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Abstract Monolayers of phosphatidylcholine (PC), te-

tradecanol (TD), hexadecanol (HD), octadecanol (OD)

and eicosanol (E) and their binary mixtures were investi-

gated at the air/water interface. The surface tension values

of pure and mixed monolayers were used to calculate

p–A isotherms. The surface tension measurements were

carried out at 22 �C using a Teflon trough and a Nima

9000 tensiometer. The interactions between phosphatidyl-

choline and fatty alcohols (tetradecanol, hexadecanol,

octadecanol, eicosanol) result in significant deviations

from the additivity rule. An equilibrium theory to describe

the behavior of monolayer components at the air/water

interface was developed in order to obtain the stability

constants, Gibbs free energy values and areas occupied by

one molecules of PC–TD, PC–HD, PC–OD and PC–E

complexes. We considered the equilibrium between the

individual components and the complex and established

that phosphatidylcholine and fatty alcohols formed highly

stable 1:1 complexes.

Keywords Phosphatidylcholine � Fatty alcohols �
Complex formation equilibria � Monolayer � Langmuir

trough

Introduction

Many studies have been conducted on the mixed mono-

layer behavior at the air/water interface. Investigating the

surface properties of mixed monolayers is very important

since it allows one to obtain information on the molecular

interactions between the monolayer components. An in-

soluble monolayer at the air/water interface is usually

considered as a two-dimensional solution, and the surface

properties of mixed monolayers are generally studied based

on the measurement of the surface pressure–area per

molecule (p–A) isotherms of the monolayers (Capuzzi et al.

1997; Bordi et al. 1999; Chou and Chang 2000; Petelska

et al. 2011, 2012, 2013).

Fatty alcohols are known to self-assemble at the air/water

interface to form monolayers with rich phase behavior.

While single-component alcohol monolayers have been well

studied, mixtures have not. Mixtures are widely used as

stabilizers for emulsions and foams, and are important as

model biological membranes. The behavior of mixtures of

PC with long chain fatty alcohols or amines is very similar to

that of fatty acid–phospholipids mixture, with evidence for

1:1 complex formation (Boggs et al. 1986).

Mixed monolayer behavior of dipalmitoyl phos-

phatidylcholine (DPPC) with various long-chain alcohols

at the air/water interface has been investigated by Kurtz

et al. 2006, 2008 and Li et al. 2008. The results are of

special interest for potential applications in the lung sur-

factant therapy field, because DPPC and C16OH constitute

the major part of the artificial lung surfactant formulation,

Exosurf (Clements 1982, 1989; Durand et al. 1985). With

regard to the therapeutic use of DPPC:C16OH mixtures, it

appears important to obtain more generalized information

concerning the two-dimensional molecular interactions

between DPPC and various long-chain alcohols as mixed
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monolayers at the air:water interface. A study to elucidate

the effects of hydrocarbon chain length of long-chain al-

cohols on the miscibility and stability of mixed DPPC:-

long-chain alcohol monolayers may provide an insight on

how to improve the surface properties of available sur-

factant therapy formulations.

Fatty alcohols are present in small amounts in biological

membranes and at the same time also possess quite simple

structure; they are frequently used by researchers for mod-

eling. It is clear that there is certain equilibrium between

lipids forming monolayer. The interactions between fatty

alcohols and lipids are studied by several techniques (Huang

et al. 1996; Chen et al. 2000, 2003; Kurtz et al. 2006, 2008; Li

et al. 2008); however, there is still the lack of the quantitative

description of the systems. Formation of artificial mem-

branes with built-in studies components allows to research in

simpler systems than complicated biological membranes.

The aim of the present work was to examine the possible

effect of fatty alcohols (FA) component on the phos-

phatidylcholine monolayer and the molecular interaction

between fatty alcohols (tetradecanol, hexadecanol, oc-

tadecanol, eicosanol) and phosphatidylcholine by analyz-

ing physicochemical properties for binary mixed

monolayers treated as the simplest model of a half of the

biological membrane. In this paper we present evidence for

the formation of 1:1 PC–FA complexes at the air/water

interface and calculate their stability constants and Gibbs

free energy values. The knowledge of stability constants

and Gibbs free energy values of phosphatidylcholine-fatty

alcohols systems let us understand the processes that take

place both in monolayer itself and also on its surface.

