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Introduction:  The analysis of presolar grains has 
always  challenged  the  limits  of  mass  spectrometry.  
Due to their small  size (a few micrometer) the sam-
ples have to be analyzed as efficient as possible. Sec-
ondary  ion  mass spectrometry  (SIMS) is commonly 
used for the in situ analysis of such samples. It can be 
used for elemental as well as isotopic analysis but has 
some inherent disadvantages. 

A major problem is the so-called matrix effect [1] 
which results in varying ionization rates depending on 
the chemical  composition of the sample. This makes 
it  difficult  to  achieve  reliable  quantification  and re-
quires  calibration  standards very  similar  to  the  ana-
lyzed  sample.  Additionally,  the  ionization  rates  are 
below one per  cent  for  most elements  which  means 
almost all of the sample is lost during analysis.

Post-ionization of sputtered neutrals is one way to 
reduce the matrix effect and has the additional advan-
tage of a more efficient  sample analysis because the 
majority  (90-99.99%  depending  on  the  element)  of 
sputtered  particles  are  neutral.  This  is  called  sec-
ondary neutral mass spectrometry (SNMS).

SNMS can be done in a resonant or non-resonant 
way.  Resonant  post-ionization  has  the  advantage  of 
very  high  yields  and  eliminates  interferences  from 
other  elements  or  molecules  in  the  mass  spectrum. 
This  enables  precise  isotopic  analysis  of  trace  ele-
ments in very small samples [2]. The disadvantage is 
that  no  other  element  can  be  analyzed  at  the  same 
time and the sample might be gone by the time one 
element is measured.

Non-resonant  SNMS is  very  good  for  elemental 
analysis as all elements are ionized although isotopic 
measurements  are  limited  due  to  interferences  [3]. 
Previous attempts to use high photon energies for sin-
gle photon ionization have been unsatisfying as ion-
ization was often not complete for every element due 
to constraints in power density [3].

With the advancements in laser technology ultra-
short laser pulses are now relative easy to achieve and 
femtosecond  lasers  have  become  affordable.  Due to 
the very short pulses the achieved power densities are 
several  orders  of  magnitude  higher  than  previous 
pulsed lasers and are high enough to achieve tunnel-
ing or  barrier  suppression ionization  [4]  for  all  ele-

ments.  This should help to achieve saturated ioniza-
tion of all elements for better elemental quantification 
and higher detection efficiency.

Achieving  power  densities  of  around  1015W/cm2 

also leads to Coulomb explosions [4] in which mole-
cules are blown apart by the strong electrical field of 
the laser pulse which should eliminate interferences in 
the mass spectra.

Experiment:  A  prototype  instrument  has  been 
build in the Photon Science Institute at the University 
of Manchester (Figure 1) and has been used to trial fs-
laser post-ionization.

Figure  1 A sketch  of  the  laser-SNMS instrument 
showing all relevant parts.

It is built around a LIMA instrument (Cambridge 
Mass Spectrometry Ltd.) with an FEI 25keV Ga pri-
mary ion gun for sputtering of secondary neutrals and 
an fs-laser system by Coherent (Legend Elite) which 
achieves pulse energies of 6mJ with pulse lengths of 
40fs at a repetition rate of 1000Hz. Focusing the laser 
beam  down  to  the  smallest  spot  size  possible  of 
around 150 µm results in a power density of around 
1014W/cm2 which  is just  below the  necessary  power 
density  needed  for  Coulomb  explosions  but  higher 
than the barrier suppression ionization levels for most 
elements.

The instrument  was set up using a stainless steel 
sample which has the advantage that it is conducting 
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and relative simple in its elemental composition con-
taining only Ti, Cr, Mn, Fe and Ni.

Residual gas correction.  As this is a prototype in-
strument, which only achieves a relative high pressure 
of  around 10-8mbar,  the  residual  gas  signal  is  quite 
high.  Therefore  the  residual  gas spectrum was mea-
sured as well  with the  primary  ion beam turned  off 
and subtracted from all acquired spectra (Figure 2).

Figure 2 SNMS spectrum from stainless steel after 
substraction of the residual gas component.

Results:  First results have been obtained for the 
stainless  steel  sample  which  had the  advantage  that  
peaks  from the  sample  do  not  overlap  significantly 
with  peaks  from the  residual  gas  in  the  mass spec-
trum. SIMS-analyses have been undertaken for com-
parison.

Figure 3 RSFs show a wide spread for SIMS com-
pared to a very narrow spread for fs-laser-SNMS.

Relative  sensitivity  factors  (RSFs).  The  first  re-
sults for RSFs (Figure 3) show a very narrow spread 
around one which is around one order  of magnitude 
less than typically achieved for these elements in sili-
cates [3]. The reduction in RSF-spread is even bigger 
when compared to the SIMS results for the stainless 
steel. This is due to the very large matrix effect for Ti  
which is used to remove oxygen from the steel  and 
small  amounts of TiO are a left-over product  of the 
steel  production.  The  association  with  oxygen  then 

leads  to  very  high  ionization  rates  compared  to  all  
other elements which also results in a very high RSF. 
In comparison, the RSF for Ti from the post-ioniza-
tion does not show any matrix effect.

Practical  yields.  The results  for  practical  yields 
(Figure 4) are not as promising as one would expect. 
Only two elements show practical yields for post-ion-
ization  higher  than  for  SIMS.  Especially  practical  
yields for Ti are by more than one order of magnitude 
lower for post-ionization due to the presence of oxy-
gen which boosts the SIMS signal strongly.

So  far,  all  analyses  have  been  undertaken  with 
maximum power density which is more than one or-
der  of  magnitude  higher  than  necessary  to  achieve 
barrier suppression ionization for most elements.  An 
improvement for practical  yields is therefore achiev-
able  by  defocussing  the  laser  beam  which  will  in-
crease the overlap of the laser with the plume of sput-
tered  neutrals.

Figure 4 Practical yields show only little or no im-
provement over SIMS.

Coulomb explosions.  The achieved power densi-
ties so far have not been high enough to reduce  the 
fraction of hydrides and oxides which interfere with 
atomic mass peaks in the mass spectra.

Future work:  The next steps are improvements 
in practical yields by defocussing the laser beam and 
the analyses of different types of calibration samples 
before moving on to presolar grains.
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