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Nearly zero-gap formation between singlet and triplet excited states and 
their application for organic electroluminescence

Keigo Sato, Kenichi Goushi and Chihaya Adachi
Organic Photonics and Electronics Research (OPERA), Kyushu University, Japan 

Recently, in order to improve the exciton production efficiency at a singlet excited level (S1)
in organic light emitting diodes (OLEDs), we employed the mechanism of thermally activated 
delayed fluorescence (TADF)1,2. To realize high TADF efficiency, we need materials that have 
a small energy gap between S1 and a triplet excited (T1) levels ( EST). EST can be a small 
value when the exchange energy that is overlapping between the highest occupied molecular 
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) is small. Therefore, 
the separation of the HOMO from the LUMO is crucial to enhance the up-conversion from T1

to S1 (Reverse ISC). More recently, based on this conception, we developed a triazin 
derivative (PIC-TRZ) that realizes a small EST of 0.1 eV and the OLED using PIC-TRZ for 
an emitting layer achieved a high external EL quantum efficiency of ext=5.3% that exceeds 
the theoretical limitation of ext in conventional fluorescence based OLEDs. In this study, in 
order to achieve higher ext using TADF, we developed a novel triazin derivative (PIC-TRZ2) 
having a nearly zero energy gap between S1 and T1, which was confirmed by the fact that 
fluorescence and phosphorescence spectra of PIC-TRZ2 shows exactly same 0-0 transition 
peak (T=5 K). Furthermore, intense delayed fluorescence is confirmed in both the neat and a 
6 wt%-PIC-TRZ2:1,3-bis(9-carbazolyl)benzene (m-CP) co-deposited film under 
photo-excitation at room temperature. In addition, the OLED using PIC-TRZ2 shows a high 
external quantum efficiency of ext=7.9% at 0.01 mA/cm2 with intense delayed fluorescence. 

[1] A. Endo, M. Ogasawara, A. Takahashi, D. Yokoyama, Y. Kato and C. Adachi, Adv. Mater., 21, 4802 (2009) 

[2] A. Endo, K. Sato, K. Yoshimura, T. Kai, A. Kawada, H. Miyazaki and C. Adachi, Appl. Phys. Lett., 98, 083302 

(2011) 
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Dispersion and Assembly of Nano-materials in Organic Media and Their 
Nano-scaled Phenomena 

 
K. L. White, X. Zhang, M. Wong, P. Liu, D. Sun, C.-C. Chu, and H.-J. Sue 

Polymer Technology Center, Department of Mechanical Engineering, Texas A&M University, 
College Station, TX 77843-3123, USA 

 
The ability of a material to interact with its environment depends on the characteristic 

length scale of its structural building blocks.  As this length scale reduces, the material 
begins to be greatly influenced by the immediate surrounding environment and can exhibit 
unique size and shape dependent behaviors, such as size-dependent optoelectronic properties 
of quantum dots.  Nanomaterials also exhibit large surface to volume ratios which are 
essential for gas storage, efficient energy conversion, and barrier property enhancement.  
These nanomaterials can be utilized at various length scales ranging from nanotools or 
sensors to multi-functional composites.  However, these benefits are significantly diminished 
by the random aggregation of nanoparticles.  In order to develop true nanocomposite 
materials, the individual characteristics of the nanoparticles must be preserved at adequate 
concentration to modify the bulk response of the material.  We have recently developed 
approaches to fully exfoliate and disperse model nanomaterials which are stable in various 
solvents and can be transferred to polymer matrices without aggregation. 

 
Nanomaterials used in our research: (Left) Monodisperse semi-conducting zinc oxide quantum dots prepared 

with simple colloidal method. (Middle) Recently achieved successful exfoliation of carbon nanotubes in various 

solvents and polymer matrices. (Right) zirconium phosphate nanoplatelets with tunable aspect ratio and 

exfoliation state. 

Zinc oxide is an important semi-conductor with large bandgap and exciton binding 
energy suitable for short wavelength optoelectronic devices.  We developed a simple 
colloidal method to prepare monodisperse 5-nm ZnO quantum dots (ZnO QDs) with high 
purity [1].  These materials exhibit unusual optoelectronic and thermal properties if their 
particle size remains in 5 nm range [2-5]. We have also been able to transfer the ZnO QDs 
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into various polymer matrices by either grafting ZnO QDs with polymers to make 
melt-processable nanocomposites, or utilizing zirconium phosphate nanoplatelets (ZrP NPs) 
to assist in nanoparticle dispersion and stabilization in epoxy and PMMA [3, 4, 6]. The above 
approaches have enabled realization of commercial potential of nanomaterials for various 
engineering and microelectronic applications. Recent work has also demonstrated that 
surfactant-free ZnO QDs exhibit unusual phase transitions for nanoparticles and can 
self-assemble into transparent macro-scale colloidal crystal with impressive UV-shielding 
ability [7]. 

