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Figure 1. Elemental structure of ZrCuAg+Alnp nanocomposite obtained with a 60 keV Bi32+ beam (signal 
integration over 20 scans). No binning. 
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Figure 2. Overlay of 27Al+ signal (magenta) iso-surface (median filter with the kernel size = 3 and the iso-
value of 18.9%) and 63Cu+ signal (yellow) measured with the TOF.SIMS5. Xy binning: 4, binning in z: 2, 

visualization over 9 scans. a) a front view, b) a side view. A z-axis is given in time units. The data was 
cropped in z to visualize better the Al nanoparticles. 
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Figure 3. Elemental structure of ZrCuAg+Alnp nanocomposite obtained with a 30 keV Ga+ beam (signal 
integration over 190 scans). 
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Figure 4. STEM-HAADF and STEM-EDX (at %) images of a 50 nm thick layer of ZrCuAg+Alnp. In the colour 
maps, the scale is such that the quantity of material increases in tone from black (the lowest values) to the 

given colour (the highest values). 
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3D imaging of nanoparticles in an inorganic matrix using TOF-SIMS 
validated with STEM and EDX 
Agnieszka Priebe1,*, Jean-Paul Barnes2, Thomas Edward James Edwards1, Laszlo Pethö1, István 
Balogh1 and Johann Michler1 
1Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Mechanics of Materials and 
Nanostructures, Feuerwerkerstrasse 39, CH-3602 Thun, Switzerland 
2Univ. Grenoble Alpes, CEA, LETI, 38000 Grenoble

ABSTRACT: Imaging nano-objects in complex systems such as nanocomposites using Time-of-Flight Secondary Ion Mass 
Spectrometry (TOF-SIMS) is a challenging task. Due to a very small amount of the material and a matrix effect, the number of 
generated secondary ions can be insufficient to represent a 3D elemental distribution despite being detected in a mass spectrum. 
Therefore, a model sample consisting of a ZrCuAg matrix with embedded Al nanoparticles is designed. A high mass difference 
between the light Al and heavy matrix components limits mass interference. The chemical structure measurements using a pulsed 
60 keV Bi3

2+ beam or a continuous 30 keV Ga+ beam reveals distinct Al signal segregation. This can indicate a spatially resolved 
detection of single tens of nanometer large particles and/or their agglomerates for the first time. However, TOF-SIMS images of 50 
nm or smaller objects do not necessarily represent their exact size and shape but can rather be their convolutions with the primary 
ion beam shape. Therefore, the size of nanoparticles (25 – 64 nm) was measured using Scanning Transmission Electron 
Microscopy. Our studies prove the capability of TOF-SIMS to image chemical structure of nano-hybrids which is expected to help 
building new functional materials and optimize their properties.

The importance of nanocomposites 1,2 has dramatically 
increased in the last decades due to their extraordinary 
properties that are very often unprecedented at the macroscale. 
For example, recently developed Bulk Metallic Glasses 
(BMG) 3–7 are amorphous alloys that have excellent 
mechanical properties, such as high hardness, but at the same 
time do not deform plastically and therefore become brittle 
under exposure to external stress. However, propagation of 
cracks and shear bands 8,9 can be hampered by introducing 
nanoparticles 10. This can broaden the application scope of 
these new materials. The response of the nanocomposite’s 
matrix can vary depending on the type and size of 
nanoparticles as well as their distribution in a three-
dimensional (3D) space. Thus the advances in designing and 
fabricating new nanomaterials impose a strong demand for 
pushing characterization techniques to their physical limits. 
Atom Probe Tomography (APT) 11–15 and Transmission 
Electron Microscopy (TEM) 16,17 provide precise information 
on elemental structure with high spatial resolution of around 
0.1 nm 18–20. However, a typical sample size does not exceed 
100 nm 21. Such a small volume can describe only a local 
variation in material composition but not necessarily be 
representative of the entire specimen. Moreover, those 
techniques require complex and time-consuming sample 
preparation using a Focused Ion Beam (FIB) 22–25. An 
excellent alternative to APT and TEM is TOF-SIMS (Time-of-
Flight Secondary Ion Mass Spectrometry) 26,27 which allows 
the elemental composition to be characterized in a 3D volume 
with high lateral resolution <20 nm 28,29 and depth resolution 
<1nm 30 over a Region-of-Interest (ROI) defined by the FIB 

