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EDITORIAL

Shining a light on the past
The great spectroscopist Tomas
Hirschfeld had a number of sayings attrib-
uted to him." One that has always stuck
in my mind is “References are very useful
if relatively recent or very old”. With that
in mind, and prompted by a talk at the
Christmas meeting of the Infrared and
Raman Discussion Group, | resurrected
an old project to digitise some of the
material from this publication’s prede-
cessor, European Spectroscopy News, or
ESN as it was commonly known.

In its early years, ESN published a
number of interviews with eminent
spectroscopists. Reading them now,
over 40 years later, it seems to have
been in a different age! Anyway, the
first two are now available for all to read:
with Sir Harold (Tommy) Thompson and
Jean Lecomte. They are available on our
website at https://www.spectroscop-
yeurope.com/interviews.

| plan to add the others, as time allows.

| was also prompted by another
comment to realise that there is
much other, valuable content we have
published over the years that has
become rather buried, but is worthy of
highlighting. Tony (A.M.C.) Davies wrote
many contributions to the Tony Davies
Column on chemometrics, usually
related to near infrared spectroscopy.
Some of these formed series of articles,
one | think is still particularly useful is
"Back to basics”. This group of 13 articles
serves as an excellent introduction to
chemometrics, and would not be wasted
on the more experienced either!

Tony, and his frequent co-author Tom
Fearn, have the ability to explain complex
statistical concepts in simple words and
diagrams. That is why these articles are
so valuable. They are now collected on
a single page (https://www.spectrosco-
pyeurope.com/back-to-basics) and | urge

you to have a look and encourage others
to do so as well.

If you have suggestions for other
content, hidden or not yet digitised, that
you believe deserves bringing into the

light, please let me know (ian@impubli-
cations.com) and we'll do our best!

Reference and links

1. W. Fred McClure, “Tomas Hirschfeld: A
Tribute”, NIR news 5(2), 3 (1994). doi:
https://doi.org/10.1255/nirn.236

2. ESN Interviews, https://www.spectroscop-
yeurope.com/interviews

3. Tony Davies Column, Back to basics series,
https://www.spectroscopyeurope.com/
back-to-basics

e Sunday opening keynote with a reception following.

e Tuesday evening is the conference dinner.
o Challenge problem with prize for best solution.
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IASIM18, June, 17-20, 2018, Seattle, WA, USA

The seventh International Association for Spectral Imaging Meeting will be held in beautiful downtown Seattle at
the Washington Athletic Club (www.wac.net). The conference embraces all aspects of spectral imaging and provides
a platform for the exchange of ideas across disciplines. It also provides a vibrant forum for organizations to exhibit
and present their products and services.

Abstract submissions for IASIM18 are now being accepted for talks and posters. Information can be found at
www.iasim18.iasim.net. Deadline: April 5, 2018.

e Sunday afternoon workshop with instructors S. Kucheryavskiy and J.M. Amigo Rubio.

* Mon-Wed topics include spectral imaging in microscopic, macroscopic, remote sensing, multi- / hyperspectral
imaging, instrumentation, sampling, data and image processing, chemometrics and signal processing, ...

e Poster session and Exhibit includes prizes for best poster and best image on a poster.
o The Journal of Spectral Imaging will publish a special issue dedicated to IASIM18.

www.iasim18.iasim.net
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Thin films are important as absorber layers for
high-efficiency solar cells. The article starting
on page 11 explores the determination of their
composition as well as their elemental depth
profile (among other applications) using refer-
ence-free XRF and sputter-assisted AES.
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DRIFTS provides soil
analysis to inform about
carbon levels

Researchers led by Argonne National
Laboratory investigated the suitabil-
ity of diffuse reflectance Fourier trans-
form mid-infrared (DRIFT) spectroscopy
to discriminate variations in the physi-
cal and chemical properties of soil to
improve estimates of the spatial varia-
bility of carbon stocks and the extent of
organic matter decomposition in these
soils. The researchers analysed archived
soils collected from a 2800-km latitudi-
nal transect across Alaska to provide a
representative range of climate, vegeta-
tion, surficial geology and soil types for
the region. The chemical composition of
organic matter, as well as site and soil
properties, exerted strong multivariate
influences on the DRIFT spectra. Spectral
differences indicated that soils with less
decomposed organic matter contained
more relatively fresh materials, such as
carbohydrates and aliphatics; whereas,

Infrared spectrometer measures organic and mineral functional groups and allows for the rapid
characterisation of northern cold-region soil organic matter. Credit: Image courtesy of Roser
Matamala

New accreditations for Starna

Starna has announced accreditation to the new Reference
Material Producer (RMP) ISO 17034 Accreditation for
its Certified Reference Materials (CRMs) for Photometry
Instrument Performance Verification (IPV). Starna can support
laboratories accredited to the new ISO/IEC 17025:2017, where,
for the first time, there are clear and unambiguous statements
in the standard that “Certified values of certified reference
materials from RMPs conforming to ISO 17034 provide metro-
logical traceability” and “RMPs fulfilling the requirements of I1SO
17034 are considered to be competent”.

Starna Scientific Ltd was the first laboratory to be accredited
to ISO Guide 34 by UKAS, No. “4001" in 2006. They have now
been successfully assessed according to the requirements of
the recently published ISO 17034:2016 Standard.

Metrohm acquires Innovative
Photonic Solutions
Metrohm has announced the acquisition of Innovative Photonic
Solutions (IPS). IPS is the largest producer of Raman spectros-
copy diode-based light components in the world. Founded in
2003, the company's products range from simple components,
such as packaged diodes and OEM modules that include elec
tronics, to complete custom-designed systems.

Metrohm already manufactures the Mira range of handheld
Raman analysers, so there is good synergy between the two
companies.

Spectro and Bernd Kraft announce
cooperation agreement

Spectro Analytical Instruments and Bernd Kraft GmbH have
announced a cooperation agreement that went into effect
on 1January 2018. As part of this agreement, every Spectro
customer from Germany, Austria and Switzerland will auto-
matically receive a starter set of certified multielement stan-
dard solutions from Bernd Kraft when purchasing a Spectro
ICP spectrometer.

Record sales for Advion’s single
quadrupole Compact Mass
Spectrometer

Advion, Inc. has announced that, during the year ending 31
December 2017, it reached several major milestones. They
sold 58 Compact Mass Spectrometer (CMS) units per quarter
and approached 750 CMS units shipped, with the 700" order
having been received from Japan. Nearly 30 CMS units were
sold in Japan during 2017. Direct sales and support operations
in China contributed 9 unit sales in Q4 2017.

Commenting on the landmarks, Advion's CEO David B.
Patteson stated, “Having launched the expression CMS product
line about four years ago, we are exceedingly happy with the
market adoption and product adaptation. In 2012—-2013, we
quickly realised 10 units per quarter, and in 2017 approached
60 per quarter.”
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clays and silicates were incorporated into
more degraded soils. The team iden-
tified a single spectral band that might
be used to quickly estimate soil organic
carbon and total nitrogen concentrations.
Overall, the study demonstrated that
DRIFT spectroscopy can serve as a valua-
ble tool for quickly and reliably assessing
variations in the amount and composi-
tion of organic matter in northern cold-
region soils.

Funding

This study was supported by the US
Department of Energy, Office of Science,
Office of Biological and Environmental
Research, Climate and Environmental
Science Division, Terrestrial Ecosystem
Science Program under contract
DE-AC02-06CH11357 to Argonne
National Laboratory. F. Calderén was
supported by the US Department of
Agriculture, Agricultural Research Service.

Reference

R. Matamala, FJ. Calderon, J.D. Jastrow,
Z. Fan, S.M. Hofmann, G.J. Michaelson,
U. Mishra and C.L. Ping, “Influence of site
and soil properties on the DRIFT spectra
of northern cold-region soils”, Geoderma
305, 80-91 (2017). doi: https://doi.
org/10.1016/j.geoderma.2017.05.014

Electro-mechano-optical
NMR detection

An international research project led by
Kazuyuki Takeda of Kyoto University and
Koji Usami of the University of Tokyo has
developed a new method of light detec
tion for nuclear magnetic resonance
(NMR) by up-converting NMR radio-
frequency signals into optical signals.
This new detection method has the
potential to provide more sensitive anal-
ysis compared with conventional NMR.
Its possible utilisation in higher-accuracy
chemical analysis, as well as in magnetic
resonance imaging (MRI) technology, are
also of interest.

“NMR is a very powerful tool, but its
measurements rely on amplification
of electrical signals at radio-frequen-
cies. That pulls in extra noise and limits
the sensitivity of our measurements”,
explains DrTakeda. “So we developed an
experimental NMR system from scratch,

Www.spectroscopyeurope.com

Dr Kazuyuki Takeda (left) and Dr Koji Usami
(right) with their experimental system. Credit:
Kyoto University / Kazuyuki Takeda
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which converts radio-frequency signals
into optical ones.”

The principle behind this “up-conver-
sion” is a new hybrid quantum conver-
sion technology. The team worked to
integrate this system into NMR, eventu-
ally building a device that connects elec
tronics to mechanics, and then to optics.
The material linking all three systems is
an elastic membrane of silicon nitride.

"We constructed a capacitor by
vacuum-depositing a metal layer onto
the silicon nitride membrane”, explains
co-author Dr Usami. Using this with an
inductor, they built a resonator to detect
NMR signals, and next constructed an
optical cavity using the metal layer as a
mirror. “The incoming electric NMR signal
shakes the membrane, causing motion
that is detected by an optical interferom-
eter”

The team believes that the success
of this optical detection can push the

g
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This is the material linking the three electro-
mechano-optical systems. Credit: Kyoto
University / Kazuyuki Takeda

spectroscopy method even further, with
the hope that this increased accuracy in
detection and characterisation of materi-
als can be utilised in multiple scientific
disciplines.

Kazuyuki Takeda concludes, “Various
methods for optical NMR detection
have been reported, and while some
are highly sensitive, they have so far
lacked widespread applicability. Our new
scheme has proven to be both versatile
and applicable to a wide range of mate-
rials.”

The work has been published in
Optica (doi: https://doi.org/10.1364/
OPTICA.5.000152).

NIR imaging helps
improve seed QC

The Winter 2017/2018 edition of CRA-W
Info, the newsletter of the Wallon
Agricultural Research Center, reports on
the use of near infrared (NIR) hyperspec
tral imaging for the control of the addi-
tion of chemicals to seeds. The treatment
of seeds with plant protection products
is strongly recommended to fight differ-
ent plant diseases and pests in the early
stages of plant growth, but which analyti-
cal methods are available to control the
dose and homogeneity of the treatment
on a seed lot?

New seed treatment products are
effective at very low doses, and effec
tive treatment requires the application of
the active ingredient at the correct dose
according to the species, the variety and
the health status of the lots. Too low a

8 SPECTROSCOPYEUROPE

dose may lead to insufficient protection
of the plant, while too high a dose could
increase the risk of phytotoxicity. Further,
the active ingredient must be evenly
distributed not only between the seeds
in a lot but also on the surface of the
seeds, including the groove.

The reference methods used to
control the quality of seed treatment
are chromatographic methods, which
are time-consuming, costly, destructive
and difficult to use in routine controls.
NIR spectroscopy does not have these
problems and can be used to identify
the active ingredients and their aver-
age dosage on a seed lot or individual
seeds with adapted sample presenta-
tion devices. Near infrared hyperspectral
imaging allows the analysis of several
seeds simultaneously while assessing
the dose and homogeneity of the treat-
ment on each seed. A study carried out
by Pauline Flémal (Université catholique
de Louvain, Belgium) within the frame-
work of her thesis, revealed the poten-
tial of this technology combined with
chemometrics to control the quality of
seed treatment.

