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Attracted to science since childhood, after my high school diploma, | pursued a degree in geology
before continuing my studies with a Master’s in Communication and Scientific Culture at Grenoble. After
graduating, my first job took me to Pau, where | began contributing to the journal Ebullition(s) as a
SAPS mediator at the CCSTI Laqc Odyssée - Science Odyssée. Today, deeply committed to the project, |
continue to work on the journal alongside my role as a scientific mediator in the Var.




SUPER SPECTROMETER
ARRIVES INIC2MC LABS

Santa Claus is a little early this year. After
weeks of loud noises, drilling, and pouring of
a thick concrete slab for support, he’s finally
delivered the present...

In Rouen, Normandy, the COBRA laboratory
hasjust installed a FT-ICR mass spectrometer
equipped with an 18-tesla (T) magnet (the
and highest field in the world), i.e. around
1,800 times stronger than the magnetic field
created by a fridge magnet. In parallel, at the
Université de Pau et des Pays de '’Adour, in
southern Aquitaine, as well as at the Gonfre-
ville I'Orcher site of TotalEnergies research
laboratories, received its little brothers, two
12 T’s, which have just been installed as well.
These three instruments complete iC2MC’s
fleet of FT-ICR MS instruments, along with the
21 T already in place at Florida State Univer-
sity’s National High Magnetic Field Laboratory
(NHMFL). But what’s the point of these long-
awaited high magnetic field machinesin these
4 laboratories?
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These devices are very high-resolution,
high-precision, mass spectrometers. They can
analyze and identify the individual compo-
nents present in a complex sample. Unlike
other mass spectrometers, these particular
models contain extremely powerful super-
conducting magnets. They have large metal
coils made of an alloy of niobium and tita-
nium, several hundred kilometers in length,
each weighing several tons. When an electric
current flows through a coil, it produces a
magnetic field, but would also emit heat - the
Joule effect. However, when the coil is cooled
to -269°C using liquid helium, it becomes
superconducting, i.e. its electrical resistance
becomes zero, and it no longer emits heat.
This makes it possible to use an electric
current of over 200 A to create a magnet with
a very high magnetic field. Under these cold
conditions, the huge coil is a superconduc-
ting magnet that produces a very stable and
powerful magnetic field for science. But the
technology doesn’t stop there!

Known by its full name, Fourier Transform
Ion Cyclotron Resonance Mass Spectrometer
(or FT-ICR MS), this instrument performs
mass spectrometry by combining the use of




the superconducting magnet with a mathema-
tical operation called the Fourier transform.

Invented by Marshall and Comisarow at
the University of British Columbia in 1974,
this instrument is used to study molecules,
i.e. combinations of atoms. A molecule is
made up of several atoms linked together by
chemical bonds. Each molecule has a mass,
corresponding to the sum of the masses of
its constituent atoms. The aim of this super
spectrometer is to measure the mass of mole-
cules with the utmost precision, in order to
elucidate their molecular composition. In
addition, this instrument has a very high reso-
lution, i.e. it is capable of separating molecules
whose masses are very close (less than a single
electron), which is essential for the analysis
of very complex samples made up of tens of
thousands of different molecules.

STATE-OF-THE-ART
TECHNOLOGY

Thanks to its high dynamic range, this
instrument can detect molecules present
in a mixture, even in very small quantities.

Furthermore, the high measurement accu-
racy of this instrument makes it very easy
to determine the molecular formula of each
molecule that makes up our sample, i.e. deter-
mining which types of atoms they contain,
and how many of each type! Whereas an
imprecise instrument would only provide
molecular masses with a single digit after the
decimal point, a FT-ICR spectrometer gives
a value with 7 digits after the decimal point!
This drastically reduces the possible atomic
combinations for a given mass. This distinc-
tion is also made possible by the fact that the
error, i.e. the difference between the theore-
tical mass and the experimentally measured
mass, is less than 1 ppm (parts per million).
This means that the measured error rate is
less than 1 for every million units measured,
making this super spectrometer one of the
most accurate measuring instruments avai-
lable!

