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An interactive issue

At the end of 2021, | indicated
that we would be introducing
more interactivity into our Digital
Editions. This is only available in the
flipbook Digital Edition, since PDFs
are less good at this sort of thing.
Nevertheless, the PDF version
contains links to videos.

In the last couple of issues, you
may have seen links to videos in
both the news and new products
sections. This issue sees more of
this, with videos from three of our
advertisers. Clicking on the video
“thumbnail” with the white trian-
gle in a circle will open a popup
in which the video plays. You can
control the video as normal and
even play it in full screen. Give it
a go.

ﬂ" >

Our main article, “Leaving a
mark on forensic science: how
spectroscopic techniques have
revealed new insights in fingerprint
chemistry” from Rhiannon Boseley,
Daryl Howard, Jitraporn Vongsvivut,
Mark Hackett and Simon Lewis, also
includes animated figures, which
help visualise the location of vari-
ous chemicals found in fingerprints.
Read the article starting on page 22
and get the whole story.

In the Tony Davies Column,
“Open publishing FAIR spectra for
and by students” by Henry Rzepa
and Tony Davies, we have replaced
the standard screenshot which
would have been used in the past
with the live webpage, enabling you
to browse around as if you were on
the website itself. | think this has

real potential to replace screen-
shots in many cases. The only prob-
lem seems to be intrusive cookie
consent popups! Henry and Tony’s
contribution really starts to answer
the question | asked Tony “how
does one actually find FAIR data?”.

There is also a Book Review,
something we haven't included for
a long time. | am always interested
in receiving these; they don't need
to be as long as this one.

What we haven't done yet is to
include pure audio. Perhaps you
have an idea for this? | am always
delighted to hear from volunteer
authors, so please don't be shy!

[ fad
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Hyper-CEST NMR technique reveals missing structure of a
novel container molecule

Using the Hyper-CEST NMR technique, researchers have revealed two previously little researched variants of a
type of transport container from the class of metal-organic polyhedra (MOPs). This could lead to a novel type of

MRI contrast agent.

The concept of a modular
construction system proves useful
in many applications for assem-
bling complex structures for
specific functions from individ-
ual, repeated sub-units. In chem-
istry, the principle can be used
to construct a self-assembling
network from smaller molecu-
lar units that acts as a transport
container of a defined size. For
example, several metal ions can
be linked with organic molecules.
These MOPs (metal-organic poly-
hedra) are used, for instance, to
capture greenhouse gases or to
pave the way for more effective
chemotherapeutic agents by load-
ing them with certain drugs, which
they then release in the tumour.
Several aspects of the behaviour
of these structures have not yet
been adequately explored. This is
partly because appropriate tech-
niques are not always available to
observe the loading and unload-
ing of these MOPs at the molecu-
lar level—often, no differences can
be measured between the empty
and loaded variants for either the
container or its contents.

In cooperation with a team from
the University of Oulu in Finland,
Leif Schroder’s research group from
the Leibniz-Forschungsinstitut
fur Molekulare Pharmakologie
(FMP) and the Deutsches
Krebsforschungszentrum (DKFZ)
has now investigated MOPs that
spontaneously assemble in solu-
tion from iron ions and an organic
compound to form tetrahedra. In
the process, the organic struts can
be attached differently to the iron
‘nodes”. Essentially, this influences
the properties of MOPs, such as
their capacity to kill tumour cells. In
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Hyper-CEST as ultra-sensitive NMR spectroscopy tool reveals two previously
“hidden” structures of metal-organic cages. Visualisation: Barth van Rossum, FMP

the case of the MOP under study,
however, it was previously thought
that only one of the three theoret-
ically predicted variants existed.
The other two variants were
considered too unstable, because
no analytical methods were able to
detect them. Using a new method
of magnetic resonance (hyper-
CEST NMR), Schroder’'s team

“MOPs (metal-organic polyhe-
dra) are used, for instance, to
capture greenhouse gases or
to pave the way for more effec-
tive chemotherapeutic agents
by loading them with certain
drugs, which they then release
in the tumour.”

member Jabadurai Jayapaul has
now succeeded in demonstrating
that these previously unknown
variants do exist. The colleagues
from Finland were able to confirm
the signals of these “hidden”

MOPs using theoretical calcula-
tions. Although they only occur in
very small proportions, the meas-
urements showed that altering
the attachment of struts causes
dramatic changes in the load-
ing and unloading of containers.
Certain sub-types of containers
can be selected to speed up the
process. The researchers are now
using this knowledge to develop
a novel type of contrast agent in
MR imaging in which the loading
of the container influences the
MRI signal. But observations also
show that there is greater poten-
tial for new insights for further
optimising drug carriers. In other
words, the first impression gained
of these structures may not always
be the right one. A substantial part
of their nature may remain hidden
until we are able to detect them
using far more sensitive methods.
This work was published in Nature
Communications (doi.org/hn7p). ™*
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SERS sensor for faster, more accurate COVID-19 tests

Researchers say the surface enhanced Raman spectroscopy sensor combines accuracy levels approaching those
of PCR testing with the speed of rapid antigen tests, and could be used for mass testing.

A COVID-19 sensor developed at
Johns Hopkins University could
revolutionise virus testing by
adding accuracy and speed to a
process that frustrated many during
the pandemic. The sensor, which
requires no sample preparation and
minimal operator expertise, offers a
strong advantage over existing test-
ing methods, especially for popula-
tion-wide testing.

“The technique is as simple as
putting a drop of saliva on our
device and getting a negative or a
positive result”, said Ishan Barman,
from Johns Hopkins. “The key
novelty is that this is a label-free
technique, which means no addi-
tional chemical modifications like
molecular labelling or antibody
functionalisation are required. This
means the sensor could eventually
be used in wearable devices”

Barman says the new technology
addresses the limitations of the two
most widely used types of COVID-
19 tests: PCR and rapid tests.
PCR tests are highly accurate, but
require complicated sample prep-
aration, with results taking hours
or even days to process in a labo-
ratory. On the other hand, rapid

tests, which look for the exist-
ence of antigens, are less success-
ful at detecting early infections and
asymptomatic cases and can lead to
erroneous results.

The sensor is nearly as sensitive
as a PCR test and as convenient as
a rapid antigen test. During initial
testing, the sensor demonstrated
92 % accuracy at detecting SARS-
COV-2 in saliva samples—compara-
ble to that of PCR tests. The sensor
was also highly successful at rapidly
determining the presence of other
viruses, including HIN1 and Zika.
The sensor is based on large area
nanoimprint lithography, surface
enhanced Raman spectroscopy
(SERS) and machine learning. It can
be used for mass testing in dispos-
able chip formats or on rigid or flex-
ible surfaces.

Key to the method is the large-
area, flexible field enhancing metal
insulator antenna (FEMIA) array
developed by the group. The saliva
sample is placed on the material and
analysed using SERS. Because the
nanostructured FEMIA strengthens
the virus's Raman signal significantly,
the system can rapidly detect the
presence of a virus, even if only small

The new COVID-19 sensor. Credit: Kam Sang Kwok and Aishwarya Pantula / Johns
Hopkins University
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traces exist in the sample. Another
major innovation of the system is
the use of advanced machine learn-
ing algorithms to detect very subtle
signatures in the spectroscopic data
that allow researchers to pinpoint
the presence and concentration of
the virus (doi.org/hn9x).

“Label-free optical detection,
combined with machine learning,
allows us to have a single platform
that can test for a wide range of
viruses with enhanced sensitiv-
ity and selectivity, with a very fast
turnaround”, said Debadrita Paria
from Johns Hopkins.

The sensor material can be
placed on any surface, from door-
knobs and building entrances to
masks and textiles.

“Using state of the art nanoimprint
fabrication and transfer printing we
have realised highly precise, tune-
able and scalable nanomanufactur-
ing of both rigid and flexible COVID
sensor substrates, which is impor-
tant for future implementation not
just on chip-based biosensors but
also wearables”, said David Gracias
from Johns Hopkins. He says the
sensor could potentially be inte-
grated with a hand-held testing
device for fast screening at crowded
places like airports or stadia.

Barman said “we can use this
for broad testing against differ-
ent viruses, for instance, to differ-
entiate between SARS-CoV-2 and
H1N1, and even variants. This is
a major issue that can’t be readily
addressed by current rapid tests.”

The team continues working to
further develop and test the tech-
nology with patient samples. Johns
Hopkins Technology Ventures has
applied for patents on the intellec-
tual property associated with it and
the team is pursuing license and
commercialisation opportunities. ¥*
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Introduction to the Theory

and Practice of Sampling
Kim H. Esbensen

with contributions from Claas Wagner, Pentti Minkkinen, Claudia Paoletti,
Karin Engstrom, Martin Lischka and Jergen Riis Pedersen

“Sampling is not gambling”. Analytical results forming
the basis for decision making in science, technology,
industry and society must be relevant, valid and reliable.
However, analytical results cannot be detached from
the specific conditions under which they originated.
Sampling comes to the fore as a critical success
factor before analysis, which should only be made
on documented representative samples. There is a
complex and challenging pathway from heterogeneous
materials in “lots” such as satchels, bags, drums,
vessels, truck loads, railroad cars, shiploads, stockpiles
(in the kg—ton range) to the miniscule laboratory aliquot
(in the g—ug range), which is what is actually analysed.

This book presents the Theory and Practice of
Sampling (TOS) starting from level zero in a novel
didactic framework without excessive mathematics and
statistics. The book covers sampling from stationary
lots, from moving, dynamic lots (process sampling) and
has a vital focus on sampling in the analytical laboratory.

“l recommend this book to all newcomers to TOS”

“This book may well end up being the standard
introduction sourcebook for representative sampling.”

“One of the book’s major advantages is the lavish use of
carefully designed didactic diagrams”

impopen.com/sampling /uoicaionsOpen
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Snapshot measurement of single nanostructure’s circular

dichroism

A new CD spectrometer can measure single nanostructures and also be used for weak signal measurements, such
as polarised luminescence or Raman scatterings.

The 3D conformation of a mole-
cule or nanostructure deter-
mines its function. For instance,
a left-handed amino acid can be
beneficial to health, while its right-
handed compartment can be toxic.
With today's optical imaging tech-
niques, one can accurately locate
a molecule or a nanostructure, but
resolving its 3D interior structure
requires additional spectroscopic
information—CD spectroscopy is
the most widely used technique for
this purpose. If one can combine
CD spectroscopy with an imag-
ing method, real-time tracking and
analysis of individual functional
nano-units will become possible.
This could lead to many important
applications in the field of nanosci-
ence and biology.

However, current CD spec-
trometers rely on the polarisation
modulation of excitation light and
require sophisticated multi-step
measurements, holding the poten-
tial of CD spectroscopy from being
fully released. To address this issue,
a team of scientists, led by Prof.
Weihua Zhang and Prof. Yanging
Lu from the College of Engineering
and Applied Sciences, Nanjing
University, China developed a
polarisation-dispersive imaging CD
spectrometry technique. The new
method operates on the signals
instead of the excitation light with
the help of a nano-patterned liquid-
crystal polarisation grating (LCPG).
The LCPG can disperse the left-/
right-handed circularly polarised
components of optical signals to
different directions with equal effi-
ciency (overall diffraction efficiency
>95% at optimal wavelength),
allowing them to capture the CD
spectrum with a single shot. With
the new technique, they studied a

8 SPECTROSCOPYWORLD
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a Schematic drawing of the LCPG-based polarisation-dispersive spectrometer.
The inset illustrates the director distribution of the liquid crystal in the grating. b
Structure of the vertically coupled nanorod pairs used in this work. ¢ Dark-field
image of an array of vertically coupled nanorod pairs with different geometrical
parameters. The period of the array is 3um. d Spectral image of array of nanorod
pairs labelled in c. The RCP and LCP components are labelled with red and blue
boxes, respectively. e and f are the SCD spectra of sample 1 and 2 in ¢, respec-
tively. The insets show the correlated SEM image of samples, as well as the left-
hand and right-hand circularly polarised components of the scattered light of
sample labelled in d. Scalebar: 100 nm. Credit: Shuang Zhou, Jie Bian, Peng Chen,
Mo Xie, Jie Chao, Wei Hu, Yanging Lu, and Weihua Zhang

model system, namely the coupled
plasmonic nanorod pair using the
Born-Kuhn model and theoreti-
cally proved that the new method
is equivalent to conventional CD
spectroscopy when non-polarised
excitations are used.

The key component of the new
CD spectrometer is the LCPG.
Unlike conventional polarisation
components, which are commonly
difficult to calibrate and sophis-
ticate to use, the LCPG is simple,
accurate and robust. “The LCPG is
an ideal solution for polarisation-
related measurements. First, its
accuracy is guaranteed by theory.
Mathematically, the space-variant
geometric phases for LCP and RCP
light generated by the LCPG are

conjugated. As the result, they are
always split into the + 1" order of
diffractions with absolute equal
efficiency. This polarisation disper-
sion behaviour is non-disper-
sive, accurate and highly efficient.
Second, the LCPG is a mature tech-
nique, and high quality LCPGs can
routinely be fabricated in research
labs. To be honest, we were
surprised to see that it worked so
well in the single nanostructure CD
measurements.”

