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Abstract: Dibenzothiophene (DBT) and its homologues are important molecular markers in petroleum geochemistry.
However, DBT-related geochemical indicators were derived mainly based on empirical observations due to insufficient
understanding of the mechanisms through which these organosulfur compounds were generated in sedimentary environ-
ments. Thermal simulation experiments with 3,3’ -dimethylbiphenyl and sulfur in closed gold tubes at 200-500 °C and
10 MPa afforded three main dimethyldibenzothiophene isomers ( DMDBTs). Importantly, DBTs could be generated at a
temperature as moderate as 200 °C under geological conditions, because the temperature threshold of the reaction
could be reduced by increasing the system pressure. Further investigations revealed that the regioselectivity of the
thiophene formation reaction was strongly influenced by temperature. This is similar to the process that occurs in
natural geological systems. It should also be noted that the maturity index 4-/1-MDBT (MDR) reaches a maximum
around 1.5% (Easy%R,). It indicates that MDR index should be used in a suitable maturity regions combined with the
given geological setting.

Key words: dibenzothiophene; generation mechanism; thermal simulation; maturity

TORIFBE AL E W ( dibenzothiophene, IR AR 7)'_1: FRER B2 077 T ol 9 o 20 3 )
DBTs)%Jﬁ?’ﬁ*ﬂ?ﬁ?ﬂﬁﬂLﬁ$*%igE@é\@ﬁ% PR S E T T R R X L Ay
TR, B BB D [ 20 e OO SR, DBTs 23S SRR P A
12 80 ALK R R R MRS e JRIREE. B, MO~ = 25 $8 b HIE S I
TR RS TG DBT B3 C, -~ Co- WU s s SURLER BRI, ISR« =25 591
P S MRS RO S TR R A AL =2 ki (DBF) 5

S HEA.2018-08-17; 81T HHA:2019-01-25,

TEHE/N . %5 (1984—) 5 1o+ | ?j(*’i",}J\%{m S HERAL 2F AN SZ I BRI . E-mail :jia.wu@ cup.edu.cn,

BEEWA : K E ST B2 IR0 A UE RS R IR T 7 (2017YFC0603102) | EI K A ARBHAIL 4 4RI H “ &Kk R —
IR WEW AR E MR SZIR AT I (41403049 ) 58 U555 BRI 6 5 R o 526 &8 1 23R U 95 SR G5 4 5 vh /N Ay - B A LA
J1” (PRP/indep—-3-1715) BR & 7Bl



B2

R, G5 WL TR FEm A S M R AL A T X - 261 -

DBT 1Y FbfB 23 34 &5, DT 52 Wi 32 48 B ) 40 1y 245
W TR L S AW
PR 19 4 A 2o 40 180, I 30 o 4 W L D R A
BT R, JE T DBTs (1 BR A2 i R % 3 i 1%
FE bR AT FH A R PR o e

UTAER , DBTs () MU ER Tk 22T WAL 415 47 75
4, MTFAMmT RS EEIE S TAEYA N
TRAS B & it T LR T 2 A P I IRARIR S
A2 I TE R BB B, B2 B9
A58 RS (S B H,S) M4 &, TR E Z2 ZRE )
WEmY AL A0 . WHITE 451 72 B 5% 4 v i
T IR P R e Wy 2 LA A 4 PT LA Eh D5 %
55 PR RN A A, T AR 5 ASTF AR
3 AL S 5 & IR PR A A ) (BPs ) & —Fil
WAER) DBTs Bi S 9), 1030 Z HoR 5A fih 2 4 L
3,3 - HIIEIEFE (3,3’ ~-DMBP) F2 5 5 3 Rt 7 (1)
TSR TR EWS (4,6~ 2,61 2,8—DMDBT) [
FRE A ) BT R I A SE 1, ] DMBPs
A SN2 DMDBTs AYRT &4 . {3 kiR
B b2 SO SR ) S0 T JBORE X B i
Bz S E AL, S0 BRI . A T U e A
IR Aot e — 2RI FEWG 22 [E] () O 2R | I B 0y b PR
DBTs )& 1l ML 55 s Bk 1k 24 17, AR SC R 3,
3'—DMBP F1ER T B R WF 58 X 42, iz FH 3 PA 4k 3R 2R
BLSE G B SE LR 2 L 45 F T DBTs JE fliad 72 o
(R L3R Ak 2 SR AF , 4 DBTs AE J 0T 75 14 1 B L BE
TE BUMLEE DL KRG AR AT R 45 F ST 45 A Re b8 T g
FAE AN FH5 DBTs A A HER L 2E 250