At the same time, the very high field strength
of the magnet gives the device a resolution
of well over a million. Such high resolution
enables very fine signals to be obtained,
enabling molecules with very similar masses
to be differentiated. With complex mixtures
such as soils or combustion fumes containing

WHAT |IT MOLECULES?

An at+ome sui+t!
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THE FTICR MS IS A MULTITASKING ENGINE!

tens of thousands of molecules, the need for
resolution is paramount.

This instrument enables us both to separate
each molecule in a highly complex mixture
and to assign a molecular formula to each
signal, thus deciphering the molecular compo-
sition of a sample. It’s a bit like wearing glasses
for a short-sighted person... The contours are
much sharper, more precise, and we're able
to distinguish the details of an object and not
just its overall shape.

HOW DOES IT WORK IN
PRACTICE?

To begin with, you need to dilute the sample
in a solvent. This is a bit like diluting grena-
dine in water, so that it’s not too sweet. Next,
the sample is introduced into the ionization
source using a syringe. Naturally, a molecule
is electrically neutral; it has no charge. But we
can add charges to it, for example, by asso-
ciating it with other charged species in the

sample, so that our molecule becomes an ion.
This step is important because the electric
and magnetic fields used by the instrument
would not be able to act on molecules without
an electric charge, and the analysis would not
work. Once the molecules have been ionized,
the great journey begins, all the way to the
heart of the spectrometer. Once in the center
of the magnet, the ions will spin and travel
tens of kilometers! But for the measurements
to go smoothly, they must not encounter any
obstacles, which is only possible in a very
high vacuum corresponding to 13 orders of
magnitude less than atmospheric pressure!
To achieve this, the instrument is equipped
with very powerful vacuum pumps called
turbomolecular pumps.

To determine the mass of ions, we measure
their rotational frequency, which depends
on their mass. By applying a mathematical
operation known as the Fourier transform, it
is possible to determine the frequency of each
ion, enabling us to calculate their mass using
avery simple calculation.



Of course, for this to work at its best, expert
users must be able to optimize the acquisition
parameters to ensure optimum ion transmis-
sion, and the instrument must be very well
calibrated to obtain highly accurate measure-
ments. To achieve this, reference molecules
with known masses are used.

The instrument generates a huge amount of
data. To manage this data more easily, the
international laboratory iC2MC (International
Complex Matrices Molecular Characteri-
zation) has developed software capable of
determining molecular formulas and repre-
senting the data obtained in the form of
molecular maps, to facilitate comparison
between samples.

These new spectrometers will enable us
to push back the boundaries of molecular
characterization and explore in greater detail
highly complex samples in the healthcare,
energy and environment sectors, and many
others!




OUR LATEST

ACQUISITION!
HELP ME OPEN IT. INTRODUCING THE

FTICR MS.

THANKS TO IT, WE'RE GOING
TO FURTHER DEVELOP OUR
ANALYTICAL CHEMISTRY
RESEARCH.

A LITTLE JEWEL OF
__ TECHNOLOGY!
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IT WILL ENABLE US TO IMPROVE THE CHARACTERIZATION OF OUR COMPLEX SAMPLES, TO KNOW
THEIR MOLECULAR COMPOSITION AND EVEN, FOR CERTAIN COMPOUNDS, DOWN TO TRACE LEVELS... .

(e AND DETECT PREVIOUSLY
UNDETECTABLE SPECIES.
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WE’LL BE ABLE TO IDENTIFY ALL
THE MOLECULES PRESENT.

FURTHERMORE, THIS MACHINE HAS
A VERY WIDE DYNAMIC RANGE.
IT IS CAPABLE OF DISTINGUISHING
AMONG MAJOR COMPOUNDS,
AND THOSE PRESENT
IN TRACE LEVELS.

WE'VE BEEN WAITING
FOR YOU FOR THE
IDENTIFICATION.

