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Incident photon energy E = hy, (MeV)
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J. Sherman, Spectrochim. Acta 7, 283 (1955).
T. Shiraiwa and N. Fujino, Jpn. J. Appl. Phys. 5, 886 (1966).
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.ow Probability Processes

o 15T AND 2NP ORDER PHOTOEXCITATION SCATTERING)
o NUCLEAR THOMSON SCATTERING

o NONELASTIC NUCLEAR SCATTERING (SIANT DIPOLE RESONANCE,
PHOTODISINTEGRATION, PHOTOPION PRODUCTION, ETC.)

o DELBRUCK SCATTERING

o NEET (NUCLEUS EXCITATION)

o MULTIPLE IONIZATION (ONE PHOTON — TWO VACANGCIES)
¢ MULTIPLE DECAY (ONE VACANCY = TWO PHOTONS)

o XRF LINES ANISOTROPY (L = LINES)

o FORBIDDEN TRANSITIONS SATELLITE LINES)

o ETC. ETC. ETC.
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Scattering

g VOLUME 33, NUMBER 5 PHYSICAL REVIEW LETTERS 29 Jury 1974

Inelastic Resonance Emission of X Rays: Anomalous Scattering Associated

with Anomalous Dispersion®
| Cullie J. Sparks, Jr.
| Metals and Cevamics IMeision, Oak Ridge Notional Labovatory, Oak Ridge, Tenmnessee 37830
(Received 13 May 1874)
Qf '_ An inelastic resonance scattering of monochromatic Cu Ko x rays incident on various
e targets 1= observed when an absorptien edge of the target is just above the energy of the
: incident x rays. Thie frequency-dependent and angular-independent inelastic scattering
. is interpreted with the x=-ray scattering theory of anomalous dispersion. Conservation-

of-intensity arguments allow a comparison of the observed inelastic intensity with the
real part of the anomalous dispersion corrections to the coberent atomic scattering
factors for x rays.
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Crz2ly Resonant Raman Scattering
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Q@ SYNCHROTRON RADIATION (MoNoeHROMATIC BEAM)
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XRF BEAMLINE (LNLS)
* Storage ring operating at 3.7 GeV and nominal current of 100 mA.
* Silicon (111) channel-cut double-crystal monochromator.The energy resolution is 3x 1074 between 7
and 10 keV.
* A motorized computer-controlled set of vertical and horizontal slits to limit the beam size, before and
after the monochromator.
* A ionization chamber to measure the primary beam intensity.
* A Si(Li) solid state detector, with a resolution of 165 eV at 5.9 keV.
* The samples were mounted in a vacuum chamber with a sample holder at 1072 Torr in a standard
geometrical configuration of 45¢ of incident and take-off angles.

First
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Zeperimental RRS
D09B Beamline
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monochromator.
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- KL-RRS spectrum of Zn obtained with incident energy of
9594 eV. Solid lines represent the data fitting of each peak.

Sanchez, H.J. et al. | Phys B:At Mol Opt Pys 2006; 39: I-I Ih
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MC Valentinuzzi et al., X-Ray Spectrometry 37, 555-560 (2008).
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Iafluence on XRF Analysis

J. Sherman, Spectrochim. Acta 7, 283 (1955).
T. Shiraiwa and N. Fujino, Jpn. J. Appl. Phys. 5, 886 (1966).
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ailuence on XRF Analysis

Analysis of impurities in silicon wafers by TXRF. The combination of VPD method and SR
allows DL of 107 at/cm?. For Al impurities, Raman peak has to be considered!
2,0x107 1
—— Measured Spectrum
] — AlK Line
1,5x107 —— Total Bkg
]| —— Raman Bkg H Calculated spectrum of
: Si (0.9995) with Al
2 100" impurities (0.0005)
£ ' irradiated with
. | monochromatic photons
S of 1739 eV
L. -
1,0 1,2 1,4 1,6 1,8 2,0
Energy [keV]
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lafluence on XRF Analysis

| Binary samples with proximate atomic numbers.
1 | The Raman background competes with secondary fluorescence

Mn(0.99)-Fe(0.01)
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1E-6 Primary Fluorescence
Total Raman
Enhancement M n Fe
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1E-8
B Mo X-ray tube @45 kV.
é 1E-9 Detector of 150 eV.
é 1E-10
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1E-12
5:0I o 25
Energy [keV]
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lafluence on XRF Analysis

| Binary samples with proximate atomic numbers.
1 | The Raman background competes with secondary fluorescence

