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Tripodal polyhedral oligomeric silsesquioxanes
as a novel class of three-dimensional emulsifiers

Hiroaki Imoto!, Yuka Nakao!, Nobuyuki Nishizawa?, Syuji Fujii?, Yoshinobu Nakamura? and Kensuke Naka'

Tripodal amphiphilic molecules toward organic—inorganic hybrid emulsions were successfully synthesized based on incompletely
condensed polyhedral oligomeric silsesquioxanes (POSSs). The three silanol groups provide an excellent scaffold for the
construction of three-dimensional amphiphilic molecules, thus well-defined tripodal amphiphilic POSS derivatives were readily
synthesized. Thermal analyses revealed that an incompletely condensed POSS exhibited lower crystallinity without loss of
thermal stability in comparison with a completely condensed POSS, whereas readily forms aggregates because of its high
crystallinity. The newly synthesized tripodal amphiphilic POSSs possessed good solubility in water and effectively stabilized
oil-in-water emulsions, while a conventional mono-substituted amphiphilic POSS did not work as an emulsifier because of its
lack of water solubility. The prepared organic—inorganic hybrid emulsions were stable against coalescence, and no

demulsification occurred over 1 month.
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INTRODUCTION

Organic—inorganic hybrids have attracted much attention because of
their advantages in the accurate design of organic syntheses and the
durability of inorganic materials. Integration of inorganic components
at the surface of organic components can lead to improvement of
various properties.! The oil-water interface can be utilized as a tool
for solid particles to self-assemble. For example, based on Pickering
emulsion engineering, an increased number of studies on organic—
inorganic hybrids stabilized by integrated inorganic components have
been conducted,!%-1¢ in which inorganic nano- or microparticles have
been employed as emulsifiers.

For more sophisticated material design for integration of inorganic
components at the oil-water interface, three-dimensional single
molecules that can be exactly decorated are necessary. From this
point of view, polyhedral oligomeric silsesquioxanes (POSSs)!7~2! are
one of the most suitable candidates because of their precisely defined
three-dimensional structure. POSSs have been widely used as
fillers, 2227 cross-linkers, 2833 monomers®*>7 and substituents to
polymer side chains,®#3 to attain high performance. To obtain a
POSS emulsifier, the basic strategy is the construction of amphiphilic
POSS derivatives.*° As an example of an amphiphilic POSS
derivative, Cheng and coworkers synthesized amphiphilic POSS
derivatives via the thiol-ene reaction, and investigated its phase
separation behavior.***” In previous works on amphiphilic POSS
derivatives, molecular design has been limited to molecules based on
mono-substituted POSSs because the synthesis of multi-substituted
POSSs involves complicated synthesis and/or troublesome purification

processes from many isomers. However, to maintain the structural
balance between hydrophilic and hydrophobic substituents, both of
these substituents should adopt three-dimensional architectures.
Although organic nano- and microparticles with POSS emulsifiers
are very attractive because of the high stability of POSS, development
of POSS emulsifiers that adopt well-defined structures has not yet been
achieved.

Herein, we focused on incompletely condensed POSS derivatives
because they contain three silanol groups on the caged silsesquioxane
skeletons. Although the incompletely condensed POSS derivatives have
generally been used as precursors for mono-functionalized POSSs,>!>?
they can also serve as three-dimensional scaffolds of tripodal molecules
such as initiators,” ligands for transition metals®* and cross-linking
agents.*>> Hence, precisely defined POSS emulsifiers with multiple
hydrophobic and hydrophilic substituents would exploit the three-
dimensional structure of POSS to its fullest extent. Additionally, it is
expected that incompletely condensed POSSs can effectively restrict
crystallinity by lowering the rigidity to gain solubility, without losing
thermal stability, in comparison with completely condensed POSSs,
which could result in aggregation (aggregation formation due to the
high crystallinity has been utilized for construction of micro-struc-
tures; e.g., see Hayakawa et al?8, Hirai et al.?, , Hirai et al3°, Ishida
et al®!). Nonetheless, the thermal properties of incompletely con-
densed POSSs have never been investigated because they have not
been previously recognized as candidates for building blocks of
organic—inorganic hybrid materials. In this work, we synthesized
tripodal amphiphilic POSS derivatives with hydrophilic poly(ethylene
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glycol) (PEG) tails, and investigated the thermal properties of
hydrophobic POSS centers. The ability of the synthesized tripodal
amphiphilic POSS derivatives as emulsifiers was evaluated in compar-
ison with a conventional mono-substituted amphiphilic POSS
derivative.

