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Abstract - Fluoroalkyl end-capped oligomers can form the nanometer size-controlled 
self-assembled oligomeric aggregates through the aggregations of terminal fluoroalkyl seg-
ments in oligomers in aqueous and organic media.  A variety of guest molecules such as in-
organic fine particles, organic molecules and organic polymers can be effectively encapsulated 
into these fluorinated oligomeric aggregate cores to form the corresponding fluorinated oli-
gomeric aggregates/guest molecules composites.  In these fluorinated oligomeric composites, 
interestingly, fluoroalkyl end-capped oligomers/silica nanocomposites can give no weight loss 
behavior corresponding to the contents of oligomers in the composites even after calcination 
at 800oC. More interestingly, the fluorinated oligomeric composites - encapsulated a variety of 
guest molecules can exhibit 
superoleophobic/superhydro-phob
ic (superamphiphobic), supper- 
oleophobic/superhydrop-hilic and 
superoleophilic/superhydrophobic 
characteristics on the modified 
surfaces by controlling the struc- 
tures of these guest molecules, 
respectively. These fluorinated 
composites possessing such 
unique wettability have been also 
applied to the separation of oil and 
water. 
 
 
 
Keyword: Fluorinated Oligomer; Composite; No Weight Loss Behavior; Separation of Oil/Water 
 
Hideo Sawada is currently a Professor Polymer Chemistry at the Hirosaki 
University, Japan.  His current research interests concern the synthesis 
and applications of fluorinated polymeric nanocomposites by the use of 
fluoroalkanoyl peroxide as a key intermediate.  He has published over 
300 peer review papers, three editor books, one coauthor book, and over 
100 patents. He received the Progress Award of the Japan Oil Chemists’ 
Society in 1992, the Award of the Japan Society of Colour Materials in 
1994, the Award of the Japan Research Institute of Material Technology in 
1996 and 2010, the SPSJ Mitsubishi Chemical Award in 2006, the Endo 
Award of the Hirosaki University in 2013, and the Masumi Koishi Prize of 
the Japan Research Institute of Material Technology in 2018. 

Separation of the W/O emulsion by using the usual silica gel (A) and the fluorinated 
oligomeric nanocomposite powders possessing a superoleophilic/superhydrophobic 
charactersitic (B) as the packing material, respectively, for the column chromatography

(W/O emulsion stabilized 
by span 80)

(A)

(B)

isolation of 
transparent cololess oil

no separation 
of W/O emulsion

W/O emulsion

W/O emulsion



 

Acc. Mater. Surf. Res. 2019, Vol.4 (No.3), 97-114. 98 

 
Preparation and Applications of Fluoroalkyl End-Capped  

Oligomeric Composites 
 

Hideo Sawada 
Hirosaki University 

 
1. Introduction 
There has been a considerable interest in 

block copolymers possessing longer perfluoro- 

oalkyl groups which can exhibit low surface 

energy and self-assembled polymeric micellar 

aggregates in aqueous and organic media:  

these unique characteristics are not displayed 

by the corresponding random perfluoroalkyl- 

lated and partially fluorinated polymers1 ~ 10.  In 

these fluorinated block copolymers, two fluoro- 

alkyl end-capped ABA triblock-type oligomers 

[RF-(M)n-RF; RF = fluoroalkyl groups, M = radical 

polymerizable monomers], which can be 

synthesized by the radical oligomerization of 

the corresponding monomers initiated by fluor- 

oalkanoyl peroxides [RF-C(=O)-OO-(O=)C-RF], 

are of particular attractive materials, because 

they exhibit a variety of unique properties such 

as high solubility, surface active properties, 

biological activities, and the nanometer 

size-controlled self-assembled molecular agg- 

regates through the aggregation between the 

end-capped fluoroalkyl groups in oligomers11 ~ 

26. These fluorinated molecular aggregates can 

interact with numerous guest molecules such 

as fullerene, carbon nanotube, organic dyes, 

and inorganic metal fine particles (silica, gold, 

silver, copper, palladium, zinc oxide, hydroxya- 

patite, magnetite, magnesium carbonate, mag- 

nesium oxide, talc, and calcium carbonate) as 

guest molecules to afford the corresponding 

fluorinated oligomeric aggregates/guest mole- 

cules nanocomposites27 ~ 69. These fluorinated 

nanocomposites thus obtained can display not 

only the surface active characteristic imparted 

by end-capped fluoroalkyl groups in oligomers 

but also unique properties related to the 

encapsulated guest molecules into the compo- 

site cores27 ~ 69. In this review, we would like to 

demonstrate on the preparation of numerous 

fluoroalkyl end-capped oligomeric composites 

including their applications. The unique wet- 

tability of the modified surfaces treated with 

these fluorinated oligomeric composites will be 

also reviewed in this article. 
 