Data presented in this work, obtained in result of mathe-

matical derivation and confirmed experimentally, are of great

importance for interpretation of phenomena occurring in lipid

membranes. A quantitative description of equilibria between

phosphatidylcholine and fatty acids lets us understand the

processes that take place on membrane surface. The equilibria

are particularly significant from the standpoint of cell func-

tioning. Phosphatidylcholine-fatty alcohols interactions

modulate a range of physicochemical properties of mem-

branes and they are important in the course of the multiple

processes involving membranes in the living cell (e.g. trans-

port mechanism). Solution even the smallest problem of

biological membranes, enriches knowledge of their properties

and functioning, thereby moving us to a better understanding

of many processes in a human organism.

Theory

During formation of a mixed two-component monolayer on

a free electrolyte surface, the individual components:

phosphatidylcholine (denoted by PC) and fatty alcohols

(denoted by FA) can form complex. The equilibrium of

such a system is described by the complexation reaction.

Two substances can form complexes of varying stoichio-

metry. However, due to the fact that the first stability

constant in complexes is usually the largest (Inczedy 1976),

we assumed that 1:1 complexes were predominant.

Let us assume that a 1:1 complex is formed in a mixed

monolayer at the air/water interface between phos-

phatidylcholine and fatty alcohols (tetradecanol, hexade-

canol, octadecanol and eicosanol). The reaction:

PC þ FA , PC � FA

may be described by the system of equations (Petelska and

Figaszewski 2009, 2011, 2013):

aPCSPC þ aFASFA þ aPC�FASPC�FA ¼ 1 ð1Þ
aPC þ aPC�FA ¼ cPC ð2Þ
aFA þ aPC�FA ¼ cFA ð3Þ

KPC�FA ¼ aPC�FA

aPC � aFA

ð4Þ

xFA ¼ cFA

cPC þ cFA

ð5Þ

where aPC, aFA and aPC�FA (mol m-2) are the surface con-

centrations of phosphatidylcholine, fatty alcohol and phos-

phatidylcholine-fatty alcohol complex; cPC and cFA (mol m-2)

are the total surface concentrations of phosphatidylcholine and

fatty alcohol; SPC, SFA and SPC�FA (m2 mol-1) are the surface

areas occupied by 1 mol of phosphatidylcholine, fatty alcohol

and phosphatidylcholine-fatty alcohol complex; KPC�FA

(m2 mol-1) is the stability constant of phosphatidylcholine-

fatty alcohol complex, and xPC and xFA are the mole fractions

of phosphatidylcholine and fatty alcohol.

The presented above system of Eqs. (1–5) contain un-

known quantities aPC,aFA, aPC�FA, SPC�FA and KPC�FA as

well as known or easy to determined quantities SPC, SFA,

xFA, cPC and cFA.

Attempts to solve this system of equations resulted in

complicated expressions, so Eqs. (1–5) were differentiated

with respect to xFA and approximated to low or high argu-

ment values. At xFA ? 0 (a monolayer formed from pure

phosphatidylcholine; xPC ? 1), and at xFA ? 1 (a mono-

layer formed from pure fatty alcohol; xPC ? 0), the system

of Eqs. (1–5) are simplified, which was presented in earlier

papers (Petelska and Figaszewski 2009, 2011, 2013).

Suitable transformations lead to expressions for two

quantities of interest (each individually): the stability

constant of the complex KPC�FA and the surface area oc-

cupied by one molecule of the complex SPC�FA:

KPC�FA ¼
S3

FAc
0

FAðxFA¼1Þ � 2SPCSFA � S3
PCc

0

PCðxFA¼0Þ

SFA � SPC þ S2
PCc

0
PCðxFA¼0Þ þ S2

FAc
0
FAðxFA¼1Þ

ð6Þ
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SPC�FA ¼
SPCSFA þc

0

PCðxFA¼0Þc
0

FAðxFA¼1ÞS
2
PCS

2
FA

� �
SPC þSFAð Þ

S3
PCc

0
PCðxFA¼0Þ þS3

FAc
0
FAðxFA¼1Þ

ð7Þ

The slopes of tangent lines at the points xFA ? 0 and

xFA ? 1 may be calculated from the following equations:

c
0

PCðxFA¼0Þ ¼
KPC�FA SPC � SPC�FAð Þ � SPCSFA

S2
PC SPC þ KPC�FAð Þ ð8Þ

c
0

FAðxFA¼1Þ ¼
�KPC�FA SFA � SPC�FAð Þ � SPCSFA

S2
FA KPC�FA � SFAð Þ ð9Þ

Equations (8) and (9) may be used for verification of

slopes obtained either from theory or by experiment.

