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ITNTRODUCTIOUN

Twvoluation of both porphyrins and oxypen compound:s
(fatlty acids, naphthenic aclds and phonols) is very import-
st to obtailr informations about oripin and mipration of
coude petrotenm,  Moreover, their distribabion permits
apnlicaliors to gool ogie problems. The presence ol porphyr-
i dn erelde 01l shows the trancformation of orpoanic matters

inho pobroleum.

T TUHTHYRING

The porphin nucleus consists of four "pyrrole type"
rings joined by four methine bridpges giving cyelic telra-
ryrrole structure (Fig. 1) which was the parent system
supceshod by Kuster(1). In 1912, Fischor(g),the father of
¢ ttemporary porphyrin chemistry, did hove a band in the
iipal proof, which was provided by his tolal syntheslis of

otohome

Fig. 1: Structure of poruphin.
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from porphin, the porphyring are Torenlly derived by
gubatitnbtion of some or all of the perirhrral positions with
viorlons pilde-chains groups. In the clasoical system of
nomencd nture, the peripheral vogitions owre yuribered from 1

lo 8 (e . Pdipg. 1) and thevinterpyrrolic" methine ponitions
wrually termed "meso" are desipnede, 8, % and S . ™he vines

7
are ununlly lettered A,B,C and D(J).

"o closely related clasges of teblrapyrrolae compounds
are the dihydroporphyring and the tetrahydroporvhyrine.

Tne dilrydroporphyrins are commonly known as chlorin inelude

L4
two "evwira" hydrogen atoms on one of the pyrrole rinpgo,

1N

saturnting one of the domble bonds thus impairing the reson-
~nce stabllity of the porphyrin structnre by interfering

with conjupgated band system. The tetrahydroporphyrins carry

-

Tour Mextra" hydrogen atoms, 5 would be eupected, the re-

sonance otability is further impaired. The covresponding

ciilorin and tetrahydroporphyrin structnresn nre as in Fips

(0.

Sie, Pas Slructure of Fig, ?h: Siruetare of

chlorin, tetrahyviroporphyrin,
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e abracture and properties of porphyrings and netallo-

N

porphyrin ceomplenes depend on the bacic porphyrin nucleus
and proups in periphoral positions of Lhin mnelous, as

=31e (‘I } R

econhly and comprehensively reviewed Ly 7

1.!.1 Torphyrins In Petroleum (Tetroporphyrins

rorphyrins in petroleum and bitumens were recognized by
Traibs(q) in 1934. Ile isolated and identified the major of
netalloporphyrins, vanadyl deoxophylloerythroetioporphyrin
(PITT) 4in petroleum and shale, Treibs realized that identi-
rication ol these pigments proved that petroleum was derived
From plant and animal organic remains and, thns, explained
the oripin of petroleum, A series of rcactions pestulated
by Treibs described how the chlorophylls of green plants,
the atorting materials were converted 1o metalloporphyrin,

the ond prodancet found in petroleum. Tromn this beginningg,

the oolence which is today calloed "orpranic peochemictery®

developed.,

Raged on Treibs observation, a majicr concopl of this
Mieldd was put forward, that of "biolopicnl wrrkexr. Thase
are cowpounds in which a suflflicient pnxrt off the carbon
ohelton g preserved alter having undeorgone aceumilation
Sl diacenenis, that can be still corralsted with the orip-
innl biologieal precurser. Triebs explicity dencoted ehloro-

!

phy D and vanadyl porphyrin az such a procnrnor-fonsil pair.

The 11 dimpact of this concept was not realized untill it

—

o ecboaded to olhier clagsces of orpanic compoursdi,
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definition of Yehemical foszil” and "blological marker' was

prosenbed, meore Tully explained and illnclrabed in 1207 by
6

.31( ).