2. Preparation of fluoroalkyl end-capped
oligomers/silica nanocomposites pos-
sessing no weight loss characteristic 
even after calcination at 800 °C 
As indicated above, fluoroalkyl end-capped 

oligomers can form the nanometer size-con- 

trolled self-assembled molecular aggregates 

imparted by the aggregations of end-capped 

fluoroalkyl segments to interact with a variety of 

guest molecules. However, the shape of these 

fluorinated molecular aggregates is easily 

exchangeable under a variety of conditions. 

Therefore, it is in particular interest to prepare 

new fluoroalkyl end-capped oligomeric ag-

gregates – encapsulated a variety of guest 

molecules from the developmental viewpoints 

of new fluorinated functional materials. Fluo- 

roalkyl end-capped oligomeric aggregates 

could interact with silica nanoparticles as guest 

molecules in their aggregate cores. The 
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fluoroalkyl end-capped oligomers/silica nano- 

composites can be easily prepared by the 

sol-gel reactions of tetraetoxysilane (TEOS) 

and silica nanoparticles in the presence of the 

corresponding oligomer under alkaline condi- 

tions as shown in Scheme 131, 49). 

 

 

Heretofore, it is well known that traditional 

fluoropolymers such as poly (tetrafluoroet- 

hylene) (PTFE) possess an excellent thermal 

resistance70, 71). Hybridization of PTFE with 

silica gels is of particular interest from the 

developmental viewpoint of novel fluorinated 

functional polymeric materials.  Chen et al. 

have been already prepared PTFE/SiO2 

hybrids; however parent PTFE in the silica gel 

hybrids decomposes completely around 700 °C 

72).  On the other hand, the molecular weights 

of fluoroalkyl end-capped oligomers are in 

general within 10,000, and their thermal stability 

is extremely poor compared to that of usual 

perfluorinated polymers 49). In fluoroalkyl 

end-capped N-(1,1-dimethyl-3-oxobutylacrylamide)

oligomers [RF-(DOBAA)n-RF]/silica nanoc- 

omposites [the contents of oligomer: 23 %], 

which were prepared under alkaline conditions 

(see Scheme 1), unexpectedly, weight loss 

behavior corresponding to the content of 

oligomer in the silica nanocomposites was not 

observed at all even after calcination at 800 °C, 

affording the same TGA curve to that of the 

original silica nanoparticles (see Figure 1)31, 53). 

In contrast, RF-(DOBAA)n-RF/silica nanocompo- 

sites prepared under acidic conditions showed 

a clear weight loss at 800 °C, a value quite 

similar to that of the elementary analyses of 

fluorine in the nanocomposites (see Figure 1)31, 

53). 
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Scheme 1. Preparation of fluoroalkyl end-capped N-(1,1-dimethyl-3-oxobutylacrylamide) 

oligomer [RF-(DOBAA)n-RF]/silica nanocomposites 

 

Figure 1. Thermogravimetric analyses of the parent RF-(DOBAA)n-RF oligomer, 

RF-(DOBAA)n-RF/silica nanocomposites, which were prepared under alkaline or acidic conditions, 

respectively. a) Oligomer content in composites determined by elementary analyses of fluorine 
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The nanocomposite reaction of RF-(DOBAA)n-RF

oligomer with silica nanoparticles should 

proceed smoothly under alkaline conditions to 

afford not only the expected RF-(DOBAA)n-RF/silica

nanocomposite but also ammonium hexafluo- 

rosilicate as shown in the plausible reaction 

mechanism (see Scheme 2)52). 

 

 

 
The formation of ammonium hexafluorosilicate 

during the composite reactions can afford a 

nonflammable characteristic toward RF-(DOBAA)n-RF

oligomer. That is, RF-(DOBAA)n-RF oligomer in 

nanocomposite should be encapsulated quite 

effectively into the nanometer size-controlled 

silica gel matrices through the               

molecular-level synergistic combination, which 

is due to not only the strong interaction between 

fluorine in oligomer and silicon in silica gel 

nanocomposite but also the effective interaction 

between ammonium hexafluorosilicate and 

RF-(DOBBA)n-RF oligomer in silica gel matrices, 

to afford a nonflammable characteristic for 

oligomer52). 