Agreement between the slopes indicates that the method of

calculating KPC�FA and SPC�FA is correct.

The phosphatidylcholine-fatty alcohol complex forma-

tion energy was calculated from Eq. (10):

� logK ¼ DG0

2:3RT
ð10Þ

where K (m2 mol-1) is the stability constant of phos-

phatidylcholine-fatty alcohol complex; DG0 (J mol-1) is

the phosphatidylcholine-fatty alcohol complex formation

energy; R (J mol-1 K-1) is gas constant; T (K) is the

temperature.

Materials and Methods

Materials

Phosphatidylcholine from soybean (C97 %, Roth) pre-

pared by a modification of the procedure of Singleton et al.

(1965) was used in experiment. Tetradecanol C95 %,

hexadecanol C99 %, octadecanol C99 %, eicosanol

C97 % were purchased from Fluka and were used as re-

ceived. The molecular weights of the PC, TD, HD, OD and

E were approximately 752.08, 214.39, 242.45, 270.50 and

298.56 g mol-1, respectively.

The 1-chloropropane solvent ([98 % pure) was supplied

by Aldrich. Solutions were prepared by dissolving appro-

priate amounts of each material in 1-chloropropane at a

concentration of 1 mg cm-3 and were stored at 4 �C. The

water used in the experiments was prepared by triple dis-

tillation (the second distillation was performed over

KMnO4 and KOH to remove organic impurities).

Methods

The homemade computer-controlled apparatus used for

surface tension measurements was presented in previous

paper (Petelska and Figaszewski 2009).

The surface tension measurements were carried out at

the water/air interface at 22 �C, and were expressed as

surface pressure-area per molecule (p–A) isotherms. For all

experiments, the trough was filled with triple-distilled

water as the subphase. The monolayers were prepared by

spreading a defined volume of a lipid solution in

1-chloropropane on the aqueous subphase using a Hamilton

micro-syringe. Ten minutes were allowed for solvent

evaporation and monolayer equilibration before an

experiment was begun. The monolayer was continuously

compressed to obtain the p–A isotherms using the glass

barrier. The Nima ST9002 computer program was used to

calculate the surface pressure of the monolayer p as a

function of surface area per molecule A: p = c -

c0 = f(A), where c is the surface tension of the lipid-cov-

ered surface and c0 is the surface tension of the bare air/

water interface.

Before each trial the Teflon trough (trough size 648 cm2)

was washed and rinsed with purified water. The subphase

surface was cleaned just prior to each measurement by

suction with a vacuum pump until the surface tension was

constant and equal to the surface tension value of pure water

at 22 �C (approximately 72 mN m-1). All glassware in

contact with the samples was cleaned with chromic acid and

repeatedly rinsed with purified water before use.

The system was enclosed in an acrylic box to minimize

water evaporation, to ensure high humidity, and to avoid

contamination of the system.

All of the reported values are highly reproducible and

represent the average of at least five experiments. The

standard deviation for surface area measurements was less

than 1 %.

Results and Discussion

In this paper we present evidence for the formation of 1:1

phosphatidylcholine-fatty alcohol complexes at the air/

water interface. Using equations from ‘‘Theory’’ section,

the stability constants and Gibbs free energy of the PC–TD,

PC–HD, PC–OD and PC–E complexes were calculated.

This paper contains the first report of stability constants

and Gibbs free energies for PC–TD, PC–HD, PC–OD and

PC–E complexes in monolayer.

Figure 1a presents p–A isotherms of phosphatidyl-

choline (1), tetradecanol and hexadecanol (b), octadecanol

and eicosanol (c). The phosphatidylcholine isotherm

(Fig. 1a) is in satisfactory agreement with that previous

reported (Brzozowska and Figaszewski 2002; Sovago et al.

