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Abstract

Surface pressure—area—4), surface potential-area (AV—A), and dipole moment—areaA) isotherms were obtained for the Langmuir
monolayer of two fluorinated-hydrogenated hybrid amphiphiles (sodium phenyl 1-[(4-perfluorohexyl)-phenyl]-1-hexylphosphate (F6PH5PPhN
and (sodium phenyl 1-[(4-perfluorooctyl)-phenyl]-1-hexylphosphate (F8PH5PPhNa)), DPPC and their two-component systems at the air/we
interface. Monolayers spread on 0.02 M Tris buffer solution (pH 7.4) with 0.13 M NaCl at 298.2 K were investigated by the Wilhelmy method
ionizing electrode method and fluorescence microscopy. Moreover, the miscibility of two components was examined by plotting the variation of t
molecular area and the surface potential as a function of the molar fraction for the fluorinated-hydrogenated hybrid amphiphiles on the basis of
additivity rule. The miscibility of the monlayers was also examined by construction of two-dimensional phase diagrams. Furthermore, assum
the regular surface mixture, the Joos equation for analysis of the collapse pressure of two-component monolayers allowed calculation of
interaction parameter J&nd the interaction energy (—A¢) between the fluorinated-hydrogenated hybrid amphiphiles and DPPC. The observatio
by a fluorescence microscopy also supported our interpretation as for the miscibility in the monolayer state. Comparing the monolayer beha
between the two binary systems, no remarkable difference was found among various aspects. Among the two combinations, the mole frac
dependence in monlayer properties was commonly classified into two ranges<®.3 and 0.3 X < 1. Dependence of the chain length of
fluorinated part was reflected for the molecular packing and surface potential.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction scale of newly well-defined and modular fluorinated surfactants
were recently synthesized, allowing the preparation and stabi-
Fluorinated surfactants are particularly valuable whenrlization of various colloidal systems with potential biomedical
extreme surface activity, hydrophobicity, lipophobicity, resis-applications. For example, a neat fluorocarbon, fluorocarbon-
tance to high temperatures, aggressive chemical or biologicah-water emulsion, and reverse water (or hydrocarbon)-in-
environments, and detergent activity are neefled]. Wide  fluorocarbon emulsion are being evaluated for in vivo oxy-
gen delivery, liquid ventilation, diagnosis and drug delivery