 On the other hand, fluoroalkyl end-capped 

acrylic acid oligomer  [RF-(ACA)n-RF]/silica 

nanocomposites [RF-(CH2CHCOOH)n-RF/SiO2], 

which were prepared under alkaline conditions, 

has been shown to exhibit a clear weight loss at 

800 °C corresponding to the content of 

oligomer (see Figure 2)54). 
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Scheme 2. Plausible reaction mechanism for the formation of ammonium hexafluorosilicate 
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This weight loss behavior is due to no 

formation of ammonium hexafluorosilicate 

during the composite reactions, because 

fluoroalkyl end-capped acrylic acid oligomer 

possesses no higher acidic protons to form the 

ammonium hexafluorosilicate illustrated in 

Scheme 2. In fact, fluoroalkyl end-capped                   

2-methacryloyloxyethane sulfonic acid/silica 

nanocomposites 

[RF-(CH2CHMeCO2CH2CH2SO3H)n-RF/SiO2],

perfluoro-1,3-propanedisulfonic acid/silica 

[HO3SCH2CH2CH2SO3H/SiO2] nanocomposites, 

and fluoroalkyl end-capped oligomers con- 

taining carboxy groups possessing 

electron-withdrawing CF3 units as neighboring 

groups                                                     

[RF-(CH2-CMeCOOH)x-(CH2-CCF3COOH)y-RF],

of whose  nanocomposites were prepared 

under alkaline conditions, respectively,  can 

exhibit no weight loss behavior under the 

similar calcination conditions52).   

 In this way, fluoroalkyl end-capped oligomers 

containing amido protons or more acidic 

protons such as sulfo groups can exhibit a 

nonflammability, even after calcination at 

800 °C, through the formation of ammonium 

hexafluorosilicate during nanocomposites rea- 

ctions. In contrast, the lack of formation of 

ammonium hexafluoro- silicate during the usual 

composite reactions affords a flammable 

behavior for the RF-(DOBAA)n-RF oligomer or 

RF-(ACA)n-RF oligomer in silica nanocom- 

posites54). 

Fluoroalkyl end-capped acrylic acid oligomer 

[RF-(ACA)n-RF] reacted with tetraethoxysilane 

(TEOS) and silica nanoparticles in the presence 

of low molecular weight aromatic compounds 

[Ar-H] such as cetylpyridinium chloride (CPC) 

and bisphenol AF under alkaline conditions to 

afford the RF-(ACA)n-RF/SiO2 nanocompo- 

sites-encapsulated Ar-H in excellent to 

moderate isolated yields (see Scheme 3)51). 
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Figure 2. Thermogravimetric analyses of the parent RF-(ACA)n-RF oligomer and 

RF-(ACA)n-RF/silica nanocomposites, which were prepared under alkaline conditions 
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These fluorinated silica nanocomposites- 

encapsulated Ar-H can exhibit no weight loss 

behavior corresponding to the contents of Ar-H 

even after calcination at 800 °C, although 

fluoroalkyl end-capped acrylic acid oligomer in 

the nanocomposites decomposed completely 

under similar conditions49, 51). 

We also succeeded in the encapsulation of a 

variety of low molecular weight aromatic 

compounds such as bisphenol-A, bisphenol-AF, 

bisphenol-F, 4,4’-biphenol and 1,1’-bi-2-naphthol

into PFPS/SiO2 nanocomposite cores (see 

Scheme 4)55). 

 

 

 
These encapsulated low molecular weight 

aromatic compounds were able to exhibit 

nonflammable characteristic at 800 °C in the 

fluorinated nanocomposite cores.55) 

 We previously reported that  

RF-(CH2CHSiMe3)x-(CH2CHCOOH)y-RF 

[RF-(VM-Si)x-(ACA)y-RF] cooligomers can form 

the nanometer size-controlled self-assembled 

molecular aggregates to interact with Human 

Immunodeficency Virus Type 1 (HIV-1) as a 

guest molecule to exhibit a potent and selective 

anti-HIV-1 activity in vitro24).  Thus, it is in 

particular interest to prepare new fluoroalkyl 

end-capped oligomer-coated silica nano-

particles possessing an anti-HIV-1 activity.  In 

fact, fluoroalkyl end-capped trimethylvinylsi- 

lane-acrylic acid cooligomer [RF-(VM-Si)x-(ACA)y-RF]

reacted with tetraethoxysilane and silica nano- 

particles under alkaline conditions to afford the 

corresponding fluorinated cooligomer/silica 

nanoparticles (see Scheme 5)32). Fluoroalkyl 

end-capped 

N,N-dimethylacrylamide-2-methacryloyloxyetha

nesulfonic acid cooligomer/silica nanocom- 

posites [RF-(DMAA)x-(MES)y-RF/SiO2] were 

also prepared under similar conditions (see 

Scheme 5) 32). 