The results of the analysis of treated
seeds on an average dosage by UHPLC
and NIR spectroscopy showed a high
level of variability between lots treated

with the same formulation, from differ-
ent seed producers. Regarding barley,
the active ingredient content in 85% of
samples was less than 70% of the target
dose.

Thanks to NIR hyperspectral imaging, it
was also possible to detect the potential
presence of seeds from another species/
variety in a seed lot, untreated seeds or
seeds treated with a different formula-
tion. It was also possible to assess the
homogeneity of the treatment on each
seed individually and to classify them
according to the target dose. For some
lots, the active ingredient content in
more than 75% of the seeds was higher
than the acceptable 30% around the
target dose.

This technology opens up new oppor-
tunities in terms of seed quality control.
This study was published in the Journal

of Spectral Imaging (doi: https://doi.
org/10.1255/js1.2017.a1).

XRF shows danger of
toxic elements in old
children’s toys

Scientists from the University of
Plymouth have used X-ray fluorescence
(XRF) spectrometry to analyse 200 used
plastic toys which they found in homes,
nurseries and charity shops across the

2 4 & & 10 12 14

Visible image and predictive hyperspectral image of a wheat seed showing the treated area in

white and the non-treated area in grey.
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Second-hand plastic toys may contain high concentrations of hazardous elements.

south-west of the UK. These included
cars, trains, construction products, figures
and puzzles, with all of them being of
a size that could be chewed by young
children. They discovered high concen-
trations of hazardous elements including
antimony, barium, bromine, cadmium,
chromium, lead and selenium—which
are chronically toxic to children at low
levels over an extended period of time—
in many building blocks, figures and
items of jewellery that were typically
either yellow, red or black.

Further tests showed that under
simulated stomach conditions
(involving extraction in dilute hydro-
chloric acid) several toys released quan-
tities of bromine, cadmium or lead that
exceeded limits set by the European
Council's Toy Safety Directive, with the
release of cadmium exceeding its limit
value by an order of magnitude in some
cases.

The research was led by Dr Andrew
Turner, who used XRF spectrometry
to analyse the presence of elements
within individual toys. He has previously
conducted research which showed that
decorated drinking glasses can contain
harmful levels of lead and cadmium (see
http://bit.ly/2E0ZRcr), and that play-
ground paints should be more closely
monitored to reduce potential danger to
public health.

Www.spectroscopyeurope.com

DrTurner said: “This is the first system-
atic investigation of hazardous elements
in second-hand plastic toys in the UK.
Second-hand toys are an attractive option
to families because they can be inher-
ited directly from friends or relatives or
obtained cheaply and readily from char-
ity stores, flea markets and the internet.
But while the Toy Safety Directive applies
to new products there is no regulation
covering the recycling or re-sale of older
toys. With the introduction and refine-
ment of the Toy Safety Directive, the
plastics industry has had to take steps
to eliminate hazardous elements from
new toys. However, consumers should
be made more aware of the potential
risks associated with small, mouthable
and brightly coloured old plastic toys or
components. Without that, the attrac
tive cost, convenience and recyclability
of previously used toys has the potential
to create a legacy of chemical contami-
nation for younger children.”

The full study was published in
Environmental Science and Technology
(doi: https://doi.org/10.1021/acs.
est.7b04685).

Raman spectroscopy in
battery research

Power generation is shifting from tradi-
tional to less predictable renewable
sources. Consumers are demanding faster
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charging and longer battery life for their
products. Both trends require the devel-
opment of better energy storage devices.

The Stephenson Institute for
Renewable Energy, part of the
Department of Chemistry, University
of Liverpool, UK, is developing these
devices, in the form of batteries and
supercapacitors. Key to this work is
understanding the interfacial processes
that occur at electrode surfaces. The
team, headed by Professor Laurence
Hardwick, is investigating the reaction
mechanisms that lead to surface layer
formation and identifying the species
that form these layers. It is vital to under-
stand these since they influence the
performance and safety of both metal-
air and lithium-ion batteries.

Professor Hardwick's group uses a
range of in situ analytical techniques
in their studies: infrared (IR) spectros-
copy, X-ray photoelectron spectroscopy
(XPS), UV/vis and Raman spectroscopy.
Each technique has its advantages. IR
spectroscopy allows them to investi-
gate the mechanisms that lead to elec
trolyte decomposition during attack by
the superoxide species formed during
oxygen reduction in lithium-air batter-
ies. They use XPS to study the chemical
elements present in the top few nano-
metres of the electrode surfaces, their
quantities and oxidation state. They
determine the electronic state of reduced
oxygen species, which can adversely
affect device stability, with UV/vis spec
troscopy.

Raman spectroscopy is a particularly
powerful technique for this application.
Hardwick's group uses a Renishaw inVia
confocal Raman microscope for this work.
They can study the electrode through the
electrolyte, with a high spatial resolution,
with high sensitivity and non-destruc-
tively. The inverted microscope configu-
ration of their instrument makes it easy
to analyse working electrochemical cells
(operando measurements), where they
can identify intermediate species in reac
tions and study phase changes. They
also get valuable information from ex
situ Raman mapping measurements.
For example, they identify the different
discharge products produced on cath-
odes, and determine their distribution.

10 SPECTROSCOPYEUROPE

This work has helped the team to get
a better understanding of the oxygen
reduction reaction (ORR) and oxygen
evolution reaction (OER) mechanisms,
and the intermediary species that are
formed. They use surface enhanced
Raman scattering to amplify the elec
trode surface spectra, whilst electro-
chemically cycling the cells. This has
enabled them to look at Li-ion and
Na-ion cells having electrodes ranging
from graphite and graphene to carbon-
coated oxides.

Further details of the group's publi-
cations can be found at https://www.
liverpool.ac.uk/chemistry/staff/laurence-
hardwick/publications/.

Infrared lasers reveal
unprecedented details

in surface scattering of
methane

When molecules interact with solid
surfaces, a whole range of different
dynamic processes can take place.
These are of enormous interest in the
context of catalytic reactions, e.g. the
conversion of natural gas into hydro-
gen that can then be used to gener-
ate clean electricity. Specifically, the
interaction of methane molecules with
a catalyst surface such as nickel is of
interest if we are to gain a detailed
and meaningful understanding of the
process on a molecular level. But stud-
ying scattering dynamics of polyatomic
molecules such as methane has been
challenging because current detection
techniques are unable to resolve all the

quantum states of the scattered mole-
cules.

The lab of Rainer Beck at EPFL,
Switzerland, has now used novel infra-
red laser techniques to study methane
scattering on a nickel surface for the first
time with full quantum-state resolution.
Quantum-state resolved techniques have
contributed much to our understanding
of surface-scattering dynamics, but the
innovation here was that the EPFL team
was able to extend such studies to meth-
ane by combining infrared lasers with a
cryogenic bolometer: a highly sensitive
heat detector cooled to 1.8K that can
pick up the kinetic and internal energy of
the incoming methane molecules.

In their experiments, a powerful infra-
red laser first pumps the incident meth-
ane molecules into a single selected,
vibrationally excited quantum state. A
second laser combined with the bolom-
eteris then used to analyse the quantum
state distribution of the scattered mole-
cules. With this approach, the scientists
observed, for the first time, a highly effi-
cient mechanism for vibrational energy
redistribution during surface scattering.

The data from the study will allow
state-of-the-art quantum theories for
molecule/surface scattering to be tested
stringently. Meanwhile, the new laser
tagging technique introduced in this work
is widely applicable and can be used to
study many other polyatomic molecule/
surface systems with unprecedented
detail. The work has been reported in
Physical Review Letters (doi: https://doi.
org/10.1103/PhysRevLett.120.053402).
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llustration of methane scattering from a Ni(111) surface (left) and a diagram of the experimental
setup used in this study (right). Credit: Rainer Beck/EPFL
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Qualifying calibration samples

for advanced thin film

materials characterisation

Cornelia Streeck,” Thomas Wirth,® Wolfgang Unger® and Burkhard Beckhoff?
3PTB—Physikalisch-Technische Bundesanstalt, Abbestr. 2—12, 10587 Berlin, Germany. E-mail: cornelia.streeck@ptb.de
PBAM—Bundesanstalt fir Materialforschung und -prifung, Unter den Eichen 87, 12205 Berlin, Germany

In this article the question of the certification of calibration samples for the characterisation of advanced thin film materi-
als is addressed within the framework of reliable process control or quality management purposes. Reference measurement
techniques can be used in order to address the gap in appropriate certified reference materials (CRMs) for thin film analyses.
They allow for qualifying out-of-production samples originating from an operating production line as calibration samples. As
a template for this procedure, CIGS [Cu(In,Ga)Se,] layers, that are absorber layers for high efficiency thin-film solar cells, have
been used for establishing and validating reference-free X-ray fluorescence (XRF) analysis and Auger-electron spectroscopy
(AES) as reference measurement techniques. The focus was on determining the average mole fractions in the CIGS layers
obtaining results traceable to the SI unit system. Reference-free XRF is physically traceable and is based upon radiometrically
calibrated instrumentation and knowledge of atomic fundamental data. Sputter-assisted AES can be established as a chemi-
cally traceable method after careful calibration using a certified reference material (CRM) based on a total number counting

method.

Introduction

To address the challenges associated
with energy generation, storage and
transfer in the 21°! century, innovations
in the field of advanced thin film materi-
als need to be transferred as directly as
possible into the production process to
ensure a fast lane of technological devel-
opments. Complex thin films have to be
accurately manufactured with respect to
their spatial and elemental composition,
interface properties and thicknesses.
The reliable analyses of these properties
is important in the development and
production of advanced thin films and is
primarily based on dedicated calibration
samples being used in the laboratory,
in-line or on-line process control.

In general, a prerequisite for an appro-
priate calibration of complex samples is
the similarity of the spatial and elemental
structure of the calibration sample to the
samples to be analysed. With increasing
deviations of the sample composition or
thickness between both, an increasing
difference between the analytical values
derived and the true values are induced
due to non-linear matrix effects associ-
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ated, for example, with (X-ray) absorp-
tion, secondary enhancement effects
by electrons or characteristic photons
or sputtering rate variations. The limited
number of available CRMs that can be
used as calibration samples for thin film
analyses at the nanometre and microme-
tre scale means there is an important
gap in the growing market for novel thin
film materials.

In general, calibration samples have
the role of an independent reference
with respect to the location, measuring
device and environment. They globally
ensure the reliability and reproducibility
of measuring results. Furthermore, CRMs
for calibration enable the adherence
of strict tolerance limits to improve the
profitability of production processes. An
important point in quality management
systems that meet the requirements
of ISO/IEC 17025 is the traceability of
routine test results and their validation.
This can be achieved by using known
calibration samples, e.g. CRMs (chemi-
cal traceability), in addition to Round
Robin activities for validation purposes.
An alternate route is offered by first prin-

ciple methods that are directly trace-
able to the measurement units of the
SI (physical traceability). Both physical
and chemical traceability is considered
to be equivalent. Reference-free X-ray
fluorescence (XRF) and sputter-assisted
Auger-electron spectroscopy (AES) were
established for the application of differ-
ent traceability chains.

Advanced thin film
material CIGS

CIGS layers can be considered as a suit-
able example for a class of thin films that
are already in the industrial production
processes; but where no appropriate
CRMs are available for reliable process
control or quality management purposes.
CIGS is an abbreviation for the elements
present in the layers: copper Cu, indium
In, gallium Ga and selenium Se (or sulfur
S). The CIGS layers are used as absorber
layers for thin film solar cells where their
functionality is defined by their spatial
and elemental composition. In Figure
1, a typical structure of such a solar cell
is depicted. The approximate 2pm thick
layers can reach energy conversion effi-
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Figure 1. lllustration of a thin film solar cell based on a CIGS [Cu(In,Ga)Se,] absorber layer. On
a substrate (e.g. glass) a molybdenum (Mo) layer is used as back contact. The p-type CIGS layer
forms the pn-junction with the n-type buffer layer (CdS) and the n-type window layer (ZnO:Al).