[3-5].
* Corresponding author. Tel.: +81 92 642 66609; fax: +81 92 642 6669. In order to develop performance of surfactants recently, the
E-mail address: shibata@phar.kyushu-u.ac.jp (O. Shibata). so-called “hybrid” type surfactants with a hydrocarbon and a flu-
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[6]. Though fluorocarbon chain length of these materials is noent partial molecular surface potential (APSP), a surface excess
so long enough in general, they have various unique propertigsibbs energy and its thermodynamic analysis based on the regu-
such as ability to reduce the surface tension of water, simultandar solution theory, the compressibility of the formed monolayer
ous emulsification of hydrocarbon oil/fluorocarbon oil/wgt@r  film and the hysteresis phenomenom#i curves accompanied
formation of small micelles with unusually long lifetinfig}, and by compression and expansion; the results and discussion will
very high viscosity of the surfactant solution atbody j8all3].  be reported in a separate paper.
Their applications are highly expected in the chemical, mechan-
ical and other industrial aspects. For example, fluorocarbor2. Experimental
hydrocarbon hybrid surfactants having a phenyl phosphate group
do adsorb on teeth to give hydrophobicity as well as lipopho- Sodium phenyl 1-[(4-perfluorohexyl)-phenyl]-1-hexylphos-
bicity to the surface and their micelles solubilizing dental drugsgphate (which is denoted as F6PH5PPhNa or F6) and Sodium
can penetrate into periodontal pockets in order to cure periodophenyl 1-[(4-perfluorooctyl)-phenyl]-1-hexylphosphate (which
tal diseasg6]. We have previously investigated a mixed sys-is denoted as FBPH5PPhNa or F8) were synthesized and puri-
tem made of a phospholipid (dipalmitoylphosphatidylcholine,fied as reported previousli]. Their chemical structures are
DPPC) and hydrogenated or perfluorocarboxylic acids fromdemonstrated ifrig. 1. Dipalmitoylphosphatidylcholine (L-a-
our interest in mechanism of anesthesia, because most of locilpalmitoyl-2-hydroxy-sn-glycero-3-phosphocholine: DPPC,
anesthetics are halogenated organic compounds. Hence, the cpority >99%) was purchased from Avanti Polar Lipids Inc.
clusion that the interaction of DPPC with fluorocarbon fatty (Birmingham, AL, USA) and used without further purification.
acids is stronger than that with hydrocarbon ones was reacheitock solutions of the respective samples (1 mM) were prepared
[14-16]. Some other papers on two-component system of pain a mixed solvent of:-hexane/ethanol mixture (9/1 in v/v)
tially fluorinated carboxylic acid and phospholipid Langmuir which were purchased from nacalai tesque, andl5@f the
monolayer have already appeaf@d@—20]. Nevertheless, little respective mixed solution was spread at the air/aqueous solution
is known about the factors determining the phase behavior dhterface. The spreading solvent was allowed to evaporate for
mixtures of these hybrid surfactants with a hydrocarbon chairl5 min prior to compression. The buffer solution used as the
and a fluorocarbon chain in an identical molecule in their monosubstrate was prepared using thrice distilled water (surface
layer states. tension, 72.7 mNm! at 293.2 K; resistivity, 18 M&m) with
Due to the importance or usefulness of hybrid amphiphilesa 0.02 M Tris (hydroxymethyl) aminomethane (Tris) buffering
in advanced clinical trial§l,2,21-23], it is necessary to know agent and with 0.13 M NaCl, and its pH was adjusted to be 7.4
the way how these hybrid materials do interact with theirwith adequate addition of acetic acid (HAc). Sodium chloride
given environments. In this respect, studies on two-componerfhacalai tesque) was roasted at 1023 K for 24 h to remove any
monolayers of the hybrid amphiphiles and phospholipids aresurface active organic impurity.
assumed to work as a basic model system reflecting the two
dimensional interaction modes. Phospholipids have attracte?ll. Surface pressure—area (m—A) isotherms
a great attention because they are one of the most abundant
ingredients in cell membrang®4]. Among the many different The surface pressure \avas measured using an automated
phospholipids, DPPC has been employed for binary monohomemade Wilhelmy film balance. The surface pressure bal-
layer studies in many cas¢®5-30]. They reported that flu- ance (Mettler Toledo, AG245) has a resolution of 0.01 mN'm
orocarboxylic acids and DPPC were partially miscible in theThe pressure-measuring system was equipped with a filter paper
binary monolayers. Intermolecular interaction was rather strong\Whatman 541, periphery 4 cm). A trough made from a 728 cm
suggesting that attractive forces between head groups coileflon-coated brass was used. Thel isothems were recorded
tribute more to miscibility than the hydrophobic interactionsat 298.2+ 0.05 K. The monolayers were compressed at a speed
[14,15]. of 0.13nnf molecules! min~1. The standard deviations for
We in this study have focused on characterizing the Langmuiarea and surface pressure measurements wer@l nn? and
monolayer behavior of two hybrid amphiphiles (F6PH5PPhNa~0.1 mN nT 1, respectively.
and F8PH5PPhNa), DPPC and their two-component systems at
the air/water interface. The surface pressuie(surface poten- 2.2. Surface potential (AV) measurements as a function of
tial (AV)—, and dipole moment (u)—A isotherms were obtained area (A)
for the respective pure systems and their two-component sys-
tems. Phase diagrams plotting the collapse pressGya@ainst Surface potential was recorded upon compression of the
the molar fraction of F6PH5PPhNa (or FBPH5PPhNa) werenonolayer spread on 0.02 M Tris buffer solution with 0.13 M
constructed, and were examined for the respective binary sydNaCl at 298.2K. It was monitored using an ioniziA!Am
tems in comparison with the simulated curves of ideal mixingelectrode placed 1-2 mm above the interface, while a reference
based on the Joos equatif@i]. Finally, the monolayers were electrode was dipped into the subphase. The standard devia-
examined by fluorescence microscdp,33]. It is noted that tion for the surface potential measurements wa2.5 mV. The
the present study on the two fluorinated-hydrogenated hybridther conditions were the same as described in previous papers
amphiphiles/DPPC binary systems is further being extendefB4]. The AV—A data were transfered to surface dipole moment
from the view point of a partial molecular area (PMA), an appar-(. 1 ) by computer as reported in the literat(igd].
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Fig. 1. F6PH5PPhNa (a) and FBPH5PPhNa (b) molecules in skelton chemical structure (A), broad side view (B), and bird’s-eye view from the beneath (C).

