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Angle resolved X-ray photoelectron spectroscopic (XPS) studies of a series of per¯ uoropolyethers of general formula F[CF(CF3 )CF2 O]n CF2 CF3 , where n = 27, 65, and >70, show that
there is preferential ordering of ± CF3 groups at the liquid surfaces. The C 1s intensity corresponding to the ± CF3 groups increases with decrease in the electron take-o angle. No
measurable change in the oxygen or ¯ uorine intensity is observed upon varying the electron
take-o angle. However, experiments show that no adsorption site exists at the surfaces,
indicating that the ether oxygens are not available for any of the surface processes. Relative
enhancement of the C 1s intensity of the ± CF2 /CF3 group with decreasing take-o angle is
di erent for di erent liquids, with smaller chain length liquids showing a more rapid change.
This is explained as due to an increase in helicity and tilt of molecular chains from the surface
normal. Computational studies have been performed at the semiempirical level to understand
the molecular structure. XPS data along with the computational studies suggest that at the
liquid± air interface the molecular chains are ordered nearly perpendicular to the surface with
a tilt which increases with chain length. The conclusions are in agreement with recent atomic
and molecular beam scattering, ion/surface scattering and theoretical modelling studies.

1. Introduction
In the recent past there have been intense e orts to
understand interfacial phenomena. Of the interfaces, the
vapour± liquid interface or the free liquid surface has
received much attention. `Surface’ in a liquid refers to
the region where drastic changes (10± 90%) in macroscopic properties such as density, take place. This
region in most liquids is of the order of 3± 5 AÊ [1]. Properties of liquids such as dissolution, adhesion, lubrication and wetting depend largely on the atomic level
structure at the surface. The equilibrium and nonequilibrium properties at the interfaces require an
understanding of the molecular structure at the free
liquid surface. Molecular dynamics and associated
techniques [2± 10] have contributed immensely to this.
The experimental liquid surface structure is hard to investigate by conventional techniques due to changes in
the instantaneous molecular con® gurations in the time
scale of the experiment. Techniques such as light scattering [11], X-ray and neutron di raction [12, 13] have
contributed to the present understanding of liquids;
however, information on molecular structure is hard
to obtain.
Of late a number of other experimental techniques
have been applied to improve our understanding of
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the molecular level structure of liquids. Ion scattering
techniques, both in low and high energy regimes, is
highly surface sensitive [14]. Since the ion± surface interaction time is of the order of picoseconds [15], molecular
motion of the liquid does not cause problems for the
measurements. It may be mentioned that below a collision energy of 100 eV the ion beam samples only the
® rst atomic layer. Moreover, experiments using selfassembled monolayers (SAMs) [15, 16] have shown
that the technique is sensitive to the top functionality
only. Due to these advantages, the technique is important for investigating dynamic systems such as liquids.
In this context, it may be mentioned that a variation of
the ion scattering technique, such as secondary ion mass
spectrometry (SIMS) [17], in the low energy regime,
referred to as chemical sputtering [18], could also serve
very well for the objective mentioned. Recently one of us
performed such a study on the surface of a per¯ uoropolyether liquid and concluded that the liquid surface
shows a high degree of order with the CF3 groups
oriented nearly normal to the surface [19].
Just like ion scattering, atomic and molecular beam
scattering experiments [20] also can reveal the true surface structure of liquids. By looking at the variation in
the intensities of inelastic scattering and trapping
1998 Taylor & Francis Ltd.
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desorption peaks on a variety of surfaces, Nathanson
and colleagues [20, 21] concluded that the surfaces of
hydrocarbon liquids are composed of chain ends. The
incident atoms undergo hard sphere-like collisions with
the ± CH2 or ± CH3 groups protruding from the surface.
Similar experiments have been performed on other
liquids [22]. Yoon et al. [23] studied the structure and
properties of thin ® lms of binary mixtures of rod like
and ¯ exible polyimides using dielectric relaxation and
X-ray photoelectron spectroscopy (XPS) and concluded
that the surface properties of the mixture are dominated
by the ¯ exible molecule. Toney and Brennan [24]studied
the X-ray re¯ ectivity of thin layers of per¯ uoropolyether
(PFPE) molecules with piperonyl end groups adsorbed
on amorphous carbon thin ® lms. Analyses of the mass
density pro® le of the polymer layers suggest that the
piperonyl end groups are preferentially adsorbed near
the carbon ® lm and the PFPE chains remain close to
the surface. Specular re¯ ection of X-rays has been
used to study alkylsiloxane monolayers [25]. Information on the orientation of molecules which form the
outermost layer of the liquid surface can be obtained
from metastable impact electron spectroscopy (MIES)
also. Using this, Keller et al. [26] studied liquid formamide and concluded that molecules of the topmost layer
of the surface are oriented in such a way that their
molecular plane is nearly parallel to the overall surface.
Using infrared-visibl e sum-frequency generation, the
molecular ordering at interfaces of common liquids
can be inferred [27]. Polarization dependence and the
phase of nonlinear susceptibility led Super® ne et al.
[28] to conclude that the methyl groups in methanol
point away from the liquid surface.
The majority of the available information on liquid
surface structure is from theoretical modelling. Using
molecular dynamics modelling, Harris [2] suggests that
the outer edge of n-alkanes, decane and ecosane liquids
is dominated by chain ends. Matsumoto and Kataoka
[29] investigated the properties of the liquid± vapour
interface of methanol and water by computer simulations using molecular dynamics. Orientational structuring near the surface was studied also, and it was
concluded that methanol projects its methyl group towards the vapour phase. For water, two types of orientation are found; in the vapour side one hydrogen atom
is projected towards the vapour and in the liquid side the
molecule prefers to lie down on the surface with both
hydrogen atoms slightly directed to the liquid. Theoretical studies have been supported by surface potential
measurements [30].
The more traditional method of surface science,
namely photoelectron spectroscopy, however, has been
applied very rarely to the study of liquids. The advantages such as the high surface sensitivity and fast time

