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07ocerite from Soutl-l--Fergana (USSR) contains Cl^

0-C40 n-alkanes :,hose distribution curve shows two maxima at

C1e and C J. res>>ectively. The isoprerioid-like alkanes 2,6,10-

trimethyldodecane (âarnesane), 2r6,10-triinethyltrà.decane,

2,6,10-tri:nethyltetraciecane, 2,6,10-trimethylpentadecane,

2,6,10,14-tetralnethylpente.dec^-,.ne (prista.ne) and 2,6,10,14-

tetra.inet^lyllîex^^dcca.ne (phytzne) are nresent in relatively

hiah concentrations in the oil fraction of o7ocerite. In

the urea extract, the homolo ;ous series Of C1 r)-CPG isoal-

kanes and anteiso alkanes were identified besides the

n-)lka.nes. The r..recence of inethyl-alkanes with the methyl

1'e E; @ iît S-^••ro-rapaûnyj Politechni^eskij Institut, Leningrad. UdSSR.
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groups closer to the niddle of the chain •.°,'as also determi-

ned !'r,.ass- Spectro .ae tr ically.

Ozocerite -.tirhich in nature, like petroleum, occurs

in cavities in the earth's strata or in poroûs rocks, con-

sists mainly of solid hydrocarbons. A close genetic con-

nection bet!,^reen ozôcerite and uetroleum is assumed since the

chemical and physical vroperties of the hydrocarbon groups

present in o?ocerite are very similar to 'trosF of solid

hydrocarbons from petroleum l) . Considering the frequent

finds of ozocerite when test drilling for petroleum, the ques-
of its

:t3 ion of the chemical composition of ozocerite and /.relation to

petroleum takes on practical significance,too. Although ozo-

cerites from various discovery sites contain different quan-

tities of the various classes of hydrocarbons, as a rule,

alkane hyarocarbons2'3) predominate. -Besides the nor-

mal alkanes, these hydrocarbons contain an appreciable quan-

tity of branched alkanes about whose structure very little

information can be found in the literature. They were recently

characterized in more detail by Boilco and co-workers4) who conclu-

ded, based on the TR spectruln of hydrocarbon fractions,

that the brancized alkanes in ozocerite show a hi,(D,,h degree

of bra.nchinLC; with 4-6 methyl groups in the molecule=;.

in Lie r.-w.'ez•, have concerned ourselves

o_i. of :)ra-^-;c;led-

a.
cf]. in 1': i es in t 'e ilydroc^irù^,ci c o ^, ^.leiî^ oï oz•ocerite



from Pergana. Se analy7ed the oil fraction which can be ob-

tained from o700erite by vacuum distillation. The lesser 

complexity of this fraction, which only contains substances /p.2939 

• up to C 22 , made the identification of individual hydro-

carbons easier and thus the direct estimation of their struc-

tural similarity to petroleum hydrocarbons. 

Experimental Section 

The melting points were determined with a Kofler-Block. 

2or the gas chromomatographic analyses, the Chrom 3 Gas chroma-

tograph (Laboratorni J-Jistroje, Prague) with flame ionization 

detector was used. It was equipped with a 50 m long stainless 

steel capillary column with an inside diameter of 0.2 mm which 

was wetted with  0V-225 (cyanopropylmethylphenylsilicone e  Applied 

Science Laboratories Inc.). Nitroen was used as carrier gas. 

