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Abstract

Diamondoids had special cage-like molecular structure with stronger thermal stability and strong
anti-biodegradation capability. It had a broad application prospect in oil and gas exploration. At
present stage, the understanding of its genesis was limited. It was generally acknowledged that
diamondoids were created via carbocation mediated rearrangements arising if newly generated
petroleum was reacted with superacid sites of naturally occurring clay minerals such as montmo-
rillonite, and the higher order diamondoid homologues were considered to be formed from lower
homologues in a polymerization like process at extreme temperature and pressure conditions.
The research results of real geological sample and the simulation experiment indicated that there
were three main evolution phases of diamondoids in geologic body, such as its generation-
enrichment-decomposition and destruction. At this stage, it was used for the judgement of the
maturity index of the source rock and petroleum. For the maturity index, one thing to note was the
range of application and other influential factors. The applications in determining biodegradation
and natural oil cracking degree, and the organic facies researching are in exploratory phase. Fur-
ther researching its genesis and thermal evolution regulation and analyzing the application effect
under various geological conditions are the key factors for expanding the applications of diamon-
doids in oil and gas exploration.
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1. Hl

W%t (diamondoids) e Hi 25 NP8 ke A4 B ik S5 1 B2 R AL WA itk 5 A PR IR T A A, o7
N CanveHansros BTG NIGERAL S V)9 58 W kE adamantane(CioHse) [1], adamantane — ] K5 7y fi
W “adapal” (i) [2]. Nk UK S5 20 iR AR =R R BR e 7S oA B85 6 4 2 SR IR S5 44,
FeaE o 3 2R e I A A TR T 2 R = O e W ke . Ferdr & 1~3 AN SR T IR IR & NI b
(lower diamondoids) (4] 1), it 3 ANZ5H4 BT IR 9 i 2 4= Wl (higher diamondoids) . [AJE BT B
i B, ML EAE, HERARMEERS, FaldmgdeNi R A AZ KBy, %
IR NI R

BT & WG RR I FER GG MR EE . A DL R 25 B2, HLAEERZ45[3] [4] ThREMRELL K 4Kt ke
[5]-[7] H-F[3] [B1F5 7 &1 A EEMME . Ak, HAEMSEARTT K WA T PB4 4538 1)
ARG R T Z M EM, G T RERT TSR . B8 SRR b R A S AR S
PRSI ) N AT T A48

O,



K AT BRI A B FLAE Tk B R U ) 2

14
Al Az Al e =&AkE

Figure 1. The compound structure of lower diamondoids
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2. EIRRERE S E
2.1. SWIKEAYA R K

S NIBETE I S SRR A IR P 2 A7 e, IR BEOCHRIRIE TE AR SR I & Wi e 32 Bk F L
AR IR A S . Landa 25 [9]7F 1913 45 M 52 Moravia Ff 3 JE 3 A i ¥k 20 28 H B4 Wi Jie (adamantane) ;
1966 4, Hala ZE[10] M\ i b2 58 X4 Wt (diamantane) . 5, BEE 20 B AAS I B R kB [11], &
Rk 22 1) S M e S L Je B AP A AT S e 5 g v 4 5 ok [12]-[17] (11 2) . 2003 4, Dahl %5[18]
I FH v AU A B R B RO T R g B R AR AR 1 B 4 Wt (Heptamantane)~ + — & W 4
(Undecamantane)7E P 1¥] 21 Fl s &R &9, JEe 1T e E st . w4 RIBEH [F 5 5
e, AP ENIGE~7S SRR B B 3+ 6 A1 17 ARl REMA ) AR [18] [19]. BEAh, 7R KA #b#ai
i 5 J5 B S (TSR) FA T e 25 B I ot 3 F- A A 4 [20]-[22]

PRI B, 73 5 RS Wy SRR R Y R HH (1 e 32 ZERF GC-MS il GC-MS-MS J514[23] [24],
FAb T A8 e /0 [25]-[27] 0 FEREAT 52 PRSI (0 [RD B, 5 A R M e FH A P ko JER ek AN 4242 Hh 41
BeAL A AT 4o xt s B3 [13] [23] [24] [28]-[30]. H 4k, BITFARK SRR HIER, EXEm. K
SR EERE ST TN, AR TR EOR R IR IO AT AbHE,  LAS/D 3 B R4 AT ik R R R4 R [31] [32]

