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What is synchrotron radiation anyway?

the radiation which occurs when 
charged particles are accelerated 

in a curved path or orbit

Bending Magnet

Broad spectrum: a desired 
wavelength can be selected to 
perform a given experiment

High flux: high intensity photon 
beam allowing rapid experiments

High brilliance: highly collimated 
photon beam generated by a small 
divergence and small size source

High stability: submicron source 
stability

Characteristics and properties



a powerful tool to understand the properties of matter at small scales

wavelengths are comparable 
to interatomic distances

at a synchrotron facility, electrons 
travel at relativistic speeds

a high intensity and collimated light 
is produced - synchrotron light



Agri-environmental research at the LNLS

Above and below ground water contamination

Rehabilitation of mined areas

Waste management
Contamination of surface and ground waters

Mineral reserves running  low
Need for more efficient fertilizers
Nutrient losses in the environment

mining areas

agriculture

nutrients and the environment

food quality
Biofortification of staple crops
Improving nutrient bioavailability in staple foods



On the importance of soils

life-supporting system

can be simply described by "1 + 2 = 3"
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On the importance of soils

life-supporting system

we wished it could be simply described by "1 + 2 = 3"

high complexity and heterogeneous

complexity vs scales

requires a set of analytical techniques



Scales of Earth Sciences

Unveiling the properties of matter
Source: http://www.regional.org.au/au/asssi/supersoil2004/keynote/sparks.htm



“one giant leap for soil sciences”

Hayes et al., 1987 - Science



Synchrotron radiation and scientific 
achievements attained in soil sciences

HAYES et al., 1987. Selenium bonding configurations at the goethite/
water interface

SCHEIDEGGER et al., 1997. Elucidation of Layered Doubled Hydroxide 
structure

TAPPERO et al., 2006. Elucidating the mechanisms for metal accumulation in 
hyper-accumulating plants

CHEN et al., 2014. Studying Soil carbon complexation via C1s XANES and 
Synchrotron Transmission X-ray Microscopy

ABDALA et al., 2015. Examining phosphate surface complexation at the 
goethite/water interface

GINDER-VOGEL et al., 2009. Using Quick-XAFS for spectroscopic and 
kinetic determination of Cr oxidation at the mineral/water interface



Synchrotron-based techniques of major 
interest in agri-environmental sciences

X-ray absorption spectroscopy

X-ray fluorescence spectroscopy

X-ray diffraction

X-ray µ-computed tomography



XAS can be operationally divided 
into XANES and EXAFS

~ 50 – 100 eV ~ 600 – 1,000 eV



XANES spectroscopy in soils

Electronic transitions

Diagnostic features

Mostly used as a "fingerprint" technique

Electronic transitions give rise to the diagnostic features seen in the 
XANES spectrum  

Linear Combination analysis - matching between standards and samples

Visual inspection of spectral features, principal component analysis (PCA), etc…



Fingerprint of chemical compounds

All you need is a match!

Iron phosphatesapatite group Aluminum phosphates(non-apatite group)

Calcium Phosphates



years

alternatively…

10,000

soil sample calcium phosphate

50,000

Brazil



Demeter is a comprehensive system for 
processing and analyzing X-ray 
Absorption Spectroscopy data

SIXPACK is a single analysis 
package that can guide the user 

through data averaging and 
calibration, background removal, 

and many aspects of fitting.

…and many others

by Dr. Bruce Ravel

by Dr. Samuel Webb



Build your own library of reference 
spectra!

Normalized phosphorus K-edge 
XANES spectra of potassium 

phosphate and various organic P 
species

(reprinted from Brandes et al., 2007 with permission from 
Elsevier)

Users are advised to build their 
own library of reference spectra

Remember: it is very likely that you 
won’t get your job done without a 
good library of reference spectra



How do I compile a good library of 
reference spectra?

First off…

you got to think through your experiment!!! 

in other words, give an educated guess!

knowing the composition of the materials contained 
in your sample helps (I mean, a lot!!!) 

which intermediates do you expect to find along the 
reaction?





Assessing land use and 
management effects with XANES

Source: Sato et al., 2005 – Environmental Science & Technology



EXAFS spectroscopy

At higher energies, wavelengths get shorter, 
comparable to interatomic distances 

Interferences between the outgoing 
photoelectron and surrounding atoms 

give rise to the oscillations seen in EXAFS

E >>>E0

single scattering >>> multiple scattering

structural information can be derived 
from this events!



EXAFS spectroscopy for soil analysis

Interatomic distances

Identity of neighboring atoms

Number of neighboring atoms



Shell-by-shell fitting

Fourier-transformed Fe K-edge EXAFS spectra
of reference minerals and rhizosphere soil.

Source: Voegelin et al. (2007) – Geochimica et Cosmochimica Acta

Using Fe K-edge EXAFS to differentiate 
among Fe-(hydr)oxide minerals

The dashed vertical lines at 1.5, 2.65 and 
3.05 A indicate the approximate positions 
of peaks arising from the backscattering 

contributions of first shell O, second shell 
edge-sharing Fe and second shell corner-

sharing Fe, respectively. 

Based on some characteristics of a well 
known standard, such as peak position and 

shape, one can determine what mineral 
species are found within a given sample



Spectromicroscopy 
coupling XAS with XRF techniques

Source: Sarret et al., 2013 – Advances in Agronomy

Tricolor image of K, Fe, and Mn with color 
triangle and bicolor image of K and Ca in the 
Noccaea seed.

Grayscale synchrotron-based X-ray microfluorescence 
(µSXRF) images in negative contrast showing the distribution 
of S, Ca, K, Mn, Fe, and Zn in a Noccaea seed (20 µm thick 
tissue cryosection) along with an optical camera image and the 
image of the Compton scatter

Elemental maps showing the elemental 
distribution within a plant tissue



Spectromicroscopy 
coupling XAS with XRF techniques

Source: Sarret et al., 2013 – Advances in Agronomy

B–J: µ-X-ray fluorescence maps of Se (in red) and 
other elements in two hyperaccumulator plant 
species and their Se-resistant ecological partners.

A: Se K-edge XANES spectra from 
different selenocompounds. 

SeMet: Selenomethionine; 
MeSeCys: methyl-selenocysteine; 
SeGSH2: Selenodiglutathione



Phytorremediation: using plants 
for soil decontamination

Source: Tappero et al., 2007 – New Phytologist 

Hyperaccumulating Alissum murale accumulates up to 3% of Co

µ-SXRF: localization and determination of the local 
atomic environment of Co in hyperaccumulating 

Alissum murale

Metal localization and elemental 
associations in accumulator 

plants is crucial to understanding 
the mechanisms of 

hyperaccumulation and tolerance

Source: Lombi et al., 2011 – E&EB



The Carnaúba beamline at Sirius

the "basic tool-kit" of soil and environmental 
scientists

X-ray Absorption Spectroscopy

X-ray Fluorescence Spectroscopy

X-ray Diffraction

energy range: 1.5 up to 14 keV

beam size at sample position: 80 nm

access to the K-edges of Al, Si, P, S, K, Ca and some transition metals up to Se



Molecular Environmental Sciences 
at the LNLS

http://daltonabdala.wix.com/dalton-abdala



dalton.abdala@lnls.br

 

Got questions???dalton.abdala@lnls.br

Thank you