The analyses were made under programmed temperature with a 

Pye anparatus of Series 104, Model 64, in a system of two 

glass cOlumns (150 cm x 0.4 cm) which were filled with 25 

SE-30(gas chromatographic quality) on Gas Chrom  Q.  The mass 

spectra were obtained at 70 e/V with an LKB 9000 Mass Spectro-

meter(1,7KM Produkter AB, Stockholm) coupled with a gas chroma-

tograph which was equipped with a 50 m stainless steel column 

with an inside diameter of 0.2 mm wetted with  0V-225. The 

spectra were recorded oscillorizraphically. Helium was used as 

cflyrier 

07ocLi.L,c 7w3 obt;aincd. fro'a an ();(:n-oit 	near Jor-su 

in 3outh Fergana (U-3.) at 15-20 m depth, where it was embedded in 



crevices in the limestone layer of the Alai mountains. C72- 

cerite was separated from the acccmpanying rock in the dark 

brown, waxy, solid mass by extracting with cyclopentane in 

a Soxhiet apnaratus. The mineral residue consists of lime-

stone containing several percent Al203 and 3102 ; according 

to semi-quantitative emission spectroanalysis (Qu-24 Spectro- 

graph), it showed an admixture of "Je-, Na- and Mg-compounds 

in the order of magnitude of tenths of one percent. After 

distilling the solvent off, the cyclopentane solution yielded 

38.7% ozocerite free from mineral matter as a dark coloured, 

wax-like substance; melting point 59-64.5 °C, ultimate analysis 

83.56% C, 12.87% H, 1.03% 3. 

Distribution of the n-Alkanes.  The range of molecular 

weight of the main components contained in o7ocerite was de-

termined by gas chromatographic analysis of the hydrocarbon 

portion. 10.0 g of ozocerite were dissolved in 100 ml of cy-
was/ 

010 -pentane and the solution kept for 5 days in a narrow, clo- 

sed tube. Af ter  settling of the asphaltenes (0.5 g), 25 ml 

of the solution were pipetted out from the surface and fed /p.2940 

into a column packed with silica gel activated for 12 hours 

at 180°C. After soaking in of the sample, the column 

was eluted with 200 ml of pure cyclonentane. 	By evapora- 

ting 	the solvent, 1.67 g (70.2%) of colourless hydrocarbons 

a r,1Lin i_oint or 58-(q.5 0C /ere nbtained from the eluate. 

°he aul 0 is  of the Jydrocarbon portion made with the rye 
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Cas chronato,?;r^.n^z of Series 104 with a column of S'^-^0 at a

prograxnmed temF erature of 1000 to 300°C (20C/.nin) showed

that the main components are n-allcanes, starting with r_-tridecane
g oinPz'a_id

/ up to n-tetracontane. The relative occurrence of the in-

dividual n-alkanes was calculated from. the heiryilt of the

chro-mato;rai)hic pea'Ks without the use of correction factors.

The curve in I'ig. 1 illustrates the relation of their dis-

tribution with the number of C-atoms in the molecule. The total

content of n-alkanes in the hydrocarbon portion of ozocerite

was determined by extractive distillation with urea,follow-

ing a method -worked out for sheet paraffin and ceresine5).

The adduct was precipitated out of the tetrachloromethane

solution containing 1 g of the hydrocarbon portion, by he

addition of methanolic urea solution. After decomposition,

the adduct yielded 0.57 g of n-alkanes with a.meltin^ point

of 63-67.5°C. Agas chroi;latographic check showed that the dis-

tribution of the individual hydrocarbons in tue isolated

n-alkane group corresponded to the original distribution of the

n-alkanes in the hydrocarbon portion.

100

!Pi,cr,.l. Distribution of
n--s11^.,:I::s i n a^occr .̂i.te
as a f't.i^cLion of the iiu,:-
L^.r,of "t.3 ir, e

cor.t,^^nt ^
33ll,^^^^)

50

I

15

I

i>5
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Oil fraction (Dia-Pram 1). 63.8 g of ozocerite were 

distilled at 0.5 Torr. in-a Claisen distillation apparatus. 

In the temperature interval between 70 and 1600 0/0.5 Torr., 

7.6 g (11.9%) of a yellowish oil distilled off; its ulti-

mate analysis was 85.78% C, 13.06'% H,and 1.44% S. The oil 

fraction (5.0 g) was dissolved in 25 ml of cyclotentane, 

added to an activated silica gel column j and eluted with 

100 ml of pure cyclopentane. After evaporation of the cyclo-

pentane, the eluate yielded 4.43 g (88.6%) of a clear, co-

lourless,oil free from non-hydrocarbons. The gas chromato-

graphic analysis showed that the oil represents a compli-

cated mixture of compounds in which the C13 - 

strongly represented. The content of individual compound 

categories 	in the oil was determined by means of a mass 

spectrometric method which was worked out by Fitzgerald and 

co-workers 6)  for the middle distillates of petroleum and 

which was checked with good results when using the LIM spec-

trometer 7) . The composition of the oil was as follows: 

