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The Lifshitz theory of van der Waals interaction has been employed to calculate the contact angles of
diiodomethane, 1-bromonaphthalene, 1-methylnaphthalene, bromobenzene, 1-tert-butylnaphthalene, liquid
paraffin, andhexadecaneonpoly(dimethylsiloxane), poly(4-methyl-1-pentene), polyethylene,natural rubber,
and polystyrene surfaces. The theoretical treatment is based on the equation cos θ ) [(2APVL/ALVL)-
(HoLVL/HoPVL)2]-1,whereθ is the contact angle andAPVL andALVL are thenon-retardedHamaker constants
for the heterointeraction between polymer and liquid across vacuumand the homo interaction of the liquid
across vacuum, respectively. Nonretarded Hamaker constants have been determined from the dielectric
properties of the materials and application of the Lifshitz theory. HoLVL and HoPVL are the equilibrium
“contact” surface separations associated with the liquid-liquid homointeraction and polymer-liquid
heterointeraction across vacuum, respectively. HoLVL values, and the analogous HoPVP values associated
with polymer homointeraction, have been estimated from the surface free energies of the dispersive liquids
and polymers. Four different approaches, each with a different assumption regarding the heterointerac-
tion between polymer and liquid, have been used to obtain HoPVL values: (i) HoPVL ) HoLVL, (ii) HoPVL )
HoPVP, (iii) a geometric mean relationship, HoPVL ) (HoPVPHoLVL)1/2, and (iv) an arithmetic mean relation-
ship,HoPVL ) (HoPVP + HoLVL)/2. Theoretical contact angles obtained with the four approaches have been
compared with experimental contact angles. In general, the approaches which employ the combining
rules,whethergeometric orarithmetic, provide thebestagreementbetweentheoryandexperiment. Previous
work that has dealt with the contact angles of n-alkanes on poly(tetrafluoroethylene) has also been re-
examined. For the perfluorocarbon-hydrocarbon system none of the approaches are able to reconcile
theory and experiment.

Introduction

The Lifshitz theory of van der Waals interaction1,2 has
previously been used to explain quantitatively the long-
range attraction as two uncharged macroscopic surfaces
approach one another across either air orwater.3-7 It has
also had reasonable success in explaining the spreading
behavior of liquid alkanes on water8,9 and the surface
tensions of liquid alkanes.9,10

In thiswork,weuse theLifshitz theory of vanderWaals
interaction1,2 to calculate the contact angles of dispersive
liquids on dispersive polymer surfaces. We follow closely
the methodology that Hough and White have employed
to calculate the contact angles of n-alkanes on poly-
(tetrafluoroethylene) (PTFE).9 The dispersive polymers
are poly(dimethylsiloxane) (PDMS), poly(4-methyl-1-pen-
tene) (TPX), polyethylene (PE), natural rubber (which is
at least 97% cis-1,4-polyisoprene), and polystyrene (PS).

The dispersive liquids are diiodomethane, 1-bromonaph-
thalene, 1-methylnaphthalene, bromobenzene, tert-bu-
tylnaphthalene, liquid paraffin, and hexadecane. These
liquids are frequentlyusedasdiagnostic liquids in studies
aimed at obtaining information about polymer surface
free energies. The structures of the five polymers are
such that their interaction with the dispersive liquids
shouldbedominatedbyvanderWaals interactions (acid-
base interactions shouldbeunimportant) and there should
be negligible complication due to specific orientation of
polymer constituent groups at either the solid-vapor or
solid-liquid interfaces. Previous experimental measure-
ments provide values for the surface free energies and
some contact angles of dispersive liquids on thesepolymer
surfaces.7,9,11-26
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We also revisit the earlier treatment of the contact
angles of n-alkanes on PTFE.9

Theoretical Considerations
Hough and White9 have provided a comprehensive

description of the approach that we have taken in using
theLifshitz theoryofvanderWaals interaction to calculate
the contact angles of dispersive liquids on dispersive
polymers. Therefore, in this section we only provide a
summary of the derivation of the most important rela-
tionships.
In order to calculate the contact angle (θ) of a dispersive

liquid on a dispersive polymer surface, Young’s equation
is employed27,28

where γPV, γPL, and γLV denote the polymer-vapor,
polymer-liquid, and liquid-vapor surface free energyper
unit area, respectively. It can also be shown that for
dispersive materials9

so that

with

and

where EPVL is the van der Waals interaction free energy
(per unit area) betweenpolymer and liquid at equilibrium
“contact” separationHo where the interveningmedium is
vacuum (or air), APVL is the associated nonretarded
Hamaker constant for the heterointeraction between
polymer and liquid across vacuum, and ALVL is the
nonretarded Hamaker constant for the homointeraction
of the dispersive liquid across a vacuum. Therefore

