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W. D. Shults

Director

The Analytical Chemistry Division -

of Oak Ridge National Laboratory
(ORNL) is a large and diversified
chemistry organization. As such, it serves

a multitude of functions for a clientele

that exists both in and outside of ORNL. |

These functions fall into the following

general categories.

1. Analytical Research, Development,
and Implementation. The division
maintains a program to
conceptualize, investigate, develop,
assess, improve, and implement
advanced technology for chemical
and physicochemical measurements.
Emphasis is on problems and needs
identified with ORNL and
Department of Energy (DOE)
programs; however, attention is also

given to advancing the analytical

INTRODUCTION

sciences themselves. This program is
composed of medium- to long-term
projects and is supported primarily

by the DOE. -

Programmatic Résearch,
Development, and Utilization. The
division carries qut a wide variety of

chemical work that typically involves

analytical research and/or

~ development plus the utilization of

analytical capabilities to expedite
programmatic interests. The effort

in this category comes from ORNL

and DOE programs and from Work

for Others agreements. Emphasis

here is on "applied" chemistry.

Technical Support. . The division

performs chemical = and

physicochemical analyses of virtually



all types.

methodology is an inherentpart of
this activity because of the variefy of
analytical problems that arise in a
multiprogram institution like ORNL.
Consultation, collaboration, and
special projects are involved. Much
of this work is short term in nature
and comes from other divisions and
programs * within ORNL, but a
signiﬁcant'fracticjn originates outside
of ORNL and involves the use of
talent and/or facilities in which the

division is particularly strong.

The Analytical Chemistry Division is
organized into four major sections, each
of which may carry out any of the three

types of work mentioned above.

Chapters 1 through 4 of this report

highlight progress within these four
sections during the period January 1 to
December 31, 1990. Chapter 5 contains
information about the division’s quality
assurance/quality control, safety and
training  programs. Chapter 6
summarizes the education programs,

which have grown in both magnitude and

importance. Supplementary professional

The development of

activities, publications, and presentations
are given in Chapters 7 and 8.
Dilring 1990, the division continued

to publish and present its work: 34

- reports; 67 proceedings and/or book

" chapters; 73 journal articles; 152

presentations. Some 279,438 analytical

determinations were performed.



[ 3}

- HIGHLIGHTS

The following e)icerpts hlghlight
some of the technical activities carried
out during 11990. They illustrate the
diversity - of | programs  within the

Analytical Chemistry Division.

Persistent spectral hole burning 1s a
laser processingltechnique in which a
normally  broad, smooth .'optical
absorption band is mod_ified to produce
sharp, narrow dips at certain wavelengths
If the dips are suff1crently narrow and
persist for long times the technique can
have potential applications in the area of
'hig\h density information storage. The
main difficulty in finding a practical

system to make use of this effect is that

the systems studied all require the hole_

burning to be done at very low
temperatures, —fl K We have recently
shown that dye molecules can be coupled
to an ensemble of spherical
m1cropart1cles to form a system with a

homogeneous linewidth determined by

xi

the optical Q of the particles and the
1nhomogeneous broadenlng determined
by the var1atlon in their diameter A
permanent spectral hole can be created
at a particular wavelength at room
temperature by photolyzmg the dye
molecules coupled to those spheres that
are optically resonant We are explor1ng

potential ' applicatlons of thlS

phenomenon

'In the course of studymg the mass
spectra resulting from the 1nteraction of
slow positrons ‘with _ large orgamc
molecules a time of)—{ﬂlg'ht | mass
spectrometer that has the capability of
samphng large source volumes was

b
. Our pos1tron 1onization

developed
studies require that the pos1trons and the
ions they produce be contained 1n a
Penmng trap of 10 cm length for long
periods of time (ca 100 milliseconds)
When the ions are accelerated out of the
trap for mass measurements t_he1r

starting positions with respect to the



detector may vary by as much as 15%.

xii

This problem is overcome by using an .,

accelerating field whose strength
increases linearly with distance from the
detector. When this condition prevails,
jons whose starting positions are farther
away from the detector 'receive more
acceleration than those that are'closer.
If“theinitial velocities of the ions are
negligible before the accelerating field is
4 arr1ve ‘at the

We

applied, all jons will

detector at exactly the same time.

have found this quadrat1c potential

spectrometer” to have great sensitivity

due primarily to the long collision path

and large volume of the source. This

device should have utility  for

conventional mass spectrometry as well as
‘positron ionization mass 'spectrometry.
A study has been performed with
our VG-9000 glow discharge mass
spectrometer in the dc discharge mode
which demonstrates

some unique

capabilities of this instrument.  One
important finding was that the precision
of isotopic ratio measurements was less
than 0.05% RSD for the major isotopes.
Accordingly, this approach can be
competitive with conventional thermal

ionization methods. We have also made

considerable progress in interfacing an rf

.source to the VG-9000 spectrometer

through a collaboration with Professor
R. K. Marcus and D. C. Duckworth of
Clemson University. A new electrical
biasing scheme has been des1gned and
1nstalled to 1solate the rf generator from
the spectrometer acceleratmg voltage
(8 kV). This eliminates problems with
ill-defined '

associated with the previous design.

arcing and ion energies
Mass spectra have been acquired with
the new biasing scheme and a modified
discharge cell design. Problems with rf
noise affecting the Faraday detector have
b‘een eliminated, and we are able to use
all aspects of the VG software. Work is
under way to characterize the sensitivity
of the rf discharge ion source for both
conducting and nonconductmg samples.
We initiated studies into the
possibility of using an electrodynamic
trap for characterizing microparticles by
laser ablation mass spectroscopy this year.
A charged particle, from hundreds of
microns in diameter to as small as a
single electron, can be confined in the
small volume of the trap. Because the
also be wused for

can

trap mass

spectrometric analysis, there is the




exciting possibility of trapping a'particle, -

ablating the ions from the particle with a

laser, and then generating a mass
spectrum of the ions left in the trap. It
was decided to first evaluate the laser
ablation mass spectroscopy technique on
particles as they fall through the trap. A
Nd:YAG laser is used to ablate- ions
from the-falling particles. = The trigger
pulse for firing the Nd:YAG laser is
generated with-a HeNe laser beam which
also intercepts the falling particle. We
have demonstrated . that all of the
hardware components function properly
when the particles fall through the trap
and' have begun to determine the
conditions fequiréd for trapping and
analyzing the ions ablated- from the
particles.

. We are developing and will apply
several spectroscopic and materials
characterization techniques to foster a
fundamental - understanding - of = film
growth by: chemical vapor deposition
(CVD) processes.

technologically-important materials * are

- Although many

synthesized : by this general family of
processes, little is known about the

details of the chemical and physical

xiil

mechanisms involved in film growth. We:
have elected to examine first the growth
of diamond films. ‘This material was
chosen: because of its imporfance and
experimental practicality. Diamond films
have unique properties (high thermal
conductivity, -hardnéss, and resistivity)
that make them attractive for a number
of applications. = This project is a
collaborative effort with staff from the
Metals and Ceramics and Fusion Energy
Divisions and is funded by the ORNL
Exploratory Studies program.

. 'A method has been developed to
determine the hyperfine splittings of two-
photon excited atomic levels using -two-
color resonance ionization - mass
spectrometry (RIMS). These states are
inaccessible from the ground state by
one-photon processes.  The method
involves pumping individual hyperfine
levels "of an intermediate state with ‘a
high-resolution diode laser and then
further promoting the atom to the two-
photon level with a tunable, pulsed dye
laser. An intracavity etalon is required
in the dye laser in.order to narrow its
spectral bandwidth

0.03 cm™

to approximately

Ionization results * from



nonresonant absorption of an additional
dye ‘laser photon. The overall two-

photon state splitting pattern s

assembled by piecing together the
individual spectra from the intermediate
hyperfine levels.  This method was
‘applied to the 30354 cm’ 'level of

lanthanium 138 and 139.

We. have demonstrated for the first

time the coupling of matrix-assisted laser
(MALD)

transform mass spectrometry (FTMS) as

desorption - and Fourier
a technique for -obtaining structural
information on compounds of very high
mass. By using a nicotinic acid matrix we
obtained peptide spectra with 266 nm
laser desorption (single shot or signal
averaged) that revealed reduced
fragmentation as well as an increased
the
molecular weight; i.e., M+H)*, (M+K)*,
and (M+Na)*. up to
Gramicidin D (mw 1882) could be
MALD.

different

abundance of ions related to

Peptides

ionized "softly" with

Examination of several
wavelength-matrix combinations indicated
that pyrazinecarboxylic acid with 266 nm
laser desorption and sinapinic acid with
355 nm strong

enhancement for the MALD FTMS

also  provided

xiv

experiments. Larger proteins such as
bovine insulin (mw 5734) did not reveal.
molecular ions with any matrix-
wavelength combination. Because these
compounds have been observed in
MALD TOF experiments, it appears that
these (M+H)* ions for these higher .
molecular weight compounds are being
generated, but are not detected in the
FTMS. - This may be due to poor ion
trapping and/or ion detection factors.
These limitations are presently ‘under
Initial investigations
MALD ' FIMS

technique is also well-suited for the

investigation.

indicated that the

characterization of low  picomole

quantities of normal and modified

oligonucleotides and provides a means of

probing the structures of ions in

remarkable detail. Both sequence and
isomeric information can be readily
obtained.

Gel electrophoresis is the most
commonly used sepération technique for-
such as and

biomolecules peptides

oligonucleotides, but a direct laser

desorption from gels has been limited by -
poor detection limits and interferences
from the gel matrix. We have developed
a method for

extracting  large



oligonucleotides from agarose gels which
promises to resolve these difficulties.
This method, called ‘"freeze-squeeze"
extraction, involves freezing the analyte-
doped gel with liquid nitrogen and
manually squeezing the gel to extrude
the interstitial liquid containing the
analyte. This method was used to extract

picomole quantities of small peptides and

oligonucleotides  from . the gels for_.

subsequent characterization by MALD
FTMS. Radiotracers were cmployed to
quantitate sample loading and recovery
from the gel and . indicated total
efficiencies of about 50%. Methods Have
also been developed for the isolation of
bigmoleculés from polyacrylamide gels
using electroelution téchniques.

: :As part of an ongoing project for

the National Cancer Institute to

investigate the effects of environmental

tobacco smoke and passive smoking, a
method fo‘r the rapid detection of
mérkers of exposure to tbbacqo smoke
was developed using the ion trap mass
spectrometer (ITMS). In this method,
1-.uL aliquots of untreated urine are

thermally desorbed directly into the

ITMS. Isobutane is used to selectively

ionize nicotine and cotinine, a metabolite

of nicotine, and fragments from collision- -
induced dissociation of the (M+H)" ions
of each éompound .'quéntitatfvely
monitored. D,etection limits  of
approximately 10 pg for each of these
semi-volatile: _comPounds_ are obtained,
with a linear dynamic range of. two to
three orders of magnitude.  These
detection limits are more than sufficient
for the study of urine from smokers with
no sample conce'nFration. Analysjé tim?e;_
is less than four minutes per sample. Io ,
improve quaptitativc méasurementsz
deuteratqd nicotii;e_énd cotinine are used .
as in_ternal_stgndar.ds’. Analysis of an
EPA/NIST Reference Material, | :8444,}
demonstrated that the direqt, savp\lplv‘ing‘
method. has excellent accuracy and
precisioh. Additional pilot studies were
also conducted on the rapid qg‘:\tiecﬁqq of
other 'nicbtiné _ metabolites, fnch_;dir;g ’
nicotine-N-oXide and 3-hydrox§'rcotinih¢.- _
These studiés | indiéateq N »that;. ‘thiqs,‘
technique has promise fér more 11.);012)11',:
and less volétile compounds,‘ A‘ si@ilér
sampling approach has ‘bAeex_l_uséd.__ té
detect a var}ety ;of: drugs 1n ufinc,
including cocai.ne', COdgine, phenobarbital,
tetrahydrocannabinol, amphetamine, agd,

methamphetamine. The detection limits



for these drugs are at or below levels

- required for drug screening purposes.’

Additional work is being conducted with
other drugs and other matrices at
present. ' o

" Electrospray ionizationl was
investigated for its utility for analysis of
porphyrins. ‘A number of different types
of pof'phyrins including free-base and
metal porphyrins containing alkyl, acid,
ester, and/or hydroxyl functionalities were
studied. For all the porphyrins
investigated, hematoporphyrin IX and
hematin being exceptions, only the
moleéular species wére observed when
using the apprdpriate focusing and ion
injection parameters. We found that the
solvent system from which the porphyrins
are sprayed plays a role in determining
the molecular species observed for some
porphyrins. The molecular species
observed from the vanadyl porphyrins,
for example, was either M*, (M+H)* or
(M+Na)* depending on the solvent
system. In the case of free-base
alkylporphyrins such as etioporphyrin-III,
the protonated molecule was observed
regardless of the solvents used. To our
knowledge, this is the first report of

radical cation formation  using

.
electrospray ionization. The qubantity of
material hecessafy for detection of a
pbrphyrin in a single scan ("figure of
merit") was in the low femtomole range
for all porphyrins studied indicating the '
potential utility of the ES/ATMS
combination ‘in analytical studies of
porphyrins.

YLast. year we ‘reported the
development of a mixed mode reverse
phase/anion exchangé high performance
liquid chrbmatography (HPLC) method
for the determination of explosive
compounds and trinitrotoluene (TNT)
metabolites.  This method has been
extensively applied this year. Our
analytical procedure for aqueous
leachates and soils or composts was
subjected to the U. S. Army Toxic and
Hazardous Materials Agency Level 1A
Certification. It now is being applied to
the analysiS of explosives processing
wastes composts and their EPA Synthetic |
Precipitation Leach Test leachates. The
composts are from a field composting
experiment designed to decontaminate
lagoon sediments at the Umatilla Army
Depot. Considerable biotransformation

of the TNT to monoamino derivatives is

being observed. The leachates and also



organic solvent extracts are being tested

for bacterial mutagenicity and aquatic

toxicity by collaborators in the Health

and Safety Research and Environmental

Sciences Divisions. The HPLC analytical

method also has ‘been applied to 168

samples of deer quail and rabbit tissues

extracted by, other collaborators in the

Env1ronmental Sciences Division. No

xvii

explos1ves or TNT metabol1tes _were

found in .any tissues within a detection

limit of 0.1 mg/kg Surrogate standards
matrix spikes and blanks were extens1ver
used for quality assurance. .

Field analytical methods . are
becoming an increasmgly 1mportant
component of environmental restoration
activities. Work on fieldable
1nstrumentation has centered on the

development of SOlld sorbent sampling

spectrometer. When the ITMS is used

in the direct sampling mode, the majority
of the sampled stream is vented to

atmosphere

pOSSlblllty of collect1ng the vented.

material to allow for repeated or

confirmatory analysis fc llow1ng field

screening We chose to evaluate a resin .

combination for this work thus adoptmg .

We are examining the

for use with the ion trap -mass

the same philosophy as we previously
used ‘ior collection of air 'samples' with
the "original" triple s’orbent trap (TST).
The sorbent combinationevaluated was
Carbotrap C, Carbotrap, and Carbosieve
S-III. The ﬁrst two res1ns are classified
as graphitized carbon black and the third
resin is classified as a carbon molecular
sieve. The .combination of all carbon-
based »resin_s_ allows for heating of the
trap during thermal desorption to 350° C..
ThlS permits a faster and more complete
desorption For this evaluation we chose
parameters, where applicable, which are
used during actual ITMS water sample
analvses.v A_nalyte recoveries from spiked
water samples analyzed originally' on the
ITMS and reanalyzed from the sorbent
trap on the GC/FID system averaged ,
77% for a five- minute sample purge and
110% for a ten—minute sample purge, for‘

the 34 EPA target compound list (TCL) .
volatile organic compounds The results
of th1s preliminary  study are. very .
encouraging, and suggest that such a trap
could be used to ‘effectivelv'collect andr
stabilize volatiles purged from soil and/or
water samples in the field; then only
these small traps need be_ returned to the

laboratory for analysis.



Dufing the past year a major effort
was expended to develop a new set of
procedures to better measure
radionuclides in soil samples. A pressure
monitor was installed on our microwave
digestion system so that the pressure
within the vessels could be controlled

accuratély. With the monitor in place,

we are able to vary the number of .

samples that can be digested, the sample
size, and acid volumes without losing any
sample due to excess pressure within the
vessel. We can totally dissolve up to 5
grams of soil with a mixture of
hydrochloric,

nitric, and hydrofluoric

acids. Because of the complexity of the

soil matrix, we sought to improve our

separation scheme for radionuclides and
%S,

americium, and curium. We found that

plutonium, uranihum, thorium,
the ion-exchanger TRU-Spec is very
actinides and
all

elements. We also investigated another

selective for the

nonselective for almost other

material, Sr-Spec, which is s¢lective for

strontium. A soil dissolution adjusted to

approximately 3M in nitric acid can be
put directly through a column packed

with this material with

unbelievable results. Virtually all ions

almost

xviii

except strontium and the actinides pass
through the columns and 99+ percent of
the actinides can then be eluted with
very weak nitric acid.. The strontium
resin retains strontium and only a small
amount of barium from a solution
adjusted to approximately 3M in nitric
acid. The strontium can be eluted with
warm water.  These new-generétion
materials promise to improve both the
speed and efficiency of our procedures.
A most ‘important event in the
anaiytical support area this year has been
implementation of the  Toxicity
Procedure
(TCLP, Method 1311). This procedure

is to be applied to waste samplesv for the

Characteristic =~ Leaching

determination of "hazards" based on
toxicity. The test replaces, in large
measure, the dilution/extraction methods
used in the past, and greatly expands the
number of waste types which require
testing. The test is complex, expensive,
and labor intensive. The product of the
test is an extract, which is an aqueous
medium. The extract is analyzed for
volatile organics, semivolatile organics,
herbicides and

RCRA metals.

pesticides, the eight
Implementation of the

TCLP required much alteration  of



facilities and operations, plus the
acquisition of much new instrumentation.
Since there are types of wastes to which
the TCLP cannot be applied, including
oils, waste solvents, and large metal
pieces, we retain our dilution/extraction
systems for use where applicable.

The High Flux Isotope Reactor
(HFIR),

November 1986, began operating at low

which was shut down in
power at the end of January 1990 and
began routine operations at 85 MW in
May 1990. Considerable effort was
expended in getting our new neutron
activation analysis (NAA) facility at
HFIR into operation. Both pneumatic
tubes were brought into compliance and
the gamma spectrometry instrumentation
was upgraded. Much effort was put on
writing/translating a FORTRAN code for
NAA such that it can run on a PC-based
analyzer system.

A new inductively coupled
plasma/mass spectrometer (ICP/MS) was
received in December 1989 and made
operative in February 1990. An
electrothermal vaporization system was
acquired somewhat later in the year.
"Clean" facilities were developed for the

ICP/MS because of its extreme sensitivity

Xix

and broad applicability. The instrument
has proved to t)e extremety useful as a |
supplement‘ to and/or substitnte for
ICP/optical emission and graphlte furnacev '
spectrometers. We are evaluatlng the
use of ICP/MS for the determination of
uramum 1sotopes at the part- per- tr11110n
level in ur1ne _

+ The 1nstallat10n of a modern state-_-_
of-the-art ion mlcroprobe/mlcroscopevn
(CAMECA Instruments) during 1990 _
has provided the Analyticat vChemistry_v.
Division w1th 51gn|f|cant new capab111t1es>_
for research and analysis. The spec1f1c
attrlbutes of th1s 1nstrument that w111. '

open new areas for us are: 1) advanced .

imaging  capability in _ mlcroscope
mode with < 1 pm lateral surface .
resolution' 2) hlgh mass, resolutlon

(= 35 OOO M/AM) ) an on- ax1s y
electron gun that w111 allow ana1y51s of
1nsulator materlals 4) secondary electron H
1mag1ng of rastered areas; 5) a 250 nm
spot size cesium ion gun for probe mode
analysis; and 6) ultra-high vacuum in the
sputtering chamber that allows ppm or
lower analytical capability for the
elements C, H, O, and N. Acquisition of
has led to a new

this instrument

collaborative program with Chemistry



Division personnel, measuring isotopic
- ratios and rare earth elements in
geological samples. ’
Considerable progresé has been
made toward the preparatibn of a
monograph on the chemistry of
emﬁronmental tobacco smoke (ETS) for
the Center for Indoor Air Research
(CIAR). Special attention is being given
to respirable particulate matter, nicotine,
carbon monoxide, volatile organic
chemicals, trace organics (primarily
polycyciic aromatic hydrocarbons and N-
nitrosamines), oxides of nitrogen, and
formaldehyde. The principle objective is
to provide a comprehensive tabulation
and review of data generated in studies
of ETS exposufe. A secondary objective
is to provide background information on
smoke chemistry, sampling and analysis
methods and non-ETS sources of indoor
air contamiﬂants as an aid for future

research.




1. ANALYTICAL SPECTROSCOPY

J. A Carter

The Analytical Spectroscopy Section is composed of four groups: Optical
Spectroscopy, Inorganic Mass Spectrometry, Organic Mass Spectrometry, and Secondary
Ton Mass Spectrometry. The R&D efforts in each group are directed toward enhancing
analytical capabilities through new discoveries and developing a clearer understanding of
fundamental ‘physical processes tilat can be exploited into new instruinents or analytical
approaches for solving energy-related problems. Two significant accomplishments in laser
research involved (a) detection of a single molecule by laser-induced fluorescence (as few
as twelve molecules are suspended in a solvent drop in an electric field), and (b)-laser
ablation mass spectrometry of particles suspended in an ion trap. In'mass spectrometry -
R&D advances in the development of the utility of electrospray ionization ‘with ion trap

mass spectrometry have led to better techniques for studying high molecular weighi'
| compounds. The technique has also- been used. foi -inorganic analysis and liquid
chromatography coupled with electrospray. A CAMECA-4f instrument was acquired. to
increase capabilities in materials and - geological studies. A quadratic- potential time-of-
flight mass spectrometer was designed and demonstrated for positron ionization studies.
The VG-9000 DC glow discharge mass spectrometer-was used to obtain very precise
palladium isotopic ratios (£0.05%).

About 40% of the section’s research and development support is provided by the
Division of Chemical Sc\ience's of the Office of Energy Research, U. S. Departmént of
Energy. This effort, broad in nature, provides the technical base ftom which current and’

future spectroscopic needs are addressed. Another 30% of the section’s R&D funding



is about equally distributed among the DOE Offices of Safeguards and Security, Arms

Control, and Industrial Processes (OIP). In-line Sensors for an Electrolytic Magnesium

Cell is a new project for OIP and Dow Chemical Co. The balance of our effort is funded

by Laboratory divisions and programs, the Y-12 and K-25 plants, various interagency

agreements (FAA, ISPO/State, and IAEA), and other work-for-others contracts.

INORGANIC
MASS SPECTROMETRY

D. H. Smith

This group carries out both research
and support activities. This past year saw
a substantial turnover in personnel as
veterans retired and funding changes
caused other shifts. Research continued
in analytical applications of positrons,
HIXSE, and inorganic mass spectrometry.
Support work continued in various areas
of inorganic mass spectrometry; gas
analysis and isotope ratio work were
chief among them. !

This year saw the move of ‘two
instruments from Y-12 to space in

Building 5505. Funds are being sought

to renovate enough space in this building

to accommodate all our isotope ratio

operations.

Develo.pment‘ of an rf probe for use
in trace analysis with our glow discharge
mass spectrometer made good strides. It
is clear that the project will be successful
and provide a highly useful tool for trace
analysis of nonconducting samples. An
evaluation of this instrument’s ability to
measure isotope ratios was - highly
encouraging and has stimulated us to
consider a more thorough investigation.

Interest in using positrons as an
ionization technique for mass
spectrometry led to development of a
novel mass spectrometer, dubbed a
quadratic  potential time-of-flight
instrument. The source of this
instrument focuses ions from relatively
large volumes; normal mass spectrometers
focus ions from only very small volumes.
It has been used to continue our studies

of positron ionization phenomena.



HIXSE research continued to
advance. It was found to be sensitive to
small changes in the subsurface
environment difficult or impossible to
detect via other means. There is
evidence to suggest that HIXSE can
detect any impurity ion in any matrix.
Due to reductions in funding, the HIXSE
project was terminated at the end of the

fiscal year.

| Glow Disscharge
- Mass Spectrometry

Considerable - progress” has been
made in interfacing an rf glow discharge
source to :the .VG-9000 mass
spectrometer through a collaboration

with Professor R. K. Marcus and D. C.

Duckworth .of Clemson University. The :

mass spectrometer was successfully
moved to Building 5505 at ORNL, thus
allowing more ready access by uncleared
personnel; Duckworth is now working
full time on this project. A new
electrical biasing scheme has been
designed and installed to isolate the rf

generator from the mass spectrometer

accelerating voltage (8 . kV). - This

eliminates problems with arcing and ill-
defined ion energies associated with the
previous design. Mass spectra have been .
acquired with the new biasing scheme
and a modified discharge cell .design. .
Problems with rf noise affecting the
Faraday detector have been eliminated, .
and we are able to use all aspects of the -
VG software.. Work is under way to- .
characterize - the sensitivity of the. rf
discharge ion source for both conducting .
and nonconducting samples such as NIST .
Multicomponent Glass.

A study has been performed with
the VG-9000-in the dc glow discharge-
mode which demonstrates. the unique :
capabilities . of this instrument. ... The-
samples were Pd metal rods which had
been electrolytically charged .- with
hydrogen and deuterium. A sample
which had undergone a prolonged
electrolysis and had exhibited both excess
heat generation and- neutron.;production
was studied first to see if the isotopic
composition - -of Pd --had -.changed
compared to the - starting -material. -
Significant isotopic differences were seen'.
which. subsequently were found to .be a
result of palladium hydride and palladium

deuteride ion interferences. Heating of .



the sample in air to 800° C removed the
entrained gases and restored the isotopic
values to those of the starting material.
The precision of ° isotopic ratio
measurements in this study was less than

0.05% RSD for the major isotopes, thus

making this method competitive with

conventional thermal ionization methods,
especially for elements which are not
easily determined by thermal ionization
mass spectrometry. In addition to the
high precision isotopic measurements, the
high mass resolution capabilities of the
instrument were utilized to study the
effect of hydride and deuteride

interferences on the Pd isotope peaks.

D. L. Donohue

A Quadratic Potential Time-of-Flight
Mass Spectrometer (QP-TOF)

In the course of studying the ion.

spectra resulting from the interaction of
slow positrons with large organic
molecules, it has become necessary to
devise a time-of-flight mass spectrometer
that has the capability of sampling large

source volumes. The nature of the

positron ionization studies requires that
the positrons and the-ions they produce
be contained in a Penning trap of 10 cm
length for long periods of time. When
the ions are accelerated out of the trap
for mass measurements, their starting
positions with respect to thedetector
vary by as much as 15%. This problem
has been overcome, and the effort has
resulted in a highly sensitive instrument,
of good resolution, that has utility for
conventional mass‘spectrometry as well as
the special application to positron
spectroscopy. A

The times of flight of ions can be
made insensitive to source volume size by
using an accelerating field whose strength
increases linearly with distance from the
detector. When this condition prevails,
ions whose starting positions' are farther
away from the detector receive more
acceleration than those that are closer.
If the initial velocities of the ions are
negligible before the accelerating field is
applied, all ions will arrive at the
detector at exactly the same time. For
discussion purposes in the next section,
as well as this one, we will review the
equations of motion of the ions. In

order for the acceleration field to vary




linearly with distance from the detector

the potential must vary quadratically
V = A% ‘ )

where z = ‘distance of ion irom .detector,

A = constant. o |
The acceleration 'of an ion is

proportional to the gradient of the

potential
 ddt = -(2Aeim)*z = ¥z ()

Where e/m is the charge mass ratio of
the ion, the g-quantity is defined in terms
of A, e,x'and m. The solution of the
equation' of motion and the TOF for an
. ion having zero initial velocity is:
(/Z) = Cos(@t) ~ TOF = n2g (3)
The T(jF is proportional to the square
root of the ion mass, as for conventional
TOF spectrometry, and that it is
independent of the Z, starting position.
Experimentally the quadratic
potential spectrometer (QP-TOF) has
been found to be very sensitive. At a
vacuum pressure of 7 E-6 Pa, using a

limited supply of positrons as ionization

particles the instrument served as an
excellent residual gas analyzer.‘ Water
and oxygen were the main background
components of the vacuum; their peak-
to-background signals were over 50:1.
Miscellaneous hydrocarbons were  also
detected in the vacuum background their
peak 1ntens1t1es 1nd1cated their partial
pressures to be less than 7 E- 7 Pa.

As will be described below, the main
application of this instrument.has been in
the study of mechanisms by which
positrons ionize large organic molecules.
This has required that pulses of positrons
be held in the Penning trap source
volume for extended periods of time. In
the work reported below, contact times
as long as 100 milliseconds have been
used. Effective collision path lengths
were more than 50 kilometers for these
experiments. The long collision path,
plus the ability to extract ions from a
large source volume are the main
contributors to the high sens1t1v1ty of
instrument. '

Mass resolution is limited by the
thermal velocities of the jons. Because
of heating by the Penning trap coils, the
positron experiments were done at

temperatures above 100° C. Intrinsic



resolution for this condition was
estimated to be one dalton for a mass of
135. Experimentally, the resolution was
found to be less than this, presumably
due to geometric aberrations.' in the
accelerating lenses.

~ Other possiblé applications of the

QP-TOF instrument include negative ion

spectroscopy (electron attachment), and

applications that require large source
volumes such as photon ionization and

ion production by electrospray.

L. D. _Hulett, D. L. Donohue,
T. A. Lewis*

*Instrumentation and Controls Division

A Practical Theorem for the

‘Bunching of Charged Particles

In the manipulation of charged
particles, and in mass spectrometry, the
ability to spatially bunch the particles is
often desirable. From the above
discussion on the QP-TOF spectrometer,
it is seen how a quadratically varying
acceleration potential can be used for

such a purpose. This method " is

commonly used in the brightness
enhancement of positrons. In the
designing of a bunching device the
experimenter often invests considerable
effort and expense in either building or
purchasing the pulser that applies the
voltage to the electrostatic lenses that
impose the acceleration field. = The
equations of motion, written above,>f0r
ion flights in the QP-TOF spectrometer-
imply that the accelerating potential must
‘be applied instantaneously as a square
wave. Perfect square waves are
physically impossible to achieve, and
‘clean’ équare waves with short rise times
require expensive electronics. Thus, it is
not only interesting but very good news
when the experimenter learns that a
perfect square wave pulser is not at all
necessary.

Let us modify the acceleration
potential equation (1) by inserting a

time-dependent function f(t):
V = f(t)*A*Z 4 (4)

where f(t) represents some arbitrary
pulse function. It can be any of the
types commonly put out by low-quality

pulsers, such as overshoot or undershoot.



Taking the gradient of equation (4) with
“respect to z and substituting it into the

equation of motion, we have:
2/t = -g*(t)*z (5)

Equation (5) can be solved as a Taylor
series. 'Applying the condition of zero

initial velocity, we have:
Z/Z, = 1 - (g%,)*t42 - (gf)*C/3! +...(6)

Where the f, quantities represent the n®
derivatives of _ the pulse function,
evaluated at t = 0. The initial starting
r)ositiorr, Z,, occurs to the first r)ower in
all terms of the Taylor series. Thus it
can be cdmpletely factored out, such that
the right hand side of the equation.is a
function of time only. This means that,
even if the pulse function has a slow rise
time, ‘the time of arrival of all charged
particles at z = 0 is the same.

The Traylor ‘series  solution ro
equation (5) is used for conceptual
demonstration oniy. The use of a
numerical integration algorithm, such as
the Ruhge-Kutté technique, is a more
practical method of treating equation (5).

Cases for which the initial velocity is not

equal to zero have been studied. It has
been found that, even if the rise time of
the pulse functilcz)‘n is greater than the
flight time of the particlés, there is little
aberration in the time required for the
particles to bunch atz = 0.

Equation (2) and its solution are of
identical form to equations for the
pendﬁlum and other simple harmonic
oscillators. It is commonly known that
the period of the pendulum is
independerit of its initiai dispiaé;:rrlent.
The QP-TOF épéctrometér/buncher

device is an electrostatic analog of the

pendulum, and therefore its _period

should also be ind'epehdent.'of the initial
displacement of the chérged barriqie.: :ft
does not ap‘pelar to be co—mrrlyquly kndwn,
however, that if the fbrcq Cépétéﬁt bf thé
‘pendulrxm’.has .a time depé-:rraér‘rcej 1t rvill

still retain the property that ﬂight times

to the z = 0 position are the same,

régardless of the initial dispiacgmeht. No
doubt this interesting bit of physics has
been discovered by some .earlier worker
We ﬁave searched '.t‘he li_térraturé and
have not yet formd this ’pversﬂoni. Since
tlre principle has Ahighv practical
importance, we féél that it is worth

pointing out to others. We are taking



advantage of the principle by
“economizing on the pulsers we use in

our spectrometers and bunchers.

L. D. Hulett, D. L. Donohue,
T. A. Lewis*

*Instrumentation and Controls Division

The Ionization of Large Molecules
By Low Energy Positrons |

The QP-TOF spectrometer described
above has been used in conjunction with
the ORELA slow positron facility to
continue studies of the mechanisms by
which molecules are ionized by positrons.
Positrons of 3 keV energy are delivered
to the entrance of the Penning trap,
where they are intercepted and
thermalized by a 100 nm single crystal
tungsten foil. The thermal positrons
diffuse from the interior of the foil to its
surfaces where they are ejected with
about 2.7 eV of energy. As the
positrons escape from the surface facing
the trap, the potential of the input grid
After the
positrons pass through the input grid its

is lowered to ground.

potential is restored, thus trapping the
positrons. The exit grid is at a fixed
positive potential. A magnetic field of
about 1 kilogauss is imposed axially on
the trap to prevent the lateral escape of
the positrons.