EXPERIMENTAL PROCEDURE

Materials

Tetrahydrofuran (THF), chloroform, n-hexane, ethyl acetate (EtOAc), metha-
nol, triethylamine (NEt;), sodium hydroxide (NaOH) and magnesium sulfate
anhydrous (MgSO,) were purchased from Nacalai Tesque (Kyoto, Japan).
Sodium hydride (NaH, 60 wt% in oil), allyl bromide, distilled water, triethylene
glycol monomethyl ether and silica gel for column chromatography (Wakogel-
200) were purchased from Wako Pure Chemical Industry (Tokyo, Japan).
Trichlorosilane and chlorodimethylsilane were purchased from Tokyo Chemi-
cal Industry (Tokyo, Japan). Xylene solution (0.1 M) of platinum(0)-1,3-divinyl-
1,1,3,3-tetramethyldisiloxane (Pt(dvs)) and PEG monomethyl ethers (M, =550
and 2000) were purchased from Sigma-Aldrich Japan (Tokyo, Japan).
Heptaisobutyl trisilanol POSS (1) was purchased from Hybrid Plastics
(Hattiesburg, MS, USA) (although compound 1 is commercially available,
the synthetic procedure, see Zhou et al.>?).

Instruments

'H (400 MHz), *C (100 MHz) and 2°Si (80 MHz) nuclear magnetic resonance
(NMR) spectra were recorded on a Bruker DPX-400 spectrometer (Bruker
Biospin GmbH, Rheinstetten, Germany) in CDCl; and DMSO-dg using Me,Si
as an internal standard (for NMR spectra, see Supplementary Information). The
following abbreviations are used: s, singlet; sep, septet; m, multiplet; br, broad.
Thermogravimetric analysis was measured on a TGA-50 Shimadzu Thermo-
gravimetric Analyzer (SHIMADZU, Kyoto, Japan). Differential scanning
calorimetry (DSC) was recorded on a TA Instruments 2920 Modulated DSC
(TA Instruments, New Castle, DE, USA). Preparative high-performance liquid
chromatography for purification was performed on LC-6AD (SHIMADZU)
with a tandem column system of two columns selected from Shodex KF-2001,
KF-2002 and KF-2003 (SHOWADENKO, Tokyo, Japan) using chloroform as
an eluent. A drop of the diluted emulsion was placed on a microscope slide and
observed using an optical microscope Shimadzu Motic BA200 (SHIMADZU)
fitted with a digital system Shimadzu Moticam 2000 (SHIMADZU).

Synthesis

Tris(dimethylsilyl) heptaisobutyl POSS (2). A THF solution (40ml) of 1
(3.16 g, 3.99 mmol) and NEt; (5.6 ml, 40.2 mmol) was cooled to 0°C under
N, atmosphere, to which chlorodimethylsilane (2.0 ml, 18.0 mmol) was slowly
added. After stirring at 0 °C for 1 h and subsequently at room temperature for
3 h, distilled water (10 ml) was added to quench the reaction. The volatiles were
removed in vacuo, and the residue was extracted with n-hexane (20 ml x 3). The
combined organic layers were dried over MgSO,. After filtration and evapora-
tion, the residue was subjected to column chromatography on silica gel (eluent:
n-hexane/EtOAc=20/1). The solvents were removed in vacuo to obtain 2
(3.24 g, 3.36 mmol, 84%). 'H NMR (CDCls, 400 MHz): 6 4.75 (sep, J=2.4 Hz,
3H); 1.86-1.82 (m, 7H); 0.98-0.94 (m, 42H); 0.58-0.54 (m, 14H); and
0.23-0.22 (m, 18H) p.p.m. '3C NMR (CDCls, 100 MHz): § 26.0, 25.8, 25.6,
24.6, 24.1, 24.0, 23.9, 23.6, 22.4 and 0.6 p.p.m. »°Si NMR (CDCl;, 80 MHz):
8 —5.5, —67.1, —67.7 and — 68.0 p.p.m.>®