alkanes  42.3,  monocycloalkanes 12.0%,.dicycloalkanes 11.4%, 

tricycloalkanes 6.1, alkylbenzenes 8.0%, dicYcloaromates 

20.1. The oil consisting of hydrocarbons was separated into the 

extract (n-alkanes) and the raffinate by extractive crystal-

lization with urea. 3.56 g of oil, 20 g of recrystallized 

area  ,:lnd V 0 0 1,11 of cold, sturated rlethanolic urea solution 

for 	- inutc:: u :d e r  reflux condensation and 

Lo cr:;sta1li7c ovisrnic:ht. The separated crystals were 

022 n-alkanes are 
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of -r)
filtered 50 ^al of cyclopentane and decomznosed'

with hot water. The n-a1 arie la; er ;rhich is released was iso-

lated by ether extraction with a yield of 1.00 g( n8.1;`) . The

rerrnainini-2^ methanolic filtrate was evaporated to dryness, the

residue di,ested :,,ith :,iater and extracted with ether. 1i'rom

the ether extract, 2.50 g(70.2/) of n-alkane-free oil (raf-

finate) were isolated.

Analysis of the Extract. The extract was analyzed

gaschro?.na,to^,,x•aphically at 1800C u^,Tith the use of a capillary

column wetted .^1ith OV--225. .Tith the help of internal stan-

dards and the logarit_i)^-Zic dependence of the retention ti-

mes on the number of C-atoms, C13-C22 n-alkanes were

identified in the extract. On the chro:natogra^^. of the ex-

tract, a group of four incompletely separated small peaks always

appeared between every two consecutively eluted n-alkanes.

These smaller peaks were designated with the letters a, b,

c and d,following the sequence of the elution. In each

group, the concentration of the ç-component was more than

twice as high as that of the three remaining components. In

order to identify these hydrocarbons entrained in the adduct,

their retention indices were measured on the capillary co-
were

lumn wetted with OV-2125 and their mass spectra/measured with

the mass spectrometer in conjunction with the gas chrorr.ato-

n;rc^..rYI. For cJl:iy_,é?rison, the mass sl;ectrc. of various synthe- /p.2941

tic,il]y rrenared C16-C1,D methylal',:anes ,-.ith the niethy1. Rroup

at the er.d of the c'hain (in ;osltioT: ^ and ^.) and closer to
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the middle of the c'nain (in positions 4,5 and 8) were mea- 

sured. The retention times of the synthetic methylalkanes 

were compared with the retention times of components a-d 

by co-injecting them in the chromatographic column. 

Analysis of the Raffinate. The gas chromomatographic 

analysis revealed that the raffinate is a complicated mix-

ture of hydrocarbons in which, in the absence of n-alkanes, 

six components predominated. Their retention indices, mea-

sured at 180 ° C over  0V-225 with an accuracy of * 1.5 units, 

showed the values 1786, 1676, 1627, 1556, 1447 and 1361 
for ,the indices 

(at 160°C). Practically the same values/were found at 200° C. 

Based on the retention times and on the mass spectra mea-

sured . with the mass spectrometer coupled with the gas.chro-

matograph, the prevailing components were identified as iso-

prenoid trimethyl- and tetramethylalkanes. In the case of 

farnesane, pristanp and phytane, the identification was con-

firmed by co-injection of an authentic preparation into the 

chromatographic column at 160, 180 and 200°C. 

Results 

n-Alkanes. The 	predominant part of the hydrocar- 

bons in o7.ocerite from Fergana consists of the homologous 

n-alkane series C 13 	C 40. Their distribution curve (Pig.1) 

with uniform occurrence of even and odd members shows 

::nimp nt C 1  and 	rcectively. The lower C13-C 2  

n-alkrnes occur in far 	ialier onantities than the hin:her 



mincralischer Ozokerit (38,7%) 
Rückstand 3 ' 

Diaram 1 	 9 

I.  Ozokerit -1- Kalkstein 2. 

Extraktion mit Cyclopentan (Soxillet) 

Asphaltene (0,5 g) 
25 ml 
Chromatographie 

. an 5102  

RUckstand gelbliches 01 •#4- 
7,6 g (11,9%) 

10,0 g Ozokerit 
100 ml Cyclopentan 
Sedimentation 

63,8 g Ozokerit 
Destillation (0,5 Torr) 

Rücksitand Kohlenwasserstoffe 
1,67 g (70,2%) 

1 g in CCI,t  
6. Harnstoff in Me0I-I 

- I . 	 I 
Rückstand 	n-Alkane (C13 — C40) 

(0,57 g) 

5g 
Chromatographie  
U11 Si02  

3,56 g 
extraktive 
Kristallisation 
mit Harnstoff 

42,3% Alkane 9. 
12,0% Monocycloalk.ane 
11,4% Dicycloalkane 
6,1% Tricycloalkane 
8,0% Alkylbenzole. 