This equationhasbeenused to calculate the contactangles
of thedispersive liquidsonthedispersivepolymersurfaces.
The twononretardedHamaker constantswere calculated
from Lifshitz theory. The use of eq 6 also requires values
to be given to the “contact” separations HoLVL and HoPVL.
Contact angles were calculated by using four different
approaches to obtain the ratio HoLVL/HoPVL. The first
approach is the onewhichwas used byHough andWhite9
and assumes that HoPVL ) HoLVL. The second approach
assumes that HoPVL ) HoPVP. The third and fourth
approaches assume, respectively, a geometric mean
relationship so that HoPVL ) (HoPVPHoLVL)1/2 and an
arithmetic mean relationship so that HoPVL ) (HoPVP +
HoLVL)/2. HoLVL is calculated fromeq5andHoPVP is defined

in terms of the surface free energy of a dispersive polymer,
γPV, and can be calculated from

where APVP is the nonretarded Hamaker constant for the
homointeraction of the dispersive polymer across a
vacuum.
Theuse of anarithmeticmeanHoPVL ) (HoPVP +HoLVL)/2

follows from extending the argument for ascribing HoPVP
andHoLVL for pure substances as minimum cutoff separa-
tions between molecular layers in the respective bulk
materials. The creation of a free surface is interpreted as
thework done against van derWaals forces to split a bulk
phase to form two free surfaces. For a heterointeraction
the appropriate cutoff separation is simply taken as the
arithmetic mean of the cutoff separations for the pure
components.
The use of a geometric mean HoPVL ) (HoPVPHoLVL)1/2

follows from London dispersion theory where pairwise
additivityofmolecular interactionsand identical electronic
absorption band locations,ωUV, for the polymer and liquid
are assumed.29-34 The real situation of many-body
interactions in condensed media means that, for bulk
materials with similar ωUV, the geometric mean relation-
ship is not rigorously derived and should be viewed only
as a first-order approximation.31,34
The nonretarded Hamaker constants are governed by

the dielectric properties of the interacting dispersive
materials. Lifshitz theory was employed to determine
the nonretarded Hamaker constants.1,2 The Ninham-
Parsegian representation35 of the dielectric permeability
as a function of imaginary frequency ê was used with

where εo is the static dielectric constant, CIR and CUV are
related to the oscillator strengths of the absorption bands
in the infrared (IR) and ultraviolet (UV) regions, and ωIR
and ωUV are the frequencies of the absorption band
maxima.
The CUV and ωUV values for the polymers and liquids

were determined from “Cauchy plots” of refractive index
data from the low-frequency side of the ultraviolet
absorption where the extinction coefficient is negligible
(i.e., plots of n2 - 1 versus (n2 - 1)ω2, where the axis of
ordinates intercept gives CUV and the gradient gives
1/ωUV

2). It was assumed that

where CMW is related to the oscillator strengths of the
absorption bands in the microwave (MW) region. For
materials that have significant absorption in the micro-
wave, i.e., diiodomethane, 1-bromonaphthalene, and bro-
mobenzene,CMWvalueswere obtained fromref 36. These
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γPV )
APVP

24πHoPVP
2

(7)

ε(iê) ) εo when ê ) 0

ε(iê) ) 1 +
CIR

1 + (ê/ωIR)
2

+
CUV

1 + (ê/ωUV)
2

when ê > 0

(8)

CIR ) εo - CMW - CUV - 1 (9)

cos θ ) (γPV - γPL)/γLV (1)

γPL ) γPV + γLV + EPVL (2)

cos θ )
-EPVL

γLV
- 1 (3)

EPVL )
-APVL

12πHoPVL
2

(4)

γLV )
ALVL

24πHoLVL
2

(5)

cos θ )
2APVL

ALVL
(HoLVL

HoPVL
)2 - 1 (6)
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MW bands do not contribute significantly to the van der
Waals interaction and a MW term does not need to be
incorporated explicitly into the dielectric permeability
function, eq 8.