RF-(CH2-CH)n-RF

C-OHO
+   Si(OEt)4
      [TEOS]

+   SiO2
     nanoparticles

+  Ar-H
aq. NH3

MeOH

[RF-(ACA)n-RF]
RF = CF(CF3)OC3F7
Mn = 3000 (Mw/Mn = 1.43)

RF-(ACA)n-RF/SiO2 Nanocomposites-
encapsulated Ar-H

Ar-H: N (CH2)15CH3

Cl

[CPC], HO OH
CF3

CF3

[Bisphenol AF]

HO3S(CF2)3SO3H +   Si(OEt)4    + SiO2 +  Ar-H
aq. NH3

MeOH

PFPS/SiO2/Ar-H NanocompositesAr-H: Bisphenol-A; Bisphenol-AF; 4.4'-biphenol; 
         1,1'-bi-2-naphthol; Bisphenol-F

(PFPS)

Scheme 3. Preparation of RF-(ACA)n-RF/SiO2 nanocomposites-encapsulated Ar-H 

Scheme 4. Preparation of PFPS/SiO2 nanocomposites-encapsulated Ar-H 
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RF-(VM-Si)x-(ACA)y-RF/SiO2 nanocomposites 

were found to have a potent and selective 

anti-HIV-1 activity32). In contrast, RF-(DMAA)x- 

(MES)y-RF/SiO2 nanocomoposites were able to 

exhibit a potent and selective anti-SIVmac 

(Simian Immunodeficiency Virus) activity32).  

Therefore, these fluorinated cooligomeric silica 

nanocomposites are expected to be widely 

applicable for not only antiviral polymeric drugs 

but also the fields of the materials science. 
 
3. Preparation and surface wettability of 
fluoroalkyl end-capped vinyltrimetho- 
xysilane oligomeric silica nanocompo- 
sites – encapsulated a variety of guest 
molecules 

In numerous fluoroalkyl end-capped oligomers,

fluoroalkyl end-capped vinyltrimethoxysilane oligomer

[RF-(CH2CHSi(OMe)3)n-RF; RF = CF(CF3)OC3F7, 

n = 2, 3: RF-(VM)n-RF oligomer] is of particular 

interest due to them exhibiting the higher 

surface activity and the good adhesion ability 

compared with those of the traditional 

monomeric fluoroalkylated silane coupling 

agents     [RF-CH2CH2Si(OMe)3; RF = longer 

fluoroalkyl chains] 73).  RF-(VM)n-RF oligomer 

can undergo the sol-gel reactions under 

alkaline conditions to afford the corresponding 

fluorinated oligomeric silica nanoparticles 

[RF-(CH2CHSiO2)n-RF; RF = CF(CF3)OC3F7, n = 

2, 3: RF-(VM-SiO2)n-RF oligomer nanoparticles] 

in good isolated yields (see Scheme 6) 74). 

 

 

 

Si(OEt)4 SiO2+

[RF = CF(CF3)OC3F7; x : y = 59 : 41; 
Mn = 16600]

+
[TEOS] silica nanoparticle

RF-(DMAA)x-(MES)y-RF/SiO2 
Nanoparticles

RF-(CH2CHCONMe2)x-(CH2CMeCO2C2H4SO3H)y-RF
[RF-(DMAA)x-(MES)y-RF]

MeOH

Si(OEt)4 SiO2+

[RF = CF(CF3)OCF2CF(CF3)OC3F7; 
x : y = 5 : 95; Mn = 5030]

+RF-(CH2CHSiMe3)x-(CH2CHCOOH)y-RF
[RF-(VM-Si)x-(ACA)y-RF] [TEOS] silica nanoparticle

aq. NH3 RF-(VM-Si)x-(ACA)y-RF/SiO2 
Nanoparticles

MeOH

aq. NH3

aq. NH3

MeOH
RF-(VM-SiO2)n-RF 
oligomeric nanoparticles

[RF-(VM)n-RF]

RF-(CH2-CH)n-RF

Si(OMe)3

RF = CF(CF3)OC3F7

Scheme 5. Preparation of  fluoroalkyl end-capped cooligomers/silica nanocomposites 

possessing an anti-HIV-1 activity. 

Scheme 6. Preparation of RF-(VM-SiO2)n-RF oligomeric nanocomposites 
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Especially, RF-(VM)n-RF oligomer also form the 

self-assembled molecular aggregates with the 

aggregation of the terminal fluoroalkyl seg- 

ments, and a variety of organic and inorganic 

guest molecules can be effectively encap- 

sulated into such oligomeric aggregates cores, 

and successively the sol-gel reactions under 

alkaline conditions derive the tightly encap- 

sulated guest molecules into fluorinated oligo- 

meric nanocomposite cores.   

 RF-(VM-SiO2)n-RF oligomeric nanoparticles are 

applicable to the surface modification of glass 

to provide not only a good oleophobicity but 

also a completely superhydrophobic character- 

ristic (a water contact angle: 180o) with a 

non-wetting property against water droplets74). 