After allowing the positrons to
interact with gas molecules for the
desired period of time; the input grid is
lowered to ground potential again for
about 5 microseconds to allow remaining
positrons to escape. The thermal ions,
moving much more slowly, do not escape
to any large degree. It is necessary to
purge the remaining positrons from the
trap before the ions are accelerated out.
Otherwise, the positrons ionize water and
oxygen molecules in the rear of the
spectrometer and the background is
greatly increased. |

The walls of the Penning trap
consist of a string of cylindrical lens
segments. During the period in which
the positrons are interacting with the
molecules, the potentials of all of the
trap lenses are at ground. To accelerate
the ions out of the trap the lenses are
pulsed such that the entire spectrometer
is put into the quadratic potential

configuration. That is, the potentials of



all the lenses, inclusive of the trap, are

set to be proportiovna‘l to the square .of
their distanceé froni the ion detector
(microchénnél pléte). The ions in tﬁ_e
trap are accelerated past the exit grid‘
_and. into the fields of the rear lenses,
where they continue to be accelerated to

the detector.

Previous work, using the less

sensitive  spectrometer, showed that
ionization by positronium formation is a

universal mechanism for all molecules.

This mode of ionization involves the

ejection of an electron from the
mbleculé, followed by combination of the
positr’oni with the electron to form a
bound pair, having neutfal.charge. The
positronium particle has many of the
characteristics of an atom, including a

binding energy of 6.8 eV, exactly 1/2 that

of the hydrogen atom. The binding

energy of the positronium atom provides
part of the driving force for ionizing the
molecule. Therefore this process exhibits
a rapid increaée in cross section when
positrons are given energies above IP-
6.8 eV, where IP denotes the ionization
potential of the molecule. The
ionization potentials for the molecules

studied rangéd from 9 to 14 ev;

therefore, the positronium thréshqlds all
occurred at energies less than 10 ev. -
The greater sensitivity of the QP-
TOF spectrometer, and its al;)ility» to
retain positrons and reaction products‘ iﬁ
the Penning trap for Iong periods of
tifne, have niade it pds_sible_ to study
ionizatidn events fhat occur below the
positronium threshold. When thé initial
energies of the positrons injected ih the
Pehning trép exceed the poisitronium
threshold:'by only one or two eV, the
mass spe‘ctra, tend to have a high
percentage of unfragmented ions of the
parent molecule. =~ When the initial

energies of the positrons are less than

~ the positronium threshold, the spectra

ha{rg almost no parent molecule ions and
only ion fragménts aré seen. ‘The
distribufion_s of ion fragments in the
spectfa have é strong dependence on the
residence time of the positrons in the
Penning trap when the initial energies of
the positrons exceed tﬁe positronium
threshold.i For long residence times the
percentage of unfragmented parent ions
decreased by factors of 5 or more, and
the smaller fragments predominate.
Several molécules, decane, tetracthyl

siléne, tertiary  butyl alcohol,



nitrobenzene, toluene, and
bromobenzene, have been studied with
the QP-TOF = spectrometer, using
positrons‘with energies both above and
below the positronium threshold. For
the non-aromatic compounds it appears
that ionization processes occurring below
the positronium threshold tend to induce
moleculaf fragmentation.
dependence of the ion spectra suggests
that positrons are being degraded in
energy by collisions with the molecules,
and that when the lower €nergy positrons
ionize the molecules they induce
fragmentation.

At present, two mechanisms are
postulated by which ionization is believed

to take place below the positronium

threshold. One mechanism is referred to

as "in-flight", or "pickoff" annihilation,‘ in
which the positron passes sufficiently
close to the molecule for its wave
function to acquire a high degree of
overlap with one of the electron wave
functions. The cross section for this
process is believed to be rather low,
however. The other mechanism is
believed to involve attachment of the
positron to the molecule, analogous to

that of electron attachment. The

The time-
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attachment mechanism is believed to be
sufficiently slow to allow changes in the
atomic positions of the molecule to
accommodate the positive charge of the
positron. ~ When annihilation ﬁnally
occurs, the resulting ion should be in a
lower energy state and fragmentation
should be less likely to occur. The
ionization events taking place below the
positronium threshold appear to induce
a high dégree of molecular
fragmentation, and they do so with rather _
high cross sections. It appéars that one
or both of the two postulated models,
picko‘ff and attachment, will have to be
modified to account for our experimental
results. |

There is evidence that positron-
induced ion-molecule reactions occur in
the Penning trap. Tertiary butyl alcohol,
when ionized above the positronium
threshold,

loses a methyl

group,
producing predominantly the mass-59 ion.
Toluene, when ionized either above or
below the positronium threshold, always
produces the parent ion. The phenyl
ion, which would result from the loss of
a methyl group by toluene, is never seen
when only toluene is present in the

Penning trap. But when a mixture of



tertiary butyl alcohol and toluene is
present in the Penning trap, a significant
amount .of phenyl ion is generated.
There is also a higher-mass species
produced that appears to be a reaction
product of the t-butanol with the mass-
59 ion. - We conclude that the phenyl
ions are produced by a reaction of the
mass-59 ion with toluene molecules to
‘rob’ a methyl group. At present, we are
not able to explain how the higher-mass

species is produced.

L. D. Hulett, D. L. Donohue,
T. A. Lewis* B. C. Grant

*Instrumentation and Controls Division .

High-Resolution HIXSE Studies
of the Chemiqal Environment of Ions
Implanted in Insulator Matrices
often

Advances in technology

require  corresponding advances in
materials fabrication and characterization.
Perhaps the most publicized advance in
materials fabrication has been the ability
to engineer materials with improved or
physical properties

unique through

11

surface or  subsurface materials
modifications: e.g., ion implantation and
thin film formation. Future advances
will, in part, depend upon analytical
chemists to develop methods which can
characterize not only the elemental
composition of these novel materials but
also the chemical nature or bonding of
their constituents. An example -of a
difficult chemical measurement problem
is the characterization of a small change .

in the concentration profile of. a major

species in a complex sample. - Any

analytical technique chosen requires high
precision because the problem typically
reduces to . a comparison .of two large
numbers.  If the small change in:
concentration is limited to a narrow
spatial band below. the surface of -the
sample (for example, an ion-implanted -
layer), new or alternative approaches to
the analysis must be developed. .One
such alternative approach is to find a
chemical difference induced by the
localized change in concentration.  If a
chemical variation can be discerned, the
technique must also be able to probe the
narrow band without destroying that
This latter

chemical information.

requirement eliminates techniques which



rely on 'destructive depth profiling to
probe the subsurface variations in the
analyte profile. Heavy-ion-induced X-
(HIXSE)

spectroscopy, because it nondestructively

ray satellite emission
probes the near surface region (5-1000
nm) and yields chemical information, is
ideally suited for this task. HIXSE
combines the advantages of particle-
induced X-ray emission (PIXE), ie.,
being able to detect an element in almost
any matrix, with the ability to obtain
chemical information similar to electron
spectroscopy methods. "As part of our
continuing program to study the chemical
environment of ion-implanted species, we
have chosen to test HIXSE’s aBility to
solve this difficult chemical measurement
problem by observing changes in the
high-resolution HIXSE measurements of
implanted sulfur induced by co-imf)lanted
oxygen in an oxide substrate.

A series of optical-grade, quartz
glass targets were implanted with 70 keV
sulfur ions at 2.5 uA/cm? to doses ranging

from 2 to 8 x 10%cm?

séries with 70 keV sulfur and 35 keV

and another

oxygen ions co-implanted to equal

depths and dose at the Solid State

Division’s Surface Modification and

12

“over the entire dose range.

Characterization (SMAC) Facility. Each
sample was analyzed with 3 MeV He ion
scattering at the SMAC facility to verify
the sulfur dose, depth (90 nm) and
implant uniformity. An estimate of the
dose and depth of the implanted oxygen
was obtained. indirectly by SIMS oxygen
depth profiles of silicon wafers implanted
simultaneously with the quartz targets. A
24-MeV Si ion beam, extracted from the
Oak Ridge EN tandem Van de Graaff
accelerator, was used to excite the sulfur
X-ray spectra. Using the Oak Ridge
High-Performance X-ray Spectrometer
(HI-PER-X 200), high-resolution sulfur
KL" X-ray measurements were obtained.
A comparison of the sulfur HIXSE
spectra of the sulfur and oxygen samples
with the sulfur only targets reveals a
clear shift in the satellite intensity
distribution from higher-order to lower-
order satellites. This trend was observed
These
results are consistent with oxygen
increasing the valence electron density of
the local sulfur environment. An
increase in the valence electron density
will increase the L-vacancy refilling which
will be observed as a lower yield of the

higher-order (e.g., KL°) satellite lines.



These results not only demenstrate the
sensitivity .o‘f HIXSE to small changes in
the subsurface local chemical
environment but they also suggest that,
with an approptiate choice of an
implanted probe ion, high—resolution
HIXSE measurements may be capable of
detectlng not only atomlc oxygen in an
oxide matrix, but almost any impurity ion
in any matrlx, including matrices that
normally mask the 1mpur1ty

The program to study the chemical
‘implanted in

environment of ions

msulator matrices as a function of

concentratlon energy (depth), initial
charge state, deposition rate, substrate
matrix and spectator jons usmg heavy-
ion-induced X-ray satelllte ‘emission
(HIXSE)

terminated.

speetroscopy ' has be_en

T. M. Rosseel, J. P. Young, C. R. Vane*,
R. A. Zuhr**, R S. Peterson***

*Physics Division
*#Solid State Division
***University of the South, Sewanee,

Tenn.
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Safeguards-Related Projects

We participated in the CALDEX

experiment at the “behest ‘of the
International Atomic Eaergy Agency.
The goal is to evaluate the lutetlum
double spike technique developed in th1s
group some years ago for mdependent
verification of the fissile content of tanks;
the lutetium dpuble spike procedure is a
method for determining‘ the ameunt of
liquid actually in the tank at any given
The CALDEX experiment was

carried out at a German facility by

time.

German and British staff. Samples were
sent .to a number of laboratoties for
analysis. o ‘

Analysis of the samples is well under
way; we are using our VG-354 mass
spectrometer for this project so our
results will be directly comparable to
those of other 1aboratories: Problems
were encountered due to introduction of
NaCl to the solutions to simulate the
density expected at reproeessing plants.
Sodium is always bad news for the
thermal ionization process; it so reduces
ionization efficiency for the analyte
that . virtually

element analysis s

impossible. Another contaminant, as yet



unidentiﬁéd, had a similar effect. It was
necessary to develop a procedure for
separating lutetium from the species
inhibiting ionization. =~ This has been
accomplished, and mass spectrometric
measurements  are  now pfogressing

smoothly.

D. H. Smith, R. J. Hydzik,
J. M. McMahon, D. A. Bostick

Isotope Ratio Mass Spéctrometry

Collaboration with Professor George
Swihart of Memphis State University has
continued this year. The goal is to make
high precision isotopic ratio
measurements of boron from geological
samples. We are using a technique that

GCs,BO,* on

surface. This ion has isotopic masses of

generates the filament
308 and 309 (corresponding to boron
isotopes 10 and 11); use of such a high
mass reduces problems of isotopic
fractionation. Our goal has proven quite
elusive. We can reliably analyze about
half the boron samples loaded, an
unacceptably low fraction. VTemperature

control appears to be a highly critical
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parameter, and we are presently looking

into this aspect of the process.

E. H McBay, L. K Bertram?,
D. H. Smith

*Chemical Technology Division

Mass Spectrometric Support Activities

Mass spectrometric support for
various actinides activities has continued.
The final fuel pin of the joint US-UK
fully -

dissolved, and we are well along on the

aétinides program has been
mass spectrometric analyses fequired.
This pin is the most crucial in the series
of three. It has undergone very high
burn up (over 500 days at high neutron
flux) and presents a unique opportunity
as to the kind of information that can be
obtained.

A 1983 study of the uranium content
of pine needles from the area around the
Portsmouth Gaseous Diffusion Plant was
confined to one octant. This year we
were directed to analyze the remaining
seven octants. These samples had been

gathered in 1984 and had since been



stored in a freezer.

~ About 130 samples wereyanalyzed,
all but two of them evergreen needles.
No surprises were Hencountered;. all
samples were enriched in ’?SU,: and were
most enriched at those sampling sites
the plant,

nearest declining with

increasing distance from it. Isotopic
results are consistent with the mixing of
natural  uranium  (0.7% U) with
uranium enriched to over 90% 2U. No

sample had enough uranium in it to be

considered an ecological or health
hazard. |
We have continued to provide

support for the numerous programs that
require mass spectrometric analysis of
gases.  These are mostly for trace

constituents but we have prov1ded
1sotop1c analyses when requested We
hope to obtain a new instrument to fulfill
‘the not-too-distant

this function in

future. Our present mass spectrometer

was down one-third of the time in 1990.
L. K Bertram¥ R. J. Hydzik,

J. M. McMahon, C. A. Pritchard,
R M. Coleman, D. H. Smith

*Chemical Technology Division
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OPTICAL SPECTROSCOPY

| J. Michael l{anrsey

Single Molecule Detection

' 'We have been trying to detect slngle
molecules of thodamine-6G (R6G) dye in
droplets of glycerlne-water by laser-
induced ﬂuorescence The charged
droplets about 10 pm in drameter are
suspended in an electrodynamrc trap in
the beam of an argon ion laser. The dye
molecules undergo from  10° to 106
excitation- ermssron cycles durrng their
photochemical lrfetlme A small fractlon
of the ﬂuorescence is collected by a
GRIN lens in the ring electrode of the
trap and focused through approprrate
filters onto' a cooled photonrultlplier
We collect and count 200-400 photons
per dye molecule more than enough for
single molecule detection. Our actual
sensitivity has been limited by impurities
in the solvents. "

We have achieved a considerable
reduction in the size of our blank signal

by switching to HPLC-grade water as the

solvent with which the glycerol is diluted.



A recent series of measurements was
-made on droplets ranging from 13 to
28 um diameter with a dye concentration
of 17 pM in the sample droplets. The
fluorescence was excited by a 514-nm
laser beam with an intensity at beam
center of 300 W/cm?® At this intensity,
the fluorescence was observed to decay
due to photolysis of the sample with a
time constant of a few seconds. The
average number of photocounts per dye
molecule over a 20-s interval was 290
counts/molecule. The blank drbplets also
showed an initial Idecaying fluorescence
with an average of 210 counts/pL. This
photolytic decay shows that the blank
signal is not due to intrinsic emission
from the solvent, Raman scattering or
ﬂuorescehce, but rather from the
presence of impurity moleéules. An
estimate of our detection limit is twice
the variation of this blank signal, 150
counts/pL, correspohding to a signal-to-
noise ratio of 4 for one R6G in a one
pL droplet. We have expefimentally
observed as few as 12 molecules of R6G
under these conditions. A detection limit

in pure solvent can be estimated from

the blank noise measured after the
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impurities have been photolyzed. Twice

this- noise for a one pL volume
corresponds to less than 0.1 the counts

detected from a single R6G molecule.

W. B. Whitten, J. M. Ramsey, S. Amold*,
B. V. Bronk**

*Polytechnic Institute of New York
*+U.S. Army CRDEC

Persistent Spectral Hole Burnihg

at Room Temperature

Persistent spectral hole burning is a
laser processing technique in which a
broad,

absorption band is modified to produce

normally smooth  optical
sharp, narrow dips at certain wavevlengths.
If the dips are sufficiently narrow and
persist for long times, there are potential
applications in the area of high density
information storage. For example, a
semiconductor memory chip currently can
have roughly 1000 by 1000 separate areas
for electrical data storage, or 10° bits,
The switch to optical storage with.the

same spatial resolution with an additional



resolution of 1000 units in the spectral
dimension would increase the storage
capabi]ipy to 10° bits on a chip of the
same size. ,
Most_of the systems that have been
studied to apply this phenomenon rely on
atomic  or ‘molecular transitions of
>fun.dvamenta11y nar-row linewidth that have
Been inhomogengously broadened by the
environment in which the abéorbing
species i are Iplaqed, an amorphous
medium, for example. Thus, each of the
absorﬁing molecules will have its
_absorpﬁon line at a somewhat different
wavelength. If the sample is expoéed to
an intense laser >beam wifh a narrow
wavelength spread, and if there is a
physical or chemical way that the
molecules that absorb the laser light or
their enviroﬁment can be altered so that
fhey no longer ‘ab.sorb, the remaining
molecules will exhibit a spectrum with a
hole burnt at the laser wavelength.
‘The main difficulty in finding a
practical system to make use of this
effect is that the systems studied all
require the hole bufning to be done at
very low temperatures, ~1 K. We have

recently shown that dye molecules can be
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coupled to an ensemble of spherical
microparticles to form a system with a
homogéneous linewidth determined by

the optical Q of the particles and the

inhomogeneous broadening determined

by the variation in their diameter. A
permanent spectral' hole can Be created
at a particular wavelength at room
@gmperatﬁre by photolyz'ihg- the dye
molecules coupled toﬂthose spheres that
are optically resonant. The room
temperature width of the spectral hole is
deterr_ni_n_éd by the particle Q that can
surpass 10° for a-fre_e particle.

Our experiments were performed on

- latex spheres, 24 um in diameter, infused

with Nile Red dye. T_he fluorescence

_excitation spectrum of a large number of

these spheres (~2500) on a microscope
cover glass exhibits a broad peak

extending from 565 to 585 nm. If the

ensemble is exposed to an intense laser

beam (40 W/cm?) at a fixed wavelength
within this range for about 5 minutes,
subsequent excitation spectra now show

a sharp minimum at the wavelength of

the intense beam. Minima as narrow as

0.1 nm have been obtained.

We are exploring other potential



applications such as determination of the
size distribution of spherical particles

produced on space flights.

S. Amold* C. T. Liu* W. B. Whitten,
J. M. Ramsey, J. H. Blalock**

*Polytechnic Institute of New York

**U.S. Naval Academy Graduate Fellow .

Advanced Techniques
for the Chemical Characterization

of Microparticles

The purpose of this study is to

develop advanced methods for the

chemical characterization of
microparticles (particles less than about
100 um in diameter). The chemical
nature of a microparticle or the species
adsorbed on the particle can provide
important  information about the
environment from which the particle was
collected. The small size of the particles
and the small amount of material
required for analysis would also be
conducive to the subtle collection of
materials present in the environment.

We are currently invest;gating the
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possibility of using an electrodynamic
trap for characterizing microparticles by
laser ablation mass spectroscopy. The
ultimate goal is to levitate a charged
microparticle in an electrodynamic trap
with subsequent characterization by mass
spectrometric  analysis. A charged
particle, from hundreds of microns in
diameter to as small as a single electron,
can be confined in the small volume of
the trap. Because the trap can also be
used for mass spectrometric analysis, this
leads to the exciting possibility of
trapping a particle, ablating the ions from
the particle with a laser, and then
generating a mass spectrum of the ions
left in the trap.

We have modified the ion trap
electrodes of a commercial Finnigan
MAT Ion Trap Detector (ITD) to allow
for the introduction of particles and laser
beams into the internal volume of the

trap. The trap is a three-dimensional

quadrupole made up of three electrodes

‘with hyperbdlic surfaces having rotational

symmetry. The internal volume of the

_trap is about four cubic centimeters.

The ITD electronic system is used to
supply and control the rf scan vbltage for

mass analysis and to acquire the mass



analysis data. The original trap was
removed from the ITD and the rf .output
was interfaced with the modified trap in
a separate vacuum system. Tuning of
the rf coil is very sensitive to the
locat1on and conf1guratlon of the trap.
"However,y with some modification to the
rf coil and shielding of the rf lead to the
trap it was possible to tune the coil over
the entire mass range covered by the
ITD. '
Although we have demonstrated that
'polystyrene particles can be levitated in
the trap under vacuum, , it was decided to
first evaluate the laser “ablation mass
spectrosoopy ‘technique on particles as
they fall v trap. ~ This

through the

eliminated the immediate need for
circuitry to switch the trap from a
particle levitation mode to an ion
trapping mode. .

An Nd:YAG lasér is being used to
ablate ions from the particles as they fall
through the trap.‘ In order to intercept
the particles with the laser beam it is
necessary to synchronize the firing of the
laser with the arrival of the particle at
the center of the trap. The trigger pulse
for firing the Nd:YAG laser is generated

with a HeNe laser beam which also
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'sw1tch1ng between partlcle

The
the

intercepts the falllng partlcle
scattered HeNe rad1atlon ' from
particle is detected with a photodiode
and the output is converted to a TTL
pulse When this pulse is coincident with
an ion trapp1ng timing pulse fronl the
ITD, a trigger pulse is generated from an
AND gate which fires the Nd:YAG laser.
This sequence of events insures that the
mass scan of the ion trap does not begm
until after the laser fires.

" At the time of this report we had
just started to check out_ the operation of

the system. We have demonstrated that

all of the hardware components function

properly accordmg to de51gn when the
part1cles fall through the trap. “We' will
proceed to determine the conditions
required for trapping and“panalj/zing' the
ions ablated from the particles.

These experiments will be followed
by development of a method for
levitation

voltages and ion trapping voltages so that

mass spectroscopy can be performed on

a single levitated particle.

J. M. Dale, J. M. Ramsey, W. B. Whitten



Resonance Ionization

Mass Spectrometry

We are exploring the use of tunable
diode lasers for analytical resonance
ionization mass spectrometry (RIMS) to
capitalize on their desirable properties:
operational simplicity, low cost, and
narrow spectral bandwidth. High
resolution atomic spectra,. isotopically-
selective  ionization, and  spectral
information concerning two-photon states
(not directly accessible from the ground
state) have resulted. In addition, an
unbiased one-color RIMS isotope ratio
measurement has been demonstrated
using a copper vapor laser (CVL)-
pumped dye laser.

A detailed évaluation of isotopic
selectivity for diode laser-assisted RIMS
of lanthanum (mass 138 and 139) has
been conducted. The sample was
enriched in mass 138 to approximately
14.3%. A 753.4 nm diode laser was used
to pump the ground state to 13260 cm’,
followed by 1 + 1 ionization at 584.8 nm
using a CVL-pumped dye laser as
described previously. Tuning the diode

laser to a hyperfine line of 138, we
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measured an increase in the ™8La/*La

isotope ratio (i.e., a selectivity factor) of

200 over that found using thermal

ionization mass spectrometry (TIMS); we
found a selectivity for mass 139 of 60.
With an intracavity etalon inserted into
the dye laser to narrow its output
bandwidth to 0.03 cm”, the mass 138
selectivity increased to 2000, and that for
mass 139 to 200.

We found that there is weak ion
formation near, but off-resonance of, the
hyperfine structure of the isotopes; the
isotope ratio of these ions appears to be
similar to the thermal ionization ratio.
This effect may be the result of
absorption into wings extending from the
hyperfine structure or, possibly, from
broadband background emission of the
laser. In any case, the count rate is very
low, and it is not certain whether the
‘ The

background signal does statistically limit

ratio is wavelength-dependent.

the apparent selectivity factor we
measure and its precis.ion.

A method has been developed to
determine the hyperfine splittings of two-
photon excited atomic levels using two-
color RIMS. These

states are



inaccessible from the ground state by
one-photon processes.
involves pumping indiyidual hyperfine
levels of an 1ntermed1ate state w1th a
high- resolution diode laser and then
further promoting the atom to the two-
photon level with a tunable pulsed dye
laser. An 1ntracav1ty etalon is required
in the dye laser in order to narrow its
spectral_ bandwidth
0.03 cm™.

to approximately

Ionization results from

nonresonant absorption of an additional
dye laser photon. The overall two-

photon state  splitting pattern s

assembled by piecing together ‘the

individual spectra from the intermediate
hyperfine levels. This method has been

applied to the 30354 cm” level of

lanthanum 138 and 139 with the
follow1ng results:
Iotope A (MHz) B (MHz
18] 5 405 317

502

¥La -94
The linewidth and frequency scan

precision of the dye laser limit the

and the

precision accuracy  of

measurement; the values for the electric

The method '
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quadrupole  coefficients (B) are
particularly un'certain, as ._ they represent
a second order term. Even with these
shortcomings, this technique is of value
for - determining estimates of otherwise.
unknown coefficients and spectral isotope
shifts of upper levels.

The initial reason for selecting a
copper vapor laser pumped-dye laser for
RIMS was that data could be collected at
high pulse repetition rates for improved
counting statistics. It was found: that
isotopic bias effects were severe using
the CVL system (e.g., 30% for uranium)‘
relative to those found using broader
bandwidth, flashlamp-pumped dye lasers.
However, a one-color RIMS study of the
1+1+1 CVL/dye laser ionization of

lanthanum at 585.0 or 590.4 nm has

indicated that the TIMS isotope ratio can

be reproduced The TIMS data required
the 'Ba
interference. The 139/138 ratio was
578 £ 0.06 by RIMS;
TIMS ratio was 5.84 + 0.10. This is an

correction for isobaric

the corrected

interesting result in that it is contrary to
other evidence that RIMS ratios for odd-
to-even mass isotopes usually exhibit bias.

Lanthanum does represent a special case



in that both isotopes possess nonzero
nuclear spin and that the spéétral isotope

shift is véry small.

R W. Shaw, J. P. Young

Resonance Ionization

in an Ion Trap Detector

We reported on photoionization of
nitric oxide and rubidium in an Ion Tfa'p
Detector in last year’s annual report.
The nitric oxide experiments
demonstrated the ability to selectively
ionize molecular species in given energy
states with great sensitivity (= 50
molecules) in the ion trap. During the
past year we continued experiments with
rubidium vapor. Previous experiments
introduce Rb atoms by evaporation from
a heated filament. To provide a more
stable supply of atoms, a Knudsen cell
containing Rb replaced the electron gun
and was used to provide Rb atoms for
these experiments.  Laser light was
produced by a Quanta-Ray pulsed dyé
laser. The fundamental of the dye laser

was used directly to excite the 5s to ns

or nd two-photon transitions, and was

frequency doubled to excite the Ss to np
single-photon transitions.
ionization

Resonance spectra

recorded using the dye laser fundamental

- show photoionization from the ns and nd

levels. The spectra included Rydberg

states of nd = 19 up to approximately

- n - 73, and peaks were discernible to

approximately n - 40. Tonization of the
ns levels (not normally observed) is
believed to be caused by electric field
state mixing and partial saturation of the
nd photoionization.  Spectra obtained
using both the fundamental and
frequency-doubled laser light include
both the np and the nd resonances. The
principal ionization mechanism from low
energy p and d Rydbergs is believed to
be photoionization with the fundamental
frequency photons. The s ‘transitions
were observed to a much lesser degree
than in the previous experiment, probably
due to the diminished intensity of the
fundamental light. It was also apparént
that the higher energy Rydberg states
were being ionized by some other
mechanisms, possibly by collisions with
photoelectrons produced by the UV laser
light. A binary encoﬁnter model was

used to calculate the electron ionization



probability under the  operating
conditions of the trap. The model is in
good agreement with the data acquired
during the laser experiments for the
n - 30 to 70 Rydberg states. - .

Experiments were repeated with only

the frequency-doubled photons entering

the  trap. Under these conditions

relatively little photoionization occurred

in the trap because of the low photon

flux and the reduced photoionization

cross section from the excited state.

Carbon tetrachloride was then introduced

into the trap as an electron scavenger.
These data demonstrated that a
restoration of the ionization from the
Rydberg p states had-occurred in the
presence of CCl,, supporting an electron
attachment model. It also showed a
decrease in the ionization thought to be
caused by collisions with free electrons.
The CCl, apparently either scavenges
electrons before they are accelerated by
the fields present in the trap or reduces

photoelectron production.

B. T. Buckley*, W. B. Whitten,
J. M. Ramsey’

*UT Postgraduate Research Program

Fundamental Studies
of Chemical Vapor Deposition
Materials Growth Processes

-We are developing and will | apply
several spectroscopic - and materials
characterization techniques to foster a
fundamental- - understanding of film
growth by chemical ' vapor deposition
(CVD) processes. "Although' many
technologically-important materials are"
synthesized by this general :family of
techniques, little “is known about ‘the
details of the chemical and physical
mechanisms involved in the film growth"
process. We have elected to examine’
the growth of diamond films initially.
This material was chosen because of its
importance, experimental practicality, and
local " expertise. - Diamond films have-
unique  properties  (high thermal
conductivity, hardness, * and resiétivit‘y)
that make them attractive for a-number
of applications. = This project is a°
collaborative effort with staff from the
Metals and Ceramics and Fusion Energy
Divisions and is funded by ORNL
Exploratory Studies. |

Hot filament decomposition of

methane in hydrogen at 5.3 kPa leads to



diamond films on various 1000° C

substrates. By use of several
spectroscopic techniques, intermediate
species present in the bulk reactor
volume, the thin active volume
immediately above the growing film, and
surface will be

the actual growing

identified. Such a comprehensive
examination of the overall deposition
process is necessary because a
combination of gas phase and surface
chemistry s

probably  operating.

Ionization-detected absorption

spectroscopy and nonlinear optical
surface spectroscopy is being emphasized.

.. A diamond film growth réactor has
been assembled. An O-ring sealed quartz
cylinder serves as the replaceable reactor
vessel. An alumina heater has been
fabricated for  substrate temperature
control, independent of the hot filament.
Flow and pressure control equipment has

been .installed to provide metered inlet

gas flow rates and closed-loop reactor

vessel pressure control. Safety features
have also been implemented using this
hardware; e.g., the hydrogen flow to the
reactor is terminated if either the reactor
pressure exceeds 13 kPa or ac power is

interrupted. All of the flow and pressure
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control ~ equipment is  computer
compatible for future automation.
Diamond films on single crystal
silicon have been grown by decomposing
1% methane in hydrogen on a tungsten
carbide filament heated to about
1900° C. The growth process occurred
over a 16-hour period. The films were
examined using SEM. Reasonable
growth rates have been found, but sparse
nucleation leading to discontinuous films
has been a problem. The art of

substrate  surface preparation (i.e.,
creation of a dense pattern of nucleation
sites) has not been mastered as yet.
Atomic hydrogen was detected using
resonance enhanced multiphoton
ionization (REMPI) in the reactor under .
diamond growth operating conditions.
Hydrogen dissociation is known to occur
at the hot tungsten carbide filament
yielding atomic hydrogen, an important
species for diamond film growth
processes because it preferentially etches
graphitic carbon from the film as it
grows. A 3 + 1 ionization scheme at
365 nm was used to ionize the hydrogen
atoms present, and the electrons created
were collected using‘ a platinum wire near

the substrate. The ionization signal



strength was recorded as a function of
ﬁlaxﬁe’pt ‘temperature and found to
approximately double between 1860 za;nd
1990° C. Detéction of other speciés
(e.g. CH; CH,, etc.) should be posﬂvsible
using REMPL |

The reactor \;/as designéd to serve
as the molecular beam source for a
crosséd time-of-ﬂight mass spectrometer;
tﬁere fs a 0.5 mm diame'_"terv_ sampling
oriﬁce‘throﬁgh the subs;trate, heater, and
quartz vessel wall. REMPI mass
sf)ecfrdmetry of species sampled from the
boundary layer above the groWiﬁg film
will be performed. ’fhe signaturebof the
jonization spectfum of any molecular
species will provide insight into its
internal énergy disfribution. A quértz
nozile'protrﬁding through the substrate
connects the reactor with a differentially
pﬁmped region (1 | to 10 micron
presSﬁre); the resulting gas epransion is
skimmed with a 0.5 mm orifice to enter
the mass spectrometer. In the source
region, both electron 'impact (ED)
ionization and REMPI are possible. For
room temperature testing of REMPI, a
surrogate mixtliré of 0.7% nitric oxide in

argon was employed. An Nd:YAG-

pumped tunable dye laser at 430 nm was
used to effect ghe' 2 + 2 jonization of
NO. The optical spectra récorded by
scanning the dye laser indicated that no
cbolihg of the NO occurréq in the
expansion proées§. Electron iinbac_:t
ionization was cond:ucted‘ with both the
NO/Ar and CH/H, gas mixtures. For
the latter case, exténsive fragmentatic;n
of the methane was obsérved for 70 V
electrons;. this would be a problem for
gas analysis perforrhéd under dcposition
v'conditions because it would be unknown
whether the fragménts were present in
the initial hot gas .mixture or were
created during EL.  For REMPI
experiments this will not be a problem,
as the speétral signature of an
intermediate must be observed when the
laser is scanned to qualify it as a bona

fide component of the reactor gas

mixture.

R W. Shaw, W. B. Whitten, J. M. Ramsey



Fluorescence Studies

of f-transition Elements

The study of two-photon excitation
of Cm(IIl) fluorescence has continued
this year. We have observed such
fluorescence from CmF;, CmCl,, CmBr,,

and Cml, In the case of CmBr,,

sequential absorption of two 16,605 cm™ '

photons excites an available level in
Cm(III) near 33,200. Fluorescence is
then observed from all six of the lower
lying manifolds. It is noteworthy that
four of those manifolds of energy greater
than 22,000 cm® have not previously
been detected by fluorescence
spectroscopy. The ability to observe
these transitions is believed to be related
to the low background emission resulting

from the two-photon absorption process.