Another important part of single
nanostructure CD spectroscopy
is how to interpret the data and
retrieve sample’s interior 3D struc-
tural information. In a paper (doi.
org/hn92), they studied a special
case, coupled plasmonic nanorods,

www.spectroscopyworld.com
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and showed that the geometrical
parameters are explicitly related to
the spectral features. Meanwhile,
the scientists pointed out that the
spectrum interpretation can be
much more complicated:

‘A single nanostructure’s CD
spectrum is very different from the
result of ensembles. In addition
to the interior of the nanostruc-
ture, the spectrum is also related
to its orientation, as well as the

detailed excitation and observation
geometries. To fully understand
the complexity, more comprehen-
sive theories are needed. We are
currently working on it

Finally, thanks to the near-unit
diffraction efficiency of the LCPG,
the polarisation-dispersive CD
spectrometer is a perfect tool for
weak signal measurements, e.g.,
the circular polarised luminescence

or Raman scatterings from individ-
ual nanostructures. “Besides the
plasmonic nanostructures, we also
tested the polarisation-dispersive
imaging spectrometer with single
quantum dot luminescence, and
the system works perfectly. We
believe that it is even capable of
doing single-molecule CD meas-
urements. That is our big goal!”, said
Prof. Zhang. **

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 0

Single-cell spectroscopy reveals heterogeneity in metal

adsorption

A collaborative team of researchers combined a single-cell ICP-MS with XAFS to get a detailed picture of the
interaction between precious metals and Galdieria sulphuraria cells.

Biosorption is the removal of
contaminants from a sample
by adsorbing them onto the
surface of a biological material.
It is expected to provide environ-
mental and economic benefits
compared with conventional sepa-
ration technigues. A team of scien-
tists including a researcher from the
University of Tsukuba has analysed
the interaction of Galdieria sulphu-
raria algae with precious metals to
better understand the biosorption
process.

Precious metals—including gold,
platinum and palladium—have
been detected in the environment
at trace levels and the associated
health and ecological risks are not
well understood. Removing these
metals using standard approaches
can be challenging because other
contaminant elements with gener-
ally higher concentrations—iron
and copper, for example—provide
competition. Biosorption is a
potential alternative that could
also present financial benefits
through recycling of the expensive
elements. Understanding and opti-
mising the biosorption of precious
metals is, therefore, an important
research area.

10 SPECTROSCOPYWORLD

Massive datasets that consider
both the sorption efficiency and
capacity of the biomaterials have
been accumulated. However, so
far, the findings have been aver-
aged over the entire cell popula-
tion and it has not been possible
to assess adsorption at the single-
cell level. Now, the Tsukuba team
has combined X-ray absorption fine
structure (XAFS) spectroscopy—
which has been used to analyse
the way metals adsorb onto cells—
with single-cell inductively coupled
plasma mass spectrometry (sclCP-
MS) to provide the link between
the behaviour of the cell population
and the nature of the interactions
between the metals and the cells at
the cell surface.

‘Combining XAFS and sclCP-
MS, and using low metal concen-
trations, meant that we could get
a really close look at the specific
interactions taking place at the
cell surface”, explains lead author
Professor Ayumi Minoda. “We
found that the amount of metal
adsorbed depended on the metal
in question and the acidity of the
solution.”

In low acidity conditions gold,
platinum and palladium all adsorbed

to the cells. The gold was found
to interact with sulfur containing
groups at the cell surface, whereas
platinum and palladium interacted
with both sulfur- and nitrogen-
containing groups. Interestingly, at
high acidity, only gold and palla-
dium adsorbed onto the cells and
only through interaction with sulfur.
The distribution pattern of the
palladium-adsorbing cells—both the
number of cells that adsorbed palla-
dium and the amount of palladium
adsorbed—changed drastically. This
is the first report to link such inter-
actions to changes in the behaviour
of the cell population and clearly
demonstrates a differential adsorp-
tion mechanism under different
environmental conditions.

“The insight achieved is expected
to contribute to future engineer-
ing of cell surfaces to provide
enhanced metal adsorption”, says
Professor Minoda. “Optimising
the performance of biologically-
derived precious metal adsorbents
is expected to significantly improve
the environmental sustainability of
metal recycling and remediation.”

This work was published in
Journal of Hazardous Materials (doi.
org/hpbg). ™

www.spectroscopyworld.com
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Increased repetition of attosecond pulses enables pump-

probe spectroscopy

Scientists at the Max Born Institute have managed to generate attosecond pulses at 100 kHz repetition rate. This
enables new types of experiments in attosecond science.

Attosecond laser pulses in the
extreme ultraviolet (XUV) are a
unique tool enabling the observa-
tion and control of electron dynam-
ics in atoms, molecules and solids.
Most attosecond laser sources
operate at a pulse repetition rate
of 1kHz, which limits their useful-
ness in complex experiments.
Using a high-power laser system
they have developed, scientists at
the Max Born Institute (MBI) have
managed to generate attosecond
pulses at 100 kHz repetition rate.
This enables new types of experi-
ments in attosecond science.

Light pulses in the extreme ultra-
violet (XUV) region of the electro-
magnetic spectrum, with durations
on the order of 100s of attosec-
onds, allow scientists to study ultra-
fast dynamics of electrons in atoms,
molecules and solids. Usually,
experiments are performed using a
sequence of two laser pulses with
a controllable time-delay between
them. The first pulse excites the
system, and the second pulse takes
a snapshot of the evolving system,
by recording an appropriate observ-
able. Usually, the momentum distri-
butions of ions or electrons or the
transient absorption spectrum of
the XUV pulse is measured as a
function of delay between the two
pulses. By repeating the experiment
for different timings between the
two pulses, a movie of the dynam-
ics under study can be created.

In order to get the most detailed
insights into the dynamics of the
system under investigation, it is
advantageous to measure the avail-
able information about the time
evolution as completely as possi-
ble. In experiments with atomic
and molecular targets, it can be
advantageous to measure the

www.spectroscopyworld.com

Figure 1. Experimental setup. The home-built OPCPA system provides 7 fs pulses
at 100kHz repetition rate. These pulses are shortened to 3.3 fs duration via hollow
fibre pulse compression. Attosecond streaking experiments are performed in a

purpose-built beamline.

three-dimensional momenta of
all charged particles. This can be
achieved with a so-called reaction
microscope (REMI) apparatus. The
scheme works by ensuring single
ionisation events for every laser
shot and detecting electrons and
jons in coincidence. This, however,
has the drawback that the detec-
tion rate is limited to a fraction
(usually 10-20%) of the laser pulse
repetition rate. Meaningful pump-
probe experiments in a REMI are
not possible with 1 kHz class atto-
second pulse sources.

MBI has developed a laser system
based on optical parametric chirped
pulse amplification (OPCPA). In
parametric amplification no energy
is stored inside the amplification
medium, therefore, very little heat is
generated. This enables the ampli-
fication of laser pulses to much
higher average powers than with
the current “work-horse” Ti:Sapphire
laser, which is most often used in
attosecond laboratories around
the world. The second advantage
of OPCPA technology is the ability
to amplify very broad spectra. Our
OPCPA laser system directly ampli-
fies few-cycle laser pulses with
durations of 7fs to average powers
of 20W. This is a pulse energy of

200 J at 100kHz repetition rate.
They have used this laser system
previously to successfully generate
attosecond pulse trains.

In many attosecond experiments
it is beneficial to have isolated atto-
second pulses instead of a train
of multiple attosecond pulses. To
enable the efficient generation of
isolated attosecond pulses, the
laser pulses driving the genera-
tion process should have pulse
durations as close as possible to
a single cycle of light. This way
the attosecond pulse emission is
confined to one point in time lead-
ing to isolated attosecond pulses. In
order to achieve near-single-cycle
laser pulses they have employed
the hollow fibre pulse compression
technique. The 7fs pulses are sent
through a 1 m long hollow wave-
guide filled with neon gas for spec-
tral broadening. Using specially
designed chirped mirrors the pulses
can be compressed to pulse dura-
tions as short as 3.3fs. These pulses
consist of only 1.3 optical cycles.

The 1.3 cycle pulses are sent into
an attosecond beamline developed
at the MBI. The main part of the
energy is used to generate isolated
attosecond XUV pulses in a gas cell
target. After removal of the high
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Figure 2. Attosecond streaking results. (a) Measured photoelectron streaking trace.
(b) Intensity envelope of retrieved isolated attosecond pulse (inset: the intensity
profile on logarithmic scale) (c) Retrieved spectral intensity and spectral phase.

power NIR beam, spectral filtering
and focussing, around 10° photons
per laser shot (corresponding to an
unprecedented photon flux of 10"
photons per second) are available
for experiments.

In order to characterise the
generated attosecond XUV pulses,

they performed an attosecond
streaking experiment. Essentially
the XUV pulse is used to ionise an
atomic gas medium (neon in this
case), while a strong NIR pulse is
used to modulate the XUV gener-
ated photoelectron wavepackets.
Dependent on the exact timing

of the XUV and NIR pulses, the
photoelectrons are accelerated
(gain energy) or decelerated (lose
energy) leading to a characteris-
tic “streaking trace”. From this data
matrix the exact shapes of both the
NIR pulse, as well as the XUV pulse
can be determined. The attosecond
pulse shapes are retrieved using a
global optimisation algorithm devel-
oped for this project. Careful analy-
sis shows that the main attosecond
pulses have a duration of 124+ 3as.
The main pulse is accompanied
by two adjacent satellite pulses.
These stem from the attosecond
pulse generation half an NIR cycle
before and after the main attosec-
ond pulse generation. The pre- and
post-pulse satellites have a rela-
tive intensity of only 1x10°° and
6% 1074, respectively.

These high flux isolated attosec-
ond pulses open the door for atto-
second pump-probe spectroscopy
studies at a repetition rate 1 or 2
orders of magnitude above current
implementations.

Read more about this work in the
paper in Optica (doi.org/hpbk). ¥
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Terahertz circular dichroism for biomolecules

Terahertz circular dichroism may be able to monitor chirality of pharmaceuticals and provide new information on

biomolecules’ chirality.

It is not easy to be sure that drugs
and supplements with chiral struc-
tures are turning in the correct
direction. Now, terahertz radiation
can probe both the structures of
molecular crystals and their twists,
research led by the University of
Michigan has shown. The research-
ers hope that the technique could
also help diagnose harmful accu-
mulations of twisted molecules in
the body, including bladder stones,
insulin fibrils and amyloid aggre-
gations such as the plaques that
appear in Alzheimer’s disease.

In a world of curled molecules,
biology often favours right- or

12 SPECTROSCOPYWORLD

left-handed versions. But quality
control for twisted molecules is
tough, and monitoring the chiral
structures of drugs and supple-
ments kept in storage isn’'t usually
done.

“The methods most commonly
used at pharmaceutical companies
are very sensitive to impurities,
but measuring chirality is expen-
sive”, said Wonjin Choi, a research
fellow in chemical engineering at
the University of Michigan.

The new method, published in
Nature Photonics (doi.org/hpbp)
can quickly recognise wrong twists
and wrong chemical structures
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Terahertz circular dichroism spectra of
five different brands of L-carnosine.
While three samples show the same
pattern of peaks, the measurement
suggests possible differences from the
remaining two samples. Credit: Wonjin
Choi, Kotov Lab
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in packaged drugs using tera-
hertz radiation. It was developed
by an international team, includ-
ing researchers at the Federal
University of Sdo Carlos, Brazil;
Brazilian Biorenewables National
Laboratory; University of Notre
Dame; and Michigan State
University.

“Biomolecules support twisting,
long-range vibrations also known
as chiral phonons. These vibrations
are very sensitive to the structure
of molecules and their nanoscale
assemblies, creating the fingerprint
of a particular chiral structure”, said
Nicholas Kotov from Michigan.

The team was able to measure
these phonons in the spectra of
twisted terahertz light that passed
through tested materials. One of
these, L-carnosine, is currently used
as a nutritional supplement. “If the
twist of the molecule is wrong, if

the twist in the way the molecules
pack together is not right, or if
different materials were mixed in,
all of that could be inferred from
the spectra”, Kotov said.

John Kruger, professor of veter-
inary medicine at Michigan State
University, provided bladder stones
from dogs, and the team discov-
ered their chiral signature. The
team hopes that the findings could
help enable rapid diagnostics for
pets and perhaps later humans. In
addition, they studied insulin as it
grew into nanofibres that make it
inactive. If the terahertz light tech-
nology can be adapted for home
healthcare, it could verify the qual-
ity of insulin.

The team also explored how
light can influence structures,
rather than just measure them.
Calculations carried out by André
Farias de Moura, professor of

chemistry at the Federal University
of Sao Carlos and co-corresponding
author, show that multiple biomol-
ecules vigorously twist and vibrate
when terahertz light generates
chiral phonons.

“We foresee new roads ahead—
for instance using terahertz waves
with tailored polarisation to manip-
ulate large molecular assemblies. It
might replace microwaves in many
synthesis applications in which
the handedness of the molecules
matters” said de Moura.

Based on de Moura's calculations,
Kotov and Choi believe that the
twisting vibrations of chiral phon-
ons caused by terahertz light may
make disease-causing nanofibres
more vulnerable to medical inter-
ventions. Future work will explore
whether that interaction can be
used to break them up. ¥*
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Transient measurement of phononic states with

covariance-based stochastic spectroscopy

New work demonstrates transient non-linear spectroscopy based on covariance methods and its advantages
over mean-value-based approaches. A generalisation of this approach could be a game change in non-linear

spectroscopy in the optical region.

Over the last several decades,
ultrafast spectroscopic techniques
have played a key and growing role
in scientific discoveries in phys-
ics, materials science, biology and
chemistry, while also proving useful
in application-driven projects and
device manufacture and charac-
terisation. While the experimental
techniques have matured in many
ways, they still largely share some
key philosophical features: they rely
on “well behaved” laser pulses (i.e.
as stable as possible); and on inte-
grating or averaging many measure-
ments to reduce the experimental
noise to acceptable levels where
necessary. These characteristics
lead to complicated experimental
setups, and expensive lasers which
typically are limited to lab-based

www.spectroscopyworld.com

environments with large space
requirements.

