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Abstract On the basis of the values of the surface tension

of the aqueous solutions of the Triton X-100 and CTAB

mixture with ethanol, the surface tension of nylon-6 and

the nylon-6–solution interfacial tension, the activity of the

surfactant mixture and ethanol at the nylon-6–solution

interface was calculated and compared to that at the solu-

tion–air one. For these calculations, the Sprow and Praus-

nitz equation was applied. The obtained values of the

activity were used for the calculations of the work of

adhesion of the solution to the polymer surface. The values

of the work of adhesion obtained in this way were com-

pared to those determined from the Young–Dupre equation

by using the contact angle values of the aqueous solutions

of the TX-100 and CTAB mixture with ethanol measured

on the nylon-6 surface. The changes of the work of adhe-

sion determined from the Young–Dupre equation were also

considered as a function of the surface tension of the

solution, its polar component and the interfacial interaction

parameter.

Keywords Contact angle � Wettability � Critical surface

tension of solid wetting � Surface tension � Surfactants �
Adhesion work � Nylon-6

1 Introduction

The wettability of solids by the aqueous solutions of the

mixtures of surface active agents, which plays a highly

important role in many technological processes and

everyday life, depends on the activity of the adsorbed

surface active agents at different interfaces (Rosen 2004;

Tadros 1994). The amount of the adsorbed surface active

agents and their activity at the interface depends on the

components and parameters of the surface tension of both a

given solid and surface active agents.

In the previous paper (Bielawska et al. 2013), the wet-

tability of nylon-6 by the aqueous solutions of TX-100

and CTAB mixture with ethanol was considered. It was

deduced that the critical surface tension of nylon-6 wetting

(cC) (Bielawska et al. 2013) is considerably lower than

its surface tension and even the Lifshitz–van der Waals

component of this tension (Szymczyk et al. 2012) and

depends on the way of its evaluation. If cC is determined at

the constant concentration of the TX-100 and CTAB

mixture, it practically has a constant value in the whole

range of the concentration and composition of the surfac-

tant mixture. In the case of the constant ethanol concen-

tration, it appeared that cC changes as a function of its

concentration and depends also on the composition of the

TX-100 and CTAB mixture.

However, the value of the critical surface tension of

nylon-6 wetting obtained at the constant ethanol concen-

tration close to that when complete spreading of the solu-

tion over the nylon-6 surface was observed is nearly the

same as that determined at the constant concentration of

the surfactant mixture.

It was suggested that the considerable difference

between the critical surface tension of nylon-6 wetting and

its surface tension results from the presence of ethanol film
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formed around the settled drop of solution whose pressure

was proportional to that at the solution–air interface. This

suggestion was confirmed by the calculations of the Gibbs

surface excess concentration of ethanol at the nylon-

6–solution and nylon-6–air interfaces as well as the com-

parison of the ratio between the difference of the surface

excess concentration of ethanol at the nylon-6–air and

nylon-6–solution interfaces to that at the solution–air one

to the slope of the linear dependence between the adhesion

tension and the surface tension of the aqueous solutions of

the TX-100 and CTAB mixture with ethanol (Bielawska

et al. 2013).

The slope of the cLV cos h� cLV plot for nylon-6

depends on the composition and concentration of the

TX-100 and CTAB mixture (Bielawska et al. 2013). This

indicates that there should be a direct correlation between

the activity of surfactants and ethanol adsorbed at the

solution–air and nylon-6–solution interfaces, the interac-

tion parameter across the nylon-6–solution interface, the

critical surface tension of nylon-6 wetting and the work of

adhesion of the aqueous solution of the surfactant mixture

with ethanol to the nylon-6 surface. Such kind of analysis

of the properties of the nylon-6–the solution of the sur-

factant mixture with ethanol–air systems is difficult to find

in the literature but it is highly important from the theo-

retical and practical points of view.

Thus, the purpose of our studies was to find the corre-

lation between the work of adhesion of the aqueous solu-

tions of the CTAB and TX-100 mixture with ethanol to the

nylon-6 surface, the critical surface tension of nylon-6

wetting, the surface tension of the solution, the solid–

solution interfacial tension, the interfacial interaction

parameter and the activity of all constituents of the solu-

tions at the solution–air and nylon-6–solution interfaces.