Hedinlon el

Joveral Key points in the understonding ard developnent
of norphyrin geochemistry lollowed Treihs pioncer finding,
Tdentirfication of a second melallochelnte and , Lo date, the
enly other recognized metallogeoporphyrin, nickel porphyrin,
hy Glebovskaia et. gl.(7) in 1948 encourapged Tfurther inves-
tipntiong, The extent of the diagenetic realm wos only be-

(8)

cinning to he understood when Corwin in 1959 pointed out

the complexity of the geoporphyrin system. He recopgnized
that porphyrins present in petroleuwm were differvent from so
called natural porphyrins and, for that recason, the term

(2)

"petroporphyrins" was coined by him, Corwin explained
shat bhe petroporphyrins were neither biochemically derived
oy ing (10) . o i P e
porrbyring,  In 1966, Baker analyzed a ocuite of pelpro-
porphyrins by masn gpectrometry and provided prool that they
were as complex as Corwine had suspecled., Characterizntion
ratal stractare

3
deterwination of vanadyl DPED reported by ﬁaknr(qo_iz)ﬂ

van creatly enhanced by synthesis and or

Hipderatanding of the complexity of thia group of natnerally
cconring compounds took another jump by Plumwr(13) in 13970,
T bl eoncentralted porphyring of melecnlar welight of more
then 7000 and bnd indications ol fessil perphyrins of up to

20000 mole, wt,

a_1_(14)

Tipal et, extracted vanadyl and nickel porphy-
ine o eomptetes in nbemena and petroloom of 7aTdawyin o

colinated their distribution. They Tound Lhat the contoent-
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ralion of nickel and vanadyl porphyrin complezes wern (2,5-
2

-7 -
nL0Y w1077 and (1.5-7.5) x 1077 me/100s bitumene, respect-

ively.

)

Distribution of porphyrins in the c¢il snd bitumines of

. . . . . ; 1
Famn Roevier rvepion was investigated by DNemcenlova of, al ( 5).

- .
—

Sobolev et. Ql.(16) carried out Lhe eviiuation of pet-
rolivm in the eastern part of the Caspin Cyucline (USOR).
They compared the geochemical data for {two rerions:

i- Upper Carboniferous (Ostansuk Pileld) petroleum yeilding
almost no gasoline fraction and contalning only nickel
norphyrin complexes,

{i-Towor Permain (Kenkiyak and Fumsai Tields) petroleum
covbaining only vanadyl porphyrin comploexes hoaving lower
Aenziiy and vineosity and higher cnutent of cyelic mtru-

otnpee than the Lormer.

Torphyrins in petroleums of the Tinrachaly Dea and -
cenny i Jea field (USSR) were estimalced by Hﬂhoov(17). T%
wan Lfonnd that the petroleuns containc &, 55-1,09 mg ol 171
pornihyein complexes per 100 g bt no vanadyl poephyrin.,

e coibent inereased wilh depth.,  The nrevoanee of novohyr-
ing chowed the penellce connectlon hoifween lLhe orpanlic oubs-

we andg petrolowm,

- 18) : s : s o
sedymova et m].( ) investipated Che distrilation oif

the povohyrin=-V-conplex(I) and porvhyiin=-ti-cornlex(17Y in

paleoloww in the centeral part of Wesohopn Siberion (F10057),

.

ath

o intribution of T oand IT i reloted Lo Fhe dentn
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aaphaltene contbent and concentration of carbonyl groupns,

In all samples studied, the amount of T is pgrealer thon that
of 11 and the concentration of both were directly related

to the concentration of both asphaltene and inversly related

lo the econcentration of carbonyl groups.

Vanadyl porphyrin complexes were detected in peblroleum
of the Volpograd Region (USSR) by Zulfupsnrly ot El-(19)°
1t was found 1hat the content of the complexes decreases
wilth increasing depth of the petroleum deposit, the relat-
ion being especially obgerved at depth 13800 m,., The concen-—
vration of the vanadyl complexes was correlated with compos-
ition and structure of the petroleum hydrocarbons. Only an
ingipnilficant part of nitrogen, varadiwa and probably nickel
of the petroleum was connected with the metalloporphyrin
comple:es,  Nickel porphyrin complexes were nol detected in

the petroleum under investipation.