Furthermore, it was clarified that superoleopho- 

bic/superhydrophobic (superamphiphobic), su- 

peroleophobic/superhydrophilic and superole- 

ophilic/superhydrophobic surfaces can be 

easily created by using RF-(VM)n-RF oligomer 

as a key material.  In addition, such unique 

surfaces have been applied to the separation of 

oil and water.  These findings will be demons- 

trated in detail in the following section (3.1 ~ 

3.4). 

 
3-1. Creation of superoleophobic/ 
superhydrophobic surface 
The fabrication of superoleophobic surface is 

in general difficult due to the lower surface 

tension of oils than that of water. Thus, a 

superoleophobic surface can be realized by 

lowering the surface energy and enhancing the 

surface roughness75 ~ 81).   From this point of 

view, fluoroalkyl end-capped oligomeric silica 

nanocomposites containing gluconamide units 

[RF-(VM-SiO2)n-RF/Glu-SiO2] have been 

prepared by the sol-gel reaction of  the 

corresponding oligomer  

[RF-(CH2-CHSi(OMe)3)n-RF (RF-(VM)n-RF)]  

in the presence of 

N-(3-triethoxysilylpropyl)gluconamide 

[Glu-Si(OEt)3] under alkaline conditions (see 

Scheme 7) 82).   

 

 

 
These obtained nanocomposites were applied 

to the surface modification of glass to provide 

the unique wettability such as superoleophobic/ 

superhydrophobic characteristics on the modi- 

fied glass surface. Such superoleophobic/ 

superhydrophobic characteristic was also 

observed on the modified PET (polyethylene 

terephthalate) fabric swatch, which were 

prepared under similar conditions, and this 

modified PET fabric swatch was applied to the 

separation membrane for the separation of the 

mixture of fluorocarbon oil and hydrocarbon oil 

(see Figure 3) 82).  

[RF-(VM)n-RF]

HN Si(OEt)3
OH

OH

OH

OH

HO

O

[N-(3-triethoxysilylpropyl)gluconamide]

RF-(CH2-CH)n-RF

Si(OMe)3

+ RF-(VM-SiO2)n-RF/
Glu-SiO2 nanocomposites

RF = CF(CF3)OC3F7
[Glu-Si(OEt)3]

Scheme 7. Preparation of RF-(VM-SiO2)n-RF/Glu-SiO2 nanocomposites 
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3-2. Creation of superoleophobic/ 
superhydrophilic surface 
Usually, inorganic and organic materials such 

as ceramics, polystyrene and poly (tetrafluo- 

roethylene) can provide hydrophilic-oleophilic, 

hydrophobic – oleophilic and hydrophobic – 

oleophobic characteristics, respectively83). 

Based on the sur- face free energy diagram of 

these materials, we have some difficulties to 

develop the materials possessing both 

hydrophilic and oleophobic characteristics84).  

A highly oleophobic (superoleophobic) surface 

is realized by lowering the surface energy and 

enhancing the surface roughness67, 75, 79, 85 ~ 87).   

The fabrication of the superoleophobic surface 

is in general difficult due to the lower surface 

tension of oils than that of water.  From this 

point of view, we have prepared the fluoroalkyl 

end-capped vinyltrimethoxysilane oligomer/ 

calcium silicide nanocomposites 

[RF-(VM-SiO2)n-RF/CaSi2]  by the sol-gel reac- 

tions of the  corresponding oligomer in the 

presence of calcium silicide particles under 

alkaline conditions (see Scheme 8) 67). 

 

 

 
 
 

(C) Modified
      PET fabric
      swatch

(B): Original
       PET fabric
       swatch

Blue-colored oil
(dodecane) 
(dodecane was 
colored with 
Quinizarin SS)

Fluorocarbon oil 
(1H-tridecafluorohexane)

(A)
Mixture of oil and 
fluorocarbon oil

Isolated only 
fluorocarbon oil

Si(OMe)3 MeOH
+

28 wt % aq. NH3RF-(CH2-CH)n-RF

[RF-(VM)n-RF ]
RF = CF(CF3)OC3F7

CaSi2 particles
RF-(VM-SiO2)n-RF/CaSi2 
nanocomposites

Figure 3. Separation of the mixture (A) of blue-colored hydrocarbon oil (dodecane) and 

fluorocarbon oil (1H tridecafluorohexane) by using the original PET fabric swatch (B) and the 

modified PET fabric swatch treated with the RF-(VM-SiO2)n-RF/Glu-SiO2 nanocomposites (C) as 

the separation membrane, respectively 

Scheme 8. Preparation of RF-(VM-SiO2)n-RF/CaSi2 nanocomposites 
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The contact angles of dodecane on the 

modified glass surfaces treated with the                                 

RF-(VM-SiO2)n-RF/CaSi2 nanocomposites sho- 

wed large values: 118°, of whose value can 

exhibit superoleophobic characteristic imparted 

by fluoroalkyl segments in the composites67). 

