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News Spectrum

Mike Bradley Joins
Spectroscopy’s Editorial Advisory Board

Spectroscopy is pleased to announce the addition of Mike
Bradley to its editorial advisory board.

Bradley graduated from the University of South
Carolina (Columbia, South Carolina) with a BS in
Chemistry and earned his PhD from the University
of Illinois (Urbana—Champaign, lllinois). He is the
marketing manager for Fourier transform infrared (FT-
IR) spectroscopy at Thermo Fisher Scientific in Madison,
Wisconsin. He taught at the University of Connecticut
(Storrs, Connecticut) and Valparaiso University
(Valparaiso, Indiana) for a combined 15 years, and
worked at Abbott Laboratories
before becoming a field
applications scientist with (then)
Thermo Nicolet in 2002.

Bradley was heavily involved
in the development and launch
of the Thermo Scientific Nicolet
iS10 FT-IR spectrometer and the
Nicolet iN10 FT-IR microscope
in 2008. He has been product
manager for the FT-IR products

since 2009. Most recently, Mike Bradley

July 2013 Spectroscopy 28(7) 9

Bradley led the teams that developed the Thermo
Scientific Nicolet iS50 FT-IR spectrometer, launched
in 2012, and was recently promoted to marketing
manager for FT-IR microscopy products.

Bruker and 3M Sign
Exclusive Patent License Agreement

Bruker Corporation (Bremen, Germany) has signed an
exclusive patent license agreement with 3M Company
(Elyria, Ohio), which allows Bruker to use 3M patented
innovations relating to matrix-assisted laser desorption—
ionization (MALDI) mass spectrometry imaging.

The licensed 3M patents are directed to a technique
for performing mass spectrometry analysis on proteins in
tissue that has been preserved in paraffin. The technology
enables researchers to more easily study formalin-fixed,
paraffin-embedded tissue for life-science research and
drug development.

MALDI imaging has been increasingly used to analyze
clinically relevant tissues, such as tumor biopsies. The
molecular phenotypes observed by MALDI imaging
have been shown to correlate with parameters such
as disease status or patient outcome and have been
successfully applied to the classification of tissue
samples. m

Infrared (IR) microscopy includes both conventional
microscope systems and more advanced imaging
systems, which are used in two ways. The more
traditional IR microscopy method is “point and shoot,”
where the microscope is used to locate a defect or
point of interest on a sample,
which is then analyzed using
the IR spectrometer. Such
systems are useful across a
broad range of industries,
such as semiconductors and
electronics, pharmaceuticals,
forensics, biology, and
materials. IR imaging systems
have all the capabilities of
traditional IR microscopes,
but also provide high-
resolution mapping of samples
by collecting IR spectral information for each pixel,
which can be as small as 10 pm, or even smaller with
some of the latest instruments.

The market for IR spectroscopy was more than
$150 million in 2012, accounting for close to a

Market Profile: Infrared Microscopy and Imaging

Infrared microscopy demand by industry for 2012.

quarter of the overall infrared spectroscopy market.
This includes stand-alone integrated IR microscopes
and imaging systems, add-on IR microscopy
systems that are sold separately from benchtop
spectrometers, and initial system sales that include
both spectrometer and
microscope systems as a
packaged solution. Although
growth in demand is likely
to be flat in 2013 due in large
part to government funding
cuts, it should rebound by
late 2014, and will continue
to be a driving factor of

the growth of the overall
infrared spectroscopy
market.

The foregoing data were
extracted from SDi’s market analysis and perspectives
report entitled The Global Assessment Report, 12th
Edition: The Laboratory Life Science and Analytical
Instrument Industry, October 2012. For more
information, visit www.strategic-directions.com.

B Pharmaceuticals - 21%
B Polymers, plastics - 13%
Biotechnology - 12%

B Academia-11%

Semiconductor,
electronics, nanotech - 9%
m Contract research
organizations - 7%
Government research - 7%
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Mass Spectrometry Forum

Hydrogen-Deuterium Exchange
Mass Spectrometry

Mass spectrometric measurements often begin with the determination of the masses of ions, assum-
ing that these are set and stable. But we can also monitor the progress of mass shifts purposefully
created in our experiments, and derive reaction kinetic information. For example, labile hydrogen
(H) atoms in molecular and ionic structures can be replaced with deuterium (D), and the mass shifts
and kinetics can be followed as the measured ion masses progressively increase. In its current state
of development, H-D exchange mass spectrometry provides insights into complex protein structures
and their dynamics through the study of the rates of exchange under various conditions.

Kenneth L. Busch

(H), deuterium (D), and tritium (T) in our first chemistry

classes. Tritium is radioactive, but hydrogen and deuterium
are not. The difference between hydrogen and deuterium, of
course, is the presence of the neutron in the nucleus of the
latter. Although the relative shift in mass between H (mass
0f 1.007825 Da) and D (mass of 2.014102 Da) is the largest of
the isotopes, the discovery of deuterium occurred later than
many other isotopes and, oddly enough, was not accomplished
directly through experiments with mass spectrometers. The
manuscript announcing the discovery of deuterium by Urey,
Brickwedde, and Murphy (1) carries a date of December 5,
1931, and was published in early 1932 (1). What made that
deuterium different was that extra particle in the nucleus. The
publication “The Existence of a Neutron” by Chadwick carries
a date of May 10, 1932, and was published June 1 of that year
(2) following a brief announcement of results written on Feb-
ruary 17 and published February 27, 1932 (3). Nobel prizes for
these discoveries were awarded in 1934 and 1935, respectively
(remember that Aston’s Nobel prize for mass spectrometry
[MS] was in 1922). The extraordinary sequence of synergistic
discoveries was the result of both impassioned competition
and serendipity (4-6). The understanding that provided the
basis for modern MS was also used in the development of
atomic weapons in only a little over two decades from discov-
ery. These bits of history should not be relegated to historical

It starts with the basics; many of us learn about hydrogen

markers (Figure 1). The generation of scientists who witnessed
this series of astounding discoveries has largely passed, but the
processes and sometimes the serendipity of the scientific pro-
cess (4) replays within each succeeding generation.

Replacing Hydrogen with Deuterium

Changes in physical parameters that occur as a result of the
replacement of hydrogen with deuterium have been charac-
terized. The kinetic isotope effect, which is the change in reac-
tion rate resulting from the replacement, has been measured
in many systems. New areas of applications constantly sur-
face. For one example, deuterium-modified analogs of phar-
maceutical drugs have been patented in the past five years.
These analogs are being explored in the hope that improve-
ments in the drug’s metabolic properties can be achieved.
But how can we use deuterium specifically in MS, when the
mass shift allows us to track hydrogen-deuterium placement
in ions and ion fragments? Even within the constraints of
MS, we could choose from literally thousands of applications.
Two studies provide the foundation needed here. The first is
the classic publication that used deuterium labeling to estab-
lish the existence of the tropylium cation (7). The mass spec-
tra of alkylbenzenes with deuterium replacing hydrogen in
specific locations, being composed of ions of different mass
based on the incorporation of deuterium, were interpreted
as a group to show that the seven hydrogens in the C;H.*
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DEUTERIUM

PENN STATE PHYSICIST
FERDINAND BRICKWEDDE IN
1931 PRODUCED THE WORLD'S
FIRST MEASURABLE AMOUNT
OF DEUTERIUM, A HYDROGEN

ISOTOPE FOUND IN “"HEAVY
WATER;"USED IN NUCLEAR AND
BIOLOGICAL RESEARCH.EARLIER,
BRICKWEDDE HAD BEEN CO-
DISCOVERER, WITH HAROLD
UREY AND GEORGE MURPHY OF
COLUMBIA UNIVERSITY, OF
DEUTERIUM.UREY WAS AWARDED
THE 1934 NOBEL PRIZE IN
CHEMISTRY FOR THE DISCOVERY.

PENN STATE ALUMNI ASSOCIATION

Figure 1: Marker on the campus of Pennsylvania State University that
celebrates the accomplishments of physics professor F.G. Brickwedde
(then at the National Institute of Standards and Technology [NIST]) in
preparing samples analyzed to provide evidence supporting the discovery
of deuterium. Three years after the discovery, heavy water (D,0) was being
produced on an industrial scale at a hydroelectric facility in Norway. This is
one of probably only a few markers devoted to isotopes in the United States.

ion were indistinguishable, and that the jon was therefore a
tropylium symmetric structure. This exemplary publication
highlights the use of strategic deuterium labeling to elucidate
fragmentation reactions of organic ions.

The second publication (8) built upon the uses of trimeth-
ylsilyl (TMS) derivatization. This derivatization reagent had
been developed in gas chromatography (GC) and gas chroma-
tography—mass spectrometry (GC-MS) because the deriva-
tives were stable and volatile and the original molecules were
not. The TMS group is -Si (CH,),. As an interpretive example,
the number of derivatized hydroxyl groups in a molecule
could be determined because each hydroxyl hydrogen would
be replaced by the TMS group, and the number of groups was
therefore apparent by a simple count of the number of losses of
trimethylsilanol molecules in the resultant electron ionization
mass spectrum. But there are interpretive difficulties when the
structure of the original molecule becomes more complicated.
The use of perdeutero-TMS derivatives (-Si (CD,),) provides
information (via tracking the deuterium atoms) that helps to
avoid the uncertainties. The basic mass shifts apparent in the
compared mass spectra are simple: a 9-Da shift in mass rep-

resents the intact TMS group, and a 6-Da shift is the loss of a
methyl (deuteromethyl) group. Tracing the deuterium in the
mass spectra of various molecules led to the deduction that re-
arrangement reactions reveal “the existence of coiled or wound
chains in the vapor phase.” This prescient statement hints at a
higher-order structure for ions that can be discerned through
MS experiments.

Higher-Order Structures and Derivatization

In 45 years, the study of higher-order structures and their
dynamics was made possible with progressively more sophis-
ticated analyses, and tools such as new ionization methods
and ion dissociation processes. These methods couple with
H-D exchange MS, and in a sense a return to the basic idea
of derivatization. The derivative is the deuterium atom and
the mass shift is followed with ease. Ideally, derivatization by
replacement of hydrogen with deuterium does not change the
intrinsic properties of the molecule, and we can discern pro-
gressively more complicated structures in both the condensed
and the gas phase by tracing the deuterium. A number of
reviews are available that provide background on the method,
its modeling, the display and interpretation of the datasets, and
the conclusions that can be drawn.

The Exchange Process

The observation that certain hydrogen atoms in proteins will
exchange with deuterium when the protein is exposed to a

D, 0 solvent was initially established in the 1950s. Hydrogen
atoms connected to the amide backbone of the protein (labile
hydrogen) exchange with deuterium in buffered D,O solvent
at a varying rate depending on the accessibility of the amide
bond to the solvent (9), and the dynamics of the protein struc-
ture. Hydrogen bonding, for example, within the structure
itself slows the rate of exchange. Side-chain exchangeable hy-
drogen in residues such as Asn (-CONH,), Asp (-COOH), Ser
(-OH), Cys (-SH), or Lys (-NH,) exchanges at much faster rates,
again depending on location in the molecule. The exchange
reactions proceed at rates that vary from fractions of a second
to days. Interrogating the results at multiple points during that
period provides a picture of the structure and its dynamics.
Nuclear magnetic resonance (NMR) spectrometry was used
to study the structures for many years. However, MS follows
the mass shift that results from the exchange with great clarity,
and requires less sample. The early 1990s (10,11) saw early pub-
lications that foreshadowed the potential of MS in measuring
rates and in elucidating structures and their dynamics, based
on the exchange of deuterium for hydrogen.