If this is true, the technique may be of -

value in determining or verifying excited
states of other amenable actinides that
have heretofore only been seen in
absorption.

We have also observed terbium (III)
and curium (IIT) fluorescence from single
resin beads. The terbium bead was

excited with photons at a wavelength of

488 nm. Fluorescence was seen in
transitions from three levels to the
ground state. The fluorescence was
relatively independent of temperature
over the range of 77 to 300 K. The
Cm(III) bead was excited at a wavelength
of 458 nm. dnly one fluorescence peak
was seen, at 16,700 cm?, and it
sharpened considerably on cooling'the
bead to 77 K. Cation beads were used
in this study; it is not known why there
is a difference in the temperature
behavior of the two elements. The bead
preparation presently used for mass
spectrometry was used to prepare the
samples for the present study. For
screening tests these two techniques
could be quite symbiotic; sample beads
could first be analyzed for metal ion
fluorescence. If any were found, a_mass

analysis of the bead could be performed

if one wished isotopic information.

J. P. Young, G. M. Murray* W. DeCul¥,
J. R Peterson*

*Department of Chemistry, University of

Tennessee, Knoxville



In-Line Sensors
for Electrolytic Magnesium Cells

We have received fundmg this year
from Dow Chem1cal Company and DOE
Office  of

Conservation and Renewable Energy, for

Industrial Processes,
a three-year project to develop analytical
sensors to reduce the energy required to
produce magnesium by electrolytic
reduction of Mg** in an NaCl-KCI-CaCl,-
MgCl, melt. The proposal is based on
the premise that continuous control of
Mg ion concentration will save at least
5% of the energy costs. Such control is
not currently used; we plan to develop a
to make this

Raman-type monitor

determination. There is a need for an
F monitor as well; this may be of an
electrochemical type. Fluoride ion is an
additive in the melt.

A bibliography has been prepared of
prev1ous work in the fields of purification
of MgCl,, spectral and electrochemical
studies of MgCl, molten salts, and
application of fiber optics to possible
analytical techniques of interest. Initial
Raman spectral studies of the magnesium

ionic species have been carried out in
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both molten and solid MgCl, and NaCl-
KCI-CaCl,-MgCl,.”

differ from some of those reported by

The spectral results
earlier workers, but the differences can
be explained by‘errors in the former
studies. The preparation of pure MgCl,
by the stepwise thermal decomposition‘ of
MgCl,*NH,Cl*6H,0 i is be1ng studied. It
appears that the final product MgClz,
may not rieed to be distilled, but this
point is still under study. The chem1ca1
compos1t1on and 1mpur1t1es such as O~ or
OH' will be followed to determine the
quality of the MgCl2 Solid  state
reflectance spectral analys1s by ‘either
infra-red (IR) or near IR instrumentation
to be useful for

has been found

identifying OH in prepared samples
similar to the unknown samples A
sealed IR reﬂectance cell has been
developed fo carry out this task _

The final sensor will have to be
compatible with the 1ndustr1al electrolytic
melt. Preliminary results suggest that

pure molten MgCl, at temperatures near

800° C is noncorrosive to SiO,; however,

the molten salt mixture does etch SiO, at
temperatures of 720° C, the temperature

of the industrial melt process.. Further



compatibility tests of various possible

_ transparent optical windows are planned.

J. P. Young, Gleb Mamantov¥,
Sheng Dai** J. E. Coffield***

*Department of Chemistry, University
of Tennessee, Knoxville

**ORAU Postgraduate Research
Program

***UT/ORNL Science Alliance Program

Adversarial Analysis of Counterfeit
Currency Deterrent Concepts

The U.S. Department of Treasury,
Bureau of Engraving and Printing (BEP)
is planning to make subtle changes in
U.S. currency to improve -their ability to
detect and deter counterfeiting. BEP is
currently investigating the possibility of
introducing taggants into the inks for
U.S. currency as a Covert Counterfeit
Deterrent System (CCDS). Part of the
evaluation of the CCDS involves

adversarial analyses to assess the degree

of difficulty for detecting the taggants,

reproducing the taggants, and simulating

the authentication scheme without

reproducing the taggants.

We entered into a contract with
BEP to perform analyses on two types of
tagged Federal Reserve notes and to
provide the above described assessment
of the CCDS. We\ were successful in
distinguishing the two types of tagged
Federal Reserve ﬁotes from one another
and from normal currency. The work for
this project was completed and a report

was submitted to BEP.

J. M. Dale, L. N. Klatt

ORGANIC MASS SPECTROMETRY
G. L. Glish

The past year has been a very active
one for the Organic Mass Spectrometry
Group with significant research results
obtained in a number of areas. The
most significant of these has been the
continued development of the utility and
demonstration of the versat'ilityiof the
combination of electrospray ionization
with a quadrupole ion trap. A numbe‘r

of projects have been initiated, both in



fundamental and applied areas, with a
number)of papers already pilblish_ed or in
. press. - “ | v :
In parallel with the electrospray
-work we have continued our work in the
development of the quadrupole ion trap
as an analytical and research mass
spectrometer Several aspects involved in
Vion formation ion manipulation within
, the and and

ion trap, instrumental

.

~ physico- chemical considerations for
-MS/MS and MS“ experiments in the ion
trap have been studied

Another ma]or area of continued
1nstrument

There

1nterest for us is Vin

construction and modlflcat1on

have been ma]or 1n1t1at1ves in

construction of 1nstrumentation In

addition two new mass spectrometers

were 1nstalled one for support of current
prOJects and the other which is to be
modified for a new prOJect |
Specifics related to these three areas
are discussed below. It is probably worth
noting that all the data this year have
been actluired with quadrtipole ion traps
or (iuadrupole mass filters. The old

sector instruments have proven to be

very difficult to get back into operation
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following the move from Y-12 to ORNL.

~ An.ion beam has been obtained on the

ZAB but shortly after that a failure. of

the _vacuum protect system combined

with, electrical problems caused a
catastrophic failure of the . analyzer
diffusion pumps. The MSS50 is. slowly

being coaxed into working condition.

Electrospray Ionization/TTMS

Improvements in the} performance of

the electrospray/ion trap mass

spectrometer (ES/ITMS) combination are

continuing along with our understanding

_ of the behavior of multiply charged ions.

Mass accuracy has been improved

through the use of fixed rf/swept
frequency axial modulation for mass
analysis and the use of a rapid axial
modulation "p‘re-.ramp" has been shown

to be useful in desolvating ions in the

ion trap.

Electrospray ionization was
investigated for its utility for analysis of
porphyrins. A number of different types

of porphyrins including free-base and-

metal porphyrins containing alkyl, acid,



ester, and/or hydroxyl functionalities were
studied. For all the porphyrins
investigated, hematoporphyrin IX and
hematin being exceptions, only the
molecular species were observed when
using the appropriate focusing and ion
injection parameters (see below). We

found that the solvent system from which

the porphyrins are sprayed plays a role in -

determining the molecular species

observed for some porphyrins. The
molecular species observed from the
vanadyl porphyrins, for example, was
M*, (M+H)* or (M+Na)*

depending on the solvent system. In the

either

case of free-base alkylporphyrins such as

etioporphyrin-III, the protonated
molecule was observed regardless of the
solvents used. To our knowledge, this is
the first report of radical cation
formation using ES ionization and the
phenomena  responsible for  this
observation are under investigation. The
quantity of material necessary for
,detection of a porphyrin in a single scan
("figure of merit") was in the low
femtomole range for all porphyrins
studied indicating the potential utility of

the ES/ITMS combination in analytical
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studies of porphyrins.

A collaborative project with J. D.
Henion and E. C. Huang from Cornell
was completed in which a liquid
chromatograph coupled with ion spray, a
variation of electrospray, was interfaced

with our ion injection/ion trap mass

spectrometer. The potential this
combination holds for biochemical
applications was demonstrated with

synthetic mixtures of peptides and
proteins and a protein tryptic digest.
High quality HPLC/MS/MS spectra, and
HPLC/MS data were acquired with
injection levels as low as a few pmol with
the tryptic digest mixture. Mass spectra
of the proteins could be acquired with
high fmol injections. Despite the fact
that little or no optimization for coupling
ion spray, which uses much higher flow
rates. than normal electrospray
(40 xL/min vs. 1 xL/min), with the ITMS
was attempted, .sample quantities 10-20
times lower than ndrmally required with
a triple quadrupole system optimized for
ion spray were required for analysis.
Studies of the ion/molecule reactions
of multiply protonated peptides and

proteins with strbng gas-phase bases have



been initiated. These reactions promise

to  reveal” fundamental information

' .regardmg | .the‘ preferred sites  of
protonatlon and the relative strengths of
binding sites in the presence of the
Coulombic field created by the multiple
charges. These studies are not restricted,
however, to deriving strictly fundamental
information. ‘Ton/molecule reactions of
multiply charged ions “may also find
‘important 'practical | applications in
analytical electrospray mass spectrometry.
The use of proton transfer as part of an
MS/MS/MS experiment to determine the
mass of collision-induced dissociation
products of several 'multiply protonated
parent ions was demonstrated. Some
product ion's.te’nd to form adducts with
the base, which also allows charge state
determination. " o

A study explormg the ut111ty of the
ion trap mass spectrometer for the
structural analysis of small peptides using
the MS/MS and MS"” capabilities of the
ion trap was initiated. ' l\/lost of the
experiments have been done with leucine
enkephalin. The MS/MS efficiency for
the protonated molecule is 100%. A

variety of structure-specific product ions
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. enkephalin"'

are formed (ie the SO- called A, B Y,
and internal fragment ions are all present

in this spectrum) Even though the

'1n1t1al parent ion current is d1str1buted

over a number of product ions, the

‘sens1t1v1ty of the ion trap for MS/MS

‘allows a wide vanety of MS" experlments

to be performed Another species that
was studied was Na cationized leucine
In contrast to the MS/MS
spectra of the protonated peptldes only

one type of fragmentatlon is observed.

That is the well-known rearrangement

ion that nommally loses the C termmal

residue to g1ve (B+Na+OH) Th1s is a

- very efficient dissociation’ pathway, thus

MS" expenments are readlly performed
The MS® experlment shows the same
reactlon agam " l.e.,

(B,+Na+OH)* -

occurrmg
- (B, +Na+OH) ,

essentlally the only d1ssoc1at10n pathway

" The MS* experlment with th1s latter ion

is less efficient and a number of product
ions are formed, 1ncludmg the ion
analogous to the ﬁrst / and “second

generatlon product ions.

G. J. Van Berkel,’S. A. Mctuckey,
G. L. Glish | B



Quadrupole Ion Trap Development

Development and better
understanding of ionization techniques
have been major areas of interest for us
over the years. In keeping with this

theme we have extended our
investigations into ionization processes as
they are related and applied to the
quadrupole ion trap.

Substantial work has been done

applying fixed wavelength resonant
enhanced multi-photon  ionization
(REMPI) to analysis using the

quadrupole ion trap. The quadrupole
ion trap, because of its pulsed nature of
operation, is an ideal analyzer to be used
with REMPI. It has been shown that
REMPI provides good sensitivity and
selectivity, and this combined with the

MS/MS and MS"

~ sensitivity of the ion trap is a powerful

capabilities and

means for mixture analysis. One very
promising area is the analysis of organics
in ambient %air. REMPI preferentially
ionizes the organics and thus reduces the
potential for the analyte ions being
space-charged out of the ion trap by the

orders of magnitude more abundant

matrix species.
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We have also done a comparison of
the sensitivity and detection limits of
electron ionization (EI) and chemical
ionization (CI) in the ion trap. While

these are well-known standard ionization

 techniques, because of the pulsed nature

of the ion trap there are some
differences from conventional sources of
this type that are used with beam
instruments. While CI is generally more
sensitive and provides better detection
limits on beam instruments, this was not
expected to be the case for an ion trap.
The study showed that this expectation
was correct with EI being more sensitive
and having better detection limits. It was
also shown that, while longer EI
ionization tiﬁles provide better sensitivity
and detection. limits at a given point in
CI, sensitivity actually starts to decrease
at longer ionization times.

In a related investigation, we are
working on understanding the effects of
the rf and dc fields on ion yield during
electron ionization. Both axial and radial
"effective path lengths” have been
calculated using the SIMION software
(ion trajectory simulation software).
These values represent the range of

starting positions (such as during the



ionization. process when -an -ion is formed
by EI) _fbr an ion that is fully stable
within the.ion trap. Results thus. far
.indicate that the axial effective path
length decreases 56% from an rf level of
30 to an 1f level of 110. Experimentally,
ion abundances decrease about 90%
when ionizing over the same rf level
range. Thus, there appears to be ‘more
than one process responsible for the loss
in signal. - Radial effective path lengths
decrease by only 17% over this- if level
range. It has also been observed that
application of positive dc to the ion trap
endcaps . (within the bounds  of. the
stability diagram) increases ion abundance
for a given rf level. Axial and radial
effective path - lengths :increase with

increasing the "a

the SIMION

parameter (the dc
level) in simulations.
Average electron energy and the shape
of the electron beam also change with rf
level in these simulations. We are
currently assessing how these changes
may affect ion yield.

In addition to studies related to
ionization in the ion trap we have been
working on ion manipulation methods.
Techniques for selective ion storage or

rejection over a wide mass range have
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-the - past year.

been demonstrated. These techniques

involve resonant ejection along with the

_conventional. mass-selective: instability

ejection of ions. from the ion trap.

~ These techniques were shown. to work

for cases in which the ions. are already
resident in the ion trap or during ion
injection -into the ion trap. - The latter

ability allows increased dynamic range for

.ion injection experiments by eliminating

background matrix ions which -can space-
charge out analyte ions. It is pertinent
for such

applications as . explosives

detection.

D. E. Goeringer, K. J. Hart¥,

G. J. Van Berkel, B. A. Eckenrode¥®, -
S. A. McLuckey, G.-L. Glish

*ORAU Postgraduate Research Program

Instrumentation

There has been much progress in
the area of instrument development in
The hardware for a
translational spectrometer has been put
the

together and development of

software and electronics is in progress.



Work has also continued on the redesign
of the front end of the QEB to
incorporate a high mass quadrupole and
interface an electrospray ion source.
This work has been slowed by a
multitude of problems with the MS50
which are probably mostly the result of
moving such an old instrument from
Y-12 to ORNL.

‘An ASGDI/ITMS has been
constructed and shipped to Professor
J. F. J. Todd at Kent University in the
UK. Significant improvements in design

from our prototype were made and these

will be used as the basis for the two -

ASGDI/ITMS systems we are assembling
-for our DOE projects. '

A Finnigan ITS40 GC/MS based on
a quadrupole ion trap was installed this
year. This instrument will be used to
support several of our projects involving

At the
end of the year a Finnigan TSQ 700

ion traps and organic analysis.

triple quadrupole system was installed.

This system will be modified by
incorporation of an ASGDI source for
use as an explosivés detector in a project

for the FAA.
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We also received and installed an
ion mobility spectrometer (IMS). Some
initial work has been done using
electrospray ionization. Plans are to
investigate ways to control the ion
chemistry and improve resolution and

specificity of IMS.

R A. Flurer*, D. E. Goeringer,

K G. Asano, B. C. Grant,

B. A. Eckenrode** M. R. Troutman**¥
G. J. Van Berkel, S. A. McLuckey,

G. L. Glish

*ORAU Graduate Research Program
**ORAU Postgraduate Research
Program

***UT Predoctoral Research Program



SECONDARY ION MASS
SPECTROMETRY

W. H. Christie

This grbup conducts research in both
organic and inorganic s}xondary ion mass
spectrometry - (SIMS)  and .prO\./ides

specialized analyses that require the
unique capabilities of the SIMS
technique. During this reporting peri.od
a CAMECA IMS-4f ion
._microscope/microprobe was acquired and
installed. This instrument is t;eing used
mainly: iﬁ‘(')ur inorghni(_: SIMS program
but will also be uséd to investigate

imaging capability for biological matrices.

Inorganic SIMS

The installation of a modern state-
of-the-art ion micrdprobe/microscope
(CAMECA Instruments) provides the
Analytical Chemistry Division with
sig.niﬁcant new research and analytical
capability. The specific attributes of this
" instrument that will open néw areas for

us are: 1) advanced imaging capability in
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_silicon.

~microscope mode with < 1 um lateral

surface  resolution; . 2)  high. mass

resolution (= 35,000 M/AM); 3). an on-

- axis electron gun that will allow analysis

of insulator matevrials;_ 4) secondary
electron imaging of rastered areas; 5) a
250 nm spot size cesium ion gun for
probe mode _jcmalysis; and 6) ultra-high

vacuum in the sputtering chamber that

. allows ppm or lower analytical capability

for the elements C, H, O, and N. ,
- As the CAMECA was purchased to
replace the 16-year-old IMMA ion probe,

it was of some interest to make

comparisons of our new capability with

the old. One of our first comparisons

was to depth profile hydrogen that had

been ion implanted into single crystal

This standard had, , been
distributed by the ASTM Committee
E-42 on Surface Analysis to be used in

inter-laboratory comparisons. The silicon

had been implanted at 30 keV to a total

dose of 1 x 10" hydrogen atoms. Using
the old IMMA microprobe, we could
only measure a back-side dynamic range
(peak signal to background) of abOL;t 50.

This was done using an O," primary

.beam and detected H* ions. With the



CAMECA we were able to optimize
~conditions to take advantage of chemical
factors in the sputtering region. We
used a Cs* primary beam and detected
H ions. Even with our inexperience in

operating the CAMECA probe, we were

able to produce a depth profile of H in’

Si with a back-side dynamic range of
over 1000. These results were achieved
because of the above-mentioned chemical
factors, as well as the low pressure in the
sputtering chamber (13 x 10° Pa) that
essentially  eliminates  spurious H
background.

The cesium ion source combined
with high mass resolution was used to
demonstrate another new capability.
With our old equipment we were unable
to analyze for S because of the lack of
sensitivity as well as the inability to
resolve the S signal from that of O,. For
a number of years our group has
provided analytical assistance in the
certification of Ir alloys that are used to
clad radioactive heat sources. We had
prepared ion implanted S in Ir to use as
standards in this work but had no success
. analyzing ' them with the old IMMA.

Again we used a Cs* primary beam and
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detected S ions. Using 100 nA of Cs*
to sputter a 100 x 100 um area we were
able to measure a Gaussian distribution
for S that was peaked near the surface.
The back-side dynamic range approached
four orders of magnitude. A surprising
feature was noted in this depth profile.
We were able to show that the
background impurity S contained in the
Ir alloy was inhomogeneously distributed.
This S showed up as a series of randomly
distributed peaks below . the ion
implantation peak. This new ihformation
was conveyed to the Ir project engineer.

We have developed a collaborative
program with the Chemistry Division and
the University of Tennessee. The major
thrust of this effort will be in the
development of techniques using the
CAMECA to measure iso’topic ratios and
rare earth elements (REE) in geological
samples. Initial work has focused on
quantitative analysis of REE’s in glasses
and silicate minerals. Attempts by other
workers to develop REE analytical
routines have employed techniques using
energy filtering to eliminate cluster ions
and linear deconvolution of the resulting
eliminate  oxide

mass spectrum to



_mterferences We are takmg a different
approach, analyzmg doubly charged ions
of odd isotopic species. _This technique
virtually " elimina.tes all | interferences,
yields av much simpler analytical routine
and removes the need for peak stripping,
at the expense of a relat1vely minor Joss
in total peak 1ntens1t1es for some spec1es
Us1ng National Institute for Standards
and Technology (NIST) glass standards
we have demonstrated lmear response
patterns for all analyzed REE’s (La Nd,
Sm Eu Gd, Dy, Yb, and Lu) over 2.5
orders of magnltude m concentration (2
to 500 ppm) Reproducibihty on a
5%,

the

qparticular day is better than =

and we have found that

1ntens1ty/concentration slope  remains
constant from day to day, although a
small offset in the slope lines is observed
'Absolute precision over a two-week
period was * 10% without drift
correction.‘ - ' o

Our intent is to use the methodology
developed in REE analysis to provide a
base from which we can move on to the
more exacting requirements of isotopic
analyses in silicate and | carbonate

minerals. The CAMECA easily p‘rovides
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.the mass resolution needed to avoid

hydride 1nterference and our 1n1t1a1 REE
results 1nd1cate that we can atta1n the
required for

One

instrumental stab111ty
precision 1sotop1c measurements
major obstacle that w1ll have to be
overcome is compensating for charge
buildup on the sample surface from the
Cs* beam when measuring elements such
as C, O, and S,la problem that_ is not
encountered when using an O beam for
REE analysis; This problem which has

prevented successful analys1s of C, O

and S in other labs, w1ll hopefully be

overcome by the recently developed
normal incidence electron gun with which
the CAMECA is equipped.t

In collaboration vvith workers in the
Metals and Ceramics ‘Division, SIMS was

used to investigate the cause of a casting

crack in a nickel aluminide alloy. The

wt. % composmon of . this alloy is:
804 N1 8.0 Al, 7.7 Cr, 3.0 Mo, 0.85 Zr,
with’ 50 ppm B. Optical microscopy
showed that the crack formed along a
line composed of material segregated
from the alloy. This line is made up of
long, .narrow streamers ranging in length

from 20 to 300 um. As the casting



cooled, internal stresses were generated
which were sufficient to cause cracking
along the line of segregation.
analysis showed these segregations to be
enriched in Zr and B and depleted in Nij,
Al, Cr, and Mo relative to the base alloy.
Boron and Zr were not as uniformly

distributed as the other alloy elements in

regions away from the crack. It is felt

that, as grain growth occurred during
cooling, the B and Zr segregated along
dendron cell boundaries within a grain.
If these segregations were large enough
and in‘ close proximity, a crack could
form.

In this work, both the IMMA and
the CAMECA were used to make
scanning ion

images of an area

containing the crack. An image was
made for each element in the crack
region. In this comparison, it was seen
~ that the CAMECA has much improved
latera.l surface resolution and its gray
scale for photographic ion images covers
about five times the concentration range
of that of the IMMA. Because of this,
additional information can be gleaned

from the CAMECA ion images. A

poster showing the results of this

SIMS®
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comparison is on d{splay in the
CAMECA lab.

It would seem that these
comparisons seal the fate of the IMMA
instrument. However, a few last gasps
still seem possible for IMMA. Some
years ago we reported on the isotopic
ratio measurement capability of the SIMS
technique.  We plan to keep this
instrument running in support of the
Laboratory’s stable isotope program for
the short term. This program generates
separated stable isotopes that are usually
very pure chemically. High chemical
purity ecliminates the major problem
formation and

(polyatomic  ion

subsequent mass interference) that

prevents the low mass resdlution IMMA
instrument  from having general
applicability as an ~isotopic  analysis
technique. Thus, we plan to use IMMA
to service the needs of the stable
until other

isotopes program

- arrangements can be made.

W. H. Christie, R. E. Valiga,
T. M. Rosseel, L. R. Riciputi*

*UT Pdstgraduate Research Program



Organic SIMS

Secondary ion emission is but one
of several methods that can be used to
generate ions from involatile organic
compounds. Unlike the other techniques,
SIMS,

determine the spat1al distribution of

in principle, can ‘be used to
orgamc compounds in various samples
This feature of SIMS has long been used
to obtain inorganic ion micrographs, but
imaging of organic samples cannot make
use of techniques developed for inorganic
samples. Organic compounds and samples
suffer from ion damage, analytes of
interest often exist at concentration levels
of only a few parts per million, and for
many samples there is a very large
number of other organic compounds
present. | A

We have chosen to approach these
barriers to organic ion imaging directly
with the aim of finding instrumental and
chemical remedies for these problems.
For example, to deal with the problem of
low concentrations, we have chosen a
sample size of about 2 cm in diameter,
We have been

which is large.

investigating tandem mass spectrometry
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to reduce the chem1cal noise caused by
pr1mary 1on damage and 1sobar1c and -‘
isomeric interference. We have also been -
1nvest1gat1ng the chem1cal nature of
primary ion- 1nduced damage. -
. Some of the remedies listed mandate
1nstrumental development For example
a w1de angle secondary ion source had to
be developed and tested to deal w1th the
large sample size. The source requ1red a
departure from tradltlonal ion opt1cs
because of the sample size, and because
the secondary ion mass analyzer had to
be based on quadrupole technology The
desrgn that was chosen features computer
control of the ion opt1cal electrode
potentials, which are OptlleCd for each
of 10-20,000 points on the sample. A
data acquisition and control syste.m based
on a PC/AT was developed to tune the
1nstrument control it durlng ~data
acquisition, and store and. display the
data. ‘ | _
Such systems are fme in theory
Test1ng them is a wholly dlfferent matter

For example, no dev1ce' ex1sted to

-evaluate a low energy (5-50 eV) ion

beam, such as would be generated by the

secondary 1on source To solve th1s



problem, we invented a low energy ion
‘beam projector. We used this to test
both the wide angle secondary ion
source, and later the ion beam profile at
the exit of a quadrupole mass filter. We
found that by tightly focusing the ion
beam at the entrance of the quadrupole,
we could transform a cloverleaf-shaped
beam shape into a more desirable
circular-shaped cross section.

The microprobe has been used to
investigate emission of various substances
dissolved in, and deposited on, glycerol
droplets. For a solution, a uniform
emission of secondary ions would be
expected since a solution is by definition
homogeneous. By focusing a primary ion
beam of 100 pA onto a single spot of
glycerol solution for up to 15 seconds,
we have been able to produce a region
on the sample where the damage limit
has been exceeded. When a secondary
ion image of the sample is obtained, the
region of damaged area shows a different
level of emissjon. We have also found,
however, that damage is not apparent for
some glycerol solutions. For example,
solutions of arginine do hot show

evidence of damage, whereas solutions of

methylphenyl peridinium bromide (MPP)
do. While these results are in conflict
with some reported SIMS studies, they
are consistent with the general
observation that emission from some
glycerol solutions is different from that of
other samples. The current microprobe
system is the only apparatus at the
present time which provides secondary
ion imaging capabilities for large (up to
1.5 cm diameter) samples, and thus
provides a unique opportunity for further
investigations of sample damage and
solution ‘chemistry in secondary ion
emission.

Investigations are also under way to
determine the most efficient method of
tandem mass spectrometry (MS/MS) for
the microprobe. Surface induced
dissociation (SID) using a microchannel
plate (MCP) to fragment parent
secondary ions is being studied. While
W. H. Aberth (University of California,
San Francisco) has demonstrated. that
reasonably high fragmentation efficiency
can be achieved with this technique, it is
not clear that the method is directly
applicable to the microprobe.

Consequently,  characterization  of



daughter ion production is currently
being. studied. In particular such
parameters as daughter ion production
efficiency, and kinetic energy and angular
distributions of parent and daughter ions
are measured. v

Computer control of the microprobe
parameters and data acquisition is
essential for the success of the
microprobe. The programs for these
processes - which include control of
primary ion gun deflectors, secondary ion
source deﬂectoré and lens elements,
quadrupole parameters, self-tuning of
dynamic emittance matching, data
acquisition, averaging, and real-time
image displays - are all in-house written
in assembly language. These programs
have been continually developed and
updated in parallel with the microprobe
development. An added benefit from this
work is that related programs can be
used with other. types of mass

spectrometers.
P. J. Todd, C. C. Grimm¥* R. T. Short*

*UT Postgraduate Research Program
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2. RADIOACTIVE MATERIALS ANALYSIS -

J. R. Stokely

The Radioactive Materlals Analysis Section performs radiochemical and neutron
' activation analy51s chiemical and instrumental analy51s of radioactive materlals and spec1a1
development projects for a large number of 'Laboratory and DOE programs and a few
non-DOE gbvernmental agericies and private corporations. The section provides major
" 'sﬁpport to Léboratory environmental monitoring, waste operation, waste and
" environmental remedia‘tion'é:‘ffofts', ‘and the transuranium element production program.
The section consists of three separate groups: Low-Level Radiochemical Ana1y31s
Transuranium Analytical Laboratory, and Inorganic and Physical Analysis.

~ Start up of the ngh Flux Isotope Reactor (HFIR) during the Spring of 1990 has
had a positive impact on work activities in neutron activation analysis (NAA) and at the
Transuranium Analytical Laboratory (TAL). We have regained our éapability for NAA
and are utilizing a new pneumatic system which was installed in 1986. A new PC-based
gamfné spectrometry system was"recently placed in operation at the HFIR NAA facility.
* Irradiation of curium targets is currently under way at HFIR for production of
transuranium isotopes, and a précessing campaign is anticipated within the next few
months. "The TAL supports the processing activities to separate and purify transuranium
elements from the target material and byproducts. ‘

Work has continued over the past year in characterization of radioactive mixed
~ waste from ORNL storage tanks. Two reports on this work were published. Staff of the
section along with members of the Organic Chemistry Section have been involved in
implementation of the new EPA Toxicity Characteristic Leveling Procedure (TCLP) for
radioactive material. Efforts are being made to develop capabilities for regulatory analysis

of radioactive waste that can be of general use for DOE. Instrumentation was acquired
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and put into operation this year to perform ion chromatography, inductively coupled

plasma spectrometry, and TCLP extractions on highly radioactive samples. We are also

in the process of obtaining funding- for a gas chromatograph/mass spectrometer system for

analysis of volatile organics in radioactive materials by the purge and trap method.

LOW-LEVEL
RADIOCHEMICAL ANALYSIS

J. W. Wade

The Low-Level
Analysis Group provides analytical

Radiochemical

support .and development for several
environmental - monitoring programs at
ORNL. Both the air and groundwater
monitoring programs were stepped up
during the past year to provide a more
- comprehensive sampling and analysis
scheme. Many new groundwater wells
were brought on line and new sampling
stations were added to the ORNL stack

monitors. All groundwater wells were

sampled quarterly and analyzed for gross

alpha and beta, gamma emitters, %Sr, and
tritium. . We received stack charcoal and

filters weekly for gamma-ray spectrometry

and gross alpha and beta determinations.

The filters are composited for a quarter

and then analyzed for specific actinides

. by radiochemical separations and alpha

spectroscopy. Thirty residential wells in

the vicinity of the Oak Ridge

Reservation were sampled twice during
the year. This program was begun

during 1989 and will continue until

enough information has been compiled to

ensure the homeowners that no
contamination is present in their well
water.

A project to characterize the
sediment from two former waste ponds at
K-25, consisting of over three hundred
samples for the determination .of
uranium, plutonium, technetium,
strontium, neptunium, and gamma
emitters, consumed a large block of our
time during the past year. These two

ponds were wused in the past as

~ evaporators of low-level waste.  Both

were drained and the bottoms of each

were scraped with a dozer in an attempt



to remove the contamination. The
samples sent to us were three segments
the

- of core drillings taken  from

remaining sediment. The data that we
provided are being- interpreted by risk
- analysis personnel to determine if further
cleanup work should be done on the
pond sediments. Work is expected to be
completed on this project sometime
during the first quarter of 1991.

This past Fall, we were :again asked
to provide assistance in sample collection
and analysis for a survey of the deer
herd at the Paducah Gaseous Diffusion
Plant (PGDP). - The PGDP was opened
to hunters in 1989 and the potential
exists for. the transport of radiological
and chemical contaminants. Three
members of our group travelled to
Paducah the day of  the harvest . and
prepared samples as each deer was
brought into a special preparation area.
In addition to these deer, twd animals
‘were taken from the Land Between the
Lakes Recreational ~Area to provide
control information. Bone, tissue, liver,
thyroid, and tail hair samples were taken
. We were asked to

from each deer.

measure radionuclides in -all of the
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samples and PCBs in fatty tissue. We

- did not find - elevated levels -of . either

PCBs or radionuclides.in any of the deer -
this year. '

Several ‘instruments . were procured
or upgraded during the past year.. We

purchased two microprocessor controlled

- muffle - furnaces- -to replace ., our old '

furnaces. The new units fit into a
standard hood, have multi-stage program
capabilities and. automatic shutoff .after
ashing is complete. - Samplés are placed
in the furnace, the ashing. program
initiated, and the system .. will
automatically do the rest. We upgraded
our LB-5100 proportional - counting
system this past year.to operate with an
MS-DOS based computer.

IBM XT was obtained and successfully

A surplus

interfaced to the system after the
upgrade. The new operating system
allows us to easily produce custom
reports, generate backups of counting
parameters, and save counting data to
the PC’s hard disk. - A package of
programs was developed on the ND-9900
MicroVAX-based system to process alpha
spectra. Command procedures were

written for the ND-9900 that transfer the



channel by channel counts of each
-spectra to disk files. The software
package interrogates the user and obtains
standard spike information, aliquot size,
and reporting units. An area of channels
is displayed corresponding to where each
peak of interest should be located, and
the user is asked to select for the
computer the appropriate peak areas to
integrate. Manual intervention is required
because low count rates and poor energy
resolution are encountered with
environmental spectra. . Using the
software package, we are able to process
16 alpha detectors in approximately 30
minutes, and the data reported are ready
to be transferred to AnaLIS. Before the
software was written, it could take as
long as two hours to process 16 spectra.
Our next goal is to transfer the data
included in the reports directly to ACD’s
VAX for inclusion into the division’s
data management system.