2.3. Fluorescence microscopy was placed on an active vibration isolation unit (Model-AY-

1812, Visolator, Japan). The operation of the present microscopy
Fluorescence images were observed using an automatedhs similar to the previous repoit3s,36].

homemade Wilhelmy film balance equipped with a fluorescence

microscope (BM-1000, U.S.I. System, Japan). It is possible t@. Results and discussion

record simultaneously the surface pressurg-érea (A) and

the surface potential (AV)—isothems along with the mono- 3.1. Stability of the FOPH5SPPhNa and FSPH5PPhNa

layer images in order to correlate these properties of the samgonolayers

monolayer. A 300 W lamp (XL 300, Pneum) was used for flu-

orescence excitation. A 546 nm band path filter (Mitutoyo) was To check the monolayer’s stability, the relaxation time of the

used for excitation and a 590 nm cut-off filter (Olympus) for surface pressure after compression up to 35 M was mea-

emission. The monolayer images were taken using al@fg-  sured for F6PH5PPhNa, FBPH5PPhNa and DPPC. A 0.02M

distance objective lens (Mitutoye 200/focal length20 mm). A Tris buffer solution with 0.13 M NaCl was chosen as the sub-

xanthylium 3,6-bis(diethylamino)-9-(2-octadecyloxycarbonyl) phase in order to mimic a biomembrane-like environmigigt. 2

phenyl chloride (R18, Molecular Probes) was used as an insoshows that the surface pressure of DPPC decreased during the

uble fluorescent probe. It has its absorbance and emission baficst 30 min and then plateaued at ca. 33 mNimThis value

maxima at 556 and 578 nm, respectively. The solution containis in good agreement with literature val{@2]. On the other

ing 1 mol% of the fluorescent probe against insoluble materialkand, even though small decreasing in the surface pressure

was used in the fluorescence microscopy experiments. Fluoregas observed for the F6PH5PPhNa and F8PH5PPhNa mono-

cenceimages wererecorded, witha CCD camera (757 JAI ICClIayers even after 1 h, their aqueous solubilities are so low that

camera, Denmark) connected to the microscope, directly intboth species can hardly exist in bulk solution (substrate phase).

computer memory through an online image processor (VAIOThey are enough stable to form the insoluble monolayer at the

PCV-R53, Sony: video capture soft). The entire optical set-uir/water interface.
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The n—A, AV-A and u, -A isotherms of monolayers 0 3 E
formed by the respective single systems of F6PH5PPhNa, F E
F8PH5PPhNa, and DPPC on 0.02 M Tris buffer solution (pH B 3
7.4) with 0.13M NaCl at 298.2K are shown Fig. 3. The E oE 3
w—A isothems demonstrate that extrapolated surface areas of Z
the FEPH5PPhNa and F8BPH5PPhNa are almost the same but ' NF E
much larger than that of DPPC. The high compressibility of 2wE 3
the hybrid surfactants over whole surface pressure range as
well as the absence of discontinuity in theirA isotherms nE E
shows that both single systems do spread over the surface as o E -

0 0.4 0.8 1.2 1.6

a typical disorder monolayer. The monolayer of F6PH5PPhNa
Area/nm?

was confirmed to be stable up to 43.5 mNImwhich is con-
firmed by the collapse pressure for FEPH5PPhNa and by it8ig. 3. Surface pressure Xzarea () isotherms (a), surface potential (AV)-A
AV measurement. The extrapolated area (Iimiting a&@ain isotherms (b), and surface dipole momenl][#Aisotherms(g)ofFGPHSPPhNa_
the closed packing _state was estimateq to be 0.89 Qrigi- (()I.:f:);'\;,,\Il:;icPlHaStI;I;g.l\éaK(.FS): 2 and DPPC: 3 on 0.02 M Tris buffer solution with
nally, the cross sectional area of an optimally packedyails,