raster area, usually from 1 µm × 1 µm up to 400 µm × 400 
µm. The TOF-SIMS signal magnitude is determined by ion 
yields (i.e. a fraction of ionized species of the entire sputtered 
population) of sample components which depend not only on a 
primary beam (an ion type and a beam type, i.e. a mono- or 
poly-atomic beam) but also on the element interaction with 
neighboring atoms/molecules (so-called matrix effect 27). 
Therefore, it can span over several orders of magnitude, 
making this technique non-quantitative. Nevertheless, the 
TOF-SIMS technique has significant advantages over other 
elemental characterization methods. First of all, it has 
capability of detecting all ion types (i.e. light and heavy ions) 
including isotope recognition whilst, for example, the method 
combining a FIB slicing with SEM-EDX (Energy-dispersive 
X-ray spectroscopy) is not suitable for studying light elements. 
Moreover, the SEM-EDX technique has lower spatial 
resolution than TOF-SIMS as the signal is acquired from the 
interaction volume of ~1 µm3 31. Comparing APT and TEM 
with TOF-SIMS, in the latter case relatively large specimens 
with dimensions of several tens of micrometers can be 
measured with nanoscale resolution 32. Moreover, thanks to the 
wide range of ROI size, a sample structure can be studied 
globally (for example to study thick functional layers) and 
locally (for example to detect precipitations). In addition, 
TOF-SIMS does not require any particular sample preparation 
prior a measurement. However, due to potential topology 
effects 33–35, samples should preferable be flat. 

Several studies 28,29,36–38 have shown the feasibility of 
measuring very thin (hundreds to tens of nanometers thick) 
layers using TOF-SIMS. Nevertheless, in those cases the 
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2

acquired signals are integrated over relatively large volumes. 
Besides that, up to now only 2D imaging of 50 nm Ag 
nanoparticles present in a Madin-Darby Canine Kidney was 
successfully performed 28. As presented in 39, the attempts to 
image Ag nanoparticles incorporated into biological cells in 
3D were unsuccessful due to different sputtering rates of 
organic and inorganic components. Moreover the authors 
encountered problems with low Ag signals obtained with an 
Ar-cluster and an O2

+ sputter beams. Another literature 40 
reports TOF-SIMS measurements on 70 nm TiO2 
nanoparticles. In the case of nanoparticles deposited on a 
polymer a 2D elemental image of Ti+ + TiO+ signals was 
obtained. Nevertheless, studying the TiO2 nanoparticles 
incorporated into an algal biofilm did not allow a TiO+ signal 
to be represented in 3D together with organic components 
signals due to the applied negative ion detection mode. Thus, 
the authors used Ti-containing negative secondary ions to 
localize indirectly the location on nanoparticles. The TOF-
SIMS technique was also used for 3D imaging of polymer 
nanoparticles in HeLa cells 41. Due to the used spatial 
resolution of ≈1 µm probably only clusters of nanoparticles 
were detected. In addition, there are suspects that a part of the 
signals used for nanoparticle representation originated from 
the cell. However, to our best knowledge no studies have 
reported observation of isolated single inorganic nanoparticles 
in monolithic inorganic materials in 3D space.

In this work, for the first time we highlight the TOF-SIMS 
capability of spatially resolving and representing in a 3D space 
tens of nanometer large metallic nanoparticles embedded in an 
alloy matrix. In order to prove that, we have designed a model 
sample based on a ZrCuAg BMG and Al nano-filler.  The 
TOF-SIMS data obtained with two very different instruments 
(i.e. a dedicated dual-beam instrument from IONTOF using a 
pulsed bismuth analysis beam and an oxygen sputtering beam 
as well as a TOF detector from TOFWERK used as an add-on 
to a commercial FIB-SEM system in which a gallium beam is 
used for both sputtering and imaging) was validated with 
STEM (Scanning TEM) images as well as EDX elemental 
maps.