2007). With decreasing surface area, the following regions

have been indicated: a gas phase, the liquid condensed

phase and the pure condensed phase (Brzozowska and Fi-

gaszewski 2002; Gzyl and Paluch 2004; Sovago et al.
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2007). Lecithin monolayer is an example of liquid-ex-

panded membrane, with the hydrophilic head groups lo-

cated in the aqueous subphase and the hydrophobic fatty

acid tails oriented toward the air. The surface area per lipid

molecule assumes various values depending on the length,

conformation, and degree of unsaturation of the hydro-

carbon chains. The surface area for the lecithin molecule in

pure water is 78 Å2. This value is agreed with the reported

in literature 45–96 Å2 (Joos and Demel 1969; Jain 1972;

Smondyrev and Berkowitz 1998; Tien and Ottova-Leit-

mannova al. 2003; Gzyl and Paluch 2001, 2004; Sovago

et al. 2007; Petelska et al. 2008; Petelska and Figaszewski

2009).

The slopes of fatty alcohols (Fig. 1b, c) isotherms are

very high, indicating a perpendicular orientation of the

molecules at the interface with the hydrophilic group di-

rected at the aqueous subphase. The fatty alcohol isotherms

are in satisfactory agreement with previous reported (Chen

et al. 2000; Kurtz et al. 2006, 2008; Li et al. 2008). The

surface areas for tetradecanol, hexadecanol, octadecanol

and eicosanol molecules *24–26 Å2 molecule-1 (Fig. 1)

were obtained experimentally by extrapolating isotherms to

p = 0. This is in agreement with the previously reported

values (Chen et al. 2000; Kurtz et al. 2006, 2008; Li et al.

2008).

Phosphatidylcholine-fatty Alcohol Complexes

An equilibrium theory, presented in ‘‘Theory’’ section, to

describe the behavior of monolayer components at the air/

water interface was developed in order to obtain the sta-

bility constants and Gibbs free energy values of PC–TD,

PC–HD, PC–OD and PC–E complexes. Table 1 lists sev-

eral physicochemical parameters for monolayers contain-

ing PC–TD, PC–HD, PC–OD and PC–E complexes.

The area per PC–TD, PC–HD, PC–OD and PC–E

complexes and their stability constants were calculated by

inserting the experimental data into Eqs. (6, 7). It should be

emphasized that the stability constants values of phos-

phatidylcholine-fatty alcohols complexes presented in

Table 1 are similar to the stability constants values of

phosphatidylcholine-fatty acids values (Petelska and Fi-

gaszewski 2011) and are equal around 106 m2 mol-1.

The surface areas occupied by one molecule of com-

plexes value obtained this way are higher than the areas of
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Fig. 1 Isotherms of phospatidylcholine (a), tetradecanol and hex-

adecanol (b) and octadecanol and eicosanol (c)

Table 1 Selected physicochemical parameters for four complexes: phosphatidylcholine-tetradecanol (PC–TD), phosphatidylcholine-hexade-

canol (PC–HD), phosphatidylcholine-octadecanol (PC–OD), phosphatidylcholine-eicosanol (PC–E)

Examined system Surface area occupied by one

molecule of complex (Å
´ 2 molecule-1)

Stability constant of

examined complex (m2 mol-1)

Complex formation energy

(Gibbs free energy) (kJ mol-1)

PC–TD 101 ± 1 1.08 9 106 -34 ± 2

PC–OD 100 ± 1 1.10 9 106 -34 ± 2

PC–HD 100 ± 1 1.13 9 106 -34 ± 2

PC–E 99 ± 1 1.15 9 106 -35 ± 2
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PC molecule, SPC = (78 Å2 molecule-1), but slightly

lower than the sum of the areas of phosphatidylcholine and

fatty alcohols (for example: SPC ? STD = 101 ± 1 Å2).

Using the values calculated for SPC–FA and KPC–FA in

Eqs. (8, 9), theoretical c0PC and c0FA values were calculated

and compared with the slopes of lines tangent to the

experimental data at points xFA ? 0 and xFA ? 1.

Analysis of the results presented in Table 1 leads to the

following conclusions:

1. The stability constant of the PC–TD complex is

1.08 9 106 m2 mol-1, whereas the stability constant of the

PC–HD, PC–OD and PC–E complexes are 1.10 9 106,

1.13 9 106 and 1.15 9 106 m2 mol-1, respectively. These

values are relatively high, providing additional support for

the prevalence of 1:1 complexes in mixed monolayers.