hydrocarbon chain is about 0.20 Arand that of a fluorocar-

bon chain is about 0.30 fmThen the hydrophobic portions of On the other hand, the DPPC isotherm presented the
the hybrid double-chain molecules may be expected to occupgharacteristic first-order phase transition from the disordered
an area oft =0.20 +0.30 = 0.50 nf But the observed value is liquid-expanded (LE) phase to the ordered liquid-condensed
much larger than 0.50 M The large extrapolated area (Am (LC) phase. The transition pressure®®rat 298.2K was
reflects the bulkiness of the fluorinated-hydrogenated hybrid1.8 mN nt1, above which the surface pressure went up accom-
amphiphiles’ hydrophobic tail moiety coming from their bond panying the conformational change. The collapse pressure and
angle due to the existence of two benzene rings, whereas cothe extrapolated area of DPPC were found to be 55 miamd
formation of their two hydrophobic chains is judged topaea  0.49 nn?, respectively. These values are very close to those pre-

type (sedrig. 1). viously reported32,37—-39xcept for minor distinctions caused
The collapse pressure and the extrapolated area fdoy difference in subpahse composition.
F8PH5PPhNa are-44.5mNnt! and 0.87 nr, respectively. Fig. 3(b) and (c) frames show the variations &% and

Compared with ther—A isotherm of pure F6PH5PPhNa u; as a function of molecular surface area for F6PH5PPhNa,
(43.5mNnT! and 0.89 nrA) shown inFig. 3, no remarkable F8PH5PPhNa, and DPPC monolayers, respectively. The surface
difference can be seen A isotherm between them. This potential (AV) is a measure of the electrostatic field gradient
indicates that the extension of fluorinated chain length has nperpendicular to the horizontal surface and thus varies consider-
influence upon the monolayer property and its two-dimensionahbly with the molecular surface density. The behavioAdFA
area.Fig. 1B and C, respectively, include the broad side viewisotherms corresponds to the change of the molecular orientation
and bird’s-eye view from beneath which shows the cross sectionpon compression as shown kig. 3. In the surface poten-
corresponding to the extrapolated surface area. tial values (AV), both F6PH5PPhNa and FBPH5PPhNa always
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keep the negative. ThAV values at the closest packed statearea occupied by a moleck0]. TheAV or ., values involve

reach around-440 mV for F6PH5PPhNa and arourd97 mV  the resultant change of the dipole moments carried by the polar

for FBPH5PPhNa. The negative values attribute to the fluorohead, the hydrophobic groups (the hydrocarbon chain group, the

carbon chain and the greater value of FBPH5PPhNa than thftiorocarbon chain group, and phenyl group), and the subphase.

of F6PH5PPhNa results from the closer packing of the formerThe respective changing modes @f with compression are

In contrast, the DPPC monolayer has the positivévalue of  shown inFig. 3c, indicating a big difference between DPPC and

558 mV at high surface pressure. Markedly abrupt change in thieybrid surfactants, as similar to that AfV—A behavior.

AV-A curve for DPPC indicates great change in the orienta-

tion, corresponding to a change from gas state to LE, while botB.3. Miscibility of two-component systems

hybrid surfactants exhibit a gradual change of conformation of

f|oating molecules on the surface with Compression_ First of all, for the two combinations of two-component
The vertical component of surface d|po|e momenlIM/as monolayer systems Composed of F6PH5PPhNa, FBPH5PPhNa,

calculated from the Helmholtz equation using the measured vaBnd DPPC, it is indispensable to clarify the effect of molecular

ues ofAV, structure, the interaction between two components, and the mis-
cibility in the monolayer state. For the above purposesgthe
11 = AVegeA (1) AV-Aandu-Aisotherms were obtained at various composi-

tions at 298.2K on a 0.02 M Tris buffer solution with 0.13 M
wheresg is the permittivity of a vacuum (which is assumed to beNaCl for F6PH5PPhNa/DPPC and F8PH5PPhNa/DPPC sys-
unity) ande is the mean permittivity of the monolayet,is the  tems.

Fig. 4. (A) Surface pressure )fsmarea (A) isotherms (a), surface potential (AV)isbtherms (b), and surface dipole moment, fx#A isotherms (c) of
F6PH5PPhNa/DPPC two-component monolayers as a function of FEPH5PPhNa molar fragfjan(®.02 M Tris buffer solution with 0.13 M NacCl at 298.2 K.
(B) Surface pressure Jsarea (A) isotherms (a), surface potential (AV)sdtherms (b), and surface dipole moment j#A isotherms (c) of FBPH5PPhNa/DPPC
two-component monolayers as a function of FEPH5PPhNa molar fractigh@i 0.02 M Tris buffer solution with 0.13 M NaCl at 298.2 K.
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3.3.1. F6PH5PPhNa and FSPH5PPhNa/DPPC between them are mainly governed by the attractions between
two-component systems the polar heads. In contrast, far=15, and 25 mN m?, posi-