For this study, the data from the measurements of the

contact angle and the surface tension of the aqueous

solutions of the TX-100 and CTAB mixture with ethanol

were applied (Bielawska et al. 2012, 2013).

2 Discussion

2.1 Activity of water, ethanol and mixture

of surfactants at the solution–air and

nylon-6–solution interfaces

The surface tension of the aqueous solutions of TX-100

and CTAB mixture with ethanol and the nylon-6–solution

interfacial tension can be predicted on the basis of the

activity of the solution components in the bulk phase and

in the surface region, as well as their molar surface area

(Butler 1932). The relationships between the surface

tension of the solution or the solid–solution interfacial

tension and the activity of the solution components can be

obtained by taking the definition of the chemical poten-

tials of each component in the bulk and surface phases

into account.

However, it should be noted that the activity of a

given component of the solution can be defined in two

different ways: symmetrical (a) and asymmetrical (a*).

Thus, a for a solvent and a solute approaches unity if

Xi ! 1 (Xi is the mole fraction of the solvent or the

solute), and a* = Xi for the solvent when Xi ! 1 but for

the solute when Xi ! 0. In the case of the aqueous

solutions of surfactant mixture with ethanol, the depen-

dence between their surface tension and the activity of

water, surfactant mixture and ethanol in the surface layer

and in the bulk phase can be expressed, among others, by

the Sprow and Prausnitz equation (Sprow and Prausnitz

1967) which for the solution–air interface (LA) has the

following forms:

cLV ¼ cW þ
RT

xW
ln

a
SðLAÞ
W

aB
W

ð1Þ

cLV ¼ cA þ
RT

xA
ln

a
SðLAÞ
A

aB
A

ð2Þ

cLV ¼ cS þ
RT

xS
ln

a
SðLAÞ
S

aB
S

ð3Þ

In the case of the nylon-6–solution interface (SL) we can

write:

cSL ¼ cSW þ
RT

xW
ln

a
SðSLÞ
W

aB
W

ð4Þ

cSL ¼ cSA þ
RT

xA
ln

a
SðSLÞ
A

aB
A

ð5Þ

cSL ¼ cSS þ
RT

xS
ln

a
SðSLÞ
S

aB
S

ð6Þ

where cLV , cW , cA, cS is the surface tension of the solution

(aqueous solution of the CTAB and TX-100 mixture with

ethanol), water, ethanol and surfactant mixture, respec-

tively; R is the gas constant; T is the temperature; cSL, cSW ,

cSA, cSS, is the interfacial tension at the nylon-6–solution,

nylon-6–water, nylon-6–ethanol and nylon-6–surfactant

mixture interface, respectively; xW , xA and xS is the molar

area per one square meter of water, ethanol and surfactant

mixture at the solution–air and nylon-6–solution interfaces;

aS
W , aS

A and aS
S is the activity of water, ethanol and surfac-

tant mixture in the surface layer; aB
W , aB

A and aB
S is the

activity of water, ethanol and surfactant mixture in the bulk

phase, respectively.

For the surfactant mixture it is difficult to apply (3) or

(6) for the calculations of its activity because of its very
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low concentration in the bulk phase as well as the diffi-

culties to establish the molar area of surfactants at the

interfaces resulting from the changes of their orientation at

a given interface as a function of its concentration in the

bulk phase. It is known that
Pa

i¼1

ai ¼ 1 if the symmetrical

definition of the activity is considered and in this case

the activity of the surfactant mixture can be determined on

the basis of (1) and (2) or (4) and (5), respectively. If the

adsorption process of the surfactant mixture at the solu-

tion–air and nylon-6–solution interfaces is considered for a

dilute solution, it can be assumed, at first approximation,

that the activity of surfactants in the bulk phase is very

small and that of water is close to the difference between

unity and the activity of ethanol.

For the calculation of the activity of water and ethanol

from (1) and (2) or (4) and (5), the molar area of water was

assumed to be equal to 0.6023 9 105 m2/mol and ethanol

1.26 9 105 m2/mol (Zdziennicka 2010).

The activity of the surfactant mixture was calculated

from the expressions

a
SðLAÞ
S ¼ 1� a

SðLAÞ
A � a

SðLAÞ
W or a

SðSLÞ
S ¼ 1� a

SðSLÞ
A � a

SðSLÞ
W

ð7Þ

The activity of ethanol and the mixture of TX-100 and

CTAB is quite different at the solution–air and nylon-6–

solution interfaces for the same systems (Figs. 1, 2, S1–S6).

