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SUMMARY

This program, Development and Evaluation of Supercritical Fluid
Chromatography/Mass Spectrometry for Polar and High-Molecular-Weight Coal
Components, is funded through DOE Office of Fossil Energy, Advanced Research
and Technolaogy Development Branch, Morgantown Energy Technology Center. It is
aimed at the development of néw analytical technologies for the
characterization of previously intractable complex mixtures. The specific
goals of this program are twofold: 1) to develop and evaluate a combined
high-resolution, capillary column, supercritical fluid chromatograph/high-
performance mass spectrometer (SFC/MS) that is capable of analyzing high-
molecular-weight materials, such as polar and heavy-end components found in
coal conversion processes; and 2) to use this system to develop and evaluate
analytical technology applicable to coal process development technology.
Polar fluid systems most appropriate for polar and heavy-end materials will
2lsc be developed and evaluated. This program is expected to provide a
greatly improved characterization of compiex high-molecular-weight and polar
materials, and to determine the feasibility of using SFC/MS methods for on-
1ine characterization of coal conversion processes. The effort includes
evaluation of quantitative instrumental approaches. of various ionization
modes, and of tandem mass spectrometric techniques for analyzing individual
components in complex mixtures. The effort will define the range of
applicability and utility of high-performance SFC/MS methods.

During FY 1987, technical progress toward the programmatic goals of
developing and evaiuating SFC/MS for the analysis of higher-molecular-weight
compounds was made in the following areas:

« Studies have been conducted to characterize the performance of the
supercritical filuid chromatograph-mass spectrometer interface, and
several modifications have been made to the probe, ion source, and
associated hardware tc improve performance and operator safety.



» Methods have been developed that allow the mass calibration of the
magnetic sector mass spectrometer to 1400 daltons using desorption
chemical fonization.

« The properties and range of utilities of polar and polar-medified, mixed
fluids have been investigated with the magnetic sector mass spectrometer
and with two types of guadrupoie mass spectrometers. The polar fluids
included ammonia and methylamine:; the polar-modified fluids included
carbon dioxide modified by the addition of small percentages of 2-
propanol and acetic acid,.

+ Methodologies have been improved for fabricating capillary columns with
bonded, crosslinked stationary phases that are suitable for use with
polar fluids.

» Cgal-derived materials and fossil-fuel-derived sediments have been
investigated with supercritical fluid chromatograph/mass spectrometry and
supercritical fluid extraction/mass spectrometry. Microbore packed
columns coupled to a modified mass spectrometer interface allowed the
chemical class fractionation of relatively polar complex mixtures derived
from coal Tiquefaction.
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NTR TION

STATEMENT QF ORIGINAL OBJECTIVE

The Development and Evaluation of Supercritical Fluid Chromatography/
Mass Spectrometry for Polar and High-Molecular-Weight Coal Compconents program,
funded through the U.S. Department of Energy’s Morgantown Energy Technology
Center, is aimed at the development of new analytical technologies for the
characterization of previousiy intractable complex mixtures. Qur specific
goals are twofold: 1) to develop and evaluate a combined high-resclution,
capillary column, supercritical fluid chromatograph/high-performance mass
spectrometry (SFC/MS) instrument that is capable of analyzing high-molecular-
weight materials, such as polar and heavy-end components found in coal
conversion processes; and 2) to use the SFC/MS instrument to develop and
evaluate analytical technology applicable to coal process development. Polar
fluid systems most appropriate for polar and heavy-end materials will also be
developed and evaluated. This program is expected to provide a greatly
improved characterization of complex high-molecular-weight and pelar
materials, and to determine the feasibility of using SFC/MS methods for on-
line characterization of coal conversion processes. The effort includes
evaluations of quantitative instrumental approaches, of various ionization
modes, and of tandem mass spectrometry techniques for analyzing individual
cemponents in complex mixtures. A long range objective is to define the range
of applicability and utility of high-performance SFC/MS methods.

PROGRAM DESCRIPTION

The project can be conceived as having three distinct phases of
instrument development, a phase of development and evaluaticn of capillary
column technology. and a phase of development and critical assessment of
analytical potential. The following instrument development phases are defined
here and described in the following paragraphs: 1) design and fabrication of
the supercritical fluid chromatograph, SFC/MS interface, mass spectrometer ion
source, and any modifications of the mass spectrometer to allow compatibility;



2) performance evaluation of the instrumentation using supercritical fluids
and test compounds of varying polarity; and 3) use of the instrumentation to
develop analytical methodologies for the characterization of previously
intractable components of complex mixtures, with an initial emphasis on the
analysis of coal conversion materials.