Fig. 4A and B exhibits the—A isotherms for two-component tive deviations are observed, reflecting the coexistence region
monolayers of F6PH5PPhNa/DPPC and F8SPH5PPhNa/DPP6I LE and LC states of DPPC. Butat= 35 mN nT1, the varia-
systems at various mole fractions, respectively. All the isothermt&on almost follows the additivity rule. This indicates that these
of the binary systems sit in the order of the increase intwo components are almost ideally mixed in the monolayer
the mole fraction between those of both single systems. Thstate; the repulsion between the hydrocarbon chain and flu-
transition from disorder to order was observable upXtg  orocarbon chain is compensated by the attractive interaction
(or Xrg)=0.3. The change and disappearance of the transbetween the head groups of these two components, as has been
tion pressure with increasing surface pressure suggests thalbserved for DPPC/perfluorocarboxylic acid two-component
F6PH5PPhNa and FSPH5PPhNa have an ability to make DPP@onolayerg14]. Looking at the curves at 35 mNTh for both
miscible in the monolayers, as mentioned in the later section dfvo-component systems in more detail, in the range below
two-dimensional phase diagram. This observationis the firsteviXgg or Xpg=0.3 the A, values deviate negatively, while the
dence that these two components are well miscible with DPP€urves above 0.3 deviate positively. This suggests that the two-
in the monolayer. As it is difficult to ascertain the presence ofcomponent monolayer state may be divided at leastinto two parts
the transition pressure at the mole fractions >0.3 onthé  above and below the mole fraction of 0.3. In addition, there is no
isotherms, we have investigated these two systems by fluoreeemarkable difference between the two combinations. A binary
cence microscopy (later section). system can show apparently an ideal behavior, when the two

The interaction between F6PH5PPhNa or FBPH5PPhNa armbmponents form an ideally mixed monolayer or the two com-
DPPC molecules was investigated by examining whether thponents can not mixed completely but can form the so-called
variation of the mean molecular areas,jAas a function oXrg patched film. Even in the latter case, the additivity should show
(or Xgg) can satisfy the additivity rule or n¢#1]. Comparison a linear relation as indicated by a broken line. So, such a direct
between the experimental, values and those of ideal mixing observation as fluorescence microscopy may be useful, to deter-
(dashed straight line) is shown ifig. 5a and b at four surface mine whether both components do form really well mixed films
pressures (5, 15, 25, and 35 mNH. Forr=5mNnT 1, both  or form patched films.

F6PH5PPhNa/DPPC and FBPH5PPhNa/DPPC systems show Turning our attention to the influence &f¢ (or Xgg) on

a small negative deviation from the additivity rule, indicating the AV-A and ., —A isotherms shown iifrig. 4A and B, both

a weak attractive interaction between them. This may resulthe surface potential (AV) and the surface dipole momen) («
from the fact that at such low surface pressures the interactiordearly indicate that all the curves of the two-component systems
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locate between those of the respective pure components and that

they successively change with the mole fraction. Analysis otrable 1

the surface potential (A V) of the two-component monolayers ityndamental data of monolayer properties for F6PH5PPhNa/DPPC and
terms of the additivity rule is presentedrig. 6a and b. For both  F8PH5PPhNa/DPPC two-component systems; extrapolated molecular surface
these two-component systems, comparison of the experimentaiea (4), transition pressure €9, collapse pressure f); and surface potential
data values with calculated ones (dashed line) clearly indicatd$")