The photo current can be collected with a metallic grid on top (Ni/Al).

physical traceability
e. g. reference-free XRF @ PTB

Mo-layer

out-of-production sample
unknown characteristics

traceable characterization

chemical traceability
e. g. sputtering assisted AES @ BAM

Mo-layer

calibration sample
certfied characteristics

Figure 2. The scheme illustrates the certification of a typical out-of-production sample, here as
an example, a CIGS-layer on a molybdenum coated substrate, to a traceable sample for calibra-
tion of methods used for in-line analysis at production facilities. The reference measurement
methods can be based either on physical or chemical traceability chains.

ciencies over 20%, playing in the same
league as multicrystalline Si.' Both the
average composition of the overall CIGS
layer and the elemental depth profile of
CIGS absorber layers are major factors for
determining the conversion efficiency of
the solar cell.

One challenge posed by this sample
system is the analytical question of
determination of the in-depth elemental
gradient. A detailed study on this topic
has been published by Abou-Ras,*?
demonstrating that several methods
reveal comparable results within their
given uncertainties for the measured
gradient, while other methods differ
significantly, thus leaving the question
of the “true” in-depth gradient some-
what unanswered. The analytical objec
tive of the average composition of the
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CICS-layer was addressed as a priority.
At PTB, the National Metrology Institute
of Germany, and BAM, the German
Federal Institute for Materials Research
and Testing, reference-free XRF analysis
and sputter-assisted AES were set up as
traceable measurement capabilities for
the characterisation of CIGS layers (see
Figure 2).

Reference-free X-ray

fluorescence analysis

Conventional XRF analysis is well suited
to thin film analysis. About 25% of the
world-wide XRF market volume is corre-
lated to analytics of thin layers and coat-
ings. With XRF, the mass deposition of
elements can be non-destructively deter-
mined. Knowing the density of the thin
film, the layer thickness can be calcu-

lated, too. The employed XRF devices
are quite variable with respect to their
size, beam geometry or automation. For
conventional quantification, as used on
XRF instruments in field laboratories in
industrial or scientific applications, they
have to rely on a calibration procedure,
which is most appropriate when using a
dedicated calibration sample similar to
the layer to be analysed. The reliability of
analytical results here can be consider-
ably improved when using certified thin
film calibration samples. Reference-free
XRF is a powerful tool for certification of
such calibration samples.

The approach of reference-free XRF
enables an advanced quantification with-
out the need for any calibration samples.
This method is physically traceable to
the SI unit for the amount of substance,
the mol. It uses well-defined mono-
chromatic radiation, radiometrically cali-
brated instrumentation and knowledge
on atomic fundamental parameters such
as interaction cross-sections and fluo-
rescence yields® (see Figure 3). The
measured count rates of characteristic
XRF lines per incident radiation intensity
from a thin film sample are translated
into a mass deposition of the corre-
sponding elements in the film on the
substrate.

A typical XRF spectrum of a CIGS thin
film sample for an excitation energy of
11keV and a calibrated energy-disper-
sive silicon drift detector (SDD) is shown
in Figure 4. The deconvolution of the
spectrum is based upon both detector
response functions and physical models
for background contributions such as
X-ray resonant Raman scattering or
bremsstrahlung.

Quantification is based on a least-
square algorithm fitting measured and
calculated fluorescence line intensities.
The average composition can be deter-
mined by using the typical, standard 45°
XRF geometry, for both the angle of inci-
dence and detection. Even the in-depth
elemental gradient of a CIGS layer is
accessible by using a set of angles of
incidence from the shallow grazing inci-
dence regime beginning at about 0.2°
up to 45° and fitting the parameters
of an appropriate elemental in-depth
profile.®
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Figure 3. Scheme of reference-free XRF. For XRF spectrometry, monochromatised synchrotron
radiation from the soft to hard X-ray range can be used. A solid state detector (SDD) is typically

used as the X-ray detector.
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Figure 4. XRF spectrum for a CIGS thin film sample measured at PTB in the synchrotron radia-
tion facility BESSY Il for certification of the integral film composition. Cu-Kay, Ga-Kav and In-Lo

fluorescence line intensities were used.

Sputter-assisted in-depth
analysis by Auger electron
spectroscopy

AES is often used for chemical and
compositional analysis of technical
surfaces. Due to the small inelastic mean
free path of the electron beam induced
Auger electrons in the material, the infor-
mation depth of AES is within few atomic
layers. For an analysis of overlayers up
to thicknesses of some pm, AES can
be combined with argon ion sputtering,
enabling elemental in-depth analysis.
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At BAM, a PHI 700 Scanning Auger
Probe (ULVAC-PHI Inc.) equipped with a
cylindrical mirror analyser is used for thin
film analysis. Depth profiling was carried
out by sequential 3keV Ar* ion sputter-
ing. A typical AES survey spectrum of
CIGS is shown in Figure 5 together with
depth profiles of the elements. For exci-
tation of the CIGS surface layer, a primary
electron beam of 5keV was used.

The intensity scale of Figure 5 can be
expressed in composition data (at.%)
when a calibration sample is available.

Because CIGS is a quaternary crystal-
line material, substantial matrix effects in
AES have to be expected. Therefore, the
composition of such a reference material
must be very similar to that of the sample
to be measured. The use of a reference
material which is certified in a way that
its composition is traceable to the SI unit
of the amount of substance (mol) would
make, by careful calibration, AES a trace-
able method, too. Options to certify CIGS
as reference material are, e.g, ID ICP-MS
(isotope dilution inductively coupled
plasma mass spectrometry) or reference-
free XRF. For layers where the constitu-
ents are homogeneously distributed in
depth for both the reference material and
the sample to be analysed, quantification
is enabled by individual elemental sensi-
tivity factors. For CIGS layers with the
typical variation of in-depth elemental
composition, a quantification of the aver-
age composition can be accomplished
by a total number counting method. This
method is based on measuring the inte-
grated intensity of a constituent element
in a depth profile of a similar CRM and
a calculation of respective sensitiv-
ity factors.® The signal intensities of the
constituent elements are determined
from the summation of the individual
intensities over all measurement cycles
by using either the peak areas or the
peak-to-peak heights. This method relies
on a CRM and was recently validated by
an inter-laboratory comparison organised
by an international working group of the
International Meter Convention.®

International inter-

laboratory key-comparison
for CIGS thin films

Both methods, reference-free XRF and
sputter-assisted AES with a total number
counting method, were part of that
key comparison with the objective to
compare the equivalency of participat-
ing institutes for measuring the aver-
age mole fractions of Cu, In, Ga and
Se in an approximately 2um thin CIGS
film.® The main focus was on sputter-
assisted methods. In addition to AES,
X-ray photoelectron spectroscopy (XPS)
and secondary ion mass spectrome-
try (SIMS) were also used to determine
the average composition of a CIGS thin
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Figure 5. Left: AES spectrum of a CIGS surface after removal of surface oxides and contamination by Ar* sputtering. Elements are identified by the
characteristic kinetic energy of Auger electrons. For the determination of the composition, the Auger transitions Cu LMM (922€V), In MNN (405€V),
Ga LMM (1070€V) and Se LMM (1311eV) are used. Right: elemental depth profile across the CIGS film sample down to the Mo substrate. See text for

further details.

film by using the total number count-
ing method and a certified sample for
calibration. This sample was certified by
ID-ICPMS.” Although AES, XPS and SIMS
are not traceable measurement methods
on their own, the key comparison has
shown that after careful calibration with
a certified reference material, traceabil-
ity is reached. The only method included
in the key comparison which does not
need the reference sample is reference-
free XRF, because it is a primary method
with intrinsic traceability.

Summary and outlook

By using reference-free XRF, a primary
method with traceability to the SI units
mol and metre, determination of the
mass deposition of layered samples
is possible. The method allows for the
determination of average mole fraction
and thickness of the layer. Thus, out-of-
production samples, exemplarily shown
here on a CIGS thin film layer, can be
certified as calibration samples for
process control by field XRF instruments
and other methods like AES, SIMS and
XPS. In this way these methods become
traceable. Such traceability promotes
the value of these methods in quality
management systems in test laboratories
working under ISO/ICE 17025 accredi-
tation. Moreover, for selected sample
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systems it could be shown that this XRF
methodology is enabling a determina-
tion of elemental in-depth gradients.®
However, higher measurement and data
reduction efforts are required to reach
this goal. The given approach to certify
an out-of-production sample in a way
traceable to the Sl is not limited to CIGS
but can also be extended to other types
of thin-film sample systems at the nano-
metre or micrometre scales. Reference
methodologies, such as reference-free
XRF and calibrated AES, can meet the
growing demand on well-characterised
thin film samples.

With respect to XRF analysis, a widely
used technique in testing laborato-
ries engaged in thin-film analysis, stan-
dardisation under ISO/TC 201/SC10 is
on-going. The aim is here to establish an
ISO standard for the certification of out-
of-production samples for thin film anal-
yses by traceably calibrated commercial
XRF instruments.
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Introduction
Nanomaterials find widespread applica-
tions in many fields of science and nano-
technology, especially as catalysts in the
chemical, bio-nanotechnology, nano-
electronics and pharmaceutical indus-
tries. Understanding the physical and
chemical properties of nanoscale mate-
rials is important, not only because of
the fascinating nature of the subject, but
also due to their potential applicability
in almost every branch of science and
technology. Nanostructured materials
offer interesting properties, because at
the atomic or molecular scale, the physi-
cal properties of a material become size
dependent due to the quantum confine-
ment and surface states effects.
Similarly, patterned nanostructures are
very important in fabricating novel elec
tronic, magnetic and photonic devices.
For example, molecular printing of nano-
particles is highlighted as a method for
creating an organised precursor struc
ture on a substrate surface for locating
nanowires and carbon nanotubes. In all
the examples, the ability to control the
particle size distribution and surface
morphology of the nanoparticles is of
crucial importance, both from the point
of view of fundamental understanding
and of the tremendous number of high-
tech industrial applications in the areas of
dye-sensitised solar cells, smart displays
and glass windows, chemical, gas and
bio sensors, lithium batteries, super
capacitors etc.!™
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Some common X-ray
technigues used

for nanomaterials
characterisation

X-ray reflectivity

X-ray reflectivity (XRR) is a widely used
characterisation technique to obtain
micro-structural details of a nanostruc
tured thin film medium (e.g. thickness,
interface roughness, density variation
etc). The technique offers high accuracy
for the determination of the thickness
of a thin medium. The XRR technique,
however, has the limitation that it does
not provide any element-specific infor-
mation. In addition, the technique
suffers from a serious limitation in its
applicability to analyse ultrathin layers of
thickness in the sub-nanometre range,
or structures of very large thickness
(>100nm), as well as non-reflecting
thin film systems.*

X-ray fluorescence

X-ray fluorescence (XRF) spectroscopy
is one of the simplest and most widely
used techniques for the non-destructive
multielement analysis of materials. Over
the past several years the technique has
seen a remarkable progress and proved
its applicability to a variety of fields such
as archaeology, environment, geology
and materials science.® Apart from the
research applications, the technique has
also found success in industry, especially
in maintaining the quality of ultra-pure

grade chemicals, reagents and products.
In conventional XRF, the element detec
tion sensitivities are largely limited to the
pgg™' (ppm) range; mainly because of
the large spectral background produced
by the Compton scattered X-rays from
the specimen.

