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ABSTRACT: The interfacial conformational behaviors or structure of liquid poly(ethylene glycol)s (PEGs) with
different end groups in contact with solid polymers of different hydrophobicities were investigated by sum frequency
generation (SFG) vibrational spectroscopy. The solids at the interface included deuterated poly(methyl methacrylate)
(d-PMMA), deuterated polystyrene (d-PS), deuterated polyethylene (d-PE), and a fluorinated polymer AF-2400;
the liquids were poly(ethylene glycol) diol (PEGD), poly(ethylene glycol) methyl ether (PEGME), and poly-
(ethylene glycol) dimethyl ether (PEGDME). For comparison purposes, SFG has also been used to study PEG
surfaces in air and in contact with fused silica. Depending on the hydrophobicity of the solid polymer, the hydroxyl
O-H and methoxy OCH3 end groups and ethoxy OCH2 backbone groups of the liquid PEGs exhibited different
interfacial behavior, which can be correlated to molecular interactions at these interfaces. The favorable interaction
between the hydrophobic solids and the hydrophobic functional groups of the liquid PEGs causes the OCH3 end
groups, and to some extent the OCH2 groups of the backbone, to become strongly ordered at the solid polymer/
liquid polymer interface. We have shown that the end groups of the liquid PEGs, although comprising a small
proportion of the total molecule, actually can dominate the interfacial behavior of the liquid polymer.

Introduction

Because of the widening role of polymers in various
applications in chemistry, materials science, medical science,
and engineering, the demand for effective methods to elucidate
interfacial behavior of solid and liquid polymers can only be
expected to increase. Liquid polymers are important for many
applications including cleaning, wetting, lubrication, separations,
and emulsification. Many physical and chemical properties
relevant to these applications depend on the surface or interfacial
properties of the liquid polymers.1-3 It is therefore important
to distinguish between the surface or interfacial properties of
the liquid polymer from the properties of the bulk. Effective
methods must be developed to elucidate the surface/interface
structures and properties that govern their behavior. In recent
years, extensive research has been devoted to develop powerful
analytical techniques to elucidate molecular surface/interface
structures, but many of these techniques still have some
limitations. For example, some particle scattering techniques
may be surface-sensitive and can provide important structural
information on surfaces in a vacuum but, because they require
high vacuum, they cannot be applied to studies of interfaces
involving liquids. Various optical spectroscopic characterization
techniques, such as Raman spectroscopy, infrared, and attenu-
ated total reflection infrared spectroscopy, have been applied
to polymer surface studies, and excellent results have been
obtained,4-6 but they lack sufficient surface specificity to discern
surface structure from bulk structure at the submonolayer level.

Polyethers such as variants of poly(ethylene glycol) (PEG)
are an example of a class of materials with important interfacial
properties.7-13 To achieve in-depth understanding of such
interfacial properties, it is necessary to examine the interfacial
structures in detail because interfacial properties are mediated

by interfacial structures. Here, we will apply a nonlinear optical
vibrational spectroscopy, sum frequency generation (SFG)
vibrational spectroscopy, to study interfacial structures of PEGs
with various end groups while they contact a variety of solid
polymer materials.

Recently, SFG has been developed into a powerful surface
and interface characterization technique that can provide in-
situ information about surface and interfacial functional group
coverage and orientation at various interfaces.14-23 It can be
used to examine molecular structures of buried interfaces such
as solid/liquid interfaces in situ. More details regarding this
technique will be shown below. In this study, we will study
three liquid PEG polymers including poly(ethylene glycol) diol
(PEGD), poly(ethylene glycol) methyl ether (PEGME), and
poly(ethylene glycol) dimethyl ether (PEGDME) in contact with
several solid polymers, including poly(methyl methacrylate)
(PMMA), polystyrene (PS), polyethylene (PE), and a fluorinated
polymer (AF-2400). Molecular formulas for PEGD, PEGME,
and PEGDME are shown in Table 1. To avoid spectral
confusion, deuterated PMMA (d-PMMA), deuterated PS (d-
PS), and deuterated PE (d-PE) are used. Previously, SFG has
been applied to study surface structures of PEG with different
end groups in air,24 interactions of oligo(ethylene glycol)
terminated self-assembled monolayers with different chemical
environments,25,26PEG/water interfaces,27 polymers with PEG
as side chains,28 and adsorption behavior of a compound in the
presence of PEG.29 We have also studied interfacial structures
of PEG and poly(propylene glycol) (PPG) at various buried
interfaces30 as well as interfacial structures of PEG-PPG
copolymers.31 Here we demonstrate that SFG can provide
molecular level information about interactions between the liquid
PEG backbone or end groups and various solid polymers at
buried solid/liquid interfaces in situ.

