
1)Liposomes, or phospholipid vesicles, are good models of

the biological membranes that are found in all species

from bacteria to mammals [1-3]. Phospholipids influence

membrane characteristics through the lengths of their

acyl chains, their degree of saturation, and the nature of

their hydrophilic head groups. Phospholipids may be

anionic, cationic, or zwitterionic, and their polar head

groups (e.g., choline, ethanolamine, and serine), differ

from each other in terms of their size and type of

functional groups [3]. The net charge of a phospholipid

vesicle can be adjusted through the use of different phos-

pholipids. Binding of molecules to phospholipids mem-

branes varies with respect to the net charge of the

phospholipid vesicles. In addition to the phospholipid

composition, preparation methods also affect also the

structures and characteristics of liposomes [4-6]. Pho-

sphatidylcholine (PC) is the most common phospholipid

found in mammalian cells. Like many natural pho-

spholipids, PC contains negatively charged phosphate

groups. There is considerable interest in determining the

structures of these bio-membranes and the mechanisms
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by which they form [7].

Vesicles on inorganic surfaces have been formed by the

spreading or physicochemical adsorbing of vesicles from

solution, e.g., supported lipid bilayers (SLBs). A detailed

image of the structural intermediates during the for-

mation of SLBs is emerging from both experimental and

theoretical studies [8-15]. Even though many issues

regarding the formation of SLBs have been reported

recently, the role of the inorganic solid support during

vesicle formation remains poorly understood [14,16,17].

Metal cations have a greater influence on the mem-

branes of anionic lipids than on neutral or zwitterionic

membranes because of the stronger attractive coulombic

forces. Especially, divalent cations, such as Mg
2+
, Ca

2+
,

and Ba
2+
, affect the stability and structures of pho-

spholipid bilayers [18-20]. The effects of calcium cations

on negatively charged liposomes have been investigated

widely. The calcium cation is a strong fusogenic agent,

promoting the fusion of cells and liposomes. The ability

of phospholipids to form supported planar bilayers can

be manipulated through the addition of calcium ions. The

binding of divalent metal cations induces tighter packing

of the acyl chains, suggesting that the cations penetrate

deep into the polar head group of the bilayers. Recently,
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it has been shown that Mg
2+

cations play an important

role in the regulation of membrane channels as well as in

the excitation-contraction coupling of skeletal muscles

[21-23]. Mg
2+

cations are involved in several physio-

logical and biochemical processes, including the synthesis

of DNA, RNA, and proteins and the stabilization of

membranes [24]. Knowledge of the functional com-

partmentation of intracellular Mg
2+
cations will lead to a

better understanding of their multiple effects.

In this study, we investigated the formation of phos-

pholipid vesicle coatings on sericite surfaces using PC,

sericite, and Mg
2+
cations. The sericite and Mg

2+
cations

were used for the good sense of touch, rather than mica

and talc, and instead of Ca
2+
cations, respectively. More-

over, we investigated the phospholipid vesicle formation

on the sericite surface through a conbination of trans-

mittance electron microscopy (TEM), flied-emission scan-

ning electron microscopy, (FE-SEM), and electron spec-

troscopy for chemical analysis (ESCA); we evaluated

the degree of stabilization, including vesicle adsorption,

upon varying the magnesium concentration.

Solid phospholipids vesicles were produced by homog-

enization using a Micron LAB 40 homogenizer (APV

Gaulin, Germany). The phospholipid vesicles consisted 2

wt% hydrogenated soybean lecithin from 70 % phos-

phatidylcholine (PC). The hydrogenated lecithin (2 g)

was added to deionized (D.I.) water (98 g) and homoge-

nized to form the pre-emulsion at 80
o
C. The hot pre-

emulsions were passed through a high-pressure homoge-

nizer three times, resulting in nanoemulsion. The na-

noemulsion was dropped onto a magnesium-modified

sericite surface, which contained enough D.I. water and

various concentrations of magnesium sulfate (0.35, 1.75,

2.5, 3.5, 7, and 10 mM). The mixtures were aged for 24

h; the powder was filtered and dried at room temperature.

Figure 1 shows electron microscopy images of the

phospholipids vesicles existing as nanoemulsion coatings

on the sericite surface containing the phospholipids and

magnesium salts. The existence of phospholipid vesicle

nanoemulsion droplets was confirmed by SEM; their

sizes varied from 50 to 120 nm [Figrue 1(a)]. Emulsion

droplets formed by conventional homogenization were

governed by Stokes’ law, indicating that the density

difference can result in emulsion instability by caused

gravitational force; in contrast, this nanoemulsion was

not governed by Stokes’ law because gravitational force

becomes negligible in the droplet size range of 100 200

nm [25-27]. Nanoemulsions with highviscosity alone

showed large droplet sizes and low time-stabilities, while

a mixture of highly viscous oil and oils with extremely

low water-solubility and low viscosity can enhance time-

stability and reduce droplet size effectively.

Smaller droplet sizes and narrower size distributions

generally favor good emulsion stability. Hence, oils with

Figure 1. Electron microscopic images of phospholipid

nanoemulsions coated on a sericite surface. (a) SEM image of a

multidroplet nanoemulsion coating; (b) TEM image of a single-

droplet nanoemulsion coating.

extremely low water-solubility and low viscosity were

screened as stabilizing agents of nanoemulsions by

measuring the mean droplet size and polydispersity of

the size distribution. Conventional emulsions showed

low time-stability because of creaming or sedimentation,

despite the formation of smaller droplets, but na-

noemulsions prepared through high-pressure homog-

enization showed better stability.