The activity of ethanol in the range of its concentration in

the bulk phase in which the Young’s equation is fulfilled is

lower at the nylon-6–solution interface than at the solution–

air one (Figs. 1, S1–S3). The water molecules interact

considerably stronger with the nylon-6 surface than the

ethanol ones. The work of adhesion of water to the nylon-6

surface is equal to 97.6 mJ/m2 and ethanol to 61 mJ/m2

(Bielawska et al. 2013). It means that ethanol molecules

cannot remove those of water from the nylon-6 surface. In

the case of the CTAB and TX-100 mixture at its low

concentration, the average activity of that surfactant

mixture in the layer at the nylon-6–solution interface is

somewhat higher than at the solution–air one (Fig. 2). If

the concentration of the TX-100 and CTAB mixture

corresponds to its saturated monolayer at both interfaces

(Figs. S4–S6) (Bielawska et al. 2013; Szymczyk and

Jańczuk 2007), the activity of this mixture at the nylon-

6–solution interface is lower than that at the solution–air

one. It is probably caused by different orientation of

the surfactant molecules at the solution–air and nylon-

6–solution interfaces. At the nylon-6–solution interface, the

surfactant molecules take probably the parallel orientation

but at the solution–air one they are oriented perpendicularly

or at a certain angle to the surface. The higher activity of the

surfactant mixture at the nylon-6–solution interface at its

low concentration in the bulk phase results probably from

very strong interactions of CTAB with the nylon-6 surface.

The work of CTAB adhesion to the nylon-6 surface is equal

to 132.4 mJ/m2 and it is higher than that of water (97.6 mJ/m2)

(Bielawska et al. 2013), therefore the adsorption of CTAB

is higher at the nylon-6–solution interface than at the

Fig. 1 The dependence between the activity of ethanol at the

solution–air (curves 1–6, calculated from (2)) and nylon-6–solution

(curves 10–60, calculated from (5)) interfaces (aS
A) and ethanol mole

fraction in the bulk phase (X2) at the constant total concentration of

the TX-100 and CTAB mixture equal to 1 9 10-6 M. Curves 1 and

10, 2 and 20, 3 and 30, 4 and 40, 5 and 50, 6 and 60 correspond to the

TX-100 mole fraction in the mixture with CTAB equal to 0, 0.2, 0.4,

0.6, 0.8 and 1, respectively

Fig. 2 The dependence between the activity of the TX-100 and

CTAB mixture at the solution–air (curves 1–6) and nylon-6–solution

(curves 10–60) interfaces calculated from (7) (aS
S) and ethanol mole

fraction in the bulk phase (X2) at the constant total concentration of

the TX-100 and CTAB mixture equal to 1 9 10-6 M. Curves 1 and

10, 2 and 20, 3 and 30, 4 and 40, 5 and 50, 6 and 60 correspond to the

TX-100 mole fraction in the mixture with CTAB equal to 0, 0.2, 0.4,

0.6, 0.8 and 1, respectively
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solution–air one at low concentration of the surfactant

mixture. The work of TX-100 adhesion to the nylon-6

surface is lower (71.3 mJ/m2) than that of water and its

molecules are probably adsorbed together with the CTAB

ones (Bielawska et al. 2013). The composition of the

surfactant mixture affects the activity of ethanol only to a

low degree. The TX-100 and CTAB mixture at its

concentration equal to 1 9 10-4 M behaves somewhat

in a different way (Fig. S2). At this concentration, the

mixed micelles of surfactants are probably formed at

some compositions of the surfactant mixture (Szymczyk

and Jańczuk 2007) and therefore the bigger difference

between the activity of ethanol at different compositions

of the surfactant mixture is observed. The influence of

ethanol on the activity of the TX-100 and CTAB mixture

is more evident than that of the surfactant mixture on the

activity of alcohol. It is interesting that at the ethanol

concentration corresponding to the maximum of its

surface excess concentration at the solution–air interface,

the minimum on the isotherm of the activity of surfactant

mixture is observed. The depth of the minimum lowers

with the increase of the concentration of the surfactant

mixture and at high concentration of the surfactant

mixture the minimum of activity does not occur. It is

interesting that the changes of the difference between the

activity of ethanol in the surface layer and in the bulk

phase at the solution–air and nylon-6–solution interfaces

as a function of ethanol mole fraction (Figs. 3, S7–S9) are

somewhat similar to those of the surface excess

concentration (Bielawska et al. 2013) of ethanol at these

interfaces.