22. EHSTHEE

SRIBERAE SRR A I P A2, (HE R R 5 — BB (107 4), I HLBE G SRk
Oy FREARGE R B IT RGN, AW IR 5T R 2 BRI (O Z %) o« I BRI AR e, T4
NIE 5 5 53 0 7 32 B o) b B i R R NI Be 28 o B B SR A 5 PR A () e X5 3k o 4 1)
HE I o ORI (92 1) PT RN, AS [) e DX 1 S vl o e MBS ) T B B AR K o 7 A et [X 5 3l o
MRAKT A B G NIGE R A AELE, TAEA L5l b, B NIbE i & 7 HoiE i 2000 pe/g. AFFER, BT
S WIGE B R A B 3R e PE AL AE P R T, B T A B 3G N [28] [31] [32] B¢ J i 54
[33]-[35]« A=WIBEfE[36] [37]. #bZERREE EhICJE R BE(TSR) [21] [37]. 28K 1E[38] 55 IR AEAE IR B
i 7ok 4 NI GE SRS 4 O 5 2 B s A LS

3. ENIbTIERK A BRI
3.1 ERIERIRE

X A R B NGRS R LB L BOE ARG A, 2 AR LRI 1 S M eI A e, —
BN HAEAEI A . SR AT, ARG ERIGEE T DA 2 B A S E R AL R 21 T
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(a)
1k 1-HEENIRE: 2 0 2-FIEERIbE: 3 0 1-Z388NIkE: 4 0 2-Z3E&RIBE: 5 NRERIFE: 6 04 1,3-Z &N 78 1,4-=H
FEERIE (cis) + 8 K 14-ZHIEERILt(trans): 9 0 1,2-ZHEEERILE: 10 K 2,6-+2,4-“HEEERILE: 11 4 1-23, 3-FEENIFE: 12
J1,3,5-=HEESNISE: 13 8 1,3,6-= SN 14 8 1,3,4-=HEENEE (cis) 5 15 8 1,34-=HFEENEE (trans) 5 16 4 1,2,3-=H
FEERIgE: 17 4 1-24, 3,5 “HEEENIEE: 18 5 1,3,5,7-PU FAEGNIkE: 19 4 1,2 ,5,7-PUFEEERIkE: 20 24 1,3,:6 ,7-DY AL GHILE: 21
Ji 1,2,3,5-0UFHEERIBE: 22 Jy 1-2.3E, 3,5, 7-=PHRE4ERIFE: 23 X 1,2,3,5,7-HFIEENILE; 24 4 4-FFIEXENILE; 25 24 1-FIENERIBE;
26 b 3-FIERENIFE: 29 HXERIEE: 30 4 4,9-—HEENERIbE: 31 4 1,2-+2,4- I ENILE: 32 4 4,8-~ FIEWENIFE: 33 4 34-
CHEEGERIRG: 34 4 1,4,9- = FEEERIG: 35 4 3,4,9-= FEEXUA NI .

Figure 2. The mass chromatograms of diamondoids in the saturated hydrocarbon of coal rock extracted
from Muli Area of Qilian Mountain
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Table 1. Statistics of diamondoids mass fraction data in crude oil from various areas

3= 1 PRI R M T ENRERE S BBER T

NI R 5 4 (ng-g ™)

Rk e Hnlp gl (3-+4) IE SRR LR
FHE L TG 1.1-8.6 0.01~0.09 0.03~0.2 [39]
[ 1 21 ENRE R 2.3~353 36~594 / [40]
VRERT LA / 87.8 22.8 6.7
JIIE-WN RORME, ¥ 117~130 12~13.6 3.8~3.9
RS P = A e 121~126 12.3~17.2 3.3~4.8
PR By i 51.6 14.6 1.7