Ti(0.9999)-V(0.0001)

Primary Fluorescence =
Total Raman I I V

Secondary Fluorescence

1E-7

1E-8

= Mo X-ray tube @45 kV.
2 1e10 Detector of 150 eV.
1E-13 /\ /\

I —T o v
3,5 4,0 4,5 55 6,0

Energy [keV]
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Bolezll Environment

POSSIBILITY OF STUDYING THE ATOMIC ENVIRONMENT

...BUT

THERE IS NO THEORY BEHIND IT YET

... MEANWHILE

QUALITATIVE ANALYSIS CAN BE CARRIED OUT

« OXIDATION STATE
« CRYSTALLINE STRUCTURE
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'L“ﬁ@!hl Sitate Observation

MEBASUREMENIGSIPEREGRMEBRIASTIHH EFIENIIES

Po oo AN oo

(CANPINAS, BRAIL)

Q
Q@ CHANNELLCUT MONOCHROMATOR

Q@ ULTRAJILIEGE DETECTOR

Q@ ORTHOGONAL CEOMETRY (452 4 452)

@ CU, CUO, CUOy, FE, FEyOg, FE5O 4 MN, MNoOy

~_<_Storage Ring—

" Incident
~ Beam

Leani, J., Sanchez, H.J., Pérez C. J.Anal.At. Spectrom., (2010), DOI:10.1039/c0ja00046a
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KL-RRS spectrum obtained
for a Fe sample with incident
energy of 7022 eV.
Solid lines represent data
fitting.

BDATMATAINAISYSIS

PEAK FIrMNG USING THECORETICAL EQUATIONS
[RESIDUALS SEPARATION

[FF1T DENOISING WITH “*@AUSSIAN INSTRUMIENAL
FUNCTIONI
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Observation

| MnNnz20s
Mn
] |
- Mn, and Mn,O; residuals
= of the experimental
Z - Raman spectra. Incident
energy of 6450 eV.
| 7T T Vil & Ve
4SIOO ' 4QISO ' 51IOO ' SZISO ' 54100 ' 55150 ' 57IOO
Energy [eV]

T YT
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Mn, 0, Fe203
Cuzo
Mn/_\/\/‘
— EXAFS — Raman Fe
r~rT17r 1717 17T 717 ™1 7T 71T 7 W
4800 4900 5000 5100 5200 5300 5400 5500 5600 5700 _,_,/—\/
Energy [eV] —— EXAEFS —— Raman
) T T T T T T T T T T
6800 7000 7200 7400 7600 7800
Energy [eV] e e B L R
5600 5700 5800 5900 6000 6100 6200
Energy [eV]

Figures show the comparison between RRS residuals and EXAFS patterns, after data processing, for:
(a) Mn compounds, (b) Fe samples, and (c) Cu species.
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\ MO S IO THEECHNIQUESIANDIMETHODS

[RIRS ANALYSIS

(1.2 FRRS)

& GHRIRS
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Slecitizlly Resolved RRS Speciroscopy

\ CONROCAIN;
, ﬁ; Energ); ‘Deistpetswe

Polycapillary
Focusing
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i . iI X-rays from Sample
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zitizallly Resolved RRS Specitroscopy

40 5

Cu y
—=—Cu,0 S0
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/

RRS residuals of Cu-oxide standards (a) and a stratified sample (b)-(e). Confocal volumen =

J0um.
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SleEkially Resolved RRS Spectroscopy

IERRS ANALYSIS OF DENTAL TISSUES

SAMPLES: POLISHED CROSS: SECTIO "s OF T EEhki
EL@‘M‘E- il'r)A'N!A\LYSED CALCIUM

|
SPATIAL RE‘SloALUTIONlLS‘Qm

Héctor Jorge Sanchez
Joint ICTP-IAEA School on Novel Experimental Methodologies for Synchrotron Radiation Applications in
Nano-science and Environmental Monitoring - 17 November - 28 November 2014




itizlly Resolved RIR

| Crown Section

€f)
ef)
©
®
G
=

roscopy

Root Section

, Intensity [au]

Dentine 1
Dentine 2
Cement

Calculus

Dentine 1
-1 Dentine 2
Enamel 1

Enamel 2

iyfau]

Intensi

3,48 3,50 3,52 3,54 3,56 3,58 3,60 3,62 3,64

Energy [KeV]

3,66 3,68

Energy [KeV]