IT CAN DISTINGUISH SEVERAL
MILLIONS OF MOLECULES.

Ial LN




A MOLECULE IS A COMBINATION OF
LINKED ATOMS.

BUT LEAVE ME

P77

EACH MOLECULE HAS A SPECIFIC MASS IF ITS
ATOMIC COMPOSITION IS DIFFERENT.

I SHOULDN'T
HAVE TAKEN

IT'S THIS MEASUREMENT
OF THE “"EXACT” MASS THAT
WE CAN IDENTIFY USING A
MASS SPECTROMETER.

114

| HENCE THE IMPORTANCE OF MEASUREMENT PRECISION.

IF THE BALANCE ISN'T ACCURATE OR IF IT'S
POORLY CALIBRATED, IT CAN MAKE A SIGNIFICANT
DIFFERENCE IN MOLECULE
IDENTIFICATION.
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THE MEASUREMENT PRECISION OF A MASS SPECTROMETER DEPENDS ON ITS ABILITY
TO MEASURE DECIMAL VALUES OF THE OBSERVED MASS.
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WITH THIS TYPE OF MACHINE, THE MASS
MEASUREMENT IS SO PRECISE THAT IT'S POSSIBLE
TO DETERMINE THE MOLECULAR FORMULA, 1L.E.,
THE EXACT ATOMIC COMPOSITION CORRESPONDING

TO THE OBTAINED VALUE. 4
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IT'S MAGICAL! YOU JUST HAVE
TO INTRODUCE THE MIXTURE YOU WANT
TO STUDY INTO THE MACHINE,
IT WEIGHS, AND YOU GET
THE RESULTS!

IT'S NOT THAT
SIMPLE...

10



A MOLECULE 1S PIFFICULT TO MOVE
ALONE. HOWEVER, TO WEIGH IT
INDIVIDUALLY, YOU HAVE TO START BY
BRINGING IT TO THE BALANCE...

I CAAA... N'T...

THAN THE WEIGHT OF A GRAIN

WHAT WE'RE WEIGHING IS A
BILLION TRILLION TIMES SMALLER
OF SAND!

/50, WE HAVE TO START
BY TRANSFORMING
THE MOLECULES
INTO IONS.

TO TRANSFORM A MOLECULE
INTO AN ION, WE MUST GIVE
IT A NEGATIVE OR
POSITIVE CHARGE.

THAT'S WHAT WE
CALL IONIZATION!




WE ARE USING TWO
MAIN METHODS.

AV

IONIZATION
DESORPTION

ML

THE ELECTROSPRAY METHOD
NTRODUCED BY J. FENN, IDEAL FOR
LIQUID SAMPLES, AND THE LASER
DESORPTION BY K. TANAKA FOR
ANALYZING MOLECULES
ON SURFACES.

J. FENN

NOBEL PRIZE IN

CHEMISTRY 2002 {\

K. TANAKA

TANTINS
NOBEL PRIZE IN
CHEMISTRY 2002
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THIS 1S WHERE
EVERYTHING BEGINS WHEN
THE SAMPLE IS INTRODUCED
INTO THE MACHINE.

e

EVERYTHING
HAPPENS.

0

1

AND FINALLY, S 7
THIS 1S WHERE - THE IONS ARE WEIGHED.
THE MACHINE DISPERSES

THEM AND THEN GROUPS

IN THIS PART,

THEM ACCORDING
TO THEIR WEIGHTS
AND CHARGES.

-l

THIS IS WHERE IT PRODUCES IONS BY EITHER

REMOVING AN ELECTRON OR ADDING A PROTON

TO THEM, OR EVEN ASSOCIATING THEM WITH
OTHER CHARGED SPECIES

LINGERING AROUND.
O
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‘ / FOLLOW ME,

I'LL SHOW YOU!

| | &2 (a7 sorTs THEM!

"IN SHORT,
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REDUCTION OF

INTER-ATOMIC

_ VOLUME!
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NOW WE HAVE
THE AVERAGE SIZE
OF A MOLECULE...