EXPERIMENTAL
Materials
A novel BMG-based nanocomposite (an inorganic-inorganic 

hybrid material) was designed and fabricated at Empa. The 
microstructure consisted of tens of nanometres diameter light 
element (27Al) nanoparticles incorporated into a matrix 
composed of heavy elements, i.e. 63Cu, 90Zr and 107Ag. This 
has provided a very strong mass contrast allowing an effect of 
mass interference to be reduced or even prevented and 
therefore better element recognition. Moreover, since the 
nanoparticles constituted only a small fraction of a 
nanocomposite structure, they had to be characterized by a 
high ion yield in order to be detected with the TOF-SIMS 
technique. Thus Al, having two orders of magnitude lower 
detection limit (3·108 atoms·cm-2) than Cu (1·1010 atoms·cm-2 
42) was chosen as a perfect candidate. Also the amorphous 
structure of the BMG alloy (ZrCuAg) prevents preferential 
primary ion beam sputtering within the matrix. A 100 nm 
nanocomposite thin film was deposited on a Si substrate using 

the Physical Vapour Deposition (PVD) technique 43. A 
custom-made instrument with a 5.4·10-8 mbar base pressure 
provided by MANTIS Deposition Ltd (Oxfordshire, United 
Kingdom) comprised of a 3’’ sputter magnetron and a 
NanoGen50 nanoparticle generator was used. The sputtering 
target ZrCuAg alloy (45 atm% Zr, 45.5 atm% Cu and 9.5 
atm% Ag, manufactured by Plasmamaterials, Inc. Livermore, 
CA, USA) was bombarded with Ar plasma generated at 35 
mA DC electric current and at a 2.7·10-3 mbar process 
pressure. The Al nanoparticles were co-deposited from an Al 
target (99.999% purity, manufactured by EVOCHEM 
Advanced Materials GmbH, Offenbach am Main, Germany) at 
100 mA DC electric current.

The TEM measurements in scanning mode were performed 
on the same material type but deposited with a thickness of 50 
nm on a holey carbon film on a Cu grid.

Finally, a pure 100 nm thick layer of pure Al was deposited 
on a Si substrate. This sample was measured in a TOF-SIMS 
depth profile mode to calculate an Al useful yield and 
subsequently to estimate a minimum size of Al nanoparticles 
that can still be detected with the TOF-SIMS technique.

Methods
An elemental structure of the ZrCuAg+Alnp nanocomposite 

in a 3D space was measured using a dedicated dual beam 
system TOF.SIMS5 from IONTOF (Munich, Germany) that 
operates in Ultra-High Vacuum (UHV) conditions. An 80 nA 
oxygen beam at 500 eV energy was used for sputtering and a 
0.11 pA Bi3

2+ LMIG (Liquid Metal Ion Gun) beam at 60 keV 
energy was used for imaging. Both primary beams were 
pulsed and the data was acquired in a repetitive sequence of 
three subsequent steps: 1) analysing 1 frame, 2) sputtering for 
10 s and 3) pause of 1 s. The sputter beam and the analysis 
beam were positioned at 45° angle with respect to the sample 
normal and orthogonally with respect to each other (as shown 
in 44).  Additionally, oxygen flooding at a partial pressure of  
4·10-6 mbar was used in order to enhance positive ion yields 
2745 and therefore the magnitude of TOF-SIMS signals. The 
data was acquired from a 5 µm × 5 µm raster area with 10 
shots·pixel-1, 60 µs cycle time. Each image consisted of a 
512×512 pixel array. Taking into account signal integration 
over 20 scans, this means that the ROI was exposed to a dose 
of 1.08·109 ions (i.e. a dose density of 4.32·1015 ions·cm-2). 
The mass calibration was performed using the majority 
elements of the sample, i.e. 27Al, 63Cu and 90Zr. The stack of 
acquired scans was laterally shift-corrected. 

The experiments were repeated with a High Vacuum (HV) 
Compact TOF (CTOF) from TOFWERK (Thun, Switzerland). 
This detector was used as an add-on to a multi-analytical 
instrument LYRA3 from Tescan (Brno, Czech Republic) that 
comprises of a FIB and a SEM. A continuous (not pulsed) 30 
keV mono-isotopic 69Ga+ beam was used for both sputtering 
and analysis. The measurements were conducted at 15 pA ion 
current, 50 µm aperture and 10 µs dwell time. The scan area 
and resolution were the same as during the previous 
experiment but 2 × 2 binning was applied (due to software 
constraints). In this case 190 scans were used for the data 
representation so the corresponding dose was as high as 
4.66·1010 ions (i.e. dose density of 1.87·1017 ions·cm-2). The 
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specimen was mounted perpendicularly to the FIB and at the 
coincidence point between the FIB and the electron beam. In 
this case no additional gases were used during data 
acquisition. 