scale of the process (10 - 16 s) can be used e ectively in
understanding dynamic systems such as liquids. The surface sensitivity of the technique could be varied by
changing the electron take-o angle. The escape depth
of electrons of about 1000 eV kinetic energy in organic
materials is of the order of 30± 60 AÊ [31]. This is comparable with the molecular dimensions of certain liquids.
Therefore, a study of angle dependent photoemission
intensity could be a direct way of measuring the variation in the chemical constitution as one approaches a
liquid surface. Incidentally, this kind of investigation
on liquids is not very easy, owing to the di culties
associated with maintaining a liquid in an ultra high
vacuum. However, of late several liquids of extremely
low vapour pressures have been available which made
experimental investigations in an ultra high vacuum
feasible.
In this paper, we discuss the results of a photoelectron
spectroscopic investigation of the surface chemical composition of a variety of liquid per¯ uoropolyethers.
Earlier work in this area has been the subject of two
short papers which were concerned only with X-ray
photoelectron spectroscopy [32, 33]. We include a summary of the earlier results also here for the sake of
completeness. In addition to XPS, we have also used
Auger electron spectroscopy (AES) for the purpose.
Our studies performed on three di erent liquids of the
same general chemical formula with di erent chain
lengths show that the surface structure of chemically
similar liquids is largely similar, although there are certain variations with regard to the extent of surface order.
The study suggests that liquid chain ends are projected
towards the surface, but tilted from the surface normal.
The tilt angle increases with the chain length. These
conclusions generally are in agreement with theoretical
calculations and earlier experimental investigations. The
results suggest that the chemical inertness, hydrophobicity and wetting properties of per¯ uoropolyethers are
due to the presence of ± CF3 groups at the surface.
Oxygen atom concentration does not vary to any detectable extent as the surface sensitivity of the measurement
increases. However, adsorption measurements suggest
that no adsorption site exists at the surface. It is important to note that both XPS and AES show preferential
surface segregation of ± CF3 groups. We have estimated
the region of preferential surface order in these liquids to
be about 8 AÊ [34].
2. Experiment
Measurements were made using a VG Escalab Mk II
spectrometer with non-monochromatic Mg Ka radiation
at a base pressure of 8 ´ 10 - 10 Torr. The samples were
prepared on 1000 AÊ thick gold coated polished glass
substrates (with a 50 AÊ layer of Cr in between to increase
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adhesion ) by applying a 0. 2 mm ® lm of the liquid. To
make the ® lm, a few drops of the liquid were placed on
the clean gold coated glass plate which was held in an
inclined position. The liquid spreads on the surface as a
neat ® lm and the excess is drained. The thickness of the
® lm formed at the surface is calculated from the mass of
the liquid, its density and the area of the gold coated
glass. The liquids used were three per¯ uoropolyethers
[35], F[CF[CF3 )CF2 O]n CF2 CF3 , where n = 27, 65,
>70, with trade names krytox 1625, krytox 16256 and
krytox 16350. The general properties of the liquids are
shown in table 1. The sample manufactured by Dupont
was a gift from Professor R. G. Cooks of Purdue University. The ® rst sample, krytox 1625, showed some
deterioration upon exposure to X-rays because of
which there was a change in the spectrometer vacuum,
whereas no change was observed for the other two
samples. All the spectra are averages of 10 scans of
60 s duration. All the spectra were accumulated with
20 eV pass energy.
The electron take-o angle, de® ned as the angle between the photoelectron collection lens and the surface
parallel, was varied by rotating the sample using the xyz
manipulator of the instrument. At each take-o angle, a
fresh layer of liquid was exposed to the X-ray ¯ ux. This
was accomplished by allowing the excess liquid accumulated on one side of the substrate during an hour long
measurement to ¯ ow to the opposite side. Photoelectron
spectra at various take-o angles in the range 90Ê ± 10Ê
were measured. In all the cases, spectra at the same takeo angles could not be measured due to a change in the
dimension of the glass plate restricting its rotation in the
analysis chamber owing to the protruding X-ray gun
and electrostatic lens. The glass plates used were of
1 cm 2 and 4 cm2 area; larger glass plates were used for
krytox 1625 and 16250. This was necessary to ensure
2
that the area probed by the X-ray (3 mm ) is of uniform
thickness. In krytox 16350, due to its higher viscosity,
the thickness does not vary substantially during a measurement. The XPS binding energies are referred to the
Ag 3d5 /2 peak at 368. 2 eV. The binding energies presented here are not precise due to small changes in the
Table 1.