Carbon nanotubes (CNTs) are immensely strong, high modulus cylindrical 
nanomaterials which can be metallic or semi-conducting and exhibit extremely high thermal 
conductivity.  Individual exfoliation of CNTs is challenging because immediately following 
synthesis, single-walled CNTs rapidly self-assemble into parallel bundles or ropes due to 
strong inter-tube van der Waals (vdW) interaction and -stacking [8, 9].  We developed the 
first robust and innocuous method to completely debundle nanotube aggregates into an 
individually dispersed state using a colloidal approach based on reversible electrostatic 
coupling of ZrP NPs to oxidized CNTs [8, 10].  The ZrP NPs act to absorb and localize 
sonication energy at tube-tube interfaces, thereby overcoming short-range vdW interactions 
and physically de-bundling the CNTs.  The individually exfoliated CNTs can then be 
isolated in solution by inducing precipitation of ZrP NPs with either acid or salt addition [11].  
Efforts are currently focused on the development of structure-property relationships to 
identify the mechanisms associated with individual CNTs and whether bundling is preferable 
in certain conditions.  Recently, we demonstrated that sparse networks of individual CNTs 
behave as an ideal 2-dimensional network of isotropic random resistors using an ink printing 
method [9].  When a low level of CNT is dispersed in polypropylene matrix, significant 
improvements in electrical conductivity, thermal stability, and mechanical properties are 
observed [12]. 

ZrP NPs have been extensively studied in our group as a means of developing 
structure-property relationships for the broader class of layered silicates.  ZrP NPs are a 
synthetic analog to naturally occurring layered silicates such as montmorillonite and bentonite, 
and can be produced with high purity, controlled size, tailored degree of exfoliation, and are 
easily dispersible in various solvents by proper selection of functional groups [13-16].  We 
have recently demonstrated that the exfoliation state of other nanoparticles can be effectively 
tailored using ZrP NPs [4, 8-11].  Investigations regarding the explicit mechanism(s) 
responsible for this unique effect are currently being pursued. 
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1. D. Sun, M. Wong, L. Sun, Y. Li, N. Miyatake and H.-J. Sue, “Purification and 

Stabilization of Colloidal ZnO Nanoparticles in Methanol”, J. Sol-Gel Sci. Tech., 43, 
237-243(2007).  
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Hydrothermal Synthesis of Ordered Mesoporous Carbon Materials for 
Applications

Dongyuan Zhao 
Department of Chemistry, Fudan University, Shanghai 200433, P. R. China  

Ordered mesoporous carbon materials have attracted a lot of attention because of their 
unique structures and chemical properties, wide applications for super-capacitor, hydrogen 
storage, adsorption and separation. Normally the hard-templating method is utilized to 
fabricate ordered mesoporous carbons, but it is fuss, high-cost, and difficult to realize 
industrial production. Here, we demonstrate a surfactant-templating approach to synthesize 
ordered mesoporous phenolic resin polymers and a direct transformation to homologous 
carbon frameworks [1]. A family of ordered mesoporous organic polymers and carbons are 
simply achieved by using commercial available cheap phenol and formaldehyde as precursors, 
triblock followed with a carbonization process. The mesoporous carbons have a large uniform 
mesopore (2 ~ 20 nm), high surface areas (800 ~ 2400 m2/g) and large pore volume (0.8 ~ 2.4 
cm3/g. The mesostructures can be easily tuned from heaxgaonl (space group p6mm) and cubic 
(Im3m, Ia3d, Fd3m, Fm3m). It is interesting that by using this hydrothermal method, single 
crystals, nanospheres, vesicles and monoliths can be easily synthesized. For example, 
mesoporous carbon nanospheres with uniform diameter of 20 ~ 140 nm are fabricated through 
a low-concentration route (Fig. 1). All the mesoporoes (~ 2.6 nm) are open and accessible. It 
shows no cytotoxicity and easily penetrates into living cells. The derived carbons with thick 
walls are first example of molecular sieves which have ultra high stability. We also show here 
large-scale synthesis 
approach based on the 
hydrothermal cooperative 
assembly. Kilogrammes of 
ordered mesoporous carbons 
are easily obtained for 
applications in catalysis, 
electrochemical supercapa- 

citors and water-treatment. 