Heptaisobutyl POSS (3). A THF solution (80 ml) of 1 (4.10 g, 5.18 mmol) and
NEt; (8.8 ml, 63.1 mmol) was cooled to 0°C under N, atmosphere to which a
THF solution (20ml) of trichlorosilane (0.64 ml, 6.33 mmol) was added
dropwise. After stirring at 0°C for 1 h and subsequently at room temperature
for 3 h, n-hexane was added and the insoluble was removed by filtration. The
volatiles were removed in vacuo, and the residue was extracted with n-hexane
(20mlx3). The combined organic layers were dried over MgSOy. After
filtration and evaporation, the residue was dissolved in small amounts of
EtOAc and subjected to reprecipitation into cold methanol to obtain 3 (3.05 g,
3.73mmol, 72%). 'H NMR (CDCls, 400 MHz): § 4.13 (s, 1H); 1.87-1.84
(m, 7H); 0.97-0.95 (m, 42H); and 0.64-0.59 (m, 14H) p.p.m. C NMR
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(CDCl3, 100 MHz): § 25.7, 25.7, 23.9, 23.8, 22.5 and 22.3 p.p.m. 2°Si NMR
(CDCls, 80 MHz): § —66.6, — 66.7, —66.9 and —67.9 p.p.m.

Allyloxy(poly(ethylene glycol)) methyl ether (A-PEG-200). NaH (60 wt% in oil,
1.79 g, 44.8 mmol) was dispersed in THF (10 ml), to which a THF solution
(5ml) of tri(ethylene glycol) monomethyl ether (5.05 g, 30.7 mmol) was added
to the dispersion liquid at 0°C. After stirring 20 min, a THF solution of allyl
bromide (3.90 ml, 45.1 mmol) was added dropwise to the solution at 0°C.
Subsequently, the reaction mixture was stirred overnight at room temperature.
NaOH,, (2n, 20 ml) was added to quench the reaction, and the organic layer
was extracted with chloroform (20 mlx 3). The combined organic layers were
dried over MgSOy,. Filtration and evaporation gave A-PEG-200 (5.44 g, 26.6
mmol, 87%). 'H NMR (CDCl;, 400 MHz): § 5.95-5.88 (m, 1H); 5.30-5.16
(m, 2H); 4.04-4.02 (m, 2H); 3.67-3.54 (m, 12H); and 3.38 (s, 3H) p.p.m.

Allyloxy(poly(ethylene glycol)) methyl ether (A-PEG-600). The same procedure
used for A-PEG-200, but with PEG monomethyl ether (M,, =550) instead of tri
(ethylene glycol) monomethyl ether, was employed. The isolated yield was 98%.
IH NMR (CDCls, 400 MHz): & 5.97-5.87 (m, 1H); 5.30-5.17 (m, 2H);
4.04-4.02 (m, 2H); 3.66-3.54 (m, 60H); and 3.38 (s, 3H) p.p.m.

Allyloxy(poly(ethylene glycol)) methyl ether (A-PEG-2000). The same proce-
dure used for A-PEG-200, but with a THF solution (20ml) of PEG
monomethyl ether (M, =2000) instead of a THF solution (5 ml) of tri(ethylene
glycol) monomethyl ether, was employed. The isolated yield was 91%. 'H NMR
(CDCl;, 400 MHz): 6 5.95-5.88 (m, 1H); 5.30-5.16 (m, 2H); 4.04-4.02
(m, 2H); 3.83-3.46 (m, 204H); and 3.38 (s, 3H) p.p.m.

Tripodal amphiphilic POSS (4a). A THF solution (5ml) of 2 (193 mg, 0.207
mmol), A-PEG-200 (194mg, 0.952mmol) and Pt(dvs) (0.1M in xylene,
0.05ml, 5.0x1073 mmol) was refluxed for 6h under N, atmosphere. The
solvents were removed in vacuo and the impure product (395mg) was
obtained. Because of the limitation of the amounts of loadable sample, a
portion of the product (274 mg) was subjected to preparative high-performance
liquid chromatography to give 4a (129 mg, 0.082mmol, 57%). 'H NMR
(CDCls, 400 MHz): § 3.67-3.54 (m, 36H); 3.42-3.38 (m, 15H); 1.85-1.81
(m, 7H); 1.62-1.58 (m, 6H); 0.97-0.93 (m, 42H); 0.56-0.51 (m, 20H); and
0.15-0.12 (s, 18H) p.p.m. *C NMR (CDCl3, 100 MHz): § 74.1, 71.8, 70.5, 70.4,
69.9, 58.8, 25.9, 25.7, 25.5, 24.9, 24.0, 23.8, 23.7, 23.6, 23.2 and 13.8 p.p.m. 295
NMR (CDCl;, 80 MHz): 8 9.2, —67.4, —67.8 and — 68.2 p.p.m.