Total reflection X-ray
fluorescence (TXRF)

TXRF is another variant of the XRF tech-
nique, where the complexity of the
Compton spectral background is elim-
inated to a great extent. This is due to
the high reflectivity of the flat surface
and low penetration depth of the primary
X-ray beam in the substrate material, on
which the incident X-rays are allowed to
impinge at glancing incidence angles.
All these features improve the detection
sensitivities of TXRF technique by two
or three orders of magnitude or better
compared to conventional XRF: typically
in the range of parts per billion (ppb) for
most elements.®

Grazing incidence X-ray
fluorescence (GIXRF)

One of the variants of TXRF, often
referred as fluorescence-assisted X-ray
standing wave (XSW) is a powerful and
versatile tool to unfold depth-resolved
physical and chemical properties of
nanostructured materials, as it combines
the features of both X-ray reflectivity
(XRR) and XRF techniques. Under the
condition of total external reflection
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Figure 1. Measured TXRF spectrum of ground water (a) and coconut fruit water (b) at monochromatic X-ray energy of E,=17 keV. Ga (35ppm) was
used as an internal standard during TXRF quantification. Solid back and green lines, respectively, are the experimental and fitted data whereas grey
line represents a good estimation of the spectral background.

of X-rays on a mirror surface or Bragg
reflection from a multilayer structure,
the incoming and reflected beams inter-
fere and form an XSW field on top of
the mirror surface. This XSW field also
extends below the mirror surface to a
certain depth. It can be used to excite
impurity elements that are embedded
inside a thin film medium. Enhanced
fluorescence radiation is emitted from
those parts of the sample volume that
present at the locations of XSW field
antinodes. This variant of the XRF tech-
nique is referred as grazing incidence
X-ray fluorescence (GIXRF). The tech-
nique offers high accuracy for the deter-
mination of the density variation in a
thin film medium. The GIXRF analysis
not only provides dimensional visuali-
sation for nanostructured materials, but
it also offers depth-resolved localisation
for a foreign impurity element inside
a thin film medium.”® A few research
groups have recently shown that GIXRF
measurements can be successfully
used for the determination of the aver-
age size of nanoparticles dispersed
over a large surface area on a reflecting
surface as well as for those embedded
in a polymer matrix. In recent work, we
have shown that it is possible to infer
detailed information on depth-resolved
chemical speciation and the electronic
nature of a thin film structure if near-
edge X-ray absorption measurements
are carried out in combination with the
XSW investigations.'
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Environmental applications
TXRF measurements were carried out to
determine the presence of various trace
elements in ground water and coconut
water samples. For this, ~10 L volume
of two water specimens were pipetted
onto a cleaned quartz glass substrate
after adding Ga as an internal standard
element (35ppm) and without employ-
ing any dilution procedure. The dried
residue of the water was then directly
employed for TXRF excitation. Figures
1(a) and 1(b) illustrate the measured
TXRF spectra of the ground water and
coconut water samples, respectively. By
comparing the two spectra, it can be
seen that coconut water contains several
trace elements in larger amounts than
ground water. It is known that coconut
water provides a rich dietary source of
cytokinins and plant hormones that
offer anti-cancer, anti-aging and anti-
thrombolytic benefits in humans. Table
1 summarises and compares the deter-
mined concentrations of various trace
elements present in the coconut and
ground water samples.

Characterisation of
nanomaterials
Nanostructured thin films

As discussed above, angle depen-
dent TXRF, often referred as GIXRF, can
be successfully used to evaluate the
microstructural properties of flat optical
surfaces and thin layered materials. In
particular, the technique is very effective

in determining structures of nanolayers
deposited on flat polished Si wafers. With
recent advancements in the thin-film
growth technologies, considerable inter-
est has been focused on the fabrication
of superior-quality, thin, nano-structured
materials that have better surface—inter-
face properties and improved layer thick-
ness homogeneity. Combined X-ray
reflectivity and GIXRF measurements
allow structural parameters (e.g. thick-
ness, surface roughness, film density) to
be determined as well as depth-resolved
distribution of unwanted foreign impu-
rity elements, if any, embedded inside
the thin film medium." Figure 2 shows a
computed XRR pattern fora CuO (4 nm)/
Cu (30nm) bilayer thin film medium,
deposited on a Si substrate. The lower
frequency fringe oscillations (Kiessig
fringes) in the XRR pattern give struc-
tural information on the thin CuO film
medium, whereas high frequency oscil-
lations provide structural information of
the thick Cu film medium. The XRR-GIXRF
measurements can be reliably used to
analyse a heterogeneous thin film struc
ture comprising of different surface and
interface properties.

Analysis of nanoparticles

The nature of dispersion of nanoparti-
cles on a flat surface (see Figure 3) is
governed by many complex short-range
forces. Depending upon the surface
chemistry and available cohesive and
adhesive forces between different parti-
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Table 1. Determined concentrations of various trace elements in the water and coconut water.
All quantities are in (mgL™"), (1 mgL™"'=1ppm).

Ground
water f

d

K
Ca
Ti
v
Cr
Mn
Fe
Ni
Cu
Zn

Ga (internal
standard)

Br
Rb
Sr

0.04
0.37

3.0

0.17

0.003

0.012
0.55
0.08
0.026
0.03

36.0

0.07

1ppb
0.06

Coconut WHO guidelines
ruit water | (for drinking water)
265 <5

1367 Not defined?

68.0

of water)
0.03
0.023 <0.05
1.7 <04
1.8 0.5-50
0.158 <0.07
0.09 <2
0.26 0.01-0.05
36.0 =
3.6 <0.05
2455ppb —
0.2 =

*recommended daily requirement is >3000 mg
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Figure 2. Computed X-ray reflectivity pattern of a CuO (4 nm)/Cu (30 nm) bilayer structure,

deposited on a Si substrate surface. The computations were performed using the GUI-CATGIXRF"

program assuming incident X-ray energy of 12 keV.
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cles as well as between particle and
substrate, the dispersion of nanoparti-
cles on a flat surface usually follows a
complex distribution profile. It might be
monodispersive in nature or may follow
a complex distribution of particles in the
form of agglomerations. The quantitative
analysis of such complex nanostructured
materials is very challenging, but still a
largely unexplored issue. Currently avail-
able surface characterisation techniques
are not widely suitable for the morpho-
logical analysis of such complex nano-
structured materials. Below, it has been
shown how GIXRF measurements can be
employed as a sensitive probe to charac
terise the nature of dispersion of nano-
particles on a flat surface.”

Determination of size and
shape of the nanoparticles

To demonstrate the capability of the
GIXRF technique for the determination of
size distribution profile of the nanoparti-
cles on a flat surface,’® numerical simu-
lations have been carried out. During
the GIXRF computations, Au nanopar-
ticles of an average diameter ~30nm
and comprising of different particle size
distribution profiles has been consid-
ered. Figures 4(a), (b) and (c) show
the computed GIXRF profiles for the
Au nanospheres at 15.0keV incident
X-ray energy assuming different r.m.s.
variations (o) in the particle size distri-
bution (2nm, 8nm and 12 nm, respec
tively). From Figure 4, it can be seen that
the GIXRF profile undergoes a system-
atic variation if the r.m.s. value of the
Au nanospheres changes from 2nm to
12nm. The Au-La intensity modulations
in the GIXRF profiles below the critical
angle (6 ~ 0.12°) change rapidly and
merge together as the r.m.s. variation in
the particle size is increased. In the insets
of Figures 4(a), (b) and (c), distribution
profiles of the Au nanoparticle as a func
tion of their size (normalised frequency
vs particle size) are shown.

Numerical simulations have also
been carried out to determine how
effectively GIXRF measurements can
be used to distinguish different shapes
of nanoparticles. To maintain a consis-
tency in the interpretation with respect
to previous results, similar sizes of the
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Fluorescent X-rays
from Nanoparticles
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Figure 3. A schematic illustration showing the distribution of nanoparticles of different elements

on top of a flat surface.
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Figure 4. Computed Au-Lo fluorescence profiles for the Au nanospheres dispersed on the Si
surface at incident X-ray energy of 15.0keV. The computations were carried out assuming an
average particle size of ~30nm and considering different r.m.s. variations (o) in the particle size
distribution (a) 0=2nm, (b) 0=8nm and (c) o=12nm. Computations were also carried out to
account the effect of different shapes of the nanoparticles. (d) Nano-sphere of diameter ~30nm,
(e) nanorod (height = 30nm). The figure is reproduced with permission from Reference 13,

Copyright © 2017 John Wiley & Sons, Ltd.

Au nanoparticles (average diameter
~30nm) were considered. During the
numerical simulations, different shapes
of nanoparticles were considered.
Figure 4(d) represents a simulated
GIXRF profile for spherical nanopar-
ticles, whereas Figure 4(e) depicts a
simulated GIXRF profile for the cylin-
drical shape (i.e. a nanorod). In both
the cases, a .m.s. variation in the parti-
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cle size distribution of o ~2nm has
been assumed. The calculations were
performed considering an incident
X-ray energy of 15keV. By compar-
ing Figures 4(d) and 4(e), it can be
seen that the Au-L« fluorescence yield
shows strong variations below 6., when
the shape of the nanoparticles changes
from spherical to cylindrical. These
results clearly show that the shape

parameter considerably modulates
the GIXRF profile of a nanoparticle.
Such measurements can be success-
fully employed to distinguish different
shapes of metal nanoparticles (e.g.
nanosphere, nanorod etc.).

GIXRF measurements also allow one
to evaluate whether the distribution of
the nanoparticles on top of a substrate
surface exhibits monodispersion or
whether agglomerations form.'" Figure
5(a) shows a recorded GIXRF profile
for the monodispersed distribution of
Fe nanoparticles of average diameter
~20+1nm on top of a Si substrate.
Figure 5(b) demonstrates measured a
GIXRF profile for an agglomerated distri-
bution of similar Fe nanoparticles on the
Si substrate surface. The insets in Figure
5 show SEM pictures in the respec
tive cases. It can be seen here that the
GIXRF measurements are fairly sensitive
and can distinguish the nature of the
distribution of nanoparticles on top of a
substrate surface.

Conclusions

It has been shown that XRR and GIXRF
are powerful and complementary tools
to characterise depth-resolved, surface—
interface properties of nanostructured
materials deposited on top of a flat
smooth surface. The technique allows
one directly to estimate average particle
size, particle shape, nature of dispersion
of nanoparticles on a substrate surface.
Element specificity is another potential
feature of the GIXRF method. A single
measurement is sufficient to determine
the average size of the nanoparticles
over large surface areas, obviating the
need to perform several measurements
over small regions of a specimen, which
is commonly required in other conven-
tional probes. With respect to its inherent
nature, the technique can be successfully
employed to analyse surface morphol-
ogy of a variety of nanostructured mate-
rials, dispersed on top of a polished
surface or embedded inside the bulk
matrix, a few nanometres below the
surface.
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Significant research is underway globally
into both improving corrosion protec
tion as well as removing chemicals of
concern from existing corrosion protec
tion coatings. This is because the cost of
corrosion in developed economies has
been consistently shown to lie in the
range 2—4% of Gross National Product.
The most recent comprehensive study of
this type, in 2002 by NACE International
in the USA, estimated that the cost was
$276bn, then equal to 3.19% of US GDP!

For a topic of such magnitude it rarely
gets the exposure it deserves except
when disaster strikes. From the plague
of US gas explosions and oil contamina-
tion from pipelines to tanker disasters;
high-profile yacht keel failures; sewer
explosions; airplane and helicopter
crashes—the loss of life directly attributed
to single corrosion events can be head-
line-grabbing. However, it is often events
much closer to home, such as the perfo-
ration of domestic copper water pipes or
corrosion failures on vehicles, that we
are more likely to experience ourselves.
Corrosion protection is an area that has
historically used visual inspection and
electrochemical testing methodologies.
How can novel spectroscopic tools help
the development of better products in
this field?

