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Introduction 

The identification of organoarsonic acids found in Green River For-

mation oil shale has provided evidence for the biogeochemical origin of 

organoarsenic compounds in these fossil fuel precursors. In addition, 

we report on the identification of arsenate 3-(As0
4 

.), via gas 

chromatography-mass spectrometry analysis, found in the purified (HPLC) 

methanol extracts of Green River Formation oil shale. These speciation 

studies have opened the area of organometallic geochemistry a field 

hitherto fore unexplored. 

The identification of vanadyl non-porphyrin compounds in heavy 

crude oils is of importance to study, since they represent a consider-

ably large percent (>50%) of the vanadium present in these oils. 

In order to define these compounds, we needed to have an array of 

model vanadyl non-porphyrin compounds for comparison to those we 

separated via HPLC in the heavy crude oils. We thus report the syn-

thesis of several series of vanadyl non-porphyrin that will help eluci-

date this important class of vanadyl compounds in heavy crude oils. 

The asphaltenes in the heavy crude oils contain a significant per-

centage of the vanadium, and thus examination of their vanadyl compound 

content for porphyrin and non-porphyrin compounds by HPLC-SEC-GFAA 

analysis would be critical. ,Additionally, extraction of the asphaltenes 

with a pyridine/H20 solution would be helpful in learning more about 

non-porphyrin vanadyl compounds complexed to the macro-molecular struc-

ture of the asphaltenic fraction. 
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'Finally, we will introduce a new concept in speciation of vanadyl 

porphyrin and non-porphyrin compounds in heavy crude oils and that 

encompasses the utilization of HPLC separation and a new fast-scan uv-

vis detector that provides uv-vis spectra (190-700 nm) on-line of con-

stituents in the oils. 

Identification of Arsenate in Green River Formation Oil Shale 

In a previous report 1 and a subsequent publication that was 

recently submitted to Organometallics,2 we provided unequivocal evidence 

for the speciation of methyl- and phenylarsonic acids in Green River 

Formation oil shale. 

3",., 
In order to provide similar data for arsenate (As0

4 
), we carried 

out derivatization experiments on an HPLC purified fraction of the total 

methanol extract. The HPLC purified methanol extract was evaporated, 

dissolved in water, and placed on a cation exchange column to convert 

the presumed sodium salt to the ammonium salt. The ammonium salt was 

lyophilized and reacted with (bistrimethylsilyl) acetamide (Eq. 1): 

C-CH 3 
'I 
o-Si(CH ) '- 3-3 (1.) 

«CH3)3Si)303As + 3(CH3)3SiNUCH3+ 3NH3 

° 
The GC-EIMS analysis of the tris(trimethylsilyl) arsenate showed 

the reported ions at mle 75, 147, 193, 207 and 269 (Figure 1) for this 

«CH3)3Si03AsO) compound and clearly implicates arsenate as a natural 

product in Green River Formation oil shale. 
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In view of these very interesting and exciting results, we are now 

implementing another stage in our program to find innovative methods to 

remove the speciated organoarsenic and inorganic arsenic compounds from 

the shale oil and possibly from the retort waters. In an experiment to 

determine the feasibility of using polymer-bond catecholes for this pur-

pose, we have initiated an experiment to determine whether 3-

methylcatechol can remove methyl- and phenylarsonic acids from their 

association with Fe and ligands of molecular weight in the 2,000 dalton 

range 3 in Parahoe shale oil. The results of this experiment are not 

complete and we will report them in the next quarterly. In addition, 

synthesis of polymer-bond catechol has also been implemented for studies 

with authentic organoarsonic acids, i.e., methyl- and phenylarsonic 

acids. This synthetic method includes reaction of chloromethylated 

polystyrene-divinylbenzene polymer (20 oz. cross-linked) with catechol 

in the presence of stannic chloride (Eq. 2) 

Synthesis of Vanadyl Non-Porphyrin compounds as Model Compounds for 

Speciation Studies in Heavy Crude Oils 

The identification of Vanadyl non-porphyrin compounds, known to be 

present in heavy crude oils, is of the utmost importance if we are to 

use multidentate ligands to remove vanadyl ion from these oils. Addi-

tionally, these compounds may be responsible for the poisoning of 

catalysts used to upgrade these future fuel sources. 