Experimental Section

Sample Preparation.PEGD (MW 250), PEGME (MW 350),
PEGDME (MW 200), d-PE, toluene (99.8% pure, HPLC grade),
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and decalin (98% pure) were purchased from Aldrich; d-PS (MW
207 500) and d-PMMA (MW 219 000) were purchased from
Polymer Source, Inc.; AF-2400 (1% solution) and FC-75 (a
fluorinated solvent) were ordered from DuPont and 3M, respec-
tively. Fused silica windows (1 in. diameter,1/8 in. thick) were
purchased from ESCO Products, Inc. for use as IR-transparent
substrates for the solid polymer films.

Thin films of d-PS and d-PMMA were prepared by spin-casting
the respective 2 wt% solutions (in toluene) at 3000 rpm for 30 s
onto fused silica substrates which were subsequently oven-dried at
80 °C for 12 h. Thin films of d-PE were spin-cast from a 1 wt%
solution in decalin at 2000 rpm and oven-dried at 30°C for 12 h.
Thin AF-2400 films were prepared by spin-casting the AF-2400
solution (diluted to 0.5% by FC-75) at 2500 rpm for 30 s onto
fused silica substrates, which were then heated to 350°C for 30
min. For each run, several drops of the polymer solutions were
used in the spin-coating process.

SFG.SFG is a process in which two input beams at frequencies
ω1 andω2 mix in a medium and generate an output beam at the
sum frequencyω ) ω1 + ω2.14-31 As a second-order nonlinear
optical process, it is only allowed, under the electric-dipole
approximation, in media without inversion symmetry. At surfaces
or interfaces where the inversion symmetry of the bulk is broken
an SFG signal is generated. Both experimental evidence and
calculations show that SFG is submonolayer surface sensitive. For
IR-visible SFG, the IR input beam,ω1, is tunable and thus can
produce the vibrational spectra of the surface species. It has been
demonstrated that SFG can elucidate molecular structural informa-
tion on surfaces and interfaces. For example, the development of
hydrogen bonds can be detected by peak shifts of certain functional
groups,32,33while the formation of chemical bonds can be deduced
from the appearance of new vibrational modes and disappearance
of existing modes in the SFG spectra. The alignment, orientation,
orientation distribution, and ordering of surface functional groups
can be deduced by examining SFG spectra collected using different
polarization combinations of input and output beams and the
absolute peak intensities. The interdiffusion of functional groups
at the interface can be monitored by the gradual disappearance of
the entire SFG spectra, and the kinetics of diffusion can then be
measured by following the time-dependent SFG spectral intensity
changes of samples of different thickness.34

Two SFG systems are available in our lab. Each setup is
comprised of four components: a picosecond Nd:YAG laser, a
harmonics unit with two KD*P crystals, an optical parametric
generation (OPG)/optical parametric amplification (OPA) and
difference frequency generation (DFG) system, and a detection
system. The visible beam is generated by frequency-doubling the
fundamental output pulses, of 20 ps pulse width, from the laser.
The IR beam can be tuned from 650 to 4300 cm-1 (15.4 to 2.3
µm). The incident angles of the visible and the IR input beams are
60° and 54° vs the surface normal, respectively, and the diameters

of both beams at the surface are about 500µm. In this paper SFG
spectra with ssp (s-polarized SFG output, s-polarized visible input,
and p-polarized IR input) polarization combination will be collected
from the buried solid contacting media/PEG liquid interfaces. SFG
spectra will also be collected from the PEG liquid surface in air. A
schematic of the sample geometry is shown in Scheme 1. Since
the polymers are deuterated or fluorinated, they do not absorb IR
in the C-H/O-H stretching frequency range.

Contact Angle Measurement. Water contact angles of the
polymer films were measured by a contact angle goniometer from
KSV.

Results and Discussion

Previous SFG studies on surface structures of PEGD,
PEGME, and PEGDME in air indicate that hydrophobic groups
prefer to segregate to the surface because air is a hydrophobic
medium.24 Hydrophobic groups on the surface have favorable
interactions with air. Therefore, for the PEGD surface in air,
the OCH2 backbone groups were detected because they are more
hydrophobic than the end O-H groups. For the PEGDME
surface in air, the end OCH3 groups dominate because they are
more hydrophobic than the OCH2 backbone groups. The surface
structure of PEGME is intermediate to PEGD and PEGDME.
In this research we would like to study buried interfaces of these
three PEG materials when they are in contact with solid
polymers with different hydrophobicities.

