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Sample Environments at MAX IV

1. Microfluidics
2. Nanoindentation
3. High pressure
4. Heated reaction cells
5. Sample holders/cells for nano beams
6. Low density matter
7. Beamline cryostat 

Topics

If time allows…



Adaptable microfluidic flow-cell platform for 
sample delivery and fluid mixing. 

Aim: To create a protective buffer layer around 
the protein solution by “flow focusing”.

20 – 300 µm channel diameters

Project team: Kajsa Sigfridsson Clauss (Balder), Ann Terry (CoSAXS), 
Pushparani Michael Raj (Postdoc Balder), Anna Fornell (Postdoc 
CoSAXS), Ross Friel (Microfluidics, serial crystallogr), Laurent Barbe 
(Microfluidic chip manufact), Dörthe Haase (SEDS), Yang Chen 
(BioLab)

1. Microfluidics

Microfluidic chip

Flow focusing

Example of multi-sample microfluidic cell
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Figure 4 – Top: flat punch and micro pillar compression (courtesy Empa, Thun) 
 Bottom: sharp tip (eg. corner cube) provides a good view during the test. The combination 

between micro position system and SEM images creates an easy tool to precisely see, position 
and test a specific region. 

 
 

4 SEM overview 
Information about the microscope model and chamber layout are required to make sure the instrument fits 
and provides good image quality during in-situ tests. 
 
Typical questions to be answered are: 

x chamber size 
x shape of the SEM column (to provide an optimal SEM working distance) 
x range of the SEM positioning system (range and volume for the set up) 
x number and position of free flanges (for the cabling connectors) 
x presence and position of any extra detectors inside the SEM, in particular those that cannot be easily 

removed or retracted away from the column 
x SEM model and/or characteristics of that version 

 
After this initial evaluation it will be possible to determine if the standard design will fit or if customization is 
necessary. Additionally we can provide a 3D printed model for a more accurate verification. Please contact us 
or our distributors for details.   
 
 

2. Nanoindentation
Specifications
Force range: 0 – 2.5 N
micropillar compression,
depth-sensing indentation
micro-cantilever bending
standard bending 
tensile testing

Compatible with electron microscopes at 
Chalmers Univ. and MAX IV beamlines.

Included in the SEDS equipment pool

Sample

Load cell

Indentation tip

Sample

Indentation tip

X-ray beam



● Sample diameter: 10-100 µm

● Transparent windows (diamond)

● Highest pressure: 750 GPa (7.5 Mbar)

● Laser heating up to 6000 K. 

with an initial thickness of 200 mm were indented to about 30mm,
a hole with an initial diameter of 125 mm was drilled in the centre
of the indentation and a gold-coated NCD micro-ball along with
a small (5–8 mm in diameter) ruby ball were placed near the
centre of the pressure chamber. A pressure transmitting medium
(neon) was loaded into the DAC under a gas pressure of 1.2 kbar.
The pressure exactly above the micro-ball (Pmb), in proximity of
the upper anvils’ culet, was evaluated from the change in the
position and the shape of the high frequency edge of the diamond
Raman line21 (Supplementary Fig. S3) as a result of the stress
developed in the overlaying diamond anvil. The pressure around
the NCD micro-ball was determined by both this method (when
diamond Raman spectrum was taken above the Ne pressure
medium) and by the ruby fluorescence (Pr). As long as the NCD
micro-ball does not bridge between the diamond anvils (up to
about 25–40 GPa, depending on the ratio of the size of the micro-
ball and the depth of the indentation in the gasket) the pressures
around and exactly above the nanodiamond ball were the same.
When both diamond anvils touch the NCD micro-ball, due to the
gasket thickness reduction with pressure increase, the difference
in the Pr and Pmb pressures rapidly increases in all conducted
experiments and reaches the values of 48–56 GPa (before anvils
or a micro-ball broke, the highest absolute value measured above
the micro-ball was 97(3) GPa, whereas the pressure in the
chamber determined by ruby was 41(1) GPa). The spatial reso-
lution of the confocal Raman spectroscopy system we employed
was 2mm (see Methods) and at the highest pressure reached, the
contact area between the micro-ball and the anvil was of about
the same size (not larger than 4mm in diameter). Assuming that
NCD micro-balls in our experiments were under the deviatoric
stress, we can estimate the maximum shear stress across the ball
using the well-known relation15,22 t¼ 1.5*(Pmb"Pr). This gives
72–84 GPa as a maximum shear stress and 144–168 GPa for yield

strength (Y) (taking in to account that Y¼ 2*t (ref. 14). These
values are close to those reported14 for the yield strength (up to
140 GPa) for the (100) diamond plane, which means that NCD
micro-balls are at least as strong as single-crystal diamond.

