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Micellar aggregate formed by ll-ferrocenylundecyl polyoxy-
ethylene ether is investigated using four complementary techniques.
The measurements show that the micelle is a spherical particle
with the radius of 3.8 + 0.3 nm and with the aggregation number

of 62 on the average.

In recent years, a novel film-formation method, micellar disruption method
(MD method), has been presented.l) This method utilizes surfactants with a
ferrocenyl moiety. Upon electrochemical oxidation of this moiety, the micelle
incorporating a film-forming material is broken up into monomeric surfactants,
and then the material is released from the micelle and deposits on the electrode
surface, leading to the formation of the film. Thin films of azo-dye, viologen,
and polymer compounds have been prepared using (ll-ferrocenylundecyl)trimethyl-
ammonium bromide (FTMA) as the surfactant.l) More recently, this finding has
been extended to preparation of phthalocyanine thin films using (ll-ferrocenyl-
undecyl)polyoxyethylene ether .
(FPEG).Z) The latter surfactant is

promising for preparing devices @'C“HZZ‘(OC HZCHZ)’nOH
e

such as color filter, photoreceptor,

etc. n=12.2 FPEG
Although there have been a few '

papers on electrochemical properties of

the FPEG solution and its application to film-forming technology,2’3)

no study
on its aggregation behaviors such as the aggregation number, the size, and the
shape of the FPEG micelle has been reported, in spite of its technological im-
portance. In the present study, dynamic and static modes of light scattering
(DLS and SLS, respectively), small-angle X-ray scattering (SAXS), and transmis-
sion electron microscopic observation (TEM) were applied to the aqueous FPEG
solution. The micellar size was obtained from light-scattering experimentsh) and
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from a small-angle X-ray scattering experiment.s) Direct observation of the FPEG
micelle was carried out by the TEM method. On the basis of the results obtained
by DLS, SLS, SAXS, and TEM measurements, the structure of the FPEG micelle is
discussed. ’

The FPEG surfactant was purchased from Dojin Chemical Co. and used as
received. The commercially available FPEG was composed of a series of homologous
compounds when checked by a gas chromatography-mass spectrometry. The average
number of the oxyethylene unit was found to be 12.2. The FPEG surfactant
solution (2 mM - 40 mM) was prepared by dissolving FPEG in triply-distilled
deionized water, and the solution was filtered through a 0.05 pym membrane filter
five times. The radius of the micelle was determined by SAXS, DLS, and the TEM
method. The shape and the aggregation number of the micelle were determined by
SLS method. The light source for light scattering measurements was an Ohtsuka
Denshi Model DLS-700 He-Ne laser operating at 633 nm where FPEG does not absorb
light at all. The specimen for TEM measurement was prepared as follows: To 5 ml
of FPEG surfactant solution {10 mM, 1 M = 1 mol dm-3) a few drops of an aqueous
OsO4
left on a Pt mesh, followed by drying to give a micelle with its hydrophilic

solution (1 wt%) was added with stirring, and a drop of the solution was

group labeled with 0304. In order to obtain small angle scattering intensities
from solutions, a position-sensitive proportional counter was adopted. The beam
path between the X-ray source and the counter was evacuated to reduce scattering
by air. The wavelength of X-ray used was 1.54 A (CuKy radiation).

The critical micelle concentration (cmc) of the FPEG surfactant wg§
agreement with that determined by the dye solubilization method,6) 15 pM.