The exact size of the Al nanoparticles was measured using a 
Titan Themis TEM from FEI (Hillsboro, Oregon, USA). The 
High-Angle Annular Dark-Field (HAADF) images (1.5 nm 
pixel size) from 66 – 200 mrad range were acquired at 200 
keV energy electron beam operated in STEM mode. TEM-
EDX maps showing the elemental composition of the sample 
were obtained using a SuperEDX system at 5.3 nA and 5 µs 
dwell time from an area of 618 nm × 618 nm as a series of 
1264 drift-corrected and integrated frames.

RESULTS AND DISCUSSION
Detection of nanoparticles using TOF-SIMS
The minimum Ga FIB spot size can be as small as 2.5 nm 

46,47. However, this can be obtained by using 1 pA beam 
current which, in general, is too low to find an application in 
the TOF-SIMS elemental characterization. Therefore in 
practice, higher Ga ion currents resulting in lower spatial 
resolution are used. This implies that observing small objects, 
such as nanoparticles, with the TOF-SIMS technique is a 
challenging task due to their size which is of the order of the 
primary ion beam diameter or even smaller. Consequently, 
limitations on the lateral resolution are imposed since the 
obtained image results from a convolution of an object shape 
with the imaging beam shape 38. Moreover, in this situation a 
TOF-SIMS signal is acquired from a very small volume which 
means that the quantity of material forming a nanoparticle can 
be insufficient to give a signal high enough to spatially resolve 
individual nanoparticles (although an integrated signal of all 
nanoparticles within a ROI can still be detected and observed 
in a mass spectrum). 
In Figure 1, the ZrCuAg+Alnp elemental structure obtained 
with a 60 keV pulsed Bi3

2+ imaging beam is presented. In 
contrast to homogenously distributed signals of the matrix 
elements (63Cu+, 90Zr+ and 107Ag+), a dense concentration of 
regions with significantly increased 27Al+ signal was observed. 
These signal variations in the lateral plane can indicate 
measurements of single Al nanoparticles or their clusters. 
Agglomerations of nanoparticles can be distinguished in 3D 
space by applying visualization thresholds on a reconstructed 
representation of the 27Al+ signal overlaid with the 63Cu+ signal 
(Figure 2). A median filter with a kernel size of 3 and an iso-
value of 18.9% (adjusted individually for 27Al+) was applied. 
This means that the signals lower than this value were filtered 
and, thus, not displayed on the image. The dimensions in z-
directions are given in number of frames corresponding to the 
data acquisition time. In the case of non-standard materials 
(such as the novel nanocomposites studied in this work), when 
sputtering rates are unknown, these values cannot be simply 
recalculated into space units (i.e. for example nm) unless an 
entire film of a known thickness is sputtered. Although in the 
next step of these studies a pure 100 nm thick Al thin film was 
completely sputtered to calculate Al useful yield, Al sputter 
rate cannot be used for z-dimension estimates of the 
ZrCuAg+Alnp as Al constitutes only a fraction of the 
nanocomposite and the presence of heavy elements such as 

Figure 1. Elemental structure of ZrCuAg+Alnp nanocomposite 
obtained with a 60 keV Bi3

2+ beam (signal integration over 20 
scans). No binning.

Figure 2. Overlay of 27Al+ signal (magenta) iso-surface (median 
filter with the kernel size = 3 and the iso-value of 18.9%) and 
63Cu+ signal (yellow) measured with the TOF.SIMS5. Xy binning: 
4, binning in z: 2, visualization over 9 scans. a) a front view, b) a 
side view. A z-axis is given in time units. The data was cropped in 
z to visualize better the Al nanoparticles.

Cu, Zr and Ag in not negligible. The depth of removed matter 
can be measured using in-situ (to prevent formation of an 
oxidized layer on the surface of crater bottom) AFM (Atomic 
Force Microscope) or in-situ SEM just after TOF-SIMS 
measurement but our setup was not equipped in any of these. 

The TOF-SIMS measurements were repeated with a 30 keV 
continuous Ga+ beam at similar experimental conditions. 
Although the Al nanoparticles are not as distinct as in the 
previous case, the data (Figure 3) is comparable.
The detection of nanoparticles and the capability of resolving 
them spatially in 3D using different incident beams (Bi3

2+ and 
Ga+) during the TOF-SIMS analysis is a great achievement 
and was achieved for the first time. The stronger TOF-SIMS 
signals and therefore better resolution of images were obtained 
using Bi3

2+ primary ion beam although according to the 
manufacturers’ specifications the best lateral resolutions of 
both instruments are similar and can be as high as 50 – 60 nm. 
Moreover, in this case, the sample ROI was exposed to more 
than 40 times lower dose than during the 
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4

Figure 3. Elemental structure of ZrCuAg+Alnp nanocomposite 
obtained with a 30 keV Ga+ beam (signal integration over 190 
scans).