As mentioned, d-PMMA, d-PS, d-PE, and AF-2400 are used
as solid polymer contacting materials in this research. Contact
angle measurements were performed, and the water contact
angles of d-PMMA, d-PS, d-PE, and AF2400 were measured
to be 71°, 91°, 110°, and 122°, respectively. The hydrophobicity
varies for these four polymers, increasing from d-PMMA to
d-PS to d-PE and to AF-2400. That is to say, the d-PMMA
surface is the least hydrophobic, and AF-2400 is the most
hydrophobic.

The three liquid polymers (PEGD, PEGME, PEGDME) were
brought into contact with the four different solid polymers. SFG
spectra were collected from the buried PEG (liquid)/solid
polymer interfaces in situ. As mentioned, all SFG spectra in
this experiment were collected by the ssp polarization combina-
tion of input and output laser beams. The peak assignments have
been discussed in detail in previously published results.24-31 In
this research, we will focus on the symmetric stretch of the
OCH2 backbone groups and the symmetric stretch of the end
OCH3 groups. As mentioned, the solid contacting polymers were
either deuterated or fluorinated materials; therefore, they have
no SFG-active modes that would cause spectral confusion with
the PEG liquids in the C-H or O-H stretching regions. For
comparison purposes, we also collected SFG spectra from the
surfaces of the three PEG materials in air. In addition, we studied
their interfacial structures while in contact with bare fused silica
substrates. A clean fused silica surface is very hydrophilic (much
more hydrophilic than PMMA), and water can easily spread
over the surface. As expected, in our experiments, no SFG
signals in the C-H stretching region were detected on the
d-PMMA, d-PS, d-PE, AF-2400, or fused silica surfaces,
showing that there was no C-H contamination on these
contacting media.

Scheme 1. Schematic of the Experimental Geometrya

a Left: SFG spectra can be collected from the PEG surfaces in air;
right: SFG spectra can be collected from the solid contacting media/
PEG interfaces. For the fused silica/PEG interfaces, there are no polymer
films between the fused silica and PEG.

Table 1. Molecular Structure of PEGD, PEGME, and PEGDME

molar ratio

end formula name MW (O)CH3/(O)CH2 (O)H/(O)CH2

OH H(OCH2CH2)nOH PEGD 250 0 0.19
OH, OCH3 CH3(OCH2CH2)nOH PEGME 350 0.07 0.07
OCH3 CH3(OCH2CH2)nOCH3 PEGDME 200 0.29 0
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Results of PEGD.SFG spectra collected from various solid
polymer/PEGD interfaces and the PEGD surface in air are
shown in Figure 1. The SFG spectrum we collected from the
PEGD/air interface is very similar to the published result (Figure
1e).24 The dominant peak of this spectrum at 2860 cm-1 is
caused by the OCH2 symmetric stretch of the backbone.24 No
signal is seen for the hydroxyl end groups. (The O-H stretching
region is not shown in the spectrum, but there was no detectable
SFG signal.) Compared to other polymers with known orienta-
tion and signal intensity (e.g., poly(n-butyl methacrylate)22), the
strong SFG symmetric signals show that the PEGD OCH2

groups are quite ordered on the surface, and they more or less
orient toward the surface normal. We have shown previously
that the CH2 groups in the backbone of a silane molecule can
also dominate the PS/silane interface.35

When in contact with the solid polymers (Figure 1a-d), the
PEGD backbone peaks remain visible, but they change in
relative intensity depending on the interfacial interactions
between the respective materials. The spectrum of the PEGD/
AF-2400 interface (Figure 1d) is dominated by the OCH2

symmetric stretching peak, strongly resembling the spectrum
of the PEGD/air interface (Figure 1e). As mentioned, air is a
very hydrophobic environment, and AF-2400 is also very
hydrophobic, in fact, the most hydrophobic material among the
four solid polymers investigated here. Therefore, as with air,
the OCH2 groups at the PEGD/AF-2400 interface also orient
toward the surface normal.

