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Organometallic Geochemistry. l. Isolation and Identification
of Organoarsenic Compounds from Green River Formation
0il Shale
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Summary:

A Green River Formation oil shale sample was crushed and extracted
- with- refluxing methanol. The extract was analyzed by high performance
liquid chromatography 'in combination with graphite furnace atomic
absorption detection (HPLC-GFAA). The HPLC-GFAA analysislprovided evi-
denée for the identification of methyl- and phenylarsonic acids and
arsenate. Further unequivocal evidence for the methyl- and phenylar-
sonic acids identification was provided by reaction of HPLC purified
fractions of the total extract with excess 3-methylcatechol followed by
capillary column-gas chromatography - electron impact mass spectrometry
(GC-EIMS) analysis. The GC-EIMS analysis demonstrated the presence of
methyl- and phenylarsonic acids as there five-coordinate ofganoarsenic

catecholates. The significant implication for the biogeochemical origin

of these organoarsenic compounds will be discussed.
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The molecular characterization of organometéllic compounds which
occur as natural products in fossil fuel precursors is becoming a signi-
ficant area to research due to the imp§rtance of these compounds in
emerging synthetic fuel processes as well as their imééct on thé

2
environment.

~ Recently, we identified, using a high performance liquid chromato-
graph coupled to a graphite furnace atomic absorption spectrometer as an
element-selective detector (HPLC-GFAA), methyl- and phenylarsonic acids

as well as arsenate in o0il shale retort watersm3 We also have analyzed

_the shale oils produced by pyrolysis of oil shale and have found that

.the above-mentioned organoarsonic acids also occur, but in association

with iron-containing macro-molecules with molecular weights in the range
4a,b

of 2,000-4,000 daltons..

In order to discern whether these compounds were natural products

in the precursor of the shale.oil and the retort waters or were formed

. during pyrolysis, we examined a Green River Formation o0il shale. | 0il

shale from the Green River Formation is a fine-grained sedimentary rock,
which contains appreciable quantities of organic material. It  consists

of three fractions - kerogen, bitumen and an inert substance. Kerogen

~ and bitumen, which ' constitutes the organic material, generally are

regarded as biogeochemical fossil products, emanating largely from lipid
fractions of ancient algae and forming the ubiquitous o0il source matrix

in shalés.5

The Green River Formation oil shale sample (10 g) was crushed and

Soxhlet extracted 'with‘ 500 mL of methanol for 48 hours. This effec-

tively removed about 207% of the total arsenic contained in this oil



shale.6 Following evaporation (25 mL) and filtration, we speciated the
extract by HPLC, using a Dionex anion exchange column with 0.2M ammonium
carbonate in water/methanol (85:15) as the eluting solvent. The arsenic

compounds were detected via automatic GFAA analysis at 197.3 nm.2’3

Figure 1 gives the arsenic-specific chromotogram of the compounds
we identified as methylarsonic acid, phenylarsonic acid, and arsenate,
based on retention times of the authentic arsenic compounds.7 An unknown

neutral organocarsenic compound eluted with the solvent front.8

We recently have studied the reactions of methyl- and phenylarsonic
acids with substituted . catechols, and established that they provide
five-coordinate organoarsenic catecholates.9 Since many of these

organoarsenic catecholates could be gas chrbmatographed on fused silica

capillary columns and characterized by electron impact mass spectrbscopy

(GC-EIMS), we decidéd to apply this derivit@zation technique for the
unequivocal identification of methyl- and phenylarsonic acids present in

~the oil shale extract.