[1] F. Q. Zhang, Y. Meng, D. Gu, Y. Yan, C. Z. Yu, B. Tu, D. Y. Zhao, J. Am. Chem. Soc., 127, 13508 (2005); J.

Am. Chem. Soc., 129, 7746 (2007); Chem. Mater., 18, 5279 (2006);  

[2] Y. Huang, et al; Chem. Commun., 2641 (2008);  

[3] Y. Wan, Y. F. Shi, D. Y. Zhao, Chem. Mater., 20, 933 (2008); D. Gu, et al, Adv. Mater., 22, 833 (2010); Y. 

Fang, et al, Angew. Chem. Int. Ed., 49(43), 7987–7991 (2010). 

Fig. 1. The scheme for the formation process (left) and representative 
SEM image of the uniform ordered mesoporous carbon nanospheres. 
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Fluoromembranes for Fuel Cell: myth or reality? 

Ghislain DAVID and Bruno AMEDURI
Institut Charles Gerhardt, Ingénierie & Architectures Macromoléculaires 

Ecole Nat. Sup. Chimie de Montpellier, France 

Fuel cell can be regarded as potential future alternative source of green Energy. Polymer 
electrolyte membrane fuel cell (PEMFC) is composed of an electrolyte (usually a membrane 
which must be an ionic conductor) located between with anode and the cathode, as follows: 

The membrane is a functional polymer which bears protonic, cationic or anionic groups 
depending on the choice of use and must fulfill drastic requirements: high ionic conductivity 
and stability to HO° radicals, and to withstand their properties at 120 °C for about 5000 h. 
Fluorinated polymers[1] that possess protogen groups are suitable candidates from various 
strategies:

-either by « direct » radical copolymerization of fluoroolefins bearing protogen groups, 
[1,2]

-or by chemical modifications fluoropolymers [1,2]  
The first strategy has already led to various commercially available products such as 

Nafion , Flemion , 3M  Membrane, Hyflon  Ion, Aciplex  and others.[1,2]  
But, these perfluorosulfonic membranes are quite dependant of a high hydratation [3] and, 

consequently are limited: high temperature (> 90°C) and low relative humidity (HR < 30 %) 
[4] regarded as real challenges for the development of protonic PEMFCs. 

Our recent objectives were to find out new fluorinated membranes bearing either 
nitrogenous heterocycles such as (benz)imidazoles. or phosphonic acids (though less acidic 
than sulfonic ones but more dependant of the relative humidity [4]). The key strategy to 
enable a suitable compromise for both a high amount fluoromonomers and of functions that 
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insure the conductivity is to carry out an alternating copolymerization of 
chlorotrifluoroethylene and a monomer which bears such a function. Hence, the radical 
copolymerization du CTFE with 2-chloroethyl vinyl ether (CEVE) to obtain 
poly(CTFE-alt-CEVE) copolymers was first achieved for further chemical modifications to 
synthesize original copolymers that containing (benz)imidazole [5] or phosphonic acid,[6] as 
follows: 

 
 
 
 
 
 
 
 
 
 
 
 
Fluoropolymers bearing imidazole functions require the obtaining of blend membranes 

involving sulfonated PEEK (which brings the protonic conductivity at low temperature) and 
led to conductivities values (ca. 10 mS.cm-1) but stable up to 150 °C.[5]  

Phosphonic acids are interesting conductors (especially for the first acidity) and are rather 
thermal stable, and this enables them to behave intermediately between sulfonic acids and 
benzimidazoles. Our first results are encouraging since a conductivity of 20 mS cm-1 at 95 % 
relative humidity and results at low HR and high T will also be presented.[6]   

 
Acknowledgments : the authors thank Prof B. Boutevin, Dr D. Jones; Prof J. Roziere, R. 

Tayouo, A. Soulès and G. Frutsaert for their input and CEA, Peugeot Citroën PSA, and ANR 
for financial supports. 

