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We have just launched a new website which works SPECTROSCOPY
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well on all devices from large screens to smartphones.
The URL remains www.spectroscopyeurope.com. e
We have migrated all users/readers from the old
website but it was impossible, due to built-in security,
to transfer users’ passwords. | hope you have received
an e-mail with a link to log in and reset your password.
If you have not or are having any difficulty, here is how

to log into the new site.
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1) Use the Lost Password facility

From any page, click LOGIN in the main menu, and
then “Request new password” to the right of the white-
on-red “Log in". Enter your e-mail address and you will s o
receive an e-mail with a “one-time” link that you can p
use to log in and then change the password to one
you want to use. Please also check your details whilst
you are in your Profile.

LATEST
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User account

Create new account Log in Request new password

Username or e-mail address *

E-MAIL NEW PASSWORD

The e-mail usually arrives within seconds; if you do
not see it, check your spam folder(s): these types of
e-mails are often mistaken for spam.

If this does not work, perhaps because your e-mail
address has changed:

UPCOMING EVENTS

2) Ask for help
Just e-mail katie@impublications.com who will check if
you have an account and help you log in.

Of course, if you or a colleague don't have an account, you can quickly create one and ensure your contin-
ued access to the print version of Spectroscopy Europe as well as online access.

www.spectroscopyeurope.com
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I would like to start this issue by draw-
ing your attention to the page opposite
and the fact that Spectroscopy Europe
has a new website hosted on a new,
faster server. Please do take a look, and
update your details. Whilst we have trans-
ferred your details to the new site, we
have been unable to move your pass-
word from the old site due to security
settings; sorry. So, if you have not done
so already, you will need to follow the
guidance opposite to retrieve/set a pass-
word. | know this is always a nuisance, so
Option 2 is always there! We would also
be delighted to hear comments/sugges-
tions/problems that you would like to
pass on; please feel free to e-mail me at
ian@impublications.com.

The first article in this issue is by Vince
Palleschi, who has taken a slightly differ-
ent approach to reviewing the current
state of laser-induced breakdown spec
troscopy (LIBS) in “If laser-induced break-
down spectroscopy was a brand: some

market considerations”. Vince puts the
strengths and weaknesses of LIBS in
context and gives some examples of
industrial applications.

Eric Shim and Soo-Ying Lee describe
“Raman microspectroscopy is a rapid
technique to authenticate edible bird's
nest—a glycoprotein”. Whilst many read-
ers may not be familiar with edible bird's
nest (EBN), the article shows yet another
way in which spectroscopy is used to
detect adulteration of food and prevent
fraud in a quick and cost-effective
manner.

Tony Davies and Marcel Simons start
the columns in this issue with “Day-to-
day inorganic nuclear magnetic reso-
nance spectroscopy”. Tony is delighted to
find out how much easier it is nowadays
to measure inorganic nuclei with NMR
spectroscopy.

In the Quality Matters column, Chris
Burgess and John Hammond look at
“Instrument qualification: a possible qual-
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ity by design-based approach”. Chris and
John look back 40 years to the start of
GLP regulations and consider how closely
qualification processes are aligned to
quality by design principles.

In the Sampling Column, Kim
Esbensen and Claas Wagner are on
the move with “Introduction to process
sampling”. Having developed a sound
theoretical understanding of repre-
sentative sampling and the Theory of
Sampling, more practical applications are
now considered.

There is also a Supplement for the
NIR-2017 conference and exhibition in
the centre pages, and information on our
report on new products at Pittcon 2017,
which you will find in its entirety on our
new website.

Inorganic Ventures gives ‘
you a little more control.

The key to accurate testing is control. It's also the key
fo managing your testing program. Inorganic Ventures
offers more options in Certified Reference Materials
(CRMs) to help you get the right tools to control festing
accuracy and your budget.

Infroducing new 30mL bottles for even better control.

Benefits:

¢ No hazardous shipping fees

e Less waste

¢ Storage and contamination concerns minimized
e Packaged with TCT

d=1,032 gimL
Lot: K2. 650378
== -cU

INORGANIC

‘V ENTURES
Buy Two Get One Free

‘ Custom 30ml Standard *

inorganicventures.com/se | 1.800.669.6799 Use promo code IV-30MLSE-BTGO.

300 Technology Drive | Christiansburg, VA 24073 USA
International Distribution Center | Santander, Spain

*Exceptions may apply. Buy Two Get One Free standards must be from
the same lot. Only one discount allowed per order. Expires 6/30/2017.
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Edible bird's nest being cleaned. There are a
number of ways adulterants that can be intro-
duced for commercial gain, but Raman micro-
spectroscopy can detect many of them. Find
out more in the article starting on page 10.
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If laser-induced breakdown
spectroscopy was a brand:
some market considerations

Vincenzo Palleschi

Applied and Laser Spectroscopy Laboratory at ICCOM-CNR, Pisa, Italy. E-mail: vincenzo.palleschi@cnr.it

| have worked in laser-induced break-
down spectroscopy (LIBS) for more than
30 years. In fact, | was one of the first
in Europe to work with this “new” tech-
nique. | was also, in the year 2000, the
founder of the LIBS international confer-
ence that was held last year for the ninth
time in Chamonix, France, while in June,
this year, | will be the chairman of the
9" Euro—Mediterranean Symposium on
LIBS in Pisa, Italy.' I have published about
100 scientific papers on LIBS, had my
experience with LIBS patents and used
to collaborate with a small local firm for
the development of LIBS instruments.
All of these things would have proba-
bly granted me, if LIBS was a brand, a
chair on the Board of Directors of the
Company, and this makes me wonder
what | would have done, in my new
(fictional) position.

The first thing | would consider would
be the opportunity of cashing in my
shares and spending the rest of my
life going fishing somewhere around
Europe. However, as a matter of fact, |
do not like fishing; moreover, the LIBS
shares seem to have shown a constant
growth trend over these last years, so |
probably would keep my position, trying
to maintain and hopefully increase my
30year-long investment. Over these
decades, however, | have experienced
all the phases of the development of the
LIBS brand: enthusiasm, disappointment,
hope, in more or less regular cycles. How
could | be sure that the powerful Bull of
today would not turn, tomorrow, in a sad
Bear?

In the business world, it is often
repeated that brand managing is, basi-
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cally, developing, realising and main-
taining promises. In this sense, the LIBS
brand promise was, since the beginning,
very clear: LIBS is an elemental analyti-
cal technique that does not require any
sample treatment, as inductively-coupled
plasma—optical emission spectroscopy
requires, can analyse non-conducting
samples that Spark-OES cannot anal-
yse and is not limited to the analysis of
heavy elements, as X-ray fluorescence is.
Moreover, LIBS can be used in standard-
less mode to obtain precise analytical
results without the use of any reference
sample; it can perform surface analy-
sis with a spatial resolution of a few
micrometres, and in-depth analysis with
sub-micrometric resolution. These pecu-
liar characteristics of the LIBS brand come
from a brilliant (pardon the pun) idea:
the pulse of a laser (usually in the range
of a few nanoseconds) is focused on a
small region of the sample (usually in the
range of a few square micrometres) to
realise AT THE SAME TIME the sampling
of the material, through the process of
laser ablation and its excitation, through
the formation of a hot (although short
lived) plasma which emits in the range
of near ultraviolet/visible/near infrared.
The plasma light is then collected and
spectrally analysed using spectrome-
ters similar to those used in ICP-OES or
spark-OES (see Figure 1).

If LIBS was a brand, the Marketing
Department of our fictional Company
would often remind us on the Board
that the features described above are
unique to LIBS, making LIBS definitely
more competitive than other analyti-
cal techniques in the field of elemen-

tal analysis. In fact, they launched a
massive advertising campaign for LIBS
after the LIBS 2000 Conference in Pisa.
Unfortunately, the returns from this
campaign were relatively small. Actually,
after the initial enthusiasm, the market
became increasingly hostile towards the
LIBS brand, and our shares reached their
historical minimum. Our brand probably
suffered the consequences of the large
imbalance between the advertising and
the information given to our would-be
customers. It seems as we forgot to tell
LIBS potential users that all the definite
advantages of LIBS are associated with
definite drawbacks, too. A large part of
the success of ICP-OES as an analyti-
cal technique, for example, is associ-
ated with the possibility of treating the
sample for pre-concentrating, for exam-
ple, a given analyte or for avoiding or
limiting the matrix effect. The quantity
of material analysed, in general, is large
enough to guarantee a good represen-
tativeness of the analytical results, as
well as a good signal-over-noise ratio in
the spectra. On the other hand, the high
spatial resolution of LIBS means that
only a few nanograms of material are
sampled, in a laser shot. This makes it
extremely difficult to compare the results
of LIBS analysis, which gives information
about very small regions of the samples,
with the established laboratory analyti-
cal techniques, operating on a much
larger scale. An example of the danger
of comparing the results of a micro-
analytical technique, such as LIBS, with
conventional macro-scale analysis is
illustrated in Figure 2. The figure shows
the distribution of lead (bright spots) in

Www.spectroscopyeurope.com
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Plasma
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Figure 1. Schematics of a LIBS experiment.

a steel sample; the map (50 x 50 points
on a 1cm? surface, size of the LIBS
crater = 20 um) shows the inhomoge-
neity of the sample. This feature of the
sample cannot be detected with other
more conventional macro-scale labora-
tory techniques, which would only give
the average concentration of Pb in the
sample. Nevertheless, in the analytical
chemistry community the large variabil-
ity of the LIBS signal would be probably
attributed to an intrinsic “irreproducibil-
ity” of the LIBS technique and not to the
physical characteristics of the sample.
The limited amount of matter ablated
in a single laser shot is responsible for
the other important drawback of the
LIBS technique: its poor sensitivity. In

LIBS Spectrum

Spectrometer

Inrensity (a.u.)

g

g
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that respect, if LIBS was a brand, distin-
guished members of the Board would
have probably already pointed out that
the limits of detection (LOD) of LIBS are
generally poor only when the concen-
trations are considered. In absolute
terms, mass LODs of LIBS are excep-
tionally high; however, in most labora-
tory applications the amount of sample
is, in general, relatively large. Therefore,
the possible customers of the LIBS
brand hardly accept the fact that only
a minimal part of the available sample
is actually used for the LIBS analysis,
completely wasting the performance
of the technique with respect to other
more conventional laboratory tech-
niques.

250
200
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0

Figure 2. Compositional map of a steel sample. The bright points correspond to higher concen-

trations of Pb.
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For laboratory use, it seems that the
better positioning of our fictional LIBS
brand would thus be in the niche of
elemental micro-analysis and composi-
tional imaging, where the limited mass
ablated per laser shot is not a draw-
back, but on the contrary becomes
a definite factor of merit. Other inter-
esting approaches suggest the use of
LIBS together with laser-ablation ICP
mass spectrometry, for a better analyti-
cal determination of the light hard-to-
ionise elements.? More recently, the use
of surface-enhanced® or nanoparticle-
enhanced LIBS techniques has been
proposed.” It is probably too early to fore-
cast the market's reaction to these new
proposals; the results reported seem
very interesting, but the risk of radically
changing the characteristics of the LIBS
brand, going back on the fundamental
promise of a technique that would not
require any treatment of the samples, is
very high.