[41]-[43]
B EEDA B R 311 4.9 11
P Elly F& 42.1 10.4 55
" % 5 i 22 78 1880 195 51.9
R 357 209~273 9.1~38.9 2.1~10.1
TR 212.6~2285.2 5.1~53.6 1.2~14.2 [29]
BEm] ik 869~1215 / 17~19 [32]
D, 375.14 66.2 39.2 [24]
S HD, JF / / 25 [44]
YN, / / 36.79~39.83 [45]
AR H / / 73.03~111.74 [46]
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HATEHER LR PR, T E R v DAER & We i 2 ml b, it 2D R, 51BN R Tk
INTE BGHT I B 22 G546 BTG I & W oe (BTG 7 2 B Pt — iy & W e 0k I QDG 4 e [13] (U 4
NIBESS A4k A WD TE M R 45 1F T QAT T i S LT WL EE — BLR A AT SR AR, 040 2 3 3k T S 36 = 0T 72 A
B, KBNS T IR RS EAE T — 2R %R

Schleyer Z5[47]-[4913& T 5256 =W 70 R IR, A R L 207F Lewis BRIBALVER R, WA HIZ
Wk retgimit mig b A EHAE TR RS NIbE, I SHLERRIT H N - 3% —#%(endo- tricyclodecane)
AR ENIEES] (14 3). Wei ZE[301FH 4 MARISERF-EEA( 1. 1-S AT )i i AAS [ 228 ) & 1
TERA Ko BRUIEERERE . S A PR RIS 9)(CaCOz. CaSO, fIHLT S)HTH A, JTE
ToRBMK PR, 25K, WA Ko BRVEFERERR 2R B T RPN R Lewis B, 7E&NIKEE
B R A FH B S o AL R A 28R K R A J Y R I A SRR ) P S DUBIE 7 v [ e W %
F[16] [28], HALET UL, FEA YRR AR AR, f%m%%m%&ﬁﬁ¢§%$£o

IR 4 W e 28 mT DU i 22 $05 0 o LBCH R be e fie A B HE S R & e, F 2 i R I 26 S AR A
mkkﬂﬁmﬁﬁﬁiLﬁjﬁfﬁﬁ¢m¢ﬁwﬁﬁ¥ﬁﬁﬁﬂmﬂ¥ﬁﬁcwmmﬂmzﬂ&na
[ Fef 3ok o et B A 1 22 PR R B R AT RESKIR T AE W3 7 [43]. Bums Z5[5017F 5256 = A& N kL, I

BAME RZYNES R T =& RISk Y8, Lin Z[1210008, b B R &R EH T
B MEERE IR, ER L BRI T, e BRI A X B A NIl e 2od il /] R 4k
YERF=HE ). BN, =& RIGErER =25 L RS BE BRI A7 b5 it OB, TR £ — XU =G Nilb,
%FE%FEE%#TE%W?%W%%%%&ﬁ@%@ﬁWM)

FAN, BENRIGHT RN, JE Sy [51] [52], KRR A TR R TR 25 [53], A RGETkT
FEH R 4 — o B MR R SR E 2. I BRI S iR 4125 v, AR AR AR b & NI 287 R i i [52]
MRERE SIS T RARAR LG, A& rh &Rk 8= 282 1 (53] UL R, SRIBe R e IRMITE & Kg
VEEA VU R0 & o TR 2 ARE, X LA E SRR R IR, R A ERE
BRSNS Ky TS8R ZE R

YR Lew1s@ Lew1s@
ﬁ‘*’] . i :>; l

IR R P DY SR T — 0 S PR R N LRI

Figure 3. The four stages in synthesis of adamantane (Based on literature [5])

3. FIRA-ZI K & M E NI (HESTE(5])

Jﬁfﬁ%ﬁﬂt I_J RN
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=Rk LH- PR = SR F2-PU Rk

Figure 4. Homologation of triamantane turning into anti-tetramantane under high pressure and temperature
(Based on literature [12])
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32. ERIEEFHSPHREMRSREK