1S

1.1 EIEESMKF

SCYGRE S AL HE 3,3’ -DMBP (C,, H,,, 7> T &
182, 2 KT 98% , H A AR 5t Ak it Toolk kX &5 4t
(Tokyo Chemical Industry) ) , #i#3 ( 4l 99.5% ,325
H B[RV 6] (Alfa Aesar) ) ,4—H JEECK (4-
MBP,C H,,, /> T & 168, 4l 98% , Bl = e 754
Al), WK (BP, C, Hyy, 43 F it 154, 4li & 99%,
Acros Organics) . ¥ fiff BT FH B 57 O B 28 5 1
e (CH,CL, , 46T 99%) , 4 HIFREL 0.608 g i
K3 F10.616 g 3,3'-DMBP F 5 mL bebrrfr, BB
BEBEFE 15 min, (2 FAMR A, 2 B AR AAAF N A
LS S )
1.2 PRI

B R R B 48 RIS I 7R R IR 5 R
TN ] K A S AR KR B ) 2 S SR N R

BT R B 4 AL S g A ST - 120 11 Y,
WA (K230 mm |, N4E 5.5 mm |, & BEJE
0.25 mm) FIRZ) 800 °C 1T fe—25 SMAKI%E 3 min,
A B HCEIUE L ( PUKU4, 22 3R 7 47
AF B2 7 ( Lampert Werktechnik GmbH ) ) 45 5 —
Uig, FREUCEE S 2 50 mg, B8 A 4B, % El,
[ N ESE TS 3~ 5 min, J B4 80T 1 i ke
Je LA, AR AL 28 b, FREUIE B 19 B B,
TR SO E 2 A PATHE % B 44
AXFRIAZE 10 min ISR TFE 125 C 74
5 min 5,0k 10 °C/min T} 2 H A5, {1 24 h,
P, AR A R =, SRR ) 10 MPa, 52
B 2391k 200,300,400,500 C . SEEEE RS,
B A FREE % L S0 0 W 5 4 R T i, I
HEPE(ER D),
1.3 E¥iaaeE

PRSI S5 HS | T B 3t AR R P B P4
AT s I, 5 Ak 3 S 56 7 i AR RS R [
FHE LIS W T A S = e, B R
wr .

() S b i 0 4 R, IR e o8 4

R
Q)FEEE THHER S, MESZENE
5 kPa;

(3) FLm &4, B A, S5 121 2 B
BN R AR 20, A A Hp gl R —

IR
(4) FHE 0 1 s TR A e A0S I A4 7™ v a2

(5) WA PO 38, K LT 5ol P e i
TR 2% B, PR 6 A8 RO 0 o B BB R o, OF
THUP e IR B A R 15 min il

F1 IBRHERRENEERNITENERE

Table 1 Quantities of samples and total masses
of gold tubes before and after annealing

FEfi BER JREIE SRR

% St/ Ry
200'-1 0.028(3,3'-DMBP)+0.026(S) 2.976 2.974
200'-2 0.042(3,3'-DMBP)+0.043(S) 2.721 2.725
200-1 0.051 3.000 2.999
200-2 0.053 2.914 2.914
300-1 0.051 3.034 3.035
300-2 0.050 3.136 3.136
400-1 0.053 2.885 2.885
400-2 0.048 2.728 2.729
500-1 0.052 3.192 3.193
500-2 0.051 3.023 3.031
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