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Metabolism
of nanomaterials

Micro-speciation, what for?
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Speciation using hard X-ray

. Which spectroscopic tools?
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The SCR of NOx with NH; Examined by Novel X-ray Emission
and X-ray Absorption Methods

T. Giinter' + D. E. Doronkin'? - A. Boubnov' - H. W. P. Carvalho' -
M. Casapu’ + J.-D. Grunwaldt"*
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Why Micro-Speciation ?

J A simple example from materials science

1 A catalytic reactor: A tube filled with SiO,+ few wt% of a transition metal

Gas inlet Gas outlet

J Is the metal chemical species the same along the tube?
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Cu and Zn species depend on the position
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J Long time ago, catalysis scientists realized Frigted [Ailon

that catalysts must be studied in operando.

The SCR of NOx with NH; Examined by Novel X-ray Emission
and X-ray Absorption Methods

T. Giinter' - D. E. Doronkin'? - A. Boubnov' - H. W. P. Carvalho' -
M. Casapu' = J.-D. Grunwaldt'?*
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What about plants?

S
cena

 Plants are far more complex than a glass tube with
SiO, inside!
J Two approaches: Xylem

JWhere is it?
JWhat is it?

Phloem

Phaseolus vulgaris, stem cross section
Tatiane Nishida, Masters Thesis
CENA-USP
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SiO, inside!

J Two approaches:
JdWhere is it?
JWhat is it?

J Would you expect Fe
and Ca to be homogenously
distributed?

Phaseolus vulgaris, stem cross section
Tatiane Nishida, Masters Thesis
CENA-USP

<2 | What about plants?

cena

] Plants are far more complex than a glass tube with

Xylem Phloem
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s | Elemental distribution

cena

Fe

] Distribution is discrete!
. And the speciation?

Phaseolus vulgaris, stem cross section

Tatiane Nishida, Masters Thesis

CENA-USP

Data record at LIN-CENA with an Orbis PC EDAX
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Phytopatology

 leaf of Syzygium spp. carrying rust disease. At the disease spot
one can see higher P and S concentration, whereas Ca is lower and
K completely absent. Fe is distributed along the leaf presenting
hotspots

N
8 8
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Chemical speciation S ——

) Distribution is discrete!
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Sample preparation strategies
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Plant Physiology and Biochemistry xex (2016) 1-20

Contents lists available at ScienceDirect

Plant Physiology and Biochemistry

Several possibilities

FI SF \ [} R Journal homepage: www.elsevier.com/locate/plaphy

Review

Practical review on the use of synchrotron based micro- and nano- X-
ray fluorescence mapping and X-ray absorption spectroscopy to
investigate the interactions between plants and engineered
nanomaterials

jf'._“\ Hiram A. Castillo-Michel *°, Camille Larue ®, Ana E. Pradas del Real *¢, Marine Cotte °,
Geraldine Sarret ©

Sample preparation

'y x - e Ny X

Mative state

r Chemical fixation Cryofixation Critical point drying
fast detector available - bkainly for whale argans

or radiation dose is <10° e —

High pressure freezing Plunge freezing

ES T
Freeze-substitution
Py ubstituti
Embedding in
epoxy resin
’—w.\
Sectmnnlng Cryosectionning
AL \T/
Frozen hydrate Freeze-dried

X- not recomended for speciation —

N
p)AEe Laboratdrio de Instrumentagdao Nuclear XRF Microscopy and Micro-Spectroscopy




Oven dried
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. For micro distribution: maybe ves...

] For speciation: probably not
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Some examples from our [IB% (Ll

VTR
* (¢
)

group @CENA-USP -

1 In vivo spectroscopy

'
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PCA and LC
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Procedure/mechanics

Energy (eV) S Energy (eV)
Spectrum 1 O 2 -3 C . Number of pure
Spectrum 2 ~
Spectrum 3 —_— v Component 2 components
Spectrum 4 =
Spectrum 5 -
Spectrum 6 - E
Spectrum 7 Q .
Spectrum 8 o
Spectrum 9 qE)
[
Set of XAS data Concentration profiles Pure spectra

JHow many components in total?
A The same as the number of spectra

JHow many principal components?
1 PCA tells us you

JHow do | know whether a reference is part of the mixture?

I Target transformation
(JOnce you know how many PC and the references....

JPerform linear combination fitting
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Example: Transformation of Mo
under reaction conditions

J How is Mo converted

from one state to O s e )

another? éJ é
MoO,

] Are there any

intermediates?

J How many principal ——
components?