On the other hand, interestingly, a steep time 

dependence of water contact angle was 

observed in the RF-(VM-SiO2)n-RF/CaSi2 nano- 

composites.  The water contact angles decre- 

ased smoothly from 129o to 0o over 5 min to 

give a superhydrophilicity on the modified 

surfaces67). This finding suggests that at the 

interface with water, hydrophobic fluoroalkyl 

segments are replaced by the hydrophilic CaSi2 

particle surface, of whose parent particles can 

exhibit the water contact angle: 0o on the 

modified surface It takes about only 5 min to 

replace the fluoroalkyl segments by the CaSi2 

units when the environment is changed from air 

to water.  

 The dodecane contact angle value on the 

parent polyester (PET) fabric swatch is 0o. 

However, the modified PET fabric swatch 

treated with the RF-(VM-SiO2)n-RF/CaSi2 nano- 

composites was found to exhibit the dodecane 

and water contact angle values: 105o and 0o 

(the water contact angles decreased smoothly 

from 85o to 0o over 5 min.), respectively.  This 

finding suggests that these modified surfaces 

can exhibit the superoleophobic and 

superhydrophilic characteristic. Thus, we tried 

to separate the mixture of oil (dodecane) and 

water (water was red-colored with Rhodamine 

B illustrated in Figure 4) by using the modified 

PET fabric swatch as the liquid-liquid 

separation membranes, and the result was 

shown in Figure 567). 
 

 

 
Figure 5 shows that the modified PET fabric 

swatch can be used for the effective separation 

of water and oil (dodecane), and only 

red-colored water has been removed under 

atmospheric pressure (see Figure 5-(B), 

although we cannot use the parent PET fabric 

swatch as the water – dodecane separation 

membrane under the similar conditions (see 

Figure 5-(A)) 67). 

dodecane
Red-colored aqueous 
solution: water was 
colored with Rodamine B

Figure 4. Photograph of the mixture of dodecane and red-colored aqueous solution 



 

Acc. Mater. Surf. Res. 2019, Vol.4 (No.3), 97-114. 107 

 

 
3-3. Creation of superoleophilic/ 
superhydrophobic surface 
Superhydrophobic surfaces, characterized by 

a water contact angle greater than 150o, have 

been comprehensively studied due to their 

possessing superior water repellency and 

self-cleaning property. In general, super- 

oleophilic surfaces have a strong affinity of 

organic oils. Thus, the sur- faces possessing a 

superoleophilic/superhydrophobic characteristic 

can simultaneously repels water and strongly 

absorbs oils. Such interesting behavior has 

been applied to the oil-water separating 

membranes and self-cleaning surface87 ~ 90).  

Fluoroalkyl end-capped vinyltrimethoxysilane 

oligomer [RF-(VM)n-RF] has been developed to 

the creation of such unique wettability.  In fact 

we have succeeded in the preparation of the                    

RF-(VM-SiO2)n-RF/talc/cross-linked polystyrene 

particles (Pst: average particle size: 92 µm) into 
the RF-(VM-SiO2)n-RF/Talc nanocomposite 

cores as shown in Scheme 991). 
 

 

 
The RF-(VM-SiO2)n-RF/Talc/Pst nanocompo- 

sites can show a superoleophilic/superhydrop- 

hobic characteristic on the modified surface, 

because the dodecane and water contact 

angles are 0 and 180o, respectively. Thus, we 

tried to apply the 

RF-(VM-SiO2)n-RF/talc/Pst nanocomposites to 

the packing material for the column chroma- 

tography91). 

 The surfactant (span 80)-stabilized water-in-oil 

(A) the parent PET fabric swatch (B) the modified PET fabric swatch 
treated with  RF-(VM-SiO2)n-RF/CaSi2 
nanocomposites

Mg3Si4O10(OH)2+RF-(CH2-CH)n-RF

Si(OMe)3

[RF-(VM)n-RF]
RF = CF(CF3)OC3F7

RF-(VM-SiO2)n-RF/Talc/PSt
composites

[Talc]
+ P

[PSt]

Figure 5. Separation of oil (dodecane)/water (red-colored aqueous solution) by using the 

parent PET fabric swatch (A) and the modified PET fabric swatch treated with the 

RF-(VM-SiO2)n-RF/CaSi2  nanocomposites (B) under atmospheric conditions 

Scheme 9. Preparation of RF-(VM-SiO2)n-RF/Talc/PSt composites 
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(W/O) emulsion was prepared under ultrasonic 

conditions for 5 min at room temperature.  