GETTING
SUCKED INTO
THE VACUUM
PUMPS...

WHERE CAN ‘e)\[
I DROP YOU? & Ly

Il




DO You
KNOW THE

WHERE WE'RE \
GOING, WE
DON'T NEED

ROADS'

/// //// / s | ///%/

THE SAMPLE, AND ALL ITS
MOLECULES, IS INJECTED INTO
THIS HOLE USING A SYRINGE.
THAT'S WHERE WE'RE GOING!

N szzr_r’jj\
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IN THIS LARGE WAITING
ROOM, THE MOLECULES
) GET READY.

THIS IS WHERE
IT ALL BEGINS!

e~ T o W L N Vo N o~ T v —~ N7

THERE ARE MORE MOLECULES IN A DROP OF SAMPLE THAN GRAINS OF SAND IN THE SAHARA
DESERT. NOT ALL OF THEM ARE IONIZED, BUT SEVERAL BILLION PER DROP ANYWAY! 1
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ONCE THE MOLECULES HAVE BEEN
CHANGED INTO IONS, THEY WAIT TO GO
TO THE NEXT SPACE WHERE EVERYTHING
HAPPENS.

YOU'LL FIND
OUT SOON
ENOUGH...
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YOU NEVER GET
USED TO IT...




THAT'S WHY IT'S IMPORTANT TO TRANSFORM
THE MOLECULES INTO IONS. UNLIKE MOLECULES,
IONS MOVE EASILY. THEY ARE ATTRACTED
OR REPELLED BY ELECTRO-MAGNETIC -
FIELDS.

AFTER BEING FOCUSED, PISPERSED, AND
REGROUPED, THE IONS ARE ALL SENT AT

ONCE INTO THE MAGNET WHERE
THEY START TO SPIN.

EXACTLY! WHEN YOU PLACE AN ION IN A
MAGNETIC FIELD, IT ROTATES AROUND
THE AXIS OF THE FIELD. THE FREQUENCY OF
THIS ROTATION DEPENDS ON ITS MASS, ITS
CHARGE, AND THE INTENSITY OF

THE MAGNETIC FIELD.
<~ |/

LET'S TAKE
A CLOSER

|

THE START
OF THE RACE

IS ABOUT TO NSNS S
1 W) S
b BE GIVEN... & \&M\ SIS
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THE CYCLOTRON
RESONANCE OF IONS!




IT IS HANDMADE FROM A WIRE OF A NIOBIUM
AND TITANIUM ALLOY THAT IS WOUND TO MAKE
A LARGE COIL WITH A PROTECTIVE FILM
BETWEEN EACH TURN. IT CONTAINS SEVERAL
HUNDRED KILOMETERS OF WIRE.

THE MAGNET IS THE
MOST EXPENSIVE PART
OF THE MACHINE.

HERE IS WHERE
A GREAT CIRCULAR
RACE OF IONS
TAKES PLACE.
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THE MASS OF AN ION IS OBTAINED ACCORDING TO THE TIME IT ]
TAKES TO MAKE A LAP, OVER A VERY LARGE NUMBER OF LAPS. WHAT (i
WE ARE GOING TO MEASURE IS ITS FREQUENCY OF ROTATION. =

AND THAT'S WHY YOU CAN'T
SEND THEM ANY WAY
YOU WANT; THEY MUST
START THE RACE AT
THE SAME TIME.

DEPENDPING ON THE SIZE OF THE MAGNET, AN ION CAN TRAVEL
THE EQUIVALENT OF PARIS-MARSEILLE BEFORE BEING MEASURED.

- AN

THE INTENSITY OF THE MAGNETIC FIELD IS A
FIXED AND VERY STABLE VALUE WITH
SUPERCONDUCTING MAGNETS, WHICH MEANS
THAT THE FREQUENCY OF ROTATION

(OMEGA) DEPENDS ONLY ON THE

\N\MAss OF THE ION. _
- -

Fem Il

WE MEASURE THIS FREQUENCY
OF ROTATION AND DEDUCE THE MASS OF
THE ION (M) BY A MATHEMATICAL TRANSFORMATION
CALLED FOURIER TRANSFORM THAT CONVERTS
THIS FREQUENCY INTO A MASS VALUE
USING THIS EQUATION.