20,1% Dicycloaroma te 

7. Nichtkohlenwasserstoff- 	Y. farbloses 01 
komponenten 	 4,43 g (88,6%) 

1.2 

Extrakt 
(n-Alkane -1- /vlonomethylalkane) 

1,00 g (28,1%) 

Raffinat 	• 
(Trimethyl- und Tetramethylalkane und t3 . 

to. cyclische Komponcnten) 2,50 g (70,2%) 

1- Ozokerit = o7ocerite 
2- Kalkstein = limestone 
3- raineraliscler Rückstand = mineral .residue 
4- Reibliches 01 	yellowish oil 
5- J',7o1i1enwasserstoffe = hydrocarbons 
6- Harnstof = urea 
7- richt:T7o‘l1en.!:nprlerstbff- 1- rom, onenten = nnnœhydrncp,rhnn 
8- farbloses 01 = colourless oil 
9- Alkane = alkanes 	benzoie = benzenes 	aromate 

10- cyclische Komboncnten = cyclic components 
11- an  = on 
12- mit 	with 
13- und =  and. 

CnrrIncalents 

. aromatics 
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1l0^_1010:;, . L"ne n-alk^.nes :rit a ^1-^4 carbon atonzs are. nresent

tl"1 the T'e`,.t('^t C017Cel;trc^.tion . These four members ac-

cotznt for 48;'^, of all the n-alkanes present in the hydrocar-

bon portion of ozocerite. The content of n--alkanes

in the hydrocarbon portion of ozocerite as calculated from

the distribution curve and the yield of urea adduct is

presented in Table l, The oil fraction recovered

from o^.ocerite by vacuum distillation contains Cl,.-)- C22

kanes. In contrast to the totalhydrocarbon portion of

ozocerite, the n-alkane content in the oil fraction is

smaller (20;1) and the n-alkanes -:;rere acco?npanied by ap-prox-

iltlaï;ely the same number of branched allcanese The distri-
the

bution of/individual n-alkanes, both in the oi1 fraction

and in the extract which was separated from the oil by urea

adduction, corresponds to the original distribution in ozocerite.

Hydrocarbons

n-Alkanes

n-Al4:anes

n-Alkanes

isoalkanes

Anteisoalkanei

Obrige i`letilylalkane''

Farnesan

2,6,10-Trimethyltridecant
2,6,10-Trimethylletradecanc
2,6,10-Trimethylpentadecan.
Pristan
l'hytan

Ran--e of C- in hydrocarbon uorti on
atoms

in ozoceri'te 1 s.n oil f raction

C13- C40

C31- C3-L

C13-C22

C15-C22

C15-C',

C15-Cs2

CI5
C1e

C17
C18

CI9

C20

57 -
(27,5) -

(3,0) 20,2

0,57 3,8

0,21 1,4

0,41 2,7

0,03 0,2

0,20 1,3

0,15 1,0

0,45 3,0

0,72 4,8

0,,3'_ 2,5

Content of ;L1',<,tïie tifCirocL?3'1)ons
11'_ o^oce_t'lte

1'1e = re'1211i11.L1'1" 1l1Cl.tlyla1kFl.n(-'s
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rety1aik;Eqnes. During  the urea extraction of the oil 

fraction obtained from ozocerite, several branched hydrocar-

bons (peaks a-..q) went into the adduct together with 

the C.1 	22 -C 	n-alkanes. They were identified directly in 
3  

mixture with the n-alkanes, since the main components of the 

extract do not interfere wdth them and no complicated back- 

inter- ground appears in the chromatocram which could 

fere with their identification. The retention indices of 

components a-d showed regularities which suggest that these 

components form further homologous series. The retention indices 

of all a-components on 0V-225 at 1800 c were approximately 

25-26 units higher than those of the adjacent n-alkanes with 

shorter retention.times. A similar regular increase in the ip.2942 

retention indicesJas found for components b—i(by approx. 35-36 

units), c (approx. 53-55 units) and d (by approx. 69-71 units). 