The RF-(VM-SiO2)n-RF/Talc/Pst nanocomposite 

powders (particle size: 21 µm) were applied to 
the separation of W/O emulsion.  This nano- 

composite was effective to separate the fresh 

W/O emulsion under reduced pressure to 

isolate the colorless oil (1,2-dichloroethane).  

We tried to study on the reusability of the 

present composite particles as the packing 

material, and the colorless oil was quantitatively 

isolated under similar conditions even after 

using the W/O emulsion three times.  In 

contrast, the silica gel (WakogelTR C-500HG: 

average particle size: 22 µm), which is well 
known as the packing material, was unable to 

separate the W/O emulsion under similar 

conditions (see Figure 6)91). 
 

 

 
Similarly, fluoroalkyl end-capped vinyltrime- 

thoxysilane oligomer [RF-(VM)n-RF] has been 

also applied to the preparation of the corres- 

ponding fluorinated oligomeric silica/talc/ 

polyurethane composites 

[RF-(VM-SiO2)n-RF /talc/PEG600-MDI] as shown 

in Scheme 1092). 
 

 

 

RF-(VM-SiO2)talc/PSt 
Composite Partices

Particle size
      : 21 µm

Superoelophilic/
superhydrophobic
Particles

Packing Material for 
Column Chromatography

W/O emulsion 
stabilized 
by surfactant

Recovered Transparent 
Colorless Oil

Mg3Si4O10(OH)2+RF-(CH2-CH)n-RF

Si(OCH3)3

[RF-(VM)n-RF]
RF = CF(CF3)OC3F7

25 wt% NH3
RF-(VM-SiO2)n-RF/talc/
PEG 600-MDI/Composites

[talc]

MeOH

+ PEG 600-MDI
(Polyurethane]

H(OCH2CH2)nOH + O=C=N N=C=O

[4,4'-Diphenylmethane
              diisocyanate(MDI)]

PEG 600-MDI
(Polyurethane]

[PEG-600]
(MW: 550 ~ 650)

Figure 6. Schematic illustration of the isolation of the transparent colorless oil through the 

separation of W/O emulsion by the RF-(VM-SiO2)n-RF/talc/PSt composite powders as the 

packing material for the column chromatography 

Scheme 10. Preparation of fluorinated oligomeric silica/talc/polyurethane composites 

[RF-(VM-SiO2)n-RF /talc/PEG600-MDI] 



 

Acc. Mater. Surf. Res. 2019, Vol.4 (No.3), 97-114. 109 

However, the modified surface treated with the 

composites was found to give not a 

superoleophilic/superhydrophobic but superole- 

ophobic/superhydrophilic characteristic92). The 

composite powders were applied to the packing 

material for the separation of O/W (oil in water) 

emulsion, which was stabilized by SDS (sodium 

dodecyl sulfate) 92).  Especially, it was also 

demonstrated that this composite powder has a 

good reusability even after three cycle for the 

isolation of the transparent colorless water92).     

        From the developmental viewpoints of 

new fluorinated functional materials, it is of 

particular interest to encapsulate not only 

cross-linked polystyrene particles (PSt) or 

polyurethane but also other polymeric guest 

molecules such as poly(tetrafluoroethylene) 

[PTFE] fine particles into the fluoroalkyl end- 

capped vinyltrimethoxysilane oligomeric silica 

nanoparticle cores. Fluoroalkyl end-capped 

vinyltrimethoxysilane oligomer can undergo the 

sol-gel reactions in the presence of PTFE fine 

particles under alkaline conditions to afford the 

corresponding fluorinated oligomeric silica/ 

PTFE nanocomposites (see Scheme 11) 93). 

 

 

 
 Interestingly, the modified glass surface 

treated with the obtained nanocomposites was 

found to exhibit a superoleophilic/superhy- 

drophobic characteristic, although the modified 

glass surface treated with the parent PTFE 

particles and the RF-(VM)n-RF oligomeric silica 

nanoparticles [RF-(VM-SiO2)n-RF] can provide 

the usual oleophobic/hydrophobic and oleopho- 

bic/superhydrophobic properties, respectively93).  

More interestingly, these fluorinated PTFE 

nanocomposites were applied to the packing 

material for the column chromatography to 

separate not only the mixture of water and oil 

but also water-in-oil (W/O) emulsions. The 

reusability of the present nanocomposite parti- 

cles as the packing material is also studied, and 

the colorless oil was quantitatively isolated 

under similar conditions even after the use of 

the W/O emulsions three times93). 