2.2 Work of adhesion of the aqueous solutions

of the TX-100 and CTAB mixture with ethanol

to the nylon-6 surface

The adsorption of surfactants at the solid–solution and

solution–air interfaces affects strongly the work of adhe-

sion of the solution to the solid surface (Wa). The rela-

tionship between the work of adhesion and the surface

tension of the phases being in contact has the following

form (Adamson and Gast 1997):

Wa ¼ cLV þ cSV � cSL ð8Þ

On the other hand, in the case of the solid–solution

drop–air systems, the work of adhesion fulfills the Young–

Dupre equation (Rosen 2004; Adamson and Gast 1997)

which has the following form:

Wa ¼ cLV cos hþ 1ð Þ ð9Þ

If we take the presence of the liquid film on the solid

surface into account, then (9) has the following form

(Adamson and Gast 1997):

Wa ¼ cLV cos hþ 1ð Þ þPe ð9aÞ

where Pe is the liquid film pressure on the solid surface.

The work of adhesion of the aqueous solutions of the

TX-100 and CTAB mixture with ethanol to the nylon-6

surface calculated from (9) and (9a) decreases consider-

ably as a function of ethanol concentration in the range

of alcohol concentration in which it is present in the

monomeric form in the bulk phase (Zana 1995;

Zdziennicka 2010) and practically does not depend on the

composition of the surfactant mixture at its concentration

corresponding to its unsaturated monolayer (Bielawska

et al. 2013). At the concentration of the TX-100 and

CTAB mixture, at which the formation of their mixed

micelles takes place, the influence of the surfactant

mixture composition on the work of adhesion of the

studied solutions to the nylon-6 surface is evident

(Figs. 4, S10–S12).

From (9) it results that (Blake 1984):

cLV cos h ¼ �cLV þWa ð10Þ

and that

cos h ¼ �1þ Wa

cLV

¼ �1þ 2cC

cLV

ð11Þ

or generally:

cos h ¼ �1þWa
1

cLV

ð12Þ

Fig. 3 A plot of the difference between the activity of ethanol at the

solution–air interface and in the bulk phase (curves 1–6) as well as

between that of ethanol at the nylon-6–solution interface and in the

bulk phase (curves 10–60) (aS
A � aV

A ) versus ethanol mole fraction in

the bulk phase (X2) at the constant total concentration of the TX-100

and CTAB mixture equal to 1 9 10-6 M. Curves 1 and 10, 2 and 20, 3

and 30, 4 and 40, 5 and 50, 6 and 60 correspond to the TX-100 mole

fraction in the mixture with CTAB equal to 0, 0.2, 0.4, 0.6, 0.8 and 1,

respectively
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Equations (10–12) are fulfilled if the pressure of the

liquid film around the drop settled on the solid surface is

close to zero.

From (10) it results that if there is a linear dependence

between the adhesion tension and the surface tension of the

solution whose slope is equal to -1, then the constant in

this dependence is equal to the work of adhesion of the

liquid or the solution to the solid surface. In the case when

the contact angle of the liquid or the solution on the solid

surface is equal strictly to zero, the work of adhesion is

equal to the double value of the critical surface tension of

solid wetting (Blake 1984). However, from (11) and (12) it

results that if the dependence between cos h and the reci-

procal of the surface tension is linear and the intercept of

the cos h axis is equal to -1, then the slope of this

dependence is equal to the work of adhesion of the liquid or

the solution to the solid surface. According to (11), for the

liquid or the solution for which the contact angle is equal

strictly to zero, the work of adhesion is equal to the work of

cohesion (Wc).

Of course, if the conditions mentioned above are ful-

filled for the aqueous solutions of surfactants or their

mixture then the work of adhesion of the solution to the

solid surface is constant and does not depend on the con-

centration and composition of the surfactant mixture.