A team of scientists, from Italy,
USA and Australia have demon-
strated that a fundamentally differ-
ent approach which benefits from
“badly behaved” pulses (i.e. noisy)
can retrieve the spectroscopic
signal. The team led by Professor
Daniele Fausti from the University
of Trieste and Elettra Sincrotrone
Trieste, Professor Shaul Mukamel
from the University of California,
Irvine, and Dr Jonathan Tollerud
from Swinburne University devel-
oped a new ultrafast spectros-
copy technique, which instead of
making the pulses more stable,
utilises noisy pulses and a corre-
lation-based approach for signal
detection. Here, the sample is

driven out of equilibrium, and then
probed with pulses that are delib-
erately made “poorly behaved” and
display randomised pulse-to-pulse
fluctuations in time and frequency.
Information from the out-of-equi-
librium sample is then encoded into
these noisy pulses through non-
linear interaction of the light with
the material and retrieved by single
shot acquisitions.

“The Eureka of my PhD project
was realising that every realisation of
the experiment is unique and, there-
fore, measuring the average over
many repeated experiments doesn’t
tell you the full story”, says Giorgia
Sparapassi from Elettra Sincrotrone
Trieste. To put it simply, it is common
in pump and probe experiments to
repeat the measurements thousands
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a: A schematic illustrating the paradigmatic difference between mean-value and
covariance-based spectroscopy. The covariance-based approach extracts the

information embedded in pulse-to-pulse fluctuations, which mean-value ignores.
b: In a pump-probe experiment, the pump pulse drives a system out of equilib-
rium. The noisy probe pulse records the state of the system at a later time through
correlations induced by a non-linear interaction with the sample. c: A diagram of
the experimental apparatus in which a pulse-shaper introduces fluctuations in the
probe pulse, which then interacts with the sample before being recorded by a spec-
trometer. Comparison with the reference pulse reveals the correlations induced by
the sample. d: The vibrational modes are revealed as signals that oscillate between
positive (red, correlated) to negative (blue, anti-correlated) as a function of the
time delay between pump and probe. e: Among other areas, this covariance-based
approach promises to be useful in 2D-Raman spectroscopy, as demonstrated by
this pseudo-2D Raman spectrum. Credit: G. Sparapassi, S.M. Cavaletto, J. Tollerud,

A. Montanaro, F. Glerean, A. Marciniak, F. Giusti, S. Mukamel and D. Fausti

of times per second so that one can
measure even the tiniest changes
of the reflectivity or transmissivity
in the sample. But it is important
to realise that in mean-value-based
approaches it is implicitly assumed
that all measurements are
performed under unchanged condi-
tions, while in truth, each realisation
of the experiment is subtly different.
“Realising that the subtle difference
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between different realisations of
the same experiments carry a whole
load of information which you miss if
you measure the response averaged
over many repetitions was the start-
ing point of this research line”, says
Professor Fausti who led the project.

In a recent paper (doi.org/hpbq),
the authors have brought this
concept to time domain spectros-
copies and shown that vibrational

modes of quartz can be measured
using correlations induced through a
Raman interaction of the probe with
the out-of-equilibrium material. By
scanning the time delay between
the noisy probe and a coherent
pump pulse (which was used to
drive the system out of equilib-
rium), they show how the degree
of correlation over many uniquely
randomised pulses can provide new
information beyond that provided in
mean-value experiments.

In this work, the degree of corre-
lation was quantified using the
Pearson Correlation—a basic metric
of correlation between two inde-
pendent quantities—and this rela-
tively simple demonstration has
indicated the feasibility of new
experimental directions in 2D
Raman spectroscopy, an area that
has received significant interest but
has been impeded by experimen-
tal challenges. Dr Tollerud stresses:
“There is the incredible opportu-
nity to apply this correlation-based
approach to many of the non-linear
spectroscopy techniques that have
been developed within the mean-
value based paradigm”. Professor
Mukamel also shares his collabo-
rators’ enthusiasm: “Here we have
formalised how to extract time-
dependent high-order non-linear
signals from intensity correlation
functions, rather than mean value,
but this is only the first demonstra-
tion of an operating principle which
could be applied to many other non-
equilibrium techniques”.

More broadly, this work demon-
strates transient non-linear spec-
troscopy based on covariance
methods and its advantages over
mean-value-based approaches.
A generalisation of this approach
could be a game change in non-
linear spectroscopy in the optical
region, but also provide a route to
retrieve temporal and spectral reso-
lution from stochastic probes, in
conditions where noise is unavoid-
able such as in hard X-ray free-elec-
tron lasers based on self-amplified
spontaneous emission. ¥*
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Synchrotron FT-IR microspectroscopy indicates faster and

more effective tooth whitening treatments

Synchrotron FT-IR microspectroscopy has been used to study the side effects of typical tooth whitening
treatments, based on oxidation, compared to a new treatment developed through reduction.

Tooth whitening is a common
aesthetic treatment around the
world. To obtain better results,
higher concentrations of oxidising
agents and longer application times
are needed, but this may increase
side effects like hypersensitivity and
pulp damage, tooth demineralisa-
tion and gingival irritation. Besides,
the need to apply these products
for hours is not very comfortable
for the user. Typical tooth whiten-
ing treatments are based on the
oxidising power of hydrogen perox-
ide, which breaks the double bonds
of the staining molecules on the
teeth’s surface making them unable
to absorb light. This way the mole-
cule becomes transparent, giving
the impression of white teeth.

In recent work (doi.org/hpbt) from
the Research Group of Separation
Techniques in Chemistry (GTS)
from the Universitat Autonoma
de Barcelona (UAB) in collabora-
tion with the ALBA Synchrotron,
researchers have used bovine inci-
sors as in vitro model to study the
side effects of whitening treat-
ments. They compared typical
whitening treatments (based on
oxidation with carbamide peroxide)
to a new treatment developed and
patented by the authors through
reduction via metabisulfite, which
also makes the staining molecules
colourless. However, metabisulfite
offers a faster whitening effect,
which permits the use of lower
concentrations and shorter applica-
tion times. Results showed how the
whitening effect of the novel treat-
ment is highly improved in terms
of application time needed, with
the consequent reduction of side
effects. This makes it a promising
candidate to develop novel whit-
ening treatments.
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In addition, they found that
using oxidising or reducing
treatments promotes different
mineral changes. This was shown
thanks to the chemical imaging
performed at the MIRAS beam-
line of ALBA. It is the first time
that synchrotron light has been
used to map the bovine incisor’s
enamel chemically, and to deter-
mine the effect of a whitening
treatment in terms of chemical
mineral modifications, and the
extent in depth of these effects.

The team used Fourier transform
infrared (FT-IR) microspectroscopy

with synchrotron light, which
has enabled the combination of
biochemical with spatial informa-
tion at cellular resolution.

“‘Synchrotron-based Fourier
transform infrared microspec-
troscopy technique can provide
very precise chemical informa-
tion in small areas, therefore, it is
a very suitable technique to study
the changes induced by whiten-
ing treatments and to characterise
the extent of its effects with preci-
sion”, explains Ibraheem Yousef, the
scientist responsible for the MIRAS
beamline. ¥

Vibration v; PO v, PO

v; COz> v, CO;%

Range (cm™) 1160-965

965-935

1530-1550 1580-1320 880-830

Supportresin | 4823

-
fr}
2 2400
z
S

7
2
.

Chemical distribution of carbonates and phosphates in the middle crown of a
bovine incisor control tooth (vertical section).

www.spectroscopyworld.com


https://doi.org/hpbt
https://www.spectroscopyworld.com

“Forever” chemicals

VOL. 34 NO. 3 (2022)

Researchers have developed a more accurate method to discover and document pervasive “forever” chemicals,
which have been found in the blood of people and other animals across the globe.

US National Science Foundation
researchers have developed a
more accurate method to discover
and document pervasive “forever”
chemicals often referred to as
PFAS. Studies have documented
PFAS in the blood of people and
other animals across the globe.
Thousands of forever chemicals
have been identified, but there
could be other potentially hazard-
ous compounds lurking that have
not yet been detected. The volume
of chemicals and scope of their
impact will be brought into clearer
focus with the data obtained from
this initiative, scientists say.

Per- and polyfluoroalkyl
substances (PFAS) are an omni-
present group of thousands of
manufactured chemicals, some
harmful to people and the environ-
ment. The pervasive pollutants can
be found in everything from food
packaging and cookware to clean-
ing products, textiles and drink-
ing water. The Colorado State
University-based research team is
working to classify and catalogue
the myriad chemical compounds
in the PFAS cohort, data that could
be critical to finding solutions to
health and environmental damage
the chemicals cause.

“We're not only attempting to
resolve the chemical complexity
of PFAS, we're also opening doors
for researchers who want to look
at treatment, environmental fate
and transport, and toxicology”, said
Jens Blotevogel, a co-author of the
study published in Environmental
Science & Technology (doi.org/hpdt).
“This is giving people the strongest
possible magnifying glass to unravel
these processes.”

The research team will conduct
the survey and chemical analysis
using the 21T Fourier-transform
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Researchers are using a 21 T FT-ICR mass spectrometer to identify and analyse
“forever” chemicals. Credit: National Maglab

ion cyclotron resonance mass
spectrometer at the NSF-funded
National High Magnetic Field Lab.

“The first step is understand-
ing what’s there, and then you
can figure out the environmental
impacts and try to remediate them,
but you've got to know the chem-
istry”, said Amy McKenna, an envi-
ronmental analytical chemist.

“It's powerful enough to be able
to see all of these different PFAS
molecules, but it's also powerful

“We’re not only attempting to
resolve the chemical complex-
ity of PFAS, we're also opening
doors for researchers who want
to look at treatment, environ-
mental fate and transport, and
toxicology”

enough to pick them out of environ-
mental samples that contain many
thousands of natural compounds’,
said Robert Young.

The team plans to continue
investigating why some
compounds may go from harm-
less to harmful when they
degrade or are mixed with other
compounds. Understanding what
the compounds are and how they
change will help scientists figure
out how to minimise damage from
dangerous compounds.

“The long-term goal is to help
identify these things so other people
know what to look for”, Young said.
‘As soon as we know what to look
for, we can focus on understand-
ing the health and environmental
impacts and prioritise treatment or
regulatory solutions” *
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3D chemical images of pharmaceutical tablets

Serial sectioning of pharmaceutical tablets with spectral mapping has enabled full visualisation of the three-
dimensional microstructure of a tablet system to be achieved.

Today’s pharmaceutical tablets are
complex products, and their perfor-
mance is known to be primar-
ily influenced by the physical and
chemical properties of the formu-
lation. The size and spatial arrange-
ment of the active pharmaceutical
ingredient (API) within the excipient
matrix can influence the bioavaila-
bility, dissolution rate and stability
of the final drug product.

Vibrational spectroscopic chemi-
cal mapping is an established tool
within the pharmaceutical indus-
try to examine the size and spatial
arrangement of components within
tablets. Traditional applications
usually involve only examining a
single exposed surface area of a
sample and thus there are known
limitations associated with obtain-
ing domain size statistics from a
two-dimensional (2D) chemical
image. Recently, the combination of
spectroscopic mapping with serial
sectioning has enabled full visu-
alisation of the three-dimensional
(3D) microstructure of a tablet
system to be achieved. A 3D data-
set can be reconstructed by stack-
ing individual 2D chemical images
collected at regular depth inter-
vals into the sample. To further
enhance the added value of 3D
spectroscopic mapping methods,
this paper, published in Journal of
Spectral Imaging (10.1255/si.2022.
a3), outlines the methods required
to visualise, process and analyse 3D
volumetric data for pharmaceutical
applications. This provides a means
to quantitatively describe the
microstructure of a tablet matrix
and is a powerful tool to overcome
knowledge gaps in current tablet
manufacturing processes, optimis-
ing formulation development.

The research team, from the
University of Strathclyde and
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Pfizer, show how the 3D domain
size distribution of each compo-
nent can be determined and used
as a comparative tool to under-
stand how the size and shape of
domains change throughout the
tablet manufacturing process, from
raw materials to tablet compac-
tion. Enhanced knowledge regard-
ing the effect of each processing
condition on size and shape of
the components may lead to opti-
mised manufacturing processes
that produce tablets with desired
physical and chemical character-
istics. The relative position of a

component within the drug matrix
can also be quantified to assess
the spatial arrangement of compo-
nents within the final drug product.
Enhanced understanding regard-
ing the 3D microstructure of a new
drug product can provide a baseline
understanding of the product with
the desired attributes. The spatial
arrangement of components within
OOS samples can now be quanti-
fied and with enhanced process
understanding, the root cause may
be identified to a single manufac-
turing step. ¥
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Gamma-ray spectrometers can aid archaeological discoveries

Gamma-ray spectrometers, commonly used at nuclear power plants, can be repurposed to help discover ancient

buildings or dinosaur bones.

Gamma radiation detectors could
be used to help archaeologists
scan underground for new finds
and could also be applied to discov-
ering dinosaur bones, a new study
has shown. A gamma-ray spectrom-
eter—normally used to identify radi-
oactive contamination on nuclear
sites—was used for the first time
in an archaeological setting at a
University of Reading excavation in
Roman Silchester, Hampshire, UK.
The trials found the devices were
able to identify buried buildings or
objects by detecting gamma radi-
ation emitted during the natural
decay of elements in these mate-
rials.

The detectors could, therefore,
be a valuable addition to traditional
geophysical surveys as they can
reveal the composition of objects
before they are excavated, and
provide clues as to how old objects
are, where they came from, or even
what a site was used for thousands
of years earlier.

Victoria Robinson, a PhD
researcher in Archaeology at the
University of Reading, who led the
trial, said: “Confirming traditional
surveys using a different technique
is hugely valuable as it takes the
guesswork out of archaeology. Until
you have fully investigated a site
you can never be quite sure what
is under the ground, so the more
information archaeologists have at
their fingertips before they start
digging, the better. Radiation detec-
tors aren’t the first thing you'd think
of to assist with excavations, but
they could be a useful addition to
an archaeologist’s toolkit. They are
portable and highly versatile, which
also offers an advantage over the
technology that is currently used.”