Five years ago, interest in LIBS technol-
ogy suddenly rocketed (excuse the pun,
again) as a result of the NASA Curiosity
Mars mission. The Curiosity rover, which
landed on Mars in August 2012, hosts
a LIBS remote spectrometer, which has
been continuously sending LIBS spectra
back to Earth since then. It is an inter-
esting paradox that the Curiosity LIBS
instrument produced a greater impact
on Earth than on Mars. Using the same
technology tested on Mars, a number of
hand-held LIBS instruments were intro-
duced to the market and the analytical

SPECTROSCOPYEUROPE 7
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Figure 3. The first LIBS spectrum taken on Mars by the ChemCam instrument (NASA/JPL-Caltech/LANL/CNES/IRAP, © Public Domain).

community suddenly realised that other
intrinsic characteristics of the LIBS tech-
nique (the possibility of performing very
fast and remote analysis, for example)
were not only appropriate for zapping
Martian rocks, but also for analysing,
among other things, the world outside
the laboratory.

Industrial applications of
LIBS

In fact, a number of application of LIBS
to “real world” situations have been
reported. In most cases, however, the
results reported were just “proofs of prin-
ciple”, usually funded by public organisa-
tions in Europe or abroad, which lasted
for the duration of the project and did
not make a significant impact on the
industrial sector. My feeling is that the
situation is going to change quickly. Even
considering the difficulties of introducing
new control technologies in industry, it is
undoubtable that the intrinsic capabilities
of LIBS make this technique extremely
interesting for real-time control of indus-
trial processes. Even our people at the
Marketing Department would suddenly
realise that LIBS could be extremely
competitive, in situations where no other
competitor exists.

My group, the Applied and Laser
Spectroscopy Laboratory of ICCOM-
CNR, in Pisa, Italy, has recently been
involved in three major projects for the
on-line analysis of coal, steel and auto-
motive scraps. The common features of
these projects (one funded by a private

8 SPECTROSCOPYEUROPE

company, the other two supported by
the European Commission) involved the
need to determine the composition of
objects moving on a conveyor belt, at a
distance ranging from 1m to 8 m. To the
best of my knowledge, no other viable
technology would allow the real-time
analysis of such objects, at a distance
and without sampling.

One of these projects seems to be
particularly promising, because the use
of LIBS did not just improve a previ-
ously established process, but allowed
the realisation of what was previously
impossible to realise. | am thinking of
the SHREDDERSORT (Selective Recovery
of non-Ferrous Metal Automotive
Shredder by Combined Electromagnetic
Tensor Spectroscopy and Laser-Induced
Plasma Spectroscopy) project, funded
by the European Commission in the
7™ Framework, which was aimed at the
development of a LIBS-based sorting
procedure for recovering and recycling
non-ferrous scraps from the automo-
tive industry.> The average European car
produced in the sixties was heavy, about

The Applied and Laser
Spectroscopy team
Beatrice Campanella

Emanuela Grifoni

Stefano Legnaioli

Giulia Lorenzetti

Stefano Pagnotta

Francesco Poggialini

Vincenzo Palleschi

80% of it was made of iron; aluminium
was 2% of the total weight. The oil crisis
and the environmental concerns of the
seventies encouraged a reduction of car
consumptions and emissions. One of
the strategies to reach this goal was a
decrease in the weight of the vehicles;
in the mid-eighties an average European
car was made of about 70% of iron and
4.5% of aluminium. In the year 2000,
the percentage of aluminium increased

The SHREDDERSORT
consortium
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Figure 4. Some aluminium scraps used for laboratory tests in the SHREDDERSORT project.

to 89% of the total weight of the vehicles,
while the content of ferrous materials
decreased to around 65%. Considering
a life-span of about 15 years, this should
be considered as the average composi-
tion of the vehicles reaching their end
of life nowadays.® The amount of waste
generated by the European automo-
tive industry is estimated to have been
around 14 million tons in 2015 and 8%
of this shredder corresponds to non-
ferrous metals. None of the existing sort-
ing technologies is able to sort the light
fraction of these metals (Al and Mg),
which consequently must be down-
graded to produce cast aluminium. In
the next few years, the production of
primary Al will increase by 25% unless
new technologies can enable the recov-
ery of aluminium in the form of wrought
alloys. The SHREDDERSORT project has
successfully demonstrated the possibil-
ity of sorting untreated scraps of irregular
shape, moving at the speed of 2ms™'
on a conveyor belt, using a LIBS system
operating at a distance of 1m.

One of the main difficulties of the
SHREDDERSORT approach is related to
the surface nature of the LIBS analysis.
When analysing moving objects, the
laser pulse always samples points on
the surface. This is fine when analysing
homogeneous objects, but becomes a

Www.spectroscopyeurope.com

problem in the presence of surface dirt,
or corrosion or, even worse, paint coat-
ings (see Figure 4).

The same problem occurs in steel
and coal analysis; it can only be over-
come by using sophisticated experimen-
tal strategies and analytical approaches.
In the SHREDDERSORT project, we
faced the problem using a two-step
approach; in the first step, the wrought
aluminium fraction is quickly separated
from the cast, based essentially on its
silicon content (silicon content is typi-
cally higher than 5% in weight in cast
aluminium). After that, a second round
of multi-elemental analysis of the
wrought fraction allows the kind of alloy
(Bxxx, 5xxx, 6xxx and 7xxx) of each scrap
and the subsequent recycling strategy to
be determined. The sorting of wrought
aluminium scraps in the corresponding
classes is achieved using a “fuzzy” arti-

VOL. 28 NO. 2 (2017)

ficial neural network approach, which
we have tested in factory conditions
(uncleaned samples of irregular shape,
moving at a speed of 2ms™); a 90%
accuracy in the classification of the
samples was obtained. We believe that
these results can lead the way to a new
approach for the recovery and sorting of
the non-ferrous fraction of automotive
scraps. LIBS allowed to obtain this not
just improving an existing technology,
but creating a completely new way of
analysing, sorting and recycling the auto-
motive scraps. | am sure that the future
of LIBS will show many other examples
of new industrial processes built around
the unprecedented capabilities of this
technique.

So, even if LIBS is not actually a brand,
and there are no LIBS stocks on the
market, believe me, if it was, this would
be the right time to buy!
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Raman microspectroscopy
Is a rapid technique to
authenticate edible bird’s
nest—a glycoprotein

Eric K.S. Shim and Soo-Y. Lee*

Division of Chemistry & Biological Chemistry, School of Physical & Mathematical Sciences, Nanyang Technological
University, 21 Nanyang Link, Singapore 637371, Singapore. E-mail: sooying@ntu.edu.sg

Introduction

Edible bird’s nest (EBN)
Edible bird's nest (EBN) is one the most
costly food products of the Orient. EBN
is especially valued by the Chinese as a
quintessential food for its reputed health
benefits, and has been documented
in scientific publications since the last
century.' Cleaned EBN, retailing for a few
thousand US dollars per kg, has some-
times been referred to as the “Caviar of
the East’, but it has neither a relationship
to, nor the appearance of fish eggs. The
trade in EBN is estimated to be worth
a few billion US dollars annually, with a
large market, particularly in China. The
swiftlet species that builds the EBN is
native to South-East Asia, with Indonesia,
Malaysia and Thailand the top three larg-
est suppliers of EBN.

EBN is built strand by strand over
a period of about a month using a
viscous liquid secreted from a gland
under the tongue of the swiftlet, primar-
ily Aerodramus fuciphagus, during the
breeding period. Unlike saliva, the secre-
tion is for nest building and has no
known digestive function. The bird inter-
weaves feathers between the strands to
form a strong composite material to hold
the weight of a pair of nestlings and the
parent birds. The nest is cleaned of feath-
ers and other visible impurities before
being sold in the market as cleaned
EBN. Due to the high cost and driven
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by a profit motive, producers are often
tempted to introduce edible adulterants
into the cleaned bird nest.

EBN has been shown by proximate
analysis to be a glycoprotein contain-
ing around 63% protein, 26% carbo-
hydrate, 8% moisture, 2% ash/mineral
and 1% lipid.?> The protein is made
up of 17 types of amino acids: serine,
valine, isoleucine, tyrosine, aspartic
acid, asparagine, glutamic acid, gluta-
mine, phenylalanine, arginine, glycine,
threonine, alanine, lysine, histidine,
leucine and methionine. The major
carbohydrate saccharides are galactose,
N-acetylneuraminic acid (Neu5Ag, a sialic
acid), N-acetylgalactosamine (GalNAc),
N-acetylglucosamine (GlcNAc), mannose
and fucose.

Adulteration of EBN

The common edible adulterants intro-
duced into EBN can be classified into
two types: Type | adulterants (e.g.
tremella fungus, coralline seaweed, agar,
fish bladder and pork rind) are water-
insoluble with a similar external appear-
ance to EBN and can be adhered to the
surface of EBN strands; and Type Il adul-
terants (e.g. sucrose, glucose, hydrolysed
collagen and monosodium glutamate)
are water soluble and can be absorbed
within the EBN cement to form a uniform
composite material on drying.” The exter-
nally adhered Type | adulterants can be
detected with a microscope and sepa-

rated out for analysis, but not the Type
Il adulterants that have been incorpo-
rated into the EBN cement since the final
product looks exactly like the unadulter-
ated EBN.

Some laboratory techniques such as
metabolite mapping,® gel electrophoresis
(GE)® or enzyme-linked immunosorbent
assay (ELISA),” allow us to check for the
authenticity of EBN, but they are slow,
destructive, require bulk sample sizes
and may require specialised personnel
to perform the analysis.

Raman microspectroscopy
Raman spectroscopy is a simple, rapid,
direct, requiring no sample preparation
and non-destructive method to provide
molecular information on a sample
with good sensitivity and specificity. It
is a light scattering technique that gives
a molecular vibrational “fingerprint” of
the chemical bonds present and thus
allowing us to identify and quantify the
chemicals in a sample. The laser beam
and optical microscope allow focusing
on a microscopic sample area of a few
pm in diameter. The ease of use and
the fact that it is not affected by the
presence of water in a sample makes
Raman microspectroscopy an increas-
ingly important tool for characterisation
and quality control in the food indus-
try. It is an ideal tool for the study of
EBN where moisture is present in the
sample.

Www.spectroscopyeurope.com


www.spectroscopyeurope.com
mailto:sooying%40ntu.edu.sg?subject=

Materials and methods

EBN and adulterants

Raw, white EBN samples were obtained
from bird houses in widely separated
geographical locations in South-East
Asia—West Malaysia, East Malaysia and
Indonesia. All adulterants were purchased
from commercial sources. In the prepara-
tion of samples with Type Il adulterants,
EBN was soaked in 2% to 10%, (w/w)
aqueous solutions of sucrose, glucose,
hydrolysed marine collagen or monoso-
dium glutamate (MSG) overnight and air-
dried to constant weight.

Raman microspectroscopy
Raman spectra were collected with
the Ramantouch microspetrometer
(Nanophoton Inc., Japan) under the
same collection conditions (785nm
laser, LU Plan Fluor 20X, 600 gr/mm,
140mW, 60s) at 24°C. Every sample
was measured in triplicate over different
spots and all the Raman spectra were
baseline corrected with Origin Pro 8.0
(OriginLab Corp., USA).

Results and discussion

Unigue Raman spectrum of
EBN

EBN made by the same species of swift-
lets (Aerodramus fuciphagus) from
different geographical locations show
a unique Raman spectrum (Figure 1),
where the Raman spectra are over-
lapped, indicating that they were made
of the same material.