The SFG spectra collected from the PEGD/d-PE and PEGD/
d-PS interfaces are similar to each other (Figure 1b,c), but are
somewhat different from those collected from PEGD in air and
the PEGD/AF-2400 interface. The OCH2 symmetric signals at
2860 cm-1 can still be detected, but the OCH2 Fermi resonance
peaks also exhibit very strong intensities, showing that PEG
may adopt a different conformation even though the OCH2

groups are still dominate the surface.36 Strong SFG signals show
that at these two interfaces PEGD molecules are still very
ordered.

The SFG spectrum collected from the PEGD/d-PMMA
interface is much weaker (Figure 1a). We believe that this is

due to the fact that the PEGD molecules are more disordered
when they are in contact with a less hydrophobic surface. No
O-H stretching signals have been detected from the PEGD/
PMMA interface because either O-H groups do not segregate
to the interface or they are disordered or more or less lie down
at the interface.

As we mentioned above, fused silica is more hydrophilic than
d-PMMA. We were unable to detect SFG signals from any PEG
materials while in contact with fused silica; therefore, SFG
spectra collected from all the PEG/fused silica interfaces are
not shown in this paper. For the PEGD case, we believe that
either the OCH2 functional groups do not segregate to the
interface or they must be quite disordered at the interface. No
SFG O-H stretching signals were detected because either they
are disordered at the interface or they lie down on the surface.

The different SFG spectra of PEGD in contact with different
chemical environments indicate that different interfacial struc-
tures of PEGD are adopted at various buried interfaces.
Generally speaking, on hydrophobic surfaces PEGD is more
ordered, and on surfaces with different hydrophobicities, OCH2

orientations can be altered. The different structures of PEGD
at various interfaces are due to their different molecular
interactions with the different surfaces.

Results of PEGME.SFG spectra collected from various solid
polymer/PEGME interfaces and the PEGME surface in air are
shown in Figure 2. The SFG spectrum we collected from the
PEGME/air interface is also very similar to the previously
published result (Figure 2e).24 The spectrum shows a strong peak
at 2815 cm-1 corresponding to the symmetric OCH3 stretch of
the single methoxy end group of the molecule. As with the
PEGD, the same peaks for the Fermi resonance and the OCH2

symmetric stretching peak can still be found, especially the 2860
cm-1 OCH2 symmetric stretching peak. Since in PEGME the
OCH3 end groups are far less abundant than the OCH2 backbone
groups (Table 1), we believe that the OCH3 end groups tend to
segregate to the surface more. They must be quite ordered
because they generate strong SFG signals; likewise, OCH2

groups are also quite ordered on the PEGME surface in air.

Figure 1. From bottom to top in order of increasing polymer
hydrophobicity: SFG spectra of PEGD in contact with (a) d-PMMA,
(b) d-PS, (c) d-PE, (d) AF-2400, and (e) air.

Figure 2. From bottom to top in order of increasing polymer
hydrophobicity: SFG spectra of PEGME in contact with (a) d-PMMA,
(b) d-PS, (c) d-PE, (d) AF2400, and (e) air.
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The SFG spectrum collected from the PEGME/AF-2400
interface is not very different from that collected in air (Figure
2d). The relative intensity of the symmetric stretching for OCH3

end group vs the OCH2 groups is a little stronger than that of
the PEGME/air interface. Perhaps this is due to the fact that
more OCH3 segregates to the PEGME/AF-2400 interface. The
AF-2400 surface is more hydrophobic than typical air; thus,
the favorable interaction between a more hydrophobic surface
and the more hydrophobic OCH3 end groups is more dominant.

Again, SFG spectra collected from the PEGME/d-PE and
PEGME/d-PS interfaces are quite similar to each other but are
very different from the PEGME/air and PEGME/AF-2400
interfaces. The d-PE and d-PS surfaces are less hydrophobic
than the AF-2400 surface; therefore, they must interact more
favorably with the less hydrophobic OCH2 groups in PEGME.
Their SFG spectra have much stronger signals from OCH2

symmetric stretching (2860 cm-1) than OCH3 symmetric
stretching (2815 cm-1), indicating that OCH2 is relatively more
predominant at the interface. Weaker SFG signals of OCH3 can
be detected, showing that they are still present at the interface.

The SFG spectrum of PEGME/d-PMMA interface shows that
only very weak OCH2 signals can be detected, and signals from
OCH3 end groups are negligible. We believe that this interface
is very disordered due to the d-PMMA hydrophilic surface. As
mentioned, no SFG signal can be detected from the PEGME/
fused silica interface. This is also due to the fact that the fused
silica surface is hydrophilic. Very possibly OCH2 and OCH3

groups do not segregate to the hydrophilic surfaces. Even if
they are present on such surfaces, the unfavorable interactions
would induce their disordered orientations. SFG O-H stretching
signals were not detected from these two interfaces.