the negative deviations at all surface pressures. The profiles ofole Ao ¢ 7© AV
deviation are almost similar between F6PH5PPhNa/DPPC arfeiction,.X (nn?) (mNmY) (mNm-*) (mv)
F8PH5PPhNa/DPPC systems, which suggests that the effect g§pHspphna/DPPC system
extending fluorocarbon chain length for their conformation iso0.0 0.49 11.8 54.9 550
not very remarkable because of the same tilt angle between thélrl 0.55 15.6 52.0 290
double chains. 2 0.60 22.9 49.2 140
From all the curves given iRigs. 3 and 4, the fundamental 8'% 26.9 :56'75 _5338
data values such as transition pressuf@)collapse pressure 0 5 078 452 120
(=®), and absolute surface potential (AV) at the closed packe.6 0.80 44.9 —190
ing state in addition to limiting area ¢} were determined and 0.7 0.81 44.1 —250
tabulated irTable 1as a function oXgg (or Xrg). 0.8 0.84 44.1 —310
0.9 0.85 44.0 —380
1.0 0.89 435 —440
3.4. Two-dimensional phase diagrams F8PH5PPhNa/DPPC system
0.0 0.49 11.8 54.9 550
From the7—A isotherms for the two-component systemso0.1 0.55 15.8 52.2 280
of FEPH5PPhNa/DPPC and F8PH5PPhNa/DPPC, their twd2 0.60 22.6 49.4 120
dimensional phase diagrams were constructed using the d . 8:32 207 fgf 76823
of the transition pressure ) and the collapse pressure g5 0.76 45.6 _140
(=°) changes at various molar fractions of F6PH5PPhNa 00.6 0.77 45.2 —200
F8PH5PPhNa. Resultant phase diagrams at 298.2K are shoWﬁ 0.79 44.9 —280
in Fig. 7A and B, respectively. 9 g-gé 33-3 —igg
Firstly, in FBPH5PPhNa/DPPC system, the transition pres; 0.87 44.5 500

sures from disorder (gaseous or liquid-expanded) to order
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Fig. 7. (A) The phase diagram of F6PH5PPhNa/DPPC system on 0.02 M Tris buffer solution with 0.13 M NaCl at 298.2 K. (a) The transition pi®ssnde (=
(b) the collapse pressure Qrplotted against mole fraction of FEPH5PPhMad). The dashed line was calculated by E2) in the case of =0. (B) The phase
diagram of FBPH5PPhNa/DPPC system on 0.02 M Tris buffer solution with 0.13 M NaCl at 298.2 K. (a) The transition pr&9sarel (¢(b) the collapse pressure
(°) plotted against mole fraction of FBPH5PPhNad). The dashed line was calculated by E2j.in the case of =0.

(liquid-condensed) phase are plotted against mole fraction akherexj and x5 denote the mole fraction in a given binary
F6PH5PPhNa irFig. 7A-(a). In this system akpg=0-0.3, mixed monolayer composed of components 1 and 2, respec-
n—A isotherm displays a phase transition pressur®)(that tively, and=§ andx$ are the corresponding collapse pressures
changes almost linearly witlrs. Judging from the change of components 1 and Z¢, (m=1, 2) is the collapse pressure
of the transition pressure, two components are miscible eaabf the monolayer at given composition ©f andx3. w1 and
other at mole fractions, which is the first evidence of the mis-w, are the corresponding limiting molecular surface area at the
cibility of the two components within the monolayer films collapse pointsy! andy? are the surface activity coefficients
as described above. This can be explained by the fact thait the collapse poing the interaction parameter, akd is the
film-forming molecules become more dense by compressiomroduct of the Boltmann constant and the Kelvin temperature.
accompanying more depression in surface tension by the filmFhe solid curve is made coincident with the expemental values
forming molecules themselves. Then the resultant surface preby adjustingg.
sure was raised. The rise in the transition pressure with mole In these figures, M. indicates a two-component monolayer
fraction of F6BPH5PPhNa means that the transition of DPPGormed by FEPH5PPhNa and DPPC species, while bulk denotes
takes place when the film-forming molecules become densex solid phase of FEPH5PPhNa and DPPC (“bulk phase” may
with the mole fraction. These phenomena resemble the elevatidre called “solid phase”). The collapse presstfredetermined at
of boiling point and the depression of freezing point in the mixedeach mole fraction is indicated by filled circles, where the dotted
solution. line shows the case where the interaction paramejés ero
Assuming that the surface mixtures behave as a surface refpr an ideal mixing.
ular solution with a hexagonal lattice, the coexistence phase From the diagram, the new finding is that the monolayer state
boundary between the ordered monolayer phase and the butit FEPH5PPhNa/DPPC two-component system can be divided
phase can be theoretically simulated by the following Joos equanato two regions; that i§ = —0.33 at the range dfrg = 0-0.3 and
tion, and the interaction parametey ¢an be calculated fromthis &£ =0 atX gg=0.3—1. The negative interaction parameter means
deviation[31] too: that there is mutual interaction between two components in the

c_ ¢ c_ ¢
1=y exp {(n”‘k;fl)wl} exp{6(:5)°} + 1572 exp{W} exp{£(:3)’ | )
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Fig. 8. (A) Fluorescence micrographs of F6PH5PPhNa/DPPC two-component monolayer at various mole fragtio@9g6, 0.05, and 0.1) observed on 0.02 M