As EBN is a glycoprotein, Raman
bands attributed to protein and carbo-
hydrate can be observed and were
assigned using spectral data of other
glycoproteins,® N-acetylneuraminic
acid,” tyrosine'® and collagen'" as refer-
ence. The strong Raman bands that can
be attributed to the protein component
are: 1671cm™' (amide 1), 1446cm™
(CH deformation) and 1241-1262cm™
(amide 1lI). Various Raman bands of
the saccharides, particularly sialic acid
or N-acetylneuraminic acid (Neu5Ac),
N-acetyl-glucosamine (GlcNAc) and
N-acetyl-galactosamine (GalNAc) can
be seen. Some of the bands for the
saccharides overlap with those for the
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Figure 1. Top panel: Map of South-East Asia showing the geographical locations of Kuantan
(West Malaysia), Kuching (East Malaysia) and Jakarta (Indonesia) where the EBN samples came
from. Lower panel: the unique Raman spectra of EBN, shown overlapped, can be used as a
standard for authentication. Peptides bands are shown in blue and saccharides in red, showing
that EBN is a glycoprotein. (v—stretching; c—out-of-plane bending; 3—in-plane bending; 6—scis-

soring; p—rocking; d—deformation).

protein. In particular, the strong inten-
sity of the 1003cm™' Raman line, with
relative peak intensity about 2.2 times
that of the amide | band, has contri-
butions from both the ring vibration of
phenylalanine (Phe) and the C-C and
C-0 stretches of sialic acid. From the
Raman spectra of pork rind, fish bladder
and hydrolysed marine collagen, which
lack sialic acid, we deduce that phenylal-
anine contributes about the same inten-
sity as the peak of the amide | band,
and so about 55% of the intensity of
the 1003cm™' Raman line in EBN is due
to sialic acid. The unique Raman spec
trum of EBN, using the band frequen-
cies and the relative intensities of the
bands, can be used as a standard for
authentication.

Raman spectra of surface
adhered Type | adulterants
Raman microspectroscopy allows
measurements to be made over a micro-
scopic area. Edible, surface adhered Type
I adulterants (e.g. tremella fungus, agar,

coralline seaweed, pork rind and fish
bladder) can be picked up by a micro-
scope as there are significant differences
in their microscopic images as compared
to EBN which is characterised by translu-
cent strands of 1-2mm thickness. The
microscopic images of the Type | adul-
terants and EBN are shown in the right
panel of Figure 2.

The Raman spectra in the left panel of
Figure 2 show that Raman spectroscopy
can distinguish between the polysac
charides (e.g. tremella fungus, agar and
coralline seaweed) which lack amide
bands, the polypeptides (e.g. pork rind
and fish bladder) with strong amide
bands and EBN, a glycoprotein, with
amide and saccharide bands. EBN has a
particularly strong 1003cm™' Raman line
due to phenylalanine and sialic acid, and
a strong 830cm™' line due to sialic acid.
Pork rind and fish bladder do not have
sialic acid, and the weaker 1003cm™!
Raman line is due to phenylalanine only;
they also do not have the 830cm™ line.
Instead, they show a medium intensity
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Figure 2. Left panel: Raman spectra of Type | adulterants, which may be polysaccharides or
polypeptides, in comparison with EBN. Right panel: microscopic images of Type | adulterants and
EBN.

line at 810cm™" which is due to C-0-C
stretching from lipids.

4, we show the Raman spectra of the
EBN composites with sucrose, glucose,
collagen and MSG, which were prepared
Raman spectra of composites
of EBN with Type Il adulterants

by soaking in 5% w/w of adulterant solu-
tions, in comparison with unadulterated
EBN.

For sucrose, glucose and MSG which
lack protein bands, the Raman spectra
of the composites were normalised with
respect to the amide | band of EBN, and
the difference spectrum was calculated
and compared with the correspond-
ing Type Il adulterant in each subplot
in Figure 4 (A—C). For collagen which
has Raman amide bands but no sialic
acid, we have used the following infor-
mation to scale the Raman intensity of
the composite relative to EBN: (a) the
composite has about 18% of colla-
gen and about 82% of EBN as shown
in Figure 3, (b) the intensity of the
1003cm™' Raman line is due to phenyl-
alanine and sialic acid, with sialic acid
coming solely from EBN, (c) the inten-
sity of the 1003cm™' Raman line of the
composite due to phenylalanine is the
same as the peak intensity of the amide
| band of the composite, and the rest of
the intensity of the Raman line can be
attributed to sialic acid. So, with EBN as
the standard, we know the intensity of
the sialic acid contribution at 100% EBN,
and so we scale the Raman spectrum
of the composite so that the intensity of

EBN can soak up an aqueous solu-
tion of edible Type Il adulterants [e.g.
sucrose, glucose, (hydrolysed marine)
collagen and MSG] which upon drying
gives a composite material that looks like
unadulterated EBN. Any substance that
is water soluble, forming a clear solu-
tion, can be a Type Il adulterant to form a
composite with EBN. The uptake of adul-
terants in the dried composite EBN as a
function of the concentration of adulter-
ant solutions used are shown in Figure
3, and we have used a quadratic least
square fit of the data, but the plots are
almost linear. The uptake of Type Il adul-
terants in the dried composite EBN can
be considerable. At 10% w/w of adul-
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terant solutions, the uptake was about |
40% w/w of sucrose, about 34% w/w 0 2 4
of glucose, about 29% w/w of collagen
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and about 20% w/w of MSGC.
Raman microspectroscopy can detect
the Type Il adulteration of EBN. In Figure
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Figure 3. Graph of the uptake of the Type Il adulterants by EBN when dried versus concentration
of adulterant solutions used in soaking.
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Figure 4. Comparison of normalised Raman spectrum of EBN composites with Type Il adulter-
ants (in green)—sucrose, glucose, (hydrolysed marine) collagen and MSG—prepared by soaking
in 5% (w/w) solution of Type Il adulterants with the Raman spectrum of unadulterated EBN (in
black). The difference Raman spectra (in purple) resemble that of the adulterants (in red).

the sialicacid component is 82% of that.
The results are shown in Figure 4(D),
together with the difference Raman
spectrum and the Raman spectrum of
collagen. It can be seen in Figure 4 that
the difference Raman spectra resemble
those of the corresponding adulterants,
but the Raman lines in the difference
spectra are generally broader for sucrose,
glucose and MSG. The reason is because
the Raman spectra of these adulterants
were taken in the pure crystalline form,
whereas in the EBN composites these
molecules are embedded in an amor-
phous EBN cement. Collagen, however,
is already in an amorphous form and so
the difference spectrum has broad lines
similar to that for collagen.

Conclusions

The investigation showed that EBN has
a unique Raman spectrum that can be
used as a standard for authentication.
Raman microspectroscopy can distin-
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guish between polysaccharides (no
amide bands), polypeptides (strong
amide bands) and glycoproteins (both
amide and saccharide bands), and so
can be used to detect edible, water-
insoluble Type | adulterants which are
polysaccharides or polypeptides and
can be adhered to the surface of EBN
strands. Clear, edible, water-soluble Type
Il adulterants can be adsorbed by EBN
to form a composite that looks like the
unadulterated EBN under a microscope.
However, the EBN composites with Type
Il adulterants give rise to Raman spec
tra that differ from the unique Raman
spectrum of unadulterated EBN. Raman
microspectroscopy thus offers a rapid,
non-destructive technique, requiring very
little sample and no prior treatment to
authenticate EBN.
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Many years ago, | was involved in a
project where for a short while | dreamt
of exploiting the capabilities of nuclear
magnetic resonance (NMR) spectros-
copy to look at differently bound silicon
oxide environments. The complexities
of finding an NMR expert who had the
capability and the time, and the will-
ingness to convert their instrument for

these measurements on nuclei with
low abundances and often complex
spin systems were enormous. The time-
frame of the project meant that | had
to give up on what looked a very quick
and promising solution to my problem.
Ever since that experience, | have gener-
ally avoided the ordeal of locking horns
with NMR experts and confined myself

to the peaceful waters of familiar spin
/> carbon-13 and proton NMR spec
troscopy. | am pleased to say that | was
recently shaken out of my comfort zone
by an NMR expert not only carrying
out measurements on these interest-
ing nuclei but also happy to go out and
preach about their usefulness. Marcel
Simons enthusiastically presented how

Table 1. Some common isotopes useful for NMR analyses and their relative sensitivities assuming equal T, and T, relaxation times and temperatures.

Natural
abundance
(%)
H 99.99% 05
“Li 92.41% 1.5
"B 80.10% 1.5
5C 1.07% 0.5
Na 100.00% 1.5
Mg 10.00% 25
27p 100.00% 25
25j 4.69% 05
(| 75.76% 1.5
K 93.26% 1.5
"B 50.69% 1.5
S'Br 49.31% 1.5
%5Ba 6.59% 1.5

14 SPECTROSCOPYEUROPE

Magnetic
moment p Gyromagnetic
(12/1y) ratio ()
2.793 26.7522
3.256 10.397704
2.689 8.584707
0.702 6.7283
2.218 7.0808516
—-0.855 —1.63884
3.642 6.976278
—-0.555 —5.31903
0.822 2.6241991
0.392 1.2500612
2.106 6.725619
2.271 7.249779
0.839 2.67769

Receptivity

Molar sensitivity natural ab.
(rel. 'H) (rel. 'H)

1.0000 100.000%
0.2940 27.100%
0.1650 13.200%
0.0159 0.018%
0.0927 9.270%
0.0027 0.027%
0.2070 20.700%
0.0079 0.037%
0.0047 0.358%
0.0005 0.048%
0.0795 4.030%
0.0995 4.910%
0.0050 0.033%
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developments in the available hard-
ware, higher field instruments, better
multinuclear probes including cryoprobe
options, the spectrometer control
systems and also desktop NMR data
processing software had all combined
to make the measurement of inorganic
nuclei a potentially commonplace and
very helpful, often complementary,
technique to other spectroscopic analyt-
ical tools.

Sensitivity myth and
legends
One of the biggest issues in the past
has been the lack of sensitivity of NMR
instrumentation to the "exotic” nuclei.
For those unfamiliar with the technique,
it is worth remembering that essen-
tially only isotopes that contain an odd
number of protons and/or neutrons
have a magnetic moment and angu-
lar momentum to be detected by NMR
spectroscopy. Other isotopes with even
numbers of protons and/or neutrons
have zero spin and cannot be detected.
The basic sensitivity of any particular
nuclei is a function of the relative abun-
dance (natural concentration of the
NMR active isotope) and the magnetic
moment. Of course, for the analysis of
nuclei whose measurable isotopes are
only present in very low abundances
it is always an option to select experi-
ments which use isotopically enriched
samples. However, this is generally an
expensive option, not available to many
except in very special cases, and not
really a solution for day-to-day analysis.
So, if you successfully persuaded your
NMR experts to carry out these inorganic
experiments it often used to mean tying
down the instrument for long periods
not only to convert to a different probe
head but simply to acquire enough
scans in order to deliver a good enough
signal-to-noise ratio to allow meaning-
ful interpretation of the data received.
The basis for this can be easily seen in
Table 1, where the natural abundance,
spin state and magnetic moment for a
few common NMR inorganic isotopes
is given. The term relative receptivity is
used as a more useful guide to nuclear
response. It is the product of the rela-
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tive sensitivity and the isotopic natural
abundance compared to the proton.
So, the myth of insensitivity of the inor-
ganic isotope in NMR over organics can
be debunked to a certain extent if we
look at the receptivity of *C, where
the relative receptivity compared with
"H is 0.0159 x 1.108 =0.018%. All the
common inorganics selected for Table
1 do better than '*C! Of course, the
absolute concentration of carbon in the
sample also plays a key role in the final
signal-to-noise ratio of the measure-
ment compared to proton NMR spec
troscopy. So for scientists concentrating
on organic or organometallic chemistry,
this is something of a spurious compari-
son. But it is worth remembering that
it is not the sensitivity of the inorganic
isotopes themselves in NMR which are
inhibiting factors in their own right.