3 



, 

With this approach in mind, we needed to have a variety of vanadyl 

non-porphyrin compounds for the speciation studies. This quarter we 

initiated a synthesis program to generate these compounds and the fol-

lowing vanadyl non-porphyrin compounds were synthesized. (Chart 1) 

These compounds are being tested to determine if they are consti-

tuents in the heavy crude oils Cerro Negro, Boscan, Wilmington and 

Prudhoe Bay via HPLC-UV-Vis Fast Scan analysis (see below). 

Analysis of Asphaltenes, Isolated from Heavy Crude Oils, via HPLC-SEC-----
GFAA for Vanadyl Compounds in the Holecular Weight Range Greater than 

During this quarter, work has continued with the asphaltenes of 

Boscan, Cerro Negro, Wilmington, and Prudhoe Bay heavy crude oils. 

Separation of the oils is achieved by agitating samples of oil in 10 

volumes of pentane at about 300 motions per minute for 24 hours. 

Separations have also been made using heptane as the solvent, but these 

samples have not yet been analyzed. The asphaltenes are separated from 

the pentane solubles with a 0.45 micron millipore filter, washed with 

pentane and stored under nitrogen. X-ray fluorescence analysis for 

vanadium has been performed and compared with earlier results for whole 

crude oils (Table 1). A significant percentage of the vanadium in the 

oils is contained in the asphaltenes. The precentage of vanadium in the 

asphaltenes is not directly proportional to the amount of asphaltenes 

present in an oil and although the asphaltenes represent less than 3 

percent of the weight of a crude they still account for almost half of 

the vanadium present. 
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Chart 1: Vanadyl Non-Porphyrin Compounds Synthesized for Speciation 
Studies 
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Samples of the asphaltenes are redissolved in methylene chloride 

o 0 

and analyzed by HPLC-SEC-GFAA using 50A and 100A SEC columns in series 

with element-specific vanadium detection at 318.4 nm. The visible 

detector was set at 408 nm to detect the soret bands of vanadyl porphy-

rinse The extraction and analysis procedure was repeated three times 

for each oil. Figures 2-5 show typical SEC results and Figure 6 is a 

calibration curve for the HPLC-GFAA. Following the usual procedure the 

asphaltenes were separated into four fractions by molecular weight: 

greater than 2000, less than 2000 but greater than 900, less than 900 

but greater than 400, and less than 400. The third fraction is assumed 

to be rich in vanadyl porphyrins. Table 2 shows the asphaltenes com-

pared with the whole heavy crude. It can be seen that the percentage of 

vanadium in the less than 900, greater than 400 molecular weight frac-

tion is much lower for the asphaltenes. This does not mean that there 

are less porphyrins in the asphaltenes, but may indicate that the 

asphaltenic porphyrins are incorporated into larger complexes since 

there is intense visible absorption in the highest molecular weight 

fraction. 

The pentane soluble, malthene, fractions of the oils were vacuum 

distilled to remove the pentane and then dissolved in methylene chloride 

for HPLC-SEC-GFAA analysis. The bottom line of Table 3 shows the molec-

ular weight distribution of vanadium in the malthenes. Figures 7-10 

show typical vanadium distributions for the malthenes of the four oils. 

By comparing the asphaltenes and malthenes with their whole oils, it can 

be observed, in general, that the asphaltenes are richer in the high 

molecular weight vanadium compounds and the malthenes are richer in 
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vanadium in the two middle molecular weight ranges. The heavier vana

dium concentrations in the very highest and very lowest molecular weight 

fractions of the asphaltenes conforms well with the concept of asphal

tenes as large molecules with smaller molecules encapsulated within 

them. It is also interesting to note that Boscan crude, which has the 

highest asphaltenic vanadium concentration of the four oils studied, has 

an asphaltenic vanadium distribution which is very similar to the vana

dium distribution of the whole crude oil. The four oils can also be 

divided into two groups: high asphaltene oils, including Boscan and 

Cerro Negro, and low asphaltene oils, including Wilmington and Prudhoe 

Bay. The high asphaltene oils have similar molecular weight distribu

tions of vanadium in their asphaltenes and whole oils and have similar 

percentages of vanadium in the highest and lowest molecular weight 

ranges of the asphaltenes. The low asphaltene oils have more extreme 

variations in vanadium distribution between the asphaltenes and the 

whole oils and have significantly greater vanadium concentration in the 

greater than 2000 range than in the less than 400 range. The second 

feature is especially pronounced in the lowest asphaltene oil, Prudhoe 

Bay, which has 57 percent of its vanadium in the greater than 2000 range 

and only 17 percent in the less than 400 range. 