Results and Discussion

The relevant physicochemical properties for the dis-
persive polymers and liquids examined in this work are
summarized in Tables 1 and 2. The densities, dielectric
constants, optical dispersion, location of the principal IR
absorptionbands, and surface free energieswere obtained
froma range of literature sources.7,9,11-19,36-48 The optical
dispersion data for polystyrene45 refers to a birefringent
sampleandweanalyzed separately the transverse electric
(TE; n⊥) and transverse magnetic (TM; n||) modes (Table
1). The surface free energies of PDMS, TPX, PE, natural
rubber, and PS were obtained directly by measuring the
adhesion between two homosurfaces (γPV equals half the

work of adhesion).11-14 The low-density (LD) and high-
density (HD) PTFE surface free energies are lower
boundarieswhichhave beendetermined fromananalysis
of the dielectric properties and surface free energies of a
wide range of perfluorocarbon materials.7 Some of the
optical dispersion data from literature sources were
sufficiently different to warrant separate analyses, and
this is the reason for the two entries for both diiodo-
methane46,47 and 1-bromonaphthalene16,47 in Table 2. We
could not find optical dispersion data for 1-tert-butyl-
naphthalene. Nevertheless, the (1-) and (2-) isomershave
verysimilarnDvalues, andtherefore shouldexhibit similar
dispersion behavior, so in this case we used the optical
dispersion data for 2-tert-butylnaphthalene.16 Nonre-
tarded Hamaker constants, determined with the data for
the dielectric permeability function, and the Ho values,
obtained fromeq7 for thepolymersandeq5 for the liquids,
are also listed in Tables 1 and 2.
Israelachvili10 and Hough and White9 have shown for

simple alkane liquids thatHoLVL correlates inverselywith
the square root of the liquid mass density, i.e., HoLVL ≈
F-1/2. For the dispersive liquids and polymers studied in
thiswork there isnoapparent linkbetweenHo anddensity
(Tables 1 and 2). The lack of a correlation may be
associatedwith thewidely varyingmolecular geometry of
the dispersive materials examined.
Equation 6 was employed to calculate Lifshitz theoreti-

cal contact angles. Tables 3-8 list the calculated contact
angles and some experimental contact angles whichwere
obtained from the literature.
Given that (i) we have used simple representations for

the dielectric permeability functions of the polymers and
liquids and (ii) the magnitude of experimental contact
angles can depend on surface roughness, the size of the
drop, the nature of the surrounding vapor, and the degree
of purity of both the solid and liquid,49 there is reasonable
agreement between the calculated and experimental
contact angles for the systems investigated. In general,
the use of the arithmetic or geometric mean to estimate
HoPVL yielded very similar values, and both give better
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Table 1. Physicochemical Properties of Dispersive Polymers at 20 °C

PS

property PDMS TPX PE rubber TE TM PTFE.LD PTFE.HD

F (g cm-3) 1.0 0.83 0.915 0.906 1.059 1.059 2.1 2.3
εo 2.75 2.12 2.26 2.35 2.55 2.55 2.0 2.1
nD 1.4127 1.467 1.482 1.5191 1.5882 1.5919 1.3434 1.3801
CUV 0.961 1.114 1.146 1.250 1.440 1.451 0.792 0.890
10-16ωUV (rad s-1) 1.698 1.766 1.576 1.519 1.373 1.376 2.654 2.640
CIR 0.789 0.01 0.114 0.10 0.110 0.100 0.21 0.21
10-14ωIR (rad s-1) 2.026 5.540 5.540 5.540 5.540 5.540 2.356 2.356
1020APVP (J) 4.43 5.64 5.28 5.76 6.36 6.44 5.05 6.02
γPV (mN/m) 21.8 ( 0.8 26.5 ( 2 33.3 ( 1.6 35 ( 2 44 ( 2 44 ( 2 >22.9 >27.3
HoPVP (nm) 0.164 ( 0.003 0.168 ( 0.007 0.145 ( 0.004 0.148 ( 0.004 0.139 ( 0.003 0.139 ( 0.004 <0.171 <0.171