Effect of field strength

etc.

Stronger magnets have greatly helped
deliver better signal-to-noise ratios.
Doubling the field strength, say going
from 300 MHz to 600 MHz instruments,
whilst keeping everything else constant,
doubles the population difference
induced in the sample (Boltzmann distri-
bution). Additionally, the current in the
probe head doubles whilst only increas-
ing the noise in the head by v/2 (overall
improvement effect in the probe head =
2/42=1.4142) giving an overall benefi-
cial increase in signal-to-noise from the
doubling of 2x 1.4142=2.8284, every-
thing else being equal.

An additional beneficial effect is the
narrowing of the linewidth achieved, as
this can bring weak signals out of the
noise in some cases. Table 2 summarises
some of the factors discussed above
and some additional considerations
which will influence the applicability of
inorganic NMR spectroscopy in the day-
to-day operation of your spectroscopic
laboratory. Some are influenced by the
specific isotope to be analysed, some on
the available instrumentation including
probe types and bores available, where
some effects are down to the molecular
environment of the isotope being meas-
ured.

v
i
|
A ‘M”‘;/
\,,-ﬁ‘” .
= /A"“' & ;:/ -
= \\\\

World class

The unique LO-RAY-LIGH® holographic
grating technology continues Shimadzu'’s
proven track record on patented and
awarded gratings.

World's highest diffraction efficiency
and the world’s lowest stray light level

Higher spectral resolution sharpness
rendering better characteristics than
conventional gratings

Custom-made gratings of excellent
performance

matching the characteristics of different
spectroscopic devices

Widest range of optical components
supporting the UV-2600/-2700 series
and more

www.shimadzu.eu

8 | CIRAY.LIGH'

‘ High-End Gratings Manufactured by Shimadzu


www.spectroscopyeurope.com
http://www.shimadzu.eu

VOL. 28 NO. 2 (2017)

Table 2. Some influences on the sensitivity
of inorganic NMR of particular isotopes.

Sample/isotope factors

Magnetic momentum

Natural abundance

Gyromagnetic ratio

T, (Boltzmann)

T, (FWHM)

Nuclear Overhauser Effect (NOE)

(can be positive but also nega-

tive)

B FWHM (peak area = ~FWHM x
peak height)

B Atomic mass (CgHg vs KBr)

B Spin—spin coupling (singlet,
doublet, triplet, quartet, multiplet)

B Satellites

B Temperature (Boltzmann)

Instrumentation factors

B Magnetic field (400 MHz,

600 MHz...)

Boltzmann

Spectral resolution (FWHM)

Number of scans (NS)

Sensitivity probe head

[ BBO vs BBI

[] tube diameter 1Tmm, 1.7mm,
3mm, 5mm, 10mm

[] room temperature vs cryo
probe (nitrogen- vs helium-
cooled)

[ flow probes with different cell
volumes (30 pL, 60 L)

Decoupling and
multidimensional
experiments, LOQs

As with the more widely used isotopes
a range of revealing experiments are
also available for the inorganic isotopes.
Figures 1 and 2 show the beneficial
effect of a proton decoupling experiment
on a '"¥Sn spectrum.

However, multidimensional spec
troscopy experiments can also apply to
inorganic isotopes, and Figure 3 is an
example of a multidimensional NMR
experiment which can give great insight
into connectivity and arrangement of the
inorganic moieties in complex structures.
Here the longer-range couplings (2—4
bonds) are revealed in a heteronuclear

16 SPECTROSCOPYEUROPE
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Figure 1. ''°Sn spectrum of 145mg sample in 1.1g CDCl; with 0.03% TMS standard.

Figure 2. Detail of the same "°Sn spectrum of 145mg sample in 1.1g CDCl; with 0.03% TMS
standard showing (bottom) the original coupled measurement and (top) the beneficial effect of
a proton decoupling experiment on the signal-to-noise ratio. All in all, for an average 1h single-
dimensional experiment limits of quantification based on 10x signal-to-noise ratio are commonly
around achievable in the 10s of mgkg™' range.

multiple bond correlation (HMBC) exper-
iment.

NMR experiments delivering good
insights into samples in ways no
other technique can deliver. Marcel
has convinced me that we can get far
more information out of our samples
now, with comparatively little effort

Conclusions
| have been surprised how easy it
has become to execute inorganic
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a compared to earlier years and older
4(p;) T =TMS from NMR solvent instrument generations. We can only
4 s = B satellite recommend that you try it out for
9 8 7 T .
2 10 AR yourselves—you might be extremely
ﬂx s ) ppm pleased at the outcomes!
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Figure 3. 2°Si NMR spectrum 'H,?°Si HMIBC experiment with peak assignments. 66 mg sample,

1500mg CDCls.
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Aunir
The Dovecote, Pury Hill Business Park,
Towcester NN12 7LS, UK. T: +44 1327
810913

Aunir are a leading developer and supplier
of near infrared reflectance (NIR) spec
troscopy calibrations. The calibrations
provided by Aunir can be used to test the
nutritional, chemical and physical prop-
erties of ingredients and products in an
efficient and cost effective way. Aunir's
calibration solutions are available for use
across a wide range of food and agricul-
tural markets including animal feed, flour
and milling, pet food and plant breeders.

Bruker Optics 1

Rudolf-Plank-Str. 27, 76275 Ettlingen,
Germany. T: +497243-504-2000, F:
+497243-504-2050, info.bopt.de@
bruker.com, www.bruker.com/ft-nirhtml

Bruker has been driven by the idea to
provide the best solution for each analyt-
ical task for more than 50 years now.
Today, over 6000 employees are work-
ing on this challenge at 90 locations
worldwide. Our spectrometers are used
in the lab as well as in the process for
ensuring quality and process reliability.
Being one of the leading analytical instru-
mentation companies, we are commit-
ted to meet customers’ needs and to
continue to develop innovative solutions
for today's analytical questions.

Biichi Labortechnik AG 20

CAMO Software 13
Oslo Science Park, Gaustadalleen 21,
0349 Oslo, Norway. T: +47 2239 6300,
F: +47 2239 6322, sales@camo.com
http://www.camo.com
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CAMO Software is a pioneer in multivari-
ate data analysis and develops software
and solutions to analyse large, complex
data sets quickly and accurately. The
Unscrambler® is recognised for powerful
and user-friendly multivariate methods,
easy data importing, insightful visualisa-
tion and extensive Design of Experiments
tools. Models can be integrated directly
into scientific instruments or in process
monitoring solutions to perform muilti-
variate analysis in real time and predict,
identify, and help correct deviations in a
process to drive continuous improvement.

Carl Zeiss Spectroscopy 17

Hamamatsu Photonics

Deutschland GmbH 10
Hellma GmbH & Co. KG 7
Hiperscan 22
HySpex 8
Inno-Spec 27
LLA Instruments 11
LLS Instruments 26
Metrohm Nordic ApS 15
NKT Photonics 24
Ocean Optics BV 29

yo(Ocean
Gg Optics

Geograaf 24 6921 EW Duiven
Netherlands. T: +31-26-3190500, info@
oceanoptics.com, www.oceanoptics.com

Ocean Optics is the inventor of the
world's first miniature spectrometer and
a global leader in UV-Vis, NIR and Raman
spectroscopy for research, life sciences,

food and agriculture, education and OEM
applications. Ocean Optics' extensive line
of complementary technologies includes
spectrometers, light sources, chemical
sensors, optical fibres, thin film coatings,
software and complete system integra-
tion.

Perten Instruments 19
PO Box 9006, SE-126 09 Hagersten
Sweden. T: +46 8 505 80 900, F: +46
8 505 80 990, info@perten.com, www.

erten.com

The Perten Instruments Group, a part
of PerkinElmer, Inc. represented in over
100 countries, provides tools for quality
control and process monitoring. These
tools include cutting edge Diode Array
based technology, near-infrared analy-
sers, high frequency moisture analys-
ers, the Rapid Visco Analyser, laboratory
mills, single kernel analysers, Falling
Number systems, and instruments that
characterise dough, gluten and starch
quality for the grain, flour, food and feed
industries.

Polytec GmbH 6

Q-Interline 3
Stengaardsvej 7, DK-4340 Tollose,
Denmark. T: +45 46757046, info@g-
interline.com, g-interline.com

Q-Interline develops and manufactures
premium analytical solutions for process
and product quality optimisation, based
on infrared spectroscopy and correct
sampling.

SensolLogic GmbH
Software + Sensor Systeme 28

SensoLogic

Software + Sensor Systeme
Hummelsbutteler Steindamm 78 A,
22851 Norderstedt, Germany. T: +49-40-
5295670, F: +49-40-52956799, info@
sensologic.de, www.sensologic.com
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Sensologic's business is creating soft-
ware for technical applications, mainly in
analysing and sensor technologies. The
SL product family for chemometric spec
troscopy—the comprehensive modular
software solution for quantitative and
qualitative analysis—is now extended
by a new member: the SL Classification
Wizard. We are developing individual
software solutions for instruments as
well as laboratory and process automa-
tion, with technical consulting and train-
ing as required.

2
12

Kutomotie 16, 00380 Helsinki, Finland.
Tel: +358 50 409 0204, info@spectra-
lengines.com, www.spectralengines.com

Spectral Engines develops and produces
ground breaking smart sensor technol-
ogy, which can measure the very make-
up of materials. Our solution will improve
industrial processes, enable advanced
pocket-size analysers and provide mate-
rial sensing for consumer applications.
The team and technology platforms
enable new measurement applications
and business opportunities.

21
g!vnnholm.eom

Nordic Pharma and Analyzer Center
Marienbergvej 132, 1, DK-4760
Vordingborg, Denmark. T: +45-70-
265811, F: +45-69-803133, mail@svan-
holm.com, Svanholm.com

Svanholm.com is on booth 21 showing:
B&W Tek is the world's largest manufac
turer of Raman spectrometers. Sentronic
is known for high quality NIR for phar-
maceutical solid dose applications
for rotating blenders and fast moving

Www.spectroscopyeurope.com

applications. Indatech has solutions
with NIR and Raman and we will show
the Hyternity NIR Spatially Resolved
Spectroscopy (SRS) solution for complex
solids and liquids. And as not-NIR:
Thermo Scientific Prima PRO VP mass-
spectrometer for solvent drying monitor-
ing and control.

9

tecs

Technology for Spectroscopy
In der Au 27, 61440 Oberursel, Germany.
T: +49-6171-9758-0, F: +49-6171-9758-
50, sales@tec5.com, tec5.com

Since 1993, tec5 has developed and
manufactured high-grade industrial
systems and OEM components for
UV-VIS-NIR and Raman spectroscopy.
The company’s portfolio includes prod-
ucts ranging from spectrometer electron-
ics and embedded systems up to specific
system solutions for numerous applica-
tion areas. The tec5 AG is a company
of the m-u-t group. The tec5 AG head-
quarters is located in Oberursel, near
Frankfurt / Main, Germany. Currently,
approximately 60 employees work for
the tec5 group.

113 Cedar St. S-3, Milford, MA 01757,
USA.T: +1 (203) 740-2999, info@unity-
scientific.com, www.unityscientific.com

Unity Scientificis a leading global provider
of innovative near infrared (NIR) instru-
mentation and analysers. Unity Scientific

VOL. 29 NO. 2 (2017)
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is proud to present the SpectraStar
XT, a completely new, next generation
NIR spectrophotometer with market
leading performance. The XT comes
complete with TAS, TRUE ALIGNMENT®
Spectroscopy technology to automati-
cally align and maintain the instrument.
SpectraStar XTs are available as ready-to-
use analyser packages and as a stand-
alone NIR for custom applications.