X-ray diffraction measurements on a NCD ball of B12 mm in
diameter, compressed in a DAC with a Ne pressure transmitting
medium using gold or neon as pressure markers23, reveal that up
to about 38 GPa the molar volume of nanodiamond reduces
monotonously (Fig. 1). The experimental pressure-volume data
were fitted (Fig. 1) using the third-order Birch–Murnaghan
(BM3) EOS:

P¼ 1:5 K300 ðV0/VÞ7/3"ðV0/VÞ5/3
h i

% 1" 0:75ð4"K 0ÞfðV0/VÞ2/3ðV0/VÞ2/3" 1g
h i ð1Þ

where P is pressure; V is the volume at pressure P; K300, K0, K00

and V0 are the bulk modulus, its first and second pressure
derivatives, and the volume at zero pressure, correspondingly.

This fitting procedure gave the values of K300¼ 489(5) GPa,
K0¼ 3.2(2), V0¼ 3.393(1) cm3 mol" 1, which within the
uncertainty limits coincide with the data from Dubrovinskaia
et al.24 for ADNRs. At pressures above 40 GPa the NCD seems to
become more compressible (Fig. 1), but the observed effect is
simply a consequence of bridging of the micro-ball between the
DAC’s anvils and the development of the deviatoric stresses in it.
As follows from Fig. 1 and the NCD EOS, at 68 GPa in the
pressure chamber determined on the ruby standard, stress on
the micro-ball reaches 44 GPa (indeed, if pressure would be
calculated based on extrapolation of the NCD EOS (solid line in
Fig. 1), one could judge it as equal to 112 GPa for the same NCD
unit cell volume as that measured at 68 GPa). However, observed
splitting of Ne diffraction lines in the patterns collected through
the ball at the point of its contact with the diamond anvil
(Supplementary Fig. S4) may indicate that the stress distribution
(or Ne behaviour under stress) is more complex and perhaps
cannot be described in a simple uniaxial model. Detailed analysis
of these observations is outside the scope of the current work and
will be presented elsewhere.

Static compression experiments above 600 GPa. After estab-
lishing that the synthesized NCD has a high yield strength and is
less compressible and less brittle than single-crystal diamonds, we
employed the NCD semi-balls as second-stage anvils in DACs
(Fig. 2, insert; Supplementary Fig. S5a). Numerous trial and error
experiments resulted in some empirical observations regarding
the behaviour of the second-stage anvils: (a) the second-stage
anvils placed at the primary anvil have the tendency to shift upon
pressure increase, thus destroying the alignment. In order to
avoid this problem we fixed the NCD semi-balls in a small cavity
made on the surface of the diamond anvil by a pulsed laser
(Supplementary Fig. S5b). (b) If the second-stage anvils bridge
between the primary ones at pressure in the chamber below 30–
35 GPa, the NCD semi-balls glide over each other. This limits the
lower bound of pressure possible to be generated using the
double-stage DACs at the moment. (c) If a sample has a bigger
size than the contact area between the second-stage anvils, the
latter also demonstrate a tendency to glide.