The methanol.extract was purified by preparative HPLC (the area
from 22 to .35 min. was collected, see Figuré 1), lyophilized and dis-
solved iﬁ benzene. To this solution was added excess 3-methylcatechol
and the reaction mixture was refluxed for 5 h and worked up ﬁovremove
the excess 3—metﬁy1catechol. A concentrated sample was subjected ,td
GC-EIMS analysis10 to provide spectra and scan numbers (retention times)
that were identical to the known samples of the 3-methylcatecholates of

both methyl- and phenylarsonic acids.:

Figure 2(A) shows the reconstructed ion chromatogram of the two

standards, 3-methylcatecholates of methyl~ and phenylarsonic acids, and
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the single jion chromatograms show pertineht fragments of interest at m/e

197 and 212 for the methylarsonic acid derivative (Figure 2 B,C). and m/e

- 197 and 274 for the phenylarsonic acid derivative (Figure 2 B,D). Fig-

ure 3(C) shows the region we purified by HPLC containing the organoar- .

sonic acids, which were derivatized, and the expanded sections of this

chromotogram contalning the organoarsenic catecholates with the impor-

tant ions, m/e 197, 212 and 274, clearly evident for . the 3=

methylcatecholates of ‘methyl— (Figure 3 A) and phenylarsonic (Figure 3
B) acids. Additionally, the inorganic anidn, arsenate (Aso43-),_ was
verified in a similar fashion. (preparativev HPLC of the region from
35.5-41 min) by preparation of the tris(trimethylsilyl-) derivative of
thg ammonium salt of arsenate.and analyzing: the purified extrﬁct by GC-

EIMS for.iqns at m/e 207, 343, and 358-11 The organoarsenic compound(s)

that elutes with the solvent front (Figure 1) has not been as yet iden-

. tified and further work is in progress to verify its structute.g

We believe thesg identifications of the organoarsonic acids to be
the first such molecular charactefizations of trace organometallic com-
pounds to be reported forvény fossil fué1 precursors and initiates the
area .of orgahometallic geochemistry, a field that has hithertofore been

totally unexplored.

The impiicatioﬁS'are that these organoarsonic> acids are natural
products and heﬁce have a biogeochemical origin in the oil shale taphon-
omy process. .It is also interesting to note that no exampleé of
biophenylation have been‘ reported, whereas biomethylation of arsenic
compbunds is a well kpown reaction.12 How the phenylarsonic ‘acid forms

will have to be answered with the examination of precursors to the oil

RN




shale such as freshwater marine algal mats as well as other biogeochemi-

cal samples.

Finally, the fact that these organoarsonic acids are released upon
0il shale pyrolysis hés importaﬁt implications in the various synthetic
fuel processes where the role of organometallic compounds in poisoning

process catalysts and contribute to environmental problems is paramount.
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Figure Captions

Figure '1

Figure 2

Figure 3

The HPLC-GFAA analysis of Green River Formation o0il shale
exﬁracted with refluxing methanol. The AA detection of
arsenic was at 193.7 nm. The HPLC column was a Dionex anion
exchange column with 0.2M (NH4)ZCO3 in aqueous methanol as the
eluting solvent. The bracketed areas were 1isolated by

preparative HPLC.

GC-~EIMS analysis éf the 3-methylcatgcholates of methyl- and
phenylarsonic_.acids. (A) Reconstructed ion chroﬁatogram of
known methyl- and phenylarsonic acids derivétives of 3-
methylcﬁtecholm (B) Selected ion chromatogram showiné<g[g 197
for each'detivativet .(C) Selected ion chromatogram for methy-
larsonic acid=-3-methylcatecholate at m/e 212. (D) Selected

ion chromatogram for phenylarsonic acid-3-methylcatecholate at

' 3[9.274.

GC-EIMS-anaiysis of the defivatized, HPLC .purified, methanol -
extract.  (A) Selected, ion chromatograms near Scan 1137 for
m/e 197 and m/e 212 confirming the identification of the 3-
methylcatecholafe of methylarsonié acid in the expanded recon-
structed ion chromatogram. (B) Selected ion ,Chromatogréms

near Scan 2030 f6r g[g 197 and m/e 274 confirming the ideﬁtif-
ication of the 3-methylcatecholate of phenylarsonic acid in
the .expanded: recohstructed ion chromotogram. V(C) Recon-
sttucted ion chromatogram of HPLC purified methanol extract
with arrow on left designating methylarsonic acid-3-methyl
catecholate andb arrow on right designating phenylarsonic.

acid-3-methyl catecholate.
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