14
1402 Mariner Way, Santa Rosa, CA
95407, USA. T: +1 707-525-9200, F: +1
707-525-7028, ospcustomerservice@
viavisolutions.com, www.viavisolutions.

com/micronir

The MicroNIR™ family of NIR sensor solu-
tions for non-destructive analysis in hand-
held and on-line applications in food,
agriculture, pharmaceutical, industrial
and R&D. The MicroNIR PAT is a versatile
process spectrometer designed for use
in real-time monitoring of manufactur-
ing operations. The MicroNIR OnSite is a
rugged handheld analyser for rapid anal-
ysis of raw materials and critical quality
attributes of finished product. Visit www.
viavisolutions.com/micronir
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Instrument qualification: a
possible quality by design-
based approach

C. Burgess® and J.P. Hammond"®

°Burgess Analytical Consultancy Limited, ‘Rose Rae’, The Lendings, Startforth, Barnard Castle, Co. Durham, DL12 9AB,

UK

PStarna Scientific Ltd, 52—54 Fowler Road, Hainault Business Park, Hainault, Essex, IG6 3UT, UK

Background

Reviewing published documentation
provides some interesting information as
to how the requirement for the “calibra-
tion" of spectrometers has changed and
evolved over approximately the last 40
years, and not least, the associated termi-
nology of the science.

Why “40 years"? Because in 1976, the
FDA promulgated a series of proposed
GLP regulations, which were finalised
under 21 Code of Federal Regulations
(CFR) 58 in 1978 as well as the estab-
lished cGMPs in 21 Code of Federal
Regulations (CFR) 210 & 211. Purely by
coincidence around this time, we began
our own spectroscopic journeys perform-
ing measurements on old manual
prism-based spectrometers such as the
Beckman DU, Unicam SP 500 and Hilger
Uvispek Mk IX. In those days, the focus
was simply on technical performance
characteristics.

By the late 1990s, in addition to the
publication of guidance documents
in key aspects of regulatory control, a
defined qualification process was docu-
mented by various interested parties,
including the current authors in several
collaborative ventures.

These documents'? established
the qualification framework as shown
in Figure 1 and the recommended
approach to UV/vis spectrometry.

At the same time that the 4Qs qualifi-
cation protocol was being developed, the
central role of this essential qualification

22 SPECTROSCOPYEUROPE

process was summarised by an instru-
ment vendor, as shown in Figure 2.

The statement made at that time was
that:

The value of the chemical measure-
ment depends upon the degree of confi-
dence that can be placed on the result

and thereby its “fitness for purpose”. If
you couple this statement with any of
the internationally recognised Quality
Standards, one irrefutable observation
is that both have a common require-
ment—effective equipment performance
verification, often simply referred to as

Design Defines the functional and operational specification of
Qualification

(DQ)

the instrument and details the conscious decision in

the selection of the supplier

Installation
Qualification

IQ

Operational
Qualification

0Q)

Performance
Qualification

(PQ)

Establishes that the instrument is received as designed
and specified, that it is properly installed in the selected
environment, and that this environment is suitable for
the operation of the instrument

The process of demonstrating that an instrument will
function according to the operational specification in
the selected environment

The process of demonstrating that an instrument
performs according to a specification appropriate for
its routine use

Figure 1. Qualification framework 1997-2000 Valid Analytical Measurement (VAM) Programme.
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CUSTOMER

CALIBRATION

VENDOR

ALIFICATIO

Figure 2. Vendor-derived validation/qualification and calibration (VQC) “Shells" circa 2000.

calibration. This requirement can be
graphically shown as part of a series
of concentric Validation/Qualification/
Calibration (VQC) “shells”.

This structure affects both user and
vendor, and the sequential process
shown in Figure 2 will depend upon
one's initial starting position. As a user,
the overall perspective is planned before
specific tasks are undertaken. As an
instrument manufacturer, clearly estab-
lishing calibration to specification is
the first quality requirement of a newly
produced instrument.

From the user’s viewpoint in practi-
cal terms this meant:

1) Establishing total quality management
(TQM) protocols.

2) Formulating a validation plan.

3) Qualifying the instrument or system.

4) Ensuring initial (and maintaining) cali-
bration.

From the vendor’s perspective this
required:

1) Ensuring calibration to specification.

2) Assisting the end user in the qualifica-
tion at the system location.

3) Assisting/advising on additional vali-
dation & calibration/TQM aspects.

At the same time, the Royal Society
of Chemistry’s Analytical Methods
Committee, Instrumental Criteria
Subcommittee published a detailed
proposal on the selection of UV/vis/NIR
systems.®

Www.spectroscopyeurope.com

This concept is still valid today, some
20 years on, but as our title suggests—as
always, there may be another and possi-
bly better way.

Quality by design

At the same time as these fundamen-
tal validation, qualification and calibra-
tion principles were being defined and
structured, in a parallel development,
quality by design (QbD) as a concept
was outlined by quality expert Joseph M.
Juran in many publications, most notably
Juran on Quality by Design.*

Designing for quality and inno-
vation is one of the three universal
processes of the Juran Trilogy, in which
Juran describes what is required to
achieve breakthroughs in new prod-
ucts, services and processes.> Juran
believed that quality could be planned,
and that most quality crises and prob-
lems relate to the way in which quality
was planned.

While QbD principles have been used
to advance product and process qual-
ity in industry, and particularly the auto-
motive industry, they have also being
adopted by the pharmaceutical indus-
try. As has been discussed many times
in the column, international harmonisa-
tion is an on-going process, and QbD
is no exception. In this case, regulators
in the European Union (the European
Medicines Agency), Japan and the
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Figure 3. Qualification in a QbD environment.

US Food and Drug Administration
(FDA) have furthered QbD objectives
through the International Conference
on Harmonisation of Technical
Requirements for Registration of
Pharmaceuticals for Human Use (ICH).
ICH guidelines Q8 (on Pharmaceutical
Development),® Q9 (on Quality
Risk Management)’” and Q10 (on
Pharmaceutical Quality System)®
provide guidance for manufacturers to
implement QbD into their own opera-
tions.

There is not the space within this
article to expand further on this well-
reviewed and discussed topic, but a
simple search will reveal an extensive
library devoted to this subject. However,
the concept is introduced here because
this guidance is being developed further
into risk-based approaches to the
management of quality, and are very
much seen as the way forward in to the
future.

Therefore, let us take a conscious deci-
sion to combine these two concepts and
see what is produced. That is to say, if we
bring this VQC shell structure up to date
and apply a similar approach using QbD
terminology, what is the result?

The result is shown in Figure 3.

If you compare Figure 2 and Figure 3 it
is apparent that:

B Knowledge space and validation
both form the outer shells.
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B Design space links to qualification,
and interestingly, both form the
essential core framework on which
the structure is built.

and

B Control space maps to calibration,
the working centre of both structures.

If we now focus on Figure 3, this
can be considered on the paper in two
dimensions, i.e. a circle as a “space” in
which you have:

B Knowledge space

B Design space

B Control space

But in practice, as discussed below,
these spaces are in fact multi-dimen-
sional surfaces encompassing the crit-
ical process parameters. Obviously, as
with all concepts, these may be consid-
ered generic terms, and therefore may
defined as such, but such definitions
are often difficult, as by design, they will
reflect the environment for which they
are intended, e.g. mathematical, phar-
maceutical etc. Some basic definitions
are given from a spectroscopic view-
point below.

Knowledge space

The theory and science associated with
UV/vis spectroscopy, which after 70
years as an instrumental technique, is
not inconsiderable and its critical process
parameters (CPPs) are well established.
In addition, the desired metrological

outputs are specified as critical quality
attributes (CQA).

Design space
A multivariate mathematical model relat-
ing the input CPPs and output CQAs to
establish a region where at a level of
probability the measurement process
delivers “fitness for purpose” outcomes.
Working within the design space is not
considered as a change. Movement out
of the design space is a change and
would normally initiate a regulatory post
approval change process. Design space is
proposed by the applicant and is subject
to regulatory assessment and approval.?
This is essentially the space in which a
UV/vis spectrometer has been specified
by the vendor and used for operational
qualification (OQ).

Control space(s)
A more constrained region within the
design space, sometimes called the
“normal operating range”, is based on
in-house specifications. This space covers
the user-defined operational parameter
range over which the instrument is going
to be routinely used. For different appli-
cations, there may be different control
spaces with the same overall design
space. For example, the same spectro-
photometric system may be used for one
very specific application, over a defined
wavelength and absorbance/transmit-
tance range, or the system may be used
for multiple applications, as shown in
Figure 4.
A CPP from a spectroscopic view-
point is a physical optical characteris-
tic that should be within an appropriate
limit, range or distribution to ensure the
desired metrological qualities (CQAs),
and therefore in the case of UV/vis spec
trometry, such CPPs are likely to include:
B Operational ranges of absorbance
and wavelength.

B Wavelength accuracy and precision
over the operational ranges.

B Photometric accuracy and precision
over the operational ranges.

B Stray light.

B Spectral bandwidth.

So in a practice sense, we would
suggest that with respect to the require-
ments nothing has changed, there is
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Figure 4. Multi application control spaces.

still the requirement to “calibrate” a
spectro(photo)meter and it has always
been there.

However, with these QbD concepts in
place, the environment is more defined,
is more structured and, once under-
stood, easier to control. The next step is
to introduce the "analysis of risk” into the
process—but that is a topic for another
day.

To bring the discussion “full circle”,
also in 1975, Klaus Mielenz of NBS (now
NIST) published a short paper on “The
Nomenclature of Spectrometry”.® Recent
discussions have shown that it would
appear we are no further forward in
deciding whether the correct terminology
for an instrument measuring transmit-
tance across a defined wavelength range
is an absorption spectrometer, or spec

trophotometer; but again, this is probably
a topic for another day?
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Previous columns have been devoted
to a comprehensive introduction to the
basic principles, methods and equipment
for sampling of stationary materials
and lots, as part of a description of the
systematics of the Theory of Sampling
(TOS). The next instalment of columns
will deal with process sampling, i.e.
sampling from moving streams of
matter. As will become clear there is a
great deal of redundancy regarding how
to sample both stationary and moving
lots, but it is the specificissues pertaining
to dynamic lots that will be highlighted.

Lot dimensionality: ease
of practical sampling

The Theory of Sampling (TOS) has found
it useful to classify lot geometry into four
categories. The strict scientific definitions
are not necessary at the introductory
level in these columns, which will rather
focus on lot dimensionality from the
point of view of sampling efficiency (or
sampling possibility, in difficult cases). A
straightforward lot dimensionality classi-
fication is seen is Figure 1.