2. The experimentally obtained values for the areas

occupied by the PC–TD, PC–HD, PC–OD and PC–E

complexes are almost identical and are equal

*99–101 ± 1 Å2 molecule-1.

3. The complex formation energy (Gibbs free energy)

values for the PC–TD PC–HD, PC–OD and PC–E com-

plexes are *34–35 ± 2 kJ mol-1.

4. Because the examined compounds have similar cross-

sectional area, the surface areas occupied by one molecule

in monolayer are also similar (Fig. 1). Irving Langmuir

first found that the surface area of the saturated fatty acid

corresponds to the cross section area of the hydrocarbon

chain, and does not depend on the length (Langmuir 1917).

In the case of examined fatty alcohols we noticed the same

relationship as for of fatty acids (Fig. 1; Table 1).

The total surface concentrations of phosphatidylcholine

and fatty alcohols versus mole fraction of fatty alcohols are

depicted in Fig. 2a–d. The nearly linear shape of the

cFA = f (xFA) function confirms the condensed character of

the membrane (Birdi 1989). The condensation effect of

fatty alcohols describes the decrease in surface area per

phospholipid molecule in the monolayer in the presence of

fatty alcohols (Chen et al. 2000; Li et al. 2008).

The presence of tetradecanol, hexadecanol, octadecanol

and eicosanol with a comparatively small head group in the

two-tailed PC monolayer at the interface could result in

better molecular packing and attractive interaction between

the molecules, showing a condensing effect similar to that

observed in mixed phosphatidylcholine-cholesterol mono-

layers (Brzozowska and Figaszewski 2002).

Chen et al. (2000) from a detailed analysis of surface

pressure–area isotherms are conclude that DPPC and nor-

mal long-chain alcohols with chain length of 16, 18 and 20

were miscible and formed non-ideal monolayers at the air/

water interface. The Authors postulate that the hydrophobic

interactions were dominant in the molecular packing of the

mixed monolayers at the lower surface pressure. However,

the packing efficiency or geometric accommodation may

favor the molecular packing of mixed DPPC/C16OH

monolayers at higher surface pressure, resulting in unex-

pected stronger effects of C16OH than C18OH on a DPPC

monolayer.

The behavior of mixed monolayers also can be analyzed

by comparing their p–A isotherm with the corresponding

theoretical isotherm in which no interactions between the
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Fig. 2 The dependence of total surface concentration of phos-

phatidylcholine (cPC) and fatty alcohol (cFA) on the mole fraction

of fatty alcohol: (a) PC-tetradecanol, (b) PC-hexadecanol, (c) PC-

octadecanol and (d) PC–Eicosanol systems (the experimental values

are indicated by points and the theoretical values by the curves)
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molecules are assumed by the additivity rule (Gzyl and

Paluch 2004):

A12 ¼ x1A1 þ x2A2 ð11Þ

where: A12 corresponds to the mean molecular area of the

mixture at the fixed surface pressure, A1 and A2 are the

molecular areas of pure components 1 and 2 at the same

given surface pressure, and x1 and x2 are the molar frac-

tions of components 1 and 2, respectively.

From Fig. 2 one can easily see the deviation from ideal

behaviors which are indications of two-dimensional mis-

cibility of the two components at the air/water interface.

The deviations may be due to the geometrical rearrange-

ment of the two components, which results in changes in

area, thus causing enhanced dispersive interactions.

Figure 3 presents collapse pressures versus molar frac-

tions of octadecanol. For the other three studied systems

(PC–TD, PC–HD and PC–E) the dependence shown in the

Fig. 3 were also obtained. Due to the fact that the courses

of these curves are similar, we presented the graph only for

phosphatidylcholine-octadecanol system (Fig. 3).

The miscibility of films can also be deduced from the

collapse characteristic. According to the phase rule first

applied to the two-dimensional state by Crisp (1949), two

miscible components have collapse pressures dependent on

the mixture composition. Our results (Fig. 3) show that the

collapse pressures of the mixtures change with composi-

tion. Thus, we conclude that phosphatidylcholine and fatty

alcohols give true mixed films.

In Fig. 2a–d, the experimental points are compared with

the values calculated using Eqs. 1–3 (depicted as lines).