Tripodal amphiphilic POSS (4b). The same procedure used for 4a, but with
A-PEG-600 instead of A-PEG-200, was employed. The isolated yield was 51%.
'H NMR (CDCl;, 400 MHz): § 3.67-3.52 and 3.42-3.36 (m, 132H); 1.86-1.82
(m, 7H); 1.62-1.58 (m, 6H); 0.97-0.94 (m, 42H); 0.57-0.53 (m, 20H); and
0.14-0.13 (s, 18H) p.p.m. 3C NMR (CDCl;, 100MHz): § 73.8, 71.7, 70.3, 70.2,
69.7, 58.6, 25.8, 25.6, 25.4, 24.7, 23.8, 23.7, 23.5, 23.5, 23.1, 22.1 and 13.7 p.p.m.
29Si NMR (DMSO-dg, 80 MHz): § 9.7, -67.3, -68.0 and — 68.1 p.p.m.

Tripodal amphiphilic POSS (4c). The same procedure used for 4a, but with
A-PEG-2000 instead of A-PEG-200, was employed. The isolated yield was 54%.
IH NMR (CDCls, 400 MHz): 6 3.70-3.56 and 3.38 (m, 469H); 1.87-1.79
(m, 7H); 1.64-1.56 (m, 6H); 0.97-0.94 (m, 42H); 0.57-0.53 (m, 20H); and 0.12
(s, 18H) p.p.m. 3C NMR (CDCl3, 100 MHz): & 73.9, 71.7, 70.3, 69.8, 58.7,
25.8, 25.7, 25.4, 24.8, 23.8, 23.7, 23.1 and 13.7p.p.m. ¥Si NMR (CDCl;,
80 MHz): 6 9.1, -67.5, -67.9 and — 68.3 p.p.m.

Mono-substituted amphiphilic POSS (5). A THF solution (5 ml) of 3 (166 mg,
0.203 mmol), A-PEG-2000 (413 mg, 0.202 mmol) and Pt(dvs) (0.1 M in xylene,
0.05ml, 5.0x 1072 mmol) was refluxed for 6 h under N, atmosphere. The
solvents were removed in vacuo and the impure product (585mg) was
obtained. Because of the limitation of the amounts of loadable sample, a
portion of the product (103 mg) was subjected to preparative high-performance
liquid chromatography to give 5 (47.6mg, 0.017 mmol, 47%). 'H NMR
(CDCl;, 400 MHz): 6 3.65 (br, 359H); 3.38 (s, 3H); 1.87-1.84 (m, 7H);
1.71-1.65 and 1.58-1.53 (m, 5H); 0.96-0.94 (m, 42H); and 0.61-0.59 (m, 16H)
p.p-m. C NMR (CDCl3, 100 MHz): § 71.9, 71.2, 70.9, 70.7, 70.5, 70.4, 70.3,
69.9, 58.9, 25.6, 23.8 and 22.4 p.p.m. ¥Si NMR (CDCls;, 80 MHz): § —67.4,
—67.8 and —68.0 p.p.m.



Emulsion preparation

Aqueous solutions of the POSS (3 ml) with a solid content of 1wt% were
prepared. These solutions were then homogenized at 23 °C with 3 ml of methyl
myristate for two minutes using an IKA Ultra-Turrax T25 digital homogenizer
(IKA, Staufen, Germany) with a 10 mm dispersing tool operating at 20 000 r.p.
m. Emulsion stabilities after standing for 24 h and 1 week at 23 °C were assessed
by visual inspection. In some cases, emulsion stabilities were assessed more
accurately by using graduated vessels by monitoring the movement of the
emulsion—water interface with time.

Laser diffraction droplet size analysis

The sizes of the emulsion droplets were determined using a particle size
analyzer (Malvern Mastersizer 2000, Malvern, UK) equipped with a small
volume sample dispersion unit (Hydro 2000SM; ~ 150 ml including flow cell
and tubing), a HeNe laser (633 nm) and a solid-state blue laser (466 nm). The
stirring rate was adjusted to 2000 r.p.m. The emulsion droplet size did not
change under these measurement conditions, which indicates no coalescence of
the droplets. The raw data were analyzed using Malvern software. The mean
droplet diameter was taken to be the volume mean diameter (D), which is
mathematically expressed as D, =ED;*Ny/ZD{’N;, where D; is the diameter of
the individual droplets and N; is the number of droplets corresponding to the
specific diameter. The light diffraction measurements conducted in this study
were highly reproducible. For laser diffraction (LD) charts, see Supplementary
Information.