We conducted two successful experiments with the double-
stage DACs, which were prepared, loaded and compressed at BGI
(Bayreuth, Germany) to that extent that the contact between the
second-stage anvils was achieved. Subsequently the DACs were
transferred to the 13-IDD station at the Advanced Photon Source
(USA) for synchrotron X-ray powder diffraction measurements
with a beam focused down to o4 mm in diameter at 0.3344 Å
wavelength.
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Figure 2 | The pressure dependence of the unit cell volume of Re. Red
circles are experimental points as determined in Experiment no. 1 with the
Au pressure standard26; dark-red squares are experimental points as
determined in Experiment no. 2 with pressure obtained using the BM4 EOS
of Re established in Experiment no. 1). Continues blue line is a result of
fitting experimental data using the BM4 EOS (K300¼ 342(6) GPa,
K0¼ 6.15(15), K00¼ "0.029(4), V0¼ 29.46(1) Å3 per unit cell), dashed
green line is the BM3 EOS due to fitting the data collected up to 165 GPa
(K300¼ 353(3) GPa, K0¼ 5.80(7)). Insert in the bottom left shows an
example of translucent NCD semi-balls synthesized in MgO medium and
used as secondary anvils, and in the upper right is a schematic drawing of
the double-stage DAC assembly. The scale bar is 10mm. A typical diameter
of NCD semi-balls is 12–20mm, and the starting size of the sample is about
3–4mm in diameter and about 3mm in thickness.
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3. Diamond-Anvil Cell (DAC)

collaboration has already been established with the groups of Prof. Börje Johansson, Department of
Physics, Uppsala University for theoretical studies, and Dr. I. Goncharenko, Laboratoire Leon
Brillouin, CEA/CNRS Saclay, France for magnetic neutron diffraction studies. and especially as
thermoelectrical devices with the highest known cooling efficiencies (group IV metal alloys) 5. The
structural scheme controlled by the electron concentration is not obeyed at room pressure for some AB
compounds, e.g. CoSn, FeSn, NiIn, PtTl and RhPb, that has the CoSn structure type 6 with
anomalously large voids in the structure. This has stimulated both theoretical 7 and experimental
investigations 8,9. Solid solution is observed at ambient pressure for some pairs of metals: Ag-Au, Cu-
Au, As-Sb, Mo-W and Ni-Pd. These metals are chemically similar and of similar size within respective
pair, and it can be expected that at higher pressure and temperature small differences between the
constituting atoms may become more important and induce compound formation. Thus, solid solutions
are of high interest for high-pressure synthetic studies.

The Friauf, or more commonly Laves phases, and the Zintl phases are AB2 alloys with the
electropositive A metal atom bigger than the less electropositive B metal atom 10. The Laves phases are
in general built from alkali, alkaline earth, lanthanide, actinide or early transition metal with group VII,
VIII or nobel metals, while the Zintl phases does not include the transition metals. The Zintl phases are
regarded as polar intermetallic compounds having integral valence electron count, while for Laves
phases geometric factors like maximum space filling is important and the number of valence electrons
may be non-integral.. The classical examples of Laves phases are the cubic MgCu2 and hexagonal
MgZn2 structure types. At elevated pressures the Zintl phases display close-packed Laves structures
with the MgZn2, MgNi2 and MgCu2 type structures.  It is of interest to investigate the high-pressure
properties of the type structures MgZn2, MgNi2 and MgCu2. These AB2 phases can be viewed as
stacked layers of triangular and Kagomé nets, but also as belonging to the wider group of compounds
with all their interstitial holes being tetrahedral (Frank-Kasper phases). For some Laves phases such as
YFe2 and GdFe2 interesting magnetic behaviour has been studied both theoretically 11 and
experimentally 12 at high-pressure.

High-pressure investigations of intermetallics are fairly scarce in literature. A search of “AB”
intermetallic compounds (see Figure 1. for the type of elements) and “pressure” in the ICSD structural
database resulted in no hits. A search of other types of high-pressure studies in a number of journals
(IUCr, APS and ACS journals) and “High Pressure Phase Transformations, a Handbook” by E. Yu.
Tonkov, 1992, resulted in 35 and 49 hits for AB and AB2 intermetallic compounds, respectively. In
view of the large amount of known Hume-Rothary, Laves and Zintl phases systematic studies is
clearly needed to deduce such fundamental properties as phase stability, atomic radii and volumes at
elevated pressures. In general, at high pressures, “inert gases” are no longer noble with alkali metals;
silicate tetrahedral frameworks are destroyed and replaced by silicate octahedra; carbon rings become
unstable and replaced by diamond-like structures. With pressure, one can tune electronic, magnetic,
structural and vibrational properties as well as synthetic conditions for condensed matter. In doing so,
we also provide critical tests of fundamental theory and lead the development of new theory with the
discovery of new phenomena.

