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Abstract 

 

The elemental interaction in soil material happens on extremely small scales due to soils submicron 

particle size. As all chemical elements and their isotopes can be present in soil samples, and isotope 

enrichment can be used for tracing, the secondary ion mass spectrometry is the technique of choice to 

visualize elemental and isotopic distribution. SIMS sputters surface atoms and registers them in accor-

dance to their atomic mass. 

With the Cameca NanoSIMS an instrument with very high lateral resolution of down to 50 nm and 

additionally very high mass resolving power is available. This allows for visualising the elemental and 

isotopic distribution inside a sample although absolute quantification can hardly be achieved. For 

quantitative analysis measurements have to be compared to known standard samples. Therefore per-

fect crystallographic preparation is required to avoid sputter enhancement on topographic features. 

Measurement data is available in binary format and can be processed by any image processing soft-

ware providing adequate input filters. 

Applications on montmorillonite soil fragments and organo-mineral structures are presented revealing 

the lateral resolution of the NanoSIMS technique and confirming their application to soil samples. 

The technique also seems to be promising for the investigation of material transport on small lateral 

scale in clay material. 

 

Introduction 

 

The Lehrstuhl für Bodenkunde at WZW Freising, TU München, is running a NanoSIMS 50L instru-

ment since March 2010. The investigations are focused on samples revealing answers to questions 

from soil sciences. 

The NanoSIMS technology developed over the last years based on the SIMS technique delivers results 

about the elemental and isotopic composition at a high lateral resolution down to 50 nm.  

 

1. SIMS Technique 

 

1.1 SIMS principle 

SIMS is short for secondary ion mass spectrometry. A primary ion beam hits a samples surface and 

releases particles from the sample. A fraction of these particles, atoms and molecule fragments, leaves 

the sample ionized and forms the secondary beam which can be analysed in a mass spectrometer. 
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Sputtering 

Ions extracted from an ion source are accelerated to several keV towards the sample. The fast ions 

penetrate the sample up to a depth of several 10 nm. They lose their energy in collision cascades. The 

cascades can reach back to the samples surface and a surface atom or molecule fragment can be 

ejected. This process is called sputtering. 

Thus, this technique is destructive although only very small sample volumes are consumed. Reaching 

a higher depth is mainly a question of primary ion current and time. 

 

Secondary ion formation 

A small fraction of about one percent of the sputtered particles leaves the surface ionized. To achieve a 

high secondary ion yield Cesium or Oxygen are often used as primary ions. These reactive elements 

get enriched in the investigated region during measurement enhancing the ionization. 

 

Secondary beam analysis 

The secondary ions are accelerated towards a mass spectrometer setup and can be analyzed by their 

mass to charge ratio. This allows estimating elemental and isotopic composition of the sample. 

 

1.2 NanoSIMS 50L 

The NanoSIMS 50L instrument from Cameca (Figure 1) uses a common coaxial setup for the primary 

and the secondary beam. This enables for highly efficient secondary ion collection, thus allows reduc-

ing the primary current to a minimum for best focusing of down to 50 nm spot size using Cs as pri-

mary ion. 

 

 
Figure 1. NanoSIMS instrument (NanoSIMS 50L #23, Cameca) at Lehrstuhl für Bodenkunde, 

WZW Freising, TU München, Germany. 

 

Under standard measurement conditions using about 1 pA Cs
+
 ion beam the lateral resolution ranges 

between 100-200 nm, calculated according to the knife edge method (Figure 2). 

Working with the O
-
 primary beam (about 6pA) the lateral resolution is poorer.  
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Figure 2. Lateral resolution estimation for standard working conditions, Cesium

+
, 1 pA, field of 

view: 10 x 10 µm, 512 x 512 pixel, acq. time: 4.5 min. 

 

A second feature of this instrument is the large magnetic mass spectrometer with seven independent 

detectors. The simultaneous measurement of multiple species permits for accurate analysis of elements 

originating from the identic sample volume. 

One benefit of the NanoSIMS device is working at high mass resolution while still having high trans-

mission. With all apertures open (100% transmission) the mass resolving power (MRP) is about 2500 

(m/m), while narrowing some slits to have an MRP of about 6000 the transmission only decreases to 

55%. As example, mass interferences at mass number 43 solved by the NanoSIMS technique will be 

shown. In soil samples element associations like 
12

C
31

P, 
27

Al
16

O, 
12

C
16

O
15

N and 
30

Si
12

C
1
H are common. 

Their differentiation needs an MRP of about 16000. By choosing the right beam deflection in front of 

the detector it is possible to measure these masses independently. 

 

1.3 SIMS constraints 

 

1.3.1. SIMS 

The SIMS technique delivers results which are qualitative or semi quantitative. The ionization effi-

ciency of the elements highly depends on the surrounding elemental composition (matrix effect). The 

absolute quantitative determination of the elemental composition at high precision is hard to obtain 

and implicates careful measurements of standard materials having a known composition very similar 

to the investigated sample (Düsterhöft et al. (1999)).   

Isotopic ratio estimations can be influenced by the topography of the sample (Kita et al. (2009)). For 

quantitative measurements flat polished samples are required.  

