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Table 1 Retention indices and identification of phenylphenanthrenes

s SCHK[O] SCHR[11] Tk S JE -1 éz
1 1 t 1 t 1 454
4 300.00 300.00 40.239 300.00 41.615 300.00 B[
4-2RFEE 389.05 388.82 — — 59.974 388.22 4-ZRSAE
)= 400.00 400.00 60.789 400.00 62.425 400.00 I
9-HHEAE 405.63 405.08 61.633 404.86 63.184 404.48 9-ZRELE
1-REEE 407.82 407.33 62.025 407.12 63.576 406.79 1-REEE
3-RHEAE 422.87 422.07 64.602 421.97 66.180 422.14 3-RAEE
2B 427.64 428.07 65.495 427.11 67.076 427.43 2-IRHAE
it 500.00 500.00 78.147 500.00 79.383 500.00 (i
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in coal from the Junggar Basin
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AN T 3- 2- A8 HETE , 9- | 1-2R LR 1 = B il 3 iU
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Table 2 Thermodynamic properties of phenylphenanthrenes and methylphenanthrenes

AE AU AH AG Debye
HEY

(keal/mol) (keal/mol) (keal/mol) (keal/mol) (w)

2B 0.00 0.00 0.00 0.00 0.02
3-HIEE 0.04 0.03 0.03 0.04 0.03
9- B 2.71 2.74 274 2.65 0.14
1Rk 2.81 2.82 2.82 2.79 0.15
4-HHAE 7.95 7.93 7.93 8.05 0.20
2-HEEE 0.00 0.00 0.00 0.00 0.58
3-HEEE 0.12 0.10 0.10 0.15 0.56
9-H B 1.28 1.12 1.12 1.73 0.43
1-FHEEE 1.65 1.51 1.51 2.04 0.39
ERE 7.86 7.60 7.60 8.15 0.34
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Fig.2  Optimized geometries of phenylphenanthrenes and methylphenanthrenes
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Maturity Parameter of Phenylphenanthrene in Sedimentary Organic
Matter and Its Chemical Mechanism Based on Geochemical Data and
Quantum Chemical Calculation
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Abstract: Phenylphenanthrenes (PhP) are important phenyl polycyclic aromatic hydrocarbons and are ubiquitous in
sedimentary organic matters and crude oils. In this study, PhP were unambiguously identified in 26 coal samples from
the Junggar and Ordos Basins by comparing the relative retention times and retention indices. The elution order of
PhP in a HP-5MS chromatographic column was 4-, 9-, 1-, 3-, 2-PhP. The thermodynamic properties of PhP isomers
were accurately calculated by quantum chemical calculation ; the thermodynamic stability of PhP isomers is in the se-
quence 2->3->9->1->4-PhP. Combining the distributions of PhP in coals of different maturity, a maturity parameter
PhP ratio PhPR=(2+3)-PhP/(1+9)-PhP is proposed, and its quantitative relationship with vitrinite reflectance (R,)
is preliminarily established as follows: R, (% )=0.06XxPhPR+0.32 (R >0.4%). In addition, the sedimentary environ-
ment of organic matter has no significant effect on PhPR. Therefore, PhPR is a useful maturity indicator for quantita-
tively assessing the thermal maturity of oils and source rocks (Types II-III kerogen) with low-high maturation levels.
Comparisons of the distribution and thermodynamic stability of PhP and methylphenanthrenes (MP) suggest that the
chemical mechanism of the ratio PhPR may be mainly related to a phenyl group shift in which the increase of matura-
tion 1-PhP may be transformed into 2- and 3-PhP by a 1, 2-phenyl shift. For (2+3)-MP/(1+9)-MP, PhPR is more
sensitive to maturity change than the corresponding MP.

Key words: coal; phenylphenanthrene; quantum chemical calculation; thermodynamic stability ; maturity