A Groundhog Portable Gamma-
Ray Spectrometer was tested on
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The Groundhog Fusion System trialled
at Roman Silchester. Credit: University
of Reading

four sites at Silchester in summer
2019. The results are published
in the Journal of Archaeological
Prospection (doi.org/hph3).

The detector was found to
be most effective on the site
of Silchester's Roman temple,
where it confirmed geophysical
surveys locating a buried bound-
ary wall. The position of the wall
was indicated by lower radioac-
tivity readings, suggesting the
wall was constructed from mate-
rials imported from a different
geographical area with naturally
depleted radioactivity.

Gamma-ray spectrometers pick
up naturally-occurring uranium
under the ground. As materials and
objects are weathered, they release
minerals containing uranium, which
can then be absorbed by nearby
objects, such as bones, over long
periods of time. For this reason,
dinosaur bones—normally the
preserve of palaeontologists and
usually only revealed by chance—
could potentially be one of the
most easily identifiable objects
using the detectors.

The detectors penetrate up to
a metre into the ground, taking
gamma radiation readings at regular
intervals to build up an image. They
are particularly good at identify-
ing materials that did not originate
in the location, as these usually
have a very different geochemical
composition to the soil and objects
surrounding them and, therefore,
give contrasting radiation read-
ings. For example, the Welsh blue-
stone taken to Salisbury to build
Stonehenge (https:/bit.ly/shenge)
would be clearly distinguishable
within the landscape. Firing clay
bricks in a kiln also substantially
changes their composition, making
them easily detectable using a radi-
ation detector. Places that hosted
ancient industrial work such as this
often have similarly altered waste
material deposited across them,
providing a further indication as to
what the site was used for.

Currently, there are three main
geophysical surveying techniques
commonly used on archaeologi-
cal sites: magnetic, electrical and
ground penetrating radar. Each
is best applied to different sites.
The gamma radiation detectors are
more portable than these other
technologies, and so can be used
for high-resolution surveys while
walking around or even mounted to
vehicles to cover much larger areas.

The authors concluded that
gamma-ray spectrometers could be
used alongside other technigues to
provide more certainty about what
lies underground at archaeologi-
cal sites. Further trials are planned,
using more frequent readings to
create a higher-resolution survey
image, which could prove to be
even clearer than those using other
technologies. ¥
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lonSense acquired by Bruker

lonSense, maker of the DART ionisation technology, has been acquired by Bruker. The deal provides financial
investments to ramp up development of the DART technology.

lonSense, who produce the ambi-
ent DART™ (Direct Analysis in Real
Time) ionisation technology, has
been acquired by Bruker. The deal
provides lonSense with the finan-
cial investments to ramp up devel-
opment of the DART ionisation
source technology and increase
efforts in developing applications in
the applied markets, including food
analysis and forensics.

“This merger will help us to accel-
erate development of DART MS
and properly resource robust appli-
cations development programmes”,
commented the CEO of lonSense,

Jeff Zonderman. “Our vision
remains to use DART to empower
mass spectrometers to perform
better outside their traditional
LC and GC workflows. We are
committed to continuing sales of
our DART sources for coupling
with all vendors’ mass spectrome-
ters. In partnership with Bruker, we
will leverage their strong presence
and reputation in analytical instru-
mentation, and their investments in
lonSense, to introduce our enabling
technology to a wider customer
audience at a faster pace”

Commenting on the acquisi-
tion, Dr Robert Galvin, VP Applied
Markets at Bruker Daltonics, stated:
“We are excited about bringing this
enabling technology to our custom-
ers. We believe that mass spec-
trometry has a broader potential
in a wider range of markets than it
has previously been known for. Our
financial commitment to DART will
ultimately enable more people to
have access to the power of mass
spectrometry for today’s analytical
challenges.”
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HORIBA UK joins non-animal technologies partnership

As an industry partner, HORIBA will co-create, support and mentor a four-year research project to explore how
spectroscopy can help drive new methods of cell screening and disease diagnosis based on animal-free research.

HORIBA UK announces that it
has joined the IfETIME Centre
for Doctoral Training (CDT) as an
Industry Partner. This partnership
aims to provide a new generation of
scientists with skills and approaches
to reduce and replace the need for
animal testing, so transforming drug
discovery, toxicology screening and
regenerative medicine.

The HfETIME (Engineered
Tissues for Discovery, Industry and
Medicine) CDT is a partnership
between the University of Glasgow,
University of Birmingham, Aston
University and CURAM - Science
Foundation Ireland at the National
University of Ireland, Galway.
Offering fully funded PhD student-
ships, the CDT focuses on high-
value skills training across a range
of scientific disciplines to enable
research students to develop
non-animal technologies (NATs)
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that better mimic physiology and
disease.

In partnership with industry, the
lIfETIME CDT harnesses knowl-
edge-exchange and co-creation
in pioneering science to develop
bioengineered humanised 3D
models, microfluidics, diagnostics
and sensing platforms. As an indus-
try partner, HORIBA will co-create,
support and mentor a four-year
research project to explore how
spectroscopy can help drive new
methods of cell screening and
disease diagnosis based on animal-
free research.

In addition to supporting leading
research, industry partners such
as HORIBA also enable students
to experience different industrial
roles and strengthen their multi-
disciplinary skills to guide their
future career choice. Not only in
academic/industrial research, but
also marketing, regulation, stand-
ards or policy. This provides student
cohorts with the professional skills

training needed to ultimately
enhance industrial and societal
impact.

“‘Our involvement with doctoral
training centres keeps us close
to cutting-edge UK science, and
allows us to give something back
through support and nurture of a
new generation of scientists’, said
Dr Simon FitzGerald, Technical
Manager, HORIBA UK. “We are
particularly excited to join lifETIME
CDT as we can enable and contrib-
ute to incredible science that will
drive real improvements in disease
diagnosis, medicine and clinical
science. It covers a broad range of
research driven by world-leading
scientists, much of which is under-
pinned by the spectroscopy and
measurement technologies that are
at the core of HORIBA's expertise.
HORIBA and the lifETIME CDT is a
perfect synergy!”

Matthew Dalby, Professor of
Cell Engineering at the University
of Glasgow, and Director of

VOL. 34 NO. 3 (2022)

N7 vir=nh —
N \y / \( \\/ A\v h
\ =\

v

the [IfETIME CDT, commented,
“HORIBA will work with lifETIME
to make our models a reality, to
reduce and replace the need for
animal testing and to offer new
skills to our PhD students. The
opportunities that this partnership
brings are huge—HORIBA's exper-
tise in spectroscopic and analytical
science will be of great benefit for
our students and the science they
do. The involvement of industry
really helps us to deliver enhanced
training and opportunities to our
students. HORIBA, and our other
partner companies, are critical to
our success.”

The CDT partnership also facili-
tates wider networking opportu-
nities between industry partners
and the many leading academics
involved. This supports the discov-
ery of potential synergies between
HORIBA and major research institu-
tions to help identify and develop
future technologies for further
scientific advancements. ¥
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Calibration partnership for single-chip FT-NIR spectrometers

Si-Ware has announced a partnership with NutriControl Analytical Solutions, a laboratory network based in the
Netherlands serving the animal feed, dairy and food sectors.

Si-Ware, manufacturers of the
NeoSpectra single-chip FT-NIR
spectrometers, has announced
a partnership with NutriControl
Analytical Solutions, a laboratory
network based in the Netherlands
serving the animal feed, dairy and
food sectors. The partnership will
benefit from NutriControl's calibra-
tion experience to provide users of
the portable NeoSpectra Scanner
with quick, accurate materials
sampling capabilities for a broad
range of applications.

“We're excited to partner with
NutriControl on this endeavour
and pair their NIR calibration exper-
tise with our user-friendly portable
technology’, said Ralph Hewitt, vice
president of global sales at Si-Ware.

www.spectroscopyworld.com

NutriControl develops NIR cali-
bration lines and NIR cloud services

that can be used to analyse feed,
grains, dairy products, silages, pet
food and many other raw materials.
The company'’s calibration lines are
based on a significant amount of
classical wet chemical tests.

“Our customers have long under-
stood the need for accurate mate-
rials analysis, and now more than
ever, they are searching for porta-
ble solutions to conduct real-time
sampling and accurate measure-
ments”, said Jorgen van den Ende,
managing director at NutriControl.
“Through our collaboration with
NeoSpectra by Si-Ware, we now
have the opportunity to implement
our calibration lines on a portable
system that will bring value to all
global users” ¥
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Leaving a mark on forensic science:
how spectroscopic techniques have
revealed new Insights in fingerprint

chemistry

Rhiannon E. Boseley,” Daryl L. Howard,? Jitraporn Vc)ngsvivul:,b Mark J. Hackett*® and Simon W. Lewis**®

“School of Molecular and Life Sciences, Curtin University, GPO Box U1987, Perth, Australia
PANSTO, Australian Synchrotron, 800 Blackburn Road, Clayton, Victoria, Australia

In forensic science, fingerprints are
used to connect an individual to a
criminal investigation. Their eviden-
tial value is reliant on the success-
ful recovery of a fingerprint from a
crime scene. Despite a multitude
of chemical and physical meth-
ods capable of detecting finger-
print residues, there are substantial
challenges with fingerprint recov-
ery due to the inherent variability
of this biological material. Ongoing
research has focused on the devel-
opment of new or improvement of
current fingerprint recovery tech-
niques. Meanwhile, conducting
fundamental studies can be valua-
ble to explore the residue itself, to
better understand its variation in
response to fingerprint treatments.

Spectroscopic methods have
played a critical role in the analy-
sis of fingerprints, used to identify
the chemical constituents present,
examine their degradation over
time and compare the chemical
variation between donors. Whilst
bulk chemical methods have
provided an extensive view of the
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chemical species present, the heter-
ogeneous nature of fingerprint resi-
dues means that a more accurate
picture can be obtained when the
spatial information is preserved.
Chemical imaging methods such as
mass spectral imaging and infrared
micro-spectroscopy can capture
the most comprehensive view of
fingerprint chemistry.

Recent scientific advances have
made spatially resolved chemical
analyses more accessible. Among
these powerful methods that can
provide an unprecedented view of
fingerprint chemistry, only a small
number of techniques can analyse
natural fingerprint samples with-
out any chemical alteration, treat-
ments or solvent extractions prior
to analysis. To capture the most
realistic representation of the
chemical species naturally present
in fingerprint residues, in situ, label-
free measurements are required.
Further, when analysing biologi-
cal materials, the capability to
analyse samples in situ, at ambient
temperature and pressure, without
the need for vacuum conditions, is
important for the stability of loosely
bound elemental content and the
morphology of the sample.

Fourier transform

infrared spectroscopy
Fourier transform infrared (FT-IR)
spectroscopy has long been used

to characterise unknown samples
based on the absorption of IR light
by characteristic functional groups
of organic molecules. The integra-
tion of FT-IR spectroscopy with
microscopy (known as FT-IR micro-
spectroscopy) further enables
classes of biological molecules to
be mapped across sample surfaces.
Unfortunately, the long wave-
lengths of IR light (relative to visible
light) result in poorer spatial reso-
lution associated with FT-IR micro-
spectroscopy than what is generally
expected from conventional light
microscopy. Nevertheless, the
use of high refractive index opti-
cal materials in combination with
attenuated total reflectance (ATR)
modalities, now enable FT-IR micro-
spectroscopy to approach micron-
scale spatial resolution.'

FT-IR micro-spectroscopy has
been used not only to investi-
gate how the variation in molecu-
lar chemistry can be indicative of
donor traits, such as age and biolog-
ical gender, but also to estimate time
since fingerprint deposition.**® The
identification of components corre-
lating to glandular secretions from
the eccrine and sebaceous glands
has been characterised and their
persistence monitored with variables
including temperature and time.”
Commonly, fingerprint samples
have been analysed with the addi-
tion of microscopy (either mapping

www.spectroscopyworld.com
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or imaging), to retain spatial informa-
tion, highlighting the inherent heter-
ogeneous distribution of organic
materials across a sample. In particu-
lar, coupling a synchrotron light
source to a FT-IR imaging instru-
ment provides enhanced spectral
quality and improved data collection
times. Dorakumbura et al. exploited
the capabilities of synchrotron
FT-IR imaging coupled with the ATR
attachment to characterise eccrine
and sebaceous material within indi-
vidual droplets in fingerprint resi-
due.” This method was subsequently
applied to monitor the spatio-
temporal changes in fingerprint
droplets under ambient tempera-
ture conditions. Changes in the
morphology and chemical composi-
tion of the droplet are shown in the
immediate hours following deposi-
tion (Figure 1), providing a unique
perspective of the dynamic nature
of this material.*®

X-ray fluorescence
microscopy

Research into the inorganic mate-
rial in latent fingerprints has been
limited due to the lack of availability

VOL. 34 NO. 3 (2022)

Natural

Gun Barrel

Cartridge Case

Figure 2. XFM elemental maps from copper, zinc and lead from fingerprints taken
following regular activity (left), handling a gun barrel for 30s (middle) and handling
an ammunition cartridge case for 305 (right). Intensity units are ngcm™2.

in instrumentation with the appro-
priate sensitivity and spatial reso-
lution required to detect the trace
metals present in fingerprint resi-
dues. The process of X-ray fluores-
cence (XRF) inherently lends itself
to simultaneous multi-element

b)
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Figure 1. A time-course (12 hour) study of changes in H,O content during air-drying
of a droplet within a natural fingermark, as revealed by synchrotron ATR-FT-IR
mapping technique. (a) False colour ATR-FT-IR maps were generated by integrat-
ing over the v(O-H) stretching bands of H,O (3000-3500cm™?) as a marker for
eccrine material. Scale bar 20 um. (b) Representative synchrotron ATR-FT-IR spec-
tra collected from a droplet within a natural fingermark after 1 hour, 6 hours and

12 hours of air-drying.

www.spectroscopyworld.com

mapping, which is of great value
across many research applica-
tions. Coupling of XRF instrumen-
tation with bright X-ray sources
(e.g. synchrotron light sources)
now provides the opportunity for
rapid acquisition of trace-element
maps, at micron spatial resolu-
tion.' Recent work conducted by
our group has taken advantage
of the brightness of synchrotron-
sourced X-rays, using X-ray fluores-
cence microscopy (XFM) to image
the distribution of metals and metal
ions in natural fingerprints.'? Like
its organic counterpart, inorganic
material is donor dependent, with
great variation in the amount and
distribution of elemental mate-
rial present. The elemental mate-
rial appeared to follow the ridge
pattern detail of fingerprint resi-
due, implying it could be an appro-
priate chemical target for novel
fingerprint development meth-
ods. Interestingly, donor behav-
jour, specifically cosmetic use and
contact with metal objects can
influence the chemistry of inorganic
material in fingerprint residues.*®
This information can be exploited
for forensic purposes, with metal
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Figure 3. A natural fingerprint deposited on silicon nitride imaged with an optical

microscope, XFM elemental mapping showing the zinc distribution, and FT-IR imag-
ing (IRM) showing the distribution of lipid material (false colour image generated
by integrating over the C-H stretching band for lipid within the 2800-3000cm™*

spectral range).

profiles characterised to particular
criminal activities.