Table 2. Physicochemical Properties of Dispersive Liquids at 20 °C

diiodomethane bromonaphthaleneproperty methylnaphthalene bromobenzene
tert-

butylnaphthalene
liq

paraffin hexadecane

F (g cm-3) 3.201 3.201 1.4835 1.4835 1.0221 1.4914 0.9683 - 0.7733
εo 5.32 5.32 4.9 4.9 2.65 5.4 2.53 2.17 2.05
nD 1.7411 1.7417 1.6580 1.6582 1.6180 1.5598 1.5800 1.4753 1.4347
CUV 1.857 1.883 1.599 1.593 1.483 1.348 1.388 1.141 1.026
10-16 ωUV (rad s-1) 1.088 1.161 1.090 1.070 1.105 1.3128 1.184 1.823 1.848
CIR 0.2 0.2 0.151 0.157 0.17 0.11 0.14 0.030 0.025
10-14ωIR (rad s-1) 5.540 5.540 5.540 5.540 5.540 5.540 5.540 5.540 5.540
1020ALVL (J) 7.19 7.80 5.92 5.79 5.36 5.65 5.23 6.03 5.23
γLV (mN/m) 50.8 50.8 44.44 44.44 39.80 36.34 33.7 32.4 27.47
HoLVL (nm) 0.137 0.143 0.133 0.132 0.134 0.143 0.143 0.157 0.159
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agreement between theory and experiment than the
assumption HoLVL ) HoPVL used earlier.9
Hough and White used the approach outlined in this

work, withHoLVL/HoPVL ) 1, to examine the contact angles
of n-alkanes on PTFE.9 It has recently been suggested
that the data used to construct the UV part of their
dielectric representation for PTFE was incorrect.7 There-
fore we re-examined the PTFE system with what is
believed by us to be a more precise representation of the
dielectric permeability function (Table 1). We were not
sure whether the PTFE surface that was employed in the
experimental investigation was low-density (LD), high-
density (HD), or some intermediate density PTFE. There-

fore, we performed two sets of calculations, one set based
on the assumption that the surfacewasPTFE.LDand the
other set assuming that it was PTFE.HD, which provide
the boundaries that should contain the actual PTFE. The
dielectric representations for the n-alkanes were taken
from the review of Hough and White.9 Using any of the
four approaches to obtainHoPVL results in poor agreement
between calculated and experimental contact angles. We
have found that, in general, a HoPVL greater than either
HoLVL or HoPVP is required in order to obtain agreement
between the theoretical and the experimental contact
angles (Table 9). This finding may be partly, but not
entirely, associated with the fact that perfluorocarbons

Table 3. Nonretarded Hamaker Constants and Contact Angles for Dispersive Liquids on Poly(dimethylsiloxane)
(PDMS)

contact angles (deg)

theoretical
Hamaker constants

liquid 1020ALVL (J) 1020APVL (J)
HoPVL )
HoLVL

HoPVL )
HoPVP

HoPVL )
(HoPVPHoLVL)1/2

HoPVL )
(HoPVP + HoLVL)/2

experimental
θA (θR)

diiodomethane 7.188; 7.799 5.574; 5.833 57; 60 85; 82 73; 72 74; 73 70 (70);11 70;18
71 ( 517

bromonaphthalene 5.930; 5.795 5.051; 4.985 45; 44 83; 83 68; 67 69; 68 56;18 62 ( 3 17

methylnaphthalene 5.358 4.803 38 77 62 63 52 ( 317
bromobenzene 5.631 4.969 40 70 57 59
tert-butylnaphthalene 5.230 4.765 35 67 54 55 4918
liq paraffin 6.034 5.159 45 55 50 51 51 (40)11
hexadecane 5.223 4.801 33 43 39 40 36;18 39 ( 4;17

40 (26)11

Table 4. Nonretarded Hamaker Constants and Contact Angles for Dispersive Liquids on Poly(4-methyl-1-pentene) (TPX)

contact angles (deg)

theoretical
Hamaker constants

liquid 1020ALVL (J) 1020APVL (J)
HoPVL )
HoLVL

HoPVL )
HoPVP

HoPVL )
(HoPVPHoLVL)1/2

HoPVL )
(HoPVP + HoLVL)/2

experimental
θA (θR)

diiodomethane 7.188; 7.799 6.234; 6.534 43; 47 81; 78 66; 65 66; 65 67 (67)19
bromonaphthalene 5.930; 5.795 5.643; 5.566 25; 23 79; 79 60; 59 61; 61 61 (61)19
methylnaphthalene 5.358 5.375 spreads 74 53 55
bromobenzene 5.631 5.567 12 64 47 48
tert-butylnaphthalene 5.230 5.340 spreads 61 42 43
liq paraffin 6.034 5.831 21 47 36 36
hexadecane 5.223 5.425 spreads 31 15 15