S W RAE IR A P R T, DUR S I B S 2 T S T A A2 s A, R HAE TS
R, RS BB Je A SE BRI T A RE & R B A SEES S LRI R B, 6 NIGE7E Hb 5 44 o
FIFGEAL KRBT 438 3 N EE B TR - B4 - K. Wei Z5[54]% 38 B K258 14 S 3 R (Ro) 4 A v
0.20%~6.40% 1 25 F1 UL R AIRE i 7T 3 BH , B B2 47 b (IR 9 4 M e 1 5T 52 53 UPE R, < 4.0%I00
BE R, B4 HE AN, T R, > 4.0%H, &4 HBE Ry ST FEAS. H8bIA & RIFERAE B IR A AT DTS
H R > 3 N B ZE R BE(R, < 1.1%), TERCS &AM B (R, = 1.1%~4.0%), BEIRBY B (R, > 4.0%).

Fang %5 [53] R FRZ4(R, = 0.66%) 1 AH T Fh &4 A1 T BEAR AT AR, 45 R UMK B &R
TEREEFE P E LT R, = 0.8%~1.7%MM B, 7E R, > 1.7%H FF A #% /3 iR il 3R, 17E R, = 3.0%H J1°F-
SEAIR o i 1) 2RI 45 SR B [35], B & WIE EEIR R BN R, = 1.0%~2.1% 1B B, 4 R, > 2.1%
I TR AR 0 il TG NIGE TR T R = 1.5%~2.5%MIF B, 24 Ry > 2.5%I FFAAHE 40 il W S5 I &% 1
o I AGHRRIG R W[52], WAE. F5k. AR WS NIBE R B R P2 R B R, (IS %
5, HERBAME, BENIFE R, = 1.0%~2.3% NI B, MERIKETE R, = 1.6%~2.7% N B,
B8 J5 73 e NS5 FRRBR B B

B AT L, S Bmoth o B AR RIS AU B, SR E R R R &1 TR - B4 - 2/ 3 A4
FERI B BIRTELPRHTRE & R85 & BRI H T & AR ES, SNEEMER. &8
ERIRRT R Ry A — @ M ZE 5, AEJRTE RN P (b Jod R v s AL R — B0 o

4. FEHSEHRTFHRR

LB, W BESSAE B R AT 10 8 P T 2B A S A R AL 2 A0 R R AR R AR P
B, B2 PR AR B E A RIS DL, R SRAE AT AT LASR {Ht B A ORI 45
B, ZEWENE.

4.1. BPAEIERR

S W R SR I IR 5 B AR 5 [ R AL B B O BE SR AR, 2 T8 LI B FH R
Z . AE AR TR bR R EEARIZ, SN G Y RAFe e M 5 I R R B A 1R K
MR FR, HHEAT “Mrpe” 08 SRR R R T “Z0R7 ALE RSN AR M m (4 1). 1995
A, XL [55 L ik, B IR 4-MD/3-MD. 4,9-DMD/3,4-DMD /2% A] LAAE M % 545 1996
4, Chen Z5[56]42tH MAI Al MDI PN & NIBE S EE S5, IR ILFRIE RS R 51K 22 i b 1) e -
A BUR TR A Ry 5 MDI B ARUF IS . BEJG 482826 [15]. Zhang Z5[44]. Wei Z£[28]. Fang
SE[52] /84K 3 H T MDI-2. MDI-3. EAl. DMAI. TMAI. DMDI. MTI. 4RIk Z {541 A/ID. DMA/MD
)V ESWIERRASE S 2), RN T R AR 2 A 1), BUS RAFRRCR

MAI FI MDI E 8 )02 AN G WG R AL S48, A — G RG] . BRI G NI R 1
1R 22 R BRI BB R TR T AR h sk BEAS I 3 [54] [57] [58], 1B A 2 [14] [15] [44] [56] [58]-[62]
o v 22 AN JE M AR TR S T 5 SRR, MALL MDIE N REE FRFRTE R, = 0.9%~2.0% )70 FEl 4 7
ST ) o Schulz 25 (6155 411 s R0 8 ] 45 i (1 AN [) 28 R IO BUE Se ik B, 7E R, = 0.4%~1.3% X 7] P,
ZHUE 1 MALMDI 5 0 BRI (B U (T max) 70 S O 2 50 51 5 2 WY FLd VB FE AT BE 9 R, > 1.3%.
LR, MALL MDIAE A BRI 2 BT bR, 7E = SO BB B Rl B2 LU T SE 1