How is spectroscopy
helping corrosion
scientists

The standard technique for examining
coating performance and failure is by

20 SPECTROSCOPYEUROPE

visual inspection, and this approach is
written into many performance stand-
ards. A more sophisticated approach
combines the dielectric properties of
organic polymeric coatings with the elec
trochemical corrosion process. DC and
AC electric testing of systems using elec
tric circuit models that link to physical
processes of performance are used. In
particular, methodologies such as elec
trochemical impedance spectroscopy
(EIS) are used for the relatively rapid
determination of barrier properties of
coatings. However, these rely on indirect
results delivered from fitting the analyti-
cal results to theoretical models to draw
mechanistic conclusions. If you are using
the technique for the quality control of
an existing coatings formulation, where
you know the long-term properties of
the systems under investigation, this is a
good method. However, the mechanis-
tic link is insufficiently robust to support
the development of new coatings. For
example, although the electrochemi-
cal impedance response of a “perfect”
organic coating resembles an electrical
capacitor, coatings that are failing or inter-
acting with their environment to actively
inhibit the corrosion process produce
far more complex electrical responses.
Data modelling of EIS includes fitting
terms associated with the coating resist-
ance, the electrochemical double layer
at the surface, the polarisation resist-
ance to charge transfer, diffusion and
other effects. It is even more challeng-
ing to unambiguously separate Faradaic

processes (i.e. those associated with
corrosion reactions) from non-Faradaic
process (i.e. associated with changes
and breakdown of the polymeric struc
ture). Even for a relatively simple system,
the interpretation is carried out by fitting
multiple, often non-linear, models to the
data. As such, debate around the inter-
pretation of the results can result. Once
water penetrates a coating and active
corrosion protection starts, the solutions
become an order of magnitude more
complex. So rather than guessing what
is happening, would it not be far better
to actually look into the coating and
use spectroscopic analysis to follow the
chemical changes within the coating and
its interaction with the metal substrate?

How do protective
coatings work?

A polymer coating applied to a protected
surface is composed of a binder (cross-
linked polymer resin such as vinyl, acrylic,
epoxy, polyurethane) and additives (such
as functional pigments including anticor-
rosive agents and other fillers). Polymer
coatings provide corrosion protection
in two ways: 1) they form a barrier for
corrosive species and block ionic transfer
between anode and cathode areas on
a metal surface; 2) they act as matrices
for dispersed functional pigments (i.e. for
anticorrosion, appearance etc.). Active
anticorrosive performance from polymer
coatings is provided by the incorpora-
tion of pigments that function by being
sparingly soluble or by ion-exchange
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with the external environment. These
mechanisms result in the migration of
active (i.e. corrosion inhibiting) species
towards the metallic substrate that delay
or interrupt corrosion reactions. The most
effective pigments exhibit very limited
solubility in water, which prevents exces-
sive leaching and results in long-term
release to guarantee a high level of corro-
sion protection during the entire lifetime
of the coating.

What can we currently
actually see—what do we
hope to see?

One of the most efficient systems with
active corrosion inhibition properties
involves chromate pigments. However,
due to toxicity concerns, markets and
regulations require the use of more
environmentally-friendly, yet equally or
even better-performing, alternatives.
Surprisingly, despite the fact that anticor-
rosive pigments have been commonly
used for many years, the mechanism
of their performance is not fully under-
stood; particularly when incorporated
into an organic coating. Therefore, the
development of new anticorrosion solu-
tions is based on screening tests that do
not consider mechanisms of processes
occurring in the coatings. Corrosion
inhibitors and their interactions with
protected surfaces are investigated,
but how they function in the coating
system is not clear, especially regard-

ing their leaching and migration towards
the protected surface. This is one of the
main obstacles in effective development
of new systems.? Notably, coatings are
complex systems that also contain other
pigments/fillers which can influence the
migration process. A cross-section of a
conventional coating system (i.e. primer
+ top coat) imaged using SEM (scan-
ning electron microscopy) is shown in
Figure 1(a), while the additional chem-
ical/analytical information that can be
gleaned from the application of energy
dispersive X-ray spectroscopy (EDS) is
shown in Figure 1(b).

How is the migration of species from
the pigments within coatings actually
investigated? Generally, indirectly by
leaching experiments of pigmented coat-
ings immersed in electrolyte solution,
where the concentration of inhibitor in
the external solution is measured using,
for example, inductively coupled plasma
mass spectrometry (ICP-MS). The distri-
bution of pigments in the films and
changes occurring upon water penetra-
tion and pigment leaching can be directly
characterised by, for example, Raman
spectroscopy, scanning electron micros-
copy (SEM)/EDS or scanning transmis-
sion electron microscopy (STEM)/EDS. In
such a case, the depth of pigment deple-
tion is estimated based on the analysis of
cross-sections of the film after exposure.
The next step is analysis of the coating
systems with the pigment particles in 3D

by means of X-ray computational tomog-
raphy (XCT) or SEM-based 3D section-
ing techniques. XCT is a non-destructive
method which allows monitoring parti-
cle distribution in the matrix, however,
with limited resolution (up to 0.5pm).
SEM-based 3D imaging techniques can
provide higher resolution (~5nm), but
since they are destructive, in situ experi-
ments are not possible. An example of
a 3D reconstruction of a coating sample
with SrCrO, particles after a leaching
experiment is presented in Figure 2. This
type of analysis allows the structure of
particles and voids formed after pigment
leaching from the matrix to be followed.

The mechanism of pigment migra-
tion proposed recently assumed that it
occurs initially through direct dissolu-
tion of pigment particles upon contact
with the electrolyte, but then changes to
diffusion through connected void path-
ways created after pigment leaching.®
Additionally, alternative mechanisms are
considered, such as migration through
connected pathways via the filler or other
additives or connected pathways in the
matrix due to its inhomogeneity.*

Is then the transport through the
coatings possible via other pathways
than connected pigment particles? The
answer might be found in the polymer
matrix itself, by analysing internal hetero-
geneity which might lead to forma-
tion of pathways for ions migration.®
Furthermore, screening pigment distri-
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Figure 1. The cross-section of a conventional coating system (primer + top coat) on a metallic substrate imaged by SEM (a) with additional analytical

information obtained from EDS (b).
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Figure 2. Coating containing 15% vol. of SrCrO,, particles; the image was reconstructed from
serial sectioning using a focused ion beam (FIB) accompanied by serial SEM imaging. SrCrO,
particles (grey) and voids (red) are shown after exposure of the sample to NaCl solution. The

field of view is 12x 12pm.

bution in the polymer matrix by high-
resolution 3D techniques can reveal
additional connected pathways between
the pigment particles.

What does the perfect
future world look like?
Hopefully, we have shown that with
comparatively simple data processing
of the different spectroscopic analytical
techniques, we can deliver substantially
stronger interpretive results to support
the development of better anti-corro-
sion systems. However, when putting
presentations together this may look
nice and simple, but the lack of inte-
grated software solutions means that
analysts need to be experts in at least

22 SPECTROSCOPYEUROPE

five different spectroscopic data analy-
sis packages to bring this story together.
Even where the data are measured on a
single high-vacuum instrument, the data
handling is not integrated. The recrea-
tion of the 3D images, which is criti-
cal to follow the leaching of pigments,
is also carried out independently of the
acquisition software. A further challenge
is that, currently, the reconstruction is
both a time-consuming and subjective
process. Work continues to improve the
algorithms and no doubt the applica-
tion of machine learning could remove
the subjectivity. Hopefully, the objec
tive data it is now possible to produce
using advanced 3D spectroscopic tech-
niques will provide quantitative input

into the electrochemical modelling and
help reduce the complex solution space
they suffer from. Of course, in the perfect
world, we would be able to carry out all
the analyses in a single instrument—in
real-time—and carry out the data inter-
pretation using an integrated software
suite... we can but dream!

You can learn more about analyti-
cal methods in corrosion science at the
Electrochemical Methods in Corrosion
Research (EMCR) conference being held
from 22 to 27 July 2018 at Robinson
College in Cambridge, UK. More informa-
tion at http://emcrconference.org.
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Sampling takes place every day in everybody’s daily life. Consciously or unconsciously, we all take decisions regarding how
to select and collect the things we need, be those vegetables or coffee in the supermarket, or material for academic research
projects—with everything in between. Those who have been curious enough to reflect on everyday decision-making processes,
discovered immediately that sampling decisions often make all the difference. This is why an incipient theory started to be
elaborated. One individual, more brilliant than others, made a giant step forward in the evolutionary thinking on sampling
and developed what became the Theory of Sampling (TOS); his name was Pierre Gy. We will dedicate a later column (maybe
more) to focus on his life’s monumental achievements. This all started in the year 1950. Here below, with the experience
gained over almost 70 years, we discuss cases both pro et contra TOS. Readers of earlier Sampling columns will readily
understand why cases pro TOS can be marshalled, but will rightly wonder: why cases contra TOS? Well, it is time to stray a bit
outside the strictly scientific and technical issues of sampling and make an attempt to understand why TOS is not universally
accepted despite being universally applicable. Here we present and discuss various motivations for taking on, or not, repre-
sentative sampling or embarking on a project replacing existing sampling systems that have been found faulty and non-repre-
sentative. The very first column in this series framed the key issue squarely: What is the meaning of analysing a demonstrably
non-representative sample? At the time the conclusion was straightforward: There is none! In spite of this impeccable logic,
proponents of TOS still often meet arguments (of bewilderingly different sorts) why one should not involve TOS. It is illumi-
nating to understand what are the drivers and arguments behind this surprising attitude. Stepping into what we think are the
wrong shoes, trying to understand the fundamental reasons for the existence of a strong resistance to TOS is necessary, even
if not sufficient on its own, to find a more effective and successful communication strategy to explain that sampling and repre-
sentativeness are the two sides of the very same coin. Hence cases pro et contra TOS will be presented and discussed below.

A powerful case for TOS

In trade and commerce

According to international trade agree-
ments and codes, disputes between
buyer and seller are to be pre-empted
by duplication (or triplication) of primary
samples, of which one is analysed by
the buyer, the other by the seller. A
third sample is sometimes archived to
be used if disputes can only be resolved
in a court of law. Sometimes a third
party is called for who then either anal-
yses the archival sample, or is asked
to perform a completely new primary
sampling + analysis. Usually the two
analytical results from the buyer and

The author is employed by the European
Food Safety Authority (EFSA). The positions
and opinions presented in this article are
those of the author alone and do not neces-
sarily represent the views or scientific works
of EFSA.
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seller are compared, and should ideally
fall within a commonly agreed upon
uncertainty interval, specified in the
contract; the simple average value is
then often used for the pertinent busi-
ness purposes.

The interesting case is when analyti-
cal differences exceed this acceptance
interval, in which case the trade codes
mandate that the archival sample is
forwarded to and analysed by a third,
independent party, whose analytical
result is sometimes used directly by fiat.
If this is not acceptable to one or both
parties, the dispute goes to arbitration
in a court of law. This will in most cases
then dictate to use the average between
the two nearest of the three analytical
values, upon which to conduct the sali-
ent business transaction. This arbitration
approach appears logical and easy to
follow, and is never questioned further—

likely because there is always a guaran-
teed resolution.

However, there is a hidden elephant
in the room!

There are very rarely sufficient stipula-
tions on how the primary samples are
to be extracted. Indeed, it is commonly
accepted, albeit often tacitly only, that
each party or stakeholder is free to use
whatever sampling procedure they prefer.
The focus is overwhelmingly on the
magnitude of the final analytical results.
It is thus acceptable that the seller and
the buyer may wish to perform sampling
independently, for example having the
seller sample at the port of loading of
a ship's cargo, while the buyer samples
the same cargo but upon arrival at the
receiving port. This is so, because every
pair, or every triplicate set, of primary
samples is simply assumed to be fully
representative of the cargo in question;
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lest the above arbitration rules fall apart.
The crucial issue is that the dominating
sampling error effects are invisible in the
gamut of contractual stipulations—it is all
about the analytical results, and perhaps,
in the more thoughtful cases, also about
the quality of the analytical determina-
tions involved.