During the past year, a major effort
was expended to develop a new set of
procedures to better measure
radionuclides in soil samples. A pressure

monitor was installed on our microwave

digestion system so that the pressure

within the vessels could be controlled
more accurately. With the monitor in
place, we are able to vary the number of
samples that can be digested, sample size,
and acid volumes without losing any
sample due to excess pressure within the
vessel. We were able to totally dissolve
up to 5 grams of soil with a mixture of
hydrochloric, nitric, and hydrofluoric
acids. Because of the complexity of the
soil matrix, we sought to improve our
separation scheme for such radionuclides
as “Sr, plutonium, uranium, thorium,
americium, and curium. We procured
some ion-exchange material from
Eichrom Industries. The material, named
TRU-Spec, is very selective for the
actinides and nonselective for almost all
other elements. We also investigated
another of their products, Sr-Spec, which
is selective for strontium. These
materials hold promise for our
applications. A soil dissolution adjusted
to approximately 3M in nitric acid can be
put directly through a column packed
with  this material with  almost
unbelievable results. Virtually all ions
besides those of interest go right through

the columns and 99+ percent of the



actinides are eluted with very weak nitric
.acid. ©. The sfrontiu_m material retains
(besides strontium) only a small amount
- of barium when a solution adjusted to
apﬁroximately 3M in nitric acid is passed
through. The strontium is eluted with
‘warm _ water.  These new-generation
materials promise to improve. both the

speed and efficiency of our procedures.

H. H. Rvoss,v N A Teasl_ey, Jr,
L. S. Barringer, L. D. Bible,

C. R Cooper, P. S Gouge,’
C.C. Grqngen C. L Wa;tson

. Radiological Surveys
for DOE-TWRA Deer Hunts

The ‘diViSiQ’r'l continued . its
cooperative\ program to monitor deer
harvested during the annual DOE-
Tennessee Wildlife Resources Agency
managed hﬁnts. 4 These hunts were
conducted on the Oak Ridge reservation
on the weekends of 20 October, 10
November, and 8 December during the

calendar year 1990. The first weekend
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of either

was !ingited to archery permits; remaining
hunts were open to shotguns and
muzzleloaders. The goal of this program
is to survey harvested animals. for
radioactive contamination to ensure that
appropriate

regulatory  guidelines

concerning radiation exposure are being

met.

. Radionuclide. contamination of soft

tissue is estimated by performing a

quantitative gamma-ray spectroscopic

‘measurement, with particular emphasis

on the assay of ¥'Cs. The primary organ

used for this test is the liver. If a hunter

-returns to the checking station without

the liver, a sample of muscle tissue is
removed for testing. Simultaneous with
the soft tissue assay, a beta particle
screening measurement is made on a
sample of bone from each deer. This
test is used to evaluate possible
contamination by *Sr. When the result
measurement  exceeds
predetermined levels, the animal is
confiscated and disposed of appropriately.

The final deer hunt weekend
coincided with the goose hunting season.
TWRA requested that we make our

checking facilities available to evaluate



potentially contaminated birds that might
be brought to the checking station. This
was done with virtually no significant
change in our checking procedures.

The deer harvest for 1990 was 442
animals collected Over the six separate
hunts. Six animals were retained (1.4%);

all of these were the result of excessive

%Sr concentrations in the bone tissue

samples.  The ‘"hot:test’ deer ' was
estimated to contain a total of 6.3 E4 Bq
of *Sr. Although trace amounts of 'Cs
‘were found in a number of the harvested
deer, none exceeded our confiscation
limit of 0.2 Bg/g and only two (0.45%)
were above the 0.04 Bq/g level. None of
the limited number of geese brought to
the checking station on the final
weekend exhibited excessive radionuclide
levels. - )

After the first two hunting days, we
carried out a series of laboratory tests to
validate our *Sr field operations. The
tests consisted of selecting 30 samples of
bone from the first two days of hunting.
Fifteen samples were selected (out of
151 total). at random. Fifteen more that

exhibited slightly elevated beta counts

were also -chosen. The samples were

assayed in the labofatory via Cerenkov
counting techniques.' The results showed
that bones exhibiting elevated field
counts also gave statistically higher
laboratory results compared to the bones
picked at random. ' This information
confirms the validity of our field
screening procedure at levels well below
our confiscation limit.

Radiological survey procedures for
these hunts were u'richanged from those
of previous yeafs. ‘These are detailed in
a "Hunt Survey Procedures" document
prepared by J. S. Eldridge dated 1
October 1987. This memo describes in
detail the equipment wused, the
measurements made, and the data
collection and processing techniques that
are employed. Also, as in past hunts, the
division mobile van was used as an
operational base for both equipment and

supplies.

H. H. Ross, N. A. Teasley, Jr.,
C. C. Grainger



TRANSURANTUM
' ANALYTICAL LABORATORY

J. M. Keller

The Transuranium  Analytical

Laboratory (TAL) has continued to

provide analytical support to the

Radiochemical Engineering Development |

Center (REDC) of the Chemical
Technology Division (CTD) and to the
Ihonitoring of radioactive waste effluent
‘for Waste Operations (WO) of the
Environmental and Health Protection
Division (EHPD). In addition, the
group has provided analytical support to
the Remedial Action Program (RAP)
within EHPD and the Waste Tank
Characterization Program$ within CTD.
Almost 16,500' samples were received
by the TAL with approximately 41,000
analytical determinations completed
during 1990. This sample load was an
increase of 50% over 1989 and the total
analytical measurefnents completed were
up by a factor of 20%. In addition to an
increase in work for WO, we provided
support for the contamination survey at
the Laboratory; this involved qualitative

identification of nuclides on numerous
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| de{/elbpment

contaminated objects found by the health

pHysics teams. The ‘a'nvalyti‘c'a'i support

‘work for REDC opératibn's has

continued to increase throughout the

year. The increase in work load from

'REDC operations was predorhinately

related to the process flow-sheet
the recovery of

WAm from the Mark-42 fuel assembliés

for

from the Savannah River site. There has
also been an increasé in other REDC
activities ‘involving routine operations,
inventory _of radioactive sc').urcés,

hazardous material inventories, and

" contamination surveys.

'The TAL had numerous audits
during this year which included stéh’&ard
analytical method (SAM) surveillance by
QA persdnnél on various prdcedtxrés;
review of ACD 'rédioaptiveﬂlazérddus
materials op¢réti6ns; audit of "ACD
nonreactor nuclear training prdgrarhs;

ORNL Functional Appraisal by DOE-

'Oak Ridge Operations; and DOE

Headquarters environment, health and
safety quality verification inspection. In

addition, there was an extensive health

" physics  surveillance of the TAL

operation during'May and June.



Work in support of the CTD Waste
- Characterization Task apd the Remedial
:Action Progfam for‘ EHPD continued
during the past year. Most of this work
involved radiochemical cha‘lrac‘terization of
both liquid and solid waste from active
and inactive'storage ténks. Reports on
Both of these projects weré_ published
this year. ‘

A DOE review of the Laboratory
identified REDC as one of the two
ORNL facilities that will be required to
have a Training' Accreditation Program
(TAP) which followé DOE specifications.
Since the TAL group operates within the
REDC Facility, we must also structure
' DOE

requirements. A review team appointed

our training to meet the
by the Training Accreditation Steering
Committee (TASC) conducted a self-
the REDC Training

Program (which includes the TAL

evaluation of

Training Program) in mid-November
1989. The team assessed thé training
program status by interviewing facility
training and line management personnel
and prepared an Initial Self-Evaluation
Report (ISER). After a review of the
ISER prepared by TASC, REDC

management decided the document was
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not acceptable and another consultant
was brought ih for the self-evaluation.
The second ISER was completed for the
TAL group in May 1990. A Training
Program Accreditation Plan (TPAP) was
prepared and submitted to DOE for
approval.

Althoﬁgh we had expecfed the
current TAL Training Program tb satisfy
some of the new requirempnts, a
compléte restructuring of the program
will be required. The DOE TAP
requirements include a highly structured
and formalized training plan with
extensive documentation that covers job
descriptions, job entry requirements,
lesson objectives, lesson' plans, and
testing. In addition, the training
instructors must be DOE certified. Based
upon current information, v&e will have
3-4 years to implement the new training
program. The review team estimated a
cost of about $600K to meet the

requirements of DOE Order 5480.18.

R. F. Peacher, R. D. Johnson, R. T. Pack,
C. S. White, R. A. Jones, D. A. Caquelin,
B. K Larkins, J. E. Sutherland




Instrumentation Upgrades at the
Transuranium Analytical Laboratory

- An ongoing effort by the TAL group

is to wupgrade- computer software and "

counting  instrumentation  to " meet
customer needs. The low level  alpha-
beta counting system was upgfaded with
the -addition of a Tennelec' ‘low-
background  LB-4000
counter. The 1B-4000 four detector
system, which can be expanded:to sixteen
detectors, has* -increased - sample
throughput ° fourfold.

operation of the LB-4000 has improved

data accountability and QA for Waste

Operation samples. An Aptec- high
purity . germanium X-ray detector was
placed into service this year. The X-ray
detector will be useful in both qualitative
and quantitative determinations of certain

transuranic elements. In particular, the

X-ray detector will be an important tool
in characterizing the separated americium
Also a -

from the Mark-42 Assembly.

series of Tennelec TC-256 -alpha

spectrometers was added to the counting

room. The alpha spectrometers are

interfaced to the ND-9900 for control

and processing of sample data.

proportional

- The computer
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The TAL group is the emergency
response laboratory during off-hours for
ORNL; this dictates that we have reliable
backups'for ‘all our ‘éounting systems.
Our two 'gamma spectrometers are
normally controlled via the ND-9900 data -
acquisition system; however, if the
ND-9900 goes out of service, gamma
spectroscopy can still be achieved using
a personal computer (PC).  Multi-
channel analyzer (MCA) and gamma data
software

reduction (commercially

available from various vendors) in
conjunction with a specialized MCA card
allows reliable operation of a gamma.
spectrometer through a PC. The existing
software on the PC was cumbersome for
and

technicians required ‘too much

interaction. In light ‘of this problem,
the TAL upgraded the MCA and gamma
data reduction software-on'the PC. The
new software has batch processing
capability that allows us to write in-
house, user-friendly programs that will
reduce processing errors and save time.

The TAL group plans to develop
software to link the three computer
systems in the counting room. Data

from the LB-4000 computer and

ND-9900 computer will be transferred to



the IBM PC-AT that is linked via
broadband to the division computer.
Transfers by computer should increase
data accountability and reduce manual

transcription errors.

J. M. Keller, K O. Jeter

Special Projects

The TAL group has provided
analytical support for the Mark-42

Assembly Process flow sheet development

during the past year. The development
of a flow sheet to ultimately obtain pure
%Am from the Mark-42 assemblies from
the Savannah River Site is a major
project for REDC. The TAL group will
provide most of the analytical support
for this project. Several other groups
within ACD will also be involved with
this project. Over the past year, TAL
has analyzed numerous samples for *'Am
and **Cm from a series of ion exchange

column separations that were made in

the hot cells at REDC. In addition to

the Am-Cm separation studies, the TAL

group has also provided. . analytical

support for plutonium extraction studies,
which is a different aspect of Mark-42
flow sheet development project. TAL
sample load should increase dramatically
with the continued flow sheet
development followed - by actual.
processing of the Mark-42 assemblies.
The high activity level of the samples
from this project will be similaf to
samples from a HFIR target campaign.
Current plans indicate that REDC will
alternate between the Mark-42 Assembly
Process and, the TRU - Processing
Program to increase the overall
productivity of the operation.

The TAL has continued to provide
analytical support for the testing of
coating materials. The objective of this
support is to determine the
decontamination efficiency of various
coating materials, usually paint, to be
employed at nuclear reactor facilities.
Prepared specimens, either steel panels
or concrete blocks, were received from
prospective vendors of these coating
materials. = . These specimens were
contaminated with a tracer solution of

near equal amounts of “'Cs and “Co.

The initial contamination was measured




by gamma spectroscopy The relative
gamma act1v1ty was then measured after
various decontam1nat1on steps o
We have also been 1nvolved w1th
several h1gh prior1ty pro]ects dur1ng the

past year. Sludge and liquid samples

from the leaking Graphite Reactor canal

were characterized to

' env1ronmental impact.

alpha levels ranged from 10* to 105 Bq,. |

9Co and . 90Sr contamination was also

observed. Another h1gh priority prolect’

involved samples of pipe scale from an

assembly at Y-12 that vi/as scheduled to
be dismantled by an outside contractor.
Anassay of the radioactive material in
the sample was requested. It was
suspected that any activity present in the
sample would be Th and daughters.
The concentration of 2*U and U was
also of special interest. The gross alpha
activity was slightly more than 10° Bq/g
and the alpha pulse height analysis
(PHA) identified all the alpha activity to
be Th daughters. The total thorium
content was determined colorimetrically
by the Thoron method and found to be
520 mg/g.

determined by the hexone extraction

The uranium activity was

determine

The total gross ’
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method and found to be < 200 Bg/g of
both 22U and ®U. The results ver1f1ed
that essentially all the act1v1ty was |
derived from Th and its daughters,
The TAL prov1ded analytical support

to a joint research program between the'
U.S. and U. K. in ‘which the higher‘:,;
actinides were 1ncorporated into fuel pins "
for irradiation in the Dounreay Prototype
Fast Reactor (PFR) in Scotland. A
major part of this effort is to determine
the cross sections of a w1de variety of _

actinides in this type of reactor The

TAL prepared spec1al sources for the

Phy51cs Division and analyzed numerous

samples for the prolect The fuel p1ns
were dissolved in the hot cell at Building‘ ,
2026 and a small portion of the sample
was sent to TAL for act1n1de and other '_
radiochemical measurements. In addition
to the radiochemical

about 30

measurements,}
mass  spectrographic

preparations on resin beads were

completed for Pu, Am, and Cm isotopic
determination The beta gamma
radiation from these samples measured
up to 2 R/h at contact and approx1mately
180 mR/h at 6 inches. Because of the

high level of actiyity and the precision



required for this project, this was a

- difficult and time-consuming task.

J. M. Peele, K O. Jeter, R. A. Jones,
R T. Pack,' R F. Pedcher,

D. A. Caquelin, R. D. .Johnson,

B. K. Larkins, J. E. Sutherland,

C. S White

Status of the
HFIR Neutron Activation Laboratory

Neutron activation analysis (NAA)
at ORNL is beginning to be viable again
following restart of the HFIR. The
reactor, which was shut down in
November 1986, began oberating at low
power at the end of January 1990 and
started routine operation at full power
(85 MW) in May 1990. The NAA
labo'ratory now has both pneumatic tubes,
PN-1 and PN-2, in opératio_n and a new
gamma-ray spectroscopy system based on
a personal computer. Thus far about 75
samples of ™I have been measured by
NAA. Fairiy extensive neutron flux
meas'urqmenté have been made since the

reactor resumed operation.
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Considerable effort has been taken
to satisfy both old and new requiremehts
governing the operation of the NAA
laboratory. These requirements include
pressure testing at 4.82 MPa of éertain
critical regions of both pneumatic tubes,
low pfessure testing of all régions of
both systems, and testing of check 'valves |
and water monitors of both systems.
Both pneumatié tube systems have now,
passed all necessary tests. Initial test of
the water monitors on PN—V2 failed to
detect demineralized water, and the
which

different than the controller used on

electronic  controllers, were

PN-1, had to be replaced with more

sensitive  instruments. The new

Beckman Conductivity

Controller Model RA-6; function as

controllers,

required.

Because of extensive deterioration
of a Nuclear Data multi-channel analyzef,
Model 6620, we have made efforts to get
our gamma spectroscopy capability béck.
to one of efficiency and accufacy. To
that ehd, a 33 MHz Northgate PC and a
Canberra Accuspec B MCA board were '
purchased to form the basis of a

multichannel analyzer. A Canberra



Analog Multiplexer, Model 589, was
added to the system to allow acquisition
of ‘'up to four gamma spectra of 4096
channels each. A board was also added
to the PC that permits each of the
spectra to be vauire‘d with independent
timing. Software for basic spectroscopy
‘and nuclide identification was also
‘purchased for ‘this system.” The software
'cldéely resembles in ‘both form and
function the software used with the
ND-6620 - system. Although the
multiplexed system will* permit  four
gamma spectra to be acquired
simhltaneously, limitation on count rates
for the system as a whole of on
individual detector systems has not been
investigated. As far as we have been
able to determine, we are the first to
acquire large-channel gamma spectra with
an analog multiplexing system. The
system appears to function well, but we
are continuing to te;st it in several ways.

Although

software was purchased for the PC-based

"nuclide identification

MCA system, no software was available
An
extensive effort has been made to write

and/or translate a FORTRAN code that

for neutron activation analysis.
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will perform NAA. This effort is nearing

a stage where it can be used.

F. F. Dyer, L. Robinson”

Neutron Flux Measurements

" at the HFIR

'After the HFIR began operating at
8-10 MW, neutron flux measurements
were made in the old pneumatic tube
‘system, PN-1, where the flux was lower
than expecte'd. Staf of the Research
Reactors Division suggested that *He
formed by the decay of tritium in the
permanent beryllium reflector Iduring the
3-plus years of downtime was absorbing
some of the thermal neutrons thus
lowering the flux. Tritium is formed
during operation by a series of nuclear
reactions involving °Be.

As the reactor operated, first at
reduced power and then at 85 MW, the
flux increased

neutron gradually

indicating that the *He was being "burned

U

up”.
form

(CHe absorbs thermal neutrons to
tritium by .a neutron-proton

reaction.)



The measured thermal ﬂgx in
PN-1 soon

23x10%n cm? st

converged to about
Measurements
made over many years with a reactor
power of 100 MW indicate that the
measured thermal flux in PN-1 with a
power of 85 MW should be in the range

of 3.5-4.0 x 10 n cm?® s'. Thus the

measured thermal flux is only slightly

more than half of its expected value.
Attempts have been made to determine
if the rabbit is perhaps failing to reach
the mid-plane irradiation position during
-irradiation, but these tests are not
presently conclusive. Further tests to

explain why the measured thermal
neutron flux is apparently low in PN-1

are planned.

F. F. Dyer, L. Robinson

Removal of Europium
from Surfaces of Stainless Steel
Contaminated by ?Eu and *Eu
in the HFIR Pool

A few years ago it was found that

certain regions of the HFIR control plate
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that contained europium oxide were,
after use, rich sources of *?Gd. These
regions would be cut from spent plates
in the HFIR pool and used for recovery
of the ¥2Gd.  The ®)Gd was used to
produce ™Gd by neutron capture.
During one cutting operation, a small
misplaced cut eventually resulted in
minute quantities of the Eu,0, containing
the long-lived activities **Eu and Eu
being released to the pool water. The
low-level contamination was not removed
efficiently by the ion exchange resins |
through which the water is circulated. A
brief study was made to determine if
dilute nitric acid can be used to remove
the europium from stainless steel
surfaces.

A small piece of stainless steel rod
having a measured amount of radio E
europium contaminant on its surface was
suspended on a plat‘inum wire in a glass
A few hundred ml of water were

added and acidified to pH 4, and the

jar.

water was stirred and heated to about
32° C for about a week. A similar
system was run at pH 5. The specimen
was removed periodically and its ®Eu

was measured.




With the pH set to 4, it was found
that most of the'euro_pium was removed
from the steel ouer a period of a day.
The remainder of the europium
continued to gradually come off the steel.
A similar, but much slower, behavior of
the deposited' europium was nbserved at
pH 5.-

including

The europium in the water,

the part that was there
originally, was then nearly completely
removed by a single passage through a
column of the ion e)rchange resin IR-120,
the cation resin in the reactor’s cleanup

resins.

F. F. Dyer, L. Robinson

Proposed Analytical Chemistry Facilities
for the Advanced Neutron Source

As a result of meetings held in San
Franciscn, Ann Arbor, and Nashville
during 1989 and 1990, and in addition to
some reevaluations locally, considerable
revisions have occurred in the Analytical
Chemistry Division facilities proposed for
the Advanced Neutron Source (ANS).

The revised Neutron Activation Analysis
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radionuclides.

Fac111ty (NAAF) will consist of two parts,

'NAAFlandNAAFZ NAAF1w111be

Iocated 1ns1de containment and NAAF 2

will exist as a separate bu1ld1ng outside

the reactor containment ‘dome. NAAF 1

will cons1st of a small countmg room and

an Irrad1at1on Control Room (ICR)
Sample 1rrad1at10ns will be 1n1t1ated from
this fac111ty and it will contain counting
short lived

equipment to measure

The ICR will house a

‘shielded cell containing the loading

station for five pneumatic tubes. " The

loading station of twd additional
pneumatic tubes will be Iocated 1n Aa
fume hood inside NAAF-1. Two
additional pneumatic tubes that originate
in the shielded cell in NAAFl w111
terminate in a s1m11ar but smaller cell i in
NAAF-2. These two pneumatic tubes
will be used to transfer'sa'mples v&ihich
contain radionuclides with moderate to
long half-lives from NAAF-1 ‘to NAAF—Z;
however, due to security concerns,
transfer from NAAF-2 to NAAF 1 w1ll
not be allowed.

The NAAF-2 facility will be a self-
sustaining structure with a size of al)out

600 m’. Some of the building’s major



components include sample preparation
rooms, counting rooms, radiochemistry
laboratories, a clean room, and office
space to accommodate approximately 12
people. This concept is being proposed
as a means of avoiding a situation in
which analytical chemistry facilities are
located throughout the ANS in little or
no functional order.

Two of the seven pneumatic tubes
used for irradiation of samples will
terminate in the light water pool outside
of the deuterium oxide reflector tank.
One of the tubes will be used to
irradiate samples in a cylindrical rabbit
with a volume of 40 cm’. The second
pneum.atic tube will be rectangular and
will accommodate a circular box or
rabbit." Both

cylindrical and circular box rabbits will

"hockey  puck” the
hold multiple samples.

As opposed to the major revisions
made in the neutron activation analysis
neutron facilities

facilities, beam

remained essentially unchanged.

L. Robinson, F. F. Dyer, J. F. Emery
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INORGANIC AND PHYSICAL
ANALYSIS

J. L. Botts

The Inorganic and Physical Analysis

(IPA) Group performs analyses on

intermediate and high-level radioactive

materials that require the wuse of

gloveboxes, c-zone hoods, and hot cells
in the High Radiation Level Analytical
Laboratory (HRLAL). The level of
samples processed and analyses
performed remains about the same as
during the previous 2-3  years:
approximately 2000 samples and 5000
determinations per year. In December,

the activities of the Radiochemical and

Activation  Analysis  Group  were
consolidated into the IPA gfoup.

The characterization of mixed
radioactive/hazardous chemical waste

continues to be the principal activity
within the group. To evaluate methods
for treatment and disposal of this waste,
the group characterizes the waste for
radionuclide and chemical constituents
and determines some physical properties.

These data are essential to meet both



regulatory and engineering treatability
requ1rements

The analys1s of radioactive liquid

waste and sludges from the Melton ‘

Valley Storage Tanks (MVST) was
completed, and the data reported in
an ORNL report (ORNL/TM-11652)_.

Aqueous and composite sludge; samples

. £ - .
from these tanks were analyzed for major

constituents, radionuclides, total organic

carbon and RCRA metals. In addition

some physrcal propertres were measured ‘

When

analytical

they applred EPA-approved
procedures were followed.
Modification of procedures from the
EPA guide SW-846

Modifications were necessary because of

were  used.
high radiation levels, high. saltcontent,
and complex matrices in the samples. In
addition, ACD procedures and other
analytical chemistry methods were used
for some analyses The radiation level of
the samples ranged from 0.1 to 2.8 Rh.
In general, the waste was found to be
3-5 M in nitrate salts with a pH of from
11-13 with the major radionuclides being
%Sr and 'Cs. These characterizations
radiochemical

included and physical

measurements, anion analyses by ion
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chromatography, and metal analysis by
ICP/AA.

C. Cook, Jr, M. T. Davis, H. J. Hall
L. R Hall, M. G. McClung, L. C. Tabor,
M. E. Peters, R. N. Ceo

‘ Analytical A.C‘apability Upgrade v‘

Since the vanous waste programs
at the Laboratory contlnue to be the
ma]or source of work for the IPA group,
th'_e upgrade of its capahility to meet the |
analytical requirements of these programs
is Tcontinuing. A Dionex 45001 ion
chrom.atogr'aph has been acduired and
configured to quantify the
comm_on anions, weak acid anions, and
Group I and Il cations in radioactive
samples.' ATh'is » instrument is a
modular chromatograph with a liquid
chromatograph module and a pulsed
electrochemical detector (PED). | The
PEl) is microprocessor-controlled with
the data being transferred to a Dell
system 310 microcomputer by an

advanced computer interface.



The Perkin-Elmer Model 6500
inductively coupled plasma spectrometer
presently in use by the group for
elemental determination on radioactive
sarﬁples is being replaced. .A new
Spectro-ICP has been purchased and is
presently being installed to replace the

Perkin-Elmer unit. The Spectro-ICP

uses fiber optics to transmit the optical

emissions from the plasma torch to the
optical dispersion and measurement
devices. This feature allows the unit to
handle up to three polychromators and
one monochromator which will give up
to 64 simultaneous analysis channels.
This feature also allows both
simultaneous and sequential operation,
greatly decreasing sample analysis time.
The Ethernet II communications
network has been installed in the
HRLAL facility. This physical network
links some 15 computers together, in
which a Dell System 310 computer is
used as a dedicated file server connected
to the PC-compatible workstations using
.interface cards and coaxial cable. Banyan
VINES/386 is being used as the network
software. The HRLAL network :service

includes password control, shared files,

shared programs (WordPerfect 5.1, and
dBase IV), on-line message system, and -
shared LaserJet printer access. The
network is being conﬁguréd to couple
with the ACD VAX as well as to
integrate into tHc Laboratbry’s 2000
microcomputers in a Laib-wide network
as other local area networks become

established.

M. T. Davis, R. N. Ceo, M. E. Peters,'
L. C. Tabor, C. Cook, Jr., L. R. Hall

Cleanup of Hot Cell Facilities

For the first time in more than five
years, the high radiation level stofage cell
at Building 2026 is empty of radioactive
waste. Due to changes in waste disposal
guidelines, no waste had been removed
from the facility for several years,
resulting in a significant housekeeping
and contamination hazard. More than
25 m’ of contaminated waste were
transferred to a permanent disposal site,
requiring about four months of effort.

Phase I of the cleanup and
decontamination of the Building 3019B




hot cells was completed in February
1990. This project consisted of removal
of all contaminated waste from the cells.
Approximately 1.7 m’ of waste were
removed and sent to a solid waste burial
ground. During this operation, a number
of large pieces of equipment were
dismantled using electric saws and plasma
welding torches. Phase II of this work is
being planned which will include further
decontamination of the interior of the
cells.

Remedial Action Program at ORNL.

This work is supported by the

C. Cook, Jr., J. L. Botts

Support to the
Consolidated Fuel Recycle Program

The satellite laboratory located in
Building 7602 continues to provide
analytical service for the 7600 Fuel
Recycle Facility. ~ This process and
engineering R&D work is part of the
Consolidated Fuel
(CFRP).

develop

Recycle Program
\Processing campaigns to
technology for reprocessing

breeder fuel are part of the program.
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Chemical analysis and physical

measurements are performed during
these campaigns to provide data for -

evaluation of processing operations.

M. T. Davis, M. G. McClung






3. INORGANIC CHEMISTRY

W. R. Laing

The Inorganic Chemistry Section provides analytical support‘ an'd 'niethbds'
development in areas of classical and instrumental analyses and in physical measurements
to ORNL, DOE, DOD, NRC and outside contractor programs Efﬂuent monitoring
programs 'to ensure compliance with state, DOE, and EPA discharge regulations contmued a
to prov1de the largest single segment of support for the section. The monitoring and' _i
analysrs of well and surface waters, fish tissue, soils, sediments and’ air filters for mercury,i
toxic metals by ICP cyanide, sulfide asbestos, and measurement of a w1de range of other ‘-
potentially hazardous materials have been accomplrshed in a t1mely fashion by a smaller
staff. ' ‘ _' '

A significant support effort was required during startup of the new nonradiological ‘
wastewater treatment plant, to the Industrial Hygiene groups at ORNL and K- 25, and to
the Environmental Sciences Division study of nitrate deposition to foliar surfaces.

An mductively coupled plasma mass spectrometer facrlrty was prepared the
instrument purchased and installed, and the facility was placed in routine operation
Other new equipment included an electrothermal vaporization accessory for the ICP/MS
to permit simultaneous measurement of femtogram concentrations of elements and their
isotopes. | | | T

" Emphasis on quality assurance continued with the preparation of additionalstandard
operating procedures, training procedures, increased training workshop attendance, group-
level quality assurance programs, formalized compilation of referénce data on asbestos and

i

ceramic fibers, and responses to a series of external audits.
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CHEMICAL AND PHYSICAL
ANALYSIS

N. M. Ferguson
The Chemical and Physical Analysis

(CAPA) group provides technical support
to ORNL plrograms, to other Martin

Marietta facilities (Y-12, K-25, Paducah),

and to external "orgénizations including
the Nuciear Regulatdry Commission, the
Strategic Petroleum Reserve, and the
DOE Environmental Survey Program.
New methods and modifications of
existing'procedures were needed to meet
the requirements for these programs.

Significant efforts were also necessary to

meet the stringent time limitations for .

completion of the analyses.
Approximately 75,000 analytical results
were reported during this period. The
Environmental and Health Protection
Division continued to generate the
largest number of samples.

CAPA provided technical support
for new and continuing programs.
Groundwater and effluent samples were
received for the National Pollution and

Discharge Elimination System (NPDES),

Resource Conservation and Recovery Act

(RCRA), and special programs of the
Environmental and Health Protection
The Remedial Feasibility
Investigation (RFI) of the Clinch River

Division.

by the Environmental Sciences Division
(ESD) produced more than 300 fish
samples for PCB, lipid, and metal
analyses. Work for the Industrial
Hygiene group was heavy; blood, urine,
air filters, and waters were analyzed.
Numerous wastes (sblids, oils, a1.1‘§1‘
aqueous) were characterized for ORNL
groups, K-25, Y-12, and Paducah.
Asbestos was measured in water, air,
'surface, and bulk samples for ORNL and
Y-12 Industrial Hygiene groups.

The ICP/OES laboratory experienced
minimal instrument problems this year.
The minor problems (faulty connection in
the rf cable, instability of intensities,
loose connections and dirty capacitors in
the generator, etc.) encountered with the
JY48 polychromator were short-lived with
little downtime. All the required
discharge permit analyses were met in a
timely manner and all deadlines for the
quarterly EPA Contract Laboratory
Program Performance Evaluation samples
were met. We modified the ICP/OES

method to measure nine elements



(Ag, Cd, Cr, Cu, Ni, Pb, Sb, Se, Zn) in

fish tissue. Zinc was measured at

approximately' ten ug/g and all other

elements were measured at
concentrations below one yg/g Graphite
furnace methods were used prev1ously for
the analysrs of Zn
method provided a ‘more rapid and
1nexpens1ve method of analys1s v

Support of the DOE Envrronmental

Survey Program (DOEES) was completed-

this year. The Analytical Chemistry
Division was 'responsible for compiling
closeout packages for 13 sites. These

DOE Env1ronmental Survey sites
included Argonne National Laboratory,
Idaho National Engineermg Laboratory
(INEL) Los Alamos National
Laboratory, Lawrence Livermore, Sandia
National Laboratory, Morgantown Energy
Technology Center, Paducah; Pantex,

Pittsburgh Energy Technology Center,

Brookhaven National Laboratory, Mound, '

Nevada Test Site, and Rocky Flats. The
packages included survey-related records
from the Analytical Chemistry Division,
ORNL Sampling Data
Management Group, the ORNL DOEES

Team,

program manager, and other laboratories

(e.g., K-25 and Battelle). ‘More than 43

The ICP/OES
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containersi of documentation ~ were
sh1pped to the archive at INEL for the
13 sites.

CAPA measured polychlorinated
biphenyls (PCB) for several groups in the:
Environmental Sciences D1v1s1on. Lipids
and 1254 and 1260 PCB isomers were
measured in fish and clams. Blanks,'
spiked samples, and International Atomic
Energy Agency ‘(IAEA) samples of fish
homogenates  were extracted and
analyzed with each batch of samples to
determine analytical quality levels. Spike
recoveries ranged -from 90—110%.. For
two years CAPA. has participated in a
Tennessee Valley Authority (TVA)
Interlaboratory QC Program' for
measuring lipids and PCB in fish. Four
laboratories .(ORNL',, Tennessee State
Environmental Laboratory, TVA, EPA
Region 1IV) were involved with the
second QC' program. Two types of
samples (homogenized tissue samples and
homogenized4NaZSO,,-pooled | controls)
were analyzed for this work. There was
excellent agreement in the results and a
third program is planned for next year.

The new ICP/MS analyzer was
received in December 1989 and the ﬁrst

samples were analyzed in February 1990.



The instrument has been used to
supplement our ICP/OES work where it

offers improved sensitivity and to

measure elements that cannot be

determined by the emission instrument.
The ICP/MS has also been used to
perform work previously done by the
fUrnace' since it

graphite can

simultaneously measure multiple elements -

at part-per-billion concentrations.

The first samples analyzed were

waste samples for
Substance Control Act (TSCA) waste

incinerator facility at K-25. Be and Th

the new Toxic

were measured down to 0.3 ng/ml
Over 300 fish tissues were analyzed for
As, Tl, Be, and U for the ESD with
than
0.05 ug/g for As, less than 0.1 ug/g for
Tl, less than 0.003 ug/g for Be and U.
We measured lead 1n blood and urine for

K-25 and ORNL Industrial Hygiene (IH)

lower reporting limits of less

groups and analyzed hundreds of air
filters for eight elements (Ag, As, Be,
Cd, Cr, Ni, P, V) at the parts-per-billion
concentrations for the ORNL IH group.
We measured uranium in sedimenté,
vegetation, .and waters at the parts-per-
billion for

concentration several

programs.
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CAPA obtained a VG Micro Therm
Electrothermal  Vaporization
(ETV) for the ICP/MS.

evaluated as a method to measure low

System
It is being

concentrations  (parts-per-trillion)  of
uranium in urine. Preliminary work with
pure uranium standards is encouraging.
We obtained detection limits of 6 parts-
per-trillion for U, U, and By
isotopes. '

The ICP/MS analyzer has performed
well this year with very liitle downtime.