IT IS THE “FOURIER TRANSFORM ION

IN OTHER CYCLOTRON RESONANCE MASS
‘ WORDS... SPECTROMETER”: THE FTICR MS
\KIN WHICH WE ARE. P




CURRENTLY, SEVERAL
MAGNET STRENGTHS
EXIST ON THE MARKET,
THE 7 TESLAS OR THE 12
TESLAS. HOWEVER,
THERE ARE EVEN MORE
POWERFUL VERSIONS.

THE SIZE OF THE MAGNET. THE MACHINES
ARE THE SAME AND THE IONS ROTATE IN
WHAT'S THE THE SAME WAY, BUT THE MORE POWERFUL

DIFFERENCE? THE MAGNET, THE MORE IONS WE PUT IN IT

. AND THE LONGER THE DISTANCE .

THEY TRAVEL.

THE MORE THEY ROTATE,

THE MORE WE SEPARATE THEM,
WHICH ALLOWS US TO

DIFFERENTIATE TWO MOLECULES OF

VERY CLOSE MASS. THIS IS WHAT

WE CALL RESOLUTION.

IT'S A BIT LIKE LOOKING AT THE PEAK OF THE MIDI D'OSSAU

WITH THE NAKED EYE...

THEN, WITH BINOCULARS...
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/
AND ZOOMING IN TO THE MAX! V.
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I/ THE FTICR MS ALLOWS YOU TO DISTINGUISH SEVERAL
; PEAKS WHERE YOU ONLY SAW ONE INITIALLY.
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IT'S LIQUID HELIUM. DON'T PUT YOUR FINGER
INIT, IT'S -269°C. IT'S USED TO COOL DOWN
THE COIL OF THE MAGNET SO THAT THERE IS
NO HEAT PRODUCED BY THE ELECTRIC
CURRENT THAT RUNS THROUGH IT. THE COIL
IS THUS SUPERCONDUCTING.

BUT WHERE
DOES ALL

THIS LIQUID
COME FROM?

THIS MAGNET IS EQUIVALENT TO SEVERAL
THOUSAND OF THE MOST POWERFUL FRIDGE
MAGNETS. IT CONTAINS SEVERAL HUNDRED

THIS IS WHAT OUR

WHERE DID ELE?FLTQ%T,Z:ASQ
AMPS OF ELECTRICAL CURRENT. SUCH I PUT IT? AH, THERE *
CURRENT WOULD MELT ANY METAL WIRE! o\ T 180
ESPECIALLY SINCE THESE ARE BARELY

THICKER THAN A HAIR... D oNET 57‘40’
o " \ 51




THIS ALLOWS A
LARGER AMOUNT OF

IN A CLASSIC CONDUCTOR, THE ELECTRONS MOVE
IN ALL DIRECTIONS, TOUCH THE WALL, AND PRODUCE

CURRENT TO FLOW
THROUGH A TINY WIRE
WITHOUT ANY LOSS AND
THUS GENERATES
A VERY POWERFUL
MAGNETIC FIELD.
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THE OLD-
FASHIONED

HOW DO WE GET
DOWN?

I HOPE YOU
ENJOYED THE
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PRESS THIS
BUTTON!

29



THAT'S A
SMOOTHLY EXECUTED
OPERATION!

\ =
(S

HMM...
NOT ENTIRELY...

NOW, WE STILL
HAVE TO PROCESS
THE DATA.

WE NEED TO RETRIEVE THE
RESULTS OF THE ION RACE THAT
GIVE US THEIR MASS, GROUP THE
MASSES OBTAINED IN A TABLE BY
ADDING THEIR RESPECTIVE

... COMPARE THESE
MASSES WITH ATOMIC
COMPOSITIONS AND THUS
FIND OUT WHAT THEY
CORRESPOND TO.