3-4. Application of the adsorption of 
low molecular weight compounds by 
the use of fluoroalkyl end-capped
vinyltrimethoxysilane oligomeric com-
posites possessing a superoleophi- 
lic/superhydrophobic charactersitic 
 Cyclodextrins have been predominantly used 

for the stabilization, solubilization and 

formulation of drugs, in the food industrial and 

for the separation of the isomers and analogs in 

analytical chemistry94). However, cyclodextrins 

possess a solubility toward water, limiting its 

reusability as the adsorbent for these 

compounds. Therefore, it is deeply desirable 

to develop the water-insoluble cyclodextrin 

polymers. In fact, there have been a variety of 

reports on the synthesis of the water-insoluble 

cyclodextrin polymers by the use of epich- 

lorohydrin and diisocyantes as the crosslinking 

Si(OMe)3 MeOH
+  aq. NH3RF-(CH2-CH)n-RF

[RF-(VM)n-RF ]
RF = CF(CF3)OC3F7

RF-(VM-SiO2)n-RF/PTFE 
Nanocomposites

PTFE 
Fine Particles

[PTFE]

Scheme 11. Preparation of RF-(VM-SiO2)n-RF/PTFE nanocomposites 
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agents, so far95). These water-insoluble cyclo- 

dextrin polymers thus obtained have been 

applied to the adsorbents for the organic 

pollutants such as phenol, p-nitrophenol, ben- 

zoic acid, p-nitrobenzoic acid, 4-t-butylbenzoic 

acid, and bisphenol A96).    

 We have recently found that RF-(VM)n-RF 

oligomer can undergo the composite reactions 

in the presence of micrometer size-controlled 

macromolecular particles such as  a-,  b-� 

and g-cyclodextrins polymers (a-, b-, g-CDPs) 
under alkaline conditions to afford the 

corresponding RF-(VM-SiO2)n-RF/CDPs compo- 

sites (see Scheme 12) 97). Interestingly, these 

obtained composites can provide a superoleo- 

philic/superhydrophobic characteristic on the 

modified surface, and these composites particle 

powders are also applicable to the packing 

material for the column chromatography to 

separate not only the mixtures of oil and water 

but also the water-in-oil (W/O) emulsions97).  

More interestingly, these composites were 

found to have an effective adsorption ability of 

low molecular weight aromatic compounds 

such as bisphenol A and bisphenol F in their 

aqueous solutions, and the highest adsorption 

ability was observed in the 

RF-(VM-SiO2)n-RF/b-CDP composites97). The 
adsorption ability of the present composites 

toward such aromatic compounds was superior 

to that of the original b-CDP under similar 
conditions97).  In addition, it was demonstrated 

that a variety of volatile organic compounds 

such as benzene, toluene and xylenes can be 

more effectively adsorbed by using the 

RF-(VM-SiO2)n-RF/CDPs composites, compa- 

red to that of the original CDPs97). 
 

 

 

 
4. Conclusion 
Fluoroalkyl end-capped oligomers can unde- 

rgo the sol-gel reaction in the presence of 

tetraethoxysilane and silica nanoparticles under 

alkaline conditions to afford the corresponding 

fluorinated oligomers/silica nanocomposites.  

In these fluorinated nanocomposites, fluoroalkyl 

end-capped cooligomers possessing carboxy 

groups/silica nanocomposites can exhibit a 

potent and selective anti-HIV-1 activity, and 

fluoroalkyl end-capped oligomers possessing 

amide protons or sulfo groups/silica nano- 

composites were found to exhibit no weight loss 

behavior corresponding to the contents of the 

oligomer in the silica composite cores even 

after calcination at 800 °C. Similalry, fluoroalkyl 

end-capped vinyltrimethgoxysilane oligomer 

was applied to the preparation of the 

corresponding fluorinated oligomeric silica 

nanocomposites through the sol-gel reaction 

under alkaline conditions.  A variety of guest 

molecules have been effectively encapsulated 

into such fluorinated oligomeric composite 

cores to produce the fluorinated oligomeric 

silica/guest molecules composites. Interestingly, 

it was demonstrated that the surface wettability 

aq. NH3 RF-(VM-SiO2)n-RF/α−, β−, γ-CDPs  
CompositesMeOHα−, β−, γ-CDPs+

[RF-(VM)n-RF]

CH)n-RF
Si(OCH3)3

RF-(CH2

RF = CF(CF3)OC3F7

Scheme 12. Preparation of RF-(VM-SiO2)n-RF/α−, β−, γ-CDPs nanocomposites 
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treated with these composites can be easily 

controlled by changing the structure of these 

guest molecules.  Therefore, these fluorinated 

composites illustrated in this work will have high 

potential for new fluorinated functional materials 

into a wide variety of fields. 
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