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The complexity and diversity of the coals’ organic substance (OS) are
due to the nature of initial coal-forming material and the character
of its transformation under geological conditions.

In geochemical investigations it is customary to identify, among bio-
logical markers involved in the composition of fossil organic substance,
n- and isoprenoide alkanes, steranes and triterpanes [1]. A detailed
investigation of structural features and the molecular-mass distribution
of these relic structures in OS of different types of coal can provide a
basis tfor developing a genetic classification of coals.

This paper presents some results derived by studying the composition
of paraffin and triterpane hydrocarbons of pyridine extract of gelite-
sapropelite.

Pyridine extraction was applied to a gelite-sapropelite sample from
the Budagovo deposit, with the following characteristics, %: Wa 6.2;
Ad 45,6; VI 61.9; elementary composition, Y% per daf: C 66.7; H 7.9;
0? 25.4; petrographic composition, %: mixtinite 37.0, alginite 27.0,
vitrinite 32.0, and liptinite 4.0. The coal under investigation was referred
to the group of sapropelite coals with a relatively high content of humic
admixtures, represented by vitrinite.

The pyridine extract output amounted to 4.5Y% per conventional
organic matter (OM). The hexane-soluble part of extract (39.2 %) was
separated via preparative thin-layer chromatography into a number
of fractions [2]. The paraffin-naphthene fraction was investigated, in
which paraffin and triterpane hydrocarbons were concentrated. The
output of the fraction was 0.3 9% per conventional OM.

The analysis was carried out using methods of gas-liquid chromato-
graphy on Chrom-5 and of chromato-mass-spectrometry on LKB 2091-152
with computer system 2130 GH-MS for data processing. Glass columns
of the size 40 X 0.25 mm were used; stationary phase SE-30; and the
temperature was programmed from 140 to 300 °C at the rate of 4 K/min.
The energy of ionizing electrons was 70 eV, the accelerating voltage
was 2330 V, and the source temperature was 330 °C.

A qualitative identification of triterpane hydrocarbons was carried
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Polycyclic hydrocarbons identified in pyridine extract

ITorumuKIHYECKHE YIIeBOLOPOAbI, HACHTH(HIHPOBAHHBIE B NHPHIHHOBOM
3KCTPAKTE

Peak* Polycyclic hydrocarbons . Peak* Polycyclic hydrocarbons
1 Trisnorhopene 13 178H,21H-Hopane
2 170H,21H-Trisnorhopane 14 178H,21¢H-Homohopane
3 17pH,21aH-Trisnormoretane 15 17aH,218H,22S -Bishomohopane
4 Norhopene 16 170H,218H,22R-Bishomohopane
5 17¢H,218H-Norhopane T Homohopene
6 17pH,21cH-Normoretane 18 178H,21aH-Bishomomoretane
7 170H,21H-Hopane 19 17pH,213H-Homohopane
8 Hopene 20 170H,21H,22S-Trishomohopane
9 178H,218H-Norhopane 21 17¢H,21pH,22S-Trishomohopane
10 17pH,21aH-Moretane 22 17pH,21¢H-Trishomomoretane
dil 17¢H,218H,22S-Homohopane 23 178H,21pH-Bishomohopane
12 170H,218H 22R-Homohopane

* See Fig. 1.
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Fig. 1. Mass fragmentograms of pentacyclic hydrocarbons (for the
identification of the peaks see Table)
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Fig. 2. Mass spectra of norhopene (A), 17aH,21pH-norhopane (B),
17pH,21aH-normoretane (C), and 178H,21pH-norhopane (D)

Puc. 2. Macc-ciekTpsl Hopromena (A), 17aH-21pH-vopromana (B),
17pH,21aH-uopmoperara (C), 17fH,21H-nopronasa (D)

out through comparison with mass-spectral characteristics of hydro-
carbons reported in [3—5]. For identifuing hopanes, use was also made
of diagnostic relations of intensities of ion peaks produced under the
action of an electronic impact [6].

Using searching techniques according to an ion with m/z 57, n-paraf-
fins of C;s—C3s composition were identified in the fraction. There is a
relatively high content of high-molecular Cy3—C33 paraffins, among
which alkanes Cgs, Co; and Cs3 are distinguished. The coefficient of
imparity tor the entire series of paraffins is 1.6. At the same time, for
paraffins C;—Css, the predominance of “odd” homologues over the “even”
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ones is 1nsignitficant, while tor Cs3—C3z, the coefticient of imparity is
very high, amounting to Z.1. Such a distribution of n-paraffins 1s
characteristic for OS ot coals which was tformed with the involvement
ot both phytoplankton and higher terrestrial plants. Among isoparaftins,
one can distinguish, according to the content, pristane and phytane,
with the ratio iC q/iCon = 0.6.