Figure 1(b) shows a closed multi-lamellar vesicle

formed from the single-droplet phospholipid vesicle

nanoemulsion. This phenomenon is attributed to the fact

that the vesicle formation is closely related to the

concentration of the phospholipids, similar to how

micelle formation is related to the critical micelle

concentration (CMC). The phospholipid droplets were

formed above the CMC [1]. A high concentration of an

agitated suspension gave small oil droplets with multi-

lamellar vesicles after a short period of sonication.

The elemental compositions of the phospholipid-coated

nanoemulsion were determined by X-ray photoelectron

spectroscopy (XPS) measurements (Figure 2). The XPS

spectra of the phospholipid-coated nanoemulsion show

an intense peak from the ejection of the carbon 1s

electron at 290 eV [Figure 2(a)]. Other components from

sericite, such as Al (2s, 2p, 100, 75 eV), Si (2s, 2p, 150,
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(a)

(b)

Figure 2. XPS spectra of phospholipid nanoemulsion-coated

sericite surfaces. (a) Depth-profile; (b) atomic abundance

percentage as a function of etching time.

100 eV), O (1s, 540 eV), and Mg (1s, 1302 eV) were

detected (Mg data is not shown here). To confirm that

these features arise from the nanoemulsion-coated layer,

the depth profile of the XPS spectra is presented as a

function of etching-time from 0 to 400 s. As the etching

time increased, the intensities of all the peaks, except for

that of carbon, remained constant; the intensity of C(1s)

at 290 eV was weak because of the decrease in the

thickness of the phospholipid nanoemulsion-coated layers

upon etching, in which the phospholipids consisted of

hydrophobic carbon chains. This phenomenon is remark-

ably different when compared to that of isolated vesicles

on silica, which remained stable over days under identi-

cal conditions [5]. Moreover, the atomic composition

changes were plotted as a function of etching time, as

shown in Figure 2(b). Only the atomic percentage of

C(1s) decreased as a function of etching time (from 40 to

10 %).

To investigate the stability of the coated phospholipids

vesicles we varied the concentration of magnesium

sulphate (0.35, 1.75, 2.5, 3.5, 7, 10 mM, respectively),

and measured the surface areas and pore sizes through

(a)

(b)

Figure 3. (a) Correlation plots for surface area, pore volume,

and pore size from BET measurements of phospholipid

nanoemulsion coatings on sericite (b) UV-Vis spectr a of

resident solutions from the mixture of the phospholipid

nanoemulsion and sericite including Mg salts.

Brauner-Emmet-Teller (BET) measurements with the

Barrett-Joyner-Halenda (BJH) method [2]. The BET sur-

face areas and isotherms of the Mg
2+

modified sericites

showed slight differences with respect to concentration -

very low surface areas (3 10 m
2
/g) and H2-type iso-

therms with similar hysteresis of the sericite. As the Mg
2+

concentration increased, the surface areas and pore

volumes decreased dramatically, but the pore size in-

creased, due to the good attachment of phospholipids

vesicles on the Mg
2+
-substituted sericite surface, as

shown in Figure 3(a). Moreover, the UV-Visible (UV-

Vis) spectrum of the resident solution from the mixture

of Mg
2+
-bound sericites and phospholipids showed that

the presence of magnesium had a much more pronounced

influence on the lipid deposition process, as shown in

Figure 3(b). As the Mg
2+

concentration increased, the

intensity at 283 nm in the UV-Vis spectra of the
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phospholipids decreased. This result suggests that the

amount of resident phospholipids decreased by attaching

the phospholipids to the Mg
2+
-substituted sericite surface.

In conclusion, the formation of phospholipid nano-

emulsion coatings on inorganic sericite was character-

ized. The nano-emulsion vesicle droplets were character-

ized by FF-TEM and FE-SEM, their surface roughness

changes were determined by AFM, and qualitative analy-

sis of the phospholipid coatings was performed using

XPS. Moreover, we found that Mg cation play an impor-

tant role for attaching the phospholipids, with the

optimum concentration being 7 mM. Such phospholipid

nanoemulsion coatings on inorganic powders could be

useful for bio-related fields, such as cosmetics, and in

drug delivery systems as key functional compounds. We

hope these basic results will lead to a general and simple

approach for the preparation of a wide a range of

controlled release materials, including the encapsulation

of cosmetics or drugs.

1) The CMC was determined using a dye solubilization

method and a UV-Vis spectrophotometer. To a series of

5-mL solutions with various phospholipid concentra-

tions, 50 µL of 1,6-diphenyl-1,3,5-hexatriene (DPH)

solution (0.4 mM in ethanol) was added and equilibrated

for 30 min. The absorbance at 285 nm was plotted

against the concentration and the crossing point of the

two extrapolated straight lines was defined as the CMC.

2) The Brauner-Emmet-Teller (BET) results were

obtained using the Barrett-Joyner-Halenda (BJH) method

from the nitrogen adsorption and desorption isotherms

obtained from a Quantachrome Nova e-4000 system, in

which the sample was pretreated at 100
o
C overnight in

the vacuum line. The pore size distributions were calcu-

lated from the analysis of the adsorption branch of the

isotherm. The pore volume was taken at the five points

of P/P0.
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