Tris buffer solution with 0.13 M NacCl at 298.2 K. The monolayers contain 1 mol% fluorescent probe. The number in these images indicates the surface pressure
the order domain percentage in the micrograph. Scale bar represeptsn1(B) Fluorescence micrographs of FBPH5PPhNa/DPPC two-component monolayer at
various mole fractions (@ =0.025, 0.05, and 0.1) observed on 0.02 M Tris buffer solution with 0.13 M NaCl at 298.2 K. The monolayers contain 1 mol% fluorescen
probe. The number in these images indicates the surface pressure and the order domain percentage in the micrograph. Scale bar represents 100
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two-component monolayer that is stronger than the mean gfhase areas and the intensity of the probe in the bright (fluid)
the interactions between pure component molecules themselvetomains was observed to decrease of intensity, suggesting that
The interaction energy Ae can be calculated by the following self-quenching has occurred because of probe molecules com-

equation: ing in close contact with one another. The percentage is ratio of
_ERT LC domain in each image to the total area.
—Ae = — 3) Monolayers of pure F6PH5PPhNa and F8PH5PPhNa used in

this study did not form the LC domains in the monolayer. As
And their interaction energies were calculated to bethe result, FM shows the disorder image. The bright patterns in
—Ae=136Jmot?! for a pair of FEPH5PPhNa and DPPC the FM image are the evidence of such disorder domains being
molecules in the range ofXrg=0-0.3. As the result, independent of surface pressure.
F6PH5PPhNa and DPPC are completely miscible in the con- The mole fraction dependence of the transition pressure is
dense state as well as in the expanded state, and this behaviooisserved on the FM images of these two-component systems
classified into the positive azeotropic type. of F6PH5PPhNa/DPPC and F8BPH5PPhNa/DPPEi(n 8A
Secondly, FBPH5PPhNa/DPPC system demonstrates thatthad B, respectively. At low surface pressures<@®9), the
monolayer behavior may also be divided into two parts atwo-component monolayerfor F6PH5PPhNa/DPPC system uni-
the mole fraction oXrg=0.3, similar to F6PH5PPhNa/DPPC formly fluoresced, showing apparently homogeneous disorder
system. Their interaction parameter and interaction energigshase without order phase of dark domains. As increasing the
were calculated to bé=—-0.60 for the mixture in the range surface pressure, order domains appeared froXEgt 0.025
of Xpg=0-0.3,(&0 in Xpg=0.3—-1) and—Ae =248 I mot?, to 0.05. In each case, the disorder/order coexistence region is
respectively. Thus, these two components in both combinationsbserved, and the transition pressur€%sis higher than that

are regarded as complete mixing. of pure DPPC. This suggests that the observed dark domains
in these figures would represent a condensed DPPC-enriched
3.5. Fluorescence microscopy of monolayers formed by phase. But we cannot capture the order domains above the
F6PH5PPhNa and FSPH5PPhNa/DPPC two-component mole fraction ofXrg = 0.1, although the transition pressur&{r
systems was observed up t8Fg = 0.3. With increasing surface pressure,

the conformation change of the polar head groups in the two-

In order to interpret the phase behavior onthd isotherms, component monolayer took place to facilitate the formation of
we investigated the morphological observation by fluorescencthe small order domains of DPPC. In this system, the small
microscopy, which provides a direct picture of the monolayersorder domains were distributed homogeneously and observed
If a fluorescent dye probe is incorporated into the monolayerto undergo the Brownian motion in the monolayer. At higher
its distribution can be determined by fluorescence microscopyurface pressures, the growth of circular order domains persists
The contrast is due to difference in dye solubility betweenin F6PH5PPhNa/DPPC two-component monolayer. As a result,
disorder (or LE) and order phases (or LC). Thus, we tookhis binary system was found to form not patched film but well
fluorescence micrographs (FMs) of pure F6PH5PPhNa/DPP@&ixed monolayer completely miscible each other.
and F8PH5PPhNa/DPPC two-component monolayers spread at In the FM image of FBPH5PPhNa/DPPC system (Fig. 8B),
298.2K on 0.02M Tris buffer solution with 0.13M NaCl as the similar behavior might be also observed for the
are shown irFig. 8A and B at various surface pressures. ImageF6PH5PPhNa/DPPC system. The difference between these two
analysis was performed using NIH image. The percentage in FMinary systems is that FBPH5PPhNa can more disperse the order
images indicates parts of order (or LC) domain. domains of the DPPC than F6PH5PPhNa. This is supported by