Figure 4. STEM-HAADF and STEM-EDX (at %) images of a 50 
nm thick layer of ZrCuAg+Alnp. In the colour maps, the scale is 
such that the quantity of material increases in tone from black (the 
lowest values) to the given colour (the highest values).

experiment with Ga+. There are several factors that have 
determined the final quality of the TOF-SIMS images. First of 
all, the measurements performed with Bi3

2+ were accompanied 
by a simultaneous delivery of oxygen to the sample surface 
which most likely has significantly enhanced the positive ion 
yields. Secondly, the sputtering yields YS, defined as a number 
of all ejected species (i.e. atoms, molecules or ions) from a 
target per impinging primary ion 27, for both experiments were 
different due to the type and energy E of primary ions as well 
as an incident angle α. The roughly estimated Al sputter yields 
based on Yamamura model 48–51 (the data is provided in 
SurfaceLab 6.5 software from IONTOF) are YS_Bi = 48.76 (at 
E_Bi = 60 keV and α_Bi = 45°) and YS_Ga = 4.69 (at E_Ga = 30 
keV and a normal incidence). This already introduces a 
difference in the sputtering efficiency by a factor of 10 but the 
actual value can be even greater since other experiments and 
molecular dynamic simulations showed that the sputter yields 
of poly-atomic Bi (Bi3 and Bi5) beams are higher than those 
obtained with Bi1 52,53. Also in the case of CTOF the extraction 
optics is not optimal because of the fact that the CTOF 
detector is built to adapt to an existing FIB-SEM system 
(whilst TOF.SIMS5 is a standalone dedicated instrument) and 
the available space in a vacuum chamber is limited. Finally, 
the difference in image quality given in Figure 1 and Figure 3 
can be explained by higher secondary ion yields that are 
determined by the greater mass and the energy of primary ions 
(mass of Ga+ = 69 u, mass of Bi3

2+ = 267 u, energy of Ga+ = 30 
keV, energy of Bi3

2+ = 60 keV). Moreover, applying heavy 
polyatomic projectiles has an advantage over monoatomic 
beams as it allows the ion formation efficiency to be 
maximized due to the uniform energy transfer that occurs in a 
near surface region 45,54,55.

TEM and EDX measurements of nanoparticle size and 
nanocomposite structure 

As mentioned, the size and shape of nano-objects obtained 
with TOF-SIMS can be affected by the imaging beam. 
Therefore, in order to validate the acquired data and precisely 
measure the size of Al nanoparticles, supplementary TEM 
measurements were performed in scanning mode on a 50 nm 
thick ZrCuAg+Alnp thin film. The elemental structure of the 
sample was characterized with the EDX technique. Figure 4 
shows the irregular distribution of nanoparticles that are 
composed of a pure aluminum core and an oxygen-silver shell. 
The presence of oxygen shell can have beneficial effect on Al 
ionization efficiency during the TOF-SIMS measurements as 
oxygen is a well-known element for enhancing positive ion 
yields. The size of isolated nanoparticles varies between 25 
nm and 64 nm but they regularly form up to 175 nm large 
agglomerates/clusters. Moreover, Al is strictly confined within 
nanoparticles and no diffusion towards the BMG matrix was 
observed. The uniform distribution of the matrix elements (Cu, 
Zr and Ag) between the Al nanoparticles is consistent with the 
TOF-SIMS data. However, in contrast to Figure 1 and Figure 
3, lower matrix signals at the locations of Al nanoparticles and 
a higher Ag signal around Al nanoparticles can be 
discriminated.
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5

Lower limit for a nanoparticle size measured with TOF-
SIMS

In this section we try to estimate a minimum size of Al 
nanoparticles that can be measured. The amount of matter, n, 
given in moles can be defined as

𝑛 =
𝑁

𝑁𝐴
(1)

where N is a total number of atoms and NA=6.02·1023 mol-1 is 
the Avogadro constant.