 
[1] B. Ameduri, B. Boutevin, Well Architectured Fluoropolymers: Synthesis, Properties and 

Applications; 2004, Elsevier, Amsterdam; Chapter 5; pp 314-327. 
[2] a) R. Souzy, B. Ameduri, Prog Polym Sci., 30, 644 (2005); b) M. Yoshitake, A. Watakabe, 

Adv Polym Sci. , 215, 127 (2008).  
[3] C. Wieser, Fuel Cells, 4, 245 (2004). 
[4] K. D. Kreuer, Solid State Ionics, 97, 1 (1997). 
[5] G. Frutseart, G. David, B. Ameduri, D. Jones, J. Roziere, J. Membr. Sci., 367, 127 (2011). 
[6] R. Tayouo, G. David, B. Ameduri, J. Roziere, S. Roualdes, Macromolecules, 43, 5269 

(2010). 
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Engineering Biomimetics:  
Biomimetic Suraface Materials Prepared by Self-organization 

 
Yuji Hirai1,5, Daisuke Ishii2,5, Hiroshi Yabu1,5, Hiroko Horiguchi3,5, Takahiko Hariyama3,5, 

Yasutaka Matsuo4,5, Kuniharu Ijiro4,5, Tateo Shimozawa5, Kaoru Tsujii5,               
and Masatsugu Shimomura1,2,5,  

1IMRAM, Tohoku University, Japan, 2 WPI-AIMR, Tohoku University, Japan, 3 Hamamatsu 
Medical University, Japan, 4 RIES, Hokkaido University, Japan, 5 CREST-JST, Japan 

 
Patterns generate functions. In the world of insects, plants, and animals, simply repeated 

structures sometimes generate functions. For example, the moth-eye, whose surface is 
covered by regularly arranged sub-cellar size dots pattern, is a “micro device” that enables 
high-speed night flight of its owner. “Biomimetic surface materials” have now attracted 
worldwide attentions because of their unique surface properties. In this report, anti-reflective 
silicon surfaces have been simply prepared by using self-organized honeycomb-patterned 
polymer films as masks for dry etching process. Simple casting of polymer solutions under 
highly humid condition can provide “honeycomb patterned” polymer films. Self-packed 
surface monolayer of mono-dispersed water droplets formed by evaporation cooling on the 
solution surface acts as a temporary template of micro-pores1). 

The “honeycomb-patterned” film has a double-layered structure with pillars supporting the 
two porous layers on each vertex of the hexagons. Regular arrayed pillar-structure, like a 
“pincushion”, was formed when the “honeycomb-patterned” film was cleaved into halves by 
peeling with an adhesive tape After UV-ozone treatment of the polystyrene 
honeycomb-patterned film, the film was fixed up side down on silicon substrate with poly 
vinyl alcohol as adhesive. After peeling of the bottom layer of the honeycomb-patterned film, 
pincushion-structured porous mask was formed on the silicon substrate.  

   Fig.1 Preparation procedure of Si etching by using honeycomb-patterned polymer mask. 
 

After reactive ion etching of the silicon substrate through the mask, the nano-structured 
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silicon surface was obtained. Pincushion-like silicon structures with hierarchic spike 
structures from nano meter to micrometer were formed. The surface showed very small light 
reflectance and super-hydrophobic nature because a small amount of fluorinated compounds 
were remained on the silicon surface. The super-hydrophobic surface was turned to a 
super-hydrophilic surface after UV-ozone treatment for removing fluorinated compounds. 

   Fig.2 Surface morphology of the etched Si substrates. Deep etching provides “Moth-eye”. 
 
 “Ligia exotica” is one species of isopods living at waterfront of sea. Hariyama have found 
that Ligia exotica uptakes water from wet ground to its abdomen by using two pairs of legs 
for branchial respiration. Long-distance water transport was achieved by using open capillary 
structures formed at the outer surface of the legs2).  

  Fig.3 Open capillary structures formed at the outer surface of the legs of Ligia exoyica. 
 
  Biomimetic water transport surface is designed and prepared by using the patterned Si 
substrate having both super-hydrophobic and super-hydrophilic properties.  
 