Journal of Catalysis

ELSEVIER journal homepage : www.elsevier.com/locate/jcat

Activity and stability of Mo,C/ZrO, as catalyst for hydrodeoxygenation
of mixtures of phenol and 1-octanol

Peter M. Mortensen *, Hudson W.P. de Carvalho®, Jan-Dierk Grunwaldt ", Peter A. Jensen*,
Anker D. Jensen o

nd Biochemical Engineering, Technical University of Denmark, Saitofts Plads, Building 229, DK-2800 Lynghy, Denmark
hemical Technology and Polymer Science, Karlsruhe Institute of Technology (KIT), Engesserstrasse 20, D-79131 Karlsruhe, Germany
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Example: Transformation of Mo
under reaction conditions

J How many principal components?
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] Three PC seems to be suitable

Activity and stability of Mo,C/ZrO, as catalyst for hydrodeoxygenation
of mixtures of phenol and 1-octanol

Peter M. Mortensen *, Hudson W.P. de Carvalho ", Jan-Dierk Grunwaldt ", Peter A. jensen .
Anker D. Jensen
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Example: Transformation of Mo
under reaction conditions

Temperature —e— MoO,

Temperature ['C]
Fraction of Mo Species

0 50 100 150 200 250

Time [min]

(b) Fraction of Mo species

] Linear combination analysis = Py

llllllllllllllllllllllllllllllllllllllllll

Activity and stability of Mo,C/ZrO, as catalyst for hydrodeoxygenation
of mixtures of phenol and 1-octanol

Peter M. Mortensen *, Hudson W.P. de Carvalho”, Jan-Dierk Grunwaldt ”, Peter A. Jensen”,
Anker D. Jensen

* Onpartment of Ohewacel and B hwacel ngieerig. Techmical Ussversy of Oemmart, Sobiofly Piad. Mg 729 D 2900 Lymghy. Ovvmerk

" ititute of Ohical Techmolagy and Podymars Sctonce. Kantiruee it of Trchmedogy (KIT). Engemerstmasse 20, D791 )1 Karthe, Gormany
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Hands on:

Quantitative analysis of Zn accumulation spot
in the body of Daphnia magna
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J Chemical image recorded in
our lab at CENA-USP
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Daphnia magna is a bio indicator

J Our equipment, Orbis PC, already plots the
intensities
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Quantitative XRF 5
Elemental sensitity = geometry,

» absorption, fluorescence yield, detector
efficiency....

>
Absorption factor:

Thin samples =1
Thick samples= 1/ p p D ( infinity thickness)

» Concentration

J Is the sample is thin

J How to calculate the sensitivity?
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Use a standard reference material to
determine the sensitivity

Net intensity
229.0

222.9

] Standard:

34.2
ZnTe 47.70 pg cm™
> 210.6
-2 o
Zn 16.16 pg cm % oo
S
8 198.4
338 192.3
186.1
180.0
51.6 51.8 52.0 52.2
All coordinates in mm coordinate x

] 15t open the ‘Padrao Zn micromatter’ excel file

] 2" Since the reference is not homogenous, take the
average signal

] 3" Determine the equipment's sensitivity for Zn

http://www.micromatter.com/xrf.php
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Plot the D. magnas’ data

] 4th open the ‘D_magna_nano_ZnO _treated’
excel file

] 5th Convert the intensities to concentration
using the formulaC=If /S

] 6t" Plot the data

ug cmh-2

Net intensity 36.0 252.0

3180
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coordinate x
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ug cmh-2
36.0 2520
36.1 2208
36.2
— 1895
36.3
> L 1583
" 36.4
— 127.0
S 36.5
3 36.6 9575
36.7 64.50
36.8 3395
36.9
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48.2 48.0 47.8 47.6 47 4 47 .2 D. magna
coordinate x Joyce Paula, Doctoral Thesis
CENA-USP

Data recorded at our lab
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1 Micro analysis:

JUseful when samples are not homogenous in micro scale
level
J Allows you to locate and explore the chemical environment

J Sample preparation:
. Main rule: don’t change your sample into something else

J PCA and LC:

JHelps you to solve mixtures
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Spectrochimica Acta Part B 113 (2015) 43-53

Spectrochimica Acta Part B
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Edited by

Koen H. A. Janssens
Freddy C. V. Adams
Anders Rindby

Fluorescence
Spectroscopy

strumentation and Appiicationd

Regular courses @CENA-USP / 2" Semester

(J CEN5792- Principles of Nuclear and Electronic Spectroscopy (Aug-Sep)

(J CEN5785- Introduction to XRF and XAFS Spectroscopy (Oct-Dec)
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Thank You

hudson@cena.usp.br

http://hudson731.wix.com/xraysatcena
Group of Applied X-ray Spectroscopy

Laboratdrio Nacional

L N UL S deluzSincrotron

ESRF

The European Synchrotron

Funding: MJFAPESP Finep”

J Young Researcher FAPESP 2015-2019/05942-0

J Multi-User Equipment FAPESP 2015-2017/19121-8

J SPRINT FAPESP 2016-2018/50014-6

J FINEP 01.12.0535.00

J USP-Santander Mobilidade Novos Docentes 2016/2017

X-rays Enlightening the Fate of Nanomaterials

in Agriculture and Environment
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