Figure 2 (top) illustrates the exchange process and its dif-
ferent time scales, showing the immediate exchange reactions
as well as the longer term exchanges in the more inaccessible
parts of the complex structure. The rates of the hydrogen
exchange are determined by pH, temperature, accessibility
of the region to solvent, and hydrogen bonding. The first two
factors are controlled in the experiment, and the latter two
are the factors that provide information about the structure
of the protein. The times required for exchange may vary
over as much as eight orders of magnitude, from fractions of
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Figure 2: (a) The two exchange regimes, which are the rapid side-chain and dynamic region
exchanges, and then the more slowly exchanging structured regions. (b) The exchange reactions
are quenched by lowering the pH and temperature. This sample can be analyzed directly or can
be digested using the usual methods into smaller peptide lengths that can be separated and

analyzed. Figure adapted with permission from reference 23.

a second to days. If one were to exam-
ine molecular ions in the mass spectra
at a series of times after the onset of the
exchange reaction (taking out samples
as a function of time, and quenching
each to stop the exchange), and com-
pare the observed masses to the ions

in the unexchanged spectrum, the
molecular ions for rapidly exchanged
regions would display an immediate
shift to higher masses. Longer-term ex-
changes would appear as the molecular
ion masses progressed sequentially to
higher values. This thought experi-
ment is a bit more complex in reality
because the molecular ions exhibit an
isotopic envelope simply by virtue of
their higher mass and the contributions
of other isotopes. The progression to
higher masses “distorts” that envelope
as the exchange reactions proceed. As
one simple example of data processing,
the envelope can be modeled based

on the known empirical formula for
the ion considered. The deuterium ex-
change can be seen as the progressive
mass spectra are compared with the
immediately preceding spectra. The ex-
change can be monitored through the
centroided mass of a group of peaks, or
by dissecting each peak (including at
higher mass resolving power). A com-
mon data display is called a deuterium
uptake plot. Software to process the
voluminous data generated even when

looking at only the molecular ions is
widely available; below we discuss

how the data production ramps rapidly
upward.

Figure 2b illustrates the quenching re-
action that stops the exchange reaction.
Quenching usually occurs when the
pH and the temperature are dropped.
This change in conditions may not be
perfect, and some back exchange can
occur, especially for the very readily ex-
changed hydrogen-deuterium. The back
exchange must also be considered when
the sample is further processed for other
mass spectral measurements. Figure 2b
shows that the sample can be unfolded
and then digested using relatively stan-
dard techniques. Pepsin or other pro-
teases are used for proteolysis, and the
quenched exchange must be maintained
through the process. Various forms of
liquid chromatography (LC) are used
to separate the individual peptides,
which are then analyzed by MS, often
with electrospray ionization (ESI). The
extent of deuterium exchange can then
be established in each of the peptide
fragments by comparison of mass ex-
pected and mass observed, illustrating
the progressively more expansive data
processing needs.

Exchange can be assessed, then,
in molecular ions or in smaller parts
derived from the larger structure. On
reflection, it should be obvious that

the former represents the total of all
exchange reactions occurring, and may
not provide information relevant to
specific regions of a larger structure.
Probing the exchange reactivity in re-
gions is made possible by the proteoly-
sis illustrated in Figure 2b. Is it possible
to determine the amount of deuterium
exchange into individual amino acids
or small chains of 2-5 amino acids?
Certainly being able to assemble such
information, residue by residue, over
an entire structure would provide a de-
tailed examination of its structure. The
mass shift in each ion should be readily
discernible, so the problem becomes
how to take ionic chains of amino acids
and dissociate them. Collision-induced
dissociation (CID) is a mainstay of MS-
MS, which has been used to sequence
peptides. But it is also known that hy-
drogen can scramble within the ion as a
result of the CID energization, render-
ing this specific process unsatisfactory.
Studies show that electron-capture
dissociation and electron-transfer
dissociation can, under some condi-
tions, provide the requisite dissociation
without scrambling. The extent of H-D
exchange can then be probed residue
by residue. For proteins containing
hundreds or thousands of residues, the
management of the data can become a
complex problem. Insights into how to
process and interpret this data are con-
tinually being developed and refined
(12,13).

Conclusions

Reviews over the past 10 years reflect
the development of the method, but also
different perspectives as it engages the
attention of other research communities.
Topics covered in the reviews include
mathematical modeling of the kinet-
ics, the display and interpretation of

the datasets, new approaches and chal-
lenges, including automated workflows
and the incorporation of microfluidics,
and finally, the breadth and meaning

of the conclusions (15-19). The method
is described in general science articles
(20) and even a few videos can be found
online (21). The information available
from H-D exchange MS extends to
studies of changes in protein structure
as the result of binding to an inhibitor,



protein—protein interactions, and fold-
ing and unfolding dynamics. All of this
information is revealed in the plots of
deuterium uptake with time for the pro-
tein as a whole, and for its subregions.
Nothing in MS stays simple for long, and
H-D exchange MS is a perfect example
of a simple concept amplified through
insightful experiments that is now being
used by a broad range of scientific re-
search and application communities.
As this column was being prepared, the
obituary for Virgil Woods appeared

in the Journal of the American Society
for Mass Spectrometry (22). Dr. Woods
was involved in the automation of H-D
exchange MS dating back to 2000. As in
much of mass spectrometry today, the
capabilities that we sometimes take for
granted today can be traced directly to
the insight, capabilities, and persistence
of earlier researchers.
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at a theoretical body
mass of 70 kg (http://
chemistry.about.com/
od/lecturenoteslab1/a/
Elemental-Composition-

. ~ Of-The-Human-Body-By-
Mass.htm), contains about 7 kg of hydro-
gen. With a mass abundance for deuterium
of 0.0312%, he therefore contains about
2.184 g of deuterium. Since all deute-
rium is thought to be originally formed
in the Big Bang, the presence of these
multibillion-year-old atoms can be invoked
to explain his grey hair and cantankerous
nature. This column is the sole responsibil-
ity of the author, who can be reached at
wyvernassoc@yahoo.com.
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Atomic Perspectives

X-ray Fluorescence Spectroscopy,
Part |I: The Educational Essentials

This column installment is the first in a series describing the educational components and pro-
cesses necessary in learning the technique of X-ray fluorescence (XRF) spectroscopy. Here, we
discuss the main areas of training necessary for a good foundation in the analytical methodol-
ogy of XRF spectroscopy. The installment begins with the place of XRF in the analytical instru-
mentation spectrum and defines its capabilities and compares them to other elemental analysis
techniques. Then a description of a general spectrometer is provided so that the different types
and capabilities of the various XRF spectrometers can be listed and understood. This leads to a
discussion of the conceptual physics that occurs during XRF analysis, including the physics of the
interactions occurring inside the sample that are not related to the spectrometer.

John A. Anzelmo, Mathieu Bouchard, and Marie-Eve Provencher

fter one goes through the process of evaluating dif-

ferent types of X-ray fluorescence (XRF) spectrom-

eters, and then purchases one, the next task is learn-
ing how to use it. Operation of the instrument has now been
reduced to pushing one button for production laboratory op-
eration with the vendor initially supplying the program setup
and calibration necessary to facilitate this method of analysis
for the main bread and butter operations of the laboratory.
However, when a new material appears on the task list, and
the operator must build a program and calibrate the XRF
system by themselves, that is when the fun starts. It soon be-
comes clear that a basic foundation of X-ray physics, as well
as some knowledge of how to build a “general application,”
will be necessary to prepare the instrument to give the most
accurate and precise analysis possible and to have confidence
in the analysis should it be challenged.

There are not as many resources for acquiring an educa-
tion in XRF as one might think if the goal is to build a solid
foundation of concepts and experience in the necessary areas
of X-ray physics, instrumentation hardware, XRF (vendor
specific) software, and applications knowledge (Figure 1).
Many good texts are available from experts in the field (1-3)
and articles about the subject give good guidance (4,5), but

slogging through them is not desirable in the high productiv-
ity, “little time to do things” world of today. Manufacturers
normally provide customer user courses, but from necessity
they must focus on the particular hardware components of
their instrument, which vary from vendor to vendor, and on
the operation of their particular software, which even varies
from model to model within a manufacturer’s product line.
This leaves little time for the fundamental X-ray principles
and even less time for suggesting generalities between ap-
plications: Many concepts can be taught about “Element X,”
rather than speaking about a specific element. In fact, the
typical beginner is frustrated by the discussion of “Element
X,” desiring to speak about the specific elements dealt with in
his or her everyday operations instead. Eventually, however,
as certain general concepts are applied and practiced, the
advantages of learning this way become apparent. Ultimately,
all parties concerned realize that there is a lot to learn and
that it will take a long time to learn it well. To do so, many
basic concepts must be taught first, as is so with any scientific
endeavor based on physics, mathematics, and chemistry.

So, the hope of the vendors is to give enough training in
the typical one-week course to allow the attendee to return
to his or her laboratory and produce results with a new XRF
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Table I: Elemental analysis by XRF

Environmentally clean and safe

Simple and fast sample preparation

Can be nondestructive

Qualitative, semiquantitative, and quantitative analysis

Standardless analysis

X-ray spectra less complex than other techniques

All elements from Na to U in any kind of sample

Relative precision of 0.1% easily obtained

Concentrations ranging from sub-ppm to 100%

system. Having been in this situation for the better part of
27 years with X-ray manufacturers, and having been respon-
sible for customer training for most of that time, this author
(J.A.A.) can vouch for this description of the teaching and
learning process with confidence. This is an unfortunate
situation for which there is no alternative in the industrial
world. Furthermore, the study of the XRF discipline is so
rich and varied, that it is only after a great deal of study, ap-
plication, and trial and error, that one begins to accumulate
enough knowledge to accelerate the process of learning.
Therefore, after a student acquires a certain amount of
knowledge regarding his or her specific hardware and soft-
ware, it is possible and hoped for that the user can or will
now “bootstrap” himself along. Often, this results in uncer-
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Figure 1: XRF education foundation.

tainty about how to develop a new method and uncertainty
about the numbers that are produced when using it. In the
United States, a course has been designed to expand the
user’s knowledge into the areas of the fundamental physics
and general applications, thus allowing a more confident ap-
proach to setting up a new specific application and trusting
the numbers it generates (6).

The Place of XRF in the Grand Unified Theory of
Physics — The Electromagnetic Spectrum

It is useful to first determine the place of the X-ray technique
in the overall world of physics and chemistry. We start with
the grand unified theory (GUT) of physics (as good a place

as any to start), which describes the universe in terms of

the four fundamental forces of nature (the strong nuclear
force, the weak nuclear force, the electromagnetic spec-
trum, and gravity). Now we can narrow our discussion to
the electromagnetic spectrum (Figure 2). Nature provides

a continuous range of wavelengths (or energies) on which
many instrumental techniques are based. As can be seen,
the X-ray region occupies an area of high energy and short
wavelengths, which range approximately from 0.01 to 20
nm. It is important to note the inverse relationship between
wavelength and energy. This phenomenon can cause many a
problem during the initial learning period if not understood
and remembered.

X-ray Capabilities

Before going further, it is necessary to make sure the choice of
instrumental technique will solve the analytical task at hand.
Because XRF is blessed with many unique capabilities (Table
I), it has become the technique of choice for many applications
requiring accurate elemental analysis for the purpose of meet-
ing tight specifications at high concentration levels. These
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accurate analyses are obtained using
analytical lines that are free of line
overlap. An example of the simplic-
ity of the XRF spectra is shown in
Figure 3. The analytical lines most
commonly used for XRF analysis are
the K-alpha and K-beta lines. There
are only five other iron lines that
might possibly be used for analy-

sis, but usually they are not. In fact,
eight is the highest number of lines
that can be used for analysis for the
highest atomic numbered elements.
In contrast, the spark emission lines
for iron are shown in Figure 4. This
spectrum, like those of many of the
elements analyzed using other spec-
troscopic techniques, has thousands
of lines, making the choice of line to
be analyzed very difficult, and ma-
trix dependent. The difficulty can be
imagined from a multicomponent
matrix containing many elements, all
of which generate thousands of lines.
Keeping this in mind, a review of the
capabilities of the some of the most
common instrumental techniques for
elemental analysis (Table II) will nar-
row the analyst’s choice quickly to the
best instrument for the task at hand.