Distribution of metalloporphyrin complexes and cimple
pyrrole compounds in petroleums and bitumons ol Weantern
Tajakhastan (U35R) was estimated by Bakinova nt, gl.(go).
[Most of the petroleums contained only V-porphyrin complexes,
Teltrol-nmg oceuring below the salt-bearing horizon also
conbainod Hi-porphyrin complexes, The conlent of V-porphy-
rine conpleves increased as the depth of petroleom format-
ion aud sulfur content of the petroleum ircreased, Indele
ol pryrrele were only the pyrrole-type componndn Fonnd in
the peotroleums,. The metalloporphyrins were conconlealed in

Phe petroleum bituwmens,
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21 . , . -
31,.( ) eatimated the porphryrin content of

Trvatos et
cirraclteristic TManparian crude oils, It waw Ponnd tiet the
conbon®t of porphyrin is related to geochemical clapnilicat-
Pon o Liguid hydrocarbons occuring in the Fammonisan basin,
Tuperinontal results showed that the pebroleum samples
investipgatad contain, exclusively, nickel and vonadyl porph-
sring ot very different concentrations (1-127 ppm). The
jrrtroloum samples from Nagylenpgyel has the highest porphyrin
content (127 ppm). Porphyrins isolated comprise both etio
oud phyTlo types, however, the presence of chlorines or of

netal complexes other than those mentioned nbove could not

b debeeted in the Mungarian crude oils,

The content and distribution of metalloporphyrins of

W
(2“). The usual content of

varicun petroleums were giudied
m2talloporphyring of petrol-rum was 1-2 me/100 g petroleum .
he moot common were vanadyl porphyrins. The content of

sanadyt and nickel porphyrins are not correlaled with the

pobrolonm composition,

The relation between the content of metalloporpliyring

v

o Lhe Tartory petroleums and their cosposilion and proper-

den owen sludied by Hurbslu et. st () .1

o Tonnd That

the main metalloporphyrina were vanadyl norphyrins and lrace
of nichel porphyring were found in some patroleams,  Fhe
contont of metalloporphyrins of petroleun incrcnnes ng 1to

contont ef snlfur »nd asphaltene increoised.

The role of porphyring in the forwoition o petreionm

. . 4 (24) : - T
i been studied by Tabacv et nL.("‘. Tt woo Donred Bhnd
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the petroleums under investigation contain nickel bul not
vanmulyl porphyrins. The corcentration of the niclkel porph-
vring increnses with the depth of the depesition., The
chnire in concentration and composition is attribited to
the adsorption of the high molecular weipht components of
petrolecum and the ascgociated metallocommlezon during mipra-
tion of petroleum to the upper harisonn, ralher than to the
Tormaiion of new products., The porphyring are Cormod by
the interaction of the pigments of the initial organisms
wilh the other chemical compounds in the system during the
period ol accumulation and transformation ol organic matter

into petroleum,

1.1.2 Extraction of Porphyring Prom Pelrolecwn Troducts

The porphyrins in bitumens are present ypredominantly
ns vanadyl and nickel chelates., Thene chelsales are in many
of their physical properties very similar to the malerinls
with which lhey nare agsociated in the bitumena, pelroleum
or gsediments, For this reson, there is no single method of
iselntion muitable for all cases, The mont ccommen and
canvenient methoed is extraction by slroug mcidn, Tut it has
the disadvantage that the distinction bLetween the porvhyrins
chelstod with nickel and those chelaled with vanadium is
lost, Other methods such as adsorption chronatosraphy,
solvont extraction and gel permeation chromatopraphy preserve
e welallochelates for the gtudy. It should he noted that
the cecovery of porplhyrin by these procadnens a0 not rnonti-

tative and all poobably discriminate neninst 4

1

by C.’L_}"jl_'(!,'""],']._ic
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