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The surfaces of high-density polyethylene (HDPE), poly(methylmethacrylate) (PMMA), and polyethersulfone (PES)
were treated with a low-temperature, atmospheric pressure oxygen and helium plasma. The polymers were exposed to
the downstream afterglow of the plasma, which contained primarily oxygen atoms and metastable oxygen molecules
(1Δg O2), and no ions or electrons. X-ray photoelectron spectroscopy (XPS) of HDPE revealed that 20% of the carbon
atoms were converted into oxidized functional groups, with about half of these being carboxylic acids. Attenuated total
reflection infrared spectroscopy of all three polymers was obtained in order to determine the types of functional groups
formed by atmospheric plasma exposure. It was found that the polymers were rapidly oxidizedwith addition of alcohols,
ketones, and carboxylic acids to the carbon backbone. Chain scission occurred onHDPE and PMMA,while on PES the
aromatic groups underwent ring-opening and insertion of carboxylic acid.

Introduction

Plastics are widely used in industry because of their desirable
properties.1-10 Despite having several advantages, one major
problem with polymers is their low surface energy.1,2,5,11-14 This
problem can be remedied by exposing the surfaces of the polymers
to either vacuum or atmospheric pressure plasmas. Plasma
treatment of polymers quickly increases their surface energy to
>70 dyn/cm.3,11-13,15 During this process, the polymer may be
placed downstream of the discharge and exposed mainly to
neutral reactive species.3,11-13,15

Previous work in our group has focused on analysis of polymer
surfaces when exposed to remote atmospheric pressure helium
and oxygen plasmas.11-13 It was found that, by exposing poly-
(methyl methacrylate) to the afterglow for times between 1 and
30 s, a 10-fold increase in adhesive bond strength could be
achieved.13 X-ray photoelectron spectroscopy (XPS) of plasma-
treated poly(methyl methacrylate) showed that the O atoms

produced by the discharge attacked the methyl and methylene
groups in the polymer, resulting in chain scission.13 Furthermore,
the C 1s peak located at 289.0 eV increased by about 8%. This
peak was attributed to carboxylic acid groups, but a definitive
assignment could not be made.

The surfaces of aromatic polymers, such as poly(ethylene
terephthalate), polyetheretherketone, and polyethersulfone, have
been treated with atmospheric pressure helium and oxygen
plasma.11,12 The bond strength to several adhesives was enhanced
by up to 7-fold for some of the polymers.11 Surface analysis by
XPS showed that the reactive species in the afterglow of the
plasmaoxidized and openedup the aromatic rings on the polymer
chains.11,12 Additionally, the emergence of a peak at 289.5 eV,
corresponding to (CdO)-O groups, was observed after treat-
ment. Based on the XPS analysis alone, it was not possible to
identify the specific types or distribution of functional groups on
the oxidized polymer surfaces.

In this Article, we report on the surface modification of high-
density polyethylene (HDPE), poly(methyl methacrylate)
(PMMA), and polyethersulfone (PES) by remote treatment with
oxygen and helium plasma in open air. The dynamic change in
surface composition of these polymers with plasma exposure has
been analyzed for the first time using attenuated total reflection
infrared spectroscopy. Analysis of the infrared spectra has
allowed us to determine the functional groups that are created
on the surface of polymers when exposed to the atmospheric
pressure plasma.

Experimental Methods

The polymer samples were treated with a Surfx Atomflo
plasma system equipped with a 200 wide linear beam source, as
described previously.11-13 The plasma was operated at 200 W of
RF power, 30.0 L/min of industrial grade helium, and 0.9 L/min
of ultrahigh purity oxygen, with a 5 mm source-to-substrate
distance and a 10 mm/s scan speed. The gas flow rates are given
at a nominal temperature and pressure of 25 �C and 1 atm. The
relative humidity in the environment was approximately 65%.
The 20 0 plasma beam was repeatedly translated over the polymer
samples using a robot. During this process, the substrates were
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