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Pioloform®, an often used support film for ion microprobe research is a terpolymer of polyvinyl butyral (PVB)
and < 18 mass % polyvinyl alcohol (PVA). Simultaneous off-axis Scanning Transmission Ion Microscopy (OA-
STIM) and Elastic Backscattering Spectrometry (EBS) measurements have been used to measure the evolution
of the C, H and O contents for an increasing proton fluence. The results showed that the composition at
zero proton-fluence was in close agreement with the theoretical atomic composition. This strongly suggests
OA-STIM measurements. With increasing proton fluences preferential loss of H and O was observed from the

1. Introduction

Pioloform® is a commercial polymer that has been widely used as
a support film in the analysis of tissue sections in MeV ion micro-
probes [1-6]. It can be formed as self-supporting thin film (0.3-2 pm)
by coating on a flat substrate and transferred to a support by floating
on deionised water. Pioloform is a random terpolymer that is largely
comprised of polyvinyl butyral (PVB) units with 14-18 wt.% polyvinyl
alcohol (PVA) and a lesser amount of polyvinyl acetate (PVa) units [7].
The structural formula presented in Fig. 1 shows that Pioloform only
contains C, H and O giving it the advantage over e.g. Si;N, mem-
branes [8,9] that it does not contribute any heavy element signals to
Particle Induced X-ray Emission (PIXE) spectra that could confound the
analysis. Pioloform has a composition of 31.52 at.% C, 57.88 at.% H,
10.60 at.% O [7]. Furthermore, the H content only increases by 4.7
at.%, respectively when the content of PVA increases from 0 to 16
mass% [7]. This makes Pioloform support films interesting to use as
an internal standard for determining the major element (H, C, N and
O) contents when analysing biological tissue sections.

Previously, on- and off-axis Scanning Transmission Ion Microscopy
(OA-STIM) has been employed to measure the thickness of biological
samples [10-15]. This is unsatisfactory because the relative contents
of the major elements C, H, N and O affect the mass density and more
significantly the electron density. The latter governs the stopping force
(-dE/dx) and the X-ray absorption coefficients which are important
factors for quantitative analysis of PIXE data from lesser- and trace life-
elements. Off-axis Scanning Transmission Ion Microscopy (OA-STIM) is

conceptually similar to proton elastic scattering analysis (PESA) which
has been used to determine the H-content of aerosol particles on a
H-free support films [16-18].

The goal of the present study was to determine using simultaneous
OA-STIM and Elastic Backscattering Spectrometry (EBS) the composi-
tional changes in Pioloform films subject to realistic proton fluences
used for trace element imaging by PIXE.

2. Experimental

Self-supporting Pioloform films with >97% purity were deposited
according to Ren’s protocol [19] in the My-fab cleanroom facility in
Uppsala. The films were floated on the surface of Super-Q® water onto
stainless steel M8 washers that supported the thin films.

Measurements were carried out using the MeV ion microprobe at the
5 MV Pelletron tandem accelerator in Uppsala [20]. The experimental
configuration used for the measurements is shown in Fig. 2. The OA-
STIM detector at 45° to the beam direction was a Hamamatsu $1223-01
Si pin diode with the cap removed and a 2.5 mm dia. collimator. The
EBS detector was an annular Si surface barrier detector that detected
ions at 168°. The charge collected in the Faraday cup was digitised
with an Ortec 439 digitiser. Event-mode data collection was used with
a FAST ComTec MPA-3 data collection system with 7072T ADCs. 120-
mesh Ni and 1000-mesh Cu electron microscope grids were used to
calibrate the scan sizes. The energy spectra were calibrated from edges
for scattering from H, C, Al and Au reference samples.
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Fig. 2. Experimental measurement configuration in the target chamber.

Data was collected for 2 MeV protons focused to a ~3 pm beam spot
that was rastered over a 100 pm x 100 pm area. The irradiations were
performed step-wise for 100, 300, ..., 10* s on the same area.

The GeoPIXE code was used to process the list-mode data file to ex-
tract the OA-STIM and EBS spectra for each fluence. In the EBS spectra
a slowly varying background that was attributed to ions backscattered
from the Faraday cup, was observed (Fig. 3(b)). The peak areas were
determined after background subtraction.

3. Results and discussion

Fig. 3(a) and (b) presents the OA-STIM and EBS spectra from
Pioloform film. The peaks in Fig. 3(a) correspond to recoiled C and
O, a broad central peak from scattered and recoiled protons from p-p
collisions and at high energy, peaks from protons forward-scattered at
45° from C and O.