I'riterpane hydrocarbons C»;—C33 (Table) were identitied by searching,
according to an ion with m/z 191 and to molecular ions (Kig. 1). As an
example, kig. Z presents the mass spectra of isomers of pentacyeclic
hydrocarbon, containing 2Y carbon atoms in a molecule.

According to the data listed in ‘I'able, the fraction under investigation
involves, apart from natural biohopanes of Cog—C30 composition, having
a 17 pH and 21 BH configuration of corresponding hydrocarbon atoms,
thermodynamically stabler, stereochemically transtormed hydrocarbons
(Co7, C20—C33), belonging to the series of naphtha hopanes with a 17 aH
and 21 BH configuration and to the series of moretanes with a i pH
and 21 oH contiguration.

Noteworthy is the presence of nonsaturated pentacyclic hydrocarbons.
This is typical of the OS of peat and lignites [7] and less characteristic
of pure sapropelite coals [8]. In the obtained mass spectra of hopenes
Cs7, C29 and C3p, the M+ —R ion has a mass m/z 367, which is indicative
of a double bond in these compounds cyclic part of molecules. The mass
spectrum of hopene Cs;, with a double bond in the lateral chain (R),
involves an ion with m/z 369. However, it cannot serve as an unambi-
guous conclusion because during an electronic impact, migration of the
double bond from the lateral chain into the cyclic part of the molecule
is possible.

Peculiarities of the distribution of saturated pentacyclic hydrocarbons
in OS of gelite-sapropelite include the high content of moretanes, which
is evidenced by the low value of the hopanes/moretanes ratio equal to
1.6 as well as by the negligible content of trisnorhopane (7.5 9%) in the
composition of naphtha hopanes. For comparison, the OS of purely
sapropelite coals is dominated by 16 ¢H and 21 fH hopanes, the hopanes/
moretanes ratio ranges from 8 to 37, and the content of trisnorhopane
amounts to 15 9% [9].

Judging by the distribution of hopanes, and, namely by the presence
of thermodynamically unstable biohopanes, high relative content of
moretanes and low content of trisnorhopane, the OS of gelite-sapropelite
is closer to that of young humus coals [7].

As a criterion for estimating the degree of transformation of a fos-
sil OS, it is proposed [9] to use the ratio of isomers of hopanes C3;—C33,
characterized by an R- or S-configuration of the chiral center of Coys.
For gelite-sapropelite isomers, the ratio of 22S : 22R is 30 : 70, whereas
the ratio of these isomers, determined by us previously, for the Buda-
govo sapropelite proper, with the same stage of carbonization deter-
mined from the value of reflection index of vitrinite, was 55 : 45. The
data obtained, enable one to conclude that the OS of gelite-sapropelite
is characterized by a smaller degree of transformation. This may be
accounted for by the mixed composition of OS of gelite-sapropelite,
containing 32 9% of microcomponents of the vitrinite goup. Probably,
the involvement of humic material in the formation of the OS of gelite-
sapropelite is responsible for the low degree of its transformation.
A similar influence of humic material was pointed out in [8].
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PE3IOME

IIpy reoXMMHYECKWX WUCCJIELOBAHUSAX CpefHd OMOJIOTMYECKUX METOK, BXOAAIIMX
B COCTAB MCKOIIAEMOI'0 OpraHuueckoro pemectTea (OB), BRIZEISIOT H- ¥ W30IPEHOU-
Hble AJIKaHBI, CTEPAHBI W TPUTepHaHbl. JleTalbHOEe HCCJEJOBAHHE OCOOEHHOCTEH
CTPYKTYPHEI ¥ MOJIEKYJIAPHO-MACCOBOI'O DPAaCIpeesieHUsl 3THX PEJIUKTOBBIX CTPYK-
Typ B OB pas3jm4HOro THIIA yrjei MOKeT GBITH OCHOBOM IJIA CO3JAaHUS IeHeTHYe-
CKOM KJaccuUKaIuu yrie.

