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Abstract: A method for the analysis of saturated hydrocarbons in crude oil was established
by comprehensive two-dimensional gas chromatography coupled to time-of-flight mass spec-
trometer (GC X GC/TOFMS). All compounds were identified according to their family char-
acteristics and each spectrum. Alkanes, cyclic alkanes, bicyclic alkanes, adamantanes, dia-
mantanes, terpanes, steranes and hopanes are separated into easily recognizable bands in

the GC X GC chromatogram. The characteristics of terpanes, hopanes and adamantanes’
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contour chromatogram are defined. C,;,—Cs; tricyclic terpanes were often neglected in the

past. Provide petroleum geological experiment workers reference to carry out their work on
GCXGC/TOFMS. Compare with the GC/MS, GCXGC/TOFMS has higher sensitivity and

bigger peak capacity, which is more suitable for the analysis of complex mixture systems. It

will be a helpful tool in the petroleum geological experiment.

Key words: comprehensive two-dimensional gas chromatography (GCX GC); time-of-flight

mass spectrometry (TOFMS); saturated hydrocarbons; tricyclic terpanes; petroleum geo-
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1.2 3,

10 , 1, 3 TOFMS
Table 3 Experimental condition of TOFMS

1
Table 1 Sample information /eV —70
Im Im /v 1475
LG35 6 155~6 165 LG40 5 339.5~5 346 C /9 100
LG35 6 198~6 460 LN14 5 256~5 266 /u 40~520
LG4 5270~5295.48 |LN14 5 274.15~5 363 /C 240
LG18 5 462.35~5 546.8 |LN631 5 885.02~5 990 /min 11
LG7 5165~5 175 LNS 5 167.23~5 230
1.4
: 1) 60 mg . Sa- \(/2'1 Dso\Dls_
( ) 32) 6 g ’
. b °
b
;3) ) 10 mL
2.1
b b
1 mL, (25 :
1.3 GCXGC/TOFMS
1.3.1 GCXGC N N N
[27]
J&W Scientific y °
2,
b b
Petro(50 m X 0. 2 mm X
2 GCXGC (
Table 2 Experimental condition of GCX GC 0.5 * m), DB-
17HT(3 mX0.1 mmX0.1 pm),
/
Petro, 50 m<0.2 mmX0.5 ym
’ Y b
DB-17HT, 3 mX0.1 mmX0.1 pm
o b
2 C » min—! —_
80 C (0. 2 min)———+310 C (25 min) 10 s( 6~8
s) o
2 C +« min—!
100 C (0. 2 min)————— 330 ‘C (25 min) ’
y 2.5 s o
300 C .
R.S
1uL
2
Split 40 ¢ 1 L
P 1.8 mL « min~ ',
He 1.8 mL *» min™! , 100
30.¢ ms. 7~10
10 s, 2.5 s
’
280 C

100 spectra/s,
2.2
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GCX GC/TOFMS

The contour chromatogram of saturated HC from LG7 oil
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4
Table 4 Structural characteristics and unique mass in each family of saturated hydrocarbons
/(m/2) /(m/2)
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Fig.2 The contour chromatogram of naphthane from LG7 oil
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Fig.3 The contour chromatogram of adamantane compounds