Multi-modal chemical
Imaging studies

To gain a more holistic view of
fingerprint chemistry, a multi-modal
workflow combining chemical imag-
ing methods was used to inves-
tigate the interactions between
organic and inorganic materials.*?
The same fingerprint sample was
imaged using infrared micro-spec-
troscopy (IRM) and XFM, which
together allowed the co-location
of metals and metal ions within the
organic secretions. Figure 3 shows
an example of the metal ions,
specifically zinc, located within the
organic secretions. A broader distri-
bution of exogenous metal ions
was more likely to be linked with

24 SPECTROSCOPYWORLD

external sources such as cosmetic
use or secondary metal transfer.'?
This finding is critical to under-
standing how metal ions can inter-
act with chemical treatments, some
of which interact with the organic
materials, particularly amino acids
present within eccrine sweat.
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In his article “of studies”, Francis
Bacon said “some books are to be
tasted, others to be swallowed,
and some few to be chewed
and digested”! and this mono-
graph on proton nuclear magnetic
resonance (NMR) spectroscopy,
should be “chewed and digested”
as Bacon continued to elaborate,
“some few to be read wholly, and
with diligence and attention”.?
NMR Multiplet Interpretation: An
Infographic Walk-Through by Dr
Roman A. Valiulin deserves your
time perusing it from top to bottom
with, as quoted above, “diligence
and attention”. This should be the
piece that proton NMR spectros-
copy readers would, for sure, “try
their hand at it”, for “it took over
a decade of study, practice, and
experience” (preface) to conceptu-
alise followed by the materialisation
of this chef-d’oeuvre: the author’s
“dream book” (foreword).

It is a “dream book’—a “dream
book” of the author having “more
visuals than text” thereby present-
ing its readers a “study aid” that
would function as not only a
“portable tutor” but also a useful
“analytical kinesthetic” learning
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tool (foreword). And it is an info-
graphic book on *H NMR, perhaps
the first of its kind that, like hetero-
nuclear coupling, has made a junc-
ture between the “realm of science
and art” (foreword)—a new initiative
by an organic chemist who, as an
amateur artist, enjoys dabbling with
drawings in his other times. And in
parallel, this is a “workbook” for, as
the author contends, it “provides a
guided work-through of NMR spec-
tra interpretation” on “simple and
complex first-order "H NMR multi-
plets” (introduction). Being funda-
mentally divided into four parts,
this booklet discusses the first
order multiplets: simple (chapter 2)
to complex (chapter 3), followed by
the mnemonic rules (chapter 4) and
the exercises (with answers) with
their increasing difficulty levels
(chapter 5).

This book is designed for specifi-
cally “developing organic chemists”
(introduction), “research chemists”
seeking to have a fair dealing with
the proton NMR spectra by reliably
reporting them for possible publica-
tion (preface) as well as the “expe-
rienced chemists” who would find
more practice regarding proton
NMR explanation (introduction),
and it is equally targeted for the
chemistry undergraduate and grad-
uate students as their chemistry
“course companion” (introduction).

It should not be a hyperbole,
rather a fact of relevance that in
spite of being a chemistry graduate
nearly a decade ago with a degree
required specialisation in organic
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chemistry, | have been searching on
and off for years to find a book on
NMR spectroscopy, more specifi-
cally proton magnetic resonance
(PMR)? or "H NMR etc.® spec-
troscopy, or even proton MRS.“ It
was my hope that it might work
as a step-by-step guide in inter-
preting, in the easiest or a practi-
cal way, the PMR spectra obtained
from my own graduate work. One
might easily be surfeited with the
resources on spectroscopy, rang-
ing from books,” spectra analy-
sis software,®” spectra databases®
and handbooks® as well as web
pages,” ** blogs, forums etc.’>"’ to
the scholarly literature of earlier'®
and contemporary spectroscopists
specifically dealing with the inter-
pretative ways of PMR spectra,'” %4
yvet a reader like me, perhaps alike
many other spectroscopy readers,
might assume to embrace the situ-
ation as depicted by Coleridge:
‘day after day, day after day,
we stuck, nor breath nor motion;
as idle as a painted ship
upon a painted ocean”,?

or spend too much time to catch
on the spectral matters that could
be regarded “sloth” as ascribed in
“of studies”.! And yes; for many
of us could easily get stuck with
or be a sluggish learner of NMR
spectroscopy, there might have
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something to which the “causation
in the law”?® could be attributed as
diagnosed by the present author
himself: even if there were “many
excellent textbooks” emphasis-
ing either the “basic examples or
covering complex, rare, and even
seemingly obscure *H NMR multi-
plet cases” or the “math and phys-
ics that undergird the technique”,
those, at their end, would become
less “accessible or useful for the
organic chemists in their day-to-
day research” (preface). Such a
paradoxical happening, though
unexpected, was inevitable as a
result of perhaps adhering to the
“‘general norm of the writers”. Yet,
there were some endeavours to
challenge this general trend in
composing the chemistry books
that received a welcome as Azman
said in his review of such a book:
“this textbook is a refreshing devi-
ation from the norm’?’ and the
present booklet could be treated
in the same fashion. With such a
deviation “from the norm” that
“many academics would consider
‘mainstream’ or ‘accepted”?’ and
invoking the newest approach to
learning NMR (the infographic),
this book is distinct in itself.

The efficacy of the author’s work
could be well understood from the
voice of, amongst many authors,
Hoye and his co-workers: “the
emergence of routine multidimen-
sional NMR spectroscopy has been
accompanied by a decline in the
learning, teaching, and practice of
the important skill of assigning first-
order multiplets by inspection”.'? In
this context, this masterwork, as
a “visual pedagogical tool” (pref-
ace) might be regarded as a “good
alternative addition” to the teach-
ing-learning landscape of organic
spectroscopy. In addition, the multi-
paint facet of the infographics with
the author’s selective choice of
colour would, for sure, work as fuel
to learning a critical subject through
visualisation.

Though the merit of this book
is unique, originating from the
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author’'s own journey—a long
distance traversed by him as a
“student, teaching assistant, gradu-
ate and postdoctoral researcher as
well as an individual tutor” (intro-
duction and preface) accompanied
by his “hobby for art” (foreword)—
this workbook lends its “concep-
tual framework” (preface) from, as
its author refers to, the pioneering
work of Hoye et al.'” Every work
has its own limitations, and this is
true for the one under discussion
as we are heard from its author:
“this book is not intended to be
a scientific paper nor a litera-
ture review... (preface) and is not
intended to be a comprehen-
sive nor exhaustive study of the
fundamental theory... (introduc-
tion), it omits discussion of NMR
theory and should not be used
as a comprehensive textbook...
readers seeking to become more
specialised in the subject-matter
may wish to utilise this workbook
in conjunction with dedicated
coursework on spectroscopy”
(preface). Importantly then, one
essential tool to searching in a
book, i.e. the index, has not been
provided. However, this is less
important due to the fact that the
core discussion has been aestheti-
cally truncated to nearly 50 pages.

At the dénouement of this brief
write-up, | should take a position
on my own that if | were asked to
choose, from a dozen of collec-
tions of books discussing *H NMR
spectra, the only one | would surely
have picked up is this infographic
book for, with this “guided walk
through” work of genius, | have to
walk through the “only scholars’
zone” of NMR spectroscopy in spite
of being myself one of the common
readers of it:

“‘But | have promises to keep,
And miles to go before | sleep,
And miles to go before | sleep”.?®

Now, for the members of the
chemistry family: the (organic)
chemists, students, amateur collec-
tors or the librarians—it’s your turn
to choose yours!

References

1. F. Bacon, Bacon’s Essays with
Annotations, Ed by R. Whately.
Lee and Shepard, Boston (1868).

2. RT. Morrison and R.N. Boyd,
Organic Chemistry. Prentice Hall
of India, New Delhi, pp. 600 and
629 (1996).

3. Proton Nuclear Magnetic
Resonance. Wikipedia. https:/
en.wikipedia.org/wiki/Proton_
nuclear_magnetic_resonance

4. E. Novotny, S. Ashwal and M.
Shevell, “Proton magnetic reso-
nance spectroscopy: an emerg-
ing technology in pediatric
neurology research”, Pediatr.
Res. 44(1), 1-10 (1998). https:/
doi.org/10.1203/00006450-
199807000-00001

5. Spectra: Spectroscopy Textbooks/
Handbooks. University of
California San Diego. https:/
ucsd.libguides.com/spectra/
textbooks

6. NMR Software. NMR Wiki.
http:/nmrwiki.org/wiki/index.
php?title=NMR_Software

7. Category: NMR software. NMR
Wiki. http:/nmrwiki.org/wiki/
index.php?title=Category:NMR_
software

8. Nuclear Magnetic Resonance
Spectra Database. Wikipedia.
https:/en.wikipedia.org/wiki/
Nuclear_magnetic_resonance_
spectra_database

2. NMR Websites. NMR Facility.
http:/nmrweb.chem.ox.ac.uk/
nmr-websites.aspx

10.Useful Resources. NMR Facility.
https:/www.nmr.ucdavis.edu/
useful-resources

11.0ther NMR Websites of Interest.
NIU - Department of Chemistry
and Biochemistry. https:/www.
niu.edu/clas/chembio/research/
analytical-lab/NMR/websites.
shtml

12.e NMR Home Page.
https://web.archive.org/
web/20100108014732/

13.Nuclear Magnetic Resonance.
Curlie - Science: Chemistry.
https://curlie.org/en/Science/

www.spectroscopyworld.com


https://en.wikipedia.org/wiki/Proton_nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Proton_nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Proton_nuclear_magnetic_resonance
https://doi.org/10.1203/00006450-199807000-00001
https://doi.org/10.1203/00006450-199807000-00001
https://doi.org/10.1203/00006450-199807000-00001
https://ucsd.libguides.com/spectra/textbooks
https://ucsd.libguides.com/spectra/textbooks
https://ucsd.libguides.com/spectra/textbooks
http://nmrwiki.org/wiki/index.php?title=NMR_Software
http://nmrwiki.org/wiki/index.php?title=NMR_Software
http://nmrwiki.org/wiki/index.php?title=Category:NMR_software
http://nmrwiki.org/wiki/index.php?title=Category:NMR_software
http://nmrwiki.org/wiki/index.php?title=Category:NMR_software
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance_spectra_database
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance_spectra_database
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance_spectra_database
http://nmrweb.chem.ox.ac.uk/nmr-websites.aspx
http://nmrweb.chem.ox.ac.uk/nmr-websites.aspx
https://www.nmr.ucdavis.edu/useful-resources
https://www.nmr.ucdavis.edu/useful-resources
https://www.niu.edu/clas/chembio/research/analytical-lab/NMR/websites.shtml
https://www.niu.edu/clas/chembio/research/analytical-lab/NMR/websites.shtml
https://www.niu.edu/clas/chembio/research/analytical-lab/NMR/websites.shtml
https://www.niu.edu/clas/chembio/research/analytical-lab/NMR/websites.shtml
https://web.archive.org/web/20100108014732/
https://web.archive.org/web/20100108014732/
https://curlie.org/en/Science/Chemistry/Nuclear_Magnetic_Resonance/
https://www.spectroscopyworld.com

VOL. 34 NO. 3 (2022)

AT

Chemistry/Nuclear_Magnetic_
Resonance/

14.Share your Magnetic Science!
NMR Wiki. http:/nmrwiki.org/
wiki/index.php?title=Main_Page

15.Blogs, Social Media and Forums.
Max-Planck-Institut fur
Kohlenforschung). https:/www.
kofo.mpg.de/644565/nmr-
blogs-and-social-media

16.NMR Related Blogs. https:/www.
nmrtubes.com/support/nmr-
related-blogs

17.Nuclear Magnetic Resonance:
NMR Blogs. Curlie - Science:
Chemistry. https://curlie.org/
en/Science/Chemistry/Nuclear

Magnetic_Resonance/NMR_

Blogs

18.A. Tuckerman, Index to the
Literature of the Spectroscope.
The Smithsonian Institution,
Washington (1888).
https://repository.si.edu/

handle/10088/23160

19.T.R. Hoye, P.R. Hanson and
J.R. Vyvyan, “A practical guide
to first-order multiplet anal-
ysis in *H NMR spectros-
copy’, J. Org. Chem. 59(15),

4096-4103 (1994). https:/doi.
org/10.1021/jo00094a018
20.T.R. Hoye and H.A. Zhao, ‘A
method for easily determin-
ing coupling constant values:
an addendum to “A practical
guide to first-order multiplet
analysis in 'H NMR spectros-
copy”, J. Org. Chem. 67(12),
4014-4016 (2002). https:/doi.

org/10.1021/jo00113%v

21.B.E. Mann, “The analysis of
first-order coupling patterns in
NMR spectra”, J. Chem. Educ.
72(7), 614 (1995). https://doi.
org/10.1021/ed072p614

22.R. Gunawan, A. Bayu and D.
Nandiyanto, “How to read
and interpret 'H-NMR and
13C-NMR spectrums”, Indones.
J. Sci. Technol. 6(2), 267-98
(2021).