Components c, which predominate in the groups of entrained 

hydrocarbons, were identified mass spectrometrically as ho-

mologous series of iso-alkanes. The mass spectra of all c-

components exhibited the fragmentation which is typical of 

2-methylalkanes, with ions (M-15) -I-  and (M-43) 4  having the 

greater intensity. 2or example, during the structural deter-

minationof components c which were eluted between n-hepta-

decane and n-octadecane  (i 	1755) we proceeded from 
1800 

nolc:culr ion We 15-:, ::hich corresponds to the formula 

C •:sn  the fr.lent2tion ions with -lore than 10 car-

bon r?.to:.-is, the  io:  e L  m/e 	whic?1 corresponds to the 
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splitting off of a lateral methyl group, occurs in significant

numbers, and the most frequent kind of ion in this range

is the ion at m/e 2110'7ich corresponds to the splitting off

of a chain-end isopropyl group. From these data the compo-

nent was identified as ?-mettlylheptadecane. The structure as

verified by the co-injection of the synthetic standard crmpound.

Altogether, eight c-com,onents in the extract were identified

as the series of Cl5-C22 2-methylalkanes.

In a similar way, the d-components were identified

as homologous anteisomeric alkane series. In their mass

spectra, the ion (M-29)+ occurred most often among the hea-

vier ions corres»onding to a methyl group substitution at

-carbon atom 3 of the alkane chain. The determina-

tion of the structure could again be verified gas chromato-

graphically, as the 3-methyalkanes could be easily separated

in a capillary -column wetted by OV-225 from the iso- /2944

meric 2-methylalkanes which show shorter retention times.

The contents of isoalkanes and anteisomeric alkanes presen-

ted in Table Twere calculated from the cl•iromatogrm of the

extract by comparing the heights of their peaks to those of

the nearest n-alkane peaks.

Components a. and b, which almost coincide as a wide

doublet on the chromato ;rarti, are a mixture of methylalkanes,

`^avc;j on their m`-'s`, ç7?ectrFl.. AccC)rCllnr' to the molecular ions

with }'ydrocarhoIl`ï

in the mas: pcctrél., we are (3 11I1 , j w'11c!'1 are isomeric
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with the 2- and 3-methylaikanes and which were eluted close 

to them. Several CnH211+-1-1  fragmentation ions appear clearly 

in the middle Portion of the spectra and they were accompa-

nied by almost ecually intense or even more intense 

0- 2n 10116. 2rom the greater frequency of ions (E1-57)+, n 

(M-71) + , (M-85) -1-  and (11-113) +  etc 	and from the relation- 

ship of their intensity to that of ions having one hydrogen atom 
less, it 

/ can be concluded that the methyl groups in the middle por-
have been 

tion of the chain / substituted at various positions (com-

pare8 0 " ). The retention times of these compounds are in 

agreement with the interpretation of the mass spectra. 

Thus, for example, synthetic 8-methylpentadecane on 0V-225 

.is eluted right after n-pentadecane, simultaneously wit'h 

component b. The fact that various methylalkanes with the 

methyl group near the middle of the chain were eluted in a 

mixed peak before the peaks of the isomeric 3-methyl- and 

2-metbylalaknes has also been described for other stationa- 

10) ry phases 	. 

Isorrenoid Alkanes. The molecular weights of the 

main 'components in the raffinate, as determined mass spec- 

trometrically, correspond to the C H_ 	C H 	C TT_ 
15 ,D2' 	16 34' 	17- 06' 

C
18

H
38

, C
19 

 H
40 and  C 20H42 hycrocarbons. The retention in-

dices of the first four hydrocarbons are lower by 139 to 

17 3  units tn the retention indices of n-alkanes with  the 

uquivalent number of C-atoms. 2or the two-last Inentioned 
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hydrocarbons (Cl. and C20) , this decrease is still greater

and a(lloul.ts to 224 ana. 213 units respec tively. The retention

.Olicitly the difference in the de-time dcata thus reflect ex,

gree of branching of the C15-C18 hydrocarbons with 3 lateral

methyl groups and of the Clc,•-C20 hydrocarbons with 4 methyl

substitutions.