The Physics Methods lab continued -
to provide technical and service support
in the fields of transmission electron
microscopy (TEM), scanning electron
microscopy (SEM), X-ray diffraction
(XRD), optical microscopy (OM) and
electron-excited X-ray analysis (EDX).
We maintain a full service asbestos-
analysis capability and routinely analyze
air (clearance), water, surface, and bulk
samples for a .variety of customers
including ORNL Induétrial Hygiene,
K25, Y-12, sm We
procured and installed a TEM double-

and Portsmouth.

gap condenser pole piece and a double-
tilt Gatan sémple holder, which improved
the specificity of analyses for individual

fibers. All of the appropriate quality



assurance documents were written and

placed in routine operation. These
included 16

‘standard  operating

procedures, a training program, and a

quality assurance program. In addition,
two "standards" - books ‘were compiled.
These included photographs showing
typical morphology, X-ray spectra, and

electron diffraction zone axis patterns for

asbestos fibers, asbestos "look-alikes", and

ceramic or man-made fibers.

We have ‘enrolled in the inaugural
AIHA-TEM-PAT program, and have
provided TEM backup for the polarized
light microscopy "PAT" program.

S. J. Bobrowski, C. S. MacDougall,

J. C. Price, P. V. Ditavong, J. H. Hackney,
S. J. Morton, N. E. Owen, B. Philpot,

W. F. Rogers, S. E. Schow, C. J. Yandell
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ENVIRONMENTAL ANALYTICAL
LABORATORY -

~ N. M. Ferguson, T. B. Shope

The Environmental Analytical
Laboratory (EAL) provides analytical:
support for the Environmental Sciérices
Division (ESD) . and -othér ORNL
divisions. Approximately 9,000 analytical
results were reported during this period. -

The Environmental' and Health
Protection - Division continued to’
generate a substantial portion “of "our”

Weekly,

workload. biweekly, ~ and
monthly effluént samples were analyzed
to demonstrate compliance with National
Pollution and Discharge Elimination
System (NPDES) permits. Groundwater
samples were analyzed 'qtiarterl'y' to meet
Resource Conservation and Recovery Act
(RCRA) requirements.

The Industrial Hygiene Department

continued to supply EAL with biological

fluid, air filter, 'and charcoal filter
samples which require rapid turnaround
time due ‘to possible health-related
consequences of human exposure.’- The

Industrial - Hygiene group at K-25



submitted air filter samples for As, Pb,

cand V  analyses. The required
turnaround time for these samples was
less than one week.

‘EAL provided start-up analysis for
the Nonradiological Wastewater
Treatment Plant (NRWTP). [Initially,
daily samples were taken on the influent
and effluent streams of the NRWTP.
Mercury and total organic carbon were
measured in each sample. A turnaround
time of approximately two days was
maintained during the initial phase of the
start-up program.

We continued to provide support for
the ESD study of nitrate deposition to
foliar surfaces work. ESD performed
experiments on seedlings of several forest
tree species to determine the fate of dry
deposited nitric acid vapor within forest
canopies. Seedlings were exposed to
5N-labelled HNO, for several hours in a
controlled expos_uré facility. ~ Surface
deposition experiments were done in a
dark facility while combined surface and
internal deposition studies were done in
The HNO,

a lighted facility.

concentrations were checked by pulling:

air from the system through an
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NYLABSORB filter, which
HNO,. The nitrate was extracted from

collects

the filter, and determined by ion-
chromatography. _

EAL continued to analyze quarterly
performance evaluation samples from
EPA to

Laboratory Program (CLP) qualification.

maintain active Contract
Instrumentation detection limits were
determined for As, Ag, Hg, K, Na, Pb,
Se, and Tl on a quarterly basis.
Graphite furnace work was extremely
heavy this year. Considerable time,
including much overtime work, was spent
measuring metals (As, Se, Sb, Tl, Cr,
Ag, Cd, Pb) for NPDES and RCRA
programs. Such programs require
extensive quality assurance measures,
which greatly increase analysis time. In
| Bechtel

the graphite

cooperation with the
characterization effort,
furnace laboratory measured Sb, As, Se,
and Tl for Waste Area Group (WAG)
The

turnaround time for WAG-1 results was

wells sampled in September.

30 days, with complete CLP packages to
be finished later. Two graphite furnaces
(Perkin-Elmer Zeeman 5000 and 5100)

were used for this work.




‘ Data processing programs for the
Perkin Elmer 5100 AA Spectrometer
. were 1nstalled this year. One program
performs essentially the same function as
programs FIS-PARSE

MERCURY do for the1r respective jobs:

the and
to parse the data 1n a f1le in order to
‘_recover pert1nent 1nformat10n to review
~ the data for qualrty, and to prepare a file
for incorporation into AnaLlS. The
"program” consists of three 'programs,
each,of which can call the other two as
needed The ﬁrst program is a menu
| driven and ﬁle 11st1ng program.  The
second reads the data file, provides for
search and browse as well as parsing
. features, and enables lthe third or
processing (revievsi) progr.am to be called.
All'sample preparation for EAL was
done in the l"clean room facility" at
Building 2026.  This the
preparation of samples (NPDES RCRA)

for metal determinations usmg a flame

included

AA or graphite furnace and for _mercury
determination by cold_ vapor atomic
absorption. _ »‘

The mercury laboratory provided
Aresults for. a variety of samples of
unusual matrices including oil samples

from the Exxon Valdez oil spill, various
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fluoride,

nitrate,

~ this

insects, fish, and grasses submitted by the
Environmental Sciences Division, and
metal and concrete samples submitted as
special project samples We continued to

provide Hg results for ongoing projects

such as Remedial 3Feasibility Investigation

(RFI) of the Clinch River.

For several years, EAL has been

. using two Dionex Ion Chromatography

systems for anion analyses. A single

anion scan can include results for

chloride, bromide, nitrate,
phosphate, and sulfate, but the majority
of our work is targeted for chloride,
and' sulfate. . Thrs year we
provided ICA scans for work submitted
under_ the _ Environmental Sciences
Division’s Forest.Service Project. Under
program, rain and throughfall
samples arei_, collected at the Smoky
Mountain field sites. Also, the Industrial
Hygiene Department submitted several
requests for sulfate and sulfite analyses

on air filters.

L. S. Barringer, L. A. Greenman,

S. A. Maclntyre, T. L. Mims,

M. L. Moore, T. R. Mueller, J Summers
C. L. Watson



SPECIAL PROJECTS
J. H. Stewart, Jr.

The Special Projects group is
responsible for coordinating interactions
between the

Analytical Chemistry

Division and requesters of nonroutine

analytical services for ORNL programs |

and by Work for Others external
programs. The group performs analytical
development and nonroutine specimen
analyses until the methods are evaluated,
laboratory procedures are written, and
technicians are trained. Another group
responsibility has been the preparation of
purchase specifications, technical testing
procedures, and installation of new major
equipment items. During this reporting
period specifications were written for an
inductively

coupled plasma-mass

spectrometer, an electrothermal

vaporization ICP/MS accessory, and a

combined simultaneous-sequential
inductively coupled plasma optical
spectrometer.

Detailed procurement specifications
for the replacement inductively coupled

plasma-optical emission spectrometer
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system were completed, the bids
evaluated, and a contract for the Thermo
Ash Model 61E

simultaneous-sequential spectrometer was

Jarrell combined
completed.

The Portsmouth facility has
requested and obtained information on
ICP/MS facility site preparation, to utilize
the ORNL experience and expedite their
new ICP/MS facility renovation.

One goal of the group is to
encourage  software  standardization
through use of vendor software programs
that allow end users to supply data to
their runtime programs and to specify
ASCII files

producing customized output data. Two

that be available for
major instrument manufacturers have
responded favorably and will provide
these programs. The long term goal is
to develop a software specification similar
to ASTM and ANSI standards which can
be referenced, and be assured that the
software package will perform the
intended tasks.

Several short range development
projects were successfully completed,
and

determination of U(IV) and U(VI) in

including  accurate precise




chloride media by (NH,), Ce(SO,), redox
titration, the measurement of europium
in reactor coolant water at the 0.5 part-
per-billion concentration level using
chemical preconcentration followed by
coupled

inductively plasma-optical

emission analysis, and the electronic
transfer of the ILos Alamos quality
assurance standard reference library to

ORNL.

D. A. Bostick, C. Feldman, T. R. Mueller,
N. A. Teasley, Jr., J. H. Stewart, Jr.

Preliminary Evaluation
of Laser Ablation ICP/MS
for Analysis of Tree Growth Rings

For several years, the ORNL
Environmental Sciences Division has
requested the ACD to develop a
technique for the simultaneous

determination of trace-to-ultratrace

concentrations of metallic elements
within individual growth rings of cores
removed from trees in several geographic
locations within the U.S. These include

the New England states, the Smoky
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" minerals’

Mountains, and the Rocky Mountains.
Rapid, progressive tree death has been
noted at the 1524 meter elevation in the

last five years in the Tennessee-North

- Carolina mountains.

The ACD inductively coupled plasma

" (ICP) spectrometer has been s.ucces‘sfully
~used to demonstrate the capability of

ICP for measuring trace metals in

digestatesidf small segments of tree core
material. The prébafation is very slow
and costly, and the ultimate detection
limits are not as sensitive as needed. °
The lasér ablation source presently
being used for refréctory metals and
analysis was tested for

measurement of elements of

" environmental concern in specific tree

ring specimens in ‘September.  The

‘results were highly encburagihg’,!' and

indicate that ORNL shoﬂld\"a'gg'ressively
investigate the potential for combining
the laser ablation-ICP/MS analyzer
system to suppbrt.thesé StUdies. This
recent work strongly supports initial
studies in 1988-1989 which indicated that
the technology could be developed.
Data obtained in the recent tests

illustrate the large increase in Al, Cu,



Hg, Ni, P, Pb, Rb, Ti, Tl, W, and Zn
from 1850 to 1980, while the ratios
(1850/1980) for Ba, Ca, and Sr are
similar. These simple ratios illustrate the
potential for ORNL to become a leading
facility for this type of environmental
analysis. Serious effort will be required
to quantitate the ratios if absolute values
are needed, but the trend-analysis of
element ratio versus geologic time may
be of immediate value to the
investigation of the cauées of tree death.

A computer- controlled, automated
laser ablation-ICP/MS system to perform
low- cost, high-throughput measurements
~ of trace elements within individual annual

growth rings is now a distinct possibility.

J. H. Stewart, Jr., S. B. McLaughlin, Jr.*,
T. Rettberg**

*Environmental Sciences Division

**VG Elemental Corporation
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4. ORGANIC CHEMISTRY

M. R. Guerin

This section is responsible for a diverse program of research, methods development
and analytical services. Research is directed toward separations and speétroScopic
techniques that can yield faster and more accurate methods for identifying and quantitating
trace organics in complex media. Fourier transform mass spectrometry and ion trap mass
spectrometry are being studied for this purpose both alone and in combination with
separations techniques. High performance liquid chromatography with fluorescence
detection, capillary zone electrophoresis and supercritical fluid chi‘ométography are the
principle se€parations’ methods under development. Research continues to émphasiz{a
environmental media and has expanded to include physiological media. Field sampling and
direct-sampling mass spectrometry methods ' are being developed for the rapid
determination of organic pollutants in water, soil, wastes and air. Thermal desorption ion
‘trap mass spectrometry has been-shown to be very promising for determining constituents
of physiological media. Progress has ‘also been made in applying our unique analytical
capabilities to physical and materials sciences problems. Examples include the use of laser
ablation Fourier transform mass’spectrometry for the generation and analysis of carbon
cluster ions and the use of reverse chromatography to characterize the surface properties
of ceramic powders. - New or expanded activities are under way in the areas of field
analytical methods and radioactive mixed waste characterization. Our analytical services
operation has continued to expand in size and capability. Environmental compliance and
survey services are being routinely provided for both ORNL and other DOE installations.
Specialty services involving various chromatographic and mass spéctrometric techniques as
well as infra-red and nuclear magnetic resonance spectrometry are ‘carried out in support

of life sciences and physical sciences research at ORNL.
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ORGANIC SPECTROSCOPY

M. V. Buchanan

The goal of this group is to develop

spectroscopic  techniques  for  the

unambiguous identification and

quantitation of trace organics in

environmental and biological matrices.

The primary tools in our research are

trapped ion mass spectrometric
techniques, including Fourier transform
mass spectrometry (FTMS) and ion trap
Other

mass spectrometry (ITMS).

organic . spectroscopic tools are also
employed. These include conventional

gas chromatography/mass spectrometry

(GC/MS), with either electron impact or

chemical ionization, Fourier transform
nuclear magnetic resonance (FTNMR)
spectrometry, and Fourier transform
infrared (FTIR) spectroscopy.

Previous work in our group has
demonstrated the unique capabilities of
FTMS for obtaining detailed information
on the structure of modified nucleotides
and  nucleosides using‘ ultra-high
resolution mass measurements, collision-
induced dissociation processcs, and gas

phase ion-molecule reactions. This has
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allowed detailed information concerning
the identity of the adduct and the site of
adduct substitution on a nucleoside to be
established. This year, substantial effort
was directed to the generation of higher
allow extension of

mass ions to

previously developed ion structural
methods to modified oligonucleotides and
to the interfacing of separation methods
the FIMS

biological

with to allow complex

samples to be analyzed.
Especially noteworthy was the fact that
we were the first to report successful
coupling of matrix-assisted laser
desorption techniques with FTMS. This
technique has tremendous potential for
extending the upper mass limit of
compounds which can be studied with
the FTMS. Techniques have also been
developed for analyzing compounds
isolated on slab gel electrophoresis plates
by FIMS, thus allowing the most
commonly used biochemical separation
techniques to be coupled with the
structural

FTMS.

characterization powers of
In addition, an eilectrospray
source for potential coupling of on-line
separation techniques with the FTMS

was designed and constructed.



.Work has also continued on the
dévelopment of rapid methods for the
df;tection of trace organics in a wide
variety of matrices by direct sample
introduction into an ITMS. This work
has been focussed in two areas:
detection of foxic compounds in
environmental samples_ and detection of
drﬁgs and metabolites in physiological
media. Extensive experience has been
obtained on rapid detection of chemical
agent simulants and volatile compounds
from the EPA Target Compound List.
Additional work has been conducted with
a variety of drugs, metabolites and other
semi-volatile compounds. ‘Matrices
st_udiéd to Qate have been diverse and
iﬁclude air, water, soil, surfaces, urine,
oil, prepared food, milk, plant tissue and
meat. The direct sampling method has
also .been used to monitor gases evolving
from bacter_i'al‘action. 1n general, direct
sampiing ITMS has proven to be a highly
successful approach for rapid, confide_nt
detection df trace organics, and potential
applications for this type of methodology,
for eifher laboratory- or field-based use,
seem to be limitless.

In addition to fesearch activiﬁes,

numerous special spectroscopic studies
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using FTMS, GC/MS, FTNMR and FTIR
were conductéd in support of programs
in the Organic Chemistry Section, .as well
as other research groups | within the

Laboratory.

étructural Characterization, .
_ of Peptides and DNA Adduc_ts
with Matrix-Assisted Laser Desorption

Fourier Transform Mass Spectrometry.

Recent . developments, with time of
flight (TOF) analyzers have shown-that
matrix-assisted laser desofption (MALD)
may be used for the generation of very
high mass (m/z >. 400,000).ions. from
large proteins. Co_ﬁpling this. .,iovn)ization
method with FTMS should = provide
extensive ion . manipulation. capabilities
not available, with TOF instruments for
obtaining structural information on these
large ions. While both TOF and FTMS
are pulsed techniques which can be used
with pulsed ‘laser desorption, there are
substantial  instrumental - differences
between the two techniques in terms of
ion lifetimes, dynamic range and ion
detection. Although several _research

groups have been examining experimental



parameters for interfacing MALD with
FIMS, we were the first to demonstrate
‘MALD with FTMS and have used this
technique to characterize peptides and
oligonucleotides. By using a nicotinic
acid matrix we obtained peptide spectra
with 266 nm laser desorption (single shot
or signal averaged) that revealed reduced
fragmentation as well as an increased
related to the
molecular weight; M + H)Y,
M + K)*, and (M + Na)*. Peptides up
to Gramicidin D (mw 1882) could be
MALD.
different

abundance of ions

ie.,

ionized "softly" with

Examination of several
wavelength-matrix combinations indicated
that pyrazinecarboxylic acid with 266 nm
laser desorption and sinapinic acid with
355 strong

enhancement for the MALD FTMS

nm also provided

experiments. Larger proteins such as
bovine insulin (mw 5734) did not reveal
molecular ions with any matrix-
wavelength. combination. Because these
compounds have been observed in
MALD TOF experiments, it appears that
these (M + H)" ions for these higher
molecular weight compounds are being
generated, but are not detected in the

FIMS. This may be due to poor ion
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trapping and/or ion detection factors.
These limitations are presently under
investigation.

Initial investigations indicated that
the MALD FIMS technique is well-
suited for the characterization of low
picomole quantities of normal and
modified oligonucleotides and provides a
means of probing the structures of ions
in remarkable detail. ~ For example,
spectra of d(AG) (deoxy-adenosine-
guanosine) revealed an (M - H) ion at
m/z 579, along with fragment ions at m/z
428 (cleavage of the glycosidic bond to
eliminate a nucleic base) and 346
(cleavage of the phosphate ester bond).
The latter fragmentation not only
provides sequence information, but also
indicates' specific elimination of the 5’
nucleoside, giving isomeric information;
that is, d(5’-AG-3’) can be differentiated
from d(5’-GA-3"). This observation was
verified using several isomeric dimers,

trimers and tetramers. It was determined

that sequence information and the
location of adducts can be readily
obtained from the observed

fragmentation, which arises primarily
from phosphate ester cleavage from the

3’ end of ‘the oligomers. Without the



addition of the nicotinic acid matrix,

”however, all molecular and larger
fragment ions were lost, verifying the
enhancement effects of the matrix A
‘ number ~of vadlfled nucleic  acid
constituents have also been successfully
| with  this

modified |

| characterized technique,

1nclud1ng the nucleotide
benzo(a)pyrene tetrol deoxyguanosme-S -
monophosphate (usmg 10 pmoles of
sample applied to the probe) which was
the

This

obtained  from collaborators at
American Health Foundation.

result was sespecially encouraging due to
the fact that many other research groups
had prev1ously been unable to generate
a mass spectrum of th1s compound. Our
success in using the MALD F'IMS
technique for the characterization of
modified oligonucleotides has been well-
received by the biochemical community
in a number of

and has ~ resulted

collaborative research efforts.

R. L. Hettich
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‘which promises to

difficulties.

Isolation and Introduction Technology
for the Determination

 of Biochemicals by FTMS

Based on prev1ous success of direct

Vlaser desorption for FTMS analysis of

biological compounds on thin layer
chromatograms, _we have examined the
extension of this technique to slab gel
electrophoresis Gel electrophoresrs is
the most commonly usedl separation
: such as

technique for biomolecules

peptides and oligo.nucleotides; but a
direct laser desorption }from gels has
been limited by poor detection limits and

interferences from the gel matrix. We

" have developed a methodfor extracting

large oligonucleotides from agarose gels

resolve these

This method called "freeze-

squeeze" extraction, involves freezing the

analyte-doped gel with liquid nitrogen

and manually squeezing the gel to
extrude the interstitial liquid containing
the analyte. This method was used to

extract picomole quantities of small

| peptides and oligonucleotides from the

gels for subsequent characterization by

MALD FTMS. Radiotracers were



employed to quantitate sample loading
and recovery from the gel and indicated
total efficiencies of about 50%. Methods
have also been developed for the
isolation of biomolecules from
polyacrylamide geiS using electroelution
| techniques. »
' Work has continued on the
development of an electrospray ionization
source for the FTMS. The purpose of
this work is to jonize large biomolecules
and to interface separation methods with
the structural chéracterization capabilities
of the FTMS. 'I'hev-electrosﬂpiay source is
external - to the magnetic field of the
FTMS and generates ions at atmospheric
pressure folloWed by differential vacuum
pumping and passage tilrougli ion optics
‘necessary for coupling to the FTMS.
SiMION calculatioris were used to model
low enefgyi ion injection into the fiinging
magnetic fields of the FIMS. The
source is currently being tested on a
" quadrupole instrument and, after
examination of experimental parameters,
will be interfaced to the FTMS. Other
researchers have generated multiply-
charged icins ‘from very large peptides
and éligonucieotides using electrospray.

Although this source shows some promise
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for the investigation of large compounds,
additional research will be required to
ascertain whether this source will be truly
analytically useful for the ciiaracterization
of unknown compounds due to the
complexity of the resultin_g spectra.
Investigations are currently under way to
more fully probe and control the

chemistry occurring in the electrospray

process so as to allow the spectra to be

more easily interpreted.

J. C. Dunphy* R. L. Hettich, _
E. L. Kerley**, M. V. Buchanan

*ORAU Graduate Research Program
**ORAU Postgraduate Research

-Program

Characterization of Laser Desorption

and Laser Ablation Processes

In order to understand and optimize

laser desorption for biological

compounds, we have begun an
investigation of the fundamental nature
of laser effects on substrate surfaces.
The objective of this work is to examine

the effect of matrix enhancement by



compounds such as nicotinic acid as well
as to probe the nature of laser ablation
on substrate surfaces We have noted
the ease of generatmg cluster 1ons from

various surfaces by laser ablation and
\ have begun to examine in detail_ the
structures energetics, and ion-molecule
reactions of these cluster ions. AFor
example carbon cluster ions containing
as many as 150 carbon atoms per cluster
can be easily generated by laser ablation
of graphite targets The structures and
properties of these clusters are currently
_under examination in a number of
research groups due to the importance
of these species in areas such as catalysis
“and combustion processes. We are
| particularly inter_ested in the application
FIMS for

generation and structural characterization

of laser ablation the
of species' which are important in the
materials science ﬁeld.

Carbon clusters C™ where n = 2-10
were generated and examined by LD
FTMS.

cluster

The fragmentation of these
ions 'by collision-induced
dissociation indicated predominant loss of
C,;, which agreed well with results
obtained by other researchers. These

cluster ions were trapped in the FTMS
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dissociation of ,

cell and allowed to react w1th oxygenated

lcompounds such as oxygen water ~and

carbon ledeC While these clusters
have high electron afﬁn1t1es and are
completely unreactive with most small
compounds, they do react readily with
water, forming C,OH" and C,H,0O" as the

ionic products. The formation of C OH

dominates when n is an odd number

_whereas C HZO is observed when n is

an even number. Coll1s1on 1nduced
these product

of CO and

ions

indicated facile losses

(QOH), although loss of OH.or H,0

'was never observed

_ Gy is the only
cluster ion that w111 react w1th CO,, and

yrelds C3O as the product ion.

Colhsronal dissomatlon of th1s ion gave

G, as the only fragment 1on, once again

suggesting that CO loss from oxygenated
clusters is a favorable pathway

‘ We have extended these studres to
examine a varrety of substrates in
collaboration w1th other researchers
Work is in progress w1th R N. Compton
of thel Health and_, Safety Research
Division ' carbon

to examine larger

clusters such as buckminsterfullerene,

Cep» with particular emphas‘is on the

detection of multiply-charged cluster ions.



Other investigations include examination
-of meteorite samples with Bishun Khare
and Carl Sagan (Cornell) to identify the
higher molecular weight organic polytners

present.

R. L. Hettich

’ Development of Methods for Detection
of Chemical Agents in Air, on Surfaces,
and in Physiological Media

The last annual repo'rt described our
development of mstrumentatlon for the
rapid, confident detectlon of trace levels
of chemical agents in air as part of a
U. S. Army- project. ' This equipment
consisted of a commercial ion trap mass
spectrometer (ITMS) and an automated
thermal desorption (ATD) unit which
was specially designed and constructed
here. 'After the entire system was tested
for about a year at Tooele Army Depot,
the ATD was returned for some minor
improvements, includilng circuitry for
enhanced temperature control, error
checking and more versatile

communication with external devices.

The ATD is now back at Tooele funning

routinely with either a GC with a flame
ionization detector or with the ITMS.
Based on the success of the Tooele
project, we were asked to develop
methods for the rapid trace detection of
agents on surfaces and in agricultural
media as part of the overall issue of
personnel re-entry after env1ronmenta1

exposure to chemical agents. Building

‘materials, such as brick, concrete block,

gypsum wall board and wood need to be
tested to determine how much
contamination s present and how
complete decontamination Iprocesses are.
In addition, we are also measurmg rates

of dlfoSIOIl of chemical agent simulants

" into these various building materials to

determine how effective simple surface
measurements with a spec_iall “surface
sampling probe with the ITMS will be.
Agricultural products sueh as meat, milk,

wheat and forage crops also need to be

tested to determine if they are fit for use

after exposure to chemical agents. Rapid
methods of sample isolation: for
subsequent thermal desorptlon into an

ITMS are being developed. In one

approach, countercurrent dialysis is being

evaluated to strip the lower molecular

weight agent from the complex sample




matrix and concentrate it on a sorbent
" trap. . The development of this isolation
method is descrrbed in detarl elsewhere
in th1s report. The overall goal of this
act1v1ty is to develop methods which
could be used m the fleld to test
'bulldmgs and agrlcultural products in an
emergency situation so as to assure the
safety of human health

and the

envrronment

‘M. V. Buchanan R H Ilgner
JE Caton M. B. Wzse A

Rap1d Detect1on of Orgamcs in the
Envrronment Water Soil and Air

Work has continued on the

development of rapid methods of
detecting and 'quantitating' trace organics
in environmental samples, including air,
water and soil.  Previously, we had
demonstrated that volatile organics in
water and  soil samples may be
determined in as little as three minutes
by purging a 25 mL water sample or a
5¢g soil sample slurried in water with a
stream of helium (150 mL/min). The

effluent is introduced directly either into
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an ITMS or a quadrupole 1nstru'nent
outf1tted w1th a glow d1scharge ionization
Recent work has centered on
verifylng

analytical conditions. A series of twenty-

source.

establishing and standard

five EPA Target Compound List volatile

compounds were examined to determine
the time required to purge the materials
from water. Spectral interferences from
these compounds were also examrned
Extenslve tests with benzene,
tr1chloroethylene and tetrachloroethylene

in water demonstrated good llnearrty for

'tetrachlolroethylene from 1 to 1000 ppb

(by volume) and 1 Ato 100 pph for
beniene and trichloroethylene. : The
effect of sample matrix on the analysls of
organics in soil and water was also
studied. .
(pH = 2, 10 and neutral) had little effect

For example, changes in pH

on the purgability of the compounds
from water. Different soil types (high or

low clay content, sandy, etc.) did exhibit

differences in recovery, ranging from 17

to 90%. This range of recoveries is due

in part to 1rrevers1ble adsorptlon of the
volatiles to soil partrcles as well as losses

durlng sample preparatlon. Wxth work

on volatile compounds nearing

‘ completion, studies have begun with the



rapid analysis -of semi-volatile
environmental compounds.

A new inlet system has been
designed which allows direct, real-time
sampling of air into the ITMS and
analysis with conventional electron
impact or chemical ionization. This inlet

includes a small air sampling pump and a

pulsed helium valve to maintain optimum -

detection of compounds with good
sensitivity and mass spectral resolution.
Initial studies scoping the detection limits
for thirty-two EPA volatile organics
found that these compounds could be
detected in the low- to mid-part-per-
billion range. A test facility for
generation of known concentrations of
- volatile organics in air was designed to
aid in the evaluation of the ITMS for
direct air sampling. A syringe pﬁmp was
used to accurately meter quantities of
organicsv introduced in a stream of air,
which was subsequently introduced into
the ITMS. Tests with gas standards of
known concentrations showed that the
test generation facility was accurate to
within 5% of the targeted concentration.

Experimenfs to date have shown that
the ITMS can be reliably and routinely

employed for the rapid detection of

organics in water, soil and air using
direct sampling methods. The instrument
is rugged and can operate for periods of
six months or more without replacement
of the electron filament or electron
In addition to MS/MS
capabilities, the ITMS can be used to

multiplier.

selectively ionize compounds via chemical
ionization processes to aid in the
detection of targeted cdmpounds in
complex mixtures. The glow discharge
instrument is also ruggéd and has about
the same sensitivity as the direct
sampling ITMS. This instrument,
however, is not as flexible as the ITMS
and might best be used as a routine

monitor for a targeted 'compound.

M. B. Wise, G. B. Hurst,
C. V. Thompson, M. R. Guerin

Rapid Detection of Drugs and Metabolites
i Physiological Media

As part of an ongoing project for

the National Cancer Institute to
investigate the effects of environmental
tobacco smoke and passive smoking, a

method for the rapid detection of



markers of exposure to tobacco smoke
was developed -using the ion trap mass
spectrometer. In this method, 1
“microliter aliquots of untreated urine
were thermally desorbed directly into the
' ITMS. Isobutane was used to selectively
ionize nicotine and cotinine, a metabolite
of nicotine, and fragments from collision-

induce_d dissociation of the (M' + H)*
| ions of each compound ‘were
Vvquantitatively momtored " Detection
" limits of approx1mately 10 Pg for each of
these semi-volatile compounds in 1 uL of
unconcentrated urine were observed, with
.a linear dynamic range of two to three
' orders of magnitude These detection
limits are more than suff1c1ent for the
study of urine from smokers with no
sample concentration Analys1s time was
less than four minutes per sample. To
:improve quantitative measurements,
deuterated nicotine and cotinine were
used as internal standards. ~ Analysis of
an EPA/NIST Reference Material, 8444,
both low and high  level | samples,
demonstrated that the direct sampling
method has excellent accuracy and

precision. AddlthIlal pilot studies were

also conducted on the rapid detection of

other nicotine metabolites including
n1cot1ne N- oxide and 3- hydroxycotmme

These stud1es 1nd1cated that thlS.

approach also shows promise for these

more polar and less volatile compounds.

A similar sampling approach was
used to detect a variety of drugs in urrne
1nclud1ng

cocaine, codeine,

phenobarbital, tetrvahydrocannabinol,
amphetamine, and methamphetamine.

The detection limits for these drugs were

at or below levels required for drug

screemng purposes Addrtional work is

being. conducted with other drugs and

~ other matrices at present. For example

in a pro]ect for the Food and Drug
Admmistration methods for the rapid

analysrs of drugs 1n an1mals .are being

developed as a means of screenmg
an1mals pr1or to slaughter to assure that

the meat 1s safe for consumptron Two

anthelmintics phenoth1azme and

prperazrne are thermally desorbed from

Tenax into the ITMS for selective
detection us1ng chemrcal 1onlzation and
collision-induced. dissociation. Methods
for the rapid \!isolation of trace drugs
from biological media are being

developed in collaboration with the



Separations group to provide enhanced
-sensitivity and to prepare isolates of
metabolites  suitable for chemical

derivatization.

M. B. Wise, R. H. Ilgner, G. B. Hurst,
C. V. Thompson, R. L. Hettich,
M. V. Buchanan, M. R. Guerin

Development of

Advanced Trapped Ion Instrumentation

The successful completion of several
projects involving ion trap mass
spectrometers has identified a clear need
for a smaller, more portable instrument
which could be used in the field, for
example, for environmental monitoring.
Initial design of a new trapped ion
instrument has begun and the first
prototype is intended to be cart portable.
The instrument will consist of a novel

trapped ion analyzer cell, smaller vacuum

manifold, and an integrated electronics

and data station. SIMION plots have
been used to model the new analyzer.
This new analyzer is substantially smaller

than present designs, but maintains the

same ion volume to retain optimal mass
resolution and dynamic range while
avoiding problems with space charge.
The new cell is presently under
construction and initial tests should begin
early in 1991. The instrument will be
outfitted with readily interchangeable
sample inlets to allow application to a
variety of sarnple matrices. As part of

this project, we are collaborating with

‘Scott McLuckey (Analytical Spectroscopy

Section) to develop methods ~ for
detecting multiple conipounds in complex
mixtures under MS/MS conditions. .Work
is also under way to develop and
demonstrate field instrumentation for
direct sampling ion trap  mass
spectrometry based on the Finnigan ITS
40. Our studies of ITMS to date suggest
that many important applications require
t)nly the sensitivity and the direct
sampling components of our technology
and that these promise to be aehievable
with the ITS 40. The work involves
interfacing this instrument with our
sample introduction inlets and modifying
the system to provide sensitivity
comparable to that observed using the

ITMS. Steps are also being taken to



improve transportability and- field-

hardiness.

M V Buchanan M B Wlse
C V. Thompson A V. Blalock*_

*Instrumentation and Controls Division

Differentiation of Crude Orls

| D1rect sampling ion ’trap mass
spectrometry (DS ITMS) has been

demonstrated to be an effectlve method

of dlfferentiatmg crude 01ls Twelve ’

Middle Eastern crude oils were examined

byiconventional gas chromatography with

ﬂame ionization detection combined gas

chromatography/mass
(GCMS) and DS ITMS ‘The

spectrometry

chromatographic proﬁles of the crudes/

consisted primarily of  paraffinic

components, which made it difficult to

unambiguously differentiate the crudes.