From a practical point of view, sampling
needs to be concerned with the ease
with which one is able to extract incre-
ments from a randomly chosen loca-
tion in the lot (or selected according to a
sampling plan). Thus it is relatively easy
to extract slices of any lot which has one
dimension which dominates, i.e. is vastly
longer (the extension dimension) than
any of the other two dimensions (width,
height). From this sampling point of view,
the lot is effectively only 1-dimensional
because all material in an incremental
slice "covers” completely the full width
and height of the material. This is the
reason for TOS' classification of 1-dimen-
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No correlation exists between
increments . Increments can be
picked at will. Total access to
entire lot volume in practice

Increments cover two lot
dimensions (e.g. a “slice”)

Increments cover one lot

Lot Dimensionality (definition via increments)

17 g
g m@%mmﬁm[@
G il

0D

LT .17 1D

dimension (e.g. a drill-core)

Increments do not fully cover

any of the lot dimensions

Figure 1. TOS' practically oriented classification of lot dimensionality; the odd “0O-dimensional lot”
type is explained fully in the text. lllustration credit: Lars Petersen Julius (with permission).

sional lots, or 1-D bodies. 1-D lots have a
special status in TOS, for various reasons
(see further below). Observe that a 1-D
lot can either be a stationary, very elon-
gated body (stock, pile etc.) or it can be
a dynamic 1-D lot, i.e. a moving or flow-
ing stream of matter (the material being
transported by a conveyor belt is an
archetypal dynamic 1-D lot; likewise the
moving matter confined to a pipeline).
It is a very important issue that 1-D lot
sampling increments have the form of a
"slice”.

It is equally easy to define a 2-D body
(see Figure 1). 2-dimensional lots are
characterised by the fact that all incre-
ments will only “cover” one dimension.
Very often 2-D lots are horizontal, with
the remaining dimension vertical (think

of a drill core penetrating a geological
formation, or a layer), but not necessar-
ily in this orientation. The defining issue
is that there is only one degree of free-
dom, namely where in the X-Y plane
is the 1-dimensional increment to be
located “where to sample in the X-Y
plane?”). The operative increments in
sampling 2-D lots are either “cylindrical
increments” or box-like, see Figure 1.
The key feature for the sampler, or for
the sampling equipment, is that there is
full access to the entire lot in the case
of 1-D and 2-D lots. This is an impor-
tant empowerment because it allows the
demands of the fundamental sampling
principle (FSP) to be honoured: all
potential increments from a lot must
be accessible for physical extraction if/
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Random selection of slices (increments)
along the extension dimension of a 1-D lot

Figure 2. There should always be an element of randomness in a good sampling procedure,
here the locations along the extension dimension of a 1-D lot are selected in this fashion. All
slices correspond to complete slices of the width—height dimensions of the lot. lllustration credit:

KHE.

when selected. Indeed, this feature
is scale-invariant, one can sample all
1,2-dimensional lots of any size under
the FSP. Going on to 3-D lots leads to a
perplexing revelation. It is very difficult to
define a 3-D lot from the point of view of
practical sampling, logically the operative
increment form here should be a sphere.
But in our 3-D world, extracting spheri-
cal increments is not exactly easy... ...
Be this as it may, TOS has many alterna-
tives to offer for 3-D sampling, but this
is outside the present scope (see, for
example, Reference 1).

WHAT then is a “O-dimensional lot”,
the top illustration in Figure 17 This is
another of TOS' penetrating ways to
focus on the underlying systematics of
sampling. A 0-D lot is a lot that is “small”
enough so that it is particularly easy
always, under all circumstances, with all
kinds of equipment to extract any size
increment desired (increments of any
form, so long as the increments are all
congruent, i.e. of the exact same form
and size). In other words, a 0-D lot is a
particularly easy-to-sample lot. Obviously
there is a grading demarcation between
a 0-D lot and a 3-D lot, but in prac-
tice this discrimination has been found
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immensely useful. It is full accessibility in
sampling practice that is the key opera-
tive element in these definitions.

Thus, with respect to sampling prac
tice, lots come in groups [0-, 3-D lots]
vs [1-, 2-D lots] of which the latter are of
overwhelming importance—because this
allows practical sampling no longer to
be concerned with the size, magnitude,
volume, mass of the lot. All [1-, 2-D lots]
can be sampled appropriately, and this is
a very large first step towards universal
representativity.

Lot dimensionality
transformation

This is a most advantageous feature of
1-D lot configurations. Irrespective of
whether a 1-D lot is stationary or moving,
it is 100% guaranteed that the entire lot
will be available for increment extrac-
tion. 1-D lots are always particularly
easy to sample, irrespective of their orig-
inal configuration—it could have been a
3-D, 2-D or a 0-D lot that was decided
to be transformed into a 1-D configura-
tion... much more of this aspect below.
From the largest lot sizes involved, e.g. a
very big ship's cargo (100,000 tonnes for
example) down to an elongated pile of

powder in the laboratory; when present
in a 1-D configuration, slicing off the
number of increments, Q, decided upon'
constitutes the most effective sampling
condition known from TOS" analysis.
This scenario is the most desirable of all
sampling options.

This finding has led to one of the six
governing principles in TOS, lot dimen-
sionality transformation (LDT). Wherever,
whenever possible, it is an absolute
advantage to physically transform a lot
(0-D, 2-D, 3-D) into the 1-D configura-
tion. Figure 3 illustrates this governing
principle.

Even if there will have to be some
work involved (sometimes a /ot of work)
in moving, transporting (bit-by-bit) a lot,
say a 3-D lot, and for example loading its
content onto a conveyor belt, this is very
often a welcome expenditure because of
the enormous bonus(es) now available.
There is no comparison because of the
ease with which the gamut of sampling
errors can be eliminated or reduced
with the 1-D configuration. TOS' litera-
ture is full of examples, demonstrations
and case histories on this key issue, e.g.
Reference 1 and literature cited herein.

The subsequent set of sampling
columns will describe the full diversity of
process sampling, but this is a first foray
to give the reader a useful overview of
what is to come.

Process sampling

Process sampling concerns 1-D lots
where there is a distinct spatial (station-
ary lots) or temporal order between
the lot units along this defining dimen-
sion. The units may appear either as
an ordered series of discrete units (in
time or space) or as a moving/flow-
ing material stream. All such elongated
or moving material bodies are, strictly
speaking, three-dimensional objects,
but by transformation into 1-D objects
their sampling turns out to be identical
in principle as well as in practice. The
movement involved is relative: either
the matter streams, or flows, past the

"How to set an appropriate number of incre-
ments, Q, is an integral part of sampling of
1-D lots, and will be explained in details in
future columns.
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Figure 3. In practical sampling, TOS has shown the absolute desirability of transforming 3-D, 2-D
and sometimes even 0-D lots into a 1-D configuration. lllustration credit: KHE.

sampler/sampling equipment, or the

sampler “walks up and down" along the

extended dimension of the lot. From

a sampling point of view, these two

situations are identical and will there-

fore both be covered even through
the terminology most often speaks of
process sampling.

It is now time to focus on the nature of
the lot material to be sampled. In process
sampling, the 1-D lot can be classified in
three broad categories:

B A moving or stationary stream of
particulate material. Examples:
conveyor belts transporting aggre-
gate materials, powders, slurries in
ducts etc.

B A moving or stationary fluid flow (i.e.
gasses, liquids). Examples: rivers or
produced/manufactured fluids in
pipelines.

B A moving or stationary stream made
of discrete units. Examples: railroad
cars, truck loads, or “units” (bags,
drums, packages...) from a produc
tion or a manufacturing line.

Besides the distributional and constitu-
tional heterogeneity (explained in earlier
columns), there are further aspects that
need to be considered to characterise
the heterogeneity of 1-dimensional lots.
This especially involves understanding
the nature of the non-random hetero-
geneity fluctuations along the elongated
lot. Interest is no longer so much in the
heterogeneity within the units of obser-
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vation (because the full slice will be
extracted and its heterogeneity is there-
fore now only a matter for the subse-
quent mass-reduction step(s) which is
easily managed under TOS), but specifi-
cally in the heterogeneity related to the
differences between them. This is the lot
heterogeneity along the entire length of
the 1-D lot (which actually is the entire
volume of the original lot).

Often “slicing” in such a case amounts
to nothing more than appropriate selec
tion of units viewed as a basis for a time
series of analytical results. But the 1-D
lot can also manifest itself as a more or
less continuous body (1-, 2-, 3-phase
continuum) along the length dimension,
in which case it is the sampler/sampling
equipment that forcefully “cuts” the
stream to produce the extracted units.
The location of where, and how, to cut
the stream of matter is of critical impor-
tance in process sampling.

The heterogeneity contribution
from an extracted unit (increment) is
composed of three (four if including the
total analytical error (TAE) parts in the
case of 1-D processes:

B A random, discontinuous, short
range fluctuation term. This term
describes the constitutional hetero-
geneity within the increment.

B A non-random, continuous, long-
range fluctuation that describes trend
in the process/lot (between units)
over time/distance.

B A non-random, continuous, cyclic
term, describing cyclic or periodic
behaviour of the process/lot.

B A random fluctuation term, taking
into account all errors stemming
from extraction, weighing, process-
ing and analysis. This can be viewed
as the extended TAE. Sometimes it is
desired to keep the strict analytical
errors isolated, as TAE proper. Either
way, no confusion need arise and
various cases will be illustrated in the
following columns.

1-D lot heterogeneity
Characterisation of the heterogeneity of a
1-D lot must include information on the
chronological order of the units extracted
and their in-between correlations. Upon
reflection, it is clear that it will be of inter-
est to be able to characterise the intrinsic
heterogeneity of the 1-D lot at all scales
from the increment dimensions itself
(there can be no resolution of the 1-D
heterogeneity smaller than the physical
dimension of the increment in the exten-
sion direction, which below is defined as
the lag) ... up to, say half the length of
the entire 1-D body (corresponding to
the, in practice, unlikely case in which
the lot was sampled as but two very
large samples, each of the magnitude
of half the lot; this scale is of no practi-
cal interest in the overwhelming number
of meso- and macroscopic cases, but is
occasionally brought to bear on excep-
tionally small lots). It is actually neces-
sary to be able to express the 1-D lot
heterogeneity at all these scales simulta-
neously. This may appear as a complex
task, but TOS has developed an amaz-
ing, and amazingly easy to derive, facility
for exactly this purpose—the variogram.

Variographic analysis: a
first brief

In order to characterise the autocorre-
lation between units of the process/lot,
the variogram is very powerful. It allows
understanding the variation observed
between extracted increments as a
function of the distance between them
(in time or space). The smallest equi-
distance between increments to be
extracted is called the “lag". This lag is
determined by the sampler when setting
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up the basis for a variographic charac
terisation (the variographic data analyst)
if there has been made no variogram
earlier. In certain cases valuable informa-
tion from an earlier attempt will allow an
optimal lag to be fixed; more on setting
the critical parameter lag later. In addi-
tion, a variogram also yields information
in the forms of the so-called “nugget
effect”, the “sill” and the “range”, which
are outlined below.

A variogram is based on the analyti-
cal results from a series of extracted
increments, which are all mass-reduced
and analysed in a proper TOS-correct
manner—this is so as to suppress as
much as possible sampling, mass-reduc
tion and analytical errors, in complete
agreement with the objectives regarding
stationary lots. All extracted increments
are in a sense treated as individual
samples in the variographic context
(but their status as grab samples is not
a cause for worry, as shall be clear—
because we have access to a lot of them
covering the entire lot).

A variogram can be calculated based
on a series of analytical results from a
sufficient number of increments span-
ning the entire process interval of inter-
est. An example could be a production
process over a 24-h period, sampled
every 20min to characterise the vari-
ation, including three 8h shifts. This
would total 72 analytical results. More
on how to fix an appropriate number of
data from which to calculate variograms
will be covered in later columns. Here,
it is sufficient to state a beginner’s rule-
of-thumb: no less than 60 data points
(analytical results). Often also much
shorter time-spans are investigated, for
instance, during the filling of a number
of bags from a batch (blending) process,
or something much longer, like daily or
seasonal variation, for periods up to an
entire year or even more. In general, the
variogram is supposed to characterise a
salient “process interval of interest”; this
is very much an interval that is intimately
related to the specific process in ques-
tion, but the common feature is that
the process is “covered” with at least 60
increments.