;
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Figure 3: XRF emission lines of iron.

XRF Instrument Configurations
The next concept to be understood when
learning and choosing the XRF tech-
nique is the spectrometer configuration
type. Most hardware configurations

of XRF instrumentation are relegated
to either wavelength-dispersive XRF
(WDXRE or just WDX), and energy-
dispersive XRF (EDXRF or just EDX).
Figures 5 and 6 show the different
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and general applications, thus allowing a more confident ap-
proach to setting up a new specific application and trusting
the numbers it generates (6).

The Place of XRF in the Grand Unified Theory of
Physics — The Electromagnetic Spectrum

It is useful to first determine the place of the X-ray technique
in the overall world of physics and chemistry. We start with
the grand unified theory (GUT) of physics (as good a place

as any to start), which describes the universe in terms of

the four fundamental forces of nature (the strong nuclear
force, the weak nuclear force, the electromagnetic spec-
trum, and gravity). Now we can narrow our discussion to
the electromagnetic spectrum (Figure 2). Nature provides

a continuous range of wavelengths (or energies) on which
many instrumental techniques are based. As can be seen,
the X-ray region occupies an area of high energy and short
wavelengths, which range approximately from 0.01 to 20
nm. It is important to note the inverse relationship between
wavelength and energy. This phenomenon can cause many a
problem during the initial learning period if not understood
and remembered.

X-ray Capabilities

Before going further, it is necessary to make sure the choice of
instrumental technique will solve the analytical task at hand.
Because XRF is blessed with many unique capabilities (Table
I), it has become the technique of choice for many applications
requiring accurate elemental analysis for the purpose of meet-
ing tight specifications at high concentration levels. These




applications include cement, mining,
geology, catalysts, oils, plastics, steel,
iron, high alloys, super alloys, precious
metals, nonferrous metals, ferro-alloys,
and many others. The attributes that
bring it to the top of the list for these ap-
plications are

« the wide range of elements it is capable
of determining on a routine basis (Na
through U);

the wide range of concentrations it is
capable of analyzing (parts per million
to 100%);

fast and easy sample preparation for
most materials analyzed;

the ability to achieve better precision
with increasing concentration (0.1%)
in very short analysis times; and

a relatively simple spectrum that, un-
like many other techniques, has rela-
tively few analytical wavelengths from
which to choose, thus providing a
spectrum that is uncluttered and free
of line overlaps.

Although line overlaps can be re-
moved by a plethora of mathematical
methods, the best approach and most
accurate analyses are obtained using
analytical lines that are free of line
overlap. An example of the simplic-
ity of the XRF spectra is shown in
Figure 3. The analytical lines most
commonly used for XRF analysis are
the K-alpha and K-beta lines. There
are only five other iron lines that
might possibly be used for analy-
sis, but usually they are not. In fact,
eight is the highest number of lines
that can be used for analysis for the
highest atomic numbered elements.
In contrast, the spark emission lines
for iron are shown in Figure 4. This
spectrum, like those of many of the
elements analyzed using other spec-
troscopic techniques, has thousands
of lines, making the choice of line to
be analyzed very difficult, and ma-
trix dependent. The difficulty can be
imagined from a multicomponent
matrix containing many elements, all
of which generate thousands of lines.
Keeping this in mind, a review of the
capabilities of the some of the most
common instrumental techniques for
elemental analysis (Table II) will nar-
row the analyst’s choice quickly to the
best instrument for the task at hand.
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Figure 3: XRF emission lines of iron.

XRF Instrument Configurations of XRF instrumentation are relegated

The next concept to be understood when
learning and choosing the XRF tech-
nique is the spectrometer configuration
type. Most hardware configurations

to either wavelength-dispersive XRF
(WDXREF or just WDX), and energy-
dispersive XRF (EDXRF or just EDX).
Figures 5 and 6 show the different
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generating characteristic radiation for
each element in the sample. A portion

o IO 0] | S
| , ' which serves the purpose of determining
the energy of each characteristic X-ray
generated (qualitative analysis) and the
number of X-ray photons per second
for each energy (quantitative analysis)
I ...ccusi A compmter containing
various algorithms converts the intensity
(number of photons per second) for each
Sa m p | e ! element to concentration.

: The WDXREF system operates in a
similar fashion, except that an analyz-
ing crystal is inserted between the
sample and the detector for the purpose
of separating (resolving) the different
wavelengths (energies), and then direct-
ing those wavelengths to the detector
individually, one at a time in sequence
(sequential WDXRF spectrometer).

D etecto r These two different configurations have
different advantages and disadvantages
and will be discussed in a future col-
umn installment.

It is useful now to consider the con-
cept of a “general” spectrometer (Figure
7). A modern “general” spectrometer
is composed of components such as a
source, a sample area, a dispersion de-
vice, a detector, processing electronics, a
microprocessor, and possibly a computer
and printer. Different individual sources
are designed and used to generate all of
the wavelengths (energies) in the elec-
tromagnetic spectrum for the various
instrumental techniques and at different
power levels. In the case of XRF, sealed
X-ray tubes are capable of power levels
ranging from 1 to 4000 W. The disper-
sion devices can be gratings, natural
crystals, or layered synthetic microstruc-
tures. XRF uses the latter two. Detector
types range from gas filled to solid state
and even charge-coupled devices (CCD)
for XRE. The microprocessors serve as
the interface with the human opera-

D e-t e c-t O r tor and direct and coordinate all of the
operations of the spectrometer, includ-
ing capturing the data, processing it, or
sending it to a computer for processing,
or a network for distribution and stor-
age. Some of the more important funda-

Figure 4: Spark emission lines of iron.

Figure 6: X-ray fluorescence spectrometers — wavelength-dispersive XRF (WDXRF). mental laws of physics that allow these
components to perform their functions
concepts and component configura- spectrometer types. The EDX system are listed in Table IIT and will be dis-

tions used with these two different XRF  excites a sample using an X-ray tube, cussed in a future installment.
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Choosing only the components to

Table lll: Important XRF concepts

make an XRF system, the spectrometer

. Duane Hunt law A = 12.4/kV
can be configured for bulk analysis to min .
support production of primary materials | MOoseley’s law 1/)=K(Z-0)
such as steel, high alloys, cement, cata- Beer-Lambert law [=lg e
lysts, nonferrous materials, oil and fuels, Relationship between atomic number, amperage, and voltage | /= (1.4 x 109) iZ\2
and plastics. Recent XRF configurations Bragg's law = = 20E S )

include handheld spectrometers used
for metal sorting and mining prospect-
ing, as well as environmental and toxic
metal screening. Thin-film applications,
wafer fabrication processing applica-

tions, microanalysis, automated systems f
eliminating human interaction from - - 'ég?/lrzg)n w4 Detector 52 .4 Microprocessor
sampling to delivery of analysis, and

other custom, noncommercial, special- T
ized, industrial, or proprietary “home- kS
made” XRF system configurations that
populate the industrial world have been
well established for decades.

Qualitative, Quantitative,

M Figure 7: Concept of a general spectrometer.
and Standardless Analysis — 8 protag P

Data Reduction identification of the elements by the ware further hastened the decline of
Qualitative and Standardless Analysis  operator for qualitative analysis became  manual identification to the point that
With the advent of automated elemental  less and less popular. The development manual identification of the spectrum is
identification software routines, manual  of capable, standardless analysis soft- nearly extinct. Nevertheless, the reliabil-
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ity of automated identification becomes
problematic below 100 ppm and human
abilities begin to outperform automated
software routines at that level. In many
cases, it may be necessary to closely in-
spect an automated qualitative analysis
before reporting or it may be necessary
to simply perform it manually because
of the complexity of the matrix. In these
cases, knowledge of the basics of qualita-
tive analysis is required and these skills
are often neglected because of time
restraints.

Standardless analysis has varying
degrees of accuracy depending on the
matrix, and it is best for the novice XRF
operator to learn what those capabili-
ties are and, in general, why they are
limited. For instance, accuracies on steel
over a very wide range can approach an
impressive 1% relative. However, when
analyzing pressed powders the error
can balloon to 5%, and even 10% rela-
tive, again depending on the matrix.
The implementation of the sample
preparation method for different ma-
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trices is paramount to the accuracy that
can be achieved and, once again, this
topic needs to be well understood and
practiced if there will be any hope to
achieve an accurate analysis. The choice
between pressed powder and fusion
sample preparation is quite important.
The fundamental physics and chemistry
of these preparation methods as well as
when and when not to use them will be
the topic of a future installment.

Quantitative Analysis
After the data have been processed
to remove detector curvature, miss-
ing dead time counts, drift correction
phenomena, and line overlap problems,
the intensities (in counts per second)
can be converted to weight percent
concentrations by means of a calibra-
tion curve constructed from reference
standards and intensities from the XRF
system. Because XRF is a comparative
technique, the rule of thumb is that
the more the matrix of the standards
is like the matrix of the unknowns, the
higher the accuracy will be. For this
reason, the method of preparation of
both the standards and the unknowns
is paramount to achieving the highest
accuracy possible. After the operations
described previously have been per-
formed to acquire corrected intensities,
there are several different conversion
algorithms beyond straight line re-
gression that make corrections for the
interelement effects (absorption and
enhancement) occurring in the sample
before the characteristic intensities
even get to the rest of the spectrometer.
A good grasp of both mathematical
and statistical concepts is necessary in
choosing the appropriate algorithm for
calibration to keep the operator from
reporting grossly incorrect results. The
theoretical process of using the funda-
mental parameter method of process-
ing the data has become more and more
popular and should also be learned and
kept in the operator’s bag of tools.
Finally, the topics of precision and
accuracy, counting statistics, ran-
dom and systematic error, analysis
of variance, multiple regression, and
limit of detection (LOD) need to be
understood in terms of what they
mean, and how to calculate them.



Conclusions

After all of these concepts are presented, explained, dis-
cussed, and practiced, the XRF student is ready to face
the real life laboratory and the challenges of producing
accurate and credible numbers with the XRF spectrom-
eter. The next installment will discuss the fundamental
X-ray physics concepts taking place in the sample and the
XRF spectrometer.
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Femtosecond Pulse Shaping
Enables Rapid Two-Dimensional
Infrared Spectroscopy

Martin Zanni and his group in the Department of Chemistry at the University of Wisconsin-
Madison (Madison, Wisconsin) are specialists in a new class of infrared spectroscopy: two-
dimensional (2D) infrared spectroscopy. To collect a 2D IR spectrum, one uses a series of
infrared femtosecond laser pulses to pump and then probe the response of the system. Using
this technique, it is possible to probe the structures and dynamics of molecules. In this inter-
view, Zanni explains the technique and how it is enabled by specialized laser methods. He also
discusses current applications of the technique, such as solar cell research and the study of the
kinetics of protein aggregation in type 2 diabetes.

Laura Bush

What is 2D IR spectroscopy?

