methylperhydroanthracenes MPHAs S113

Alkylcyclopentanes ACPs S96 Methylperhydrophenanthrenes MPHPs S114
Ethyl(methyl)cyclopentane EMCPs S97 Alkylcyclohex-1-enes ACHsIII S115

ACHsI S98 Isopropyl(methyl)cyclohex-1-enes IPMCHs S116
Dialkylcyclohexanes DACHsI S99 ASTs S117
Trialkylcyclohexanes TACHsI S100 Alkylcyclohexanols ACHsIV S118

Tetraalkylcyclohexanes TACHsII S101 Dialkylcyclohexanols DACHsII S119
Alkenylcyclohexanes ACHsII S102 EAs S120

Methylbi(cyclohexane)s MBCHs S103 Dimethyltetrahydrofurans DMTHFs S121
Non-substituted dicyclohexylalkanes NSDCHAs S104 Phenols S122

Methyldicyclohexylmethanes MDCHMs S105 Allyl(ethoxy)mequinols AEMs S123
Dicyclohexylalkenes DCHAs S106 Phenylalkanones PAs S124

Alkyl-substituted perhydroindanes ASPHIs S107 Alkylcyclohexanones ACHsV S125
Dimethylspiro[4.5]decanes DMSDs S108 Dialkylcyclohexanones DACHsIII S126

Dimethylspiro[5.5]undecanes DMSUs S109 Decalones S127
Alkyldecalins ADs S110 Dialkyldecalin-2-ones DADs S128
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Figure S12. Distribution of group components in PEEP1N and PEEP1C.
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S 4. SUPPLEMENTARY INFORMATION ABOUT THE ANALYSIS WITH QPEOTMS
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Figure S15. Broadband spectra of PEEPs and CHCSPs from the analysis with QPEOTMS.
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NOMENCLATURE

APS = average pore size

BC = biochar

BE = binding energy

CNPs = cobalt nanoparticles

DP = diffraction peak

IHP = initial hydrogen pressure

LA/ICPMS = laser ablation inductively coupled plasma mass spectrometer

MNPs = molybdenum nanoparticles

MP = micropore

NNPs = nickel nanoparticles

NPs = nanoparticles

PTFEM = polytetrafluoroethylene membrane

RM = reaction mixture

RT = room temperature

SLSA = stainless-steel autoclave

SSA = specific surface area

TEMIs = transmission electron microscopic images

TP = total pore

TPV = total pore volume

WB = water bath

XRD = X-ray diffraction
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