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Life Science examples at X-ray Nanoprobes
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MedMAX

Some form of bio-imaging

Which beamlines?

Also bio, but not imaging Also imaging, but no bio



Spectroscopy represents a group of techniques 
whereby (element) specific information of the 
electronic structure around an absorption site is 
obtained. These are suitable tools to study the 
chemical state; local geometric structure; nature of 
chemical bonding; and the dynamics in electron 
transfer processes centered around atomic sites.

Detailed structural characterization of 
coordination compounds is usually carried 
out by Diffraction methods, which can 
provide not only information on structures, 
phases and preferred crystal orientations but 
also parameters, such as average grain size, 
crystallinity, strain, and crystal defects..



Direct imaging: spatial resolution is determined by the x-ray probe size:
- Nano-diffraction mapping
- X-ray Fluorescence mapping 
- Scanning Transmission X-ray Microscopy
- IR spectromicroscopy

Indirect imaging: scattering or diffraction-based contrast is used, and ‘translated’ into a real 
space image (usually more about structure):
- Phase contrast imaging/tomography
- SAXS tensor tomography
- Ptychography (Bragg & Forward) & CDI

Other: - AFM-IR imaging, STM, SEM (+EDX), SPELEEM techniques 

Flavours of imaging at MAX IV

Map [scanning probe]Single object [local probe] Full-field [resolving detector]

NanoMAX
SoftiMAX



Scanning X-ray nanoprobe principle

XRF

STXMSample

Undulator

Optics

5 μm



X-ray Flu·o·res·cence
/eks-rey flʊəˈrɛs(ə)ns,flɔːˈrɛs(ə)ns/

X-ray Fluorescence is the emission of characteristic, secondary X-
rays by a material that has absorbed (more energetic) X-rays, or 
other electromagnetic radiation. The emitted light corresponds to 
an energy difference between two atomic levels and its wavelength 
is unique for each element. 
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Embryonic bone mineralization

Isabella Silva Barreto et al., Adv. Sci. 2020, 2002524

- Zn @ leading edge of 
Mineralization Front, Ca follows

- Ca concentration in bone 
center increases during bone 
maturization

- Non-ordered Ca deposits: 
not hydroxyapatite before bone
formation

NanoMAX

TS26

20 µm

I. Silva Barreto, D. B. Raina, H. Dejea I Velardo,  H. Isaksson - LU



Idiopathic pulmonary fibrosis (IPF)

IPF: a fatal chronic lung disease accompanied by impaired

breathing and fatigue. Some studies have found that

elements such as Calcium (Ca), Zinc (Zn) and/or Iron (Fe)

are important during the development and pathophysiology

of IPF, and display a dysregulated metabolism.
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Close upsHealthy IPF

20 μm

Bryan Falcones Olarte, M. Kahnt, L. Elowsson, K. Thånell, G. Westergren-Thorsson

- Trace elements show anthracotic particles in IPF

- Higher co-localization of Zn, Ca & P in extracellular vesicles

- Fe + S maps reveal a (yet) unidentified cell phenotype

Ti + Cr + Fe + Ni + MnOptical Zn Ca P Cl

NanoMAX
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Unpublished!



Scanning X-ray nanoprobe principle

XRF

STXMSample

Undulator

Optics

EPh



Otolith (CaCO3 fish ear bone) in 6d old cod larva
SoftiMAX

Yvette Heimbrand, K. Limburg (SLU); B. Falcones Olarte, K. Thånell (LU), AP Hitchcock

2 µm

amorph calcite residu

CORE
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“amorphous

“aragonite”

2 µm

Bonus: edge of the eye

mm-cm’s

10-20 μm



Splitting hairs
SoftiMAX

Karina Thånell, B. Falcones Olarte (LU), H. Druid , B. Uusma (KI)

1 μm

― Melanin; melanosome (indole derivatives)
― Cell membrane complex: lipid bilayers
― Cortex: keratin & other polypeptides

Andrée Polar expedition 1897

What can be found in the hair?
Chemical compounds (drugs)? ≈
Elemental: Hg, Pb -> NanoMAX,

Balder

Preliminary data on ‘modern’ hair

Bea’s quest: 
what killed Andree?

https://elogy.maxiv.lu.se/attachments/2023/02/24/1677242174-inline-5688619-0.png


Sample preparation
Punch & Fixate

Si3N4: 50-100 nm

SoftiMAX

Si3N4: 0.2-1 μm

NanoMAX

(     )



…and finally

NanoMAX: maik.kahnt@maxiv.lu.se
ulf.johansson@maxiv.lu.se

SoftiMAX: karina.thanell@maxiv.lu.se
jorg.schwenke@maxiv.lu.se

Data analysis software:
XRF: PyMCA
STXM: Axis2000, Mantis, (Quasar)
Jupyter Notebooks