Zanni: Everyone knows that infrared spectroscopy is
one of the most used analytical and research techniques
in the world. It is often the first tool used to assess the
chemical composition of a substance or the success of

a reaction, because functional groups have characteris-
tic vibrational frequencies. Students learn to interpret
Fourier transform infrared (FT-IR) spectra in their un-
dergraduate organic chemistry class. While frequencies
are useful, vibrational motions of molecules contain an
enormous wealth of information that goes far beyond
what can be measured in an FT-IR spectrum. Vibra-
tional coupling tells us if two molecules are bound to
one another. Vibrational dynamics reveal solvation. Vi-
brational energy flow provides bond proximity. Vibra-
tional transition dipoles give bond angles. Two-dimen-
sional IR spectroscopy provides the means to extract
these quantities, which are otherwise not available from
an FT-IR spectrum.

Two-dimensional IR spectroscopy is the multidi-
mensional analog of FT-IR spectroscopy. An FT-IR
spectrometer measures the vibrational spectrum of a
sample by probing it with an infrared pulse. In 2D IR
spectroscopy, we first provide an infrared pump pulse
that vibrationally excites the molecules in the sample,
and then we probe the sample again, some time later. By
varying the frequency of the pump pulse, we can create
a 2D spectrum that correlates the vibrations that were
pumped with those that were probed. The correlation
occurs because the molecules are vibrationally coupled.
Vibrational coupling provides information about struc-
ture, binding, and dynamics.

As an example, consider the FT-IR spectrum shown
in Figure 1, which is collected for a dilute mixture of
two molecules. The FT-IR spectrum contains three
absorption bands. We know from the frequency range
that these bands must correspond to functional groups
with triple-bond character, but which functional group
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Figure 1: Experimental FT-IR and 2D IR spectra for a mixture of W(CO),
and a rhodium dicarbonyl (RDC). For each peak in the FT-IR spectrum, the
2D IR spectrum exhibits a pair of diagonal peaks. The cross peaks in the
2D IR spectrum reveal that the two higher frequency peaks are coupled
to one another, which is because peaks 2 and 3 are from a rhodium
dicarbonyl (RDC) whereas peak 1 is from W(CO),. W(CO), and RDC do not
have cross peaks between them because the mixture is too dilute. (Data
collected by Tianqi Zhang.)

belongs to which molecule? The measured 2D IR spec-
trum for the same mixture is also shown. Notice that
each of the absorption bands in the FT-IR spectrum
produces a pair of peaks along the diagonal in the 2D
IR spectrum. A diagonal slice along a 2D IR spectrum
contains essentially the same information as an FT-IR
spectrum. In addition, there are pairs of cross peaks be-
tween peaks 2 and 3, but not between peaks 1 and 2 or
between 1 and 3. Thus, peaks 2 and 3 are vibrationally
coupled, but neither is coupled to peak 1. Therefore,
from the peak pattern we can quickly and confidently
assign peak 1 to one molecule and peaks 2 and 3 to
the other. In fact, the solution is a mixture of W(CO),
(peak 1) with a rhodium metal dicarbonyl (peaks 2
and 3). The peaks in the rhodium dicarbonyl exhibit
very strong cross peaks because they share a common
metal atom, but do not couple to the modes of W(CO),
because the two molecules do not bind to one another.
Thus, the cross peaks show us connectivity between

absorption bands, and this information in turn teaches
us about structure. Of course, mixtures like this can be
disentangled using just FT-IR spectroscopy, such as by
peak fitting with a spectral library or changing the con-
centration. But in many cases, the additional informa-
tion from 2D IR spectra provides information not easily
obtainable by other means. I give a few examples below
in answers to other questions.

Why did you start

pursuing this technique?

Zanni: Peter Hamm, Manho Lim, and Robin Hochstras-
ser published the first 2D IR spectrum (1) in 1998 just

as I was finishing my PhD. I was thinking ahead to my
postdoctoral research and was looking for an emerging
research direction that had a lot of potential. I chose
well. The first spectra in 1998 were rough, but with tech-
nological improvements and a better understanding of
vibrations, the field has blossomed. 2D IR spectroscopy
is now being used in scientific fields as diverse as materi-
als, biophysics, and nanotechnology, as well as becoming
a useful analytical tool.

What types of information can be obtained with
2D spectroscopy that cannot be obtained with one-
dimensional IR?

Zanni: With FT-IR spectroscopy you are pretty much
limited to absorption frequencies and pattern recog-
nition of the fingerprint region. Two-dimensional IR
spectroscopy provides information about connectivity
through vibrational couplings and environment through
dynamics.

Perhaps the best way to answer this question is to
provide some examples. We have studied the trans-
membrane domain of the M2 proton channel from the
influenza virus. The M2 channel is the binding site of
amantadine, which is an anti-flu drug that has been
used for 40 years. By studying the 2D lineshapes, which
provide information about hydration, we were able to
determine the residues that line the pore and observed
a previously unknown structural change upon channel
gating. We were able to determine hydration by creating
a photon echo pulse sequence that measured the amount
of Gaussian vs. Lorentzian lineshape that contributes
to the absorption band. It turns out that Gaussian line-
shapes are very sensitive to hydration but Lorentzians
are not. It is very difficult to rigorously extract these
components from an FT-IR spectrum. Another example
is the aggregation of the human islet amyloidpolypeptide
(amylin). This peptide self-assembles into long fibers
that are associated with type 2 diabetes. As a result, there
is an enormous interest in understanding and inhibiting
this fiber growth. By monitoring the coupling between
strands, we were able to map the mechanism by which
these proteins assemble, in what I believe is still the most
detailed mechanism for any of the 20 human diseases
caused by amyloids (2).
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What were the main challenges
you had to overcome to make 2D
IR spectroscopy work?

Zanni: The main challenge to
implementing 2D IR spectroscopy is
generating the pulse sequences. In
many ways, 2D IR spectroscopy is
analogous to 2D nuclear magnetic
resonance (NMR) spectroscopy. In
2D NMR, one uses a sequence of
radio frequency pulses to measure
the coupling between nuclear spins.
In NMR, it is quite simple to gen-
erate the pulse sequences because
radio frequency technology has
been around for decades. For 2D

IR, most often four laser pulses are
required to generate a spectrum.

As you might imagine, overlapping
four laser beams in space and time
is very challenging even for experts
in ultrafast spectroscopy, especially
considering that mid-IR laser beams
are invisible to the naked eye.

My research group made two
contributions that helped solve this
technical barrier. First, we showed
that one does not need four separate
beams, but that two would suffice.
Using two beams also eliminates
a whole bunch of other difficul-
ties associated with producing the
highest resolution spectra with the
proper phasing so that positive peaks
point up and negative peaks point
down. Second, we invented a way
of computer programming the laser
pulses, so that pulse sequences can
be generated with ease and on the
fly, without having to rearrange op-
tics. We can now collect spectra in
seconds that used to take hours. Our
approach is now being used by many
research groups across the world. It
simplifies the spectrometer to such
an extent that my former postdoc-
toral researcher Dr. Chris Middle-
ton and I have started a company
together to commercialize pulse
shapers and 2D IR spectrometers,
which is called PhaseTech Spectros-
copy, Inc.

How exactly does

mid-IR pulse shaping work?
Zanni: Femtosecond pulse shaping
was invented about 20 years ago to

manipulate visible laser light. There
are a number of different ways of
doing it in the visible, and several
research groups tried to extend those
methods into the mid-IR, but with
limited success. One of the original
ways, but possibly the most under
appreciated, was by Professor War-
ren Warren. He used an acousto-
optic modulator that filtered the
spectrum of the laser light. He tai-
lored the sound wave in the modula-
tor with an arbitrary waveform card
and thus could computer program
the pulse shapes. We mimicked his
approach, but used an acousto-optic
modulator made of germanium so
that it would work directly in the
mid-IR.

Why is pulse shaping better than
the other potential solutions

— hole-burning and four-wave
mixing?

Zanni: One of the neat things about
2D IR via pulse shaping is that you
can program the pulse sequence to
do whatever you want. Our pulse
shapers can collect spectra using
either a hole-burning or a four-
wave mixing approach. In fact,

hole burning done with our pulse
shaper is better than with etalons
(the traditional way of creating the
narrow pulses), because you can use
a Gaussian- instead of a Lorentzian-
shaped pump pulse (which has better
resolution). For any pulse sequence
we can also use phase cycling,
which was not previously possible,
which enables a host of new capa-
bilities including the elimination

of mechanical chopping, and thus
decreases data collection time by a
factor of two. Regarding four-wave
mixing, the original way of using
four-wave mixing involved having
all four pulses have independent
laser beams. A setup like that could
use our pulse shaper — in fact, we
do something similar when collect-
ing 3D IR spectra — but that beam
geometry has all the problems as-
sociated with high resolution and
phasing that I mentioned above.
Since inventing our pulse shaping
method, we have disassembled all of



the four-wave mixing setups in my
research group.

What limitations does

the pulse-shaping method have?
Zanni: The pump-probe beam ge-
ometry that the pulse shaper utilizes
has been criticized for being less
sensitive than a four-beam mixing
geometry, but to my knowledge no
one has done a quantitative com-
parison (I wish that I had done one
before disassembling our four-wave
mixing setup; rebuilding one would
take months).

Polarized laser pulses are a very
powerful way of probing molecular
structure because they can measure
the relative orientations between
functional groups or can be used to
eliminate diagonal peaks from the
2D IR spectra (which sometimes
obscure the weaker cross peaks).
The standard pulse shaper can do
some, but not all polarizations.

My research group has also built a
polarization pulse shaper that can

Corporation

create any polarization sequence
that one wants, although that style
of pulse shaper is not yet available
commercially through PhaseTech.
Perhaps the biggest drawback is the
throughput efficiency of the pulse
shaper, which is about 25%. In prin-
ciple this can be 40 or 50%, and
improvements are being made, but it
turns out that efficiency is a minor
drawback. In the last few years it has
become straightforward to gener-
ate 25-40 pJ of mid-IR commercial
laser sources. To put that quantity in
perspective, the first 2D IR experi-
ments in 1998 were done with 1 yJ.
In my opinion, the benefits of pulse

shaping far outweigh the limitations.

I am convinced that the productiv-
ity of my research group has surged
in the past five years due to mid-IR
pulse shaping.

One area where you are apply-
ing the technique of 2D IR spec-
troscopy is to the study of the
kinetics of protein aggregation,
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specifically in the study of amy-
loid proteins involved in type 2
diabetes. What have you been
able to see that you could not
have seen with other methods?
Zanni: We published a paper in Na-
ture Chemistry last year that I think
exemplifies the types of information
that we can obtain with our ap-
proach better than other approaches
(3). Amyloid fiber formation is an
extremely difficult problem for
X-ray crystallography and NMR
spectroscopy because solving the
problem requires information about
both structure and kinetics. In this
Nature Chemistry paper, we studied
a model peptide inhibitor from ro-
dents. The rodent peptide does not
aggregate and so it was used to de-
sign a drug that was approved by the
US Food and Drug Administration.
We thought that the rodent peptide
would inhibit amylin aggregation
by breaking up the C-terminal beta-
sheet of the fibers, and would be
otherwise inert. Instead, it prevented
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the N-terminal sheet from forming
and ultimately itself templated into
beta-sheet fibers onto the side of the
human fibers. This rodent peptide
had never before been observed to
form amyloid fibers. In fact, neither
of the usual methods for studying
amyloid structures, TEM and Tht
fluorescence, revealed any structural
changes. Thus, not only were the
results surprising, but it exemplified
the information content available
from 2D IR that is not easily ob-
tained with other methods.