® lm thickness between measurements, and as a result the
extent of charging varied. The variation in ® lm thickness
and concomitant changes in charging potential resulted
in signi® cant changes in the width of the peaks. In order
to reduce the error, the acquisition time was kept low. A
curve ® tting program was applied to the C 1s data of the
three samples.
Quantum chemical calculations were carried out with
the Gaussian 94 system of programmes [36] using the
complete neglect of di erential overlap (CNDO) approximation [37]. The method is well documented [38,
39] and has been applied to a number of systems. The
large size of the systems involved did not permit us to
undertake ab initio molecular orbital (MO) calculations
on them. Since our objective was limited to an understanding of the qualitative changes in the structure of
the molecules with increase in chain length, a more exact
calculation was not necessary.
3. Results and discussion
3.1. Molecular structure
Prior to a discussion of the experimental results, it is
necessary to understand the structure of krytox
molecules. Figure 1 shows the space ® lling structure
of a lower member of the krytox series,
F[CF[CF3 )CF2 O]5 CF2 CF3 . This structure has been
fully optimized at the CNDO level of theory. The molecule assumes a helical structure. The extent of helicity
increases with increase in polymer chain length. To
understand this, we performed geometry optimizations

Figure 1. Space ® lling model of F[CF(CF3 )CF2 O]5 CF2 CF3 .
The structure is fully optimized at the CNDO level of
theory. The darker circles represent oxygen, larger circles
represent carbon and the smaller circles represent ¯ uorine.

Some important properties of the krytox lubricants used in this investigation.

Trade
name

Molecular
weight

Vapour pressure
Torr a

Viscosity
centistokesa

Density
g cm - 3 a

Krytox 1625
Krytox 16256
Krytox 16350

4600
11 000
<15 000

3 ´ 10 - 10
3 ´ 10 - 14
<4 ´ 10 - 15

256
2717
3500

1. 90
1. 92
<1. 95

a

Properties listed are at 20 Ê C.
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Figure 2. Plot of the variation of the monomer length
with increasing number of repeating units (the extent of
helicity also increases with
chain length).

of molecules containing 2, 3, 4 and 5 repeating units.
The optimized molecular parameters are given in table
2. An increase in helicity is manifested as an increase in
the oxygen atom dihedral angles and a reduction in the
carbon atom (other than the side chain) dihedral angles.
As the number of monomer units increase from 2 to 5,
the oxygen atom dihedral angles increase from 186. 28Ê
Table 2. Important molecular parameters of krytox molecules obtained from molecular orbital calculations. a
Parameters b

x= 1

x= 2

x= 3

x= 4

r( C2 C3 )
r( C6 O9 )
a( C2 C3 C6 )
a( C3 C6 O9 )
a( C6 O9 C12 )
d ( O9 C12 C13 O18 )
d ( C3 C6 O9 C12 )
d ( C6 O9 C12 C13 )