YT HABA S HL, Fang 5[35] [52]i8id iy &MLt &I, DMAI-1. DMAI-2. TMAI-1,
TMAI-2. EAl. DMDI-1 2241, 2 BI1EZE2 Ry A 1.0%~3.0%, >1.0%, 1.5%~3.5%, >1.5%, 1.0%~2.5%,
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Table 2. Statistics of the maturity parameters of diamondoids in literature

2. X I ENIREBXRAE S R G T

ZH T JCHR
MAI 1-MA/(1-MA + 2-MA)
MDI 4-MD/(1-MD + 3-MD + 4-MD) 5]
MDI-2 4-MD/(1-MD + 3-MD)

[15] [55]

MDI-3 4-MD/3-MD
DMDI-1 4,9-DMD/(4,9-DMD + 3,4-DMD)
DMDI-2 4,9-DMD/(4,9-DMD + 4,8-DMD)
EAI 1-EA/(1-EA + 2-EA)
DMAI-1 1,3-DMA/(1,2-DMA + 1,3-DMA) [44]
DMAI-2 1,3-DMA/(1,3-DMA + 1,4-DMA)
TMAI-1 1,3,5-TMA/(1,3,5-TMA + 1,3,4-TMA)
TMAI-2 1,3,5-TMA/(1,3,5-TMA + 1,3,6-TMA)
MTI 9-MT/(5- + 8- + 9- + 16)MT [28]
A/D adamantane/diamantane
MA/MD methyladamantanes/methyldiamantanes
DMA/DMD dimethyladamantanes/dimethyldiamantanes [52]
TMA/DMD trimethyladamantanes/ dimethyldiamantanes
As/Ds adamantanes/diamantanes

E: ANBEERE: MAHFEEE NS DMA JyXUHE B ERIGE; TMA N=HEBERI; EANL
SRk D JvERIkE; MD N EEXERIfE; DMD XU E R MT Oy H 2 = e /ilk.

2.5%~3.59%F A R H 21, IAAIX LS E X GEAE AAH B BT I I RS S 4

BrPGEICFEE AN, AR R R H RS E B T )5 T SRR S E M E — e . Wei
S [16]/EXT & A HLT AT ARG I & L, MAL, MDI. EAI £ 3 s 2802 S0 )
B A (751 & CaCO, 25 &) IR . FR/N &R [62]%F AR SCHk AR K& 1 MDI 4t 5 R, fEMISC IR, 24
R, < 2.0%H, AS[FEHLIX BRI £575 1) MDI 5 R, Gt — MAHGHE, A RIHX Jes i MDI 5 R, L&
A BRI ZESR, WRIIEIEX T MDA —E K.

4.2. [RHMRBIZE ISR

Dahl £ [33]38 i J5 i i) 2 ilan R I, (£ v FE LM It ey, < MIE S8 5 23 508 m i 5 P A2 )
FrEV TR EEC, FLERHA. HH TR 3-MD F1 4-MD Jit 570 BE 4 I i R AR B 1
o HFEHSALT R 3R RO 28 k&, BIFE R R AR R fe b, oA w4 4y B TR EH
RAZUREWIRRT, SN T BEA AN s dde e, HmEoe@igin. KA iE Rk
I N5 3 42 NI BE(3-MD A 4-MD) i 5 43 B A8 Ak, R A s H 5 SRR R .