[1] M. Shimomura, in “Nanocrystals Forming Mesoscopic Structures” pp.157-171. ed. by M. 
P. Pileni, Wiley-VCHJ (2006). 
[2] T.Hariyama, et al., Biol. Bull., 213, 196-203 (2007). 
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Transition Behavior and Microdomain Orientation in Block Copolymer 
Films

Polymer 51
41
42
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Novel Tribomaterials Newly Designed/Synthesized by Living Radical 
Polymerization 

Yoshinobu Tsujii1,2, Ryo Nakahara1, Akihiro Nomura1, Atsushi Goto1, Kohji Ohno1

1Institute for Chemical Research, Kyoto University, Japan 
2JST, CREST, Japan 

Successful application of living radical polymerization made it possible to graft 
low-polydispersity polymers with exceptionally high graft densities, fabricating well-defined 
“concentrated” polymer brushes (CPBs). In thus prepared CPBs, graft chains in a good 
solvent are highly stretched, nearly to their full length, giving properties quite different and 
unpredictable from those of semi-dilute polymer brushes (SDPB) [1]. One of most interesting 
properties was super lubrication of confronted CPBs in solvents [2,3], which was reasonably 
ascribed to CPBs never mixing with each other at any high compressions for the 
conformational entropic reason of highly extended CPB chains. Such 
fundamental/mechanistic studies motivated us to develop new soft materials with excellent 
properties similar to the CPB.  

Here, we synthesized, as new soft materials, a novel graft-type of gels by cross-linking 
between graft-chain ends of bottle brushes (prepared by atom transfer radical polymerization 
with a multi-functional initiator, see Fig. 1) and measured its frictional property using the 
colloidal-probe AFM technique. Fig. 2 shows the frictional coefficient  as a function of shear 
rate v for the crosslinked bottle brushes of different side-chain molecular weights Mp as well 

Fig. 1 Controlled synthesis of bottle-brush gels. 
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as an ungrafted gel. The sample of Mp 
= 5600 gave the  value in the range of 
10-2, similarly to the ungrafted gel. 
Interestingly, the frictional coefficient 
was drastically decreased when the side 
chain of the bottle brush was short 
enough so that its outermost surface 
was in the CPB regime in a swollen 
state (Mp ~ 1000).  

From another viewpoint of 
tribomaterials, one can find a good 
example in a human joint, in which a 
SDPB-like assembly of proteoglycan reinforced by a collagen fiber plays an important role 
for lubrication. This bottle brush has charged groups, and thereby electrostatic interaction 
achieves ultralow friction. We fabricated a composite of the above-mentioned CPB-type of 
bottle brushes with cellulose nanofiber (CNF). Fig. 3 shows the scanning electron micrograph 
of the CNF sheet before and after incorporating the bottle brush. The AFM tribological study 
demonstrated that the composite sheet gave the excellent lubrication (without any help of 
charge effect) in addition to improved mechanical strength. We believe that these studies will 
open up a new route to novel tribomaterials. 

 

References 
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Wetting on textured surfaces and simple mechanics of spider webs

Ko Okumura
Physics Department, Graduate school of Ochanomizu University, Japan

Micropatterns created on solid substrates enhance the original wetting property: if the 
original flat substrates are hydrophobic the patterns make the substrates more hydrophobic
while if they are hydrophilic more hydrophilic. As an application of the hydrophobic case we 
discuss simple two scenarios for the transition of the contact state of a liquid drop placed on
such substrates, which is often called the Cassie- Wenzel transition [1-3]. As an example of 
hydrophilic case we discuss the dynamics of imbibition of such substrates [4-6]. As a 
digression we briefly discuss simple dynamics of bubbles and drops enclosed in a pseudo
two-dimensional cell (Hele-Shaw cell) [7-8]. We also talk on mechanical adaptability of 
spider webs and clarify how the combination of soft spiral threads and hard radial threads 
contributes the adaptability [9], emphasizing some similarity to nacre, which is a natural 
strong material found inside certain sea shells [10].