OKCTPAKIMYA NUPHUAWHOM IIOABEPIIHN IPo0y reJIMTO-canpoiesnTa BynaroBckoro
MECTOPOIKIEHUSI, KOTOPBIM OTHOCAT K TPYIIe CANPONEJUTOBBIX YIJeH C OTHOCH-
TEJILHO BBICOKHM COZEpPKaHUEeM IIPHMeceil I'yMyCOBOT'O XapaKTepa, IpeACcTaBJIeH-
HBIX BUTPUHUTOM.

BrIx0os NUPHUAMHOBOIO 3KCTpaKTa cocraBuis 4,5 %, Ha yCIOBHYIO OpPraHHYECKYIO
maccy (YOM). T'ekcaHpacTBOopuMyI dYacTh 3KcTpakrTa (39,2 %) pasgensniu Ha
dparnuy npenapaTHBHON TOHKOCJOHHON XpomaTtorpaduei, napaduso-HadTeHO-
Byio ¢ppaknuio (0,3 9% ma YOM), B KOTOPOHi CKOHIIEHTDUPOBAHBLI MapadHUHOBEE U
TPUTEepIaHOBEIE yIyeBoZopoxsl (¥YB), mcciemoBanu MeTOAaM¥ Traz30XHMAKOCTHOH
xpoMaTorpaMy U XpoMAaTO-MACC-CIIEKTPOMETPUH.

MeTomamu momucka 10 WOHY ¢ n/z 57 Bo dpakuuu uaeHTHGUIUPOBAHEI H-TTApa-
¢unsr cocraBa C1s—Css. Kosd)d&;mem' HEYETHOCTU [JIsT BCEro psxa mapaduHOB
pasex 1,6. B To e Bpemsa ans mapadunoB Cis—Cs npeobiamanue «HEYSTHBIX»
TOMOJIOTOB HaJ[ «YE€THLIMHU» HeaHauyHTenbHoe, a ansi Co3—Cis KoadbdunuenT He-
4éTHOCTH BechbMa BBICOK M cocraBiasger 2,1. Takoe pacnpexnenenue H-mapadHuHOB
xapakTepuo ana OB yrusei, B o0pasoBaHMHM KOTOPOTC YYacCTBOBAJM KakK (UTO-
MJAHKTOH, TAK M BRICIIME HazeMHble pacrenus. Cpeiu H30NPEeHOUAHBIX AJKAaHOB
Bmzé,enmo'rca co/lepIKaHUeM IPHCTAH ¥ QUTaH, UMelomiue cooTHomenue iCiq/iCo =
=106

Tpurepnanosbie YB Cy;—Cs3 (Tabnuna) uueHTuGUNMPOBAHEl TOUCKOM II0 HOHY
¢ m/z 191 u mo mosekynspHbeIM uoHam (puc. 1). Ha puc. 2 B kadecTBe mpuMepa
IPUBEJIeHbl MACC-CIIeKTPhI M30MEPOB IMEHTAIMKIMYECKOr0 YIJIEBOAODPO/Aa, COAep-
skamrero 29 aToMoOB yrijieposa B MOJIEKYJIe.

O6pamraer Ha ceb0s BHUMaHHE NPUCYTCTBUE HEHACHIIIEHHBIX NEeHTAIUKJINYECKUX
VB, xapakrepHoe ayns OB topda u GypeIX yrieil u MeHee XapaKTepHOe AJIA YHUCTO
CAIIPOIETUTOBEIX yIJIeH.

K ocobenHoCTSIM pacupejesieHus HACHIIEHHEIX NeHTaUuKIndeckux ¥yB B OB
TeJIUTO-CATIPOIIEIUTA MOKHO OTHECTH BBICOKOE COJEepIKaHHe MODETaHOB, O YeM
CBUJIETEILCTBYET HU3KOE 3HAUYEHWE OTHOIIeHWsS TolaHbl/MOpeTaHsl, paBHoe 1.6, a
TaAKIKe HezHAUYWTENbHOE COJepKaHWe B cocTaBe He(TAHBIX I'ONAHOB TPHCHOPTO-
naua (7,5 %).

B uenom mo XapaKTepy pacupefefieHWs I'ONAHOB, & MMEHHO II0 IPHCYTCTBHIO
TEePMOJAUHAMHUYECKNA HEYCTOWYUBEIX OHOrOMaHOB, BBICOKOMY OTHOCHTEIBHOMY
COJEPIKAHNI0 MOPETAHOB M HH3KOMY — TpucHopromaHa, OB renuTo-camponenuTa
6amxe ¥ OB MOJIOABIX I'yMYCOBBIX yIJIei.
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