In the mass spectra of all hydrocarbons mentioned,

the more intense ions (C8H:L7)+ and (C13 H 27)_^ and in the C19

and C20 hydrocarbons also the ions (C1CH57)+, occur in the

range of in/e values above 99, and they characterize the skele-
substitutions in the

tal arrangement with/2, 6,10- and 2, 6,10,14- positions respec-

tively. The regular z)ositioning of the zl.et1ly1 groups on every

fourth carbon atom is also,characterized by the more intense

ions at one of the rn/e values 127, 141, 155, 169 and 197.

Ba.sed on the retention data and the agreement with the pu-

blished spectra of isoprenoid-like alkanesll'1?), the C 15-C18 hy-

drocarbons were identified as 2,6,10-trimethyldodecane

(far.nesa,ne), 2,6,10-t_rimethyltridecane, 2,6,10-trimei:hyl- /p.2945

tetradecane and 2,6,10--tr imethylpentadeçane. The C1q and C20

hydrocarbons were identified as 2,6,10,14-tetra:n1ethylpenta-

decane (pristane) and 2,6,l0,14-tetrai:nethylhexadeca.ne (phy-

tane).

After the n-al_canes, the isoprenoid-like alkanes are the

second '1.ar:;est structure 7,roup of saturated llydrocarbons in

t 1C 11 _I':tCi ion of Jr'.i)ct?x'ij:ea '21`:e.lr content 1S as illucll as

of the cilt];,ent• l'!:ere are, however,
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consLdèrabl'e differences in the occurrence of the individual 

isoprenoids. The largest amount is that of pristane which, 

in the oil fraction, occurs in the same amount as n-hepta-

decane. If the small amunt of farnesane which is found at 

the becUnning of the boiling range of the oil fraction is not 

taken into account, 2,6,10-trimethyltetradecane is present 

in the relatively smallest concentration. 	Its content is 

smaller by approximately one quarter than the content of the 

next lower homolog 0 16  and three times as small as the con-

tent of the next higher homolog 0 18 . The contents of all iso- 

prenoid-like alkanes in Table I were calculated from the chro-

matogram of the oil fraction according to the relative pro-

portion of their Peak areas to those of the adjacent n-al- 

kanes. 

piscussion 

In the oil fraction of ozocerite from Fergana, the same 

isoprenoid.rlike alkanes with 3 and 4 lateral methyl groups pre- 
occur in 

dominate among the branched alkaneS which also / considerable quan- 

tities in petroleum11-14) and whose specific biogenic struc- 

ture serves as biolor:;ical tag7,ing medium. The relative occur- 

rence of the various isoprenoid-like alkanes in ozocerite- with 

a preponderance of pristane and a low content of the 

0 17 isoprenoid 	has the same character as in 	paraffi- 

nic 	rolcu 	• - orbion of :nonomebhylated 

nil fr: , cti;,L. »f JuriLe 	 jul3t  an  
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:IU ï t ly lal_.ane 5 l'oI _r:Ll!"1, to the }l0'.71olU';ous

series if iso- and anteiso 2.1.ka"ies. The cl?,ss of i;ÿCirO-

car'Joi1s :;'t1ic^1 is :1ost often found in o7ocerite is that of

the n-al'canes. Their distribution cx':libits no prex;onder--ince
n--âlkanes of

of the odd-numbered links which is tyrical of the / recent

sedil:ients and recent petroleulns, but shows a balanced propor-

tion of evAn-•nu,^abercci and odd-numbered links as in the

alkanes from ^;et.roleut_z in an advanced sta^,e of developmentl5,lâ)_. 0

The structural identity of alkane hydrocarbons in

o7ocerite and Detroleum mentioned here supports

the opinion that ozocerite is the product of the post-genetic

sep^^.iration of solid hydrocarbons from petroleum as a result

of changed physical conditions during its migration (see

alsolfl). 1+rotn this point of view, the first maximum in the

distribution curve of n-alkanes from o7,ocerite (Fig.l) can

be explained as a record of the predominating alkanes from the

petroleum which was retained as mother liquor in the separated

mass when the solid hydrocarbons crystallized.

------ - - ----
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