How did your method

enable you to see what you saw?
Zanni: We were able to make these
novel insights because of three capa-
bilities made possible by 2D IR spec-
troscopy. First, just as with FT-IR
spectroscopy, we can study aggre-
gates, membrane proteins, and other
systems that are not easily amenable
to X-ray crystallography or NMR
spectroscopy. Second, our pulse-
shaping technology collects data so
quickly that we can monitor kinetics
on the fly. That enables us to moni-
tor the real-time aggregation of these
proteins. Third, we get good struc-
tural information. In our amyloid
studies we usually also use isotope
labeling, in which case we can obtain
residue level structural information
on a kinetically evolving system of
an aggregate. In this regard there are
few, if any, other comparable tech-
niques.

What conclusions or insights are
you gleaning from these results?
Zanni: One satisfying result from
our work was a collaboration that
was formed with James Nowick, who
is an organic chemist at the Univer-
sity of California-Irvine. Nowick de-
signs amyloid inhibitors. He saw my
talk, and based on the mechanism,
he and I designed a series of in-
hibitors together. They worked as we
intended and we are now writing a
manuscript on the topic. It illustrates
that, for amyloid formation, the final
fiber structure is less important for
designing inhibitors than are inter-
mediates.

Another field to which you have
applied this method is solar cell
research — specifically the study
of charge injection, which is a
key step in the conversion of
solar to electrical energy in dye-
sensitized nanocrystalline thin
films. Why was this a good prob-
lem to tackle using your method?
Zanni: This problem is a good one
for our method for similar reasons
as for amyloid aggregation de-
scribed above: NMR and most other
standard structural tools cannot

be applied to semiconductor inter-
faces like dyes on semiconductors.
Thousands of dyes have been studied
as potential next-generation solar
cell materials, but the structure and
orientation for nearly all of these
dyes on the TiO, is unknown. Two-
dimensional IR spectroscopy has
the added benefit that it is also an
ultrafast technique, and so we also
used it to time-resolve the injection
of electrons from the dyes into the
TiO,. For a model compound that
we started with, we discovered that
the molecule adopted two different
conformations on the TiO, surface
and that one of those conformations
had an electron injection time that
was at least 10 times faster than the
other. To my knowledge, no one had
so definitively shown multiple con-
formations and certainly no one had
resolved different injection rates on
the same sample. The general think-
ing is that fast electron injection
leads to higher efficiency. Thus, if
one were trying to optimize a solar
cell, one would presumably try to
maximize the number of molecules
that bind in the preferential confor-
mation.

Your pulse-shaping approach
has been extended to 2D visible
spectroscopy. What is the status
of that work?

Zanni: Soon after collecting our
first 2D IR spectrum using a mid-
IR pulse shaper we realized that a
similar approach could be used to
collect 2D visible spectra as well. My
research group did not own a vis-
ible pulse shaper, so I called a good

friend of mine, Niels Damrauer at
the University of Colorado. Niels

is an expert in pulse shaping and
so within a couple of months he
had written the computer code to
generate the visible pulse sequences
and we got our spectra. As I stated
above, visible pulse shaping has been
around for 20 years so there are
many researchers worldwide with
the equipment already in their labs
to perform experiments like these.
There are quite a few groups that
have now mimicked our work in
this regard and are looking at very
interesting materials and biological
systems.

What are the next steps

in your work on this method?
Zanni: We have just performed
experiments that I think are a new
technological and intellectual mile-
stone in 2D visible spectroscopy. I
think that it will enable many new
insights into polymer and molecular
photovoltaics. But it isn’t published
yet, so you’ll just have to wait a few
months.
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Quantification of the Soluble Solids
Content of Intact Apples by Vis—-NIR
Transmittance Spectroscopy and the

L S-SVM Method

The feasibility of quantifying the soluble solids content of intact apples was investigated by
visible and near infrared (vis-NIR) transmittance spectroscopy combined with the least squares
support vector machines (LS-SVM) method. The spectra were pretreated by Savitzky-Golay
smoothing, first and second derivatives, standard normal variate transformation, and multipli-
cative scatter correction. The regression models were developed by LS-SVM and partial least
squares (PLS). The accuracy of the LS-SVM and PLS models was compared.

Yande Liu and Yanrui Zhou

pples are a very popular fruit in people’s daily lives

because of their delicious taste and nutritional value.

Soluble solids content (SSC) is one of the most impor-
tant evaluation criteria affecting the consumers’ appreciation
for selection. However, the traditional measurement methods
have many disadvantages, such as long analysis time, high
costs, and complications.

Visible-near infrared (vis—-NIR) spectroscopy is a rapid,
reliable, and nondestructive approach for the measurement
of SSC in several fruits. Many researchers have reported using
nondestructive techniques to assess the SSC value of fruits.
In 2004, Chauchard and colleagues (1) showed that the least
squares support vector machines (LS-SVM) method was more
accurate in prediction than partial least square (PLS) and mul-
tiple linear regression (MLR) for predicting the total acidity in
fresh grapes. In 2006, Zude and colleagues (2) applied acous-
tic impulse resonance frequency sensors and miniaturized
vis—NIR spectrometers to predict fruit flesh firmness and
SSC when the fruit was still on the tree as well as its shelf life.
As aresult, SSC prediction of freshly harvested apples had a
standard error of cross validation (SECV) of 1.29 °Bx. In 2009,
Fan and colleagues (3) investigated fruit orientation in the ex-
amination of SSC in red Fuji apples by vis-NIR transmittance
spectroscopy and concluded that the best fruit orientation was
when the stem-calyx axis was vertical and the fruit surface
was illuminated from the upper side. Also in 2009, Paz and
colleagues (4) performed a comparative study which was made

of the performance of different spectrophotometers as part of
some research into the potential of NIR reflectance spectros-
copy as a nondestructive method for predicting soluble solids
content. Many publications have proven that multivariate cali-
bration methods in NIR spectroscopy for estimating varieties
of fruit properties are a good alternative (5,6). Although linear
models such as multiple linear regression (MLR), principal
component regression (PCR), and PLS are widely used in the
prediction of fruit quality, nonlinear calibration methods often
have better performance, especially in improving the robust-
ness of NIR spectroscopy. Support vector machines (SVM) is
a powerful methodology for solving problems in nonlinear
classification, function estimation, and density estimation. LS-
SVM is an improved method of standard SVM put forward
by Suykens and Vande in 1999 and Suykens and colleagues in
2002. It transformed the quadratic programing problem of a
standard SVM demand solution to a linear problem by using
the least square value function and equality constraints and
increased the training speed and restraining precision. Some
researchers have applied LS-SVM to regression models. Kova-
lenko and colleagues (7) determined amino acid composition
of soybeans and concluded that the performance of LS-SVM
was better than that of artificial neural networks (ANN). Sun
and colleagues reported that LS-SVM models were better than
PLS models with correlation coefficient (R) and root mean
square error of prediction (RMSEP) of (0.88, 0.80 °Bx) and
(0.82, 1.01 °Bx) for portable and on-line measurement mode,
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Figure 2: Top view of light source and apple.
D O D O ap O O
Calibration set 120 16.17 8.8 13.00 1.20 9.21
Prediction set 40 16.15 10.5 13.44 1.66 12.23

N = number of samples; SD = standard deviation; CV = coefficient of variation

Origin 12 0.94 0.40 0.90 0.53
1Der + MSC + smoothing 1 0.95 0.39 0.91 0.51
1Der + SNV + smoothing 1 0.94 0.40 0.90 0.52
2Der + MSC + smoothing 10 0.92 0.48 0.82 0.69
2Der + SNV + smoothing 1 0.93 0.44 0.84 0.65

r. = the correlation coefficient of the calibration set; r,= the correlation coefficient
of the prediction set

respectively (8). Liu and colleagues (9)
developed an NIR spectrometry regres-
sion model by LS-SVM, and the results
showed that portable NIR combined
with LS-SVM was a feasible method to
predict Brix values of intact pears non-
destructively. Also, Liu and colleagues
(10) investigated the performance of NIR
spectrometers with LS-SVM in deter-
mining acetic, tartaric, and formic acids,
and the pH of fruit vinegars. The results
indicated that NIR spectroscopy (7800-
4000 cm™!) combined with LS-SVM
could be utilized as a precision method
for the determination of organic acids
and pH of fruit vinegars. In addition,
Liu and colleagues (11) applied principal
component analysis (PCA) combined
with partial least-squares discriminant
(DPLS) and LS-SVM to realize the rapid
identification of different varieties of
pears. Both of those two models had
preferable results, that the rate of identi-
fication is 100%. Nie and colleagues (12)
investigated the performance of vis-NIR
spectroscopy as a rapid and nondestruc-
tive technique to determine the boiling
time of yardlong beans. Pissard and col-
leagues (13) determined the vitamin C,
polyphenol, and sugar contents in apples
by NIR spectroscopy combined with the
LS-SVM method.

The objectives of this study were to
investigate the feasibility of using vis—
NIR spectroscopy combined with the
LS-SVM method to predict the SSC of
intact apples nondestructively and to
compare the accuracy of the LS-SVM
and PLS models.

Materials and Methods

Sample Preparation

A total of 160 Fuji apples were obtained
from a local fruit supermarket near
Nanchang, Jiangxi province in China.
The apple samples were stored at 20
°C constant temperature and 60% rela-
tive humidity for 24 h before vis-NIR
spectra measurement. After that, three
separate signs were made on the equa-
tor of each apple with the locations 120°
apart, avoiding any obvious surface de-
fects (such as bruises or scars).

Spectral Data Acquisition
NIR diffuse reflectance spectra in the
200-1100 nm region were obtained with
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Figure 3: (a) The original absorbance spectra and preprocessed spectra by (b) 1Der + MSC + smoothing, (c) 1Der + SNV + smoothing, (d) 2Der +
MSC + smoothing, and (e) 2Der + SNV + smoothing.

NIR spectrometry equipment that con-  red region, 350-1650 nm (type reference: ~ probe (74-UV, Ocean Optics), an opti-
sisted of four light sources that could be ~ 41850SP, 12 V, 50 W, halogen, Osram  cal fiber, a fruit holder or light collection
used both in the visible and near infra- lamps), a spectrometer, a fiber-optics  fixture, a computer system with Spectra-



Suite software (Ocean Optics), and other
accessories. The transmission mode was
applied for this experiment. The four
light sources were placed at a height of
about 200 mm above the sample. The
fiber spectrometer used in this experi-
ment was a model QE65000 system from
Ocean Optics. This spectrometer was
equipped with a 1044 horizontal X 64
vertical element linear silicon charge-
coupled device (CCD) detector with a
wavelength range of 200-1100 nm. The
probe of the spectrometer was placed
under and close to the sample. The ar-
rangement of the equipment is shown in
Figures 1 and 2. As for the spectrometer
parameter setting, integration time was
100 ms, smoothness was 15, and the
average number was 1. Before the spec-
trum collection of individual apple sam-
ples, the dark current and the reference
should be measured. In this process, air
was used as the reference. The spectra
of all individual fruit were measured at
three positions that were signed around
the equator, approximately 120° apart,
and perpendicular to the stem-calyx
axis. The spectra of the samples were
calculated as an average of the three
measurements.

SSC Reference Measurement

To build the calibration and the valida-
tion models, the real quality parameters
of individual fruit should be assessed.
The SSC values of the apples were deter-
mined using a conventional destructive
testing method. The SSC values of apples
were determined immediately after vis—
NIR spectroscopy measurements using a
digital refractometer (PR-101a;, ATGO).
The measurement accuracy is +0.1 °Bx,
and the measurement range is 0-45.0
°Bx with automatic temperature com-
pensation.

Regression Model

PLS Model

Because PLS is already widely used in
mathematical algorithms for multivari-
ate linear regression, the theory of these
methods will not be presented explicitly
herein. The principle behind the PLS al-
gorithm is to correlate the spectrum x,”,
and reference value y,, of all the samples
in X and compress it in a set of new in-
dependent latent variables. The predic-

tions y are computed by the following
equation:

J=xB+b, m

Where Bis a (px1) vector of regression
coefficients; and b, is the model offset (1).