Similar to PEGD, different SFG spectra of PEGME in contact
with different chemical environments indicate different inter-
facial structures of PEGME at various buried interfaces. Because
of the favorable molecular interactions, on the very hydrophobic
surfaces such as in air or in contact with AF-2400, more
hydrophobic OCH3 end groups are present, resulting in strong
OCH3 signals. The relatively less hydrophobic OCH2 groups
tend to segregate to the surfaces of lower hydrophobicity, such
as d-PE or d-PS surfaces. When the surface hydrophobicity is
too low, such as with d-PMMA or fused silica, only very weak
or even no SFG signals of OCH2 and OCH3 can be detected.

Results of PEGDME. SFG spectra collected from various
solid polymer/PEGDME interfaces and the PEGDME surface
in air are shown in Figure 3. The SFG spectrum we collected
from the PEGDME/air interface is again very similar to the
previously published result (Figure 3e).24 This spectrum is
dominated by the OCH3 end-group symmetric stretching peak
at 2815 cm-1, with a weak peak for OCH2 symmetric stretching
at 2860 cm-1. This shows that the PEGDME surface is
dominated by the methoxy OCH3 end groups. Compared to
PEGME, PEGDME has more OCH3 end groups, and they can
segregate more to the surface in air.

The SFG spectrum of the PEGDME/AF-2400 interface is
similar to that of PEGDME in air, with a dominating OCH3

symmetric stretching peak at 2815 cm-1, showing that the
methoxy end groups dominate the interface. As mentioned, AF-
2400 is very hydrophobic and should favorably interact with
more hydrophobic methoxy OCH3 groups.

The SFG spectrum of PEGDME at the liquid/d-PE interface
is shown in Figure 3c. This spectrum is different from the two
SFG spectra collected from the PEGDME/air and PEGDME/
AF-2400 interfaces. Both OCH3 and OCH2 symmetric stretching
peaks can be observed with similar intensity. We believe that

both the OCH3 end groups and the OCH2 backbone groups of
PEGDME can segregate to the d-PE surface with some
orientational ordering. As mentioned, air and AF-2400 are very
hydrophobic; therefore, they more favorably interact with the
more hydrophobic OCH3 groups, and OCH3 signals dominate
the SFG spectra. The d-PE surface is less hydrophobic, and it
can favorably interact with both OCH3 and OCH2 groups; thus,
SFG signals from both groups can be observed at the interface.
Compared to the SFG spectrum collected from the PEGME/d-
PE interface (Figure 2c), here the OCH3 intensity is stronger
because more OCH3 groups are available in PEGDME than
PEGME to segregate to the interface.

For the PEGD and PEGME cases, SFG spectra from the d-PE
and d-PS interfaces (Figures 1b,c and 2b,c) are similar because
the surface hydrophobicities of d-PE and d-PS are not very
different. However, it is different for the PEGDME case. No
SFG signal can be detected from the PEGDME/d-PS interface.
This is because d-PS can be dissolved by PEGDME. In our
experiments we found that PS films are dissolved by PEGDME;
therefore, no stable PEGDME/d-PS interface exists after we
contact d-PS with PEGDME, and no SFG signal was detected.
As with the PEGDME/d-PS interface, no SFG signal was
detected from the PEGDME/d-PMMA interface. We also found
that the d-PMMA film is dissolved by PEGDME. Also, no SFG
signal was detected from the PEGDME/fused silica interface.
Unlike the d-PS and d-PMMA cases, the fused silica was not
dissolved by PEGDME. The absence of SFG signals must be
due to the surface hydrophilicty of fused silica, and there are
no favorable interactions at the PEGDME/fused silica interface
that can induce ordering of OCH3 and OCH2 groups at the
interface to generate SFG signals.