The amount of matter can be also calculated as a ratio of a 
substance mass, m, and its molar mass, µ:

𝑛 =
𝑚
µ

(2)

Combining Equation (1) and Equation (2) and assuming that 
all Al atoms are confined within a spherical volume (therefore 
V=4/3πrnp

3, where rnp is the radius of a nanoparticle) this leads 
to 

𝑟𝑛𝑝 = 3
3

4𝜋𝑁𝐴
∙

𝜇𝑁
𝜌 (3)

However, not all sputtered atoms, NAS (here N=NAS), are 
ionized and can be guided towards a mass spectrometer, and 
thus be measured. In order to calculate the number of detected 
ions NID, an element useful yield, Yuseful, defined as

𝑌𝑢𝑠𝑒𝑓𝑢𝑙 =
𝑁𝐼𝐷

𝑁𝐴𝑆
(4)

must be known. Since the value of Yuseful depends not only on 
the element ionization probability but also on instrumental 
parameters and a detector type 54–56, we have calculated the Al 
useful yield based on a TOF-SIMS depth profile measurement 
of 100 nm pure Al thin film deposited with the PVD technique 
on a Si wafer. A total of 9.8·107 27Al+ ions were detected. 
Knowing the sputtered volume VS = 2.5 µm × 2.5 µm × 100 
nm = 625·10-21 m3, the Al bulk density ρAl = 2700 kg·m-3, the 
Al useful yields of 2.60·10-3 was obtained. 

Combining Equation (3) and Equation (4), finally we obtain:

𝑟𝑛𝑝 = 3
3

4𝜋𝑁𝐴
∙

𝜇𝑁𝐼𝐷

𝜌𝑌𝑢𝑠𝑒𝑓𝑢𝑙
(5)

Knowing that Al molar mass, µAl, is 26.98·10-3 kg·mol-1, 
assuming no mass-interference with other elements, no 
significant matrix effect, a negligible low noise level, 
complete confinement of a nanoparticle within a voxel 
sputtered by a primary ion beam and an extreme value of NID = 
1 (meaning that only 1 ion is sufficient for TOF-SIMS), the 
minimum size (diameter dnp = 2·rnp) of a nanoparticle 
detectable with TOF-SIMS was estimated to be 2.3 nm. 
Considering that, due to the noise level, the detection limit is 
10, 100 or even 1000 Al ions, the sizes of nanoparticles have 
to be about dnp_10 = 5 nm, dnp_100 = 11 nm and dnp_1000 = 23 nm, 
respectively.

In summary, taking into account the TEM results and 
assuming the distance between nanoparticles to be large 
enough, the presented considerations suggest that the TOF-
SIMS technique has the capability to detect and spatially 
resolve single Al nanoparticles. However, due to the primary 

beam size, the TOF-SIMS measurements can overestimate the 
real size of nanoparticles.

CONCLUSIONS
In conclusion, for the first time we have demonstrated that 

tens of nanometres large metallic nanoparticles can be 
spatially resolved in inorganic nanocomposites using the TOF-
SIMS technique. This can be achieved when ion yields are 
sufficiently high, an appropriate combination of components 
preventing a mass-interference between a nanoparticle element 
and matrix elements is provided, sputtering rates of 
nanoparticles and a matrix are comparable, the distance 
between nanoparticles is greater than the size of the primary 
ion beam and the instrument has a low detection limit. 
However, the capability of the TOF-SIMS technique for 
measuring the nanoparticle size is mainly constrained by the 
imaging beam size. Additionally, blurring of the imaged nano-
object boundaries can occur due to interactions with the matrix 
components. Therefore, in order to assess the actual size of Al 
nanoparticles and validate the obtained TOF-SIMS results the 
TEM imaging was performed. 

Nevertheless, TOF-SIMS technique provides information on 
elemental structure at the nano- and micro-scales, ensuring 
better statistics which is a requirement for designing new 
functional materials as well as monitoring the quality of the 
fabrication process (both locally and globally). For example 
the BMG based nanocomposite presented in this paper is 
expected to find an application in medicine (for instance in 
producing endoprostheses). In order to maximize their 
performance (mechanical properties, reducing crack 
propagation and development of shear bands) the processes 
such as material segregation, surface oxidation (including 
oxidation of nanoparticle surfaces during the fabrication), 
presence of contaminants and element diffusion have to be 
profoundly understood.
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