Table 1 shows the dependence of the radius of the micelle, Ty, measured by
the DLS method on the FPEG concentration, [FPEG]. The micellar radius depended

little on the concentration of FPEG and was almost constant at 3.8 + 0.3 nm. The

determined to be 13 pM from the surface tension-concentration profile, in good

constancy of the Ty value suggests that there is little change in the micellar
size and/or in the micellar

Table 1. The effect of the FPEG concentration, shape with increasing the
[FPEG], on the radius of the FPEG micelle, Ty» surfactant concentration.
determined by dynamic light scattering The mean radius of gy-
"ration of the FPEG micelle,
[FPEG] /mM rH/nm rg, was measured by the SAXS
technique.s) Figure 1 shows
10 3.8 a logarithm of scattering
20 4.0 intensity, I, of the FPEG
30 3.7 micellar solution against
40 3.8 the square of the scattering
50 3.5 parameter, S, (Guinier's

plot) where S = 4gsing/a; 26
is the scattering angle and ) is the wavelength. The unit for I is given by the

number of X-ray induced electrons. The concentration of the FPEG surfactant was

40 mM. The micellar radius was determined from the slope, —Ser/B, of the line
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(solid line in Fig. 1) fitted 20 /deg
to experimental points. This 13 Of 02 03 Of
In I - S profile suggests that
there exists micelles with ro® 12 i
3.7 nm in the FPEG surfactant M ‘2
solution. This value compares - 10 ,\: .
well with the hydrodynamic - h
radius, Ty, obtained by the or
DLS measurements. 8
The shape and the aggrega- 7 . . . .
tion number of the FPEG 0 0.2 04 06 08 10x 10"
micelle were investigated by $2/em?
the SLS technique. The weight Fig. 1. Guinier plot of Ln I versus 32 for
average micellar weight, MW’ the FPEG micellar solution,

and the shape of the FPEG

micelle were determined by measuring the angular and the concentration
dependence of the light scattered by the micellar solutions. The procedure is to
plot Kc/R against sinz(e/Z) + Bc (Zimm plot),a)
intensity at the angle g and c the concentration of the FPEG surfactant, B an
2nzo(dn/dc)z/N)\A, where n, is

the solvent refractive index, dn/dc the refractive index increment, N Avogadro's

where R is the reduced
arbitrary constant chosen for convenience. K = 24

number, and j; the wavelength of light in vacuum. The data for the FPEG surfac-
tant fall on the pattern illustrated in Fig. 2, showing both the g = 0 line and
the ¢ = 0 line. A double extrapolation of the quantity Kc/Re tog =0 and ¢c = 0
gave the weight of the FPEG micelle, 58500, corresponding to the aggregation
number of 62. As can be seen from this figure, the dependence of Kc/Re on ¢ did
not give curvature to the lines. This result
indicates that the micellar weight remains
constant over the concentration range employed
x15~ 8 (2 - 50 mM), because theory predicts that the
curvature should increase as the weight of

20

- K=2293 MW= 58500
dn/dc = 0.148

pareticles goes up. The plot of KC/Re vs. 0
also gave a linear dependence, indicating that
the FPEG micelle is spherical.

Direct observation of the FPEG micelle
was performed using the TEM technique. Figure
3 shows the TEM image of FPEG micellar
particles labeled with 0304. The white regions

0 1 L L 1 of the image correspond to micellar cores

) packed with the alkyl chains of the surfac-
sin(6/2) « 20x¢ tants, because such hydrophobic part of the
micelle is unlikely to be labeled with Os04.
This result indicates that the micellar core
Fig. 2. A typical Zimm plot for is roughly regarded as a sphere with the

the FPEG micelle in water. average radius of 2 nm.
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Figure 4 depicts the structure of the FPEG micelle derived from the results
of DLS, SLS, SAXS, and TEM measurements. The FPEG micelle is a spherical parti-
cle with a total radius of 3.8 nm and with a core radius of 2 nm.

The present authors have revealed the structure of a micelle formed by the
functionalized surfactant, FPEG. The results described in this letter will be

promisingly useful for elucidating a film-formation mechanism of the micellar
7)

disruption method and its modified method developed recently.

Fc:ferrocene

DLS-SAXS
—
4 nm Fig. 4. The structural model for the
Fig. 3. TEM image of the FPEG micelle. FPEG surfactant micelle.
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