The theoretical values obtained are presented in Fig. 2a–d

are marked by lines; points on the same figure show the

experimental values. It can be seen that the agreement

between experimental and theoretical points is very good,

which verifies the assumption of the formation of the 1:1

complexes in the mixed PC–TD, PC–HD, PC–OD and PC–

E monolayers. The lack of variation between theoretical

and experimental point indicates that theoretical model

(presented under ‘‘Theory’’ section, above) is sufficient to

describe the interaction in phosphatidylcholine-fatty alco-

hol systems. The agreement between the experimental re-

sults and the model predictions for these systems justifies

the statement that other complexes do not represent a sig-

nificant component of these systems.

Conclusion

This work continues systematic study of the lipid–lipid and

lipid-other substance (for example: fatty acids, amines,

amino acids) interactions realized by Petelska et al. (Pe-

telska and Figaszewski 2009, 2011, 2013; Petelska et al.

2011). In this paper we present evidence for the formation

of PC–FA complexes at the air/water interface and calcu-

late their surface areas, stability constants and formation

energy. These studies will ultimately aid in developing

model for lipids, monolayer and bilayer formation, or other

biological functions. In conclusion we would like to em-

phasize that the stability constants for phosphatidylcholine-

fatty alcohol complexes in monolayers have been reported

here for the first time.

We have shown that, as in the case of fatty acids the

monolayer of fatty alcohols with different hydrocarbon

chain lengths, demonstrate almost the same area per a

single molecule. The same relationship is also noted in the

analysis of the complexes formed between lecithin and

fatty alcohols. Obtained values characterizing the exam-

ined complexes: stability constants, formation energies and

areas occupied by a single molecule of lecithin-fatty al-

cohol complexes are similar (Table 1).
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tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

Birdi KS (1989) Lipid and biopolymer monolayers at liquid

interfaces. Plenum Press, New York

Boggs JM, Rangaraj G, Koshy KM (1986) Effect of hydrogen-

bonding and non-hydrogen-bonding long chain compounds on

the phase transitin temperatures of phospholipids. Chem Phys

Lipids 40:23–34

Bordi F, De Luca F, Cametti C, Naglieri A, Misami R, Sorice M

(1999) Interactions of mono- and di-sialogangliosides with

phospholipids in mixed monolayers at air-water interface.

Colloids Surf B 13:135–142

Brzozowska I, Figaszewski ZA (2002) Interfacial tension of phos-

phatidylcholine-cholesterol system in monolayers at the air/

water interface. Biophys Chem 95:173–179

Capuzzi G, Kulkarni K, Fernandez JE, Vincieri FF, Lo Nostro P

(1997) Mixtures of ascorbyl-stearate and vitamin D3: a mono-

layer study at the gas/water interface. J Colloid Int Sci

186:271–279

40

45

50

55

60

0 0,2 0,4 0,6 0,8
x OD

πc
ol

l, 
m

N
 m

-1

Fig. 3 Collapse pressures versus molar fractions of octadecanol

772 A. Serafin et al.: Phosphatidylcholine-fatty Alcohols Equilibria in Monolayers at the…

123



Chen KB, Chang CH, Yang YM, Maa JR (2000) On the interaction of

dipalmitoyl phosphatidylcholine with normal long-chain alco-

hols in a mixed monolayers: a thermodynamic study. Colloids

Surf A 170:199–208

Chen KB, Chang CH, Yang YM, Maa JR (2003) Monolayer collapse

behavior of dipalmitoyl phosphatidylcholine with normal long-

chain alcohols at the air/water interface. Colloids Surf A

216:45–53

Chou TH, Chang CH (2000) Thermodynamic behavior and relaxation

processes of mixed DPPC/cholesterol monolayers at the air/

water interface. Colloids Surf B 17:71–79

Clements JA (1982) United States Patent, Patent number: 4312860

Clements JA (1989) US Patent 4826821

Crisp DJ (1949) Surface chemistry. Butterworth, London

Durand DJ, Clyman RI, Heymann MA, Clements JA, Maura F,

Kitterman J, Ballad P (1985) Effects of a protein-free, synthetic

surfactant on survival and pulmonary function in preterm lambs.