Comparison of Fig. 3(a) and (b) showed that the peaks attributed to
protons scattered from C and O in the EBS spectrum had a better energy
separation than in the OA-STIM case. Moreover, the peak associated
with scattered and recoiling protons from H was also well-isolated. A
sensitivity factor # that relates the C peak yield Y in the EBS spectra
to the proton yield Yy in the OA-STIM spectra was defined.
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In Egs. (1) and (2) the differential scattering cross sections (do/d£2)
are taken at 168° for C and 45° for H. It is well known that for
light elements the differential cross-sections for elastic backscattering
from light elements are non-Rutherford [21-24]. SigmaCalc [25,26]
was used to calculate the differential cross-sections for backscattering
from C and O. For the p—C and p—-O OA-STIM signals, Elastic differ-
ential cross-sections were used since the energy available for barrier
penetration is considerably smaller for forward scattering [27]. (The
SigmaCalc [25,26] values differed by a few % and rather constant
with energy around 2 MeV.) For p-p scattering in the OA-STIM spectra
the do,_,/dQ cross sections were determined based on an empirical
fit to the nuclear phase-shift that gave an excellent agreement with
high-precision experimental do,_,/d<2 data [27].

Fig. 4 shows the evolution of the composition of the Pioloform
with proton fluence based on Egs. (1) and (2). Considering first the
low-fluence region (<10'> 2 MeV protons cm~2) it was seen that the
unirradiated (zero fluence) composition is in good agreement with the
theoretical expectation for Pioloform (16 mass% PVA in PVB) [7]. It
should be noted that since the yields were taken to be the area under
the peaks associated with H (OA-STIM) as well as C and O (EBS),
that the uncertainties were associated with counting statistics and
not stopping cross-sections. Electronic screening effects were estimated
based on Ref. [28] and found to be negligible. The C and O error bars
were smaller than the data points in this figure. The O/C ratio is a
very sensitive measurement of absorbed water due to e.g. hydrogen
bonding. Based on its molecular structure (Fig. 1) PVB contains two
singly bonded O atoms and could be expected to bond up to four H,O
molecules per PVB unit. Hydrogen bonding of one water molecule per
PVB molecule would change the O/C ratio from 0.250 to 0.375. No
significant increase of the zero-fluence O/C ratio was observed as can
be deduced from the data of Fig. 4. Hence, no significant amount of
water was contained in the polymer. It follows that Pioloform films
can be used as an internal standard for H in simultaneous OA-STIM/EBS
measurements with 1%-2% accuracy. This is provided that composition
is extrapolated back to zero-fluence.

In Fig. 4 the normalised elemental contents are plotted. The increase
in the normalised C content that was observed could be attributed
to the greater net loss of H and O with increasing fluence. This was
echoed in Fig. 5 where the retention of C, H and O is presented. An
elemental retention of 100% corresponded to the composition in Fig. 4
extrapolated to zero fluence using a straight line fit to the two lowest
fluence data points. It was found the elemental retention vs. fluence
could not be fitted well by a function of the form C = A + Bexp (—10)
(Fig. 5). Such a function corresponds to a single loss process with a
constant retained value. Generally, irradiated polymers tend to release
small molecules [29] such as H,, CH,, CO, CO, and H,O etc. as well as
larger fragments such as pendant side-chains. Fig. 1 showed that there
are multiple sites where irradiation induced bond breaking could lead
to release of small molecular fragments through bond scission as well
as abstraction reactions.

4. Conclusions

Off-axis Scanning Transmission Ion Microscopy (STIM) and Elastic
backscattering spectrometry (EBS) have been successfully employed
to characterise the content of C, H and O in Pioloform films. The
zero-fluence composition corresponded very closely to the theoretical
expectation with no evidence of significant water incorporation associ-
ated with hydrogen bonding. This facilitates use as an internal standard
provided the composition is extrapolated back to zero-fluence. A proton
fluence dependent composition change was observed. With increasing
proton fluence H and O was preferentially lost compared to C, at rates
consistent with multiple loss mechanisms.
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Fig. 4. Fluence dependence of the normalised atomic composition of Pioloform for a 2 MeV proton irradiation. The dashed lines denote the theoretical composition of PVB with
16 mass % PVA [7].
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Fig. 5. Fluence dependence of the retained content of C, H and O at a proton energy of 2 MeV. The dashed blue line shows the best fit to a single exponential loss. (See text.).
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