3.48 3.50 3.52 3.54 3.56 3.58 3.60 3.64

T
3.66
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SEVERAL TECHNIQUES FOR THE ANALYSIS OF THIS ELEMENT HAVE

BEENCUSED ANDESTABLISHED. MOST OFr THEMIOEEERING A HIGH
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MEBASUREMENITS PERECGRMEBR AN THE ENIES
(CAMPINAS, [SIRAIL)

CHANNELLCUT MONOEHIROMATOR
INCIDENT = 11818 EV
MEASURING TIME S S,
ATMOSPHERES AR

TOTAL REFLECTION GEOMETRY

SAMPLES DEPOSIED ON SILICON WAFERS

TWo MINERALS FORMS 3 ASIN AND AS(V) AND
TWo BIOLOGICAL FORMS: MMA®) DMAN)

© © © © ¢ ¢ © O
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RRS residuals of the different arsenic species.
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Incident Beam

Incident Beam

Detector

90°

Incident Beam
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S i Grazing Conditions

Observed
depth [nn]

1.73\
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1.77
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2.05——-

133 |
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87Q
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r T T T T T T T T T 1
6800 6900 7000 7100 7200 7300 7400 7500 7600 7700 7800
Energy [eV]
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]iz
K

RRS residuals of an

oxidized sheet of copper

at different depths
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razing Conditions

A 5 c— .
A\ s Fe(ll) oxide
~10nm Fe (200°C;
Energy [eV] g
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~ ]OO IJm Fe fo" 5600 5700 5800 é:iorgy[:\u/]oo 6100 6200
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o> 5
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Fe,0, }
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E
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Incident Radiation Angle [°]
Héctor Jorge Sanchez @
Joint ICTP-IAEA School on Novel Experimental Methodologies for Synchrotron Radiation Applications in (CTP Q; )
Nano-science and Environmental Monitoring - 17 November - 28 November 2014 IAEA




flcipal C

Component Analysis

N

Preparing for data treatment
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clipall Component Analysis

Water contaminated with different species of arsenic
deposited on a silicon wafer.

An PCA was performed over the selected energies correlation

matrix of the processed spectra, and spectra were represented in
the PCI-PC2 plane.

RRS recidiial snertra nf the different arcenic sneriac —As(lll)
. e AV
PCA results of the different samples (PC1 vs PC2). ‘5“] _______ MNEM}SW}
05 — PCQ S"'”"ES PP

-0.5 —

" pot

L T T 1 T T 1 T T 1 T
-0.5 -04 -03 -0.2 -0.1 0 0.1 0.2 03 0.4 05
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4
ldincipal C

e

Surface nanolayers of Cu and Cr on a silicon
wafer.

A Ward cluster analysis, with Euclidean distance, was
performed on the data of the processed spectra
corresponding to Cr and Cu “in situ” oxidation in
order to identify different groups in the complete set of
spectra. An PCA was performed over the selected
energies correlation matrix of the processed spectra,

and spectra were represented in the PC|-PC2 plane.

Component Analysis

Ward
Distancia: (Euclidea)

PCI1-PC2 plane obtained from the PCA applied to
the Cr Multilayer oxidized sample. This plane
comprises a 55,6% of the data set’s total variance.
Blue spectra belong to the first layer of Cr,O;
while red spectra belong to second layer (CrO).

Dendogram obtained from the CIuster Analysis
performed on the 30 spectra of the Cu “in situ”
oxidized sample.
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RESGOGNANIT RAMAN SCGATNLLERING IS A NEW, AND PROMISING
SRECIHREOSECEORICITECH NIQUE:

> THE ERPERIMENTAL METHODOLOGY IS VERY SIMPLE,

> THE SAME NONKCONVENTIONAL ALTERNATIVES FOR XRF ANALSIS
CAN BE USED), [Nl PARTICULAR GRAZING GEOMIETRIES.

> [Ir ALLOWS [DENTIFVING SPECIES, ONIDATION STATES
STRUCTURES.

> /A THEORETICAL MODELS IS CLEARLY NEEDED IN ORDER TO ACHIEVE
A BETTER UNDERSTANDING OF THE EXPERIMENTAL DATA.

> MULTIVARIATE METHODS ALLOWS TO SIMPLIFY THIE DATA
ANALYSIS AND PRODUCIE MORE o

> THIS 18 A PROMISING TECHNIQUE, A SIGNIFICGANT WORK ©N
INTERPRETATION OF RESULTS IS NECESSARY.
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THANK YOU
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