J Pediatr 107:775–780

Gzyl B, Paluch M (2001) Properties of insoluble mixed monolayers of

lipids of the water/air interface. Progr Colloid Polym Sci

118:22–26

Gzyl B, Paluch M (2004) Monolayers of lipids at the water-air

interface. Progr Colloid Polym Sci 126:60–63

Huang Z, Seddon JM, Templer RH (1996) An inverse micellar Fd3 m

cubic phase formed by hydrated phosphatidylcholine/fatty

alcohol mixtures. Chem Phys Lipids 82:53–61

Inczedy J (1976) Analytical applications of complex equilibria.

Akademia Kiado, Budapest

Jain MK (1972) The biomolecular lipid membrane. Van Nostrand

Reinhold Company, New York

Joos P, Demel RA (1969) The interaction energies of cholesterol and

lecithin in spread mixed monolayer at the air-water interface.

Biochim Biophys Acta 183:447–457

Kurtz RE, Lange A, Fuller GG (2006) Interfacial rheology and

structure straight-chain and branched fatty alcohol mixtures.

Langmuir 22:5321–5327

Kurtz RE, Toney MF, Pople JA, Lin B, Meron M, Majewski J, Lange

A, Fuller GG (2008) Langmuir monolayer of straight-chain and

branched hexadecanol and eicosanol mixtures. Langmuir

24:14005–14014

Langmuir I (1917) The constitution and fundamental properties of

solids and liquids. II. Liquids. J Am Chem Soc 39:1848–1906

Li WT, Yang YM, Chang CH (2008) Stability enhancement effect of

normal long-chain alcohols on ion pair amphiphile monolayers

at the air/water interface. J Colloid Interface Sci 327:426–432

Petelska AD, Figaszewski ZA (2009) The equilibria of phos-

phatidylethanolamine-cholesterol and phosphatidylcholine-phos-

phatidylethanolamine in monolayers at the air/water interface.

J Macromol Sci A 46:607–614

Petelska AD, Figaszewski ZA (2011) The equilibria of phosphatidyl-

choline–fatty acid and phosphatidylcholine–amine in monolay-

ers at the air/water interface. Colloids Surf B 82:340–344

Petelska AD, Figaszewski ZA (2013) The equilibria of sphingolipid-

cholesterol and sphingolipid-sphingolipid in monolayers at the

air/water interface. J Membr Biol 246:13–19

Petelska AD, Naumowicz M, Figaszewski ZA (2008) The equilibrium

of phosphatidylcholine-sphingomyelin in a monolayer at the air/

water interface. Pol J Chem 82:2323–2330

Petelska AD, Naumowicz M, Figaszewski ZA (2011) The equilibrium

of phosphatidylcholine-amino acid system in monolayer at the

air/water interface. Cell Biochem Biophys 60:155–160

Petelska AD, Naumowicz M, Figaszewski ZA (2012) The influence

of pH on sphingomyelin monolayer at the air/aqueous solution

interface. Langmuir 28:13331–13335

Petelska AD, Naumowicz M, Figaszewski ZA (2013) The influence

of pH on phosphatidylethanolamine monolayer at the air/

aqueous solution interface. Cell Biochem Biophys 65:229–235

Singleton WS, Gray MS, Brown ML, White JL (1965) Chromato-

graphically homogenous lecithin from egg phospholipids. J Am

Oil Chem Soc 42:53–56

Smondyrev AM, Berkowitz ML (1998) United atom force field for

phospholipid membranes: constant pressure molecular dynamic

simulation of dipalmityoylphosphatidylcholine/water system.

J Comput Chem 20:531–545

Sovago M, Wurpel GWH, Smits M, Müller M, Bonn M (2007)

Calcium-induced phospholipid ordering depends on surface

pressure. J Am Chem Soc 129:11079–11084

Tien HT, Ottova-Leitmannova A (2003) Planar lipid bilayers

(BLM’s) and their applications. Elsevier Science, Amsterdam

A. Serafin et al.: Phosphatidylcholine-fatty Alcohols Equilibria in Monolayers at the… 773

123


	Phosphatidylcholine-fatty Alcohols Equilibria in Monolayers at the Air/Water Interface
	Abstract
	Introduction
	Theory
	Materials and Methods
	Materials
	Methods

	Results and Discussion
	Phosphatidylcholine-fatty Alcohol Complexes

	Conclusion
	Open Access
	References