GC/MS’with selective methanol chemical
ionization was used to preferentially
mvestigate the aromatic compounds
present wrthout mterference from the

more prevalent parafﬁns and did yield

some insight into the  identity of the
crude oils. Both of these methods
required 30 to 60 minutes of analysis
time _due to the chromatographic
separation step. The DS ITMS method
showed remarkable ability to differentiate
the .crude oils in as little as three
minutes total analysis time because no
chromatographic separation was involved.
Selective ionization with water allowed
alkyl aromatics to be observed, and
comparisons of the abundances of these
compounds ‘permitted most of the crude
oils to be differentlated In these pilot
studles only alkyl benzenes were
monitored. The differentiation of the
oils by_ DS ITMS should .be‘ enhanced
further by monitoring higher molecular
weight | aromatics, such as alkyl
p_henanthrenes and anthracenes, which
have been successfully used to
differentiate oils by chromatographic

methods.

R L. Hetich, C. Y. Ma,
M. V. Buchanan, M. R. Guerin



Special Spectroscopic Studies

Special spectroscopic studies were
conducted in support of many of projects
within the Organic Chemistry Section and
for other ORNL divisions. Most of
these studies involved GC/MS with either

electron impact or chemical ionization,

but nuclear magnetic resonance and

infrared  spectroscopy were also

employed. Fourier transform mass
spectrometry was also used in a number
of studies when conventional mass
spectrometric  methods were not
sufficient.

Negative ion chemical ionization
GC/MS was used in support of several
environmental studies in the Orgaﬁic
Analysis  group, including the
identification and  quantitation of
technical chlordane in waste tank samples
and confirmation of pesticides and
polychlorinated biphenyls (PCBs) in
various samples. Laser desorption FTMS
was also used to characterize higher
molecular weight components in waste
tank samples. A novel method was
developed to differentiate Arochlor

mixtures based on the relative abundance

of PCB homologs and pattern
recognition.

GC/MS and 'H NMR were used to
characterize fractions from Exxon Valdez
crude oil fractions in an effort to identify
potentially harmful compounds. Thermal
desorption methods were wused with
GC/MS for the analysis of organics
collected from rocket exhaust in support
of a program in the Special Projects
Group. This method was also used to
identify compounds present in air
collected from a “sick" building, where |
occupantsl complained of ill effects.
Various samples have been investigated
for researchers in other divisions. For
examplé, a series of products from
irradiated nucleic acids have been
characterized by FTMS (J. E. Turner,
Health and Safety Research Division).
FTMS was also used to characterize a
series of isomeric pteridine-related
compounds (K. B. Jacobson, Biology) and
a series of complexing ligands used in
radiolabelling studies (F. F. Knépp,
Health and Safety Research Division).

C. Y. Ma, R. L. Hettich, M. V. Buchanan



SEPARATIONS AND SYNTHESIS
'W. H. Griest

" The principal objective of this group
is to develop and apply separat1ons
methods for the 1solat1on, 1dent1f1catlon

and quantitative determination of organic

chemicals “ in complex media. An
additional objective is to | integrate
organic  synthesis and  separations

methods with collaborators’ spectroscopic

measurements so as to address specialty

issues requiring knowledge of chemlcal

' Gas and

processes and composition
quu1d chromatography, supercr1t1cal ﬂu1d
extraction and chromatography, and
capillary zone electrophores1s are the
principal technologies being used and/or
investigated. |
include the identification of bioac_tive
and/or biologicalitransformation products
in complexv mixtures  and the
identification of processes responsible for
the deterioration of selected military
munitions. The combmat1on of
separatlons and chemistry expert1se has
led to a major initiative in radioactive
mixed waste characterization.  Initial

attention is being given to establishing an

Current chemical studies
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analyt1cal servrces facrlrty capable of

generating EPA mandated ,waste

characterization data.

Displacement Chromatography
for Trace Analysis
Invest1gat1ons of enr1chment for
trace analys1s were contmued w1th the
ORNL/UT D1st1ngu1shed

Research

Sc1ent1st‘
Program Prev1ous
demonstratlons that the sem1 1deal model_
is useful for accurately predrctmg band.
profiles ,. of trace-level =~ compounds
1ncompletely resolved from major sample-
elution

const1tuents in overloaded

chromatography have led to related

studies using d:r_s.rplacemetnt
chromatography. Unlike  elution
development where bands  become

broader and more d1lute as they m1grate

through the column the zones in
dlsplacement become more concentrated
At appropnate drsplacer concentratlons
and column lengths an 1sotach1c train
develops with sharp bounda_ries defining
the wvarious reg1ons for the sample
band

components. Srgnlfrcant

compression may be obtained for trace



constituents and this enrichment has

.been studied both theoretically and

experimentally. The theoretical model is
based upon the solution of the mass
balance  equations for  non-linear
chromatography, assumihg competitive
Langmuir isotherms.

Experimental studies utilized
compoundS in the low to sub-ppm range
and were detected by fluorescence
independent of the displacer which was
monitored by UV absorbénce. The trace

compounds were pushed by the displacer

front’ but were free to diffuse forward

(i.e., the migration was not restricted by
interaction with earlier eluting major
components). Data were obtained
for  B-naphthylamine, an impurity
found in p-naphthylamine, and a

coumarin dye, employing various

phthalates as displacers. As pfedicted,

the trace component bands were found
to be significantly narrower (hence more
cdncéntfated) compéred to linear elution
chromat(‘)graphy.v Their apparent
efficiencies may 4exceed the nominal
column efficiency by 100-fold and
detection -limits could be improved by
over an order of ‘magnitude.  Since

displacement  chromatography also

accommodates much larger sample
quantities than does elution
chromatography, an overall reduction in
detection limits of 100 to 1000-fold may
be obtained for trace conipounds for
which displacement procedures may be
developed.

These studies ha\}e defined some of
the advantages of displacement
chromatography but have also illustrated
some of the difficulties in esfablishing the
methods. The most challenging
requirement remains the identification of
a suitable displacer with adequate
solubility, appropriate retention volume
and chemical characteristics that permit
selective on-line monitoring without
interfering with detection of the trace
substituents. Fo_r’ critical  analyses
performed on a routine basisbth_e gain in
sensitivity may well compensate any
additional effort involved in niethod_s

development.

R S, Ramsey, A. M. Katti¥,
G. A. Guiochon

*UT Predoctoral Pro gfam



Extraction and Isolation -

:‘Methodologies

Supercritical fluid extraction is being
.evaluated as an analyte isolation method.
The low viscosities and high solute
diffusion coefficients characteristic of
supercritical fluids are increasingly being
exploited for the extraction and recovery
of organic compounds from a variety of
sample matrices such as soil, sediment,
and ambient air

diesel exhaust

particulates.  Supercritical fluids offer
faster and more efficient extractions than
does organic solvent extraction. In a
project for Rocky Mountain Arsenal, we
are evaluating the supercritical  fluid
extraction (SFE) of soil samples for the
determination of chemical wa:fare_agcnts.

The chemical . warfare agent simulants

dimethylmethylphosphonate ~ (DMMP,
simulant.. for .agent VX)),
chloroethylethylsulfide ("half-mustard"
or. HD/2 for agent HD),
diisopropylfluorophosphate  (DIFP,
simulant for agent GB) and
diisopropylmethylphosphonate  (DIMP,

another simulant for agent GB) can be

- extracted nearly quantitatively from soil

in a 5 minute SFE .using 5 wt%

- methanol in carbon dioxide at 3 x 10’ Pa

and 60° C. At present, the supercritical

fluid extractant is depressurized.in 2 mL

. of solvent for injection and analysis of an

- aliquot by GC.

This off-line SFE
approach produces a cleaner extract than

conventional solvent - extraction, but

approximately the same . low-ppm

- _detection limits. Sorption of the extract

onto a solid sorbent cartridge promises to
increase sensitivity by one to two orders
of magnitude. Another advantage of this
latter approach is the complete
elimination of toxic solvent wastes.

. and

Solid . phase extraction

“countercurrent -ultrafiltration. are being
. evaluated as isolation methods especially

-compatible with Spectroscopy group

methods of direct sampling mass

spectrometry. Solid phase extractants

traditionally have-been 'used to achieve

highly efficient recoveries of organic
compounds from aqueous li(iuids, but
before now they have not been used to
extract compounds .from solid biological
samples. In a collaborative project with

the Organic Spectroscopy group, we have

-been -examining solid phase extraction



methods for recovering chemical warfare
agent simulants from water, -plant tissues,
milk and meat for analysis by thermal
desorption ion trap mass spectrometry.
Several sorbents were compared for their
- ability to collect simulants from water
and milk in a flow-through sampling

mode. Tenax resin was found to be

superior to a styrene-divinyl benzene

polymer (XAD-2), a C,ge-modified silica,
and a cross-linked vinylpyridine polymer
(MP-2). DMMP was the only agent for
which low recoveries were obtained.
Placing dialysis tubing and a drying agent
around = the Tenax permitted static
extraction of the simulants from plant
tissues and meat with separation of the
resin from contaminating macromolecular
constituents. Slow analyte mass transfer,
however, required long equilibration
times (days) using this scheme. A novel
countercurrent extraction system was
devised to speed up analyte extraction.
The sample (as a liquid or slurry) is
recirculated through an ultrafiltration
cartridge at the same time that water is
pumped across the outside . of the
ultrafiltration membrane in the opposite

flow direction. The water is continuously

recirculated through a Tenax cartridge to
collect the extracted analyte. We expect

faster and more efficient recoveries.

W. H. Griest, J. E. Caton, R. S. Ramsey,
W. M. Caldwell K. H. Hazen*

*GLCA Science Semester Participant

Capillary Zone Electrophoresis
of Nucleic Acid Constituents:

Capillary zone electrophoresis has
been explored as a method of separating
DNA adducts and short-chain
oligonucleotides. A variety of parameters
influence retention behavior in capillary
electrophoresis  including buffer
composition, pH, chemical modification
of the inner walls of the capillary surface
and the addition of complexing agents or
micelles to the buffer. The- effects of
micelle concentration, voltage and solute
concentration on the separation ‘of
various nucleic acid constituents were
previously examined in our laboratory.
These studies have been extended to

include the effects of buffer composition.



Nucleic bases and pyrimidine dimers were
easily resolved using phosphate/borate
buffers containing sodium dodecylsulfate.
Short-chain oligonucleotides (up to six
base units) were also separated although
isomers differing in base sequence were
either unresolved or incompletely
resolved. Urea, which has been reported
to reduce stacking behavior, appeared to
have no effect on the results. Buffers
~containing substitueﬁts which could
~ complex to the phosphate groups of the
_nucleotides were found to approximately
double migration times and reduce
efficiencies. This may reflect partitioning
“behavior or slow kinetics in complex
association and  dissociation. For
oligonucleotides of differing chain lengths
_ the best separations are obtained. using
molecular sieving agents. We are
currently  investigating methods of
preparing novel  inorganic . gels in
capillaries and evaluating their suitability
for,

electrophoretic ~ separations  of

biopolymers.
R. S. Ramsey, K. L. Wohlpart*

*ORAU Student Researck: Participant
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.analytical | procedure.

Mixed Mode I-'Iigh‘\ Performance
Liquid Chromatographic Determination
of Explo_siycs and Metabqlites )

Last year, we reported the

development of a mixed mode reverse

_phase/anion exchange high performance

_ liquid chromatography (HPLC) method

for the determination of explosive

~ compounds and trjnifrotoluene ((INT)

metabolites. , This method has been
extensively applied this year. Our
for  aqueous
leachates and soils or composfs was
subjected to the U. S. Army Toxic and
Hazardous Materials Agency Level IA
Cer‘tiﬁcation.. It now is being applied to
the. analysis of explosives processing

wastes composts and their EPA Synthetic

. Precipitation Leach Test leachates. The

composts are- from a field composting
experiment designed to decontaminate
lagoon sediments at the Umatilla Army

Depot. Considerable biotransformation

of the TNT to monoamino derivatives is

‘being observed. The leachates and also

organic solvent extracts are being tested
for bacterial mutagenicity and aquatic

toxicity by collaborators in the Health



and Safety Research and Environmental
- Sciences Divisions. The HPLC analytical
method also has been applied to 168
samples of deer, quail and rabbit tissues
extracted by other collaborators in the
Environmental Sciences Division. No
explosives ‘or TNT metabolites were
found in any tissues within a detection
limit of 0.1 mg/kg. Surrogate standards,
matrix spikes, and blanks were extensively
used for quality assurance.

The mixed mode HPLC method has
been extended to the determination of
energetic nitroesters (nitroglycerin and
diethyleneglycoldinitrate), stabilizer
(diphenylmethylurea) and their
degradation products in munitions
components as a part of a predictive
surveillance study (see below).
Nitroesters were found in trace
concentrations (ca. 0.01 wt%) in the case
wall material of one-month-old M829
rounds, and " in low percent
concentrations in the case walls of
rounds subjected to severe accqlerated
environmental exposures. Nitrated
diphenylamine degradation products of

the stabilizer also were observéd in the

latter.

J. E. Caton, C.-h Ho, W. M. Caldwell,
W. H. Griest

Radioactive

Mixed Waste Characterization

A continuing activity in this group
has been the preparation of radioactive
samples for organic analysis. This activity
concerns samples which - require
preparation in radioactivity zoned
facilities, using modifications of EPA
SW-846 methods. This preparation of
organic extracts for volatile or

semivolatile organic compounds usually

" results in sufficient decontamination that

the final analysis can be conducted by

the Organic Analysis group in nonzoned

- conventional GC-MS or GC laboratories

using EPA SW-846 or Contract

Laboratory  Program  instrumental

procedures. . This year, analyses and
reporting were completed for the Melton
Valley storage tanks, and for additional
inactive nuclear waste tanks. In a new
project, almost 280 samples were
received from the DOE Fernald plant for

analysis of volatile organic compounds



and toxic metals. These were received at
Building 2026 and were prepared (as
required) and distributed to other ACD
groups for analysis. Sample
documentation was a difﬁéult task
because nuclear material accountability as
well as chain of custody had. to be
maintained in sample transfers, and the
return shipment of materials classified as
limited quantities of radioactive materials
e,ntaile,dvmgc‘h additional HP monitoring,
repackaging and paperwork.

- We  are now. expanding our
;adiochcmical facilities into an additional
laboratory room for conducting organic
solvent (;xt_ra(_;éion and concentration.
The changeroom/bathroom has been
completed, .. allowing . our staff to
changeout without having to. move
through a regulated zone to a
changeroom on the lower floor. We are
establishing the capability to conduct the
EPA Toxicity Characteristic Leaching
Procedure (TCLP) zero headspace
extraction of volatile organic compounds
in radioactive samples fequiring a
radiochemical hqu environment. A
state-of-the-art HPLC with ternary

gradient capability, automatic sample

injector, diode array UV detector, and
PC data system also was purchased and
installed. It will be dedicated to the
analysis of radioactive samples for
cbnstituents not suitable for GC or GC-
MS analysis, e.g., herbicides in TCLP

leachates.

R. L. Schenley, J. E. Caton, W. H. Griest

~ Predictive Surveillance of Munitions

. A project for the U. S. Army
Armament, Munitions, and Chemical
Command.is aimed at understanding the
causes of and developing predictive
models for the deterioration of an
adhesive joint and nitrocellulose case wall
in the M829 120 mm kinetic energy
antitank .round. . Laboratory studies of
“coupons” cut from the case wall of the
M829 round and centered around the .
adhesive ‘joint identify important factors
in the deterioration of the-M829 round.
A major accomplishment this year was
the acquisition and installation of a
custom-designed  and

fabricated

environmental chamber which s



temperature- and humidity-controlled and
explosion-proof. Coupon exposures to
different temperatures and humidities
have established humidity as an
important factor in the deterioration of
the adhesive joint and case wall. At
elevated temperatures, the deterioration

is severe. The nitrocellulose in the case

wall apparently is depolymerized quickly -

at 85° C, but at moderate temperatures
(<50° C), the deterioration in strength
and hardness is largely reversible and
perhaps is due to solvation and swelling.
Addition of propellant to the coupon
expdsures reduced the reversibility of the
deterioration effects, probably through
reactions of the nitrocellulose with oxides
of nitrogen and solvation of the adhesive
from the

by nitroesters  emitted

propellant. Coupon tests of liquids to
which the full-up rounds may be exposed
during deployment (such as diesel and
“turbine fuel, turret hydraulic fluid or
cleaning agents) showed little effeéts, but
a common production line degreaser
(methylethyl ketone) rapidly caused
adhesive disbonding.

Accelerated environmental exposures

and subsequent phySical tests of full-up
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MB829 rounds are being conducted by the
Milan Army Ammunition Plant to
develop the database for predictive
modelling. The exposure experiments
are approximately 60% complete, but
initial evaluation of the data suggests that
round-to-round variability may limit the
confidence of a mathematical model for
predicting environmental effects on the
rounds. A study of this variability and its
causes and effects on modelling is in
progress. |
A scoping task nearing completion |
this year is evaluating the feasibility of an
indicator strip which is affixed to the side
of the M829 round and which changes
color when the case wall materials are
nearing the point of failure. Because
both nitroester migration from the
propellant and moisture contribute to
deterioration, color change indicator
chemistries for these factors were
surveyed. The main requirements are
compatibility with the céée wall material .
and the formation of a visible color
change from stable reagents. Work to
date suggests that the Griess reaction
(involving the formation of a diazo dye)

would be suitable for indicating nitroester



accumulation, and studies now are
centered around adapting the reaction to
a solid surface patch. Several inorganic
salts dramatically change color with
hydra}ioﬁ state and .appear useful as a
reyersible case moisture indicator. The
main problem ‘.is in controlling the
sensitivity of the indicator. This may be
overcome | -

with semipermeable

membranes.

W. H. Griest, J. E. Caton, C.-h Ho,
W. M. Caldwell, C. K. Bayne®,
R H. Baldwin** H. E. McCoy**,

W. R. Nance*** K L. Wohlparj****

*Computing and Telecommunications
Division |
**Metals and Ceramics Diyision ‘
***Martin Marietté Ofdnanc_e Systems,
Inc.

****ORAU Student Research Participant
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Charactg:rizz;tion of
Exxon/Valglcz Spilled Oil

The exposure of large numbers of
cleanup worke;s to spilled v_,‘oil over
several months of cleanub operations
su.ggests thé need for an assessment of
any unusual occupational health hazards.
To address this issue, we  subjected
WCathéred spiued»oil and‘.hgld oil from
the Exxon/Valdez to‘ biodirected cherﬁicall
fractionation and target chemical analyseé
based on extensive earlier biddirécgg:d
separations of natural and synthétic crude
oils. Potential inhalation, ingestion, and
dermal contact hazards were considered.
Simulated distillation and also analysis of
volatile organic cbmpounds showed a
considerable redugtidn in organic vapors
available for inhalation after the spilled
oil had weathered. . Ho_\_yever, a large
spill would release. vlarge quantities of
benzene into the environment in the
early stages of the oil spill. Analysis of
toxic metals and 4-6 ring polycyclic
aromatic hydrocarbon dermal tumorigens
in the oils ‘and Ames bacterial
mutagenicity tésti_ng (by collaborators in

the Health and Safety Research Division)




of chemical class fractions of the oils did
‘not reveal any unusual hazards in the
weathered oil relative .to the hold oil.
Overall, the Hresults suggest that the
weathered spilled oil should not pose
occupational health hazards different

from typical petroleum crude oils.

C.-h Ho, R. L. Tyndall‘*, W. H. Griest,
M. P. Maskarinec, C. Y. Ma,
M. R Guerin

*Health and Safety Research Division

SPECIAL PROJECTS
R. A. Jenkins

The principal goal of this group is to
address issues which require specialty
expertisé developed in earlierA programs.
That expertisé includes tobacco smoké
chemistry, aerosol generation and
characterization, air Asampling and
monitoring, and field analytical methods.
A characteristic of this work is that it
requires combining sami)ling, separations,

spectroscopy, and instrumental

monitoring capabilities of the section and
division to achieve its objectives. These
combinations are implemented

independently or in collaboration with

_other section and division organizations

depending on the nature of the issue
being addressed. Our principal initiative
is the development and demonstration of
field analytical technologies in support of
Department of Energy environmental
remediation and waste management

activities.

Tobacco Smoke Studies

Our sfudies continue to focus on the
chemistry and measures of exposure to
environmental tobacco smoke (ETS).
This includes the evaluation of ibn trap
mass spectrometry for the determination
of airborne and urinary nicotine
(Spectroscopy group), a comparison of
area versus personal sampling strategies
for exposure assessment, and the
preparation of a monograph on the
chemistry of ETS. A special study is also
under way to determine whether
dibenzo(a,l)pyrene is present in

mainstream cigarette smoke.




Laboratory studies. described in the
previous annual report demonstrated that
our breathing zone personal sampling
device and our stationary area sampling
device provided equivalent results when
sampling the same environment.  Field
studies were. performed this year to
determine the influence of sampling
strategy on exposure assessmehts. Thirty
public areas in the metropolitan
Knoxville area were sampled for a single
day each by both methods. The types of
“locations sz_;lmpled ipcluded laundromats,
. restaurants with salad bars, transportation
waiting areas, cocktail lounges, offices,

.bowling alleys and pool halljvideo

game/pinball parlors. The area monitors, -

typically two each mounted in a briefcase
for unobtrusive ‘sampling, were employed
in a stationary manner. The personal
. monitors were worn by individuals who
periodically = moved through the
environment in a manner appropriate for
that particular environment. We found
that the nicotine concentrations versus
samplév location were log nQrmvally
distributed, and ranged from 0.2 -
90.6 ug/m® for the personal sampler, and
from 0.0 - 729 ug/m’ for the area

monitor. The relative standard deviations

for multiple samples acquired in each
location were typically high, suggesting a
great deal of sbgtia.l inhomogeneity in the
locations being sampled. ~ Within the
range of sampling variabilify,_ the
stationary area samplers yielded nicotine
levels comparable to those determined by
mobile personal samplers over a wide
range of field conditions.

Considerable _progress has been
made toward _.the. preparation . of a

monograph on the chemistry of ETS for

the Center for Indoor Air Research

(CIAR). The principle -objective is to

provide a comprehensive tabulation and

rTeview of data generated in studies of

ETS exposure. A secondéry 6bjcctive is
to provide background .information on
smoke chemistry, sampling and analysis
methods and non-ETS sour;:es of indoor
air contaminants as an aid for future
research. Special attention is being given

to respirable particulate matter, nicotine,

carbon monoxide, volatile organic

chemicals, trace organics (primarily
polycyclic aromatic hydrocarboﬁs_and N-.
nitrosamines), oxides of nitrogen, and
formaldehyde.

A special study is under way to

.determine whether dibenzo(a,l)pyrene



(DBALP) is present in mainstream
cigarette smoke. DBALP has recently
been found by others to be 100-1000
| timés more carcinogenic than s
benzo(a)pyrene. This implies that
concentrations in cigarette smoke as little
as one part per billion might contribute

to its carcinogenicity. ~ Our initial

approach involved "the traditional

combination of p‘recipitation, liquid-liquid
extraction, multiple liquid
chromatographic  isolation  steps,
radiotracer (benzo[a]pyrene-"C) recovery,
and final analysis by fluorescence
detection high performance liquid
chromatography (HPLC). The approach
suggested the presence of DBALP in
one sample at a concentration of
approximately 20 ppb but gas
chromatographic data indicated that the
HPLC peak ascribed to DBALP may be
due to some other chemical. The
extensive sample processing resulted in
low recoveries and may have introduced
contaminants. We are currently
developing a new method which
minimizes sample processing and relies
on thermal desorption gas
chromafography mass  spectrometry

(Spectroscopy group) for final

measurement. Cigarette smoke, diesel
particulate matter and possibly additional

materials will be analyzed.

M. R Guerin, R. A. Jenkins,
B. A. Tomkins, J. H. Moneyhun,
C. E. Higgins, R. L. Moody

Aerosol Generation

and Characterization

Characterization of exhaust from test
scale rocket motors from hand-held anti-
tank weépons systems has continued.
The purposé of the effort is to provide
both a data base for health risk
assessment and an input into improved
computer model projections of exhaust
products. For this study, the
concentrations of Both major and minor
vapor and particle phase constituents are
being determined. Since many of the
potential species are reactive, real-time
monitoring systems to determine levels of
particulates, ammonia, oxides of nitrogen,
hydrogen cyanide, carbon monoxide and
dioxide, and hydrogen chloride are used.

Analytical methods validation experiments

‘were performed ‘using free burns of small



quantities of the candidate propellants in
a’'small chamber.” Samples for the actual
characterization studies are collected
from firings of scaled down test motors
in a 19.6 m® chamber at the Army’s
Signature Characterization Facility
(ASCF) at Redstone Arsenal in
Huntsville, Alabama. Data from the
most recent burns of a particular
" propellant formulation indicated that CO
levels reached 85 ppmv in the chamber,
while NO reached only 1.3 ppm.
Particulate phase lead reached

16,000 ug/m®, suggesting a significant
health risk from this component.

" This has been a joint project with
the Computing and Telecommunications
'Di\;ision, whose  staff .have examined
existing computer models, to determine
the extent to which such models can
predict the concentrations and mole
fractions of major and minor toxic
constituents  produced. Computer
modeling was performed with the NASA-
Lewis CET-86 version. This approach
obtains  estimates  of équilibrium
concentrations by minimizing free énergy.
The predicted mole fractions for CO
were typically 20 - 35%, except for the

~ predominantly -inorganic formulation.

The model correctly predicted only minor

" amounts of ammonia and essentially no

hydrogen cyanide. = Predicted mole
fractions did not vary a great deal with

such input parameters as exit/throat area

" ratios or small changes in the heats of

formation of the various composiiions.
The accuracy of the predicted CO/CO,
ratios was low for all but one of the

formulations. In general, if the’ model

" were to be used in its present’ state for

health risk assessments, it would be likely

to overestimate exposure to CO.

Work has continued on the

~ generation of cigarette smoke test

'atmosphéres. "~ The Uhiversity of
California - Davis (UCD) is carrying out
a study on the effects of ETS on the
lung development of rodent neonates.
Our responsibility has been to develop a
system for the generatioﬁ of a controlled
atmbspheré:o-f simulated ETS, ‘u'sing as a
surrogate sidestream cigarette smoke (SS)
which has been diluted sufficiently to

mimic levels encountered in ETS

" environments. The atmosphere will be

used to expose rodents at the UCD.
We generated the test atmosphere

by collecting the ‘SS from reference

- cigarettes which are being puffed once



per minute using a small smoking
" machine. The cigarette is enclosed in an
ORNL Sidestream Generator, a glass
assembly which channelizes the SS using
laminar flow air currents. The collected
SS is then dispersed into a 14 m’
chamber, through which the air flow is
ca. 500 L/min. From that point, a
portion of the diluted SS is routed
through a 1.5 m long stainless steel tube,
where it is mixed with ambient air,
further diluting it into a second, 0.4 m’
chamber. Flow can be easily varied
through the second chamber to produce
the desired particulate cdncentration.
The system is capable of achieving
Respirable Suspended Particulate (RSP)
the second
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concentration ranges in
(exposure) chamber of ca.
1300 pg/m’. Real time monitoring
systems employed include nondispersive
and electrochémical CO monitors, and
light- scattering and  piezobalance
particufate mass monitofs. Nicotine will
be determined by collection on XAD-4
| resin, followed by extraction and analysis
using GC with .

nitrogen  specific

detection. This system was set up at
UCD in the late summer, and the staff

there is currently fine tuning the system
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prior to animal inhalation exposures.

‘R. A. Jenkins, J. H. Moneyhun,

C. W. Nestor*, T. M. Gayle**,
C. V. Thompson

*Computing and Telecommunications
Division

**Instrumentation and Controls Division

Field Analytical Technology

Field analytical methods are
becoming an increasingly important
component of environmental restoration
activities. We are currently collaborating
with the Speqtroséopy Group to develop
fieldable instrumentation and methods
and we continue to carry but special
studies in envirqnfnental monitoring.

Work on fieldable instrumentation
has centered on the developfnent of solid
sorbent sampling for use with the Ion
Trap Mass Spectrometer (ITMS). When
the ITMS is used in the direct sampling
Ihode, the majority of the sampled stream
is vented to atmosphere. We are
examining the possibility of collecting the

vented material to allow for repeated or



confirmatory analysis following field
screehing.( We chose to evaluate a resin
combination for this work, thus adopting
the same philosophy as we previously
used for collection of air samples withA
thé "original" triple‘ sorbent tf?p (TST).
’I;he sorbentl combinat_idn eyaluéted Was
Carbotrap C, Carbotrap, and‘ Carbosieve
S;I-II. Tht; first two resins are classified
as graphiti;ed car!)on black and the thirq
résin is cllassifi‘ed ‘vas ;cl carbon ﬁlolecular
sieve.
baseql resins allows for héating_ of the
trap d}u;ing ther‘malv deéorp,tion to 350°;C,
This pe;‘mits,é féster and more complete
desorption. For this evaluation we chose
parémefg:rs, where applicable, which are
us"(_:d during actual ITMS water sample

analyses. Analyte recoveries from spiked

water samples analyzed originally on the

ITMS and reanalyzed from the sorbent
trap on the GC/FID system averaged
77% for a five.-minute sample purge and
110% for a ten-minute sample purge for
the 34 EPA target compound list (TCL)
volatile organic compounds. The results
of this preliminary study -are very
encouraging, and suggest that such a trap

could be used to effectively collect and

The combination of all carbon-
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stabilize volatiles purged from soil and/or
wg;tér sémples in the field; then ‘vonlyA
these small traps need be returned to the
laboratory for analysis. ‘

N A special study wasl carried out this
period to support an -environment_al
remediatioh effort. In-itialAsampling and
analysis of éir above a Supérfund Sité.iﬁ
Ashland, Massachusetts, suggestcd the
prqscnce of dirﬁt;thyl mercury (DMM) in
the soil. DMM is _‘,a ﬁighly foiic o;gano-‘
mercurial, f."orme_d- 4,by _microbial
metabolism of mercury-containing dyes
undei‘ anagrobic“condit‘io-ns. A significant
relea_se. of DMM during remediaﬁon
activitiés, such that perimeter levels
would exceed .10 ug/m’, would be
sufficiéﬁt to halt work at theA site. AThe»
Arrﬁy Corps of Engin.eers, asked us to
determine the efficacy of two approaches
suggested by the USEPA for the
determination of airborne DMM. One
approach involvéd using a ferome real-
time mercury moni-tor modified to detect
only DMM. It was necessary for us to
evaluate the response of the system in.
the presence of a number of
contaminants thought to be present at

the site, including volatile organics. In



addition, we had to develop a procedure
for calibrating the response of the
instrument at the 1 - 2 ug/m’ level. A
number of approaches were tested. The
most convenient proved to be the
generation of standards in Tedlar bags.
In general, the organics did not interfere

with the determination. However, the

reproducibility of the system response

was minimal. Another evaluated
approach involved a portable GC using a
photoionization detector. Because of the
potential for a number of volatile organic
Acompounds (VOCs) to be released from
the soil as a result of remediation
activities wiih concomitant  air
contamination, the primary éoncern for
GC-based analysis was possible coelution
of these components with DMM. A
number of target VOC’s were examined
for interference with DMM using a
Photovac 10S10 GC/PID acquired for
this project. The 10S10 uses a wholly
encapsulated 10 m CPSIL-5 capillary
column maintained at one of three
temperatures, 30°, 40°, or 50° C, under
isothermal conditions. We found that
the major interfering VOC was benzene,

which nearly coeluted with DMM at all
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of the column temperatures and carrier
gas flow rates examined. The 10 m
column was replaced with a 30 m DB-5
megabore capillary column which, since it
was mounted externally to the GC, was
kept at room temperature. Alteration of
the carrier gas flows resulted in good
(near baseline) separation of the benzene
from the DMM. Operating at the
highést seﬁsitivity setting, we achieved a
limit of detection of 5 ug/m® for DMM,
or abou‘p one-half of the action level.
We traveled to the Superfund site to |
train contractor personnel in the use of
the systems. While the performance of
the systems was initially acceptable, it
became clear that the EPA procedures
were inadequately rugged to operate
the

under range of environmental

conditions encountered in the field.

R. L. Moody, J. H. Moneyhun,
C. E. Higgins, R. A. Jenkins



ORGANIC ANALYSIS
M. P. Maskarinec

The Organic  Analysis
performs qualitative and quantitative
analysis of organic compounds in‘ a wide
variety of sample rnatrices. Virtually all
of these matrices are environmental in
origin, and work can be rorr_ghly divided
into routine environmental analyses and
compliance analyses. Most methods used
are multico_mponent in nature “and
capable of“achieying low part-per-billion
sensitivities. - The group supports
Laboratory programs as well as similar
external and work-for-others programs.
The group currently consrsts of nineteen
full- t1me staff members, an addition of

four since last year.

The primary functions of the group

are supported by four interdependent

efforts: 1) sample receipt and tracking;

2)  sample preparation; 3)  gas
chromatographic and_ gas
chromatography/mass spectrometrlc

analysis and; 4) reporting and quality
control. In each of these areas, both

staff and equipment capabilities have

group'
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been expanded and/or upgraded during
the previous year. In addition, we have :
been successtul m our efforts to obtain .
certifieation to perform drinking water
analyses from rhe State of :Tennessee;
We -also spent 'considerab‘le time arrd
effort preparing - for the DOE Tiger

Team review.

