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1. Introduction

The most of the presently existing Standard reference materials (SRM) for
nuclear analytical methods, are certified for the analyzed mass of the order of few
hundred mg. Typical mass of sample which is analyzed by most conventional broad
beam PIXE or XRF methods is very often below 1 mg. By the development of focused
proton or x-ray beams, masses which can be typically analyzed go down to \xg or even
ng level. It is difficult to make biological or environmental SRMs which can give
desired homogeneity at such low scale. However, use of fundamental parameter
quantitative evaluation procedures (absolute method), minimize needs for SRMs. In
PIXE and micro PIXE setup at our Institute, fundamental parameter approach is used.
For exact calibration of the quantitative analysis procedure just one standard sample is
needed. In our case glass standards which showed homogeneity down to a micron
scale were used. Of course, it is desirable to use SRMs for a quality assurance, and
therefore need for homogeneous materials can be justified even for micro PIXE
method.

In this presentation, brief overview of PIXE setup calibration is given, along
with some recent results of tests of several SRMs, as agreed on the first CRP meeting.

2. PIXE and micro PIXE calibration

2.1. Database

Tremendous efforts of the last few decades in both experimental and theoretical
work, resulted in a reliable data base of proton x-ray production cross sections, proton
stopping power and x-ray attenuation coefficients. The K shell data are now well
established with theoretical predictions matching experiment to within 3-5%. More
complex L shell with 3 subshells has presently data base matching of typically 5-15%,
with data for La lines being the most accurate. Data bases of proton stopping power
and x-ray attenuation are also important when intermediate or thick targets are
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analyzed. In our experience, differences between the thin target and thick target results
are always within the 10%.

Small discrepancies of the particular setup can be furthermore corrected by
introduction of H value concept (energy dependent factor determined for particular
setup) introduced in GUPIX software package.

2.2 Experimental setup

In order to perform reliable absolute measurements using PIXE, we have to
consider two main factors which influence the accuracy of the results. These are the
quality of the characterization of the experimental setup and the composition and
uniformity of the sample itself.

detector

The detector solid angle and efficiency are the most important experimental
parameters that have to be determined.

The detector solid angle is determined by separate measurements of the sample
to detector distance and detector active area. Distance is evaluated in the most usual
way, by accurately measuring the variation of the x-ray intensity as a function of
sample (source) to detector distance.

Since experience of many authors has shown that the detector area often differs
from the quoted value, its area has to be determined by experiments. Use of different
sized apertures can be one way of doing this. It has to be noted that sometimes area is
energy dependent, due to the incomplete charge collection regions at the detector
edge.

Although nowadays different radioisotope or fluorescence x-ray sources can be
used, in our case we used set of multielement glass standards and thin Micromatter
single element standards for this purpose.

filters

Quite often filters are used for optimizing PIXE setup for particular analytical
problem. Since the composition of most commonly used filters is well known, careful
weighing is often sufficient. Alternatively, standard samples can be used in the same
way that the detector parameters were determined. Filter thickness is varied until the
best agreement with reference value is obtained.

charge measurement and dead time correction

When quantitative analysis is carried out by the absolute method, charge
measurement and dead time correction have to be reliable. This is especially important
when many detectors are used simultaneously, each heaving its own dead time or live
accumulated charge. Use of pulsers is often the most suitable way, since data
acquisition systems can have large pulse processing times. Useful tests of the reliability
of dead time correction can be analysis of the same sample with different beam
currents. In the case of microbeam PIXE, low currents involved may be difficult to
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measure. Charge normalization on RBS spectrum simultaneously acquired can be
additional test of reliable charge measurement.

other experimental parameters

Small inaccuracies in parameters such as beam energy and detector angle can
produce errors which can accumulate to a large systematic error. For example, with a
target to detector angle of 60°, an accuracy in angle of just 1% will produce up to 3%
systematic error in the calculated results.

Concerning stability of the whole system it is desirable to have standard sample
which is analyzed frequently. It is worth mentioning that the accumulation of the ice
layer at the front detector surface, can change efficiency in the region of x-ray energies
bellow 2 keV.

Finally the numerical analysis of complex PIXE spectra with many overlapping
peaks can also introduce errors and the software used to do this must be carefully
considered. In our experience it is important that the fitting routine used by different
users should give the same results. To many parameters which can be varied in some
software packages are often disadvantage, since different users will use different
parameters.

2.3. Sample characterization

In order to obtain the best accuracy of the quantitative PIXE analysis, sample
have to be homogeneous with flat surface at the micron scale. Also if the thick target is
used, knowledge of matrix composition is needed.

Advantage of the micro-PIXE is possibility of monitoring homogeneity of all
elements in the sample by means of the x-ray intensity maps across the scanned region.
In this way homogeneity, localized contamination and surface roughness (visible only
in light element maps) can be monitored on line. In the case of broad beam PIXE this
can not be seen, but simple microscope use for a optical information can give valuable
information as well.