LS-SVM Model

The SVM method has been proven to be
a useful approach for solving problems
in nonlinear classification, function es-
timation, and density estimation. SVM
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is based on statistical learning theory re-
lated to the principle of structural risk
minimization.

LS-SVM is an optimized algorithm
based on the standard support vector
machine proposed by Suykens (14). LS-
SVM has a good theoretical foundation
in the statistical learning method and
the capability of dealing with linear
and nonlinear multivariate calibration
(15,16). The details of the LS-SVM algo-
rithm can be found in the literature (14).

In LS-SVM function estimation,
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Table 11I: Performance comparison for SSC prediction models developed by PLS and

LS-SVM
PLS 0.95 0.39 0.96 0.45
LS-SVM 0.98 0.24 0.98 0.29

r. = calibration set correlation coefficient; r, = prediction set correlation coefficient
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Figure 4: Contour plot of the optimization the parameters y and o2.

the standard framework is based on
a primal-dual formulation (17). Sup-
pose the training samples are {x, y} (i =

.. N) in which x; eR" is an input pa-
rameter and y, €R is an output parameter
of sample number. In SVM, the data is
nonlinearly mapped to form the input
space to a high dimensional feature space
using ¢(x).The estimated function is in-
troduced as

o’ ¢(x)+b+e 2]

where w is the adjustable weight and b is
the bias term. The following optimization
problem is formulated:

wl?llj)ne ] (w e) = % oTw- 3]

2
+7221—1ez

subject to y [wle(x) +b] =1-¢,i=1...N
where vy is the regularization parameter
which balances the model’s complexity
and the training errors, and ¢, represents
the random errors.

This optimization problem can be

solved in a dual space. To solve the prob-
lem, the following Lagrangian is defined:

L(w, be,d) =](w, e)—>" Ilyzlaz 4]

a {o’s(X)+b+e—yi}

where o, are the Langrange multipliers
called support value. The solution of the
above equation can be obtained by par-
tially differentiating with respect to w, b,
e,and q

L <
Tw:()—'w:i;aiﬂﬂ(xn)

N
oL L
o= 0~ 2 ai=0 5]
JdL
de, — 0 ai=ve, i=1»N
ﬂzo—-nga(xi)+b+e,f i=0, i=1»>N
daj i g

By the elimination of » and e,, the follow-
ing linear system is obtained:

(]

where y=[vy, ..., v, 15
Q=~(x)"¢(x,).



The LS-SVM model can be defined
as follows (14):

n
y(x) :E aiK(x, x))+ b [7]
i=1
Where K(x, x,) is a kernel function.

The robustness of LS-SVM models is
largely determined by the crucial elements
of optimal input feature subset, proper
kernel function, and optimum kernel pa-
rameters. To improve the training speed
and reduce the training error, available
latent variables (LVs) that were applied as
inputs of LS-SVM models were necessary.

The PLS method to determine LVs was
used in the LV-SVM model to ensure that
all variability was considered by the analy-
sis. Commonly used kernel functions are
linear_kernel, polynomial_kernel, and
RBF_kernel. However, there is no sys-
tematic methodology for the selection of a
kernel function. The optimal parameters
of each kernel function are found from an
intensive grid search and leave-one-out
cross-validation and selected when result-
ing in smaller root mean square error of
cross-validation (RMSECV). Grid search
is a two-dimensional minimization pro-
cedure based on an exhaustive search in
a limited range. In each iteration, one
leaves one point, and fits a model on the
other data points. The performance of the
model is estimated based on the point left
out. This procedure is repeated for each
data point. The LS-SVM model was car-
ried out using MATLAB (Mathworks)
and free LS-SVM software for MATLAB
(LS-SVM vl1.5, Suykens, Leuven, Bel-
gium).

The standard error of calibration
(SEC), the standard error of prediction
(SEP), and the correlation coefficient (r)
were used to measure the model’s perfor-
mance. The SEC, SEP, and rare calculated
as follows:

SEC = | ll_g(yi—;i) (8]
Hc -

i=1

(10]

Where v, and y; are the measurement
and prediction value of the samples, y,
is the mean value of y, n_and n_ is the
number of apples in the calibration set
and the prediction set. The value # is
equal to n orn,
Results and Discussion

Calibration and Validation Sets

All samples were randomly divided
into calibration sets of 120 samples
and prediction sets of 40 samples (18).
No single sample was used in calibra-
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tion and prediction sets at the same
time. To ensure the adaptability of the
calibration models, the samples with
high and low SSC values were put in
the calibration set, and the other sam-
ple selections inside each group were
performed randomly. To compare the
performance of different calibration
models, the samples in the calibra-
tion and prediction sets were kept
unchanged for all calibration models.
The calibration and prediction set data
are presented in Table L.

[T Logix:

THE LOGICAL CHOICE FOR
RAPID CHEMICAL ANALYSIS
OF SOLID MATERIALS

Introducing the ChemLogix™ Family of Chemical
Analysis Instruments, Including the ChemReveal™

LIBS Desktop Analyzer

The ChemLogix™ family of instruments simplifies complex

chemical analysis.

Its line of ChemReveal™ laboratory-based analyzers utilizes laser-
induced breakdown spectroscopy (LIBS) to provide rapid and reliable
identification of materials and chemical composition of solids.

Equipped with advanced ChemLytics™ software and backed by
TSI's global sales and support, ChemLogix instruments truly are

the smarter - and more logical - choice for chemical analysis.

Understand more, visit tsi.com/ChemReveal




40 Spectroscopy 28(7) July 2013

r=0.96
16 SEP = 0.45 °Bx
154
144
13

124

Predicted SSC (°Bx)

114

Predicted SSC (°Bx)

10 11 12 13 14
Measured SSC (°Bx)

r=0.98
SEP =0.29 °Bx "

www.spectroscopyonline.com

15 16 17 10 1'1

12 13 14 15 16 17

Measured SSC (°Bx)

Figure 5: The prediction plots of PLS and the LS-SVM model: (a) Prediction plots: measured SSC vs. predicted SSC for PLS model; (b) prediction
plots: measured SSC versus predicted SSC for the LS-SVM model.

Data Preprocessing

Three transmittance spectra of each
sample were averaged into one spec-
trum, and then the averaged spectrum
was transformed into an absorbance
spectrum using the log(1/T) relation-
ship. Because of obvious scattering,
noise could be observed at the begin-
ning and the end of the spectral data.
Thus, the first 300 nm and the last 69
nm data were eliminated to improve the
measurement accuracy and speed, so the
spectral analysis was based on 505-1031
nm wavelengths (3). To reduce spectral

noise and enhance the useful infor-
mation, several spectral pretreatment
methods were applied. These methods
included Savitzky-Golay smoothing
(smoothing) with a window width of 5
points and 0 order polynomial to elimi-
nate the random noise, Savitzky-Golay
first derivative (1Der ) with a window
width of 3 points and second order poly-
nomial, and Savitzky-Golay second de-
rivative (2Der) with a window width of
5 points and second order polynomial to
remove baseline shifts and make super-
imposed peaks more obvious, standard

normal variate transformation (SNV)
to remove slope variation and correct
scatter effects in spectra, and multiplica-
tive scatter correction (MSC) to remove
these effects by linearizing each spectra
to the average spectra, respectively (19).
In this paper, four combinations of pre-
treatment methods were used to prepro-
cess the sample spectra: 1Der + MSC +
smoothing; 1Der + SNV + smoothing;
2Der + MSC + smoothing; and 2Der +
SNV + smoothing. All of these pretreat-
ment methods were carried out using
Unscrambler V8.0 software (CAMO

Cells
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AS). The original absorbance spectra
and pretreatment spectra of the samples
are shown in Figure 3.

All of the combinations of differ-
ent pretreatment methods had an ef-
fect on reducing the number of LVs for
PLS models; the results are presented in
Table II. In contrast, the combination of
1Der + MSC + smoothing had a better
performance than others (r = 0.91, SEP
= 0.51). Therefore, the combination of
1Der + MSC + smoothing was applied
in this work.

LS-SVM Model

Selection of Inputs of LS-SVM

To improve the computational speed
and training accuracy of the vis-NIR
model, suitable LVs were selected as
inputs for the LS-SVM model. The LVs
that were selected could explain most of
the spectral variances and represent the
main information of the original spectra
to the measured chemicals. We applied
the PLS method to obtain the optimal
input feature subset for LS-SVM. By
means of PLS, the first 11 important

LVs were regarded as the inputs of the
LS-SVM model according to the small-
est prediction residual error sum of
squares (PRESS). Therefore, the optimal
number of LVs for the LS-SVM model
could be achieved by the PLS method
and the computational time of the LS-
SVM model could be reduced at the
same time.

Tuning the Parameters of LS-SVM

There are three kinds of commonly used
kernel functions named linear_kernel,
polynomial_kernel, and RBF_kernel.
Compared to first two kernel functions,
the RBF_kernel has many advantages.
For example, the nonlinear relationships
between the spectra and target attributes
can be handled and the computational
complexity of the training procedure can
also be reduced with good performance
under general smoothness assumptions.
The RBF_kernel was introduced in de-
tail. The gam (y) and sig2 (¢2) are two
important parameters for the RBF_ker-
nel function, which were similar to the
process used to select the number of LVs
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for the PLS models, but in this case it is
a two-dimensional problem. Parameters
are selected by a grid-search technique
based on leave-one-out cross validation,
which was used to avoid over-fitting.
The ranges of y and o2 within (102-10%)
were set based on experience and previ-
ous studies (20-22). For each combina-
tion of y and 02 parameters, the RM-
SECV was calculated and the optimum
parameters were selected to produce
smaller RMSECV. The contour plot of
the optimization the parameters y and
02 for the prediction of SSC is shown in
Figure 4. The first step in the grid search
was for a crude search with a larger step
size presented in the form of “”, and the
number of the grids “” was 10X10. The
optimal search area was determined by
an error contour line. The second step for
the specified search with a smaller step
size presented in the form of “X,” and the
number of grids “X” was 10X10. The op-
timal search area is determined based on
the first step. The optimal combination
of (y, 02) was achieved with y = 2452.07
and 02=42354.90 for SSC.
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Comparison of PLS and LS-SVM Models

The prediction set with 40 samples was predicted by the PLS
model built with 11 LVs and LS-SVM model with the opti-
mal parameters: 'y = 2452.07, 02= 42354.90. Performance
comparison between PLS and LS-SVM is listed in Table III.
From Table III, it can be observed that the prediction perfor-
mance of LS-SVM was better than that of PLS, with higher
r of 0.98 and lower SEP of 0.29 for SSC. The prediction plots
of PLS and LS-SVM model are shown in Figure 5. Based
on the results, it was concluded that vis—-NIR transmittance
spectroscopy combined with LS-SVM was a reliable and ac-
curate method for the determination of SSC of apples. For
SSC determination, the performance of this LS-SVM model
was better than previous similar research. Bessho and col-
leagues (23) applied a new portable nondestructive quality
meter with NIR spectroscopy to measure soluble solids(r =
0.8, SEP = 0.5 °Bx) of apple. Fan and colleagues (3) predicted
firmness (r?> = 0.8532, SEP = 0.3838) and SSC (r% = 0.8136,
SEP = 0.5344). Huang and colleagues (24) predicted total
soluble solid contents (TSS) and pH in mulberry fruit, and
coefficients of determination for prediction (r, ?) values were
0.70 for TSS and 0.90 for pH. Chen and colleagues (25) deter-
mined the antioxidant activity (AA) (Rp = 0.9691, RMSEP =
0.02161) in green tea, using NIR spectroscopy and support
vector machine regression (SVMR).