23.G.F. Pauli, S.N. Chen, D.C.
Lankin, J. Bisson, R.J. Case, L.R.
Chadwick, T. Godecke, T. Inui, A.
Krunic, B.U. Jaki, J.B. McAlpine,
S. Mo, J.G. Napolitano, J. Orjala,
J. Lehtivarjo, S.-P. Korhonen and
M. Niemitz, “Essential parame-
ters for structural analysis and

Abdul Hasib, being an independent and early career re-
searcher, carries self-motivated research works; chiefly
in the fields of education including the “Chemistry
Education Research” (CER). His recent research works
include plagiarism, assessment, chief laboratory wares
and to say the least, the spectroscopic identification of
organic compounds.

82abdulhasib@gmail.com

[ https://orcid.org/0000-0003-0675-595X

www.spectroscopyworld.com

dereplication by *H NMR spec-
troscopy’, J. Nat. Prod. 77(6),
1473-1487 (2014). https:/doi.
org/10.1021/np5002384

24.J. Nowick, Multiplet Guide and
Workbook. https:/www.chem.
uci.edu/~jsnowick/groupweb/
files/MultipletGuideV4.pdf

25.5T. Coleridge, The Rime of the
Ancient Mariner. L.C. Page and
Company, Boston, Vol. 2 (1900).

26.M. Moore, “Causation in
the Law” in The Stanford
Encyclopedia of Philosophy,
Ed by E.N. Zalta, Metaphysics
Research Lab, Stanford
University, (2019).

27.A.M. Azman, “Teaching chem-
istry through history”, Nature
Chem. 5(5), 353 (2013). https:/
doi.org/10.1038/nchem.1635

28.R. Frost, “Stopping by Woods
on a Snowy Evening’, in The
Poetry of Robert Frost, Ed by
E. C. Lathem, Henry Holt and
Company, Inc., New York,
(1969).

SPECTROSCOPYWORLD 29


https://curlie.org/en/Science/Chemistry/Nuclear_Magnetic_Resonance/
https://curlie.org/en/Science/Chemistry/Nuclear_Magnetic_Resonance/
http://nmrwiki.org/wiki/index.php?title=Main_Page
http://nmrwiki.org/wiki/index.php?title=Main_Page
https://www.kofo.mpg.de/644565/nmr-blogs-and-social-media
https://www.kofo.mpg.de/644565/nmr-blogs-and-social-media
https://www.kofo.mpg.de/644565/nmr-blogs-and-social-media
https://www.nmrtubes.com/support/nmr-related-blogs
https://www.nmrtubes.com/support/nmr-related-blogs
https://www.nmrtubes.com/support/nmr-related-blogs
https://curlie.org/en/Science/Chemistry/Nuclear_Magnetic_Resonance/NMR_Blogs
https://curlie.org/en/Science/Chemistry/Nuclear_Magnetic_Resonance/NMR_Blogs
https://curlie.org/en/Science/Chemistry/Nuclear_Magnetic_Resonance/NMR_Blogs
https://curlie.org/en/Science/Chemistry/Nuclear_Magnetic_Resonance/NMR_Blogs
https://repository.si.edu/handle/10088/23160
https://repository.si.edu/handle/10088/23160
https://doi.org/10.1021/jo00094a018
https://doi.org/10.1021/jo00094a018
https://doi.org/10.1021/jo001139v
https://doi.org/10.1021/jo001139v
https://doi.org/10.1021/ed072p614
https://doi.org/10.1021/ed072p614
https://doi.org/10.1021/np5002384
https://doi.org/10.1021/np5002384
https://www.chem.uci.edu/~jsnowick/groupweb/files/MultipletGuideV4.pdf
https://www.chem.uci.edu/~jsnowick/groupweb/files/MultipletGuideV4.pdf
https://www.chem.uci.edu/~jsnowick/groupweb/files/MultipletGuideV4.pdf
https://doi.org/10.1038/nchem.1635
https://doi.org/10.1038/nchem.1635
mailto:82abdulhasib%40gmail.com?subject=
https://orcid.org/0000-0003-0675-595X
https://www.spectroscopyworld.com

VOL. 34 NO. 3 (2022)

Open publishing FAIR spectra for
and by students
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lan Michael has challenged us
on the topic of Open publish-
ing: with all this focus on Findable
data—where is it to be found? To
get more data available in a form
we can all use requires us all to
re-think what we automatically do
when we generate new spectra
that might be of interest to fellow
spectroscopists. Do we leave them
to rot on an instrument computer,
picking the “best of the best” to
land in a peer reviewed publica-
tion some time years in the future?
Or do we put procedures in place
which ensure our work, and the
work of our students, will be avail-
able to the scientific community for
ever? Henry Rzepa has introduced
a lovely educational spectroscopic
and associated metadata work-
flow into Imperial College London.
This not only ensures the students’
spectroscopic data and associated
metadata is properly documented,
but also made available in a FAIR
way for the whole community. It
also serves to introduce students
to the whole concept of best prac-
tice in FAIR data handling and
Persistent and Unique Identifiers,
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including the registration of the
student to receive their own life-
long unique publishing ORCID ID.

How did Imperial College
arrive at FAIR data
publication by university
students?

In 2012, the ORCID organisa-
tion launched their researcher
ID service, and shortly thereaf-
ter started to encourage research
organisations to promote the
concept to their researchers. At
Imperial College, a debate was
started to define the scope of who
should be encouraged to regis-
ter their ORCiD. One sensible, if
predictable, plan was to start with
the most senior research investi-
gators, who often led large groups
and to gradually work down to
more junior members. A particu-
lar point of view that ended up
not being adopted was to start at
the other end of the researcher
spectrum with undergraduate
students, since they after all were
the future of research! That latter
option continued to resonate,
however, and when the design
for a new laboratory course for
first year undergraduate students
in the chemistry department
at Imperial College in the first
course year was started in 2018,
the opportunity to enrol these
students in ORCiD as part of that
course was seized (see Figure 1,
Step 1).

This was aided by the design
of the course, which was to illus-
trate laboratory chemical synthe-
sis by asking each student to
generate a unique target mole-
cule; more traditional courses
involved a small number of previ-
ously known targets that all the
students made. A careful choice of
reaction allowed a large combina-
torial design to be implemented in
which two reagents (an alcohol and
an acid) are combined to form an
ester. Although each component is
commercially available, the combi-
nation of the two would result in
a molecule new to science. The
next facet of the design was to
ask the student to record spec-
troscopic information for this now
unique and newly synthesised
molecule, which would include the
"H NMR spectrum (the '°C was
deemed too resource demand-
ing for the spectrometer allocated
to this course) along with an IR
measurement. It was then a short
step to encourage the student to
formally publish this new data in
a manner that the entire commu-
nity of molecular scientists could
potentially benefit from, by making
this publication FAIR.! This would
mean that a simple search for the
molecule by anyone based on its
registered metadata (see below?)
would be possible. Just as impor-
tantly, the FAIR attributes would
allow a programmed and unsuper-
vised machine to make the same

www.spectroscopyworld.com
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STEP 1

ORC

STEP 2

STEP 3

STEP 4

Student Registration for an ORCiD
persistent digital identifier at
https://orcid.or|

* Student makes new molecules
in the laboratory
* Submits sample to the NMR carousel

NMR

File
Servers

3

Data Retrieval from NMR file servers as
JEOL JDF files or Bruker folders

Data Processing and Analysis using
software packages: e.g. Mnova as a group
activity

Add Chemical Structure 2D connection
table representation of the asserted
molecule in CDXML/Molfile formats
created by the student.

l

Student can now distinguish themselves from
every other researcher and have a way to
identify themselves with their outputs forever.

Sample information entered in the NMR
Electronic Laboratory Notebook for
Spectroscopic Data

File Export in FOUR formats:

* ZIP of the Bruker raw data

* Mnova file with data analyses
* JCAMP-DX exchange file

* PDF representations

Trigger Repository Submission of all FIVE files
with associated media types.
* Title generated from 2D connection

table

Description of the synthetic procedure

Repository

Workflow

Figure 1. Student introduction to Persistent Identifiers through ORCIiD ID registration and spectroscopic data generation and

analysis of their work.

searches, on any desired scale.
The access to this data, its re-use
by others and interoperability into
new contexts was another benefit
of this FAIR specification.

Rather than select a generic, non-
subject specific repository such as
Zenodo for this task, we already
had access to a second generation
FAIRsharing registered® repository
that had been custom-designed
around rich “FAIR-Enabling” meta-
data®® and was already being used
as the publication target for an
ELN (electronic laboratory note-
book) used by students undertak-
ing computational laboratories.®”

A simple but, at this stage, non-
ELN based protocol was developed

www.spectroscopyworld.com

for the students to access, analyse
and then publish their measured
spectroscopic data in this reposi-
tory.? This experiment is now in its
third year and the data acquired
can be accessed via the repository
collection.”

The FAIR publication
workflow

The additional workflows asso-
ciated with this example of FAIR
publishing of spectroscopic data
is shown in Figure 2. Currently
data publication comprises several
distinct steps undertaken by the
students, a process which could be
automated in the future by intro-
ducing a spectroscopy-based ELN

analogous to the system used for
publishing data acquired in compu-
tational chemistry labs in which
workflows can automatically gener-
ate required metadata.

A metadata model

Since this is about FAIR NMR
data, it is useful to look at how
the metadata record for an item
imparts this aspect. This can take
two forms, the media type'© of the
data files uploaded to the reposi-
tory and the properties of the data
as registered in compliance with
the DataCite schema. The prop-
erties are themselves usefully
divided into a core set and a
subject-specific set. DataCite core
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Repository Workflows capture additional Repository Workflows capture essential

STEP 1 essential Metadata INPUTS: Metadata OUTPUTS:
* Student profiles ¢ InChl structure identifier
* 2D connection tables * Mnova/ZIP files to trigger access license
» Student added associated DOls (journal — (MNPUB) file creation
articles etc.)
» Contextual higher-level laboratory
collection information
PUBLISH Repository Workflows ¢ Retrieval of unique DOI for the record from
STEP 2 * Registration of repository record — DataCite
. metadata on DataCite » Optional record embargo / release
‘@ DataC|te https://datacite.org/ * Landing page/finding aid associated with the

DOI constructed using metadata record

ORCiD Registration

* Metadata record retrieval & re-use
facilitates data ACCESS/REUSE (FAIR)

Search Enabled based on metadata record

STEP 3 ORCiD contacted to add the publication of * Enables repository record Finding and
. the spectroscopic data to the repository Retrieval (FAIR)
[ YR ( as an associated “work” on the student’s * Course organisers track creation and
record publication
. Data Li .
Reposugry ata |fe.VaIue Multiplier . Repository Data Maintenance
* Machine aggregation of spectroscopic ; .
STEP 4 data from multiple sources * Course organiser can add associated DOIs

and student ORCiD to course collection
metadata

Figure 2. Spectroscopic Data Repository workflows showing interaction with DataCite for DOI generation, ORCID for student
data registration and the role in course delivery and monitoring.

properties are fairly well estab-
lished and include aspects such
as the DOI identifier for the data
record registration, the ORCiD(s)
for the creators of the data, title,
description, the affiliation identi-
fier in the form of a ROR (Research
Organisation Registry), the (re-use)
rights identifier scheme, dates and
“Relatedldentifiers”, which can
point to further metadata records
of other “research objects” if they
exist. Other Relatedldentifiers can
point to parent/children relation-
ships involving other collections
or datasets, other research objects
such as associated journal articles
and perhaps in the future instru-
ment and even physical sample
identifiers.

Currently the DataCite subject-
specific metadata are currently less
well formalised and standardised;
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an ongoing effort to achieve this
for chemistry!! is under way under
the auspices of IUPAC, the chem-
istry standards body. In 2016,
some subject properties such as
the InChl and InChl key chemi-
cal identifiers were included in
the metadata collection by this
repository.*® These are reposi-
tory workflow generated from
the molecular connection table
submitted by the depositor (the
CDXML file in the instance above).
An example record can be down-
loaded using the link https:/api.
datacite.org/application/vnd.data-
cite.datacite+xml/10.14469/
hpc/10176, where
10.14469/10176 is the DOI
assigned to the data publica-
tion. Examples of how this can be
exploited are shown below for you
to try out.

Examples of FAIR
spectroscopic data: how
to find them
The metadata

publication project.? They typically

operate by specifying the property
as defined in the metadata record
and its required value (a key-pair)
and using Boolean logic can be
combined with the media type

values to focus the search.

www.spectroscopyworld.com

registration
processes result in a so-called
Aggregated Metadata Store
(MDS). In this instance stored by
DataCite, the selected registra-
tion authority. DataCite provide
an APl (Application Programming
Interface) to search the store and
they plan to introduce a more
human-friendly form. The API calls
are relatively human “readable” and
a number of them are documented
being pertinent for the student data
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1) This example is based on
using keywords present in the
title or description of an entry:
https://commons.datacite.
org/?query=titles.title:zundergradua
te+AND+synthesis+AND+laborato
ry+AND+(NMR+OR+SPECTRUM)
which as we go to press reveals five
hits. Three are associated with the
course being discussed here and
two are from another course. The
first three are identified from the
metadata as collections of items, the
collections pointing to “children” as
actual datasets.