RESULTS AND DISCUSSION

Synthesis and characterization of amphiphilic POSS derivatives
The synthesis of amphiphilic POSS derivatives from commercially
available heptaisobutyl incompletely condensed POSS (1)*2 as a
hydrophobic block is summarized in Scheme 1. The three silanol
groups of 1 were reacted with chlorodimethylsilane and trichlorosilane
to obtain 2 and 3,%° respectively. The former and the latter were used
to obtain tripodal amphiphilic POSSs and a mono-substituted POSS,
respectively. Allyloxy(PEG) methyl ethers (A-PEGs), with number
average molecular weights (M) were ~200, 600 and 2000 (A-
PEG-200, 600 and 2000, respectively), were prepared as precursors
for the hydrophilic moieties (the number average molecular weights of
A-POSS-600 and 2000 were posted in the commercial source of the
precursors PEG monomethyl ethers (Sigma-Aldrich). A-POSS-200
was composed of allyloxy tri(ehylene glycol) methyl ether (the
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molecular weight is 204) without molecular weight distribution).
Platinum-catalyzed hydrosilylations>”>® with A-PEG-200, 600 and
2000 were employed for synthesis of the tripodal POSS derivatives
(4a—c, respectively), and A-PEG-2000 was employed for the synthesis
of the mono-substituted POSS derivative (5). The obtained amphi-
philic POSS derivatives were purified with preparative high-
performance liquid chromatography to remove low molecular weight
impurities.

The structures of the POSS derivatives were confirmed by 'H, 1°C
and 2°Si NMR spectroscopy. As representative examples, the '"H NMR
spectra of A-PEG-600, 2 and 4b are shown in Figure 1. The 'H NMR
spectrum of A-PEG-600 exhibits multiplet peaks at & 6.00-5.87 and
5.30-5.17 p.p.m. attributable to the vinyl group, and that of 2 exhibits
a peak at 8 4.71 p.p.m attributable to the Si-H group. These peaks
disappear in the spectrum of 4b, suggesting that the hydrosilylation
reaction proceeded. Judging from the integrated ratio, nine protons
from the methoxy groups at the terminals of the three PEG chains and
42 protons from the methyl groups of the seven isobutyl groups were
detected. Thus, three PEG chains were introduced quantitatively. Each
of the 2°Si NMR spectra of 4a—c showed four signals. For example, in
the case of 4b (Figure 2), the signal at § 9.7 p.p.m was derived from
the silyl ether moieties, whereas the three signals at § —67.3, —68.0
and —68.1 p.p.m. were derived from the silsesquioxane moieties,
suggesting that no decomposition of the POSS skeletons occurred.

Thermal analyses of hydrophobic POSS moieties

The thermal properties of 2 and 3 were examined to understand the
nature of the hydrophobic POSS centers. To support the idea that an
incompletely condensed POSS can serve as an alternative to a
completely condensed POSS, the degradation temperatures for 5%
and 10% weight loss (Tgs and Ty, respectively) of 2 and 3 were
measured by thermogravimetric analysis. The T45 and Ty of 2 were
203 and 214 °C, respectively, whereas those of 3 were 207 and 217 °C,
respectively (Figure 3), suggesting the thermal stabilities of 2 and 3
were approximately the same. In the case of 2, no residue was
observed likely as a result of sublimation as described in the previous
literature.”® Therefore, an incompletely condensed POSS exhibits the
thermal stability equivalent to that of a completely condensed POSS.
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Scheme 1 Synthesis of amphiphilic polyhedral oligomeric silsesquioxane derivatives 4a—c and 5, where A-poly(ethylene glycol)-200, 600, 2000 and 2000

were employed in the synthesis of 4a—c and 5, respectively.
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Figure 2 29Si nuclear magnetic resonance spectrum of 4b.

DSC analysis was performed on 2 and 3 to investigate the
differences in their crystallinity (Figure 4). The detected melting
points of 2 and 3 were — 18 and 130 °C, respectively, indicating that
the completely condensed POSS formed much more stable crystals
than the incompletely condensed POSS. This result is likely because
the rigidity of incompletely condensed POSSs is much lower than that
of completely condensed POSSs. Judging from the results of the
thermogravimetric analysis and DSC measurements, the crystallinity of
POSS, which could lead to poor solubility, was significantly regulated
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(dashed line).

while maintaining its thermostability by employing an incompletely
condensed POSS skeleton.