The fundamental operative unit used
in the variogram calculation is the lag
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parameter, j, describing the distance
between two extracted units. Often the
lag is expressed as a dimension-less,
relative lag by only relating to a series of
multipla of the basic minimum lag unit
(more specifics later).

Below this column ends with an exam-
ple of how to interpret a variogram; which
is only meant to give an impression of
the surprising wealth of information that
can be gathered from a variographic anal-
ysis. Much more to come...

Interpretation of
variograms
The practical interpretation of variograms
is the most important step in a vario-
graphic analysis. The variogram leve/
and form provide extensive information
on the process variation captured (the
systematics of the process heterogeneity
captured). Normally, three primary types
of variograms are encountered (based on
TOS' ~60 years of very wide experience):
B The increasing variogram (normal
variogram shape).
B The flat variogram (no autocorrela-
tion along the defining dimension).
B The periodic variogram (which is a
superposition on either of the first
two types).
These variograms are outlined in
Figure 4. When the variogram type has

VOL. 28 NO. 2 (2017)
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been identified, information on further
optimisation of routine 1-D sampling can
be derived (and there are many other
types of information that can be gained
from variograms...). The increasing vari-
ogram (Figure 4, left top variogram) can
be used as an example.

Variograms are not defined for lag
j=0, as this would correspond to extract-
ing the exact same material increment
twice. Even though this is not physi-
cally possible, it is still highly valuable to
acquire information as to the expected
variation corresponding to if it would
have been possible to repeat sampling
of the exact same increment. TOS iden-
tifies this variation as the so-called
“nugget effect” (also termed the “mini-
mum possible error”, MPE). Normally,
the first five points of the variogram
are extrapolated backwards to intercept
the ordinate axis to provide an estimate
of the magnitude of the nugget effect,
but there are also much more tractable
model curve-fitting operators available;
these are the preferential choice within
geostatistics). Either way it is the esti-
mate of the Y-axis intercept that carries
a wealth of surprising information. There
is a reason for the name "MPE" (mini-
mum possible error). The nugget effect/
MPE includes all error types that will
be influential for sampling systems not

V(j)
N

Lagj

1 8 15 22 29
Lagj

Lagj

22 29

Figure 4. Three basic variogram types. Reproduced with permission from L. Petersen and K.H.
Esbensen, “Representative process sampling for reliable data analysis—a tutorial”, J. Chemometr.

19, 625-647 (2005).?
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sufficiently TOS-optimised, e.g. producing
significant correct sampling errors (FSE,
GSE), incorrect sampling errors as well
as the TAE, all contributing to an elevated,
unnecessarily inflated nugget effect.
MPE is therefore an appropriate meas-
ure of the absolute minimum error that
can be expected in practice using the full
complement of sampling error elimina-
tion and reduction measures available in
TOS. This turns out absolutely not to be
the rule within very many process indus-
try sectors—because of a desire to keep
the costs of sampling systems as low
as possible (which is very often too low
for comfort, or rather, to put it precisely,
too low to render representativity; much,
much more on this aspect in many forth-
coming columns).

Figure 5 shows a generic increasing
variogram, delineating the three basic
variogram parameters, nugget effect,
range and sill, which is all that is needed
to characterise any variogram.

When the increasing variogram
becomes more or less flat after a certain
multiplum of unit lags (X-axis), the “sill”
of the variogram has been reached. The
sill provides information on the expected
maximum sampling variation if the exist-
ing autocorrelation is not taken into
account. The “range” of the variogram
is found as the lag beyond which there
is no autocorrelation. N.B. the “dip” of
a smoothed version of the variogram
signifies an increase of within-unit auto-
correlation as the lag becomes smaller
and smaller (classical definition of time-

Figure 6. Manual increment extraction from a conveyor belt defining a dynamic 1-D lot. The
scoop used to extract increments is less than half the width of the conveyor belt, imparting signif-
icant incorrect sampling error effects to the process sampling. This results in an (unnecessarily)
inflated nugget effect, which is one of the means by which variographic process characterisation
can also be used for total sampling-plus-analysis system evaluation, see, e.g., References 1 and 3.
Photo credit: KHE

series autocorrelation). TOS process
sampling is extremely interested in what
takes place with the range, i.e. in what
characterises pairs of increments with a
smaller between-unit distance than the
range, to be more fully developed in later
columns.

If a significant periodicity is observed
(e.g. Figure 4, lower variogram), the
sampling frequency must never be
similar, since this risks introducing an
additional error, an in-phase error). In
these cases the specific sampling mode
(random sampling, systematic sampling

o _______'_‘_.:—. — ¥ — =G =
o P
/ / Sill
S
_ Nugget effect
/)’ Range
pa
1 8 15 22 29
Lagj

Figure 5. Generic increasing variogram, schematically defining the nugget effect, the sill and the
range. Reproduced with permission from L. Petersen and K.H. Esbensen, “Representative process
sampling for reliable data analysis—a tutorial’, J. Chemometr. 19, 625-647 (2005).2
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and stratified random sampling)
becomes critically important, which is
also explained in a practical application
example later.

A complete introduction to variographic
characterisation and process sampling is
no small matter, and the present initia-
tion will be complemented by a substan-
tial instalment of more columns.

To whet the reader’s appetite, Figure 6.

And for the avid and impatient reader,
a recent, complete introduction to vari-
ographics can be found in Reference 4.
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Pittcon report & ™
2017 @ PITTCONS

lan Michael

| need to make an apology about this year's Pittcon Report. We have had too much to fit into this issue and so cannot
include our report on new product introductions at Pittcon 2017. Instead, | urge you to read the report in full online at
http://www.spectroscopyeurope.com/pittcon-2017. This will also give you the opportunity to explore our new website. |
hasten to add that this is not a cunning plan to make you visit the new website!

Online you will find links to pages detailing the new products and with further links to information on the manufacturer's
website. As usual, instruments that may have been new at Pittcon but which we have already covered in previous issues
are not included. If | have missed anything, you are welcome to let me know and we will add it to the online report.

Pittcon 2018 will be held in Orlando, FL, USA, from 25 February to 1 March. The length of the exhibition has been reduced
to three days, 27 February to 1 March, but the conference runs for its usual time.

www.spectroscopyeurope.com/pittcon-2017

exPLORE THE NEWEST RESEARCH!  ICNIRS
2017 DENMARK

COPENHAGEN 11-15 JUNE

JOIN THE WORLD'S e

LARGEST FORUMON NIR & Sy
SPECTROSCOPY! s

It’s a great pleasure to invite you to join ICNIRS 2017, the
world’s largest scientific forum on NIR spectroscopy. More than
400 delegates will meet in Copenhagen for a feature-packed Bl b
4-day conference with the theme “NIRS at work in industry”. ‘ —r = oxeri. o . : =N IR
Prior to the conference, two days of pre-courses in NIR spec s R e T W

troscopy and chemometrics will be offered by leading scientists, -

with a strong emphasis on industrial applications. The courses Keyn Ote S pea ke rS-

C LR AL (o) B (00 [ g M Tor=Yo [N a1 Toi=1 a0 Mo Yo [V du = =Y au=) g Yo (Y= éronique Bellon - Could near infrared spectroscopy be useful to digital agriculture?

Daniel Cozzolino - How to stop worrying about calibrations and embrace the benefits of NIR

Maria Angela Franceschini - Clinical Neuro-Monitoring with Diffuse Correlation Spectroscopy

Steve Holroyd - The use of NIRS in the Dairy Industry: New Trends and Applications

Christian Huck - Theoretical and technical advancements of NIRS and its operational impact in industry

Harald Martens - NIRS in Big Data Cybernetics

Erik Skibsted - Current and Future Applications of Near-infrared in Pharmaceutical and Biopharmaceutical industry
Frans W.J. van den Berg - NIRS in process control... “time is on my side”

PLATINUM SPONSORS FOSS a%n oavensire or @ EEE BN

COPENHAGEN @

ICNIRS 2017 is held under the
auspices of the International Council
for Near Infrared Spectroscopy

Join ICNIRS 2017 to:

- Network with leading scientists and upcoming talents in
NIR Spectroscopy

- Listen to leading experts and world-renowned speakers

- Discover the latest innovations in NIR instruments and
technology at the conference exhibition

Website: www.icnirs2017.com - Email: ICNIRS2017 @mci-group.com
Travel Grants: http://icnirs.org/
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Product Focus on Atomic

Spectroscopy

Spectroscopy Europe Product Focuses highlight currently available instrumentation in a particular area of spectroscopy. This Product
Focus is on Atomic Spectroscopy, and some companies have provided information on their key products, their applications and features.
See our media information (www.spectroscopyeurope.com/advertisers/media-packs) for details of future Product Focuses.

Glass Tel: 61393201111
: enquiries@geicp.com
Expansion www.geicp.com

Demountable D-Torch for the PerkinElmer Avio

PRODUCT:

200 ICP-OES

APPLICATIONS: Environmental = Fusions = Organic solvents = Wear
metals = Geochemical

KEY FEATURES: Alumina intermediate tube resists wear and tolerant
to high temperatures = Low cost demountable quartz outer tube can
be replaced when worn or damaged = Optional ceramic outer tube
gives longer lifetime and lower running costs than quartz = Range of
interchangeable injectors to suit any application = Suits all commonly
used spray chambers

PRODUCT: New IsoMist XR Programmable Temperature
Spray Chamber for ICP-OES/MS

APPLICATIONS: Volatile organics = Environmental = Geochemical
KEY FEATURES: Temperature controlled spray chamber improves
analytical stability = Operation at —25°C allows direct ICP analysis of
naphtha and gasoline = Sub-ambient operation reduces polyatomic
interferences in ICP-MS = Cyclonic action spray chamber improves
sensitivity and reduces carry-over

Tel: +49 (7243) 949 3623 @ Rigalu
ngaku rese n aku com Leading With Innovation
www.rigaku.com

PRODUCT: Supermini200 High-power Benchtop Sequential
WDXRF Spectrometer

APPLICATIONS: Mining and ores = Cement and
raw meal = Metals and alloys = Petroleum and
bio-fuels = Coatings, layers and thin films

KEY FEATURES: Superior light element perfor-
mance and low limits of detection = High power
X-ray tube—50kV, 200W Pd-anode = Newly
designed and simplified software EZ Analysis/
EZ Scan = Wide elemental coverage—ability to analyse oxygen through
uranium = Sample flexibility—analyse solids, liquids, powders, alloys,
thin films

PRODUCT: ZSX Primus IV High performance, tube-above
WDXRF spectrometer

APPLICATIONS: Metals and alloys = Mining and
minerals « Cement = Petroleum = Polymers and
plastics

KEY FEATURES: Tube above optics for superior
reliability » Quantitative analysis of major and mi-
nor atomic elements from Be thu U = Low-Z (light
element) performance with mapping and multi-
spot analysis « New ZSX Guidance expert system
software = Micro analysis to analyse samples as small as 500 pm

LUMINESCENCE

FLS1000 Pt &
photoluminescence ——
spectrometer

.