Sampling procedures for which TOS
demands elimination of all bias-gener-
ating errors are not heeded (Incorrect
Sampling Errors, ISE) will lead to biased
sampling. This leaves the issue without
control of the magnitude of the influ-
ence of the material heterogeneity.
This will unavoidably lead to a signifi-
cant inflation of the practical sampling
variability, the more so the higher the
lot heterogeneity. When one, or both,
parties in an analytical dispute are not
in compliance with the prerequisites for
representative sampling, the empirical
sampling variability is highly likely to be
much larger than the commonly agreed
upon contractual uncertainty interval
(see Figure 1). This translates directly
into a high probability that the analyti-
cal results from both parties cannot be
resolved but will have to go to arbitra-
tion. This is the status quo for very many
current international trade agreements,
codes and contracts. The degree to
which this scheme results in the need
for arbitration is directly proportional to
the inherent heterogeneity of the cargo
involved, and to the degree of deviation
from the principles that guarantee repre-
sentative sampling. Cargoes with a small
heterogeneity will rarely experience a
need for arbitration, but as cargo heter-
ogeneity goes up so will the number of
cases in which comparable analytical
results are not observed.

The key feature here is that the degree
of heterogeneity of the lot or material,
as sampled by the specific procedure in
use (representative or not), is the real
determinant w.rt. the magnitude of the
analytical results—not the aptitude of the
analytical laboratories involved. Usually
analytical errors are very well under
control (TAE)—indeed these are practi-
cally always neglectably small compared
to the dominant total sampling errors
(TSE). This means that there will never
be a bona fide common basis upon
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Representative sampling

Contractual uncertainty interval

Non-representative sampling

Non-representative sampling

Figure 1. The consequences of non-representative sampling are identical for buyer and/or
seller—an inflated sampling variability (blue) making it very difficult to be able to satisfy the
contractual uncertainty interval (yellow). Things get completely out of control when both buyer
and seller, and even a third arbitration party, may choose their own sampling procedure freely.
Resolution of the analytical result comparison issue is only possible when all parties agree only to

use representative sampling procedures (red).

which to evaluate the magnitude and the
significance of the difference between
any two, or three, analytical results in
all resolution efforts. As long as there
is no agreement or contract that legally
demands representative sampling, there
will never be an objective basis, nor a
rational treatment of analytical disputes.
This is unfortunately the status quo in
nearly all cases.

For both buyer and/or seller the conse-
quence of non-representative, i.e. biased,
sampling is a fatally inflated sampling
variability (blue), compared to unbi-
ased procedures (red); see Figure 1.
Only these representative procedures
are able to deliver a minimum sampling
uncertainty that can be compared to the
contractual uncertainty interval (yellow).
Things get really out of control if/when
buyer and seller, and/or an arbitration
agency, can freely choose their own
sampling procedure etc. There is only
one way out of this hidden enigma
not comprehensively recognised in
current trade agreements and codes—
all sampling must be representative, i.e.
compliant with the Theory of Sampling
(TOS), for example as codified in the
international standard DS 3077 (2013).

The mind boggles when it is realised
that a single sentence is able to rectify
the fatal quagmire outlined above, a

sentence that just need to be included
in all contracts forthwith when issues of
sampling are on the agenda:

"All sampling procedures invoked to
secure primary samples (as well as all
sub-sampling operations needed to
produce the analytical aliquot), whether
by buyer, seller or an arbitration agency,
shall be compliant with the principles of
representative sampling as laid out by
the Theory of Sampling (TOS), as codi-
fied in the standard DS 3077 (2013);
all sampling procedures must be
adequately and fully documented.”

Cases against TOS (science,
technology, commerce, trade)
Unbelievingly (for the present authors,
and the Publisher ;-), the following state-
ments are true [comments by the pres-
ent authors in boldface parenthesis].
B “You claim that this sampler is
not representative, based on a
Replication Experiment characteri-
sation—but this sampler has been
in use for over 30 years—how could
it be wrong?" [The Replication
Experiment (RE) has not been
understood—training, or re-train-
ing, is critical. The same imper-
ative concerns variographic
characterisation. See several previ-
ous columns in this series.]
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Figure 2. An attempt to design a dedicated “conveyor belt sampler”, intended to sample from

a falling stream of particulate matter. Conveyor belt (top), continuing screw feeder (bottom). In
between, a hopelessly inadequate scoop sampler incurring significant IDE (Increment Delineation
Errors, IDE) as well as manifest IME (Increment Materialisation Errors). This scoop is totally unable
to supply a continuous cross-slice of the moving stream of matter, and will manifestly be subject
to severe overflow. In spite of a critical sampling audit, this sampler is still in use: “There is no

room to install a replacement sampler"—QED.

“I cannot tell customers that these
samplers, which we have installed
in our plants for decades, now
“suddenly” are wrong, and need to
be replaced!” [This sales person
clearly has a very different agenda
than being responsible for selling
the customer a system that a.o.
guarantees representative analyti-
cal results—this sales person must
be (re-)trained re. the importance
of representativeness and the
economic consequences of faulty
decisions. What is the meaning
of analysing a demonstrably non-
representative sampler? There is
nonel]

"The sampling standard must be
easy to follow, and to implement—
or else it will not be used.” [A score
of similar “simplicity arguments”
against invoking TOS have been
overheard in numerous standardi-
sation committees and technical
task forces, all the more incredible
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as such are supposed to be staffed
by the most knowledgeable and
experienced experts. Crucially in
this context: What is the meaning
of analysing a demonstrably non-
representative sampler? There is
nonel]

“The TOS principles are not required
in this specific ISO standard.” [—yet!]
[Many sections exist in a pleth-
ora of current standards ostensi-
bly dealing with “sampling”, but
sadly with very little, or no, cogni-
sance of TOS. Ignorance is no
excuse for the law, however. What
is the meaning of analysing a
demonstrably non-representative
sampler? There is nonel]

The client will not accept/not pay
for such overly complex samplers! |
will not meet my quota if insisting on
invoking TOS “all of a sudden”. [It is
the responsibility of the sales force
to be competent wrt TOS to such
a degree as to be able to explain

the consequences of buying a,
say $1 M processing plant (as an
example, which is not a carica-
ture) while insisting on installing
demonstrably non-representative
samplers. What is the meaning
of analysing a demonstrably non-
representative sampler? There is
none! It is the responsibility of
the pertinent sales force super-
visors to ensure that front-line
sales personal have adequate TOS
skills.]

“There is no room for a replacement
sampler—the ceiling is too low... It is
prohibitively costly to raise the roof
on the building” ... [Let these state-
ments be placeholders for a slew
of similar “practical arguments”
why a representative sampler
simply cannot be considered.
Clearly economics goes before
representativity here—but what
is the meaning of analysing a
demonstrably non-representative
sampler? There is nonel]

Tradition has always been not to cut
a full slice of the stream of matter
across the whole width of the flow.
There is simply not space around the
conveyor belt to allow the sampler
to reach all across. [Any respon-
sible person involved must be
able to explain the fatal conse-
quences of allowing incorrect
sampling errors to influence the
sampling process, and indeed of
using a manual sampling process.
Practicality, perceived technical
difficulty, economics, logistics...
and a host of other contra argu-
ments cannot be the driver behind
primary sampling—only represen-
tativity can. What is the meaning
of analysing a demonstrably non-
representative sampler? There is
nonel]

“Do you really think that Gy was the
only one to understand sampling?
You guys have been brain-washed.
Sampling can be carried out in many
ways, and they all work”. [The first
part of this statement is just brash
and personal, showing a complete
lack of understanding of TOS; we
leave it on the futile scrap heap

SPECTROSCOPYEUROPE 25


www.spectroscopyeurope.com

VOL. 30 NO. 1 (2018)

The most remarkable gross
unawareness encounteredin a
geo-science laboratory — ever!

WHAT IF all
this material is
significantly
heterogeneous?

12 kg — fully crushed (TOS)
compared to
20g (grab)— ratio 600: 1

Figure 3. Scene from a geo-science analytical laboratory (sample preparation front room). The
full content of the white plastic container (left), a carefully collected composite sample (12kg),
is in the process of being coarse-crushed in a study aimed at illustrating the value of proper TOS
procedures in the laboratory steps of the complete “from-field-to-aliquot” pathway. Unbelievably,
an authoritative laboratory stakeholder suggested, with conviction and strength: “It is not neces-
sary to go such lengths as to crush all this material (for each field sample)—just pick and crush
a ‘suitable fragment’ of the mass commensurate with the subsequent fine-crushing capacity
(20g)—this saves a lot of work!" This statement encapsulates the wide-spread work efficiency
argument to the extreme, combined with blatant neglect of the main characterisation of rocks:
heterogeneity—alas with catastrophic results in the form of a 1/600 reduction of the coverage
of the significantly heterogeneous material. “Luckily” (in fact not by luck alone...), the laboratory

student assistants were well trained wrt TOS and rejected this proposal firmly.

of personal insults. The second
part represents a complete lack
of demonstrable evidence—while
on the contrary the TOS commu-
nity has always gone out of its
way to show why “other theories
of sampling” in fact do not lead to
representativity, witness, for exam-
ple, the complete literature curric-
ulum cited in these columns.]

B Linking a discipline to a person is
scientifically wrong—a plurality of
views is a key value in science. [At
first view this “argument” would
appear to contain a substantive
general warning—but it is in fact
a gross misrepresentation in the
case of TOS. It takes an in-depth
discussion to treat this statement
with the seriousness it deserves,
which is left to a later column
dedicated to the scientific achieve-
ments of Pierre Gy.]
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B "Applying TOS costs too much
money—the current sampling proto-
col has been in use for 20 years and
there has never been any complaint!
We are not going to change every-
thing today without solid economic
evidence. [A plethora of solid
evidence of economic losses due
to faulty sampling exists in the
TOS literature. Any TOS-competent
proponent is able to run a
Replication Experiment (RE) or a
variographic experiment, estimat-
ing the effective sampling vari-
ability in a jiffy, given the relevant
data; from this, economic gains or
losses are easily calculated. Later
columns will supply this kind of
counter-arguments, complete with
the critical economic results.]

B "Have you ever seen a shipment
of grain? Do you really mean that
we are to ensure that every single

grain has the same probability of
being sampled?” [This statement is
unaware of the critical role played
by the Fundamental Sampling
Principle. The key TOS tenet is only
to sample where ship cargoes are
in an effective 1-D transportation
state, e.g. in a grain elevator, in a
pipe-line or on a conveyor belt,
see earlier columns.]

Many more illustrative statements can
be marshalled, all in the same tune:
anything but representativity is consid-
ered acceptable drivers for sampling!
Obviously, if the reader has been with
the authors in all columns so far, this
state-of-affairs cannot be more wrong,
however.

Que faire?

Education, outreach, TOS courses,
didactic and convincing scientific and
technological publications, guest appear-
ances at symposia, conferences, annual
meetings in ever more diverse applica-
tion fields in science, technology and
industry!

The last 15 years has seen an explo-
sion of achievements within all of the
above areas, at all levels from the very first
awareness of a need for TOS... to whole
textbooks; in the latter category alone at
least three are in production at the time
of writing. But less will also do, even much
less. Here follows a selection of easily
available sources from which to educate
oneself in all matters re. TOS (all of which
also refer to more in-depth sources).