[1] C. Ishino, K. Okumura and D. Quéré, Wetting transitions on rough surfaces, Europhys. 
Lett. 68 (2004) 419.
[2] C. Ishino and K. Okumura, Nucleation scenarios for wetting transition on textured 
surfaces: the effect of contact angle hysteresis, Europhys. Lett. 76 (2006) 464.
[3] C. Ishino and K. Okumura, Wetting transitions on textured hydrophilic surfaces, Eur. Phys. 
J. E 25 (2008) 415.
[4] Chieko Ishino, Mathilde Reyssat, Etienne Reyssat, Ko Okumura and David Quere, 
Wicking in a forest of micro-pillars, Europhys. Lett. 79 (2007) 56005.
[5] Minako HAMAMOTO-KUROSAKI and Ko OKUMURA, On a moving liquid film and 
its instability on textured surfaces, Eur. Phys. J. E 30, 283–290 (2009).
[6] Noriko Obara and Ko Okumura, Another scenario for rational scaling exponents from the 
Navier-Stokes equation: beyond competition of two terms, submitted.
[7] Ayako ERI and Ko OKUMURA, Viscous drag friction acting on a fluid drop confined in 
between two plates, Soft Matter, 7, 5648 (2011); highlighted on http://blogs.rsc.org/sm/ (May 
25, 2011) and made access-free for 4 weeks after publication.
[8] Maria YOKOTA and Ko OKUMURA, Dimensional crossover in the coalescence 
dynamics of viscous drops confined in between two plates, Proc. Nat. Acad. Sci. (USA), 108 
(2011) 6395–6398; featured in In this issue (This week in PNAS), PNAS, 108 (2011) 6337.
[9] Yuko AOYANAGI and Ko OKUMURA, A simple model for the mechanics of spider webs, 
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9, 190 (2010).
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fracture mechanics for biocomposites with stratified structures, Eur. Phys. J. E 4 (2001) 121.
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Monodisperse hollow spheres have attracted considerable interests in the past decades due 
to their well-defined morphology, uniform size, low density, high surface areas, and a lot of 
potential applications. For instance, the large fraction of void space in hollow structures has 
been usually used to load and control releasing system of some special materials such as 
drugs, genes, peptides, spiceries and biologic molecules.1 And it can also be used to modulate 
refractive index, lower density, increase active area for catalysis and adsorption,2 improve the 
particles’ ability to withstand cyclic changes in volume, and to expand the array of imaging 
markers suitable for early detection of cancer.3

In contrast to organic polymer hollow spheres, inorganic hollow spheres have special 
optical, optoelectronic, magnetic, electrical, thermal, electrochemical, photoelectrochemical, 
mechanical and catalytic properties, herby represent the more common, more diverse, and 
probably richer class of materials.4 Since the pioneering works done by Kowalski and 
colleagues at Rohm and Haas.5, 6 especially in recent ten years, a variety of chemical and 
physicochemical strategies, including heterophase polymerization/combined with a sol gel
process,7 emulsion/interfacial polymerization methods,8 10 self-assembly techniques,11, 12 and 
surface living polymerization process13 15 have been employed to prepare inorganic hollow 
spheres. In particular, template method is the most widely used strategy. In this method, at 
least two steps are usually indispensable. Firstly, the templates should be modified to 
confer certain ability to coax inorganic precursor (salt or alkoxide) onto the surface layer 
of template cores. Then, after the inorganic shell is decorated outside the scaffold, the 
templates are eliminated, leaving behind a hollow shell. Generally, the templates being 
used could be divided into hard and soft templates. When hard templates are employed, 
the structure of hollow product is similar to the templates, with well-defined and 
monodisperse morphology. But removal of the templates by either thermal (sintering) or 
chemical (etching) ways is very complicated and energy consuming. As for soft templates, 
though, it is relatively easier to remove the templates, the morphology and monodispersity 
of the as prepared hollow products are usually poor due to the deformability of soft 
templates. However, although these drawbacks of template strategies seem to be inherent 
and insurmountable, some novel techniques such as sacrificial templates, modified soft 
templates, etc., are emerging to work out these problems. Another important development 
on the preparation of inorganic hollow spheres are called template free method such as 
Ostwald ripening process, which not only combines the advantages of hard  and soft
templates methods, but also escapes from the demerits of these approaches.  

In this talk, we will present a one-pot method to synthesize a series of hollow inorganic 
spheres such as SiO2, TiO2, ZnO, Ag Ag/SiO, hybrid, Fe3O4/ZnS hybrid, as well as 
PNIPAM/Ag PS/SiO2 organic-inorganic hybrid hollow spheres, and further demonstrate their 
some properties such as catalyst, loading and delivering, photovoltaic properties.16-22 
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Scheme 1. Schematic representation for the formation of hollow inorganic spheres. 
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Non-traditional Bio-inspired Adhesion and Synthetic Morphogenesis 

Michael Bartlett1, Andrew B. Croll2, Daniel King1, Beth Paret1, Derek Breid1, Chelsea Davis1,
Duncan Irschick3, Alfred J. Crosby1

1Polymer Science & Engineering, University of Massachusetts Amherst, USA 
2Department of Physics, North Dakota State University, USA 

3Department of Biology, University of Massachusetts Amherst, USA 

Nature provides awe-inspiring lessons in designing materials structures from simple 
building blocks to achieve necessary performance.  In this paper, we will summarize two 
current projects that represent broader efforts within our research group to learn from Nature 
not only in the design of materials but also in concepts that lead to fundamental understanding 
of materials properties.  The first project focuses on the challenge of developing scalable 
adhesive interfaces that have the ability to sustain high loads, yet release with minimal energy 
loss.  The second project explores the possibility of adapting shape-forming strategies found 
in the development of biological tissues into scalable manufacturing processes for fabricating 
advanced surface structures at small length scales.  