For the nylon-6–solution drop–air systems there is a

linear dependence between the adhesion tension and the

surface tension (Bielawska et al. 2013) as well as between

the cosine of the contact angle and the reciprocal of the

surface tension of the aqueous solutions of the TX-100 and

CTAB mixture with ethanol (Figs. 5, S13–S15) However,

the slope of both relationships is larger than -1 and depends

on the concentration and composition of the TX-100 and

CTAB mixture. For nylon-6 the relationship between the

cosine of contact angle and the reciprocal of the surface

tension can be written in the following form:

cos h ¼ k þ l � 1

cLV

ð13Þ

where k and l are the constants.

Because the intercept of the cosine axis for nylon-6 is

larger than -1, therefore, to show the relationship of the

slope of the linear dependence between cos h and 1
cLV

to the

work of adhesion, (13) should be presented as (Zdziennicka

2009):

cos h ¼ �1þ 1þ kð Þ � cLV þ l
� �

� 1

cLV

ð14Þ

From (14) it results that there is a linear dependence

between the work of adhesion of the aqueous solutions of

the CTAB and TX-100 mixture with ethanol to the nylon-6

surface and the surface tension of the solution but only in

the range of the concentration of the surface active agents

in which the Young’s equation (Adamson and Gast 1997)

is fulfilled. This statement is confirmed in a very wide

range of ethanol concentration by the dependence between

the work of adhesion of the solution to the nylon-6 surface

calculated from (9a) and the surface tension of the solution

(Figs. 6, S16–S18) (Bielawska et al. 2012).

Fig. 4 The dependence between the work of adhesion of the aqueous

solutions of the TX-100 and CTAB mixture with ethanol to the nylon-

6-surface (Wa) and ethanol mole fraction in the bulk phase (X2)

calculated from (9) (curves 1–6) and (9a) (curves 10–60) at the

constant total concentration of the TX-100 and CTAB mixture equal

to 1 9 10-6 M. Curves 1 and 10, 2 and 20, 3 and 30, 4 and 40, 5 and 50,
6 and 60 correspond to the TX-100 mole fraction in the mixture with

CTAB equal to 0, 0.2, 0.4, 0.6, 0.8 and 1, respectively

Fig. 5 The dependence between the cosine of the contact angle

(cos h) and the reciprocal of the surface tension of the aqueous

solution of the TX-100 and CTAB mixture with ethanol (1=cLV ) at the

constant total concentration of the TX-100 and CTAB mixture equal

to 1 9 10-6 M. Curves 1–6 correspond to the mole fraction of

TX-100 in the mixture with CTAB equal to 0; 0.2; 0.4; 0.6; 0.8 and 1,

respectively
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If the work of adhesion of the solution to the nylon-6

surface is a linear function of the solution surface tension,

as it results from (8), then the same relationship should

occur between the work of adhesion and the surface tension

of nylon-6 covered with the ethanol film as well as the

nylon-6–solution interfacial tension. This statement was

confirmed by the dependences presented in Figs. 7, 8,

S19–S24 also in a wide range of alcohol concentration.

2.3 Interfacial interaction parameter, activity

and work of adhesion

Taking the Good and Girifalco approach to the interfacial

tension into account (Girifalco and Good 1957) in (8) and

comparing it to (9), we obtain the expression for the work

of adhesion of the liquid to the solid surface in the fol-

lowing form:

Wa ¼ 2/
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cSV � cLV

p ¼ cLV cos hþ 1ð Þ ð15Þ

where / is the interaction parameter across the solid–liquid

interface.

For the contact angle equal to zero in (15) we obtain:

cSV ¼
cC

/2
ð16Þ

Taking (16) into account we can state that if the

condition for (10) is fulfilled then:

Wa ¼ 2/2cSV ð17Þ

In other cases (17) does not give the reliable values of

the work of adhesion. If the surface tension of the solution

is equal to the critical surface tension of nylon-6 wetting by

a given series of solutions then combining (13) and (15) we

obtain:

/ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

l

cSV 1� kð Þ

s

ð18Þ

The interfacial interaction parameter obtained from (18)

depends on the composition of the TX-100 and CTAB

mixture and its concentration. Of course, on the assumption

Fig. 6 The dependence between the work of adhesion of the aqueous

solutions of the TX-100 and CTAB mixture with ethanol to the nylon-

6 surface calculated from (9a) (Wa) and the surface tension of the

solution (cLV ) at the constant total concentration of the TX-100 and

CTAB mixture equal to 1 9 10-6 M. Curves 1–6 correspond to the

mole fraction of TX-100 in the mixture with CTAB equal to 0; 0.2;