High-pT techniques. Static high-pressure over 1 GPa is achieved by
concentrating high stresses at a very small area using anvils (Figure 2).
A number of different techniques to obtain high-pressure exists (gas-
pressure cell, multi-anvil press), but the only way to reach static
pressures over 20 GPa is by using a diamond anvil cell (DAC). By
drilling a hole with a diameter 1/3 of the diamond tip diameter in a
metal gasket, placed between the diamonds, a compartment is formed
where the sample, pressure calibrant and pressure transmitting medium
is placed. Pressure is measured either by an internal diffraction standard
(e.g. NaCl or Au), or more commonly, by observing the shift of the
ruby R1 fluorescence line with pressure.

Conventional DAC's are limited to energies above 10 – 12 keV by
the absorption of diamond. However, the development of high-strength

Figure 2. The principle of the
diamond anvil cell. Force is
applied to the backing plates of
the diamonds (thick arrows).
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4. Heated reaction cells
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5. Sample holders for nano- and microbeams

 

SoftiMAX endstation Generic sample holder

TEM grid for samples

~100 µm) are used and additional clearance of 100 µm is needed for safety. To apply STXM of UVSOR-III 
Synchrotron to soft matter study, the C K-edge has to be covered as the lowest energy (i.e. condition of the shortest 
working distance) for the in-situ devices. In order to meet this requirement, a new FZP with the working distance 
more than 400 µm is required at 275 eV. Therefore, we have acquired a new FZP with outermost zone width of 35 
nm, diameter of 240 µm and central stop diameter of 95 µm. By using the new FZP with an OSA of diameter of 65 
µm, the working distance is >500 µm at the C K-edge.  

AZIMUTHAL ROTATABLE SAMPLE CELL [2] 

The absorption spectra of samples with anisotropic chemical bonding can show spectral changes as the 
polarization of the incoming linearly polarized X-rays is changed [3]. Samples with random orientations do not 
show polarization dependent X-ray absorption spectra. STXM can be used to measure polarized 2-dimensional maps 
of individual molecular orientations [4]. Typically, this kind of measurement is performed with a polarization 
tunable insertion device, such as an elliptical polarizing undulator. BL4U at UVSOR-III Synchrotron is equipped 
with an in-vacuum undulator which has fixed horizontal linear polarization. Therefore, we developed a sample cell 
which can rotate the sample azimuthally from outside of the STXM chamber. This cell is modeled on that reported 
by Hernández-Cruz et al [5]. A photo of the azimuthal rotatable sample cell (ARSC) is shown in Fig. 2. The ARSC 
uses a small stepping motor (AM1020, Faulhaber) to adjust the azimuthal angle of the sample.  

Polarization dependent spectra of sodium titanate nanoribbons (STN) were measured using the ARSC. O 1s 
image sequences were obtained at several azimuthal angles. Figure 3a shows the azimuthal dependence of the O 1s 
spectrum of an individual nanoribbon, extracted from the same area of the sample (green rectangle in Fig. 3b). End 
member spectra corresponding to parallel and perpendicular orientation of the STN were extracted and used to fit 
the polarization dependent data, yielding a dichroic composite map (Fig. 3c). 

ELECTROCHEMICAL CELL [6] 

In-situ spectroscopic measurements of electro-
chemical reactions have been performed widely 
using infrared [7], hard X-rays [8,9] and soft X-rays 
[10,11]. By using STXM, 2-dimensional 
distribution of electrochemical reactions occurring 
on or near electrodes can be analyzed with high 
spatial resolution. An important advance in this 
work relative to earlier electrochemical STXM 
studies  [12,13] is that it is capable of continuous 
and interrupted flow of electrolytes, as opposed to 
previous systems which only used static (no-flow) 
conditions. The basic concept of a liquid flow cell 10 mm 
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was developed by Nagasaka [14] and was modified for electrochemical experiments in the STXM. A photo and 

cross-sectional image of the electrochemical cell are shown in Fig. 4. The electrochemical cell consists of two 

silicon nitride membranes (thickness of 100 nm), teflon™ spacers (thickness of 20 µm) and two viton o-rings. The 

liquid electrolyte flows through a few micron gap between these membranes, driven by a peristaltic pump from 

outside of the STXM chamber via a fluidic feed through. The thickness of the gap can be optimized to get better 

contrast of target species by changing the pressure of helium gas in the STXM chamber. Three electrodes (50 nm 

thick gold with a Cr adhesion layer) - working (WE), counter (CE) and reference electrode (RE) - are deposited on 

the top (upstream) membrane. Electrical connections are made using a small home-made multi-pin connector. 