2) These datasets can be found by
searching specifically on the three
collections identified in the previ-
ous search to find the associated
children: https:/commons.datac-
ite.org/?query=(relatedldentifiers.
relatedldentifier:10.14469/
hpc/6215+0R+related Identifiers.
relatedldentifier:10.14469/
hpc/7350+0OR+related Identifiers.
relatedldentifier:10.14469/hpc/
8679)+AND+relatedldentifiers.
relationType:lsPartOf gives 79
works.

3) This search adopts a different
strategy, which is to search for all
datasets with media types asso-
ciated with NMR data, which in
fact returns the globally aggre-
gated set having these meta-
data properties: https:/commons.
datacite.org/?query=(media.
media_type:chemical/
x-mnova“+OR+media.
media_type:chemical/
x-jeol-jdf+OR+media.
media _type:chemical/x-

jcamp-dx+OR+(chemical/

x-mnpub*+AND+media.

media_type:application/zip))
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1H NMR spectrum of Cumyl ethyl malonate for an undergraduate synthesis laboratory
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Results published 2019 in

Ethyl malonyl chloride (234mg, 1.56mmole) was added in one go to a stirred solution of cumyl acohol (227mg, 1.67mmole) and N,N-
dimethylaniline (164mg, 1.36mmole) in diethyl ether (2ml). The reaction was exothermic and the mixture went cloudy. After stirring at
room temperature over the weekend, the supernatant of the reaction was applied to a column of silica gel and the product eluted with
hexane : ethyl acetate (5 : 1) as a sweet-smelling, colourless oil (248mg).
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Ethyl (2-phenylpropan-2-yl) malonate
Henry Rzepa
Results published 2019 in

4) Searches 2 and 3 could be
combined into a single search
using a Boolean operator (red)
to verify that the children previ-
ously identified in search 2
actually contain NMR data-
sets: https:/commons.datacite.
org/?query=((relatedldentifiers.
relatedldentifier:10.14469/
hpc/6215+0OR+relatedldentifiers.
relatedldentifier:10.14469/
hpc/7350+0OR+relatedldentifiers.
relatedldentifier:10.14469/hpc/
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The above illustrate a selection
of potential searches only. These
could be combined as desired with
other metadata properties such as
author (specified by ORCiD), insti-
tution (specified by ROR, journal or
specific journal article (specified by
DOI prefix) and associations with
other types of data such as compu-
tation, or other types of spectros-
copy such as IR spectra or crystal
structures etc. The possibilities are
vast.

Examples of FAIR
spectroscopic data: how
to access and re-use
them

Following up the result of, say
search 5 above, reveals a collection
of NMR-related files, in different
expressions of the data or different
representations of the spectrum. A
human can select any of these files
for download but is then depend-
ent on specialised software to open
the raw data files (in this case the
Jeol JDF file or a processed Mnova
file). This would normally require
possession of a software license
allowing access to the program,
which might limit access.

To address this specific issue,
a further file has been generated
by the Imperial repository which
provides a free-to-use license
to grant access to the data; the
MNPUB file. Downloading the
MNPUB files(s) specifically grants
the user access to the full func-
tionality of the Mnova program to
process that dataset. This reinforces
one aspect of the A in FAIR; access
is not simply about being able to
download a dataset but being able
to use it in appropriate software to
expose the full information the data
carries.

FAIR is, however, not just about
granting access to people; what
about machines? Hidden behind
the scenes in the metadata is the
following declaration just for them:
<relatedIdentifier
relatedIdentifierType="URL"”
relationType="HasMetadata”>

www.spectroscopyworld.com

https://data.hpc.imperial.
ac.uk/resolve/?ore=10176</
relatedIdentifier>

This specifies how a machine
might acquire what might be called
a file manifest of further metadata.
This manifest contains information
on the media types for the files
and how to access them, which the
machine can exploit.

The future

Clearly the example which Henry
has detailed above delivers far
more than just a spectroscopic data
repository workflow. The students’
learnings from such an exer-
cise go way beyond the creation
of spectroscopic data. The work
shows the importance of the persis-
tent identifiers not only for the data
and metadata but also, through the
ORCID ID, of their identity as full
members of the scientific commu-
nity.

This work also hammers home
the critical and essential impor-
tance of carefully created and
curated metadata, as much of the
functionality illustrated above is
achieved with the help of meta-
data. Importantly, it also depends
on community agreement on how
that metadata is specified. As noted
earlier, an IUPAC working party is
expected to produce recommenda-
tions on these aspects soon.™* The
examples above were produced
as proofs-of-concept, but in due
course will be harmonised with the
emerging recommendations. The
next challenge is to encourage all
data repositories which contain, for
example, NMR spectroscopic data
to also adopt these recommenda-
tions. When this happens, much
richer chemical metadata allow-
ing much more specific searches
than the ones above will become
enabled.
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EDXRF analysis of nickel ore as pressed
powders in an air environment

Nickel is produced from two very different ores, lateritic
and sulfidic. Lateritic ore is found primarily in tropical
countries such as Indonesia and mined from various
depths beneath the surface, while sulfidic ore is usually
found in combination with copper ore and is mined
underground. Nickel production has seen increasing
demand in recent times as nickel is a key component in
lithium-ion batteries, used in electric vehicles. Hence, a
fast, accurate and precise method is needed for quan-
tification of these ores both in the mining and refining
processes. X-ray fluorescence (XRF) spectrometry is a
well-established analytical method to determine chem-
ical composition in materials with high accuracy and
minimum sample preparation, therefore it is a preferred
technique in process and quality control across many
industries.

Thermo Fisher Scientific

» Download Application Note

www.spectroscopyworld.com
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Loose Powder

Pressed Pellet
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High throughput, high accuracy sample prep
for XRF

Pellet preparation is essential for accurate quantification
of sample composition. Compared with XRF measure-
ments on loose powders, the pelletised samples exhib-
ited stronger signal intensities for the lightest elements,
which resulted in more accurate quantification of the
other elements when using the fundamental parameters
method of estimation.

Specac

» Download Application Note
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Product Focus on Atomic

Spectroscopy

B

PerkinElmer’
For the Better

PerkinElmer, Inc.

Tel: 800-762-4000, +1-203-925-
4602

Simonetta. Tumbiolo@perkinelmer.com
www.perkinelmer.com

NexION 5000 Multi-Quadrupole
ICP-MS

PerkinElmer’'s Nex ON® 5000 ICP-
MS is a four-quadrupole instrument
designed to remove the most complex
interferences and address the most
challenging applications in trace-ele-
mental testing, delivering exceptionally
low ppt BECs and outstanding detec-
tion limits for accurate and repeatable
results.

MORE INFORMATION »
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Avio 560 Max ICP-OES

PerkinElmer’s Avio® 560 Max is a fully
simultaneous ICP-OES with built-in
High Throughput System sample intro-
duction, reducing 1.5-minute runs to
~30 seconds. It is designed to handle
even the most difficult, high-matrix
samples without dilution, delivering
productivity, performance and faster
ROI.

MORE INFORMATION »

ThermoFisher
SCIENTIFIC

Thermo Fisher Scientific

Tel: +41216947222
nathalie.martin@thermofisher.com
www.thermofisher.com/elemental

Thermo Scientific ARL iSpark

The Thermo Scientific ARL iSpark Op-
tical Emission Spectrometer Series is a
high performance OES spectrometer
platform based on the best PMT (pho-
tomultiplier tube) optics. It features
enhanced functionalities and other

innovative technologies, from routine
elemental analysis to metals R&D.
MORE INFORMATION »

Thermo Scientific ARL easySpark

The Thermo Scientific ARL easySpark
metal analyzer is a benchtop OES in-

strument with a unique multi-grating/
CCD (charge-coupled device)-based

optical system. It is designed to meet
the challenges and demands of small-
to medium-sized plants and laborato-

ries in the metal industry.
MORE INFORMATION »
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IMAGING

New series of CCD cameras for OEMs
Teledyne Princeton Instruments has released LANSIS,
a new spectroscopy detector designed specifically for
original equipment manufacturers (OEMs) and system
integrators. LANSIS is aimed at instruments using tech-
nigues including Raman, optical emission spectroscopy,
fluorescence and photoluminescence. The camera can
be used for a broad range of clinical and analytical equip-
ment including in vivo imaging, life science research,
cancer detection, pharmaceuticals, drug discovery,
material science, failure analysis for microelectronics etc.
Some features specific to LANSIS include permanent
vacuum seal technology, a back-illuminated CCD with
optional exclusive eXcelon® technology, high average
quantum efficiency from UV to NIR and a variety of
mounting configurations makes integration of cameras
fast and easy, along with a software development toolkit
making software integration easy.

The LANSIS family includes a variety of CCD sensor
sizes and technologies for spectroscopy and scien-
tific imaging, including back-illuminated, deep-deple-
tion, EMCCD and square-format sensors. Other sensor
formats are available to accommodate the requirements
of specific system integrators and OEMs.

Teledyne Princeton Instruments

» https:/link.spectroscopyeurope.com/1087-P1-2022

INFRARED

New IRXross FT-IR spectrophotometer
Shimadzu has introduced the IRXross™ Fourier trans-
form infrared (FT-IR) spectrophotometer. Its P-P values
of 55,000 : 1 for one minute of integration enable ultra-
high-sensitivity measurements. Users also achieve high-
resolution 0.25 cm™' measurements. In addition, peaks
from adjacent gas components are more easily sepa-
rated using the IRXross compared to its predecessor.
High-speed measurement of 20 spectra per second
enables faster reaction tracking. It also acquires data
with a best-in-class low noise level.

The IRXross FT-IR spectrophotometer includes built-
in analytical intelligence, IR Pilot™, for easy start-up and
navigation. The standard package includes 23 macro
application programs. Even operators unfamiliar with
FT-IR spectrophotometry can analyse samples easily by
simply selecting the purpose of analysis and attachment
they are using. Operators can analyse multiple samples
with a single click and do not need to set parameters.
Using IR Pilot, users can program the IRXross to specif-
ically support identification testing by making pass/
fail judgements for test samples based on verification

www.spectroscopyworld.com
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methods specified in pharmacopoeia and official meth-
ods. They can also program the system to support
contaminant analysis using Shimadzu’s proprietary algo-
rithm in combination with a spectral library containing
over 550 spectra for substances commonly detected as
contaminants.

A wide variety of libraries, including Shimadzu’s unique
libraries of reagents, polymers and more, is included as
standard. Shimadzu also offers LabSolutions™ Software
DB IR and LabSolutions CS IR to meet the requirements
of Electronic Record and Electronic Signature regula-
tions. In addition, the software includes built-in valida-
tion test macros for compliance with requirements from
various pharmacopeia, including USP.

Shimadzu
» https:/link.spectroscopyeurope.com/6348-P1-2022

LUMINESCENCE

MicroPL upgrade for photoluminescence
spectrometers

Edinburgh Instruments has introduced a new upgrade
for its photoluminescence spectrometers. The MicroPL
upgrade enables the study of spectral or time-resolved
photoluminescence of samples in the microscopic scale
by converting an Edinburgh Instruments photolumines-
cence (PL) spectrometer into a combined spectrome-
ter and microscope system. A wide range of microscope
configurations, source coupling and detector options are
available enabling both steady state and fluorescence
lifetime microscopy, as well as automated maps. It is
easy to swap between MicroPL and FLS1000 photo-
luminescence spectrometer or FS5 spectrofluorometer
standard sample holders.

Edinburgh Instruments

» https:/link.spectroscopyeurope.com/670-PFW-1-2022

MASS SPECTROMETRY

Benchtop tandem quadrupole mass
spectrometer

Waters has introduced the new Xevo™ TQ Absolute
system, a sensitive and compact benchtop tandem mass
spectrometer. It is up to 15x more sensitive for quanti-
fying negatively ionising compounds than its predeces-
sor and is smaller and uses less electricity and gas supply
than other high-performance tandem quadrupole mass
spectrometers. The Xevo TQ Absolute is designed to
help pharmaceutical, food and beverage, and environ-
mental analytical laboratories meet regulations requiring
trace-level quantitative mass spectrometry analyses for
a broad set of applications. New design features include
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guidance on optimal probe positioning for both sensi-
tivity and robustness, and a source shield that helps
minimise source contamination by the sample matrix or
mobile phase salts.

Waters

» https://link.spectroscopyeurope.com/103-P2-2022

Intact Mass app for BioAccord

Waters has introduced new software to help biomole-
cule drug discovery and development. The new Waters™
Intact Mass app allows scientists using the BioAccord™
LC-MS System to confirm the mass of biomolecules and
impurities made by synthetic or recombinant processes
nearly twice as fast as other commercially available
options.

Intact mass analysis is routinely performed during all
stages of the development of biological drugs includ-
ing proteins, peptides, oligonucleotide therapies and
conjugates. In early stages of drug discovery, biochem-
ists must analyse hundreds or even thousands of differ-
ent samples per week. To help speed this process, the
Waters Intact Mass app facilitates mass confirmation
and purity determination of novel biotherapeutics. The
application features intelligent automated deconvolu-
tion to process sample results within minutes of their
capture, with minimal user input.