1. 491
1. 380
112. 34
110. 58
106. 79
186. 28
159. 18
169. 63

1. 492
1. 381
112. 46
110. 10
106. 32
187. 16
159. 04
169. 47

1. 492
1. 382
112. 57
109. 81
106. 07
187. 41
158. 88
169. 30

1. 492
1. 382
112. 67
109. 60
105. 93
187. 59
158. 85
169. 23

a

The numbering scheme refers to the structure
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to 187. 59Ê with in-between values for the molecules containing 3 and 4 monomer units. This increase in dihedral
angle results in a decrease in the length of the repeating
unit as the chain length increases. In longer chains,
higher helicity results in a more tightly packed structure.
As a result, the molecule appears like a cylinder with
¯ uorine atoms occupying the surface. Figure 2 shows
the variation in monomer length with chain length. As
one would expect, the variation is more pronounced
between chains containing 2 and 3 units but tails o
rapidly with increasing chain length.
3.2. X-Ray photoelectron spectroscopy
3.2.1. General features
In all the three per¯ uoropolyether liquids there are
four distinctly di erent carbon atoms, namely those associated with CF3 groups, two di erent kinds of CF2
group and CF groups. In a single molecule of each
PFPE, the number of carbon atoms of di erent kinds
are, krytox 1625: 28 CF3 , 29 CF2 and 26 CF, krytox
16256: 66 CF3 , 67 CF2 and 64 CF and krytox 16350:
>71 CF3, >72 CF2 and >69 CF. In each molecule, there
are two CF2 groups at the chain ends and the remaining
CF2 groups are in the repeating monomer unit. It is
di cult to di erentiate the two terminal CF2 groups
from the other CF2 groups. The binding energies of
CF2 and CF3 carbons will be close to each other since
the CF2 groups are attached to oxygen atoms in the
repeating unit. It is hard to distinguish the two with a
non-monochromatic X-ray source. However, CF carbon
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will have a substantially lower binding energy. Therefore, the C 1s region of PFPE is expected to show two
peaks corresponding to CF group and CF2 /CF3 group
ionizations, with the latter group having a higher binding energy. Since the cross-sections for the various
carbon atoms are assumed to be the same, the intensity
ratio of the peaks will be roughly 1 : 2 for the molecule
and bulk liquid.
In addition to cross-sections, the actual intensities
depend on electron take-o angle and the molecular
ordering in the liquid. In the PFPE structure, the alternating CF3 groups and the ether oxygens modify the
tightly packed per¯ uoroalkane structure. It has been
shown that the ether oxygens increase the ¯ exibility
[40]. If the molecules are not ordered, there will not be
any change in the spectrum with angle regardless of
whether surface or bulk is examined. If the molecules
lie horizontal to the surface, the C 1s spectrum is expected to be the same with two components of roughly
1 : 2 intensity ratio at all angles. If the molecules are
ordered laterally with the molecular axis nearly perpendicular to the surface, the C 1s intensities will vary signi® cantly with the electron take-o angle. The intensity
of the peak due to terminal CF2 and CF3 groups will
increase with respect to CF groups as the electron takeo angle decreases.
At this point it is important to recall that the electron
take-o angle will vary with the depth of the ® lm that is
sampled. When the photoelectron mean free path is
60 AÊ , the number of monomer units contributing to
the PES intensity with a perpendicularly ordered structure is about 20. Then there are about 21 CF3 , 22 CF2
and 19 CF groups per molecule contributing to the C 1s
intensity. As the electron take-o angle decreases, the
number of monomer units contributing to the PES
intensity also decreases. As the depth sampled is decreased from 71. 18 to 60. 86 to 40. 25 to 29. 96 to 19. 66
to 9. 34 AÊ , the number ratio of CF2 /CF3 to CF decreases
from 43 : 19 to 31 : 14 to 25 : 11 to 19 : 8 to 13 : 5 to 7 : 2.
Those numbers are calculated from the structure of a
chain containing 20 repeating units. We have assumed the optimized molecular parameters of
F[CF(CF3 )CF2 O]5 CF2 CF3 to calculate these numbers.
3.2.2. XPS results
This change in intensity ratio is clearly visible in the
photoelectron spectra of the three PFPE liquids (® gures
3, 4, and 5), where the dots are original data points and
the smooth lines are the results of the curve ® tting procedure. In ® gure 3 the XPS spectra of C 1s region of
krytox 1625 at various electron take-o angles are
shown. The two bands at 292. 3 eV and 294. 3 eV correspond to CF and CF2 /CF3 groups, respectively. As the
electron take-o angle decreases, it can be seen that the
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Figure 3. X-Ray photoelectron spectrum of the C 1s region
of krytox 1625 ® tted with two symmetric Gaussians at
various electron take-o angles (dots are the original
data points and smooth curves are the ® ts): (a) 90Ê , (b)
70Ê , and (c) 50Ê . The peak widths decrease with decreasing
take-o angle as a result of decrease in ® lm thickness and
a consequent reduction in charging.