Comparison of Various PEG Molecules at Various In-
terfaces. It has been demonstrated previously that PEG with
different end groups can have different surface structures in air.24

Hydrophobic groups tend to segregate to the surface in air
because air is a hydrophobic environment. Therefore, OCH2 in
PEGD and OCH3 in PEGDME like to segregate to the surface
because in PEGD OCH2 is more hydrophobic than the O-H
end groups and in PEGDME OCH3 end groups are more

Figure 3. From bottom to top in order of increasing polymer
hydrophobicity: SFG spectra of PEGDME in contact with (a) d-
PMMA, (b) d-PS, (c) d-PE, (d) AF2400, and (e) air.
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hydrophobic than the backbone OCH2 groups. In this research,
we have shown that at buried interfaces, as the air case, for the
same PEG molecule, functional groups which are more hydro-
phobic prefer to segregate to the interface while contacting a
hydrophobic surface. For example, for hydrophobic AF-2400,
OCH2 in PEGD and OCH3 in PEGME and PEGDME tend to
segregate to the interface because of the favorable interactions.
For less hydrophobic contacting media such as d-PE and d-PS,
both OCH3 and OCH2 groups can segregate to the interface for
PEGME and PEGDME. For PEGD, OCH2 segregates to the
interface, but perhaps with a different conformation comparing
to those at the PEGD/air and PEGD/AF-2400 interfaces. For
more hydrophilic surfaces such as d-PMMA and fused silica,
only very weak or even no SFG signals can be detected from
the interfaces in the C-H stretching region, showing that both
OCH3 and OCH2 are quite disordered. At the fused silica/PEGD
interface, no O-H stretching SFG signal is generated, showing
that at this interface the overall ordering/orientation of O-H
groups is not enough to generate detectable SFG signals. This
research demonstrates clearly that in contact with different
surfaces PEG molecules have different structures because of
varied molecular interactions between the PEGs and the
contacting surfaces.

If we compare structures of the three different PEG molecules
in contact with the same contact medium, we can also observe
some general trends. As mentioned above, at the PEG/AF-2400
interfaces, OCH2 dominates for PEGD because it is more
hydrophobic than the O-H end groups. For PEGME, OCH3

signals can be observed along with those from OCH2 groups.
Although the OCH3 quantity is much smaller than OCH2 in
PEGME (molar ratio of OCH3:OCH2 for a PEGME with a MW
of 350 is∼1:14), the OCH3 SFG signals are stronger. This is
because they are more hydrophobic and tend to segregate to
the very hydrophobic AF-2400 surface. For PEGDME, more
interfacial OCH3 groups are detected because more OCH3

groups are available in PEGDME. A similar trend can be found
for the d-PE surface which is not as hydrophobic as air or AF-
2400.

Characterization of polymer surfaces solely by hydrophobicity
(e.g., very hydrophobic, less hydrophobic, or hydrophilic) is
really insufficient. As demonstrated in previous SFG studies,
the PMMA surface is dominated by ester methyl groups along
with some carbonyl groups,21 the PS surface is dominated by
phenyl groups,19,23 the PE surface is of course dominated by
methylene groups, and AF-2400 must be dominated by CF2/
CF3 groups. The hydrophobicity differences among the four
polymer surfaces are induced by the different surface dominating
groups on such surfaces. Therefore, the favorable interactions
between such polymer surfaces and PEG molecules at these
interfaces are mediated by molecular interactions between the
surface dominating groups and different groups in the PEG
molecules, resulting in different structures of various PEG
molecules at different interfaces. The purpose of the research
reported in this article is to qualitatively understand such
different interfacial structures at buried interfaces in situ using
SFG. More quantitative understanding of such structures and
molecular interactions would require some quantitative analysis
of SFG spectra presented here along with SFG spectra collected
using different polarizations, which will be reported in the future.
Computer simulations of interactions between surface dominat-
ing groups of polymers and functional groups of PEG molecules
should greatly facilitate further understanding of such molecular
interactions at buried interfaces.

Conclusion

Although dominance of hydrophobic end groups for these
liquid PEG polymers at the air interface has been studied
previously,24 we have demonstrated that different solid contact
media of different hydrophobicities can induce varied interfacial
conformations of these PEG polymers. SFG can be applied to
elucidate molecular structures of buried solid/liquid interfaces,
which are difficult to probe using other techniques. As shown
in this research, PEGs with different end groups while in contact
with different polymer surfaces adopt different structures. Some
general trends have been observed relating PEG interfacial
structures to polymer surface hydrophobicity.

In this research we use PEG molecules with quite low
molecular weights; thus, the samples still have a substantial
amount of end groups. Research shows that end groups can be
used to modify surface properties of polymers with very high
molecular weights. In that case, end groups can influence and
even dominate the interfacial behavior of a macromolecular
molecule on surfaces or at buried interfaces, out of all proportion
to their relative composition in the bulk material. SFG should
be a powerful technique to elucidate such end-group behavior
at the molecular level in situ.
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