INTENSITY...

WE HAVE
WORK FOR
THE WHOLE

NIGHT!

I'M KIDDING, THE COMPUTER TAKES CARE
OF IT. WE HAVE ALREADY CODED A GOOD
PART OF THESE OPERATIONS; WE WILL
ONLY HAVE TO CHECK IF THERE ARE NO
ERRORS AT THE END!

\WE
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DEVELOP BIOFUELS AND
THUS DECARBONIZE ENERGY,
OPTIMIZE THE OPERATION OF
BATTERIES, AND ALLOW MORE
EFFICIENT ENERGY
STORAGE...

AND ALL THIS WILL

HELP US UNDERSTAND
HOW TO RECYCLE
PLASTICS OR
COMPOSITE
MATERIALS...

OR EVEN STUDY
AND UNDERSTAND
THE ENVIRONMENTAL
IMPACT OF OUR
INDUSTRIAL
ACTIVITIES.
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LET'S GO EAT,
T'LL TELL
YOU MORE.
\
N 7
-~

AFTER ALL THESE
ADVENTURES, I WON'T
SAY NO!

\\\/

\ ! ! s

Q ¢

THE
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with the cartoonist Julie Besombes, alias Plop. Together, they regularly publish in regional, national, and
international press (Le Monde, Siné Mensuel, Le Temps, Sud Ouest dimanche, Le Sans-culotte 85, L’Anjou
Laique, La Galipote, La Gazette du Béarn des gaves...) and on television (Une semaine dans le monde
on France 24). They are members of the Cartooning for Peace and Cartoon Movement networks. He also
scripts scientific popular comics for the University of Pau and the Pays de I’Adour within the framework of

the Science with, and for Society label.

Sébastien Tessier signs his comic books under the pseudonym DAMOUR, his mother’s maiden name. Born
in La Roche-sur-Yon in 1972, a passionate amateur of drawing, he came to study plastic arts in 1990 in
Bordeaux where he still resides. He decided to live from his passion for comics and met Delcourt Editions
at the Angouléme fair in 1994. This was the beginning of a long collaboration with the scriptwriter Jean-
Pierre Pécau on the series Nash and Le Testament du Docteur M. He has produced 28 albums to date,
with various scriptwriters and illustrators, including the series Pinkerton, La Cagoule, un Fascisme & la
francaise at Glénat, as well as two historical albums, Kennedy with Sylvain Runberg as scriptwriter and
L’Etincelle de Saint-Sardos, of which he is the author, at Sud-Ouest editions. He is passionate about
history and has been working on historical projects for several years.

Plop, whose real name is Julie Besombes, is a press cartoonist, illustrator and graphic designer. Together
with KanKr, she forms the duo Plop & KanKr, who publish in the regional, national and international
press (Le Monde, Siné Mensuel, Le Temps, Sud Ouest dimanche, Le Sans-culotte 85, L’Anjou, Laique,
La Galipote...) and for television (Une semaine dans le monde on France 24). She also produces press
cartoons and popular science cartoons for the University of Pau and the Pays de I’Adour as part of the
Science with and for Society label Science avec et pour la société.

Cai Jiao Ping is a teacher of Chinese and French. As an interpreter and translator, she teaches at the
University of Pau and the Adour Region (UPPA), the Confucius Institute of Pau Pyrénées, and the University
of Free Time of Aquitaine. She trains future language teachers in the French as a Foreign Language (FLE)
program and conducts workshops and numerous seminars. Additionally, as a self-employed professional,
she shares Chinese culture through courses for all ages and audiences..

Thomas Ferreira is editor and graphic designer at Presses universitaires de Pau et des pays de I’Adour
(PUPPA). In particular, he helped to create the comic strip magazine Ebullition(s), for which he is artistic
director. He is also an illustrator and graphic designer under the name Atelier Decafé.
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