0.4; 0.6; 0.8 and 1, respectively

Fig. 7 The dependence between the work of adhesion of the aqueous

solutions of the TX-100 and CTAB mixture with ethanol to the nylon-

6 surface calculated from (9a) (Wa) and the surface tension of nylon-6

covered with the liquid film (cSV ) at the constant total concentration of

the TX-100 and CTAB mixture equal to 1 9 10-6 M. Curves 1–6

correspond to the mole fraction of TX-100 in the mixture with CTAB

equal to 0; 0.2; 0.4; 0.6; 0.8 and 1, respectively

Fig. 8 The dependence between the work of adhesion of the aqueous

solutions of the TX-100 and CTAB mixture with ethanol to the nylon-

6 surface calculated from (9a) (Wa) and the nylon-6–solution

interfacial tension (cSL) at the constant total concentration of the

TX-100 and CTAB mixture equal to 1 9 10-6 M. Curves 1–6

correspond to the mole fraction of TX-100 in the mixture with CTAB

equal to 0; 0.2; 0.4; 0.6; 0.8 and 1, respectively
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of the presence or the absence of ethanol film on the nylon-

6 surface, quite different changes of / calculated as a

function of ethanol mole fraction are observed (Figs. 9,

S25–S27). The values of / calculated from (18) have

obviously the sense only in the range of ethanol

concentration in which the Young’s equation is fulfilled.

It seems that the values of / determined on the assumption

that the ethanol film is present on the nylon-6 surface are

more suitable because they approach unity when the

surface tension of the aqueous solutions of TX-100 and

CTAB mixture with ethanol approaches the critical surface

tension of nylon-6 wetting.

Neumann et al. (1974) showed that for the polymer–

liquid drop–air systems, the / parameter fulfills the fol-

lowing relation:

/ ¼ �0:0075cSL þ 1 ð19Þ

The values of / calculated by combining Eqs. (8) with

(15) cannot be described by (19) and the relationship

between the parameter / and the nylon-6–solution

interfacial tension is not linear and depends on the

concentration and composition of the surfactant mixture

(Figs. 10, S28–S30). According to (15) the / parameter is

related to the work of adhesion of the solution to the nylon-

6 surface.

However, there is no linear relationship between Wa and

the parameter / (Figs. 11, S31–S33) in contrast to the

linear dependence between the work of adhesion and the

surface tension of the solution, the nylon-6–solution

interfacial tension or the surface tension of nylon-6 covered

with the liquid film. The shape of Wa � / plot depends on

the composition of the TX-100 and CTAB mixture and its

concentration.

The work of adhesion of the solution should be con-

nected with the work of adhesion of particular constituents

of the solution to the nylon-6 surface if their activity in the

surface layer is taken into account. In such a case the work

of adhesion of the aqueous solutions of the TX-100 and

Fig. 9 The dependence between the molecular interaction parameter

(/) calculated on the assumption of the absence (curves 1–6) and the

presence (curves 10–60) of the liquid film on the nylon-6 surface and

ethanol mole fraction in the bulk phase (X2) at the constant total

concentration of the TX-100 and CTAB mixture equal to

1 9 10-6 M. Curves 1 and 10, 2 and 20, 3 and 30, 4 and 40, 5 and

50, 6 and 60 correspond to the TX-100 mole fraction in the mixture

with CTAB equal to 0, 0.2, 0.4, 0.6, 0.8 and 1, respectively

Fig. 10 The dependence between the molecular interaction param-

eter calculated on the assumption of the presence of the liquid film on

the nylon-6 surface (/) and the nylon-6–solution interfacial tension

(cSL) at the constant total concentration of the TX-100 and CTAB

mixture equal to 1 9 10-6 M. Curves 1–6 correspond to the mole

fraction of TX-100 in the mixture with CTAB equal to 0; 0.2; 0.4; 0.6;