Matrix composition needed for thick target analysis, is most often obtained
from the simultaneous RBS analysis. Elastic cross sections for backscattering of
protons is today known with significant accuracy, and use of one of the software
packages (RUMP, GISA,...) can give suitable results for the input of PIXE
quantitative evaluation.

3. Reference materials tests of homogeneity

In order to make a consistent tests of standard reference materials, each sample
was analyzed 5 times by the proton microprobe PIXE,RBS set up in Zagreb. First
three measurements were made by 3 MeV proton microbeam scanned over the area
600 x 600 u.m2, fourth measurement had a decreased scan size to 225 x 225 u.m2 ,
while the last measurement had a smallest scan size of 75 x 75 urn2 . Each
measurement resulted in PIXE intensity maps for all elements present in the sample,
while the total PIXE spectrum was used for quantitative analysis. The following
samples were analyzed:
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1. NIST SRM 1832, Thin Glass Film on Polycarbonate (calibration and homogeneity)
2. IAEA 3 96AS, Vienna Urban Dust, course
3. IAEA 396AM, Vienna Urban Dust, 5um
4. IAEA 392A, Algae
5. CTA VTL 2, Virginia Tobacco Leaves
6. RMF II, spruce shoots

Apart from NIST 1832 which was used for calibration, all reference materials
are considered as unknown samples. Since for PIXE thick target analysis it is
important to know matrix element composition, RBS measurements were also made.
GISA program was used for the simulation of RBS spectra and their comparison with
experimental spectra. Concentrations of C, N, and O obtained in this way were the first
approximation for PIXE quantification procedure which was performed by GUPIX
software package. By iterative procedure, input matrix components (other than C, N
and O) were corrected for final analysis of all elements heavier than Na. For each
measurement, x-ray intensity maps for particular scanning region was collected
together with respective total PIXE spectrum. In the following pages, results of the
analysis are presented.

Homogeneous distribution is observed for all elements only in NIST 1832 thin
glass standard. All other SRMs pressed in pellets showed inhomogeneous distribution
for some elements. The NIST glass standard showed also the most constant results
when comparison is made between the results obtained from different scan sizes. This
is not the case only for Cu and Co, for the largest scan size.

Quite interesting result is obtained for IAEA 3 92A Algae, which was the most
homogeneous standard tested. The only inhomogeneity was observed for Mn and Fe in
just one sample (Figure 2.), which has also the highest discrepancy for these elements
compared to the rest of the results. It is quite reasonable to made assumption that this
is caused by contamination. Micro PIXE analysis can therefore be used also for tests of
possible localized contamination.

Among the two fractions of the Vienna Urban Dust IAEA 396 Standard
Reference Material, fine fraction sample shows higher degree of homogeneity. From
the x-ray intensity maps, very weak inhomogeneity is visible only for silicon. Coarse
fraction has more significant inhomogeneity, visible for Si, Al, Ca and Ti. In the
concentration data for the fine fraction sample, just one element (Cr) has results
scattered around medium value more than 10% and this is probably caused by
insufficient statistics.

The highest degree of inhomogeneity is observed for RMF II Spruce shoots
and CTA VTL 2 Virginia Tobacco Leaves SRMs. However, scattering of the results is
for the most of elements still within +- 10%, with some elements heaving results
scattered within +- 25% (Si, P, S, Zn for RMF II, Al, Si, Fe for CTA VTL 2).

It can be also noted, that deviations from average values is not the largest for
the small scan sizes as expected. We believe, that even with a small masses exposed to
the PIXE analysis all SRMs can be used if more than just one region is analyzed.
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the PIXE analysis all SRMs can be used if more than just one region is analyzed.
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4. Conclusions

From the results presented it can be seen that in the case of environmental and
biological SRMs tested here, quite satisfactory results can be obtained. In spite of the
very small masses analyzed, which are in the case of silicon, 2 u.g for the largest scan
size (600 x 600 u.m2), and just 30 ng for the smallest scan size (75 x 75 |am2), results
are for some SRMs always within +-10% (algae and Vienna urban dust fine fraction).
These quite encouraging results were obtained using the scanning proton microprobe
PIXE analysis which also showed potentiality to be used as a method for the tests of
SRMs.
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NIST SRM 1832 Thin Glass Film on Polycarbonate
scan size 600x600 p.m2
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IAEA 396AM, Vienna Urban Dust, 5 |xm
scan size 600x600 urn2
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IAEA 396AS, Vienna Urban Dust, coarse
scan size 600x600 urn2
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CTA VTL 2, Virginia Tobacco Leaves
scan size 600x600 nm2
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