By using this flow electrochemical cell, in-situ Fe 2p spectroscopy of the electrochemical reaction of an 0.1 M 

FeSO4 aqueous solution was performed [6]. Figure 5a shows Fe 2p spectra of Fe(II) and Fe(III) measured in this 

system. These spectra were used to fit the Fe L3-edge energy stack data to obtain component maps of Fe(II), Fe(III) 

and the electrodes (constant), from which a color coded composite is presented in Fig. 5b. In the composite map, the 

Fe(II)-rich region of the solution is in red, the Fe(III)-rich region is in green, and the gold electrodes (WE, CE and 

RE) are in blue. The distribution of Fe(III) and Fe(II) was opposite from our expectation since the WE was positive 

relative to the CE. These results are under investigation. 

 

HUMIDITY CONTROL CELL 

A humidity control cell has been developed for in-situ measurements of the effects of water vapor on various 

materials [15-17]. The humidity control cell consists of a small chamber with two silicon nitride membranes for X-

rays, a relative humidity (RH) sensor, and three ports for gas inlet/outlet  (Fig. 6). The sample (polymer film on a 

TEM grid) is mounted on the top (upstream) silicon nitride membrane by scotch tape. By using the three ports for 

dry/wet gas inlet, the humidity in the sample cell is controlled by filling the cell with humid helium gas. 

Temperature and humidity inside the chamber are monitored by a small RH sensor (SHT7x, Sensirion AG) placed 

near the sample.  

The effect of humidity on a thin section (100 nm) of a functional polymer was studied by changing the humidity 

in-situ. Figures 7a and 7b show STXM images of the polymer with 8 % and 84 % RH at room temperature, 

respectively. The images were taken with an X-ray energy of 285.5 eV and were converted to optical density. In 

these images, bright areas (i.e. high optical density) show high density regions of the polymer and dark areas (i.e. 

low optical density) show voids in the polymer. By changing the humidity from 8% to 84%, 8% of the dark area, for 

example shown in red circles in Figs. 7a and 7b, decreased. This change of the area was caused by swelling of the 

polymer as it absorbed water vapor. 

500 nm 

(a) (b) 

Fig. 7 Optical density images (285.5 eV) of a 

functional polymer at RH of (a) 8% , (b) 83%.  

Fig. 6 Photo of the main chamber (interior) and the 

base plate of the humidity control sample cell.  

Base plate 
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Fig. 5 (a) Fe(II) and Fe (III) spectra from an 

energy stack of 0.1 M FeSO4 (aq) at 0 V (Fe(II) 

and 0.6 V (Fe(III). (b) Composite of component 

maps of Fe(II) in red, Fe (III) in green and the 

electrodes in blue. 
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Thank you for your kind attention!

More info on www.maxiv.lu.se



6. Low Density Matter (LDM)
● Coincidence spectroscopy that requires a pulsed source (e.g. single-bunch 

mode)
● Mobile endstation: ICE (Ions in Coincicence with Electrons)
● Sample delivery with molecular spray (water-based sprays at 24 mbar)
● Quartz glass nozzles, typical opening diameter 20-25 µm

ICE endstation Veritas molecular spray nozzle ICE differential pumping chamber



Flourescence
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In-house development: 
SEDS, Balder team, MAX IV Design Office

7. The Balder cryostat
• Cryomech PT420 pulse-tube cryorefrigerator
• Sample in He vapour
• Rotation and vertical translation
• Horizontal translation in sample holder
• Base temperature ≈10 K
• Automated sample change

Cryocooler

Sample entrance

Sample translation 
system

X-rays


