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Abstract
Molecules that are probably derived from alkaloids have been

found in the extracts of the subbituminous and lignite Argonne
Premium Coals. High resolution mass spectrometry (HRMS) and
liquid chromatography mass spectrometry (LCMS) have been used to
characterize pyridine and supercritical extracts. The supercritical
extraction used an approach that has been successful for extracting
alkaloids from natural products. The first indication that there might
be these natural products in coals was the large number of molecules
found containing multiple nitrogen and oxygen heteroatoms. These
molecules are much less abundant in bituminous coals and absent in
the higher rank coals.

Introduction
The organic nitrogen functionality found in coal is important in

processing and in combustion. There have been a number of studies
of nitrogen in coals, especially on coal liquids, tars, and extracts, The
nitrogen in the Argonne coals has been studied directly using XPS.’
They found that the amount of pymolic nitrogen was essentially rank-
dependent at approximately 60%. The remaining nitrogen is either
quatemary or pyridines, with the quatemary disappearing in the
higher rank coals. An N-aromatic fraction of extract of the Argonne
coals has been examined by GCMS.2 They observed alkylated
azanaphthalenes and azaphenanthrenes and carbazoles. Stmctures
with greater than 5-rings were not observed, which may be due to the
low volatility of the larger compounds. In resorption high resolution
mass spectrometric analysis of the pyridlne extracts, we found that
the ring size for nitrogen compounds were consistently larger than
any of the other classes of aromatic compounds.3 Flaig has discussed
the conversion of proteins into aromatic nitrogen compounds.4
However, there is evidence that biological transplanted proteins,
alkaloids, may contribute significantly to the number of nitrogen
compounds in low rank Coals.s Previous work5 examined pyridine
extracts of the Wyodak subbituminous coal (APCS #2). In this
paper, a supercritical method, which has been devised for extracting
alkaloids, has been applied to the subbituminous coal. The extracts
were analyzed by high resolution mass spectrometty.

Experimental
A complete description of the Argonne Premium Coal Samples

has been published and is available via the intemet at:
http://www.anLgov/PCS/pcshome.html. Analytical data on the coals
and pyridine extracts have been reported.3 Resorption electron
impact high resolution mass spectra (DEIHRMS) are taken on a 3-
sector MS-SO. Samples are heated on a probe from 200 to 700 ‘C at
200 “Chin. directly in the source. Precise mass measurements are
averaged from scans over the entire temperature range. Formulae are
assigned and the data sorted via a procedure developed in this
program. High resolution mass spectrometry data is sorted by both
heteroatom content and by hydrogen deficiency, which is also termed
double-bond equivalents (dbe). From hydrogen deficiency, the size
of aromatic clusters can be estimated.

SFE Extraction of APCS #2. The coal was mixed -1:1 with
Celatom (flow rate 800, clarity 965). The coal weighed 22.2 g and
the Celatom weighted 25.5 g. This was mixed thoroughly. A

quantity of 107.88 mg of the mixture was placed in a 5 ml extraction
vessel that contained a Celatom plug to prevent coal from clogging
the 0.5 ~m frit. It was found that by mixing the coal with Celatom,
there is a more uniform extraction of the coal without interference
from the Celatom.

The SFE used was an Isco 220 extractor with two 100 DX
pumps. The system is capable of independent use with either pump,
or in combination for modifier addition to C02. This extraction used
10% MeOH as the modifier.’ The coal was heated to 60 “C and the
pressure was brought to 250 atmospheres. It was then extracted for
120 min. with 10% MeOH in C02. This was followed by a cleanup
step using 1009Z0COZ at 250 atm. for 120 min. Once the vessel
cooled, it was weighed. The loss of weight was calculated at 18.64 g.
An extraction efficiency of 17.28% was calculated.

Results and Discussion
The distribution of heteroatoms in the supercritical extract

suggests that these molecules contain both nitrogen and oxygen and
are likely formed from proteins or transformed from alkaloids. The
data shown in Figure 1 supports this theory in that while nitrogen
containing molecules represent 9.5 mole YO of total identified,
molecules containing both nitrogen and oxygen account for 29 mole
% of the total. Overall, nitrogen compounds account for a significant
part of the volatile fraction for the extract. Of all nitrogen containing
moleeules, those that have nitrogen and oxygen me the most
abundant. In this set of data, molecules with dbe of 7 and 8 are the
most abundant (F@tre 2a). The distribution of these molecules (dbe
7 and 8)as a function of carbon number is shown in Figure 2b. These
are relatively large molecules with carbon numbers of 23-40. Wh.h I
these hydrogen deficiencies and carbon numbers, it is likely that
these are multi-ring alicyclic partially aromatized molecules. Also, it
is interesting to note that the most abundant set of moleeules with two
nitrogen and one oxygen has a dbc=8, a formula of C24H3&J20,and
yield of 0.97 mole%.

Figure 1. Distribution of Melecules Containing Heteroatoms
Determined by HRMS. RECEIVED

Fuel Chemistry Division Preprints 2001, 46{ 1), .m.tx

JAN O 52001

i?xiT#



a.

1.5-

s
~ 1.0-

z

0.5-

0.0
■ -!~..!.

o 5 10 15 .?0 25 so 35

DBE

0.2sIn-DSS7
-0SS8

0.2U

8
~ O.*5

2

0.10

0.05

O.cmM

10 ts m 25 33

Carbon #

35 40

Figure 2. HRMS Analysis Results. (a) NO Distribution by
Hydrogen Deficiency, (b) Comparison of Carbon Distributions for
NO Compounds with Selected Hydrogen Deficiencies.

Conclusions
The evidence suggests that the parent structure alkaloids present

during diagenesis survive intact through the coalification process.
This is supported by the large array of molecules found in the coal
extracts that contain multiple nitrogen and oxygen furrctionalities.
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