Sample Receipt and Tracking o

The efforts of the group are highly
dependent on sample handling and
tracking. Our sanrple tracking/chain-of-
custody procedures have been in place
for vr/ell over tv\'/e_lyel months, ano; the
efforts during this period }rave _been
primarily directed ~at refinerhenr of. the.
process. A laboratory hood has been.
dedrcated prlmarrly to sample rece1v1ng,
due to the possrble hazardous nature of ;
v1rtually all of our samples. New chain-
of—cusrody forms have b_een’designed, and .
implementedl;‘ 'th,_is complies with EPA

gurdelmes and includes  additional
mformatron for samples received from
outside the Laboratory. We are in the

process of designing new sample tracking



methods as workloads shift and new QC
requirements are added. Our current
efforts are primarily being directed at
improvements to the data management
system which are necessary and vital to

maintain quality.

M. P. Maskarinec, S. E. Cox¥,
R. L. Williams

*Qak Ridge Research Institute

Sample Preparation

Several major changes have occurred
in the sample preparation laboratory.
The most important by far has been the
need to -the

implement Toxicity

Characteristic Leaching Procedure
(TCLP, Method 1311). This procedure
is to be applied to waste samples for the
determination of hazard based on
toxicity. The test replaces, in large
measure, the dilution/extraction methods
used in the past, and greatly expands the
number of waste types which require
testing. The test is complex, expensive

and labor intensive. ' The result of the
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test is an extract, which is an aqueous
medium. The extract is analyzed for
volatile organics, semivolatile organics,
pésticides, herbicides and the eight
RCRA metals.

The implementation of the TCLP
strained the sample preparation area in
almost evéry way possible. The sheer
space requirements forced the dedication
of one full laboratory, which still needed
significant physical alteration. Equipment
was procured at an estimated cost of
$20,000. Because of the extraction of
the semivolatiles and pesticides, samples
were generated which needed attention
by the water preparation lab. This added
substantially to their routine workload.
Finally, there are waste samples to which
the TCLP cannot be applied, including
oils, waste solvents, and large metal
pieces. Therefore, the previously used
dilution/extraction systems are still in use.
As a measure of the impact of the TCLP
implementation, the following numbers of
in CY 1990:
12;
October, 65; NoVember,'84; December,
9s.

samples were received

January-August, 0; Sepfember,



Other methodology improvements
made in the

We added several

have been sample
preparatioﬁ area.
pieces of equipment to upgrade sample
preparation efforts. This equipment was
procured’ from Organomafion, Inc., and
includes - two "S-evap"  units, which
replaced = manual Kuderna-Danish
evaporators, two "N-evap" units, which
replaced manual nitrogen blowdown, and
two "Roto-X-tract-L" units, which are
currently replacing manual continuous
liquid-liquid extractors. '

This equipment has provided several
ddvantages over previous  manual
techniques. The S-evap is’ capable ‘of
performing the Kuderna-Danish
concentration in less than half the time
required by the manual technique. A
similar. advantage is seen with the
N-evap. From the standpoiit of solvent
consumption, ' the S-evap has the
capability of recovering the methyléne
chloride as it is evaporated. Experience
to date indicates that the recovered
solvent (which formerly went up the
hoods) is SUfficiently' pure that it can be
reused. This has reduced our solvent

consumption by ca. 80% The N-evap

105

allows control of the nitrogen flow to
each sample individually,' whereas the
previous device did not have ‘this
capability. Consumption of nitrogen has
been reduced by ca. 75%.

In terms of hood space, 24 Kuderna-
Danish evaporators can now be placed in
a hood which' formerly had 8, and 24
nitrogen blowdowns can be done where
6 were possible previously. Twenty
continuous extractions can be carried out
in a California hood which previously had
8. This consolidation of space has also
had a positive impact on safety. For
example, in the ‘pre‘\'/ious situation, each
continuous extractor was’ equipped with
‘a Variac, heating mantle, and stirrer, all
of which have been displaced by the new
unit. Now one power cord per 10
extractors has replaced 24 cord§ per 8
extractors. In addition,’ the ‘extra(::tion
unit has sensors which shut down the
heater if the bath goes dry and shuts off
both the heater and the coc;ling water
flow if a water line develops a leak.

Data qﬁality has been improved as
well. Extraction of water samples using

the new unit has proven to be much

more efficient due to a higher rate of



solvent flow through the samplé.
Variability has been reduced since the
heating unit is under temperature
control; each extraction is performed at
exactly the same rate. Temperature
control has also resulted in increased
precision of the concentration steps.
the manual

Finally, reduction in

operations, with the attendant reduction

in the need for empirical judgement, has
improved the overall reliability of the

preparation steps.

M. P. Maskarinec, R. H. Iigner,

G. M. Henderson, D. A. Jenkins,

D. D. Pair, P. L. Crawford,

C. A. Biggs, D. L. Trent, B. L. Wilson*
W. M. Caldwell, 'J. H. Moneyhun

*Oak Ridge Research Institute

Gas Chromatography

The gas chromatography laboratory
is currently staffed by four chemists and
Eight

chromatographs are in place, five of

one technician.

gas

which are equipped with automatic
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sample injectors. Five of the instruments
are equipped with electron capture
detectors and flame ionization detectors.
Two automated purge-and-trap samplers
are now available for analyses of volatile
compounds. Six systems have capillary
narrow  bore

capability (either or

megabore); the remaining two
instruments use packed columns. Seven
of the eight gas chromatographs have
considerable downtime, due to the age of
the instrument and also to the increased
numbers of highly contaminated samples.
The

Analytical PC-based data system, which is

laboratory contains a Nelson
currently being updated. ,

A Varian 3500 gas chromatograph
was recently purchased. This instrument
is equipped with single splitless injection,
dual nérrow bore columns, two electron
and dual data

This enables

samples to be analyzed and confirmed on

capture  detectors

acquisition capabilities.

two different columns with a single
injection, thus saving .time and amount
of sample extract used. This system is
devoted to samples analyzed under
Drinking Water (EPA Method 508),

NPDES (EPA Method 608) RCRA




(EPA Method 8080)

methodologies, primarily on. very clean

.and CLP
matrices.

Methodology used in the gas
chromatography laboratory includes SW-
846 (RCRA) methods (method 8080 is
usually used for samples requiring
pesticide/PCB 800
samples in 1990); NPDES/CLP (608);
Drinking . (508); TCLP

(1311/8080); and waste oil PCB methods.

analyses, . almost
Water

The two gas chromatographs equipped
with automatic purge-and-trap samplers
are used to screen. volatile samples
before  gas. chromatography/mass
spectrometry analysis; one instrument is
devoted to screening TCLP extracts and
the second instrument is used to screen
waste dilutions and soil samples. BTX
(Benzpne-Toluene-Xylene) analyses - are
also performed on this instrument.
Acrylamide in water samples was
analyzed using a modification of SW-846
method 8032.

bromination of the acrylamide double

This method involves

bond and extraction with ethyl acetate.

Gas. chromatographic  analysis  is
performed according to SW-846 method

8000. The method is intended to detect
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acrylamide in groundwater at the part-
per-trillion level. = In practice, we were
able to obtain reliable quantitation limits
of 10 ppb after modification of the
method. ‘The primary modifications were
the replacement of:diethyl phthalate with
tetrachloro-m-xylene- as the - internal
standard, and the use of two megabore
capillary columns . rather than . the
prescribed packed columns. Almost 400
samples were analyzed and/or reanalyzed
using this method. . In general," the
performance -has been good in. terms. of
recovery, sensitivity, and reliability.. ...

- Ethylene glycol test kits (Chemetrics)
are now used for water samples. - The
test requires. approximately ten- minutes
and can detect 1 ppm ethylene.glycol in
water.. Since relatively few samples are
submitted, and those-that ére submitted
usually require immediate turnaround,
this . has allowed us to provide: better
service . . while - freeing: . up a gas
chromatograph - which was previously

dedicated to this analysis. . .

M. P. Maskarinec, R. M. Edwards,
S. M. Smith, R. R. Smith, S. A. Harper,
C. A. Biggs



Gas Chromatography/
Mass Spectrometry

The GC/MS laboratory performs

toutine analyses primarily on

environmental samples. Currently, four

staff members are assigned to the
laboratory, with an anticipated addition
of one or two chemists in the near
future. Four instruments are available,
two each for volatile analysis and
semivolatile analysis. All instruments are
maintained on vendor service contracts;
this has allowed the instruments to be
operated with minimal down time. Two
additional VOA GC/MS systems will be
purchased soon. One of the instruments
will be dedicated to the 524.2 drinking
water method, the other will be used to
increase our capacity for VOA TCLP
analysis.

One of the volatile organic systems
has been converted to a wide bore
capillary column. A 75m Restek column
is being used -and has allowed us to
shorten our run time by a factor of two
compared to the packed column method.
The importance of the reduction in run

time comes from the QC requirement for
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a GC/MS tune once every twelve hours.
The shorter the analytical run time, the
more samples which can be analyzed
within the 12-hour window.

A new purge and trap autosampler
equipped with a water management
system has been added which we hope
will reduce the problem of carryover of
water to the capillary column. This has
its primary effect on the gases and early
eluting analytes. The autosampler is
presently being evaluated. It runs

unattended resulting in increased
laboratory sample throughput, reduced
operator time and lower cost per
analysis. In addition, the unit possesses
the capability of adding the surrogates
and internal standards to the sample,
improving analytical accuracy. We intend
that this unit will be dedicated to the
analysis of relatively clean water and soil
samples.

the of semivolatile

In analysis

organics, the primary modifications to the

~systems have been the result of the

implementation of th¢ TCLP. Two
cryogenic oven controllers have been

ordered for reducing sample cycle time.



A portable computer has been
purchased along w1th software and a
modem to be used for monrtorrng the
systems from remote locations. We
believe that 'the Asystems can be tuned in
the evening,' allowing additional sample
and further

throughput increasing

instrumental efficiency.

M. P. Maskarinec, S. H. Harmon;
G. S. Fleming, S. F. Glover,
J. C. Montgomery, P. L. Crawford

Reporting and Quality Control |

Si‘gnificant, efforts during the past
year 'were devoted to improving the
quality of the work of the group. Much
of this effort was directed by the Tiger
Team preparations, but other signs of
improving quality can also be seen. For
example, performance on external
evaluation samples improved throughout
the year, culminating in a perfect score
As

certification was

on the third quarter EPA sample
already mentroned,
obtained from the State of Tennessee for

performing drinking water analyses. This
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.of formality in the reView process

'superVision prior to release.

certification was a result of satisfactory

performance on external samples for two

- consecutive periods, as well as an on-site

laboratory evaluation.

One of the maJor problems, in terms
of QA, has been an inadequate system of
data review. This has been partly due to
staff limitations and partly due toa lack
‘As a
result, several steps have been 1n1tiated
to prevent reoccurrence of data review
problems New formats are being
desxgned with more obvious notations of
holding times All data are being
reViewed by at least two levels of
Al QC

samples are now reported directly to the

division QCO. Finally, an attempt is

under way to allow electronic transfer of

all QA/QC da‘t‘a.

M. P. Maskarinec, R. L. Wi.lliam_s,
R. M. Edwards



ORNL/UT RESEARCH PROGRAM
G. A. Guiochon

Research in separations science has
continued. During the past year, we
have:

- moved the thrust of our theoretical

effort from the study of the properties of '

the equilibrium-diffusive model to the

study of the kinetic model of

chromatography;

- begun the investigation of new

practical problems, e.g., the influence on

the separation achieved of a difference in
the solubility of the sample components
in the injected solution and in the mobile
phase, or of the difference in the
viscosity of the chromatographic.banAds
and of the pure mobile phase;

-~ continued our work on the
determination of equilibrium isotherms,
with emphasis on the binary competitive
“adsorption isotherms;

- applied our theoretical results to
the solution of separation problems
involving enantiomers;

- obtained some important new
results from our modeling of capillary

zone electrophoresis;
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- derived a general method for the
characterization of the surface of porous
and nonporous adsorbents and applied it
to samples of nonporous alumina used

for the manufacturing of ceramics.

Theory of
Non-Linear Chromatography
There are three theoretical
approaches of increasing complexity to
the solution of the problems of non-
linear chromatography: the ideal model,
the equilibrium diffusive model and the
kinetic model. The ideal model assumes
that the column efficiency is infinite, i.e.,
there is constant equilibrium between the
stationary and the mobile phase and no
axial dispersion, so the changes in the
band pquile duringelution are due to
{ behavior

eqhilibrium isotherm. This model has

the  non-linear of the
closed form solutions in a number of
cases. These solutions are accurate
caricatures of the profiles obtained with
high efficiency columns.  Their study
gives a schematic overview of the
consequences of the non-linear effects in

chromatography.



The equilibrium-diffusive or semi-

ideal model takes into account the
smoothing influence of axial dispersion
and of the mass transfer resistances on
the band profile by lumping these
contributions into a single apparent
d1spers1on coeff1c1ent This model has
approximate analytlcal solutions which
are valid only at low sample sizes, but it
The

with

is easily solved numerically. -

solutions obtained .agree “well
experimental results for single component
bands because it is relatively easy to
determine single component equilibrium
isotherms. Competitive isotherms are
more difficult to account for, while band
profiles are quite sensitive to minor
errors in these isotherms (see next
section). Therefore, excellent agreement
between' calculated and experimental
band profiles of the components of
binary mixtures is obtained in some Icases,
but signiﬁcant differences are observed in
others.  The various approaches to
solving this model and studying the
properties of its solutions have been
reviewed. We have studied the details of
between bands for

the interactions

mixtures of two or several components.
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'equilibrium-dispersive model

When the kinetics of mass transfer
in the column the kinetics of adsorptlon-
desorptlon or more generally the kinetics
of the retention mechanism become slow
(e.g., in affinity chromatography),

‘ fai1s to
account for the band profile. A different
approach must be folloyved and jwe have
to use a model of chromatography wh1ch
takes 1nto account the klnetlcs of these
phenomena Two types of models are
ava11ab1e usmg elther a smgle krnetlc
equatlon w1th a lumped rate coefflcrent
or a set of equatlons when a detalled
model of the mass transfer k1net1cs can
be yvritten S

We have begun a comparatlve study
of the propertles of the various klnetrc
models. The most 1mportant s1mple
kinetic models are the Thomas model
which uses the Langmuir kinetic equatlon
and neglects ax?ial- dispersion, and the
linear driving for_ce‘model, which uses a
linear kinetic equation:. Both models
consider a slow kinetics of retention but
rapid mass transfers in the column. We
have generalrzed the latter model into
odel by

the reactlon d1ffus1ve

incorporatmg a term accounting for the



axial and the apparent dispersion (i.e.,
for the resistances to mass transfer
between phases).

Analytical solutions of the Thomas
model have been derived for the elution
problem by others. We have compared
these solutions to numerical solutions of
the Thomas model and of the reaction-
diffusive model. The solutions of these
two models converge when the
contribution of the axial dispefﬁion
becomes small com.pared to that of the
reaction kinetics. However, when the

mass transfer kinetics is the rate-
determining step (i.e., fast reaction, slow
mass transfers) or when the rates of the
mass traﬁsfer and the reaction kinetics
are of the _s‘ame order, important
differences between the solutions of the
two modéls are observed. Finally, if the
reaction kinétics is very slow and the
height | of a transfer stage becomes
comparable to the column length, the
"split peak” phenomenon takes place.
Part of the solute does not have time to
interact with the stationary phase and
elutes as a sharp unretained peak while
the rest of the solute elutes as a very
broad band. Numerical solutions of the

two models predict the entire band
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profile while the analytical solution of
the Thomas model remains unable to
predict the profile of the unretained part

of the split peak.

G. A. Guiochon, M. Z. El Fallah*
S. Golshan-Shirazi** A. M. Katti**¥*,
J. V. H. Schudel***

*UT Postdoctoral Program
**University of Tennessee

***UT Predoctoral Prbgram

Study of Equilibrium Tsotherms

As shown by comparative studies of
the experimental band profiles and the
profiles calculated with the equilibrium-
diffusive model and the ekperimental
isotherms, a proper representation of the
competitive behavior of the components
of the mixture is necéssary for an
agreeme‘nt between experifnental and

theoretical profiles. We have begun

" systematic investigations of competitive

equilibrium isotherms.
Experimental results have shown that
single component data are rarely well

accounted for by a single Langmuir



.isotherm. In many cases, a bilangmuir
isotherm or the sum of a Langmuir and

a linear 1sotherm g1ve a much more

accurate ﬁt of the data and accordingly,‘

a much better agreement between
calculated and experimental band
proflles

Binary equillbrium 1sotherms can be
determined by frontal analys1s a method
which I‘CquI'CS much time and large
amounts of solutions and compounds but
gives accurate results. ' As we are trying
to develop methods which could be
applied to practical problems, we_ have
investigated the simple, wave method,
based on the properties of solutions of
the system of mass balance equations for
a multicomponent system. lData are
acquired more rapidly and easrly, with
much smaller amount of chemlcals but
are more difficult to account for.
Experimental results have shown that
when the single component data are well
accounted for by a Langmulr or a
bilangmuir isotherm, the competitive
isotherms are well represented by using
the competitlve Langmulr or bllangmulr
models prov1ded the column saturation
capacrtles for the two components are

equal. If these capacrties are different,
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the Langmuir competitive model is no
longer consistent ‘with thermodynamics
and should be replaced' by _the' Levan-
Vermeulén model, which gives good

agreement between calculated and

experimental band protiles However
experlmental data seem to be better
accounted for by a Fowler 1sotherm
model, a much less su1table type of
equation for the numerical calculations of
band proflles |

The Langmuir model is the simplest
by
More

isotherm der1ved statistlcal

thermodynamlcs complex

equations can be derlved either for

single components or for mixtures

Further experimental mvestigations are in
isotherm models

to select

progress
appropriate for the particular condltlons
of h1gh

concentrations

chromatography at

G. A. Guiochon, M. Diack¥, E. V. Dose?,
M. Z. El Fallah*, S. Jacobson**,

A. M. Katti** J. Zhu**

*UT Postdoctoral Program
**UT Predoctoral Program

***University of Tennessee



Theory of Optimization
of Experimental Conditions
in Preparative Chromatography

Since the competitive Langmuir
model permits the calculation of band
profiles which are usually in satisfactory

agreement with experimental results,

these proﬁles can be used for the

calculation of optimum conditions. Two
approaches are available: the numerical
approach usilig a Simpléx optimization
procedure and an approach based on tﬁe
use of the analytical solution of the ideal
model,  introducing semi-empifical
corrections for the influence of the finite
column efficiency on band spreading.
We have continued the work begun .last
year and calculated the ‘optimum
cbnditions for maximum production rate
of compounds of given purity, using both
methods.

We have derived practical rules for
the determination of optimum cbnditions
in the touching | band case or the
overlapping band case and compared the
trade-offs in the two. We have begun a
comparison between the performance
and in

This last

achieved in displacement

overloaded chromatography.

114

work showed that the major advantage of

displacement over elution
chromatography is not in the production
rate at a certain bdegree of purity but in

the concentration of the fractions

recovered. The choice between the two

methods under which  preparative
chromatbgraphy can be carried out
depends very much on the specifics of
the case considered, and general
conclusions are not possible at this stage.

Further investigations are in progress.

G A Guiochoﬁ; E. V. Dose*
S. Golshaﬁ-Shirazi**, A. M. Katti***

*U:T Postdoctoral Program'

**University of Tennessee

**+UT Predoctoral Program

Experimental Investigation of Individual
~ Band Profiles at High Concentration-

As reported in the first section, we

have recorded experimental band profiles

in the case of different binary mixtufes,
measured the equilibrium isotherms and
compared the two sets of individual

profiles. Experiments were conducted



with 2-phenyl-ethanol and 3-phenyl-
propanol on Ci18 chemically bonded
silica, with phenol and catechols on C18
bonded silica, with different N-benzoyl
[D and L] amino acid derivatives on a
BSA bonded silica column (BSA ‘=
bovine serum albumin), and with cis- and
trans- androsterone on C18 bonded silica.

In all cases, the individual profiles
are determined =~ by collecting
approximately a hundred fractions and
analyzing them for the two c'bmponents.
In the case of eﬁantiomérs, the detector
has the same i'espohse factors for the
two components. The total 'profile is
obtained from the fraction analysis. It
can also be derived from the detector
response, using a calibration curve (in
non-linear chromatography the detector
response is most often not'-lin'ear). The
agreemeht between these two total
profiles validates our procedure.

In all cases, when the prdper
isotherm model is used, excellent
agreement is achieved between calculated
and measured profiles. However, minor
deviations between the isotherm data and
the model equation used lead to very

significant differences between calculated
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chromatographi¢  columns.

and measured band profiles.

G. A. Guiochon, M. Z. El Fallah*,
S. Jacobson** A. M. Katti**
Z. Ma*** J'V. H. Schudel**

*UT Postdoctoral Program -

**UT Predoctoral Program

***University of Tennessee

Study of Some Practical Problems
in Preparative Chromatography

Differences between band profiles

predicted by the theory of non-linedr

chromatography and experimental results
are not infrequent.  They deserve a
systematic ili\}esfiéatidn because they
illustrate the possible deviations between
actual practice and the theoretical models
used to account for thé behavior of
We’ have
investigated two such'cases. ' .’

Size exclusion chromatography is

widely used in biofechnology to extract a

fraction rich in some desired protein
from a fermentation broth, after lysing

the cultivated bacterias. We wanted to



investigate the phenomenon of column

-overloading in size exclusion

chromatography - and  possibly  the
non-linear behavior of the isotherm. We
found that column overloading in size
exclusion chromatography takes place at
rather moderate concentrations and that
the band profiles recorded become
poorly reproducible without apparent
reasons. We have shown that fingering
takes place when the concentration of
the sample compphent in the band
increases enough and the viscosity of the
band becomes significantly higher than
the mobile phase viscosity. This classical
phenomenon causes long tailing and
sometimes a multi-modal rear profile of
the elution band. We have also shown
that the intensity of this phenomenon
can be considerably rreduced either by
using a mobile phase having the same
viscosity as the sample solution or by
pushing the sample by a rectangular plug
of a solution having the same viséosity as
the sample solution and a sufficient width
(ie., ca. 1/3 column volume). |
Significant deformations of band
have been

profiles reported  in

preparative chromatography when the
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;N

column is overloaded with a component

which is poorly soluble in the mobile
phase, if a solvent with a higher elution
strength than the mobile phase is used to
dissolve the component and increase the
amount injected.  Eventually, band
splitting may take place. This behavior
was observed in the case of cholesterol
and other low-polarity compounds (e.g.,
related sterols) separated on C18-bonded
silica, with acetonitrile as the mobile
phase, when the sample wasA dissolved in
a nonpolar

solvent, such as

dichloromethane, at . concentrations
exceeding the solubility of its components
in the mobile phase. Cholesterol
solubility and retention depend strongly
of

dichloro_methane. The di;:hlc_)romethane

on the local -concentration
contained in the sample solution elutes
as a nonretained band while it dilutes in
acetonitrile in the process. As a result,
part of the cholesterol is carried
unretained to the column exit by the
dichloromethane band, part is left behind
the dichlgromethane band and elutes late
as the expected overloaded cholesterol
band, and part is spread in between

these

two peaks. Separation of



cholesterol from its impurities becomes
impossible at ’high cdlumn loading.

" We studied the dependence of the
band deformation and of its :;plitting on
the ‘volﬁme zind concentrétion of the
sample, the composition of the mobile
phase and. the column temperature. A

ﬁ model taking " into éccéunt the
dependence of the solubility of
cholesterol '- ‘and  of _its  isotherm
r-_parameters on the mobile phase
'cc‘:)mposit‘ion (ratio of dichloromethane
and aceton:i};ile) ‘was worked out. This
model permits the cofnphter simulation
‘of the band profiles for a single
compound or for a mixture of two
components. The results of the
simulations are in good agreement with
the behaviéf observed experimentally.

G. A. Guiochon, M. Czok* P. Jandera*

*UT Postdoc.to:ral Program

Capillary Zone Electrophoresis

We have derived a new method for
zone

of

data capillary

This

handling in

electrophoresis. method
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two standards are needed.

_separation, generally used for the analysis

of proteins "and ‘DNA restriction
fragments, is 'undergoing a very "rapid
development. Its adoption in clinical
laboratories and for quality control in
pharmaceutical laboratories is hampered,
by | of

The quantitative results

however, the difficulties

quantitation.

(relative peak areas or relative

concentrations of the sample

components) derived under the best

possible experimental conditions have a

standard deviation which is -rarely better

than ca. 8%. We.have' shown thét the

internal standardization for capillary zone

electrophoresis should be based on the
linear relation between the effective

volume of solution injected for each ion

‘and the inherent mobility of this ion.

This relationship is not proportional and
Their use
permits the analystl to establish this
relafion quantitatively for each samplé
and so to correct the a—nalyte
concentrations for i/ariationé in | each
injection. The computational method
gi_veﬁ iIs most 4simp1e. The relative

standard deviations of relative

‘concentrations derived from the results

of manual injections are lower than 1%,



which is at least as good as current

perforniance in liquid chromatography.
G. A. Guiochon, E. V. Dose*

*UT Postdoctoral ‘Pr'o gram

Surface Properties

of Ceramic Powders

We have derived a new numerical
methodi for calculating the adsorption
energy distribution function from
We  have

shown this method to be robust with

adsorption isotherm data.

respect to quasi-Langmuir‘ adsorption
isotherms, the type most often observed
in inverse gas chromatographic
experfm_ents involving énergetically
heterogeneous stationary phaseé. The
stability of the methbd and the accuracy
of its solutions have been demonstrated
uéing simulated data. The principle of
this method is based on the
determinaﬁon of the experimental
isotherm of some test compounds on the
studied adsorbent, using the Elution by

Characteristic Point procedure.  The

“accuracy of this determination has been

investigated in detail. Systematic series
of determinations of experimental data
and simulation studies' have established
its degree of reproducibility.

We have used this method for the
determination of the energy distribution
of diethyl-ether on activated alumina.
This distribution is composed of two
narrow bands at 11.04 and 12.68
kcal/mol.  The variances of these bands
are 1.66 E-5 kcal/mol* and 1.00 E-6
kcal’/mol?, respectively. The monolayer
capaéity is 536 E-6 mol/g for the low
energy band and 2.53 E-6 mol/g for the
high energy band. Further investigations
using  1-chlorobutane have. shown
signiﬁcant differences for the adsorption
energy distribution of this probe on

alumina samples of different origins.
G. A. Guiochon, J. L. Roles*

*UT Predoctoral Program



5. QUALITY ASSURANCE,
SAFETY AND TRAINING

'‘QUALITY ASSURANCE/
QUALITY CONTROL

‘ W. R. Laing,
S. K. Holladay, P. L. Howell

This was the year to document
plans, operations, ahd methods. The
ACD Quality Assurance plan (QAP) was
completed last year and the focus' has
been on group plans. Eight individual
group QAPs were completed as well as
the Research and Development plan.
With the three plans completed last year,
all ACD QAPs have now been written.

Work continued to document how
we operate  with standard operating
procedures (SOPs) and with standard
analytical methods (SAMs). Thirty-two
new SOPs were written and another

thirty-two  were  revised. These
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procédures covered such key areas -as

recéipt, handling, storage and disposal of

samples, data management and review,
and récord” keeping. ~Fifty-one ‘SAMs
written

were describing * instrument

operation and an’alYtical methods.” < -
A chemical hygiene ‘plan and a
training plan were written ‘for.'the
division. Chemicals were hazard labeled
and a carcinogen - inventory was
completed.
~ Division groups’ were “audited six
times to check training, nuclear materials,
and environmental compliance. Fifteen
anélysts were certified for special nuclear
material measurements’ based ‘upon
meeting  established criteria ' by their

performance on QC samples. ‘In

‘October, the DOE Tiger Team did a

' comprehensive environment, safety, and

health audit of ORNL. As we document



our activities, train employees, and gain
from experience, the result is fewer audit
findings. Of the 400 findings by the
Tiger Team, there was only one minor
finding for ACD.

The division requested certification
by the State of Tennessee for drinking
water in September 1989. After
completion of ;the application - form,
successful analysis of two series of
performance  evaluation samples,
preparation of an EPA QA plan; and an
audit, certification was awarded for the
inorganic and the organic laboratories.
The low-level radiochemical lab has had
certification for several years.

Two hundred quality control (QC)
solutions were distributed by the QC
laboratory to the ACD .indrganic, organic
and radiochemical analysis laboratories in
1990. Of the 4590 results reported, 97%
were acceptable.  Monthly inorganic
control solutions were purchased from
Group (APG),

Belpre, Ohio, and submitted as blinds.

Analytical . Products

Results were reported to APG and
statistically  evaluated. . with  30-plus
laboratories throughout the country. All

DOE analytical chemistry laboratories
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operated by Martin Marietta Energy
Systems, Inc. participate in this monthly
program. Of the 700 inorganic results
1990, 99%
acceptable. The ACD organic group also

reported  during were

participated in the program. Of the 376
results reported, 96% were acceptable.
Laboratories performing

environmental  compliance  analyses

continued to participate in EPA

administered performance evaluation

(PE) programs in addition to the
internally administered ones. The
average score for three inorganic

Contract Laboratory Program (CLP) PE
sets was 84.6% (out of a possible 100%).
The average score for four organic PE
sets for the same period was 81.7%.
The Low-Level Radiochemical laboratory
scored an average of 101% on 124
measurements in matrices on round robin
samples from the Environmental
Measurements laboratory. The inorganic
group also participated in the Water
Pollution Study performance evaluation
024 and the Discharge Monitoring QA
performance study 010. A total of 95
results were reported and all were

acceptable.



Drinking water certification was
granted by the Tennéssee Department of
Health and Environment to the inorganic
gréhp for analysis of arsenic, 'bafium,
cadmium, chromium, lead, ~mercury,
selenium, silver, nitrate, and fluoride.
The - organic group was certified for
analj/sis of trihalomethanes and volatile
organié chemicals. | The Low-Level
Radiochemical laboratory was recertified
during this period; In order to satisfy
the requirements for certificatibn, the
laboratories
Supply
performancé ‘evaluation studies 025 and

026.

inorganic and organic

participated in Water
A total of 158 analyses were

performed, = with 90% considered
acceptable. |
The doublé-blind spiking program
continued in which quality control
samples were prepared by the QC
Officer and submitted to ACD by the
customer alongside routine environment
samples. A ‘total of 127 samples were
submitted during the year.
A quality control document was
approved by division management which

summarized responsibilities and described
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requirements for glassware, standards,
reagents, vwéter,' P sz;mple " analysis,
instrumental operations, internal quality
assessment, external quality assessment,
data handling, statistical data evaluation,
control charting, data reporting, out-of-
control events, and corrective actions.
Statistical evaluation and control charting
became cheaper, more fre.quent
(bimonthly instead of quarterly), and
better documented through the adoption
of the Statistical Analysis System Quality
Control software. Modifications to the
AnaLIS QC sbftwére enabled labdratory

personnel to access QC data immediateiy.



ANALYTICAL IMPROVEMENT
COUNCIL

C. E. Higgins
The Analytical Improvement Council

(AIC) activities this year have pertained

largely to improvement in communication

in ACD. One project was to determine

those questions on the Energy Systems’
~ communication survey for which ACD’s
responses were less favorable than those
for ORNL, and to suggest a plan of
remedial action. The largest area where
ACD needed to increase favorable

responses was that of communication.

Great improvement subsequent to the
communication survey has been achieved
by the holding of regular meetings on
the group and section levels. Also,
informal luncheon meetings are held in
which small groups of nonsupervisory
personnel meet with the division director.
These meetings are informative and
provide real two-way communication in
the absence of workers’ immediate
supervisors. Additional improvement in
communication has been achieved by the

distribution of ACD staff meeting
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minutes to ACD personnel. AIC has set
a regular meeting time each month, with
an allotment of a few minutes for ACD
employees to present suggestions, ideas,
or problems needing attention. A survey
of division employees has been initiated
to ascertain how to improve
communication within the division; it is
in process and yet to be summarized.
Other projects relate to the storage
and labeling of chemicals. One project
suggested by AIC for ACD and ORNL,
but independently in progress throughout
Martin  Marietta  Energy  Systems,
proposed the computerization of the
Another,

suggested by AIC but endorsed as a

chemical inventories. not

worthwhile Performance Improvement
Process (PIP) project, involved the use
of computers for National Fire
Protection Association hazard labeling of
chemicals. This program has become
increasingly applied throughout Energy

Systems.



SAFETY PROGRAM
S. D. Wright

A Safety  Action Plan  was

implemented as a guide toward better

safety in the Analytical Chemistry

Division during 1990. The division

experienced four (4) first aid cases’

against five (5) during the same period

last year.

has been emphasized in all our Safety

Meetings as a result of the above
incidents.
The division has not experienced a
lost workday case 'since June 1972.
Notable achievements this reporting

period:

1. Safety Meetings held - 26; total
attendance - 826.

2. Training" Guide updates for our

facilities at Bu11d1ngs 2026 and '

7920 continue.

3. Spring Clean-up Week activities

in May included fire training at

Buildings 2026 and 4500N.
4. Specfal seminars

Environmental  Safety and

Health were given.

Increased awareness of safety

relating to
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5. Monthly Safety Meetings at
Building 2026 were continued.

6. Nine operational safety

summaries 'for.'A'CD laboratory

operations were documented.

