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Table S1. The properties of crude oil samples used in this study.

Name Eocene (EOC) | Escalante (ESA)
Sulfur, wt% 4.79 0.18
N, wt ppm 2136 3532
TAN 0.27 0.79
API 18.3 23.1
Fe, wt ppm 2.3 11.5
V, wt ppm 54.6 3.7
Ni, wt ppm 21.4 3.9
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Figure S1. The tandem mass spectra of Eocene crude oil at specified

collision energies (CE).

EOC m/z 352 extended

>
>
352.21 337.19
100+ 100+ 32318
.. s 309.16
225.07 323.27
CE 0OeV 32318 o0 o 1780818110 2080321105 22307 23909 25340 26741 28113 20415 |323.15
. H“_H\Hu‘m/zo‘HwHH_mf‘_H‘_?ﬁw‘smwH!N_HH‘:Hw“HW‘MHMnm‘MH_‘Hp”wwu‘”‘mm/z
150 175 200 225 250 275 300 325 350 160 180 200 220 240 260 280 300 320
1004 352.22 400 son1s 3719
225.07 239.09 30917
e B 211.05 25310 26712 281.13
CE 1OCV 211.05 239.09 323.18 ‘238.08 252.09’ : 229515 310.17 1323.27
150 175 200 255 280 275 300 3% 3o 160 180 200 220 240 260 280 300 320
352.22 337.19
100+ 100+ 22507 2390
211.06 253.10 32347
3 S 281.13 309.16
CE 15eV 2110820507 P99 | 3281733719 19704 ||22408 ‘227_08 |2 10‘ 267.12 29915 ‘310 17 ’334.30
0‘H‘\"H\H‘H\h“(‘\\”“w“l”1\““‘\\“‘”\‘m/Z0w“1‘7\9‘98“1\92“0‘9\‘H"\HH‘\“H‘\HH\‘HwH‘w‘J“w‘H“J\HHHH‘\“‘H\H“\““\““H\““m/z
150 175 200 225 250 275 300 325 350 160 180 200 220 2 280 300 320
100+ 352.21 1004 225.07 239.09 337.19
239.09
< 211%25'07 oy 30016 337.19 < 21106 o608 | 28310 so5 15 30016 32318
CE 20eV 17808 197,04 \ WSZMS\‘ 178.08  197.04 } 22408 ( 24110| psaqq] [T T ‘ 32217\ 324.17
0HH‘HH‘H\H“H}"HH_\HL N T Sy S i b ‘;J‘ ‘\“ \J‘/ (S 1 de ‘ ‘ miz
150 175 200 225 250 275 300 325 350 160 180 200 220 240 260 280 300 320
225.07 225.07
100 239.09 100 239.09
211.05 337.19 337.19
CE 25eV = 2531026712 349 46 309.16 323.18
16507 197.04| | ‘ ‘ ’ 165.07 191.08 o 0, 28113 295.15
A T A H“‘H‘!w““u”““H"‘ .\H‘H\H‘ m/z O m/z
150 175 200 225 250 275 300 325 350 160 180 200 220 240 260 280 300 320
EOC m/z 380
100~ 380.25 100 225.07 365.22
] . E 239.09 337.19 351.22
CE QeV " b se0.18 =1 16507 19200 211‘ .08 ?25-08 25310 267.12 5 1 205,45 309.16  337.17.] 35112 365.20
] : 1 m( \‘ | “ H ‘ \‘ | o M I H‘\‘lw\\‘\i‘\\“\ \‘ HJ 4 \“\‘ - ‘M‘\‘ “ ‘\H \\‘ ‘ g I\ ‘ mlz
QIJO 200 220 300 | miz 460 180 200 220 240 260 280 300 320 340 360
225.07
1004 380.25 100*: 211,05 239.09 365.22
] ] ' 253.10 267.12 20515 337.19 351.21
CE 10eV = ] 197.04 281.13 29215 549 47 32318 |338.203351.30
] 225, 0723908 380.18 1 178.07.184.03 ° ‘ J ‘\ I ’1 | |
o 2 A m/ZOHH\‘Hw‘1‘wH‘wH‘l“\‘“‘H\“‘w‘w‘HwH‘wH‘H\HH\‘H‘\H‘wH‘wHHf“‘w‘Hw‘”w”‘w”‘w‘”m/Z
150 oo e 360 s 160 180 200 220 240 260 280 300 320 340 360
100 380.25 100 22807 53900
] o 21105 |226.08| 25310 365.22
<] e 267.11 351.21
CE 15eV ] 211. 05225 0723 09267 11295.15 351. 21365 2 ] 1704 ) ( | ‘ | 813 295|-15 303'16 e 3371'20
o4 . ( L I \ miz 0 T T “\ ABEASSSRARE RRREEN T | T \‘l Ransy t T L T Hr f T m/z
150 200 ‘ 250 - B9 PARALERAPYPARSL 160 180 200 220 240 260 280 300 320 340 360
225.07
100, 2250723606 380.25 100 239.09
i o1 211.06  |226.08| 253.10
] 211.06 . ] 365.22
CE 20eV =] o 04’ | 253.10267.12 323.17337 1936522 1 o700 | | ‘ 267.12 281\ 13 29? 15 3091 16 323.17 337.19 351.21 J
1 | | ‘\ A R A Ofrrrrrprrrtprrrr ittt ettt e et miz
%5(‘)“““‘2‘5(‘)“‘ ko ke ke m/z 460 180 200 220 240 260 280 300 320 340 360
100- 225.07 100+ 225.07
] 239.00 ] 239.09
] ] 211.05
CE 25eV = 21109 253.10267.11 365.22 g 212.06|226.08]  253.10 365.02
] : . 337.19 380.25 ] 185.04 197,04 267.11 281.13 295.15 309 1 323,17 337-19 351.21 O
1185.04.197.04 ‘ 3 | o i A ! ‘ \ \ ) 1 | /
o I H\H‘\H‘}“HH L \‘\\\‘\\\\‘\\\\‘\mlz R R L B L I R R N R S LN AR AR AR RS LR RS RS aannp el 11174
ASAaa 260 550 | 300 %0 | 160 180 200 220 240 260 280 300 320 340

S-4



Figure S1. The tandem
collision energies (CE).

mass spectra of Eocene crude

oil at specified
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Figure S1. The tandem mass spectra of Eocene crude oil at specified
collision energies (CE).
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Figure S2. (a) Full spectrum of Eocene crude oil sample obtained with (+)
APPI cyclic ion mobility MS. (b) The expanded spectrum of Eocene crude
oil at m/z 436 with (+) APPI FT-ICR MS (the expanded spectrum with (+)
APPI cyclic ion mobility MS is provided in Figure 3).
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Figure S3. (a) Broadband spectrum and time domain of Escalante crude
oil sample obtained with (+) APPI FT-ICR MS. (b) Full spectrum obtained
with (+) APPI cyclic ion mobility MS.
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Figure S4. The tandem mass spectra of Escalante crude oil sample
obtained in m/z 100-400 with (+) APPI cyclic ion mobility MS.
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Figure S5. The structure and information for the expected ions.

Narme Dimethyl Dimethyl Methyl-tetraline or
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