Essentially, two phases of bright and dark contrast werghe percentage of order domain in each image as well as domain
observed for pure DPPC, which correspond to the LE matrix andize.
LC domains, respectivelpg2—45]. It is known that the propor-
tion of dark LC phase increases at the expense of the bright LE. Conclusions
phase with surface pressure increasing. The DPPC monolayer
on 0.02 M Tris buffer solution with 0.13 M NaCl develops LC  Synthesized hybrid type surfactants with a hydrocarbon
domains in a qualitatively similar fashion as previously reportecchain and a fluorocarbon chain in one molecule (F6PH5PPhNa
[46]. Angular, grain-like domains first appeared near the kink aand F8BPH5PPhNa) can be spread as a stable monolayer on
~11.8mN n1l. They grew upon further compression to form 0.02M Tris buffer solution with 0.13M NaCl at 298.2 K
distorted star-shaped domains with a blurred periphery that prdegether with phospholipid (DPPC). The monolayer prop-
gressively formed a network. Above21 mNnT1, the images erties of F6PH5PPhNa, F8PH5PPhNa and DPPC, and both
startto loose their crispness and the visual impression is of a prawo-component systems of the two hybrids with DPPC,
gressive blurring of the domain boundaries. This blurring mayr6PH5PPhNa/DPPC and F8PH5PPhNa/DPPC were investi-
be caused by the dissolution of the dye into the dye-depletedated at different compositions. The miscibility was supported
regions of the monolayer after the phase transition has been corny the changes of the transition pressure and the collapse
pleted, i.e., when both the dye-enriched and the dye-depletqutessure in the monolayer state over the surface pres-
regions have become the same phase. Above 40 mi\linis  sures. Ther—A, AV-A isotherms of F6PHSPPhNa/DPPC
likely that some of the probe molecules were inserted in the darknd F8PH5PPhNa/DPPC mixtures showed that the two
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components were miscible in the monolayer state over thg3s] D. Danino, D. Weihs, R. Zana, G. &dd, G. Lindblom, M. Abe, V.

whole range ofXgg (or Xpg) and of surface pressures inves-

tigated. The two-dimensional phase diagram and the Jod

equation allowed calculation of the interaction parametgr (&
and interaction energy (—Ag¢) for F6PH5PPhNa/DPPC an

Talmon, J. Colloid Interf. Sci. 259 (2003) 382.

%4] S. Yamamoto, O. Shibata, S. Lee, G. Sugihara, Prog. Anesth. Mech. 3
(Special Issue) (1995) 25.

15] O. Shibata, S. Yamamoto, S. Lee, G. Sugihara, J. Colloid Interf. Sci.
184 (1996) 201.

F8PH5PPhNa/DPPC systems. All these systems were classifig@] H. Nakahara, S. Nakamura, H. Kawasaki, O. Shibata, Colloid Surf. B

as “positive azeotroic type”. In these systemsA isotherm
displays a phase transition pressur&¥;from X =0 to 0.3 that
changes almost linearly witlrg (or Xrg). The observations

41 (2005) 283.

[17] H.-J. Lehmler, M. Jay, P.M. Bummer, Langmuir 16 (2000) 10161.
[18] H.-J. Lehmler, M.O. Oyewumi, M. Jay, P.M. Bummer, J. Fluorine Chem.

107 (2001) 141.

using fluorescence microscopy also supported the miscibility ifyo} H.-3. Lehmler, P.M. Bummer, J. Colloid Interf. Sci. 249 (2002) 38L.
the monolayer state. The new finding that the present two binango] M. Arora, P.M. Bummer, H.-J. Lehmler, Langmuir 19 (2003) 8843.
monolayers can be divided at least into two parts above ani@ll M.P. Krafft, J.P. Rolland, P. Vierling, J.G. Riess, New J. Chem. 14

below mole fraction of 0.3, which enables us to expect a devel-

oping perspective in regard to study on amphiphile mixtures.
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