Work has also been done on attempts to isolate vanadyl porphyrins 

from the asphaltenes. Following a procedure similar to that used by 

several other researchers, theasphaltenes were dissolved in xylene and 

extracted with a pyridine-water solution (Figures 11 and 12). The 

extracts have a strong absorbance at 408 nm, which is typical for vana~ 

dyl porphyrins. Of the four crude oils, only Boscan and Cerro Negro 
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gave extracts with sufficiently large vanadium concentrations to make 

GFAA analysis possible. Analysis suing the HPLC-SEC-GFAA combination 

showed that a substantial portion of the vanadium compounds present in 

these two extracts were at a molecular weight too small for porphyrins 

(Table 3). Further analysis with a second HPLC system equipped with an 

amino-cyano column and a rapid scanning UV-VIS detector has established 

the presence of several vanadyl non-porphyrin compounds in the 

pyridine-water extract and future work will emphasize characterizing 

these vanadyl non-porphyrin compounds. When the Boscan extract was fil-

tered to remove particles insoluble in pyridine and water, a large 

enough sample was recovered to allow HPLC-SEC-GFAA analysis. As can be 

seen from Table 3 and Figure 13 the non-pyridine-water soluble vanadium 

compounds are concentrated in the greater than 2000 molecular weight 

range. 

Speciation of Vanadyl Non-Porphyrin in Heavy Crude Oils via HPLC-UV-VIS -----
Fast Scan Analysis 

A new detector has been acquired and has the potential of being 

able to help define the vanadyl non-porphyrin compounds thought to be 

present in large concentrations in most heavy crude oils. This detec-

tor, for our HPLC separated vanadyl compounds, is able to give UV-Vis 

spectra in the range of 190-700 nm for any compound or cluster of com-

pounds eluting from an HPLC column. 

We have used the fast scan detector to tentatively identify two 

vanadyl non-porphyrin compounds present in Prudhoe Bay and Boscan crude 

oils. By comparing the retention times of the authentic vanadyl non-
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porphyrin compounds, 1 and 2, with those in the crude oils and also com
z- :z-

paring their respective UV-Vis spectra, we have been able to ascertain 

their possible presence in these heavy crude oils. 

:1. 
"..." 

The obvious importance of this HPLC detector in future speciation 

studies can be seen in these preliminary results. In addition, we have 

connected the fast scan detector to the Apple II computer for on-line 

acquisition of the recorded UV-Vis spectra and will report on this in 

subsequent papers. 

Future Work 

We are concentrating on the polymer-bond catechols for initial stu-

dies with both methyl- and phenylarsonic acids. These studies will be 

eventually extended to removing these compounds from shale oils. 

The speciation of vanadyl non-porphyrin compounds in asphaltenes 

from heavy crude oils and the oils themselves are continuing. 
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TABLE 1 

Wt. % of 
ppm V in ppm V in Asphaltene % of Total V 
Crude Oil Asphaltene in Crude in Asphaltene 

Boscan 1100 4310 25 98 

Cerro Negro 560 1680 20 60 

Wilmington 49 422 6.2 53 

Prudhoe Bay 19 280 2.9 43 



TABLE 2 

Vanadium Distribution in Whole Crude Oils, Asphaltenes, and Malthenes 
(by % of Vanadium in whole sample) 

BOSCAN CERRO NEGRO WILMINGTON PRUDHOE BAY 

2000 900 2000 900 2000 900 2000 900 
>2000a 900 400 <400 >2000 900 400 <400 >2000 900 400 <400 >2000 900 400 <400 

Whole Crude 28 20 23 29 31 22 20 26 31 29 23 17 28 23 19 30 
Oil 

Asphaltene 33 19 19 29 34 16 26 34 37 16 27 30 56 15 12 17 

Malthene 29 24 27 21 33 26 25 16 18 32 32 17 23 34 30 13 

a 
molecular weight 



TABLE 3 

Vanadium Distribution in Pyridine-Water 
Extracts of Asphaltenes 

Vanadium distribution by MW (% of total V) 

Sample >2000 <2000 <900 <400 
>900 >400 

Boscan Extract 4 18 39 39 

Cerro Negro Extract 4 20 36 40 

Boscan Filtrate 54 24 12 10 
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Figure 6 

SEC CALIBRATION CURVE: 50 A 
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