Table 5. Nonretarded Hamaker Constants and Contact Angles for Dispersive Liquids on Poly(ethylene) (PE)

contact angles (deg)

theoretical
Hamaker constants

liquid 1020ALVL (J) 1020APVL (J)
HoPVL )
HoLVL

HoPVL )
HoPVP

HoPVL )
(HoPVPHoLVL)1/2

HoPVL )
(HoPVP + HoLVL)/2

experimental
θA (θR)

diiodomethane 7.188; 7.799 6.093; 6.373 46; 51 59; 54 53; 52 53; 52 46 ( 3;21 50 (49);19 51 ( 2;17
51.9 ( 0.5;25 52 ( 2;23
53;20 5522

bromonaphthalene 5.930; 5.795 5.520; 5.448 30; 28 56; 56 45; 45 45; 45 33 ( 3;21 35 (7);24 35 ( 2;23
36 ( 2;17 40 (36);19 4122

methylnaphthalene 5.358 5.256 16 48 36 36 27 ( 417
bromobenzene 5.631 5.422 22 29 26 26 1324
tert-butylnaphthalene 5.230 5.213 7 20 15 15 7 ( 223
liq paraffin 6.034 5.628 30 spreads spreads spreads
hexadecane 5.223 5.237 spreads spreads spreads spreads spreads17,22,23

Table 6. Nonretarded Hamaker Constants and Contact Angles for Dispersive Liquids on Natural Rubber

contact angles (deg)

theoretical
Hamaker constants

liquid 1020ALVL (J) 1020APVL (J)
HoPVL )
HoLVL

HoPVL )
HoPVP

HoPVL )
(HoPVPHoLVL)1/2

HoPVL )
(HoPVP + HoLVL)/2

experimental
θa (θR)

diiodomethane 7.188; 7.799 6.376; 6.667 39; 45 59; 53 50; 49 50; 49
bromonaphthalene 5.930; 5.795 5.776; 5.702 19; 15 55; 56 41; 41 42; 41
methylnaphthalene 5.358 5.501 spreads 47 31 31
bromobenzene 5.631 5.670 spreads 28 19 19
tert-butylnaphthalene 5.230 5.454 spreads 19 spreads spreads
liq paraffin 6.034 5.876 19 spreads spreads spreads
hexadecane 5.223 5.468 spreads spreads spreads spreads
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have higherωUV values than hydrocarbons; e.g., compare
the PTFE ωUV in Table 1 with those of the hydrocarbon
liquids in Table 2. This difference in the ωUV values may
also be a contributing factor to both the critical surface
tensions, γc, obtained from Zisman plots (plots of cos θA
versus γLV, with the extrapolation of γLV to cos θA ) 1
givingγc),50 andtheGood-Girafalco-Fowkesrelationship,
γGGF ) γLV((cos θ + 1)/2)2,29-31 providing underestimates
of theactual surface free energies of perfluorocarbonsolids
when hydrocarbons are employed as the diagnostic
liquids.7 This situation was recognized by Fowkes over
30 years ago but is frequently ignored.31

Conclusions

The Lifshitz theory of van der Waals interaction has
been used to calculate the change in interfacial energy
(the term EPVL in eq 3) when a liquid-vapor and a
polymer-vapor interface are brought together to form a
polymer-liquid interface. Since only dispersion interac-

tions are involved in the polymer-liquid systems that we
have considered, one would expect Lifshitz theory to be
able to predict the correct trend across a family of similar
compounds. Being a theory based on interacting mac-
roscopic continua, one would expect the need to provide
a cutoff separation,HoPVL, for the theory. For the silicone-
hydrocarbon and hydrocarbon-hydrocarbon systems in-
vestigated, HoPVL values determined by applying either
the geometric mean or arithmetic mean relationships
provide theoretical contact angles that are in reasonable
agreementwith experimentallymeasured contact angles.
The fact that the requiredHoPVL values are insensitive to
how they are calculated lends support to the use of the
continuum Lifshitz approach. The results of this inves-
tigation support the contention that for van der Waals
interaction in silicone-hydrocarbon and hydrocarbon-
hydrocarbon systems the geometric mean relationship,
that is frequently employed to relate surface free energies
and contact angles, is a reasonable first-order approxima-
tion. Ontheotherhand, forperfluorocarbon-hydrocarbon
interaction the indications are that the simple geometric(50) Zisman, W. A. Ind. Eng. Chem. 1963, 55, 18.

