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Investigation of Polymers and Plastics with EnviroESCA

This application note describes how EnviroESCA can be used to analyze the surface of polymers and bulk
insulating material. EnviroESCAs ability to perform X-Ray Photoelectron Spectroscopy (XPS) at non vacuum
conditions shows its main advantage when being applied to insulating material. Specimens that tend to
charge up under vacuum conditions and need to be extensive charge compensated with expensive low en-
ergy electron and low energy ion sources can be measured with ease and without the problem of overcom-

pensation.
Motivation

Polymers and plastics are used in many fields such as
food grade packaging and medical technology. Their
composition is especially important when the polymers
get in direct contact with food, as a packaging material
or humans, for example kids toys. Therefore it is essen-
tial to know the chemical composition at the surface of
these materials, how they react to different atmos-
pheres and chemicals in gaseous and liquid form.

Fig. 1 A plastic toy brick, an example for a bulk polymer

Method

EnviroESCA utilizes X-Ray Photoelectron Spectrosco-
py (XPS) as its main analytical technique.

Hereby an electron beam is generated inside the
X-Ray Source and focused onto an X-Ray Anode made
of Aluminum. The deceleration of the electrons on the
anode leads to the production of X-Rays. This X-Ray
beam is monochromated and focused onto the Sam-
ple.

Due to the interaction between the photons and the
atoms and molecules on the surface electrons with
specific kinetic energy are released. Thereby only elec-
trons from atoms up to a depth of approx. 10nm are
able to leave the surface. These electrons travel
through the lens system of the Electron Analyzer into
the hemisphere which acts as a spherical capacitor
forcing the electrons onto circular paths with radii
depending on their kinetic energy. The electron paths
end at an electron sensitive detector where the elec-
trons are amplified and measured as an intensity in
counts / second. Sweeping the voltage of the spherical
capacitor while measuring the number of electrons per
second on the detector results in a photoelectron spec-
trum. From these spectra the amount of atomic mate-
rial on the surface can be calculated.
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was used to introduce ambient air into the analysis

Electron Analyzer . .
region. The pressure controller was set to different
setpoints between 0.5 and 5 mbar and spectra where
recorded.

Electron Detector ————0Q Results

In the following we are presenting unmodified raw
data taken with EnviroESCA. The data was not smooth-
ened or shifted on the energy scale.

Electron Path

Focusing Mirror

1. Polytetrafluoroethylene (PTFE)

PTFE is a quasi-standard sample in benchmarking XPS
Q systems as it charges up pretty quickly in vacuum con-
VSample

ditions when it is illuminated with X-rays.

Figure 3 shows a survey scan taken with EnviroESCA

right after pump down of the SampleEnvironment to a

pressure lower than 1E-5 mbar. The survey clearly
X-Ray Source

shows peaks the Auger and the 1s and 2s core level

L*X-Rawnode Peaks of Fluor and the 1s peak of Carbon. Comparing

the position of the F 1s peak (765 eV) to the literature

value (689.67 eV [1]) leads to a charge up of the surface

in vacuum of about 75 eV after about 10 min of illumi-
nation.

X-Ray Beam

Fig. 2 XPS with EnviroESCA

Experimental Section

F1s
The three polymer samples used in this study are the

two quasi standards to characterize the ability of any
XPS system to measure useful data on polymer surfac-
es, Polytetrafluoroethylene (PTFE) and Polyethylene
terephthalate (PET). For the third sample we have cho-
sen a well known toy which can be found nearly in any
household with children, a plastic toy brick.

F KLL

The foils where cut in pieces and mounted to the sam-
ple plate with a carbon tape. The toy brick was loosely
positioned to the plate without any means of gluing. All C1ls
three samples where not shielded, coated or electrical-
ly contacted in any way.

Intensity / arb. units
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After introducing the sample plates into the SampleEn- Binding Energy / eV

vironment of EnviroESCA the automated pressure con-
trolled pumping system was started with a setpoint Fig. 3 Survey spectrum of PTFE (p<1E-5 mbar)
below 1E-5 mbar. After taking spectra at these vacuum
conditions the mass flow controlled gas inlet system
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Continuously measuring of the F 1s region leads to the

spectra shown in figure 4. The Fluor peak continuously <1E-5mbar
shifts to higher binding energies the longer the surface —0.1mbar
is illuminated with X-rays. The samples surfaces gets —1.0mbar
positively charged with every escaping electron. —2.0mbar
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Fig. 5 Position and shape dependence of the F 1s peak on the sur-
rounding pressure
S pipert e o A ot —
800 780 760 740 720 700 680 The decrease of the signal intensity at pressures higher
Binding Energy / eV than 1 mbar is due to the absorption of the photoelec-

trons in the gas atmosphere between the sample sur-
face and the analyzer entrance nozzle.