relative intensity of the CF peak decreases, which leads
us to consider that the surface of the liquid is composed
primarily of molecular ends. On such a surface there are
more CF2 and CF3 groups than CF contributing to the
C 1s intensity as the technique becomes more surface
sensitive.
Figure 4 shows the C 1s spectra of krytox 16256 at
electron take-o angles 90Ê , 70Ê , 50Ê and 30Ê respectively. As the surface sensitivity of the technique increases, the number of monomer units contributing to
the intensity decreases. As a result, the CF2 /CF3 : CF
intensity ratio increases as the observation angle decreases; this is clearly re¯ ected in the photoelectron spectra. The actual values from the decomposed spectra are
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Figure 4. X-Ray photoelectron spectrum of the C 1s region
of krytox 16256 ® tted with two symmetric Gaussians at
various electron take-o angles: (a) 90Ê , (b) 70Ê , (c) 50Ê ,
and (d ) 30Ê .

Figure 5. X-Ray photoelectron spectrum of the C 1s region
of krytox 16350 ® tted with two symmetric Gaussians at
various electron take-o angles: (a) 80Ê , (b) 60Ê , (c) 40Ê ,
(d ) 20Ê , and (e) 10Ê .

2. 00 at 90Ê , 2. 12 at 70Ê , 2. 25 at 50Ê and 2. 50 at 30Ê . The
results suggest that the molecular chain ends of the ether
protrude towards the liquid surface.
In ® gure 5 the C 1s photoelectron spectra of krytox
16350 are shown at electron take-o angles of 80Ê , 60Ê ,
40Ê , 20Ê and 10Ê . The spectra show exactly the same
behaviour as for the other PFPE liquids. It is clear
from the ® gure that the intensity ratio CF2 /CF3 : CF
increases with decreasing electron take-o angle. In
this case, the actual intensity ratios obtained from the
decomposed spectra are 1. 81, 2. 08, 2. 12, 2. 14 and 2. 29
for the angles measured.

Auger spectroscopic data also suggest preferential
segregation of CF3 groups at the surface. Upon decreasing the electron take-o angle the intensity of the KVV
Auger feature originating from the KCF2 /CF3 level increases in intensity. The Auger features are overlapping
and a detailed description is impossible in the absence of
adequate information on the valence electronic structure
of these compounds.
3.2.3. Comparison between the three liquids
In ® gure 6, we show the variation in CF2 /CF3 : CF
ratio as a function of electron take-o angle for the
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Figure 6. Plot of the variation in the CF2 /CF3 : CF intensity ratio as a function of
electron take-o angle for the
three krytox liquids (lines
show a least-squares ® t).

three krytox liquids investigated. It is apparent from the
® gure that the intensity ratio varies signi® cantly with the
electron take-o angle, justifying the conclusions above.
Although the variation in intensity with take-o angle
need not be linear, a least-squares ® t of the data has
been performed. It is observed that the slope of the
lines vary substantially from each other. The slopes
are 0. 008, 0. 006 and 0. 005 respectively for krytox
1625, krytox 16256 and krytox 16350 liquids. The
® gure shows that the relative enhancement of CF2 /CF3
intensity per unit change in angle is larger for liquids of
lower chain length. In other words, the surface segregation of CF3 per unit enhancement in surface sensitivity is
larger for liquids of lower chain length. As the polymer
chain length increases, inter-chain interactions tend to
increase, which makes the surface of an in® nite chain
polymer similar to the bulk. The results seem to suggest
that, of the liquids investigated, krytox 1625 has a more
rapid change in properties as one approaches the surface. In krytox 16350 this change is rather gradual,
which is manifested as a decrease in the slope.
The variation in CF2 /CF3 : CF intensity ratio with
electron take-o angle for di erent liquids suggests
that the molecular orientations in the three liquids
have certain di erences. A study of lower chain length
liquids suggests that for n = 27, 65 and >70 the geometries are not substantially di erent, although there is
some small di erence in helicity. An increase in helicity
would imply a greater number of CF groups per unit
depth, and therefore the intensity ratio would be lower
for a larger chain length. However, as ® gure 2 shows, the
variation in monomer length beyond a certain chain
length will be extremely small. Therefore, change in