Table 7. Nonretarded Hamaker Constants and Contact Angles for Dispersive Liquids on Poly(styrene) TE (PS TE)

contact angles (deg)

theoretical
Hamaker constants

liquid 1020ALVL (J) 1020APVL (J)
HoPVL )
HoLVL

HoPVL )
HoPVP

HoPVL )
(HoPVPHoLVL)1/2

HoPVL )
(HoPVP + HoLVL)/2

experimental
θA (θR)

diiodomethane 7.188; 7.799 6.727; 7.026 29; 37 35; 25 32; 31 32; 31 37 ( 3;21
35 ( 2;26
31 (31)19

bromonaphthalene 5.930; 5.795 6.098; 6.021 spreads 28; 29 15; 13 15; 14 14 ( 321
15 ( 2;26
11 (11)19

methylnaphthalene 5.358 5.807 spreads spreads spreads spreads
bromobenzene 5.631 5.969 spreads spreads spreads spreads
tert-butylnaphthalene 5.230 5.751 spreads spreads spreads spreads
liq paraffin 6.034 6.150 spreads spreads spreads spreads
hexadecane 5.223 5.723 spreads spreads spreads spreads

Table 8. Nonretarded Hamaker Constants and Contact Angles for Dispersive Liquids on Poly(styrene) TM (PS TM)

contact angles (deg)

theoretical
Hamaker constants

liquid 1020ALVL (J) 1020APVL (J)
HoPVL )
HoLVL

HoPVL )
HoPVP

HoPVL )
(HoPVPHoLVL)1/2

HoPVL )
(HoPVP + HoLVL)/2

experimental
θa (θR)

diiodomethane 7.188; 7.799 6.766; 7.068 28; 36 34; 23 31; 30 31; 30 37 ( 3;21
35 ( 2;26
31 (31)19

bromonaphthalene 5.930; 5.795 6.134; 6.057 spreads 27; 28 12; 10 12; 14 14 ( 3;21
15 ( 2;26
11 (11)19

methylnaphthalene 5.358 5.840 spreads spreads spreads spreads
bromobenzene 5.631 6.004 spreads spreads spreads spreads
tert-butylnaphthalene 5.230 5.785 spreads spreads spreads spreads
liq paraffin 6.034 6.190 spreads spreads spreads spreads
hexadecane 5.223 5.759 spreads spreads spreads spreads

Table 9. Nonretarded Hamaker Constants and Equilibrium “Contact” Surface Separations for the PTFE-Alkane
Systemsa

PTFE.LD PTFE.HD

liquid 1020ALVL (J) HoLVL (nm) experimental θA 1020APVL (J) HoPVL (nm) 1020APVL (J) HoPVL (nm)

hexadecane 5.223 0.159 46 5.071 0.170 5.534 0.178
tetradecane 5.103 0.159 44 5.011 0.170 5.468 0.178
dodecane 5.034 0.162 45 4.982 0.173 5.437 0.181
undecane 4.880 0.162 39 4.899 0.172 5.347 0.180
decane 4.825 0.164 35 4.876 0.173 5.321 0.180
nonane 4.666 0.164 32 4.792 0.173 5.229 0.181
octane 4.498 0.166 26 4.703 0.174 5.132 0.182
heptane 4.314 0.169 21 4.606 0.177 5.026 0.185
hexane 4.071 0.172 12 4.472 0.180 4.880 0.189
pentane 3.752 0.176 spreads 4.292 4.683
a HoPVL values have been calculated by using experimental advancing contact angles and eq 6.
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meanrelationship isapoorapproximation. For thePTFE-
alkane systems, irrespective of the approach taken to
estimateHoPVL, the calculated contact angles are less than
the experimentally measured contact angles. At this
stage, we are unable to explain completely this finding.
Nevertheless,we speculate that itmaybe associatedwith
the calculated value for γPL being too large or, in other
words, Lifshitz theory providing a poor estimate of the
term EPVL in eq 3. This possibility can be investigated
further by experimentalmeasurement of both the pull-off
forces (work of adhesion) and surface force-separation

curves (van der Waals force profile; Hamaker function)
associated with perfluorocarbon-hydrocarbon interac-
tions in air.7,12,13
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