Artifacts could appear by analyzing nonconductive samples due to charging effects. Surface charging 

of the sample strongly influences the secondary ion formation. By coating the sample with a gold layer 

and/or using an electron flood gun charging can be compensated.  

 

1.3.2 NanoSIMS 

Due to the coaxial setup the primary and secondary beams have to have opposite charge. It means that 

by using the Cs source, (Cs
+
 primary beam) only the negative secondary ions can be extracted and 

counted, e.g. 
12

C
-
, 

16
O

-
, 

28
Si

-
, and vice versa in the case of working with the Oxygen source, e.g. 

24
Mg

+
, 

28
Si

+
, 

40
K

+
. 
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Species with masses between 1 and 400 amu can be analyzed by NanoSIMS. Due to its magnet size 

and the physical size of the detection system (trolleys) there are some constraints regarding the masses 

measured simultaneously. The minimum mass interval between two neighboring detections depends 

on the maximally measured mass. Up to mass 58 each mass differing by 1 amu can be registered. At 

higher masses the interval increases. The highest detectable mass is related to the smallest required 

mass in accordance to the relation: Mmax = Mmin * 21. 

 

2. Sample requirements 

 

The samples to be investigated by NanoSIMS technique have to meet special requirements. Because 

the analysis occurs in ultra-high vacuum (10 
-10

 to 10 
-11 

mbar) the sample must be vacuum resistant 

and non-degasing. To get accurate measurements it is required to have a flat polished sample surface. 

The sample should be electrically conductive. If this is not the case charging effects could be compen-

sated by coating the sample with a gold layer (about 30nm) and complementary using the electron 

flood gun (only in Cs
+
 mode). 

In the analysis chamber the sample has an upright position. This imposes that the sample must be well 

fixed to the sample holder to not fall down. Only specific sizes for the sample or sample carrier can be 

loaded (10 mm, ½ inch, 1 inch diameter). 

 

Due to the small scale investigation a good documentation of the investigated area by other micro-

scopic techniques like optical microscopy or scanning or transmission electron microscopy is strongly 

recommended. 

 

3. Data processing 

 

The NanoSIMS 50L offers several modes of analysis. The mostly used mode is the imaging mode. In 

this mode up to seven elemental images and one secondary electron image of the sample surface are 

generated by scanning the beam. The number of counts per pixel is registered together with the corre-

sponding measurement time. The data files can be opened either by special Cameca analysis software 

or, with adequate import filters, by any other image processing software. Image processing allows for 

any calculations like element or isotope ratios, threshold settings or drift corrections as beam drifts can 

occur in long term measurements. 

Achieving better counting statistics within shorter time only single lines or points on the sample can be 

measured (Line scan/spot mode). 

Recording multiple images over time allows for the reconstruction of depth profiles. 

 

4. Application examples 

 

Examples of the application of the NanoSIMS technique with the NanoSIMS 50L instrument at the 

Lehrstuhl für Bodenkunde at WZW Freising, TU München, are presented.  

Besides the simple elemental mapping of known minerals, e.g. montmorillonite (Figure 3.), the tech-

nique gives information on interfaces developed after the incubation of artificial soils. Organic matter 

was found to occur in patchy structures attached to clay minerals (Heister et al. (2012)). 

By the application of organic matter enriched in 
15

N (algal amino acid solution) to natural soil (Haplic 

Chernozem) aggregates, we were able to track the incorporation (possible diffusion) of fresh organic 

matter (OM) (indicated by 
15

N) into soil aggregates and therefore the new formation of interfaces at 

particulate OM within aggregated soil spheres. By the calculation of the 
15

N/
14

 N ratio a locally high 

enrichment of 
15

N was demonstrated for the inner sphere of the soil aggregate (Mueller et al. (2012)). 
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Table 1. Chemical composition of montmorillonite in % (Heister et al. (2012)) 

 

SiO2 Al2O3 TiO2 Fe2O3 MgO CaO Na2O K2O 

69.8 15.3 0.1 1.0 3.4 1.9 0.9 0.9 

 

 

 
Figure 3. NanoSIMS images (60x60µm, 512x512 pixel) of the 

24
Mg

+
, 

27
Al

+
, 

28
Si

+
, 

39
K

+
, 

40
Ca

+
 ele-

ments acquired for montmorillonite clay mineral with an O
-
 primary ion beam of a current of 

~6pA with a dwell time of 1ms/pixel. The hue scale indicates the counts per pixel of the secon-

dary ions.  

 

Using techniques from reflected light microscopy, scanning electron microscopy with EDX to 

NanoSIMS the architecture and elemental composition of intact soil aggregates is evaluated 

 

Summary and Conclusions 

 

With the NanoSIMS technology material surfaces can be investigated by sputtering the uppermost 

atomic layers and analysing their elemental and isotopic composition by mass spectrometry at high 

lateral resolution. The samples have to be vacuum compatible and their surfaces should be well-

polished. For quantitative analyses known standards of similar composition are required for calibration. 

The technique was successfully applied to study the architecture of organo-mineral structures and can 

reveal insight into soil dynamics. Examples from soil investigations were presented. 

The technique seems to be promising for the investigation of material transport on small lateral scale 

in clay material. 
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