As part of the instrument design and fabrication phase, information was
first obtained from the successful interfacing of supercritical fiuid
chromatographs to guadrupole mass spectrometers. That information was used as
a basis for the design of & chreomatograph and interface suited to the
additional demands imposed by a magnetic sector mass spectrometer. The
magnetic sector, high-resolution mass spectrometer was chosen as the detector
because of its extended mass range [up to 7000 atomic mass units {amu)], high
resolution capability, sensitivity for higher masses, and potential for
characterization of individual components in compliex mixtures by tandem mass
spectrometry technigques,

The instrument evaluation phase commenced during the design and
fabrication phase, and results from theé evaluation were used to further modify
the instrumentation in order to improve performance. The instrumentation
evaluation proceeded from the analysis of relatively nonpolar compounds, such
as alkanes and polynuclear aromatic hydrocarbons, using nonpolar supercritical
fluids such as pentane and carbon dicxide *(CO2), to the analysis of relatively
polar components of higher molecular weight using more-polar fluids, such as
methanol and ammonia, and polar-modified fluids, such as 5% Z2-propanol in CO2.
During this phase of the project, the instrumentation was also used to aid in
the development of capillary column technclogy aimed at producing stationary
phases and bonded-phase columns suitable for use with polar fluids. This
column technology development and evaluation phase will continue beyond the
instrument evaluation phases, for the 1ife of the project.

After the instrumentation had been sufficiently developed, the analysis
of higher-molecular-weight and polar materials from a variety of sources
commenced. The sample sources included, but were not Timited to, heavy-end
and refractory materials from coal conversion processes, which have proved



intractable by conventional analyses. Where possible, the results are being
compared with those from other forms of anaiyses to determine the extent of
the anticipated enhanced level of characterization. Other materials to be
examined will include those of special interest to other Department of Energy
programs, This phase will include the development of analytical methodologies
for the characterization of a wide variety of materials, and will serve to
define the role and limitations of the SFC/MS technologies. The resulting
knowledge will be used to critically assess the role that SFC/MS and related
technologies might have in on-line process monitoring, and will aid in the
design of such monitoring systems.






TECHNICAL PR

The technical progress of the third full year (months 32-43) of this
program, from the end of FY 1986 to the end of FY 1987, will be reviewed in
this annual Technical Progress Report for FY 1987. Following an
"Experimental” section, which provides details for the general types of
experiments, the progress achieved is discussed in the "Results and
Discussion™ section., This latter section includes plans for the next quarter
and an assessment of future progress.

EXPERIMENTAI

Experiments have been conducted with three types of SFC/MS instruments,
a VG ZAB-2F mass spectrometer (VG Analytical, Inc., Manchester, England), an
Extranuclear single quadrupcle mass spectrometer (Extrel Corp., Pittsburgh,
Pennsylvania), and an Extranuclear triple quadrupole tandem mass spectrometer.
The ZAB-2F system has been the primary vehicle of research for this program,
and was used to conduct most of the experiments aimed at improving the
chromatograph-mass spectrometer interface, extending the mass range of
calibration, and characterizing fossil fuels by direct fluid injection (DFI)
and by SFC coupled with MS detection. The singlie quadrupcle imstrument was
equipped with a high flow rate interface, and this instrument was used for
experiments in which fossil fuel materials were analyzed by SFC/MS with a
packed microbcre column. The tandem quadrupole instrument was used in
supercritical fluid extraction (SFE) experiments.

A VG ZAB-2F mass spectromefer, equipped with an ion scurce modified feor
supercritical fluid introduction and interfaced to a supercritical fluid
chromatograph, was operated in the chemical ionization (CI) mode for aill
experiments, using anhydrous ammonia (Matheson Gas Products, Inc., Newark,
California) as the CI reaéent gas. The mass spectrometer, ion source,
supercritical fluid chromatograph, and interface designs have been previously
described (Chess et al. 1987; Chess and Smith 1986). Total ion source chamber
pressure, including reagent gas and effluent from the direct fluid injection



(DFI) interface, was approximately 1x10-4 torr, corresponding to a pressure of
approximately 0.8 torr in the jon source volume, as later measured directly by
a Baratron® capacitance manometer (MKS Instruments, Inc., Burlington,
Massachusetts). Supercritical fluid flow through the DFI interface to the
restrictor was maintained for all experiments, including those in which the
samples were introduced by direct probe, to determine what effect the effluent
would have on the ammonia CI mass spectra and tc maintain the same jonization
conditions for different types of sample introductions.