the CF2 /CF3 : CF intensity ratio due to helicity alone
in the liquids investigated would be insigni® cant.
However, there is another reason for the observed
behaviour: the variation in tilt angle of the molecular
chains (with respect to the surface normal) in these
liquids. The variation in CF2 /CF3 : CF number ratio
for di erent tilt angles is shown in ® gure 7. The values
have been calculated for F[CF(CF3 )CF2 O]20 CF2 CF3
taking the optimized structural parameters of
F[CF(CF3 )CF2 O]5 CF2 CF3 . As the molecules arrange
themselves at di erent tilt angles, for a given depth of
surface investigated, the chain length probed varies. As
a larger and larger chain length is accessible, the number
of CF groups investigated increases. Therefore larger
deviation from a near normal arrangement results in
less pronounced variation in CF2 /CF3 : CF ratio with
electron take-o angle. This is indeed the case in ® gure
6. Since an exact measure of the mean free path is not
available, absolute value of the tilt angle is not estimated. However, the above reasoning explains the experimental facts qualitatively.
The F 1s and O 1s regions were studied as a function
of electron take-o angle. In all the three PFPEs, the
F 1s shows a single peak at 688. 6 eV and the peak shape
and intensity do not show any change with electron
take-o angle. As expected, the O 1s also appears as
only one peak, at 536. 8 eV, which also shows the same
behaviour with change in take-o angle. Since all the
three PFPE liquids show the same trend, only one set
of F 1s (® gure 8) and O 1s (® gure 9) spectra of krytox
16350, at electron take-o angles of 80Ê , 40Ê , 20Ê and
10Ê , are shown. Deliberate exposure of the surfaces to
molecules such as water and PCl3 did not show any
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Figure 7. Plot of the variation of the CF2 /CF3 : CF number ratio with variation in the
tilt angle. In (a) the molecule is
arranged perpendicular to the
surface; in (b) the molecule is
arranged to lie 20Ê tilted from
the surface normal, and in (c)
the tilt angle is 40Ê .

Figure 8. X-Ray photoelectron spectrum of the F 1s region
of krytox 16350 at various electron take-o angles:
(a) 80Ê , (b) 60Ê , (c) 29Ê , and (d ) 10Ê .

Figure 9. X-Ray photoelectron spectrum of the O 1s region
of krytox 16350 at various electron take-o angles:
(a) 80Ê , (b) 60Ê , (c) 20Ê , and (d ) 10Ê .

XPS of per¯ uoropolyether liquids
adsorption, indicating that the ether oxygens are beneath the surface. The present study is in agreement
with the previous ion/surface scattering [18, 19] and
rare gas atom scattering [22]experiments. It can be concluded that the surfaces are composed primarily of chain
ends.
4. Conclusion
In conclusion, the present study shows that a combined use of X-ray photoelectron spectroscopy and
theoretical calculations can reveal details of the molecular structure of liquid surfaces. Although the requirement of an ultra high vacuum imposes certain
restrictions on the suitability of this method for other
systems, the technique can indeed be used for a variety
of liquid surfaces. The present study performed on a
series of per¯ uoroethers suggests that their surfaces are
composed primarily of molecular terminal groups. A
more rapid change in the CF3 concentration at the surface is apparent in the lower molecular weight liquids.
This is due primarily to an increasing tilt of molecules
from the near normal arrangement with increase in
chain length. Added to this, the increase in helicity is
also an important reason. Auger electron spectroscopic
measurements support the XPS data. Adsorption experiments indicate that the ether oxygen atoms are not
available for any of the surface processes. The results are
in agreement with atomic, molecular and ion beam scattering experiments, and theoretical calculations. A comprehensive understanding of the photoelectron spectra
does require theoretical simulations of the molecular
structure of the liquid. Conversely, modelling of the
liquid surface on the basis of experimental XPS intensities is also possible.
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