Waters
» https:/link.spectroscopyeurope.com/103-P1-2022

Quadrupole system for vacuum process
analysis
The new Hiden HPR-30 Series are bolt on vacuum
process analysers designed for fast response, high sensi-
tivity analysis of gas and vapour species. Equipped with
Hiden's multi-level software package, offering simple
control of mass spectrometer parameters and complex
manipulation of data and control of external devices.
Applications include leak detection, contamination
monitoring, process trend analysis and analysis of high
mass species and precursors used in ALD and MOCVD.
Optional upgrades include the Hiden 3F series triple
filter quadrupole system providing enhanced abun-
dance sensitivity, part-per-billion (ppb) detection levels
and high contamination resistance, particularly suited to
the analysis of aggressive gases in CVD and RIE appli-
cations. Standard mass range is 200amu, versions up to
1000 amu are offered.

Multiple sampling configurations are available to suit
a full range of process pressure and vacuum system
geometry requirements. Versions are offered with single
or multiple sampling inlets, either unheated or heated to
allow sampling of volatile species. Systems can be cart
mounted, with height adjustment for maximum compat-
ibility between tools. For pulsed deposition processes,

www.spectroscopyworld.com
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time resolved measurements are offered to 50ns time
resolution. The HPR-30 Series are designed to offer
a fully featured, flexible and powerful solution for the
monitoring of parameters in all aspects of process gas
analysis such as leak detection, vacuum quality and
precursor monitoring.

Hiden Analytical

» https://link.spectroscopyeurope.com/672-P1-2022

LC-MS sample prep

Evosep has introduced a new and vastly improved
generation of Evotips, called Evotip Pure™. The design
of Evotip Pure is based on five years of customer feed-
back added to a thorough review of every single aspect
of the Evotip. Evotip Pure improves peptide recov-
ery and increases protein identifications for all sample
loads, but especially for low sample loads. This enables
deeper proteome coverage, with lower CVs, making
them suitable for analysing low sample amounts, e.g.
single cell analysis powered by the Evosep Whisper™
Flow Technology.

Evotip Pure not only provides much better chromato-
graphic performance, but also ensures improved results
and consistency over time. The improved peak defi-
nition and peak width will significantly increase peak
capacity and ultimately lead to better performance. The
new Evotips will give you more efficient sample bind-
ing, significantly improved sensitivity at low loads and
visibly sharper and more symmetric peaks at all loads.
Retention times are identical £1s using the 60 SPD
method.

Evosep
» https://link.spectroscopyeurope.com/6836-P1-2022

MAGNETIC RESONANCE

ECZ Luminous NMR spectrometer series

JEOL USA has announced the next generation of their
NMR spectrometers: the ECZ Luminous series. This
product benefits from spectrometer miniaturisation and
improved performance through state-of-the-art digital
and high-frequency technologies. The new ECZL series
features MFDS (Multi Frequency Drive System) that
allows spectroscopists to perform multiple pulse trains
on different nuclei on a single RF channel in the same
experiment. The STS (Smart Transceiver System), inher-
ited from the previous model, achieves a time resolution
of 5ns for frequency, phase and amplitude modulation,
enabling ultra-fast control. The ECZL G series (400 MHz
to 1.3 GHz) is the flagship model and supports expan-
sion to more than three channels, with various options
for high power amplifiers and high magnetic field
gradients. The ECZL R series (400-600MHz) is a
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fixed-configuration high-performance instrument capa-
ble of solid-state NMR measurements with less than half
the footprint and only one-third the volume of previ-
ous models. The ECZL S series (400 MHz) has the same
architecture and performance as the G and R models,
with a configuration that is streamlined for routine solu-
tion NMR measurements.

JEOL

» https://link.spectroscopyeurope.com/4220-P1-2022

RAMAN

Process Raman analyser

Thermo Fisher Scientific has released a new Raman
spectroscopic analyser for process monitoring for a
variety of applications, including biopharmaceutical
manufacturing. The Thermo Scientific Ramina Process
Analyzer offers non-destructive and continuous analy-
sis without the need for sample preparation, with rapid
system setup and deployment in as little as 15 minutes.
The compact system utilises a range of patented
probes to maximise the speed and sensitivity of results,
enabling fully automated in situ measurements to calcu-
late concentrations in a reaction vessel.

The Ramina Process Analyzer offers a rapid and
easy-to-use alternative to offline manual or automated
wet chemistry testing, and is simpler to install and use
compared to traditional Raman process monitoring
systems. The Ramina comes with everything the user
needs to start collecting data, including a Raman spec-
trometer and fibre optic probe, as well as a portable
monitor, mouse, keyboard and laser safety goggles. It is
factory calibrated and its solid-state construction offers
long-term stability. Users can also use multiple systems
in parallel to test different reaction vessels simultane-
ously, or combine a number of probes in one vessel.
Thermo Fisher Scientific
» https:/link.spectroscopyeurope.com/106-P2-2022
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20-22 April, London, UK. Photoelectron Spectroscopy
and the Future of Surface Analysis Faraday Discussion.
https:/www.rsc.org/events/detail/45900/photoelec-
tron-spectroscopy-and-the-future-of-surface-analysis-
faraday-discussion

8-13 May, Honolulu, Hawaii, United States. 2022
Materials Research Society (MRS) Spring Meeting &
Exhibit. info@mrs.org, https:/www.mrs.org/spring2022

10-12 May, lzola, Slovenia. Sensorfint International
Conference. https:/www.sensorfint.eu

10-13 May, Pau, France. SPECTRATOM 2022.
contact@spectratom.fr, https:/spectratom2022.scienc-
esconf.org

11 May, Sheffield, UK. 8" BMSS Imaging and MALDI
SIG Meeting. jillian.newton@shu.ac.uk, https:/www.
eventbrite.com/e/bmss-sig-imaging-symposium-
2022-tickets-252980039107

22-26 May, Chiba City, Japan. Japan Geoscience Union
Meeting 2022. http:/www.jpgu.org

30 May-3 June, Gijon, Spain. Colloquium
Spectroscopicum Internationale (CSI) XLII. csi2021@
csi2021spain.com, https:/www.csi2?021spain.com

31 May-2 June, Kristiansand, Norway. 10™ World
Conference on Sampling and Blending (WCSB10).
contact@wcsb10.com, https:/wcsb10.com

1-4 June, Primosten, Croatia. Magnetic Moments in
Central Europe 2022 (MMCE 2022). https:/mmce2022.
hkd.hr

5-9 June, Minneapolis, Minnesota, United States. 70th
ASMS Conference. https:/www.asms.org/conferences/
annual-conference/future-annual-conferences

12-15 June, Leon, Norway. 10 Nordic Conference on
Plasma Spectrochemistry. yngvar.thomassen@stami.no,
http:/nordicplasma.com

19-23 June, Dublin, Ireland. 12 International
Conference on Clinical Spectroscopy. http:/spec2022.
org

19-23 June, Valencia, Spain. 18" International
Conference of the Metabolomics Society. https:/www.
metabolomics2022.org

20-23 June, Prague, Czech Republic. 29" Symposium
on Plasma Physics and Technology. sppt2020@plasma-
conference.cz, https:/www.plasmaconference.cz

20-24 June, Champaign, IL, United States. 75%
International Symposium on Molecular Spectroscopy.
https:/isms.illinois.edu/
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24-29 June, Memphis, United States. 31%t
International Conference on lon Mobility
Spectrometry (ISIMS 2022). https:/www.isims.info/
conference-2022

27-29 June, Online, UK. BNASS 2022. https:/
www.rsc.org/events/detail/40623/bnass-2022-the-
20th-biennial-national-atomic-spectroscopy-
symposium

28 June-1 July, Paris, France. inArt 2022: 5%
International Conference on Innovation in Art
Research and Technology. inart2022@sciencesconf.
org, https:/inart2022.sciencesconf.org

3-6 July, Esbjerg, Denmark. International Association
of Spectral Imaging Conference (IASIM-2022).
https:/2020.iasim.net

3-6 July, Oxford, UK. British Society for Proteome
Research Annual Scientific Meeting. secretary@bspr.
org, http:/www.bspr.org

24-28 July, Chicago, United States. 2022 American
Association for Clinical Chemistry (AACC) Annual
Meeting. https:/www.aacc.org/meetings-and-
events/annual-meeting-dates-and-locations

30 July-4 August, Chambersburg, United States. 2022
International Diffuse Reflectance Conference (IDRC).
idrc@cnirs.org, https:/cnirs.org/content.aspx?page_
id=22&club_id=409746&module_id=500874

8-10 August, Kingston, Canada. 64t |CASS
Conference on Analytical Sciences and Spectroscopy.
diane.beauchemin@chem.queensu.ca, http:/www.
csass.org/ICASS.html

21-25 August, Chicago, United States. American
Chemical Society (ACS) National Fall 2022 Meeting.
natimtgs@asc.org, https:/www.acs.org/content/acs/
en/meetings/acs-meetings/about/future-meetings.
html

26 August-1 September, Scottsdale, United States.
AOAC International Annual 2022 Meeting and
Exposition. meetings@aoac.org, https:/www.aoac.
org/events/2022-aoac-annual-meeting/

28-31 August, La Jolla, United States. SMASH
2022—Small Molecule NMR Conference. https:/
www.smashnmr.org/

28 August-1 September, Lisbon, Portugal. 8t
EuChemS Chemistry Congress. euchems2022@
chemistry.pt, https:/euchems2022.eu/

29 August-2 September, Rome, Italy. 18th
Chemometrics in Analytical Chemistry Conference
(CAC 2022). https:/cac2022.sciencesconf.org/

4-8 September, Singapore, Singapore. SETAC 8t
World Congress/12™ SETAC Asia-Pacific Biennial
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Conference. barbara.koelman@setac.org, https://
singapore.setac.org

4-9 September, Brno, Czech Republic. 2022 European
Symposium on Analytical Spectrometry (ESAS) & 17
Czech-Slovak Spectroscopic Conference (CSSC).
esas2022@spektroskopie.cz, http:/esas-cssc2022.
spektroskopie.cz/

6-9 September, Prague, Czech Republic. 10%
International Symposium on Recent Advances in
Food Analysis (RAFA 2022). rafa2022@vscht.cz,
https:/www.rafa2022.eu

12-14 September 2022, Cairns, Australia. Australian
Near Infrared Spectroscopy Group Conference. theb-
attens@bigpond.au, https:/anisg.com.au

13-15 September, Manchester, UK. 42" BMSS
Annual Meeting. https:/www.bmss.org.uk/media-
centre/news/bmss42-first-announcement/

13-16 September, Rome, Italy. 12" Hyperspectral
Workshop, WHISPERS. info@ieee-whispers.com,
https:/www.ieee-whispers.com/

14-16 September, Chester, United Kingdom.
Advances in Process Analytics and Control
Technologies (APACT 22). admin@cpact.com, https:/
apact.co.uk/

2-7 October, Cincinnati, United States. Annual
Conference of Federation of Analytical Chemistry
and Spectroscopy Societies, SciX 2022. facss@facss.
org, http:/www.scixconference.org

9-12 October, Denver, United States. 2022
Geological Society of America (GSA) Meeting. meet-
ings@geosociety.org, http:/www.geosociety.org

16-19 October, San Diego, United States. PANIC
2022. https:/panicnmr.com/conference-schedule-
sandiego-2022/
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12-16 December, Chicago. 2022 AGU—Advancing
Earth and Space Science Fall Meeting. meetinginfo@
agu.org, https:/www.agu.org/Events/Meetings/Fall-
Meeting-2022

2-27 May, Copenhagen, Denmark. International School
of Chemometrics (ISC 2022). https:/www.hypertools.
org/isc

25-30 September, Erice, Italy. International School on
Mass Spectrometry (IntSMS). http:/www.spettrometri-
adimassa.it/intsms2022

15 October, Obergurgl, Austria. Advanced Study
Course on Optical Chemical Sensors (ASCOS).
Christian.W.Huck@uibk.ac.at, http:/ascos.org/

27-28 April, Basel, Switzerland. Lab Vision. https:/
www.spectaris.de/analysen-bio-und-labortechnik/labvi-

sion/

21-24 June, Munich, Germany. analytica 2022. https:/
www.analytica.de

22-26 August, Frankfurt, Germany. ACHEMA. https:/

www.achema.de

13-16 September 2022, Rome, Italy. Fourth Spectro
Expo. https:/www.spectroexpo.com

15-17 September, Hyderabad, India. analytica Anacon
India. https:/www.analyticaindia.com

24-26 November, Istanbul, Turkey. Turkchem. http:/
www.chemshoweurasia.com

]

31 May-2 June 2022, Kristiansand, Norway

i 3

Correct sampling and analysis of raw materials are essential to ensure well-documented product quality and to
contribute to a reduced environmental footprint. To this end, the WCSB10 conference covers the latest research
and application experience of the Theory of Sampling and Blending.

https:/wcsb10.com

www.spectroscopyworld.com
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info@pro-lite.co.uk
www.pro-lite.co.uk
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Starna Scientific Limited
sales@starna.com
www.starna.com
tec5USA Inc

sales@tec5usa.com
www.tec5usa.com
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ThermoFisher
SCIENTIFIC

Linkam Scientific Instruments
info@linkam.co.uk
www.linkam.co.uk

Thermo Fisher Scientific

info.spectrometry@thermofisher.com

www.thermofisher.com/elemental
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MPOpen

LENRam
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ThermoFisher
SCIENTIFIC
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Instruments That Advance The Art

HORIBA Scientific
info-sci.fr@horiba.com

www.horiba.com/scientific

IM Publications Open
info@impopen.com
www.impopen.com

Linkam Scientific Instruments
info@linkam.co.uk
www.linkam.co.uk

Quantum Design UK and Ireland Ltd

info@qd-uki.co.uk
www.qgd-uki.co.uk
Specac Ltd
sales@specac.co.uk
WWw.specac.com

Thermo Fisher Scientific

info.spectrometry@thermofisher.com

www.thermofisher.com/elemental

XIA LLC
sales@xia.com
www.xia.com
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