Samples of polyethylene glyccel (PEG, Aldrich Chemical, Milwaukee,
Wisconsin) of average molecular weight (AMW) 600, 1000, and 1500 were prepared
at a concentration of about 0.1% by volume in dichioromethane {Burdick and
Jackson Laboratories, Inc., Muskegon, Michigan). For experiments using
desorption chemical ionization (DCI), 3-pL aligquots of the solutions were
placed on the platinum wire of the DCI probe/emitter and the solvent allowed
to evaporate at room temperature, in air, prior to insertion into the DFI/DCI
ion source. The electrical current appiied to the platinum wire was gradually
increased until mass spectra of the PEG samples were obtained. For the PEG-
600 this current was approximately 730-830 mA, and for PEG-1000 and PEG-1500
it was approximately 930 mA. In experiments using the unheated, solids inlet
probe, the PEG-600 and -1000 samples were introduced into the ion source neat.

For experiments involving DFI of supercritical fluids, a 5% (v/v}
mixture of 2-propanol (Burdick and Jackson) in carbon dicxide (SFC Grade,
Scott Specialty Gas, Div. of Scott Envircnmental Technology, Inc.,
Plumsteadvilile, Pennsylvania) was prepared by charging the syringe pump with
an appreopriate volume of 2-propancl and filling the remainder of the pump with
carbon dioxide. The CO0p was dried and purified by passing through an
activated charcoal and alumina adsorbent trap, with a 2-um particle filter,
before use. The SFC oven was maintained at 125°C {(calculated to be higher
than the critical temperature for this mixture), and the pressure was kept at
275 bar. A Valco Cl4W high-performance liquid chromatography (HPLC) injectign
valve (Valco, Inc., Houston, Texas), with a 0.06-pL injection velume, was used

® Trademark of MKS Instruments, Inc., Burlington, Massachusetts.









































































































T v FOR NEXT RTER A

The ability to obtain data on the polar hydroxy-PAC fraction and the
slightly less-polar NPAC fractions by using the microbore column SFC/MS
technique demonstrates the utility of this approach for the analysis of
hfgher-moTeCU1ar-weight and more-polar coal components. Results of these
preliminary experiments have indicated future directions for work on this
system, some which will be explored in the next quarter and throughout the
next fiscal year. Included among these endeavors are: use of alternative
HPLC-type stationary phases of varying chemical functionality to gain some
additional selectivity in the analysis of complex mixtures, including samples
of fossil fuels received from METC; use of other CI reagent gases to obtain
additional chemical information on the samples; use of other polar fluids or
fluid mixtures, such as CO0p-acetic acid, for microbore SFC/MS; and
determination of factors that control transfer of higher-molecular-weight,
more-polar and less-volatile materials through the HFR interface to the MS ion
source. These factors may include the following: restrictor heater
temperature, restrictor design and configuration, ion source and fluid
expansion regicn temperatures, fluid temperature and pressure, stationary
phase type, and fluid flow rate.

Other planned investigations include similar analyses on wider-bore
(100 um) capillary columns with thick stationary phase layers and with
splitless injection using the HFR interface. These techniques would allow a
greater sample loading for more dynamic range on a chromatographic column,
with greater efficiency than would & packed column when a long packed column
is used at a high fluid flow rate. The outcome could be improved separations,
yielding more detail concerning the chemical nature of components in the
compiex mixture. We will attempt pressure-programmed separations of the
complex mixtures on the microbore columns to improve the separations and to
increase the information derived from each analysis. A longer-range goal is
the use of triple-quadrupoie tandem mass spectrometry following the microbore
SFC/MS to cbtain informaticn on the chemical nature of samples or increase the
specificity of microbore SFC/MS analyses.

41



Also proposed for the next quarter is a more-formal evaluation of the
performance of the polished restrictors in comparison with cther types of
restrictors such as straight capillary restrictors, drawn restricters, and
frit restrictors. Each type will be tested with the same samples and under
the same conditions to determine how well each performs at allowing transfer
of higher-molecular-weight, more-polar materials with the use of modified
supercritical fluids.

Plans have been made to construct a discharge ionization ion source for
the mass spectrometer coupled to the HFR interface. This mode of ionization
may aid in the transfer/ionization of materials of very low volatility. The
evaluation of this jon source may begin next quarter, and other experiments

requiring this instrumentation would then be postponed.
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