- During a time of increased activity
in areas of Environmental Safety and
Health, ORNL experienced a sharp
increase in job-related 1njur1es ‘while
ACD experlenced a small decrease in |
reported accidents requmng 1nvest1gat10n‘
andfor first aid attention. This further
exemplified ACD employees’ ded1cat10n'
to safe work habits. o

" As a result of DOE’s Tlger Team
Visit and ORNL's emphas1s on its’

Environmental, Safety and Health
Upgrade program, our personnel have
made significant advances toward a safer
working environment.  These includeb
better housekeeping, safer labora‘to‘r'y"
practices, and a much- improved atti'tnd'e '
in general about personal safety |

This division continues to mamtarn a
high level of safety awareness and
accident prevention among our personnel |
by an

as ev1denced excellent

performance ratmg th1s year



TRAINING
H7 H. Ross

Training activities within the division
continue to evolve to meet the demands
of DOE and Martin Marietta Energy
Systems. Virtually every member of the
divisioh was persdnally involved in some
training task during the year. It is
estimated ‘that over 1000 man-hours of
training-related activity occurred in 1990.
The raﬁge of such activities included

evaluation of individual or programmatic

training requirements, design of training

agenda and/or materials, tracking and

documentation of training performance,
and, of course, attendance at specific
training sessions.

self-assessment

The training
document for the  Transuranium
Analytical ~Laboratory (TAL) was

completed and submitted for review. For
some time the TAL sfaff has carried out
an educational program that comprises
faciiity, | and

generic, on-the-job

components. However, the formal
review of the self—assessmcnt document

notes that new training initiatives are
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the for the
development  of
training (PBT) for accreditation (DOE

Order 5480.18).

required at facility

performance-based

The initial manpower
estimate for the implementation of such
a program is 5 MY. Additionally, it is
conjectured that a 1.5 MY effort will be
needed each year to maintain the
program. Present information suggests
that we will have three years to get this
program in place. _

A division team led by M. R. Guerin
took on the task of developing a
comprehensive training plan for ACD. It
was the purpose of this plan to delineate .
overall training requirements, identify
those components already in place, and
define needs for future implementation.
Specific training responsibilities associated
with selected ACD staff .were also
defined. Although the scope of the plan
was limited to that training provided by
ACD staff, provisions were included for
tracking

and documenting training

received through other routes. A
powerful feature of the plan is that it
designates standardized formats of ACD
Training/Qualification Forms that match

specific training functions. These forms



enhance our ability to verify, search, and
update training data for every Division
employee. Although the first plan was
completed in October, suggested revisions
will be reviewed and adopted quarterly.

In the past the division maintained a
relational database, for use on a personal
computer, that held the training records
of ACD personnel. The database was
available to ACD management staff for
verifying

personnel training

accomplishments and for scheduling
required training updates. Unfortunately,
the system was difficult to maintain and
use, and proved to be somewhat
inflexible in the face of a changing
training environment. The decision was
made to change the system to a text-
based data-retrieval environment. This
conversion was completed near the end
of the year and all existing records were
transferred to the new software with few
problems. Additionally, training records
for the division were obtained from the
TMIS database and these were added to
our system .as needed.

Finally, at the end of the year the
division started on an evaluation of

"Training Needs Overview" that will be
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carried out by every unit of Energy
Systems. This is a massive project to
upgrade compliance-based training. The
first part of this task was to identify
relevant laws and regulations pertaining
to training. The central Training and
Development Department (T&DD) staff
have developed a database of over 1200
items associated with such requirements.
The division is in the process of
reviewing the database descriptors to
determine our training responsibility
identified with each work area in which
we participate. At the end of this
process, T&DD will cross tabulate our
work activities with specific training
requirements (down to the individual
employee level). The expected end
result is a coordinated system capable of
identifying, tracking, and verifying all
required compliance training for every
individual in the division. The program
will also inform supervisors of required
training updates, or new training needed

because of changing job assignments.






6. EDUCATION PROGRAMS

The division maintains liaison with the academic ‘community through a number of
joint programs. These include hosting fellowship holders from ORAU, Co-op students
from the University of Tennessée, and special undergraduates from the -Great Lakes
Colleges Association. A newer program involves students from the service academies.

In addition, graduate programs are maintained with U. T. and Clemson.
John Dale and Debra Bostick served as University Relations Coordinators for
student guests and faculty during 1990 v
OAK RIDGE ASSOCIATED UNIVERSITIES (ORAU)

PROGRAMS

Postgraduate Research Program. ' Eric Kerley (Texas A & M) continued research

in the development of an external ionization source for FTMS to enable investigation of
" high molecular weight biomolecules with Michelle Buchanan.” - C

Brian A. Eckenrode (Michigan State “University) completed research in mass
spectrometry/mass spectrometry with Gary Glish and Scott McLuckey.

Sheng Dai (University of Tennessee) began an appointment with Jack Young to
develop analytiéal‘ sensors to be used in the electrolytié production of magnesium metal
from molten chloride salt solutions. o

Kevin J. Hart (Michigan State University) began research in mass spectrometry/mass

spectrometry under the direction of Gary Glish.
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Graduate Research Program. Rick A. Flurer (Indiana University) continued
working with Gary Glish and Scott McLuckey in organic mass spectrometry.

Jocelyn Dunphy (Indiana University) completed her work with Michelle Buchanan
in the investigation of laser desorption Fourier transform mass spectrometry for detection
and characterization of trace levels of biological molecules isolated on chromatographic
plates.

Faculty Research Program. Elizabeth A. Stemmler (Bowdoin College) did

collaborative research in gas-phase ion chemistry and isometric differentiation using mass

spectrometry.

Faculty Research for Historically Black Colleges and Universities. Joseph L. Russell,

Chairman of Chemistry and Physics Department, Alcorn State University, worked with
Larry Robinson on neutron activation analysis of environmental samples.

Student Research Participant. Kathryn L. Wohlpart worked with Rose Ramsey to

develop chromatograph methods for separating and measuring transformation in DNA

resulting from exposure to ultraviolet light.

CO-OP PROGRAM

Douglas L. Theobald (University of Tennessee) began a co-op assignment with

Michelle Buchanan in the Organic Spectroscopy group. .

GREAT LAKES COLLEGES ASSOCIATION (GLCA)
PROGRAMS

H

Kevin H. Hazen (Coe College) worked with John E. Caton on solid phase extraction
methods coupled with high performance liquid or supercritical fluid chromatography for

the determination of explosives and metabolites and other polar compounds in water,

tissue, or soil
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Rafat K. Alvi (Ohio Wesleyan) worked with Robert W. Shaw on laser diagnostics
for chemical deposition of thin diamond films.
Nathaniel J. Schaefle (St Olaf College) did research with W B Whrtten on laser

spectroscopy of mlcropartlcles

UNIVERSITY OF TENNESSEE PROGRAMS

Distingu ished _Scientist Program.  Georges Guiochon holds an ORNL/UT
Distinguished Scientist appointment with the division. He maintains research groups at
both UTK and ORNL. During 1990, postdoctoral researchers at ORNL included Mark
Aubel, Martin Czok Moustapha Diack, Eric Dose, and Zoubalr El Fallah Predoctoral
students were Steve_ Jacobson, Anita Kattl, Jeff Roles, and Jennifer Schudel. =~

Mark Aubel, Martin Czok, Anita Katti, and Jennifer Schudel completed their
appointments during 1990.

Postgraduate Research. Casey Grimm (Florida State University) continued research

on organic secondary ion emission with Peter Todd.

R. Timothy Short (University of Tennessee) continued research with Peter Todd on
organic imaging mass spectrometry.

Brian T. Buckley (North Carolina State) completed his research with Mike Ramsey
on a plasma source for multiphotoionization spectroscopy.

Lee R. Riciputi (University of Wisconsin) began research with Warner H. Christie
in the use of stable isotopes with the CAMECA ion microscope.

Predoctoral Research. Michael Troutman (Indiana University/University of

Tennessee) continued his work with Gary Glish on instrument development and
application.

Science Alliance. Robert L. Richardson and James E. Coffield participated in the
Science Alliance student program working with J. P. Young on the magnesium sensors

program.
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CLEMSON UNIVERSITY PROGRAM

Predoctoral Rmcaréh. " Douglas C. Duckworth began research with David L.

Donohue and David H. Smith on the development of radio-frequency glow discharge in

mass spectrometry.
SERVICE ACADEMIES RESEARCH ASSOCIATES (SARA)
' ' ' PROGRAM o

John H. Blalock (U.S. Naval Academ.y')v worked with J. M. Ramsey on resona{n.ce

ionization mass spectrometry with a synchronously pumped mode locked dye laser.



7. SUPPLEMENTARY ACTIVITIES

Supplementary activities in ACD follow a two-way path. From outside the
Laboratory come the Advisory Committee, comsultants, and seminar speakers. From
within the division members participate in professional societies and special technical

assignments. Awards and patents often follow such activities.:

ADVISORY COMMITTEE

The 1990 Advisory Committee was composed of:
D.:D. Bly, Central Research Dept., E. I. du Pont de Nemours; Wilmington, Del.
R.-G. Cooks, Purdue University, West Lafayette, Ind. S
J. C. Giddings, University of Utah, Salt Lake City, Utah
L. B. Rogers, University of Georgia, Athens, Ga.
I. H. Warner, Emory University, Atlanta, Ga.
E. S. Yeung, Towa State UniVersity; ‘Ames, Towa

CONSULTANTS

The following experts served on a short-term consulting basis this year.
Minda Wang, Ohio State University, Columbus, Ohio
Dennis C. JohnSon,‘Iowa State University, Ames, Iowa
Fred E: Regnier, Purdue University, West Lafayette, Ind.
Mary J. Wirth, University of Delaware, Newark, Del. -
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Robert T. Mclver, Jr., Universityv of California, Irving, Calif.
Geraldine Richmond, University of Oregon, Eugene, Oreg.
Richard N. Zare, Stanford University, Stanford, Calif.
Catherine Fenselau, University of Maryland, Baltimore, Md.
Robert S. Houk, Iowa State University, Ames, Iowa -

The following experts served on a long-term basis this year.
Gleb Mamantov, University of Tennessee, Knoxville, Tenn.
A. G. Marshall, Ohio State University, Columbus, Ohio
K. D. Cook, University of Tennessee, Knoxville, Tenn.
L. B. Rogers, University of Georgia, Athens, Ga.
F. H. Field, Camille & Henry Dreyfus Professor, Oak Ridge, Tenn.
R. K. Marcus, Clemson University, Clemson, S. C. _
G. M. Begun, Retired, Martin Marietta Energy Systems, Oak Ridge; Tenn. '
W. S. Lyon, Retired, Martin Marietta Energy Systems, Oak Ridge, Tenn.

ACS ANALYTICAL CHEMISTRY SUMMER SYMPOSIUM -

Each year the Division of Analytical Chemistry of the American Chemical Society
sponsors a Summer Symposium in some topic of major research interest in the field of
analytical chemistry. These Summer Symposia are usually held at a major university or
research institution and attract 150-200 participants, both domestic and foreign. We
hosted the Summer Symposium of 1990 in July in Oak Ridge. The attendance was
approximately 225. The topic was analytical mass spectrometry.

Professor Graham Cooks of Purdue University was Program Chairman and David
Donohue of ORNL-ACD was local Arrangements Chairman. The sessions were held at
the Oak Ridge Associated Universities campus. Two and a half days of formal talks and

poster presentations were given on virtually all topics of current research interest in
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analytical mass spectrometry. An innovation this year was a special session given by

graduate students; it was followed by awards for the top presentat1ons

The Summer Sympos1um of 1990 was a real success.

an "A-page" article in Analytical Chemistry in October.

Speaker

Minda Wang
Dept. of Chemistry
Ohio State U.
Columbus, Ohio

Ijennis' C. Johnson

Dept. of Chemistry

Iowa State U,
Ames, Iowa

Kevin J. Hart
Dept. of Chemistry
Michigan State U.
E. Lansing, Mich.

Fred E. Regnier
Dept. of Chemistry
Purdue U.

W. Lafayette, Ind.

Mary J. Wirth
Dept. of Chemistry
U. of Delaware
Newark, Del.

Randall W. Nelson
Dept. of Chemistry
Arizona State U.
Phoenix, Ariz.

SEMINAR PROGRAM

Title of Talk

- "Recent Advances 1 in 'FT-ICR Cell

Performance"

"Electrocatalysis of ‘Anodic Oxygen-
Transfer Reaction" '

_ "Generatlon of Substructure Identifi cat1on - i
" Rules and Molecular Structures from

MS/MS Spectra"

"Profusion Chromatography"

"Spectroscopic Studies of Solute
Reorientation at the Interface of
Water and Chemically Modified Silica"

"Generation of Large Ions by Laser
Desorption from a Frozen Aqueous
Matrix"

A synopsis was publ1shed in

Date

180
" 119/90°

" 3/7/90 ¢

3/16/90

4/20/90

5/15/90



Robert T. Mclver, Jr.

Dept. of Chemistry
U. of California -
Irvine, Calif.

Geraldine Richmond
Dept. of Chemistry
U. of Oregon
Eugene, Oreg.

Richard N. Zare
Dept. of Chemistry
Stanford U.
Stanford, Calif.

Catherine Fenselau
Dept. of Chemistry
U. of Maryland
Baltimore, Md.

Bobbette Nourse
Dept. of Chemistry
Purdue U.

W. LaFayette, Ind.

Robert S. Houk

Dept. of Chemistfyv "

Iowa State U.
Ames, Jowa
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"Peptide Sequencing with an External
Ion Source Fourier Transform Mass
Spectrometer”

"As the Electrode Turns: SHG and
the Single Crystal Electrode Surface"

"Cépiilafy Zone Electfophoresis:
An Adventure in Microplumbing”

"Endothermic Reactions for the
Structural Analysis of Biopolymers"

"Fundamental and Applied Studies
Using a Quadrupole Ion Trap Mass
Spectrometer”

"Improvements in Elemental and Isotopic
Analysis by Inductively Coupled Plasma
Mass Spectrometry”

PATENTS

8/24/90

10/2/90

10/26/90

11/4/90

11/12/90

~12/7/90

Scott A. McLuckey and Gary L Glish were granted a patent in 1989 for

"Atmospheric Sampling Glow Discharge Ionization Source."
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AWARDS AND HONORS

Michelle Bnehnnnn was na'med“to the Editorial Board of Analytibal C’hemistry.

Georges Guiochon won the prestigious American Chemical Society Separations
Science Award for his chemical separations research.

Shirley Cates received an Admlnlstratlve Support Award at Martin Marletta Energy
Systems Awards nght _

" Joe Stewart received a TeChnical‘Achievement Award for pioneering 'de'velc‘)prnent
of rapid PCB extraction from soils and sediments. Joe also received a Letter of
Commendation from the Env1ronmental Protection Agency, Office of Solid Waste, for
methods development.

W.H. Grlest J. L. Botts, R. N. Ceo, J. M. Keller and R. L. Schenley received the
Soc1ety for Technlcal Communlcatlons Technical Award of Excellence for ORNL/TM-
11652, "Sampling and Analysis of Radioactive Liquid Wastes and Sludges in the Melton
Valley and Evaporator Facility Storage Tanks at ORNL". o

" Dub Shults received” an Energy ’, Systems President’s Award for Performance

Improvement Program work on the Job Opportunity System.

'ADDITIONAL PROFESSIONAL ACTIVITIES

K G. Asano

ACD Representative .. Carcinogen Control Program at Y-12

D. A Bostick

ACD Representative University Relations Coordinator



M. V. Buchanan

Editorial Board

Treasurer

Advisory Board

~Member

S E
Chairman

J. A. Carter

. Chairman

Laboratory Coordinator

J. M. Dale

ACD Representative -

D. L. Donohue

Chairman

Chairman
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Biomedical and Environmental Mass Spectrometry
Organic Mass Spectrometry .

Analytical Chemistry

American Sociéty for Mass Spéctrometry

National Science Foundation Biological Centers
Program '

Energy Systems Advisory Committee for Values.

ORNL Values Committee

East Tennessee Mass Spectrometry Discussion Group

DOE/ISA Laboratory Advisory Group for Effluent

. Research (LAGER)

ISPO Programs

: "Univer'éiity Relations Coordinator

Local Arrangements, ACS Analytical Cherhistry
Summer Symposium

ACD Seminar Committee




J. S. Eldridge

Chairman

Member

J. F. Emery

ACD Representative

C. Feldman
Fellow

Member

N. M. Ferguson

ACD Representative

G. L. Glish
Associate Editor
Vice President

Consultant
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Membership Committee, Environmental Radiation™

.-Section, Health Physics Society

.Oak Ridge - Reservation-Resource Management

Organization: Environmental Surveillance

Lab Committee 8 of the International Society, for
Methods of Air Sampling and Analysis

Laboratory Emergency Sample Coordinator

Division Computer. Systems Security Officer

American Society for Testing and Materials
ASTM Committee E-2 on Emission Spectroscopy,

Subcommittees on Fundamental Methods; Editorial
Practices, and Nomenclature

Energy Systems Environmental Analysis Committee

. Journal.of the American Society for Mass Spectrometry

American Society for Mass Spectrometry

Finnigan MAT; San Jose, Calif.



G. L. Glish
Board of Directors

Membér

W. H. Griest

Consultant

M. R. Guerin

Advisory Board -

Consultant

G. A. Guiochon
Associate Editor

Advisory Board
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- Asilomar Conference on Mass Spectrometry

ORAU Traveling Lecture Program

DOE SBIR Review
Electric Power Research Institute
Environmental Protection Agency IERL/TSO

Center for Indoor Air Research

- University of Kentucky Tobacco and Health Research

Institute

VDOE'and NCI SBIR Reviews

PHS Office of Smoking and Health Additives

Ana lytical. 'Chemistty
Journal of Chromatography

Journal of Chromatographic Scienice

‘Journal of Liquid Chromatography

Ch'romatogrdphia
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G. A. Guiochon
Member HPLC Permanent Committee of the International
S ’ Symposia on Column Liquid Chromatography
ACS Board, Chromatography Subdivision, ACS
. Division of Analytical Chemistry
R. L. Hettich
Chairman . *. ACD Seminar Committee
Member ORAU Traveling Lecture Program
C. E. Higgins
Chairman "~ . . Analytical Improvement Council
S. K Holladay
ACD Representative - Quality Control Officer
Member . .- ASTM Committee D-34
P. L. Howell
Member | ~ ASTM C-26 Nuclear Fuel Cycle
ASQC Energy Division
R. H. Iigner
ACD Representative Environmental Protection Officer.

Consultant Fourth Judicial District Court, Monroe, La.



R. A. Jenkins

Consultant

K O. Jeter

Member

L. N. Klatt

Member

W. R. Laing
Chairman

Coordinator

Fellow

Technical Program

Chairman

Member
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Federal Trade Commission, Standardized Smoking
Practices

‘National Institute on Drug Abuse SBIR Reviews

Analytical Improvement Council

Energy Systems Ph.D. Recruiting Team .

. ACD Seminar Committee

ASTM Committee C-26, Nuclear Fuel Cycle -
ACD Energy Conservation Program
ACD Quality Assurance Program

American Society for Testing and Materials

~ Conference on Analytical Chemistry in Ehergy

Technology .
ASTM Committee D-33, Protective Coatings

ASTM Committee D-34, Waste Disposal

ISO Téchnical Committee 85, Subcommittee 5

ORNL ?regrievance Committee




S. A. McLuckey

Chairman
Consultant

M. P. Maskarinec

.-Member

M. P. May
ORNL Representative
ACD Representative

. Member

J. M. Ramsey

Chairman

Editorial Advisory Board

Member

R. S. Ramsey
ACD Representative

Member
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ASMS Ion Physics and Instrumentaﬁon Interest -

- Group

Finnigan MAT, San Jose, Calif.

.EPA. Working Group on Improvement - of TIC

Identification -

Energy Systems Technical Training Subcommittee on
Analytical Laboratories

Training Coordinator

Energy Systems Training Process Review Team

-ACD Facility 9735 Generator Certification Officer

- Program Advisory Committee, ACS Division of

Analytical Chemistry

-Progress in Analytical Spectroscopy

Energy Systems Publication Award Selection
Committee '

~ Ph.D. Recruiting Officer

ORAU Traveling Lecture Program
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R. S. Ramsey
Consultant National Cancer Institute SBIR Reviews
Center for Indoor Air Research
L. Robinson
Member ‘ : ASTM Task Group on Nuclear Methods of Chemical
Analysis
ACD Representative Radiation Control Officer
H. H. Ross
Advisory Board Journal of Radioanalytical and Nuclear Chemistry
Editorial Board Journal of Radioanalytical and Nuclear Chemistry,
: o a Letters "
Faculty Member = . - Department of Chemistry, University of Tennessee,
Knoxville (Adjunct Professor, Science Alliance)
Consultant ‘ Savannah River Site, Aiken, S. C.
GPU Nuclear, Three Mile Island, Unit-2, Middletown,
Pa.
Member ST Canvassing - Committee, ACS Award. for Nuclear
Chemistry

Fellowship' Committee, ACS Division of Analytical
Chemistry

ACD Representative Training Coordinator




T. M. _Rosseel
Vice President

Member

R. W. Shaw

Member

W. D. Shults

Chairman

Advisory Committee

Member

Review Committee

D. H. Smith

Member

{
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American Vacuum Society, Tennessee Valley Chapter

AVS Tennessee Valley Chapter, Scholarship
Committee:

ORNL Proposal Review Committee

Organizing Committee, 15th International Conference

~on X-ray and Inner Shell Processes, Knoxville

Analytical Improvement Council

ACS East Tennessee Section

Education Committee, ACS Division of Analytical

" Chemistry

Chemistry and Laser Science Division, Los Alamos
National Laboratory ‘

Board of Visitors, Chemistry Departmenf, University
of Tennessee, Knoxville

Energy Systems Analytical Managers Council
DOE Analytical Maﬁagers Group

Analytical Chemistry

ASMS Isotope Ratio Interest Group



J. H. Stewart, Jr.

Member

ACD R(;presentat'ivé :

J. R. Stokely

Chairman

Member

ACD Coordinator
P. J. Todd

Consultant

Codrdinator

B. A. Tomkins

Member

J. W. Wade

Site Representative
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ASTM Committee D-34, Waste Disposal

International Working Group, "Analytical Standards
of Minerals, Ores, and Rocks"

ASTM Committee C-26, Nuclear Fuel Cycle
Environmental _ Protection Officer

Waste Minimization Officer

DOE Site Survey Program RAD Committee
DOE Technical Safety Appraisal Team
DOE Future Analytical Support Task Team

BSMS Récruiting

National Institutes of Health, General Medicine

National Institute of Mental Health

v ACD Awards

ACD Seminar Committee

Multi-Plant Analytical Committee

Multi-Plant Procedure Committee



M. B. Wise

Member

S. D. Wright

Arrangements Chairman

ACD Representative

J. P. Young
Fellow

Member

Organizer

ACD Representative
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ACD Safety Committee

ORAU Traveling Lecture Program

Conference on Analytical Chemistry in Energy
Technology

Safety Officer

Computer Systems Security Officer

American Association for the Advancement of Science

Program Advisory Committee, ACS Division of
Nuclear Chemistry and Technology

Symposium on Lasers in Nuclear Chemistry and
Technology, National ACS Meeting, Boston

ORNL Graduate Fellow Selection Panel






8 PRESENTATION OF RESEARCH RESULTS

As in past years the d1v1s10n has actively responded to the evolving priorities of the ORN L
research effort by changing the emphasrs of some of its own programs or instituting new studres
Subjects of major concern include nuclear and nonnnuclear energy, new instrumentation and its
application, and environmental problems such as monitoring and clean up at ORNL and
. elsewhere. The multidisciplinary approach required in mady such problems is indicated by the
number of papers and talks coauthored by members of other ORNL divisions- and outside

organizations. Such persons are desrgnated by an asterisk.

PUBLICATIONS |
' BOOKS AND PROCEEDINGS |

‘Author . B ' ‘ 'A"uthor(s'). Titl’e, Where Published

Asano, K. G. Glish, G L McLuckey, S."A; Asano, K G "Real-Time Vapor
: Monitoring with MS/MS", Proceedings of the 1 99th National Meeting of
~ the American Chemical Soczety, Boston, April 22-27, 1990.

Asano, K. G.; McLuckey, S. A.; Glish, G. L., "Negative Ion Mass
Spectrometry of Phosphate Esters", Proceedings of the 38th ASMS
Conference on Mass Spectrometry and Allied Topics, Tucson, Ariz., June
3-8, 1990, p. 924.

Asano, K. G.; McLuckey, S. A.; Glish, G. L., "Comparison_of an
Atmospheric Sampling Glow Discharge Ion Source with Electron
Ionization for Halocarbons", Proceedings of the 38th ASMS Mass
Spectrometry and Allied Topics, Tucson, Ariz., June 3-8, 1990, p. 647.
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Buchanan, M. V.
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Buchanan, M. V.; Wise, M. B.; Guerin, M. R., "Direct Sampling Mass
Spectrometry for the Rapid Analysis of Physiological Media", Proceedings
of the 38th ASMS Conference on Mass Spectrometry and Allied Topics, -
Tucson, Ariz., June 3-8, 1990, p. 750.

Wise, M. B.; Buchanan, M. V.; Guerin, M. R., "Rapid Determination

.of Target Compounds in Environmental Samples Using Direct Sampling

Ion Trap Mass Spectrometry", Proceedings of the 38th ASMS Conference
on Mass Spectrometry and Allied Topics, Tucson, Ariz., June 3-8, 1990,
p- 619.

Hettich, R. L.; Buchanan, M. V., "Examination of Sample Substrate
Effects in Laser Desorption FTMS Studies of Biological Compounds”,
Proceedings of the 38th ASMS Conference on Mass Spectrometry and
Allied Topics, Tucson, Ariz., June 3-8, 1990, p. 156.

Wise, M. B,; Ilgner, R. H; Buchanan, M. V., "Detection and
Quantification of Trace Organics in Air by Direct Thermal Desorption
Ion Trap Mass Spectrometry", Proceedings of the 38th ASMS Conference
on Mass Spectrometry and Allied Topics, Tucson, Ariz., June 3-8, 1990,
p. 1481.

Dunphy, J. C.; Busch, K. L.*; Hettich, R. L.; Buchanan, M. V., "Sample
Substrate and Concentration Effects on the Laser Desorptlon Mass
Spectra of Materials Contained on TLC Plates", Proceedings of the 38th
ASMS Conference on Mass Spectrometry and Allied Topics, Tucson Ariz.,

" June 3-8, 1990 p. 373.

Kerley, E. L.; Buchanan, M. V., "Generation and Trapping of
Electrosprayed Ions for Analysis by Founer Transform Ion Cyclotron

- Resonance Spectrometry", Proceedings of the 38th ASMS Conference on
‘Mass Spectrometry and Allied Topics, Tucson, AI‘IZ June 3-8, 1990,

p- 409.

~Wise, M. B; Ilgner R. H; Buchanan M. V. Guerin, M. R,
‘ "Determlnatlon of Target Organlcs in Air Us1ng Ion Trap Mass

Spectrometry”, Proceedings of the Sixth Annual Waste Testing and Quality
Assurance Symposium, Washington, D. C., July 16-20, 1990.

Hettich, R. L.; Buchanan, M. V. "Structural Characterization of
Modified Nuclexc Acid Constltuents by Laser Desorption FT-MS",
Proceedings of the 43rd Annual Summer Symposium on Analytical
Chemistry, ORNL, July 24-27, 1990, p. 18.



Buchanan, M. V.

Buckley, B. T.

Catoh; J. E &

Christic, W. H.
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Wise, M. B; Ilgner, R. H.; Buchanan, M. V.; Guerin, M. R., "Rapid
Determinations of Orgamcs in Air Usmg an Jon Trap Mass
Spectrometer”, Preprints of Papers Presented at the 200th American
Chemical Society National Meeting, Washington, D. C., August 26-31,
1990, Vol. 30, p. 284., '

Whitten, W. B.;'Ramsey, J. M; Goeringer, D. E.; Buckley, B. T,
"Resonance lonization of Rubidium in an Ion Trap Mass Spectrometer",

Proceedings of the DOE Workshop on Advanced Laser Technology for
Chemical Measurements Oak Ridge, November 12-14, 1990, p. 5.

\Grlest W. H,; Schenley, R. L, Tomkms B. A.; Caton, J. E.; Fleming,

G.S,; Harmon S. H.; Wachter, L. J.; Edwards, M. D*; Garc1a M. E*
"Adaptatlon of SW-846 Methodology for the Organic Analysis of
Radioactive Mixed Wastes", Proceedings of the Sixth Annual Waste Testing
and Quality Assurance Symposzum Washington, D. C., July 16-20, 1990,

.p- II 106.

Tomkins, B. A.; Caton, J. E. "Preparétion of Radioactive "Mixed’ Waste

Samples for Measurement of RCRA Organic Compounds", Waste Testing

and Quality Assurance: Second Volume, ASTM STP 1062, American
Society for Testing and Materials, 1990, p. 351.

_".Grlest W H.; Caton, J. E; Schenley, R. L.; Bayne, C. K.*; Baldwin,
R. H.*% McCoy, . E.*; Nance, W. R.*, "Field Life Predlctlon of the

M829 APFSDS Combustible Case Kinetic Energy Round", Proceedings

" of the Predictive Technology Symposium and Exposition Skyland,
~Randolph, N. J., September. 18-19, 1990, p. 63.

" Duckworth, D. C.*; Marcus, R. K.*; Christie, W. H.; Donohue, D. L.;

Smith, D. H. ‘"Interfacing a RF Powered Glow Discharge
Atomization/Ionization Source to a Double Focussing Mass

Spectrometer”, Proceedings of the 38th ASMS Conference on Mass

Spectrometry and Allied Topics, Tucson, Ariz., June 3-8, 1990, p. 393.

Christie, W. H,; Fassetf, J. D.*, ,"Mﬁltiphbton Resonant Ionization",
Secondary Ion Mass Spectrometry, SIMS VII, A. Benninghoven, C. A.

~ Evans, K. D. McKeegan, H. A. Storms, and N. W. Werner, eds., John

Wiley and Sons, 1990, p. 179.



Coffield, J. E.
Czok, M.

Donohue, D. L.
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Mamantov, G.; Tortorelli, L. J.*; Flowers, P. A.*; Harward, B. L.*;
Trimble, D. S.*; Hondrogiannis, E. M.*; Coffield, J. E.; Edwards,
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SUMMARY OF ANALYTICAL SERVICE WORK

Number of Results Reported By

Analytical Radioactive Organic Inorganic
ORGANIZATION Spectroscopy  Materials Analysis Chemistry Chemistry TOTAL
ORNL Unit
Analytical Chemistry 1,155 907 10,018 859 12,939
Central Management 210 587 312 1,109
Chemical Technology 6,185 . 6,352 12,071 2,118 26,726
Chemistry 32 953 1,568 2,553
Energy 399 1,511 1,910
Engineering Physics 7 32 2,479 2,518
and Mathematics
Engineering Technology 90 34 264 35 423
Environmental and 9,451 52,860 17,109 79,420
Health Protection '
Environmental Sciences 22 200 15,606 7,478 23,306
Environmental Restoration 1,607 909 3,837 6,353
Finance and Materials 1,122 20 513 8 1,663
Fusion Energy 145 6,497 20 6,662
Health and Safety Research 48 497 2,435 2,289 5,269
Instrumentation 140 14 43 197
and Controls . : .
Metals and Ceramics 3,350 205 4,957 718 9,230
Physics 156 312 147 1 616
Plant and Equipment 189 6,439 661 7,289
Research Reactors 50 172 2,963 58 3,243
Robotics & Process 60 9 235 23 327
Systems
Solid State 79 2,420 564 3,063
Waste Management and 36 37,374 18,319 2,279 58,003
Remedial Actions
Others
K-25 418 220 3,413 4,056
Miscellaneous 10 177 205 614 1,006
Paducah 1,166 3,725 4,891
Y-12 6,037 5,159 1,848 3,622 16,666
TOTAL 18,468 65,160 146,670 49,140 279,438
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DIVISIONAL MANPOWER AND FINANCIAL SUMMARY

FY 1990
Source K PY*
- DOE programs
" ' Energy Research _
"'Basic Energy Sciences S 1,592 10.5
Health 'and Environmental Research . : 571 3.7
Environmental Site Survéy - i 10 0.0
Safeguards and Security o L ' - 513 4.2
Nuclear Energy ° - v , 272 1.9
Multi Program Facilities Support = 117 R O
Fossil Energy ' : o 26 0.1
Miscellaneous : T ’ 339 _24
Total DOE Programs o 3,440 24.5
Work for others federal agencies L : _
"'Department of Defense ST © 1,333 . 54
National Cancer Institute -~ =~ : ' R 73 1.6.. -
e “ "'Federal Aviation Administration - : 74 0.7
" "National Institate of Health o a - 293 0.9
""NASA ‘ : : - 29 0.1 .
. " "Miscellaneous . - o : o - _667 6.1
: Total WFO - federal agencies o B : 2,769 14.8
Work for others - nonfederal agencies o . : _
Protective. Coating Companies =~ ° 67 - 01
Uranium Ore Testing. Companies . - 37 0.0
Center for Indoor Air Research = . . © 185 1.3
Miscellaneous : A _ 1 01
Total WFO - nonfederal agencxts C : - 360. 1.5
Support/Services : 7 _ '
ORNL Divisions/Programs T - 5843 80.3
Other Clients , S _ 2,028 279
Intra-division : - o 1,271 .
Total Support/Services SRR S 9,142 108.2
TOTAL ACD COST - " 14,40 -~ 149.0

*Person years
*Support/Services cost does not include laboratory overhead.

“Total ACD cost excludes intra-division charges.
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