Fig. 4 Detail spectra of the F 1s region

As EnviroESCA is capable of performing XPS measure-
ments in near ambient pressure conditions ambient air 5,7
was dosed into the system until different pressures
where stabilized around the sample.

o
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Figure 5 shows the influence of the gas pressure onto 4,7 @

the position and the shape of the F 1s peak. 5
T 4,2 -reu

The first thing that catches the eye is that the peak E =

shifts significantly to lower binding energies with high- § 37 E

er pressure. Also the peak shape changes dramatically - ag

as the pressure increases. 3.2 o

Figure 6 displays the pressure dependence of the in- 2,7

tensity and the full width at half maximum (FWHM) of

the F 1s peak. 2,2

Pressure / mbar

Fig. 6 Pressure dependence of the FWHM (blue line) and the inten-
sity (red line) of the F 1s peak
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2. Polyethylene terephthalate (PET)

The second sample under investigation is a piece of a
PET foil. Another quasi-standard sample for XPS sys-
tems. The survey spectrum taken at a base pressure
lower than 5E-5 mbar of this sample is shown in fig-
ure7.

01s

O Kvv
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Fig. 7 Survey spectrum of PET (p<5E-5 mbar)

The three most prominent features are the Oxygen KVV
Auger, the Oxygen 1s core level and the Carbon 1s core
level peaks. Like for the PTFE the shift of the whole
spectrum to higher binding energies is evident when
comparing the peak position of the C 1s (336 eV) to the
literature value (284.70 eV [1]). The surface of the spec-
imen gets positively charged by the escaping electrons.

When a gas atmosphere is surrounding the sample the
peak position shifts to lower binding energies depend-
ent on the pressure at the analysis region (See fig. 8 for
details). A pressure of 1 mbar ambient air is enough to
shift the C 1s by about 35 eV and reveals the different
components corresponding to different bound Carbon
atoms inside the molecule.

When having a closer look onto the C 1s a scan with
higher resolution clearly reveals three different com-
ponents in the C 1s as can be seen in the spectrum

displayed in figure 9. The spectrum of figure 9 was
measured with a step width of 0.1eV in 4 minutes and
45 seconds.
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Fig. 8 Detail spectra of the C1s region

Intensity / arb. units
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Fig. 9 Detail of the Cls region in higher resolution
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3. Plastic toy brick

The plastic toy brick used in this analysis is an example
for a real world polymer sample. With a dimension of
about 16x24x11mm this specimens fits easily on the
EnviroESCA sample plate which can accept samples up
to 120mm diameter (60mm diameter addressable).

Figure 10 shows the XPS survey spectrum of this spec-
imen. The spectrum has no clear structure and no
peaks are visible.

Intensity / arb. units
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Fig. 10 Survey XPS spectrum recorded at p<1E-5 mbar

When applying ambient air to the sample and measur-
ing the Carbon 1s and Oxygen 1s region peaks become
clearly visible. Figure 10 presents a rough scan over the
O 1s region of the spectrum whereas figure 11 shows
the more intense C 1s peak (measured with a step
width of 0.1 eV in 4 minutes and 21 seconds.
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Fig. 11 Detail spectrum of the O 1s region (p=1 mbar)

C1ls
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Fig. 12 Detail spectrum of the C 1s region (p=1 mbar)
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Discussion

All three polymer samples show the well-known charge
up effects when measured in low vacuum conditions.
The complete spectrum gets shifted to higher binding
energies. The peaks get broad and loose intensity (PTFE
and PET) or vanish completely (toy brick).

When a sample atmosphere is applied, ambient air in
this study, but also other gases like Nitrogen and Argon
have the similar effect, the spectrum shifts towards
lower binding energies and the peaks get narrower.
This is due to a charge compensation effect that is
related to the surrounding atmosphere of the speci-
mens.

To use a soft or even hard X-ray radiation to reduce the
surface charging or static of semi-finished parts is a
new but rather common idea in manufacturing. Several
manufacturers offer soft and hard X-ray sources to be
used at production lines.

These static removers are based on the same working
principle as the charge compensation in EnviroESCA,
photoionization. The impinging X-rays pass a gas at-
mosphere on their way to the sample surface. The
photons interact with the molecules of the gas atmos-
phere and ionize many of them generating free charg-
es, like a cloud, around the sample, consisting of elec-
trons and ions. If now an electron is escaping the
specimens surface and being analyzed by EnviroESCA
the hole can be filled by one of the electrons from the
gas phase, thereby discharging the samples surface. An
effect that could be named Environmental Charge
Compensation in Near-Ambient Pressure XPS. Figure
13 shows an illustration of the effect.

A big advantage of this type of compensation is that it
cannot overcompensate the sample as it could easily
occur with classical compensation methods like low
energy electron or low energy ion sources.
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Fig. 13 Environmental Charge Compensation

The number of free charges depend on different pa-
rameters so an experimenter is able to tune and opti-
mize the compensation effect. These parameters in-
clude the number of photons (the X-ray power), the
density of the gas around the sample (gas pressure)
and also the type of gas around the sample (Argon or
Nitrogen could be added for that purpose).

Conclusion

EnviroESCAs ability to work in pressures much higher
than ultra-high vacuum offers new possibilities to solve
well known experimental challenges. Surface charging
of specimens is a problem in all XPS systems but with
EnviroESCA a new and much easier to use method of
charge compensation is available for the user.

This, for UHV scientist, new approach but for the indus-
trial users pretty common technique to handle static
can now be applied to all XPS systems which are able
to handle Near-Ambient Pressure sample environ-
ments.

[11 G. Beamson and D. Briggs, High resolution XPS of organic
polymers, John Wiley & Sons Ltd, West Sussex, England, 1992,
ISBN 0471935921
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