Conclusions

In this paper, the feasibility of quantification SSC of intact ap-
ples was investigated by vis-NIR transmittance spectroscopy
combined with the LS-SVM method. The PLS models were
developed and compared using different combinations of spec-
tral pretreatment methods including 1Der + MSC + smooth-
ing, 1Der + SNV + smoothing, 2Der + MSC + smoothing, and
2Der + SNV + smoothing. The best prediction performance
was achieved by 1Der + MSC + smoothing. Moreover, to op-
timize the LS-SVM models, optimal LVs were selected by re-
gression coefficients. Meanwhile, the accuracy of the LS-SVM
models and PLS models was compared. The results indicated
that the combination of LS-SVM, 1Der + MSC + smoothing,
and the optimal latent variables from PLS (r = 0.98, SEP = 0.29)
outperformed the other methods. Finally, it can be concluded
that vis—NIR spectroscopy combined with LS-SVM could be
a promising method for the regression analysis to quantify the
SSC value of apples.
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Denver X- ray Conference
62nd Annual Conference on_.

www.spectroscopyonline.com

p
be heId August 5-9, 2013, in Westmlnster Colorado.

Megan Evans, Spectroscopy Managing Editor

August 5-9, at the The Westin hotel in Westminster,

Colorado. Here is a brief preview of what to expect
from this year’s conference, including sessions on training
and education, and applications and papers dealing with
X-ray analysis techniques and future developments.

This year’s Denver X-ray Conference will take place

Workshops

Workshops will be held Monday and Tuesday, August 5 and Au-
gust 6, with morning sessions from 9:00 a.m. to 12:00 p.m. and
afternoon sessions from 1:30 p.m. to 4:30 p.m. Topics include
“Back to Intermediate XRD Analysis,” “Basic XRF,” “X-ray Op-
tics,” “Energy Dispersive XRF,” “Hands-On Rietveld Analysis,”
and “Sample Preparation of XRF” among many others.

Plenary Session and Awards
This year’s plenary session topic is “The 100th Anniversary
of X-ray Spectroscopy,” and will be chaired by G.J. Havrilla
of Los Alamos National Laboratory. The session will take
place at 9:00 a.m., Wednesday, August 7, and will kick off
with opening remarks from the chairman of the conference,
W. Tim Elam. After the chairman’s comments, the following
awards will be presented: the 2013 Barrett Award, which rec-
ognizes outstanding contributions to the field of powder dif-
fraction (recipient to be announced); the 2013 Jenkins Award,
which honors scientists who exhibit lifetime achievement in
the advancement of the use of X-rays in materials analysis,
will be presented to Rene Van Grieken of the University of
Antwerp; the 2013 Jerome B. Cohen Student Award, which
recognizes the outstanding achievements of student research
in the field of X-ray analysis (recipient to be announced); and
the 2013 Hanawalt Award, which is presented every three
years for an important, recent contribution to the field of
powder diffraction, will be presented to Robert B. Von Dreele
of Argonne National Laboratory.

After the awards are presented, Havrilla will make some
remarks and the invited talks will begin. The first talk will be

given by John A. Anzelmo and is titled “WDX: From Roent-
gen to Moseley to Bragg to Sherman to Jenkins.” Next, “The
Electronic Age — EDX and Other Modern Techniques to the
Present and Beyond,” will be presented by Michael Mantler.
Finally, Robert B. Von Dreele will present “Hanawalt Award
Lecture: Protein Polycrystallography.”

In addition to the plenary session, there will be several
oral sessions on Wednesday afternoon, Thursday morning
and afternoon, and Friday morning. Topics range from high
energy X-ray diffraction to micro X-ray fluorescence, stress
analysis, trace analysis, and more.

Exhibits and Special Events

Exhibits will be held in the Westminster Ballroom on the
lobby level of the Westin Westminster hotel. Exhibit hours
are 11:00 a.m. to 5:00 p.m. Monday and Tuesday, 12:00 p.m.
to 7:00 p.m. on Wednesday, and 10:00 a.m. to 1:00 p.m. on
Thursday. About 30 different companies will be on hand to
showcase their instruments and answer questions.

There will also be several social events throughout the week,
which spouses and families are welcome to attend. On Mon-
day evening from 5:30 p.m. to 7:30 p.m. ICDD will sponsor
an XRD poster session and wine and cheese reception in the
Westminster Foyer just outside the exhibition hall. On Tues-
day evening from 5:30 p.m. to 7:30 p.m. Chemplex Industries,
Inc., will sponsor an XRF poster session and wine and cheese
reception in the Westminster Foyer. Finally, on Wednesday
evening from 5:30 p.m. to 7:30 p.m. there will be a vendor-
sponsored reception held in the exhibit hall.

Other Information

The “Book of Abstracts” will be distributed at the conference

on a USB stick again this year, along with a small, printed

program booklet as part of the conference’s “green” initiative.
Next year’s conference will be held at the Big Sky Resort

in Big Sky, Montana, from July 28 to August 1, 2014. For

more information visit: www.dxcicdd.com =



Improving the Hermetic Seal on Moxtek’s

AP3 Window Application Note

Summary
Moxtek® is a leading manufacturer of X-ray windows for low energy X-ray
detection. Moxtek manufactures ultra-thin polymer X-ray windows that are attached
to metal mounts which house energy dispersive X-ray detectors such as Silicon Drift
Detectors (SDDs). These windows allow for transmission of low energy X-rays while |
maintaining a hermetic seal critical for the X-ray detector’s performance. While
Moxtek ensures that all windows meet published limits for leak rates, no material is a
perfect gas barrier and gasses will diffuse through window assemblies over time. As

a continuous improvement effort, Moxtek investigated the effects of plasma cleaning
the metal mounts before attaching a window, and achieved around a 40% reduction in
the diffusion of helium through the epoxy-to-mount interface.
Methods

Diffusion of helium through Moxtek AP3 window assemblies was
measured by using a fixture designed to eliminate the effects of Epoxy-Mount Interface
helium diffusing through anything other than the area of interest. :
Window assemblies were exposed to helium for long periods of ' AP3 Window
time until a steady state diffusion rate was achieved. The epoxy-
mount interface was one area identified as a source of diffusion.

AP3 Window

Solid metal disks were epoxied into window mounts so that

all interfaces with the epoxy would be epoxy-to-metal. Some
mounts were plasma cleaned prior to attaching while others
were not. All parts were then evacuated on the vacuum side and
then exposed on the other side to 1 atm of helium for 10 hours
allowing a steady state diffusion to occur. Diffused helium was
detected using a helium leak detector. Epoxy-mount diffusion path in AP3 Window

Results / Conclusion

The diffusion rate of helium was measured through the
epoxy-to-metal interface of assemblies where metal
mounts had been plasma cleaned and metal mounts that 1e-09
were not plasma cleaned. Referencing the figure to the right,
the bars in red are the helium steady state diffusion rates of
window assemblies whose mounts were only chemically
cleaned. The blue bars show the steady state diffusion rates
of assemblies whose metal mounts were plasma cleaned
prior to attaching the solid metal disks. A 41% average
decrease in helium diffusion rate occurred in parts that
received a plasma clean from the ones that did not.

1.1e-09

9e-10

8e-10

7e-10

6e-10

Helium Diffusion Rate (mbar*L/s)

5e-10

4e-10

Plasma cleaning prior to attaching achieves a better
. . . . 3e-10
bonding surface that reduces the diffusion of helium, at the Diffusion rate of assemblies Difusion rate of assemblies
. . . . without plasma cleaned mounts with plasma cleaned mounts
epoxy-to-metal interfaces. While no material is a perfect
: : : : : Difference in steady state diffusion of helium from mounts
gas bar.ner’ MOXt.ek 18 contmuqusly working to improve the that were treated with plasma prior to attaching metal blank
hermetic properties of X-ray windows. and those that were not

To view the complete application note, please visit www.moxtek.com/library

e 452 West 1260 North / Orem, UT 84057
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www.moxtek.com

INNOVATING SOLUTIONS info@moxtek.com




46 Spectroscopy 28(7) July 2013

UV-vis-NIR system
The Cary 7000 Uni-
versal Measurement
spectrophotometer
from Agilent Tech-
nologies is designed to provide measurements of transmission,
absolute reflection, and scattering without moving the sample.
According to the company, the system is automated and provides
10 absorbance unit capability.

Agilent Technologies,

Santa Clara, CA;

www.agilent.com/chem/cary7000UMS

= Agilent Technologies

Application note for diesel analysis
An application note from
Applied Rigaku Technologies
describes the measurement
of sulfur in ultralow-sulfur die-

sel using the company’s NEX ‘_.____F‘“
QC+ high-resolution benchtop —_—
EDXRF analyzer. The analysis gt

reportedly complies with stan- e

dard test method ISO 13032.
Applied Rigaku
Technologies,

Austin, TX;
www.rigakuedxrf.com/edxrf/app-notes.html?id=1272_AppNote

Mercury in groundwater application note
An application note from CETAC Tech-
nologies compares two methods for mea-
suring mercury in groundwater: EPA 245.7
and ISO 17852. The note describes how
both methods were implemented using
the company’s QuickTrace M-8000 cold
vapor atomic flu...orescence analyzer.
The results discussed in the publica-

tion reportedly indicate more accurate
response and lower MDL for the 1SO
method, attributed to the way the method
reduces excess bromine.

CETAC Technologies,

Omaha, NE; www.cetac.com

Cylindrical and flat optics
Certified cylindrical and flat optics from
Hellma are designed with radii ranging
from 10 mm to 5 m with sizes up to 1 m.
According to the company, flats include
wedges, prisms, beam splitters, corner
cubes, windows, and mirrors.

Hellma USA, Inc.,

Plainview, NY;

www.hellmausa.com

Energy dispersive spectroscopy detectors
Silicon drift detectors for
energy dispersive spec-
troscopy from Amptek
are designed for use with
scanning electron micro-
scopes. According to the company, the low energy response of the
detectors extends down to carbon, and the systems are suitable for
laboratory and field use and for original equipment manufacturers
developing tabletop or handheld XRF analyzers.

Amptek, Inc.,

Bedford, MA;

www.amptek.com

Multichannel spectrometers

Multichannel spectrometers e ———
from Avantes combine up res ()

to 10 spectrometers into

one housing in a standard
19—in. rack mount, with the
opportunity to combine all
into a single output spectrum.
According to the company, the
total number of spectrometers connected to a single computer is
limited only by USB, memory, or the processor limitations of the
host computer.

Avantes,

Broomfield, CO;

Www.avantes.com

ICP sample uptake monitor
The TruFlo device from Glass
Expansion is designed to dig-
itally and graphically display
the sample flow rate to an
ICP-OES or ICP-MS nebulizer.
According to the company,
an alarm sounds when devia-
tion from specified flow rates
occurs, the monitor can be
calibrated for a variety of solvents, and the device is available
in flow ranges from 0.001 to 4.0 mL/min in both standard
and HF-resistant models.

Glass Expansion,

Pocasset, MA; www.geicp.com

Absorbance and fluorescence system
The Aqualog simultaneous
absorbance and fluorescence
system from Horiba Scientific
is designed to measure colored
dissolved organic matter in
water 100 times faster than
previous fluorescence meth-
ods. According to the company,
the system offers a lower
absorbance and fluorescence
excitation wavelengths down to 200 nm and extended emission
coverage up to 800 nm.