A% =[1-C, /C. ]x100% 1)
s Co NAR A 24 B S i ¥ 3-MD AT 4-MD JF 7350, %5 Cc R A Z4AE 5 1) )5 ¥ 3-MD
A 4-MD FLESH, Yo ZITVER A RURAE T 72 E Co (H(RIIEZAE), nf LB Siih Xk bR
TR SR 2R 1 R By B E R 2. Bl FAEF) T Monterey. 15 52 5% 8 Austin Chalk F1E2 75 Solimoes
I EIH A Co 43N 1~2. 7~10. 2~5 ug/g.
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7KK B [34] Zhao [45]155%F 85 BLA YN, Sl 78R B, YN2 FET&EEHT I (4-+3-)MD 15 2 53 %1(Cc)
15 36.79~39.86 pg/g, TMAHIKM Co (HD4 FEIEH i) A 25 ng/g, #EAbTHE YN2 HEEtim R FE A
60%. L 22 K5 [32] 55 R VATl FE Js ol P 4 WU e S ol B 7 B0 T R B, 8 30 3 J il v (4-+3-)MID D)ot =
BN 4~35 nglg, SONHZUEFLE AT RS, PE M HEWTIE 7T X SRR 2 AT BE AT BhARTE /1. Wei Z5[30]4
FZ 5 IR A A HUR AR R (TR R ZRARAR BE AT U, S5 R Irati TUSRAE R, = 1.21%
i AR O S 2EAE 3 11.93%, Bog YR 1E R, = 1.32%0 24 AR %N 51.76%.

UIRT AR, T4 Ne 27 B i R P A R P A7 PR AR R & SR RER R B B, FH (4-+3-)MD
JR A BCRAE M P RRAR S, [FIRERE o R R 2R . Fang S5 [3518 i JE i R iR Ie R, W&
WIlE o7 5270 #0(4-+3-)MD (57 270 HO LR T BU(Ro Y 1.5%~2.1%)~ -+ TBr BL(R, A 2.1%~2.5%) 7] LI
AEJE I A ZHARE RS, S (R A B AN T 5 . RIS Y, TR R R w7 2R 1B e 2K,
SRR IE I R LR BN A — AN EE R, U ar i, BAR S NIBER BHO T e B S R R
TR B IR ORISR, (HRZEIE T B — P RS M e 3 .

4.3. YRR K RIZ R IR

Rt G NI EE S B BRI PTAEYIRE iR RE /) . B8 2 RAEY B Rt b, S NIBE SR BT & o Hoss
HAXTHE TN . 1986 £F, Williams S5[63] & VXARIE 1 FE15 52 b i w148 T [ Ak Il (PR R £ 8 A ) R L
FE A BB NIEE R [FREE— AN 2R Z AR VIR AR R N &= KA b, S NIGER A R 2 W B
SO, A AR < e A I o3 A AT AR Dy i Z A A e A St oS L R R A

Grice ZF[36] 48 KA Gippsland F1 Carnarvon 73S [|] B 25 51l (0~8 £5) ) [RIJ8 i il (1 2B b S 500y
Hr], (1-+2-)MA/A F1(1-+3-+4-)MD/D 44 B B BE O 3G Iy 84 K B a %S . (HAGE S8, 2
S HUAE R BR B0 53 0 4~5 200 8 R SR . b nl W, SWIbe 4045 [ RE 52 B UE ) % A
YERREEma, & 2055508 T AE VI B B SO EAN )

Wei Z5[30]F 71— 3R W, BNk 7 T4 B oatgim, eNIkeE bt E Y e ae /o3G0, H2
BRI P REfRRE IR OAT =30mE e i be . EHREGESE, JFeet 7 — M ReR PR AR, R
TEASERMT, BB 40 B (Pseudomonas putida) 775 F 554 T B 5 G b % A A AR = (e Wil oe
fill(adamantanone) &) .

4.4. BHE R MIER ELigdR

Schulz S5 [6 LR HE IR BSR4 ORE M St R B, 7R AR TR IS A R (TTAY) . AR BRIR 5%
FEmn (11 A8) 4,9-DMD AH X & 4, 1 ¥ % ¢ an (1T 2) v 3,4-DMD #H X & 4 . I 42 th A H
4,9-DMD,4,8-DMD,34-DMD ¥ 51 &7 1 X 73 AN [F @ A AR (] 5). [RIBF 48 H, Zhang 55[44]32 H 1)
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