Preparation and evaluation of emulsions

To evaluate the obtained POSS derivatives as emulsifiers, 1 wt%
aqueous solutions of the POSS derivatives were prepared. Although
4b and c were dissolved in water to obtain 1 wt% aqueous solutions,
4a and 5 were not completely dissolved in the same volume of water,
and submillimeter-sized droplets were formed in the continuous
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Figure 4 DSC curves of 2 (a) and 3 (b) with a heating rate of 10°Cmin~1.

aqueous media. The PEG tails of 4a are the shortest of those of the
amphiphilic POSS derivatives studied herein, and 4a does not appear
to have enough hydrophilicity to be dissolved in water. It is interesting
as to why the solubility of 4b in water was higher than that of 5 even
though both contain the same total amount of the PEG component.
One possible answer is that the high crystallinity of the POSS moiety
of 5 lowered its solubility, as indicated in the results of the DSC
analysis of 2 and 3. Another possibility is that the three PEG tails of 4b
might cover a larger surface area of the hydrophobic bulky POSS head
group than the single PEG tail of 5.

The resulting 1wt% aqueous dispersions of 4a and 5 were
homogenized with the same volumes of methyl myristate at
20000 r.p.m. for 2min using a homogenizer. Unfortunately, upon
4a and 5, oil-water macrophase separation occurred after the
homogenization followed by 1h of rest (Supplementary Figure S23).
The amount of the POSS derivatives dissolved in the aqueous phase as
an effective emulsifier was most likely too low to stabilize the oil-water
interface, thus leading to unstable emulsions. (Note that 4a and 5 did
not dissolve completely in the aqueous media.) However, the
emulsions stable against coalescence were prepared using 1wt%
aqueous solutions of 4b and ¢ (Emg, and Emy, respectively), and
the volume-average diameters (D) were measured to be 9.2 +4.1 and
8.4+ 5.0 um, respectively (Supplementary Figure S22). Homogeniza-
tion of methyl myristate in the absence of any POSS derivatives led to
no emulsion, which strongly indicates that the POSS derivatives have
an important role in the stabilization of the emulsions. The emulsion
type was confirmed using the ‘drop test. One drop of the emulsion
was added to both water and methyl myristate, where its ease of
dispersion was monitored by visual inspection. The relatively ease of
dispersion indicates that the continuous phase of the emulsion was the
same as the diluent (either water or methyl myristate). Emgp, and Emy,
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Figure 5 (a) Optical microscope image and (b) photograph of Emyy taken
1 month after preparation.

Table 1 Diameters of the emulsion droplets

DAun!
Emulsion 1h 1 month Dyt
Emgp 9.2+4.1 9.4+4.2 7.0+£2.6
Emge 84+50 89+54 7.7+3.0

2Diameter of emulsions measured with laser diffraction particle size analyzer.
bDiameter of emulsions measured with optical microscopy images taken 1 month after
homogenization (n~300).

were smoothly dispersed in pure water, which indicates the formation
of the oil-in-water emulsion. From optical microscopy studies, the
number average diameters (D,,) of Emyp, and Emy. were determined to
be 7.0 £2.6 and 7.7 +3.0 pm, respectively (Figure 5). The emulsions
were stable against coalescence for at least 1 month, that is, nearly
100% of the emulsions were retained in closed system where the
evaporation of oil and water were not permitted, and only slow
creaming was observed with time. The D, values of Emy, and Emy,
1 month after the homogenization were measured to be 9.2 +4.1 and
8.4+ 5.0 um, respectively, by a laser diffraction particle size analyzer
(Supplementary Figure S22), which were nearly the same sizes
measured 1h after the homogenization (Table 1). These results
indicate that the POSS derivatives can function as effective emulsifiers
to form highly stable emulsions.

CONCLUSIONS

In conclusion, tripodal amphiphilic molecules based on incompletely
condensed POSS derivatives were successfully synthesized by a facile
synthetic procedure. Thermal analyses indicate that incompletely
condensed POSS 2 showed lower crystallinity without loss of thermal
stability in comparison to completely condensed POSS 3. Incompletely
condensed POSSs are potential candidates for easy-to-handle building
blocks of organic—inorganic hybrid materials. The tripodal amphiphi-
lic POSS derivatives worked as effective emulsifiers, where the
resulting oil-in-water emulsions, which were stable over 1 month
with no demulsification, were fabricated by homogenizing aqueous
solutions of the POSS derivatives and oil. The present molecular
design will open a new pathway toward the construction of a novel
class of emulsifiers to achieve unique organic—inorganic architectures.
The detailed structural analyses, stabilization of other oils and
investigation into the effect of POSS at the interface are underway.
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