Important reading
DS 3077. Representative Sampling—
Horizontal Standard. Danish Standards

(2013). http://www.ds.dk

Sampling Columns in Spectroscopy
Europe; see complete list at https://
www.spectroscopyeurope.com/sampling

Proceedings of the World Conference
on Sampling and Blending series; the
proceedings of the 7" conference are
freely available: https://www.impopen.

com/wcsb7

Issues of the sampling community’s
newsletter, TOS forum: https://www.

impopen.com/tosf
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IMAGING

High-speed ultrasonic hyperspectral
iImaging camera

Imec has introduced its second generation, high-speed
Snapscan hyperspectral imaging camera. This uses an ultra-
sonic speed piezo motor stage and innovative software to
enable the acquisition of high-resolution, hyperspectral images
in less than 200 ms. The Snapscan camera handles all scan-
ning internally using the miniaturised ultrasonic piezo scan-
ning stage, thereby avoiding the need for external scanning
movement. A spatial resolution of 3650 x 2048 px (7 Mpx),
with a spectral resolution of 150+ spectral bands, can be
achieved over the 470-900 nm and 600-975nm spectral
ranges. With imec's proprietary hyperspectral imaging acqui-
sition software, specific spectral regions of interest can be
selected, enabling the acquisition of images at the high speed
of 200 ms. Flat signal-to-noise ratios of 200: 1 over the full
spectral range are possible, with optimised acquisition and
lighting set-up parameters.

Imec

» http://link.spectroscopyeurope.com/30-W-006

Snapshot imager

BaySpec has introduced the GoldenEye Snapshot imager, which
covers the extended wavelength range from 400nm to 1700 nm.
It features high sensitivity as compared to other imagers, and is
particularly suitable for low light level applications, such as fluo-
rescence imaging.

Bayspec

» http://link.spectroscopyeurope.com/30-W-009
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Hyperspectral imaging in the SWIR range enables classification of nuts
versus their nut's shells.

Imec demonstrates SWIR hyperspectral
Imaging camera

Imec has developed its first shortwave infrared (SWIR) range
hyperspectral imaging camera. It integrates CMOS-based spec
tral filters together with InGaAs-based imagers. For a number of
years, semiconductor CMOS-based hyperspectral imaging filters,
designed and manufactured by Imec, have been integrated
monolithically onto silicon-based CMOS image sensors. This has
a sensitivity range of 400—1000 nm, however, it is expected that
more than half of commercial multi- and hyperspectral imag-
ing applications need discriminative spectral data in the 1000—
1700 nm SWIR range. Imec's initial SWIR range hyperspectral
imaging cameras feature both linescan “stepped filter” designs
with 32—-100 or more spectral bands, as well as snapshot mosaic
solutions enabling the capture of 4—16 bands in real-time at
video-rate speeds. Cameras with both USB3.0 and GIGE inter-
faces are currently being tested.

Imec is a research centre and its developments are used by
camera vendors and other manufacturers who integrate the
technology into their products.

Imec
» http://link.spectroscopyeurope.com/30-W-006
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MASS SPECTROMETRY

Non-derivatised MS/MS method for
newborn screening

PerkinElmer's NeoBase 2 MS/MS kit has now obtained CE mark
approval allowing its distribution in Europe. The kit is intended
for the semi-quantitative measurement and evaluation of amino
acid, succinylacetone, free carnitine, acylcarnitine, nucleoside
and lysophospholipid concentrations. The kit is used to analyse
newborn heel prick blood samples dried on filter paper in associ-
ation with a tandem mass spectrometer. The NeoBase 2 MS/MS
kit can test for up to 57 analytes, including markers for screening
of X-linked adrenoleukodystrophy (X-ALD), the most common
peroxisomal disorder. It can also screen for adenosine deami-
nase severe combined immunodeficiency (ADA-SCID), which
is caused by a deficiency of the enzyme ADA and is the second
most common SCID. The kit enables a simple three-step assay
workflow to be used from a single dried blood spot punch.
PerkinElmer

» http://link.spectroscopyeurope.com/30-W-008

Sciex launches tandem mass
spectrometers for clinical diagnostics
laboratories

Sciex Diagnostics, the in vitro diagnostics division of Sciex,
has launched the Citrine™ Triple Quad™ MS/MS and Citrine™
QTRAP® MS/MS systems for clinical diagnostics. The Citrine
system is designed for clinical labs that require high sensitivity,
throughput, wide dynamic range and the ability to employ simpli-
fied sample preparation. The Citrine MS/MS system enables
trace level analysis, comprehensive panels and the measure-
ment of both large and small molecules. Triple quadrupole and
QTRAP models of the system are available, each offering the
sensitivity to measure metabolites and biomarkers at picomole
concentrations. In addition, the QTRAP technology enables work-
flows that provide quantitative and qualitative analysis in a single
injection, and allow the use of selective MRM® quantitation to
eliminate interferences.

The system is powered by the Analyst®MD software, for
intuitive instrument control and data processing. The second
generation lonDrive™ Turbo V ionisation source provides robust
performance when analysing even the most complex biologi-
cal samples, maximises uptime and enables the use of simpler
sample preparation strategies.

The system offers electrospray ionisation (ESI) and atmos-
pheric chemical ionisation (APCI) options, an extended mass
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range up to m/z 2000 and a wide linear dynamic range, meas-
urement of a large variety of polar and non-polar biomarkers and
metabolites in biological fluids, over a large range of concentra-
tions.

Sciex Diagnostics
» http://link.spectroscopyeurope.com/30-W-003

Www.spectroscopyeurope.com


www.spectroscopyeurope.com
http://link.spectroscopyeurope.com/30-W-008 
http://link.spectroscopyeurope.com/30-W-003 

VOL. 30 NO. 1 (2018)

RAMAN

TSI ChemLogix Raman instruments
integrated with Spectragryph software

TSI ChemLogix has integrated its Raman spectroscopy instru-
ments directly with Spectragryph software. Spectragryph is a
universal interactive optical spectroscopy software, developed
by Spectroscopy Ninja and used by scientists and research-
ers worldwide. The TSI ChemLogix Raman spectroscopy prod-
uct line includes handheld, portable, benchtop and gas-phase
process Raman spectrometers. New capabilities from the inte-
gration include analysing and visualising multiple spectra simul-
taneously, batch processing of spectra, drag and drop interface
and one-click data exporting.

TSI ChemLogix

» http://link.spectroscopyeurope.com/30-W-005

UV/VISIBLE

New, automated UV /visible
spectrophotometers

The Thermo Scientific Genesys 50 UV/vis spectrophotometer
features a simplified user interface and a high-resolution, colour
touchscreen; and the rugged exterior is designed with sloping
surfaces to shed spills. It has a single cell configuration for low
sample throughput needs, with a removable, washable sampling
compartment for easy clean up. The Genesys 150 UV/vis spec
trophotometer includes the same features as the Genesys 50
spectrophotometer as well as providing automation for high-
throughput options and room-light resistance, allowing lid-open
operation designed for improved speed and convenience over
previous generation instruments. The Genesys 180 has the capa-
bilities of the Genesys 150 spectrophotometer and also includes
an eight-cell changer for higher throughput environments and
double-beam capability for advanced experiments with a chang-
ing reference. The Thermo Scientific BioMate 160 UV/vis spec
trophotometer also includes all the benefits of the Genesys 150
spectrophotometer and adds pre-programmed methods for life
science researchers. A new line of accessories, including auto-
mated cell changers, a Peltier thermostatted cell holder, a dispos-
able microcell holder, a sipper and fibre optic probes, is designed
to simplify sampling and accommodate high throughput and
temperature control needs.

Thermo Fisher Scientific

» http://link.spectroscopyeurope.com/30-W-007

Miniature high-resolution OEM
spectrometers

Ibsen Photonics’ Freedom C series of compact, high-resolu-
tion OEM spectrometers offers resolution down to 0.15nm in
a footprint of 61x65x 19mm. The series includes a spectrom-
eter for the ultraviolet, visible and visible-near infrared ranges all
using the latest CMOS detector technology with 4096 pixels.

Www.spectroscopyeurope.com

| genests0)|

The spectrometers include a cylindrical lens to increase through-
put and a new slit option of 5x 750 um. The spectrometers can
be supplied with Ibsen’s Digital Image Sensor Board electronics
(DISB-101S), which offers fast and accurate timing control for
applications like Laser Induced Breakdown Spectroscopy (LIBS).
Ibsen Photonics

» http://link.spectroscopyeurope.com/30-W-001
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Software for updated energy dispersive
spectroscopy systems

EDAX, Inc. has introduced the latest revision of its APEX™ Analysis
Software, which now is available not only for the Element, but
also for the Octane Elect energy dispersive spectroscopy (EDS)
systems. The latest release of the software now includes a number
of new features. Advanced Reporting includes the ability to gener-
ate reports directly from APEX™ Live mode and a report designer,
which provides flexible and customisable templates for the pres-
entation of images, spectra, quantification results, text, logos and
sample information. Drift Correction enables parameters to be set
automatically for easy operation, along with options to save drift
images and define manual reference areas for advanced correc
tion needs. Dynamic Element Mapping includes the addition and
removal of elements in Mapping and Linescan modes to show
only elements of interest. CompoMaps provides live net mapping
capability for the separation of elemental contributions from over-
lapping peaks to individual elemental maps for more accurate
representations of EDS maps. Spectrum Match is now available
for APEX™ together with a newly launched Smart Materials and
Minerals Library option, which enables the matching of a collected
“unknown” spectrum to a library of reference spectra.

EDAX

» http://link.spectroscopyeurope.com/30-W-004

EDAX APEX™ Software CompoMap live net mapping capability.

16-19 February, Mohali, India. 24t
Conference of the National Magnetic
Resonance Society of India. Dr Kavita
Dorai, =7 nmrsindia2018@gmail.com,
& http://www.iisermohali.ac.in/web/

nmrswebpage/

18—22 February, Gainesville, Florida,
United States. 14" International
Bologna Conference on Magnetic
Resonance in Porous Media
(MRPM14). & https://nationalmaglab.
org/news-events/events/for-scientists/
international-bologna-conference

19-24 February, Seattle, Washington,
United States. American Academy of
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Forensic Sciences (AAFS) 70" Annual
Scientific Meeting. ¥ www.aafs.org

26 February—2 March, St Petersburg,
Russia. Winter Symposium on
Chemometrics (WSC-11). Irina
Yaroshenko, #=7 wsc11@chemometrics.
ru, & http://wsc.chemometrics.ru/

wscll/

4 March—8 January, La Jolla, California,
United States. Practical Applications of
NMR in Industry Conference (PANIC).
# Www.panicnmr.com

18 March—22 January, New Orleans,
LA, United States. 255™ ACS National
Meeting. =7 NationalMeetings@acs.org,
# https://www.acs.org/content/acs/en/
meetings/national-meeting.html

18-22 March, New Orleans, United
States. 255" American Chemical
Society National Meeting. =
natimtgs@acs.org, & www.chemistry.org

22-23 March, London, United
Kingdom. 11* Edition of International
Conference on Proteomics. #=7 prot-
eomics@eurosciconmeetings.com,
http://proteomics.euroscicon.com/

26-29 March, Santa Fe, New Mexico,
United States. International High Power
Laser Ablation Symposium (HPLA
2018). Amy Walker, 7 awalker@blue-
52productions.com, & Www.usasympo-

sium.com/hpla

26-28 March, Miami, United States. BIT's
6" Annual Conference of AnalytiX
2018 (AnalytiX-2018). Ms Mia Lee, =7
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mia@analytixcongress.com, & http://
www.bitcongress.com/analytix2018/

2-6 April, Phoenix, Arizona, United
States. Materials Research Society
(MRS) 2018 Spring Meeting. info@mrs.
org, # www.mrs.org/spring2018

8—12 April, London, United Kingdom.
51t Royal Society of Chemistry
ESR Spectroscopy Group Meeting.
& http://www.esr-group.org/
conferences/2018-conference-london/

8—13 April, Vienna, Austria. European
Geosciences Union (EGU) General
Assembly 2018. EGU Executive Office,
#7 secretariat@egu.eu, # www.egu.eu

11-12 April, Rotorua, New Zealand. 18t
ANISG/NZNIRSS Conference. Graeme
Batten, #=7 secretary@anisg.com.au,
# http://www.anisg.com.au/confer-
ence-2018

14—18 April, Chicago, IL, United States.
Annual Meeting American Association
for Cancer Research. AACR, #=7 aacr@

Operando Spectroscopy (Operando
VI). Secretary, 7 info@operandoconfer-

Advancement of Cytometry. =7 infor@

cytoconference.org, #r http://cytoconfer-

ence.com, #r http://www.operandocon-

ence.org

ference.com/index

16—18 April, Berlin, Germany. Fourth
International Glow Discharge
Symposium (IGDSS2018). Peter
Robinson, #=7 pete@masscare.co.uk, &

www.ew-gds.com

17-20 April, Glasgow, United Kingdom.
IRDG Martin & Willis Prize Meeting
Spring SciX2018. 7 springsciX@gmail.
com, # http://www.irdg.org/meetings/

future-meetings/

21-25 April, San Diego, CA, United
States. Experimental Biology 2018.