Horiba Scientific,

Edison, NJ; www.aqualog.com




Database

The PDF-4+ 2013 database
from ICDD is designed to pro-
vide comprehensive material
coverage for inorganic materials
with 340,653 entries. According
to the company, the database
supports automated quantitative
analyses by providing key refer-
ence data required for these
analyses.

ICDD,

Newtown Square, PA;
www.icdd.com

EDS detector windows
The AP5 EDS detector win- _
dow for light element detec- *
tion from Moxtek is designed ]
with an ultrathin polymer film -
to provide maximum trans-
mission of low energy X-rays
with zero visible light leaks.

are ineffective.
Moxtek,

Orem, UT.
www.moxtek.com

X-ray scattering module
The ScatterX”® module from Pana-
lytical is designed to acquire high-
quality small- and wide-angle X-ray
scattering data in an angular range
from 0.08 to 78 degrees. Accord-
ing to the company, the module
consists of a vacuum chamber that
houses beam collimation elements,
a sample capsule, and a beamstop.
The module reportedly requires no
alignment by the user.
Panalytical,

Westborough, MA;
www.panalytical.com

L/

According to the company, the window can be used in applications
where light element detection is important and beryllium windows
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Optical parametric oscillator

The Oria IR optical parametric
oscillator from Radiantis is
designed as a sealed, hands-
free, fully automated femto-
second system that provides
wavelength coverage with
high average power in the
near- and mid-IR. According

to the company, the oscillator is compatible with standard
femtosecond MHz Ti: sapphire oscillators and is suitable for
nonlinear microscopy applications where short pulse durations,

high beam pointing, and high power stability are required in the IR.

Radiantis,
Barcelona, Spain; www.radiantis.com

LED sources
Fiber-coupled LED sources
from Mightex are designed
to combine up to eight
LEDs into one fiber with
high efficiency without any
moving parts in the opti-
cal path, with wavelengths
ranging from 240 nm to
940 nm. According to the

July 2013 Spectroscopy 28(7) 47

company, the LEDs can be controlled, switched, or dimmed

individually or in any combination.
Mightex,

Pleasanton, CA;
www.mightexsystems.com

Handheld Raman spectrometer

The IDRaman mini handheld
Raman spectrometer from Ocean
Optics is designed for applica-
tions ranging from chemical and
explosives agent detection in the
field to quality assurance and
quality control sampling routines
in the laboratory. According to
the company, the spectrometer
measures 3.6 X 2.8 X 1.5in,,
weighs 11 oz, and uses two AA
batteries.

Ocean Optics,

Dunedin, FL; www.oceanoptics.com

ATR accessory

The GladiATR accessory from
PIKE Technologies is designed
with expanded temperature
control options. According to
the company, the single reflec-
tion diamond ATR accessory
can be configured for heating
up to 300 °C and used for
high-temperature kinetic or
material degradation studies.
PIKE Technologies,
Madison, WI;
www.piketech.com

Silicon drift detectors
The XRF200i compact
silicon drift detectors
from SGX Sensortech
(MA) are designed for
OEM benchtop XRF appli-
cations. According to the
company, the detectors

are available with active areas ranging from 10 mm? to

100 mm?Z.

SGX Sensortech (MA) Ltd.,
High Wycombe, UK;
www.sgxsensortech.com
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Knife mills

Retsch's Grindomix GM 300 knife
mills are designed for food sample
preparation. According to the com-
pany, the mills homogenize quanti-
ties of up to 4.5 L and process
substances with a high water, oil, or
fat content as quickly and reliably as
dry, soft, medium-hard, and fibrous
products.

Retsch, Inc.,

Newtown, PA;
www.retsch.com/gm300

Detector

Andor’s iDus LDC-DD 416 plat-
form is designed to provide a
combination of low dark noise
and high QE. According to the
company, the detector is suit-
able for NIR, Raman, and pho-
toluminescence and can reduce
acquisition times, removing the
need for liquid nitrogen cooling.
Andor Technology,

South Windsor, CT;
www.andor.com

Confocal Raman microscope
Horiba Scientific's XploRA One
Raman microscope is designed
for QA—QC and analytical labora-
tories in the industrial and routine
analytical sectors. According to the
company, the microscope's user
interface is powered by its Lab-
Spec 6 software.

Horiba Scientific,

Edison, NJ;
www.horiba.com/us/en/scientific/
marketing-us/xplora-one/

L

Data reviewing and sharing iPad app
The Thermo Scientific
NanoDrop user applica-
tion for iPad is designed to
enable users of the com-
pany’s NanoDrop instru-
ments to take sample data
on the go. According to the
company, the app allows
users to import and view
data, and compare concen-
tration, purity, and spectral
information.

Thermo Fisher Scientific, San Jose, CA;
www.thermoscientific.com/nanodropapp
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PVC and PE solid reference materials

Solid reference materials from SPEX

CertiPrep include phthalates in PVC

matrix. According to the company, )
polyethylene standards are also avail- ﬁ
able to customers in the plastics

market.

SPEX CertiPrep,

Metuchen, NJ;

www.spexcertiprep.com 4

Laboratory-based LIBS analyzers
ChemScan laboratory-based
analyzers from TSI are
designed to use laser-induced
breakdown spectroscopy to
provide identification of mate-
rials and chemical composi-
tion of solids. According to the
company, the analyzers are
equipped with the company's
ChemLytics software.

TSI Incorporated,

St. Paul, MN;
www.tsi.com/ChemScan

Raman spectrometer
B&W Tek's i-Raman Plus
portable Raman spectrom-

eter is designed with a high-
efficiency back-thinned CCD
detector with deep TE cool-

ing and high dynamic range.
According to the company,

the spectrometer provides an
improved signal-to-noise ratio
for up to 30 min of integration
time, allowing for measure-
ment of weak Raman signals.
B&W Tek, Newark, DE;
www.bwtek.com/products/i-raman-plus/

EDXRF spectrometer
Shimadzu's EDX-LE energy
dispersive X-ray fluorescence
spectrometer is designed for
screening elements regulated
by RoHS/ELV directives.
According to the company, the
spectrometer is equipped with
automated analysis functions
and a detector that does not
require liquid nitrogen.
Shimadzu Scientific Instruments,
Columbia, MD;
www.ssi.shimadzu.com

V



Silicon drift detector
EDAX's thermoelectrically

cooled 50-mm? silicon drift
detector is designed for use in

its Orbis micro-XRF elemental
analyzer system for high-
resolution spectral acquisition.
According to the company,

the system can be useful for
those who make measure-
ments on small fragments,
coatings and deposits on thin
substrates (such as ink on paper), biological samples, and trace ele-
ment analysis using heavy filters to improve sensitivity.

EDAX, Mahwah, NJ; www.edax.com

Raman analyzers
The ProRaman-L series
Raman spectrometers

from Enwave Optronics are
designed to provide mea-
surement capability down to
low parts-per-million levels.
According to the company,
the instruments are suitable
for process analytical method
developments and other
measurements requiring high sensitivity and high speed analysis.
Enwave Optronics, Inc.,

Irvine, CA;

Www.enwaveopt.com
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Photovoltaic measurement system
Newport Corporation's Oriel IQE-

200 photovoltaic cell measurement ;
system is designed for simultaneous B
measurement of the external and
internal quantum efficiency of solar
cells, detectors, and other photon-
to-charge converting devices. The
system reportedly splits the beam to
allow for concurrent measurements. The system includes a light source,
a monochromator, and related electronics and software. According to
the company, the system can be used for the measurement of silicon-
based cells, amorphous andmono/poly crystalline, thin-film cells, copper
indium gallium diselenide, and cadmium telluride.

Newport Corporation, Irvine, CA; www.newport.com

L\
L

Mercury analyzer
The RA-4500 mercury analyzer
from Nippon Instruments is
designed to fully automate the
sample digestion and analysis
for mercury in wasterwaters,
drinking water, and other aque-
ous samples. According to the
company, features include
NIST-traceable temperature
logging, a color sensor for
potassium permanganate
verification, and a built-in exhaust system.
Nippon Instruments North America,
College Station, TX; www.hg-nic.us

ASER-INDUCED BREAKDOWN SPECTROSCOPY
FOR THE ANALYTICAL LABORATORY

LIVE WEBINAR: Tuesday, Jul

Register Free at www.spectroscopyonline.com/laser

EVENT OVERVIEW:

Laser-Induced breakdown spectroscopy (LIBS) is gaining acceptance as a compli-
ment to ICP-OES and other elemental analysis methods. This webcast will illus-
trate laboratory uses of LIBS that provide both qualitative and quantitative data.
Examples from pharmaceutical, metals, and other process industries will show
how LIBS direct elemental analysis can save time and provide crucial information
from routine analysis to depth profiles and surface concentration maps.

Key Learning Objectives:

B Learn how LIBS analysis provides quantitative elemental concentrations, while #

avoiding time-consuming digestion steps.

B See how analysts use LIBS as a compliment to other methods

B Understand the unique features of the ChemReveal Desktop LIBS system.

Sponsored by
‘ ‘ UNDERSTANDING, ACCELERATED
®

For questions, contact Kristen Farrell at kfarrell@advanstar.com

Presented by

23,2013 at 8:00 am PDT/ 11:00 am EDT

Who Should Attend:
B Laboratory analytical chemists
B Core laboratory managers

B Researchers interested in material
science, geochemistry

B Quality assurance and inspection
professionals for positive material
identification (PMI)

PRESENTER:

Dr. Steve Buckley
Director of Market

43, Development
“& TSI Incorporated

Dr. Phillip Tan

Sr. Global Product Manager
TSI Incorporated’s
ChemLogix Business Unit

MODERATOR:

Meg Evans
Managing Editor
Spectroscopy

Spectroscopy
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Sampling Supplies / Accessories
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Call for Application Notes

Spectroscopy is planning to publish the next edition
of The Application Notebook in September 2013.
As always, the publication will include paid position vendor
application notes that describe techniques and applications
of all forms of spectroscopy that are of immediate interest

A /ANTES

solutions in spectroscopy

Spectrometers

to users in industry, academia, and government.
If your company is interested in participating
in this special supplement, contact:

Light Sources

Fiber Optics

Michael J. Tessalone, Group Publisher « (732) 346-3016

Edward Fantuzzi, Publisher « (732) 346-3015
or
Stephanie Shaffer, East Coast Sales Manager « (508) 481-5885
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ADVERTISER PG# ADVERTISER PG# ADVERTISER PG#
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Enwave Optronics, Inc. 50  New Era Enterprises, Inc. 50  Thermo Fisher Scientific '

FACSS 41 Newport Corporation 29 TSl Incorporated 39,49



Photonics

For the latest in optical engineering and
applications, solar energy, nanotechnology,
organic photonics and space optics research

Conferences & Courses
25-29 August 2013

Exhibition
27-29 August 2013
Location

San Diego Convention Center
San Diego, California, USA

www.spie.org/opi

Technologies

- Nanoscience + Engineering

- Solar Energy + Technology

- Organic Photonics + Electronics

- Optical Engineering + Applications




Metrohm
NIRSystems

Metrohm extends its portfolio to
include solutions for Near Infrared
Spectroscopy. Metrohm NIRSystems

« offers leading edge NIR
technology

* has over 40 years of NIR
expertise

e is serviced and supported
by Metrohm

www.metrohmusa.com/nirs

£ Metrohm

IN__IH“It!};ﬂapiﬂt:nntent Analyzer

Al

NIRS.A1.1000-SPE © 2013 Metrohm USA, Inc.
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Using GC-MS to Analyze
Essential Oils in Cedar Leaves

Sample Preparation for
MS-Based Proteomics

UHPLC in Lipidomics

Comparing Magnetic Sector and TOF
Systems for Environmental Analysis

YAADVANSTAR

To view CTMS Supplement - Click on here