0.8 and 1, respectively

Fig. 11 The dependence between the work of adhesion of the

aqueous solutions of the TX-100 and CTAB mixture with ethanol to

the nylon-6 surface calculated from (9a) (Wa) and the molecular

interaction parameter calculated on the assumption of the presence of

the liquid film on the nylon-6 surface (/) at the constant total

concentration of the TX-100 and CTAB mixture equal to

1 9 10-6 M. Curves 1–6 correspond to the mole fraction of

TX-100 in the mixture with CTAB equal to 0; 0.2; 0.4; 0.6; 0.8

and 1, respectively
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CTAB mixture with ethanol should be described by the

following equation:

Wa ¼ aS
W �WW

a þ aS
A �WA

a þ aS
S �WS

a ð20Þ

The work of adhesion of the solution to the nylon-6

surface was calculated from (20) by using the activity of

water (aS
W ), ethanol (aS

A) and surfactant mixture (aS
S) in the

layer at the solution–air and nylon-6–solution interfaces.

The work of adhesion of water (WW
a ), ethanol (WA

a ) and

surfactant mixture (WS
a ) was calculated from the van Oss

et al. (1994) approach to the interfacial tension:

Wi
a ¼ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cLW

S � cLW
LV

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cþS � c�LV

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c�S � cþLV

q� �

ð21Þ

where cLW is the Lifshitz–van der Waals apolar component

of the surface tension, cþ and c� are the electron-acceptor

and electron-donor parameters of the Lewis acid–base

component of the surface tension and the subscripts S and

LV refer to the solid and liquid, respectively. For calcula-

tions, the values of cLW
S , cLW

LV , cþS , c�LV , c�S and cþLV were

taken from our previous paper (Bielawska et al. 2013).

The values of Wa calculated from (20) are different

from those determined from the Young–Dupre equation

(Adamson and Gast 1997) independently whether the

activity at the solution–air or nylon-6–solution interface

was taken for calculations. However, if we assume that

ethanol molecules at the nylon-6–air interface are

adsorbed on the water film and that only the CTAB

molecules can remove the water film from the nylon-6

surface, then the work of adhesion of the aqueous solu-

tions of the TX-100 and CTAB mixture with ethanol

calculated on this basis at low concentration of the sur-

factant mixture is close to that determined from the

Young–Dupre equation (Adamson and Gast 1997) (Fig.

S34 as an example). For the calculations, we assumed

that the surface tension of nylon-6 covered with the

monolayer of water was equal to 25.6 mN/m (Zdzienni-

cka and Jańczuk 2010) and that there are only the Lif-

shitz–van der Waals interactions between such kind of

monolayer and ethanol molecules.

It is worth emphasizing that the relationship between the

work of adhesion of the solution calculated from

the Young–Dupre equation and the ethanol activity at the

nylon-6–solution interface for the composition of the sur-

factant mixture richer in CTAB can be described by the

exponential or linear function.

3 Conclusions

On the basis of our considerations dealing with the changes

of the work of adhesion of the aqueous solutions of the

TX-100 and CTAB mixture with ethanol to the nylon-6

surface as a function of the surface tension of this solution,

the nylon-6 surface tension and the nylon-6–solution

interfacial tension, the following conclusions can be drawn:

Although there is a linear dependence between the

cosine of the contact angle and the reciprocal of the surface

tension of the aqueous solutions of the TX-100 and CTAB

mixture with ethanol, its slope is not equal to the work of

adhesion of these solutions to the nylon-6 surface.

The work of adhesion of the solution to the nylon-6

surface calculated from the Young–Dupre equation

depends on the concentration and composition of this

solution and there is the linear relationship between the

work of adhesion and the surface tension of the solution,

the nylon-6–solution interfacial tension as well as the

surface tension of nylon-6 covered with the liquid film in

the range of ethanol concentration in which the Young’s

equation is fulfilled.

The work of adhesion of the aqueous solutions of the

TX-100 and CTAB mixture to the nylon-6 surface does not

depend linearly on the interfacial interaction parameter as

it was expected. There is also no linear dependence

between this parameter and the nylon-6–solution interfacial

tension as it occurs for the ‘‘pure’’ liquids.

However, there is a linear or exponential relationship

between the work of adhesion and the activity of ethanol at

the nylon-6–solution interface.
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Bielawska, M., Jańczuk, B., Zdziennicka, A.: Behaviour of cetyltri-

methylammonium bromide, tert-Octylphenol (9.5 EO) ethoxylate

and ethanol mixtures at the water–air interface. J. Surfactants

Deterg. (2012). doi:10.1007/s11743-012-1379-3
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