Experimental Biology, =7 eb@faseb.org,
# http://experimentalbiology.org

24-27 April, Freising, Germany. 13t
European Fourier Transform Mass
Spectrometry (EFTMS) Workshop. Prof.
Dr Philippe Schmitt-Kopplin, 7 schmitt-
kopplin@helmholtz-muenchen.de, &
https://eftms2018.helmholtz-muenchen.

aacr.org, ¥ Www.aacr.org

15-19 April, Estepona (Malaga),
Spain. 6" International Congress on

Www. spectroscopyeurope.com

de

28 April-2 May, Prague, Czech Republic.
33'd Congress International Society for

29 April-4 May, Orlando, Florida, United

States. 59" Experimental Nuclear

Magnetic Resonance Conference. #r
http://www.encconference.org/

23-25 May, Vancouver, BC, Canada. 4%
Annual Meeting Biophysical Society

of Canada (BSC). # http://meetings.

biophysicalsociety.ca/#

27-31 May, Edmonton, Canada. 101%
Canadian Chemistry Conference. vy
www.csc2018.ca

27-30 May, Lecce, Puglia, Italy. CMA4CH
Meeting 7" edition Multivariate
Analysis and Chemometry: an essen-
tial support for Environment and

Cultural Heritage. =7 infocma4ch@

uniroma Lit, s http://www.cma4ch.org/

index2.html

28-31 May, Belfast, United Kingdom.
Belfast Summit on Global Food
Integrity. #=7 asset2018@conferencepart-

ners.com, & https://www.qub.ac.uk/

sites/ASSET2018Summit/
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1) Use the Lost Password facility
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then “Request new password” to the right of the white-
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use to log in and then change the password to one
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you are in your Profile.
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User account
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29March 2017

UPCOMING EVENTS
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Just e-mail katie@impublications.com who will check if
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3—7 June, San Diego, CA, United States.
66" ASMS Conference on Mass
Spectrometry. #=7 office@asms.org, #r
WWW.asms.org

10—14 June, Catania, Italy. GEORAMAN
2018. =7 georaman2018@unict.it, &
https://sites.google.com/view/geora-

man2018/home

10-13 June, Leon, Norway. 9th
Nordic Conference on Plasma
Spectrochemistry. Yngvar Thomassen,
#7 yngvarthomassen@stami.no, &
www.nordicplasma.com

10-15 June, Glasgow, Scotland,
United Kingdom. 10" International
Conference on Clinical Vibrational
Spectroscopy (SPEC-2018). #y http://
spec2018.com/

15—-17 June, Mali Ston, Croatia. 2"
Adriatic NMR Conference. ¢ http://
adriaticnmr-conference.chem.pmf.hr/

17-20 June, Seattle, WA, United States.
International Association for Spectral
Imaging (IASIM) Conference 2018. &y
http://www.iasim18.iasim.net/

25-29 June, Halifax, Canada. XVII
Chemometrics in Analytical Chemistry
(CAC). Peter Wentzell, =7 peter.went-
zell@dal.ca, & https://www.cac2018ha-
lifax.com/

26-29 June, Pau, France. 14t European
Workshop on Laser Ablation (EWLA
2018). Christophe Pecheyran,
https://ewla2018.sciencesconf.org/

1-5 July, Nantes, France. EUROMAR
Nantes 2018. =7 info@euromar2018.
org, s http://www.euromar2018.org

2—4 July, Tihany, Hungary. 16"
Hungarian-Italian Symposium on
Spectrochemistry. Viktor G Mihuez, #=7
vgmihuez@chem.elte.hu

2—4 July, London, United Kingdom. 19t
Biennial National Atomic Spectroscopy
Symposium. @ http://www.rsc.org/
events/detail/26021/bnass-2018-the-

19t-biennial-national-atomic-spectros-
COpy-Symposium

9-11 July, Bradford, United Kingdom.
British Society for Proteome Research
(BSPR) Annual Scientific Meeting. ¢
http://www.bspr.org/event/bspr-meet-

ing2018

22-26 July, Snowbird, Utah, United
States. Solid-State NMR Symposium.
# http://www.rockychem.com/confer-
ence/solid-state-nmr-symposium.html

23-25 July, Milan, Italy. 2" World
Congress on Pharmaceutical and
Chemical Sciences. =7 pharma@colos-
salfacet.com, # http://colossalfacet.
com/pharma-conference/

29 July—2 August, Washington, DC, United
States. HPLC 2018: 47" International
Symposium on High Performance
Liquid Phase Separations and Related
Techniques. Ms Janet Cunningham, =7
janet@barrconferences.com, & http://
www.hplc2018.0rg/

18—24 August, Dublin, Ireland. XXVIII
International Council on Magnetic
Resonance in Biological Systems
(ICMRBS) Meeting. #=7 icmrb-
s2018info@keynotepco.ie, & http://
www.icmrbs2018.org/ehome/index.
php?eventid=235721&

19-23 August, Boston, MA, United States.
256" American Chemical Society

National Meeting. 7 natlmtgs@asc.org,
# www.chemistry.org

26-31 August, Florence, lItaly. XXII
International Mass Spectrometry
Conference (IMSC 2018). Secretariat,
£=7 info@imsc2018.it, #y www.imsc2018.
It

26-29 August, Toronto, Ontario,
Canada. 132"¢ Association of Official
Agricultural Chemists (AOAC)
International Annual Meeting and
Exposition. =7 meetings@aoac.org, #r
WWW.20aC.0rg
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26-30 August, Liverpool, United
Kingdom. 7" EuCheMS Chemistry
Congress. # www.euchems.eu

10—13 September, Cambridge, United
Kingdom. 39" BMSS Annual Meeting.
Lisa Sage, #7 bmssadmin@btinter-
net.com, & http://www.bmss.org.uk/
bmss2018/bmss2018.shtml

16—19 September, Philadelphia, United
States. 2018 SMASH NMR Conference.
# http://www.smashnmr.org/

17-21 September, Rennes, France.
14 International Conference on the
Applications of Magnetic Resonance
in Food Science. =7 mrfood2018@
irstea.fr, @ https://www.foodmr.org/

23-26 September, Amsterdam,
Netherlands. Workshop on
Hyperspectral Image and Signal
Processing: Evolution in Remote
Sensing (WHISPERS). s http://ieee-
whispers.com

29 September—1 October, London,
Ontario, Canada. 30™ Annual Moot

NMR Conference. =7 mootnmr@gmail.

com, # http://www.mootnmr.org/

30 September—3 October, Orlando, FL,
United States. 17t Human Proteome
Organization World Congress-HUPO

2018. Secretariat, £=7 office@ushupo.org,
# http://hupo2018.org/

21-26 October, Atlanta, GA, United
States. 45™ Annual Conference of
Federation of Analytical Chemistry and
Spectroscopy Societies (SciX2018). =7
facss@facss.org, & http://www.scixcon-

ference.org

4-8 November, Sacramento, CA, United
States. SETAC North American 39t

Annual Meeting. 7 setac@setac.org,
# www.setac.org/

4-8 November, Indianapolis, Indiana,
United States. 2018 Geologtical Society
of America (GSA) Annual Meeting.
£=7 meetings@geosociety.org, & Www.
geosociety.org/meetings/
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4-8 November, Washington, DC,
United States. American Association
of Pharmaceutical Scientists (AAPS)
2018 Annual Meeting. =7 aaps@aaps.
org, ¥ www.aaps.org/annualmeeting/

2019

3-8 February, Pau, France. European
Winter Conference on Plasma
Spectrochemistry. Ryszard Lobinski, =7
ewcps2019-chair@winterplasma2019.
com, & www.winterplasma2019.com

8-12 July, Auckland, New Zealand.
International Conference on Advanced
Vibrational Spectroscopy (ICAVS10).
ICAVS Secretariat, Podium Conference
Specialists, 2661 Queenswood Drive,
Victoria, BC, Canada, V8N 1X6. ¢y http://
www.icavs.org/2019-conference/

25-30 August, Berlin, Germany. 21%
International Society of Magnetic
Resonance (ISMAR) Conference joint
with EUROMAR 2019. ¢ https://www.
weizmann.ac.il/ISMAR/

15—20 September, Gold Coast, Australia.
NIR-2019. # www.nir2019.com

13—18 October, Palm Springs, United
States. 46" Annual Conference of
Federation of Analytical Chemistry and
Spectroscopy Societies (SciX2019). =7
facss@facss.org, & http://www.scixcon-

ference.org

2020

12—18 January, Tucson, Arizona, United
States. 2020 Winter Conference
on Plasma Spectrochemistry. =
wc2020@chem.umass.edu, s http://

icpinformation.org

Courses

5-—7 March, Rostock, Germany. Short
Course of the EU FT-ICR MS Network.
Christin Kuehl, #=2 christin.kuehl@uni-
rostock.de, @& https://tinyurl.com/

yby7f489

6-8 March, Berlin, Germany. 10t
European Short Course on Time-
resolved Microscopy and Correlation
Spectroscopy. Marta Kolonko, =
trfcourse@picoquant.com, & http://
www.picoguant.com/microscopy-course

23-24 April, Freising, Germany. 2"
European Fourier Transform Mass
Spectrometry (EFTMS) School. Prof.
Dr. Philippe Schmitt-Kopplin, #=7 schmitt-
kopplin@helmholtz-muenchen.de, &
https://eftms2018.helmholtz-muenchen.
de/

Exhibitions

25 February—1 March, Orlando, FL,
United States. 68t Pittcon 2018. =

VOL. 30 NO. 1 (2018)

pittconinfo@pittcon.org, & http://

pittcon.org

18—21 March, Dubai, United Arab
Emirates. ARABLAB 2018. =7 info@arab-
lab.com, @ https://www.arablab.com/

28-29 March, Lyon, France. Mesures
Solutions EXP0O2018. & https://

mesures-solutions-expo.fr/

10—13 April, Munich, Germany. Analytica
2018. #=7 info@analytica.de, & http://
www.analytica.de/

11-15 June, Frankfurt on the Main,
Germany. ACHEMA 2018. £7 achema@
dechema.de, & http://www.achema.de

31 October—2 November, Shanghai,
China. Analytical China 2018. Barbara
Kals, =7 barbara.kals@messe-muenchen.
de, # https://tinyurl.com/yd99eqox

2019

7-9 May, Beijing, China. AchemAsia

2019. China National Convention Center,

Tianchen East Road, Chaoyan District,

Beijing 100105, China, # http://www.
cncechina.com/.
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High-performance
spectroscopy can
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the latest high resolution, high signal-to-noise ratio
hyperspectral imaging capabilities. Innovative,
pre-aligned accessories make setup easy.

Join the many educators and
researchers who are embracing this
revolution in spectroscopy!

“The FERGIE is going great for us. | still can’t believe how good the data is!”

— Dr. Mark Waterland, Massey University, New Zealand
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