The FLS1000 is a modular photolumi-
nescence spectrometer for demanding

Hybrid photomultiplier
detector line-up

PicoQuant has released two new single
photon sensitive hybrid photo detector
models with excellent temporal resolu-
tion for its PMA Hybrid Series. The PMA
Hybrid 42 covers the visible range from
300nm to 850nm with a detection effi-

£/

applications in photophysics, photo-
chemistry, material sciences and life
sciences. The instrument can be used
for both steady state and time-resolved
spectroscopy, has high sensitivity and can

Edinburgh Instruments’ FLS1000 photolumi-
nescence spectrometer

ciency of up to 20%. The PMA Hybrid 07
is sensitive in the UV down to 220nm
with a maximum detection efficiency
of up to 25% and also covers the visi-
ble spectrum. Like all detectors from the

be configured for spectral measurements
from the ultraviolet to the mid-infrared,
and for lifetime measurements spanning
time resolutions from picoseconds to
seconds. Sensitivity is >30,000: 1 for the
standard water Raman measurement.
The FLS1000 comes with new proprie-

32 SPECTROSCOPYEUROPE

tary electronics modules and a new all-
in-one software suite, Fluoracle®. New,
redesigned monochromators provide
high stray light rejection, accuracy and
resolution, and increased automation.
Edinburgh Instruments

» link.spectroscopyeurope.com/29-02-100

PMA Hybrid Series, the two new models
are suited for time-resolved spectroscopy
and microscopy applications due to their
good timing resolution, absence of after-
pulsing and low dark counts. The high
overload shutdown threshold of the PMA
Hybrid modules make them suitable for

Www.spectroscopyeurope.com
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Single photon sensitive hybrid photo detector
from PicoQuant.

rapidFLIM, PicoQuant's ultra fast fluores-
cence lifetime imaging approach.
PicoQuant

» link.spectroscopyeurope.com/29-02-101

UVv/VIS

Jenway UV /visible
spectrophotometer

Jenway has launched the new 7205 UV/
Visible spectrophotometer. The 7205 has
been designed for fast and easy use in
analytical chemistry, routine analysis and

diode array technology, providing excel-
lent wavelength reproducibility. There is
a colour touchscreen user interface and
the instrument is lightweight with a small
footprint.

Jenway

» link.spectroscopyeurope.com/29-02-102

X-RAY

New software for

S2 Puma in the
pharmaceutical industry
The S2 PUMA energy dispersive X-ray
fluorescence (EDXRF) spectrometer now
comes with a 21 CFR Part 11-compli-
ant software package enabling users
to integrate the instrument seamlessly
into pharmaceutical laboratory environ-
ments for process and quality control.
Applications include the analysis of active
pharmaceutical ingredients (APIs), prod-
uct safety measures such as the quan-
tification of inorganic impurities and the
analysis of residual compounds from
metallic process catalysts. The new soft-
ware guarantees complete data integ-
rity and authenticity with features such
as electronic record keeping, electronic
signatures and automatic audit trails. The
complementary instrument qualifica-
tion and operational qualification pack-

Bruker's S2 Puma ED XRF spectrometer has
new 21 CFR 11 compliant software.

age (1Q/0Q) further supports users in
the pharmaceutical industry. With its
HighSense™ technology, the S2 PUMA
can identify and analyse hazardous
toxic trace elements and contaminants
from production processes according to
Pharmacopeia regulation. Samples can
be presented as pressed pellets or in
powder form, and the instrument can be
configured for measurements in vacuum
or under helium to suit any application.
Bruker AXS

» link.spectroscopyeurope.com/29-02-103

Silicon Drift Detectors

OEM Components

XRF Experimenter’s Kit eV

1125 wrwnm |

25 mm?x 500 pm
11.2 ps peaking time 64
P/B Ratio: 20000/1 keV

Energy (keV)

FAST SDDr
Count Rate >1,000,000 CPS

The 7205 UV/vis spectrophotometer from
Jenway.

education laboratories. With a broad
wavelength range, it is suitable for a vari-
ety of applications in quality control, life
sciences and food testing etc. The 7205

Complete X-Ray Spectrometer XRF System

uses a flash xenon lamp to extend the OEM’s #1 Choice

wavelength range, from a minimum of for XRF

335 nm to 198 nm, to include the UV @

area of the spectrum. Similar to its prede- T|AME www.amptek.com AMETEK'
MATERIALS ANALYSIS DIVISION

cessor, the 7200, the 7205 has scanning
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Use this page to register for a free subscription to Spectroscopy Europe You can also register online at the address below.

Online version at http://www.spectroscopyeurope.com/register

Your Details
Title (Professor/Dr etc.): City:
First Name: State/Region:
Last Name: Postal Code:
Job Title: Country:
Organisation Name: E-mail:
Address:

__| Please send me/continue to send me a free copy of Spectroscopy Europe. Signed:

Field of Work:
(please tick ALL that apply]

[] Agriculture

[] Analytical Chemistry

[] Biotechnology

D Chemicals

D Electronics/Semiconductors
[] Energy and Fuels

D Environmental

D Food

D Genomics and other -omics
D Instrumentation

D Life Science

D Materials Science

D Medical Sciences

D Metals and Minerals

[] Nanotechnology

D Pharmaceuticals

[] Polymers and Peptides

[] Security and Forensics

D Water

Techniques: Area of employment:
(please tick ALL that apply] (please tick ONE only]
D Atomic Absorption D Industry
D Atomic Emission D Independent Lab
(] chemometrics [] University/Institute
D Computers/Automation D Hospital
Llicr/vs [ ] Government
(] Infrared [ ] Research Inst,/Foundation
[ ] Laser Spectroscopy [ ] other
D Luminescence/Fluorescence
[ ] Mass Spectrometry Job function: (please tick ONE only]
D Microscopy and Imaging D Analyst
LImRi [] Quality Control/Assurance
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__INMR, ESR, EPR L] Lab Manager
L] Photonics and Optics [] University Professor
[] Raman [] Engineering/Design
L] Separation Science [] Manufacturing/Processing
[ surface Analysis [] Teaching
[ Tuvvis [ ] Marketing/Sales
[] X-Ray Diffraction [] Other.
[] X-Ray Spectrometry
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4-8 June, Indianapolis, Indiana, USA. 65t
ASMS Conference on Mass Spectrometry
and Allied Topics. ASMS, 2019 Galisteo
St, Bldg. 1-1, Santa Fe, NM 87505, USA, 7
office@asms.org, ¢ http://www.asms.org.

5-7 June, Jerusalem, Israel. Mediterranean
Conference on the Applications of the
Méssbauer Effect (MECAME 2017). gy
http://www.medc.dicp.ac.cn/conference/

mecame/.

5-9 June, Bari, Italy. 2" International
Conference on Applied Mineralogy &
Advanced Materials. AMAM-ICAM 2017, =7
info@amam-icam2017.0rg, & www.amam-

icam2017.org.

7-10 June, Toulouse, France. 14t
International Symposium on Applied
Bioinorganic Chemistry (ISABC). #7
isabc2017 @sciencesconf.org, & https:
isabc2017.sciencesconf.org.

11-16 June, Pisa, ltaly. 9" Euro-
Mediterranean Symposium LIBS. Secretary,
Applied and Laser Spectroscopy Laboratory,
Area della ricera CNR, 56124, Pisa, ltaly, =7
info@emslibs.org, # www.emslibs.org.

11-16 June, Victoria, Canada. 9t"
International Conference on Advanced
Vibrational Spectroscopy (ICAVS-9).

http://www.icavs.org.

11-16 June, Pisa, Italy. Colloquium
Spectroscopicum Internationale XL (CSI
2017). Alessandro D'Ulivo, UOS of Pisa, Area
Della Ricerca CNR, via G Moruzzi, 56134
Pisa, Italy, £7 segreteria-pi@pi.iccom.cnr.it, gy
http://www.csi-conference.org.

11-15 June, Copenhagen, Denmark.
18t International Conference on Near
Infrared Spectroscopy (ICNIRS 2017).
#7 icnirs2017@mci-group.com, & http:

icnirs2017.com.

19-23 June, Champaign-Urbana, lllinois,
USA. 72" International Symposium on

Molecular Spectroscopy. # http://isms.illi-
nois.edu.

19-22 June, Naantali, Finland. 15t
Scandinavian Symposium on
Chemometrics (SSC15). s http://ssc15.
jimdo.com.

26-29 June, St Petersburg, Russia. 16"
International Symposium of Trace Elements
in Man and Animals. Alex Tinkov, General
Secretary, #=7 tinkov.a.a@gmail.com, ¢ www.

temal6.org.

7-10 July, Victoria, Canada. 9™ International
Symposium on Two-Dimensional

Www.spectroscopyeurope.com

Correlation Spectroscopy (2DCOS-9). #r
http://www.icavs.org/icavs-9.

9-14 July, Sdo Paulo, SP, Brazil. IUPAC2017,
46" World Chemistry Congress. Brazilian
Chemical Society, #7 iupac2017@sbg.org.br,

# www.iupac2017.org.

11-16 July, Victoria, Canada. 9" International
Conference on Advanced Vibrational
Spectroscopy (ICAVS-9). s http://www.
icavs.org/icavs-9.

23-28 July, Québec City, Canada. 20"
International Society of Magnetic
Resonance Conference (ISMAR 2017). &
http://www.ismar2017.org.

14-17 August, Vienna, Austria. 6"
International Symposium on Metallomics.

Gunda Kollensperger, £=7 gunda.koellensper-
ger@univie.ac.at, & www.metallomics2017.at.

26-29 August, Bodrum, Turkey. 3™
International Turkish Congress on
Molecular Spectroscopy (TURCMOS2017).
#7 info@leoncongress.com, & http://turc
mos.com.

28 August—1 September, Stockholm, Sweden.
19t European Conference in Analytical
Chemistry. Ulrika Orn, #7 ulrika.orn@
kemisamfundet.se, @ http://euroanaly-
sis2017.se.

31 August—2 September, Rhodes, Greece. 15%
International Conference on Environmental
Science and Technology. Secretariat,
University of Aegean, Voulgaroktonou Str. 30,
11472 Athens, Greece, #=7 cest@gnest.org, #r

http://cest.gnest.org/cest2017/about.

4-7 September, Manchester, UK. The 38t
BMSS Annual Meeting. Royal Northern
College of Music, Manchester, g7 http://www.
bmss.org.uk/meetings.shtml.

8—13 September, Santa Fe, New Mexico, USA.
2017 SciX Conference (formerly FACSS):
Annual National Meeting of the Society
for Applied Spectroscopy (SAS) / The 44
Annual North American Meeting of the
Federation of Analytical Chemistry and
Spectroscopy Societies. =7 facss@facss.org,
& http://www.facss.org.

10-14 September, Berg en Dal, Netherlands.
7% International Chemometrics Research
Meeting ICRM2017. =7 ICRM2017@

DutchChemometricsSociety.nl, & www.
DutchChemometricsSociety.nl/icrm-2017.

17-21 September, Heraklion, Crete,
Greece. 10" International Conference
on Instrumental Methods of Analysis.
Konstantinos Simeonidis, National Technical
University of Athens, Lab. of Inorganic &
Analytical Chemistry, Athens, Greece, 7
ima2017 @chemistry.uoc.gr, s http://www.
ima2017.gr/index.htm.

MATERIALS
SCIENCE

Time. Photons. Materials.

Do you know what
happens within
your sample?

picoquant.com/materialsscience

|t'S about time- PicoQuanT

>a
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WILEY-VCH WILEY

Spectroscopy Solved

The world’s

largest spectral
database, with over
2.2 million spectra

Wiley Spectra Lab provides researchers with

access to 2.2 million MS, NMR, and IR spectra —
the broadest and largest collection in the world.
This expert spectral data system that uses empirical
data and advanced software to help chemists,
toxicologists, and life scientists confidently identify

chemical substances.

To arrange a demo, email dbinquiry@wiley.com
www.wileyspectralab.com
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