5

Table 5 Identification table of adamantane compounds

/min /s M* /(m/2) /(m/=2)
0 Dis- 33.5 2.22 152 152
1 34 2.25 136 136(M™)
2 1- 35.166 7 2.15 150 135(M—CH3)
3 1,3- 36 2.09 164 149(M—CH3)
4 1,3,5- 36. 666 7 2.04 178 163(M—CH3)
5 1,3,5.7- 37 2.029 192 177(M—CHj3)
6 2- 38.5 2.21 150 135(M—CHj3)
7 -1,4- 39.1667 2.14 164 149(M—CH3)
8 -1,4- 39.333 3 2.16 164 149(M—CH3)
9 1,3,6- 39.833 3 2.1 178 163(M—CH3)
10 1,2- 40. 833 3 2.18 164 149(M—CH3)
11 -1,3,4- 41.166 7 2.11 178 163(M—CH3)
12 -1,3,4- 41.5 2.12 178 163(M—CHj3)
13 1,2.5,7- 41. 666 7 2.06 192 177(M—CH3)
14 1- 42 2.18 164 135(M—C,Hs)
15 1- -3~ 42.666 7 2.12 178 149(M—C, Hs)
16 1- -3,5- 43.166 7 2.06 192 163(M—C,Hs)
17 2- 43.333 3 2.21 164 135(M—C, Hs)
18 54,833 3 2.45 188 188(M™)
19 4- 55.333 3 2.37 202 187(M—CH3)
20 4,9~ 56 2.28 216 201(M—CH3)
21 1- 57 2.43 202 187(M—CHj3)
22 1,2- +2,4- 57.166 7 2.33 216 201(M—CH3)
23 4,8- 57.333 3 2.35 216 201(M—CH3)
24 57.5 2.27 230 215(M—CH3)
25 3- 58 2. 44 202 187(M—CH3)
26 3,4~ 58.5 2.35 216 201(M—CH3)
27 70 2.699 240 240(M™)
28 9- 70.333 3 2.58 254 239(M—CH3)
29 70.5 2.47 268 253(M—CH3)
30 5- 71.5 2. 66 254 239(M—CH3)
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4 m/z 191

Fig.4 The contour chromatogram of m/z 191
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Fig. 5 Mass spectrum of some tricyclic terpanes



6 GCXGC/TOFMS m/z 191
Table 6 Identification table of m/z 191 by GCX GC/TOFMS

/min /s Mt /(m/2) /(m/ =)
1 Cig 78 3.17 262 191 CioHsy
2 Cap 82 3. 14 276 191 Cao Has
3 Coy 85.833 3 3.17 290 191 Co1 Has
4 Caz 89.5 3. 14 304 191 Cso2Hyo
5 Cas 93.5 3. 14 318 191 Cas Hyo
6 Coy 95.833 3 3.1 332 191 Coy Hyy
7 Cas 100. 167 3.15 346 191 Cos5 Hus
8 Cay 103. 333 3. 65 330 191 CoiHy
9 Cag 103. 167 3.15 360 191 Cag Hys
10 Cag 103.5 3. 14 360 191 Cos Hys
11 Cag 110. 167 3.2 388 191 Cys Hso
12 Cas 110. 667 3.2 388 191 Caos Hs»
13 Cay 112. 167 3.19 402 191 Cao Hsy
14 Cag 112. 833 3.19 402 191 Cyo Hsy
15 Cso 116 3.3 416 191 Cso Hss
16 Cso 116. 667 3.34 416 191 Cso Hss
17 Cs1 119 3.49 430 191 Cs1 Hsg
18 Can 119. 833 3. 54 430 191 Cs1 Hss
19 Css 127 4.07 458 191 Csy3 Hgo
20 Css 128. 167 4.14 458 191 Cs3 Hge
21 Csy 131. 167 4.32 472 191 Css Hey
22 Cay 130 4. 24 472 191 Csy Hgy
23 Css 136. 167 4.75 486 191 Cs5 Hgs
24 Css 137.833 4. 85 486 191 Css Hgs
25 18a(H)-22,29,30- (Ts) 114. 833 3.949 370 191 Ca7 Hys
26 172(H)-22,29,30- (Tm) 116. 167 4.13 370 191 Co7 Hys
27 17a(H) ,21p(H)-30- 121 4.45 398 191 Ca9 Hso
28 17a(H) , 21p(H)- 124.667 4.78 412 191 Cso Hse
29 17a(H) , 213(H)-29- 22S 129. 333 5. 24 426 191 Cs1 Hsy
30 17a(H) , 21p(H)-29- 22R 129. 833 5.31 426 191 Cs1 Hsy
31 130. 667 5.92 412 191 Cs0 Hss
32 17«(H), 21(H)-29- 22S 133.5 5.58 440 191 Csz Hs
33 17a(H),21p(H)-29- 22R 134.5 5.7 440 191 Cs2 Hss
34 17«(H), 21p(H)-29- 228 139. 167 6.1 454 191 Cs3 Hss
4 o
/ , N
GC/MS . ’ ’
. /
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