Over the past decade or more, a concerted international effort among academic, 
government, and industrial research laboratories has focused on developing adhesives that 
display similar attributes to those presented by biological organisms that use adhesion in the 
process of locomotion.  The best known example in Nature is the gecko, yet numerous 
organisms ranging from beetles to spiders to lizards display similar impressive capabilities.  
A unifying feature among these examples is the presentation of fibrillar features, which are 
primarily made from keratin, a rigid protein material. Although significant progress has been 
made in developing synthetic analogs to these fibrillar surface features, the ability to produce 
materials that can be scaled to macroscopic sizes while maintaining “gecko-like” attributes 
has not been demonstrated convincingly. This difficulty suggests that other key lessons must 
be learned from Nature.   

 We have experimentally and analytically investigated the fundamental mechanisms of 
adhesion that link organisms that range in mass over five orders of magnitude.  We have 
developed a scaling theory to link the maximum sustainable force for an adhesive interface as 
a function of three continuum-level parameters: 1) the interfacial adhesion energy; 2) the 
interfacial area; and 3) the compliance of the system.  The principles of this scaling 
relationship will be presented, as well as our ability to quantitatively link the maximum 
sustainable interfacial force for components in Nature from spatula (~100nm) to whole body 
organisms (~ 10cm). 

Similar to the inspiration provided by high performing adhesive examples in Nature, we 
also take inspiration from Nature in developing methods to fabricate complicated hierarchical 
structures, both surface and near-surface, in a scalable manner.  One intriguing example is 



-19-

the process of fingerprint formation in mammals.[1]  Fingerprints form due to a differential 
growth rate between two cell layers of the skin during the first twenty weeks of development.  
This difference in growth rates between neighboring layers leads to the development of a 
compressive stress near the interface. Upon reaching a critical stress level, related to the onset 
of an elastic buckling instability, the skin layers wrinkle to form the fingerprint. The 
dimensions of the fingerprint patterns can be related to the dimensions and properties of the 
cell layers.    

In our research [2-5], we have focused on understanding the relationship between materials 
properties, geometry, and stress state in controlling the formation of wrinkle-based patterns in 
soft synthetic materials.  We present here experiments on composite materials comprised of 
a thin stiff film attached to a soft elastomeric substrate.  Due to differential swelling, a 
compressive stress develops at the film/substrate interface 
and wrinkling develops at a critical stress level, defined by 
the elastic modulus mismatch.  We can systematically 
change the morphology of the wrinkle patterns, as shown 
in Fig. 1.  The change in morphology is quantitatively 
linked to two control parameters: 1) the ratio of applied 
stress to the critical stress for elastic instability; 2) the ratio 
of the primary in-plane stresses.  We have performed 
experiments on similarly wrinkled systems to quantify the 
impact and mechanism for controlling adhesion through 
the use of wrinkles.[6-8] 
 
[1]  Kucken M., & Newell, A. (2005). Fingerprint 
formation. Journal of Theoretical Biology, 235(1), 71-83. 
[2] Chan, E. P., & Crosby, Alfred J. (2006). Spontaneous 
formation of stable aligned wrinkling patterns. Soft Matter, 
2(4), 324-328.  
[3] Chan, E. P, & Crosby, A.J. (2006). Fabricating 
Microlens Arrays by Surface Wrinkling. Advanced 
Materials, 18(24), 3238-3242. 
[4] Breid, Derek, & Crosby, Alfred J. (2009). Surface wrinkling behavior of finite circular 
plates. Soft Matter, 5(2), 425. 
[5] Breid, Derek, & Crosby, Alfred J. (2011). Effect of Stress State on Wrinkle Morphology. 
Soft Matter, 7(9), 4490-4496. 
[6] Chan, E. P, Smith, E. J., Hayward, R. C., & Crosby, A.J. (2008). Surface Wrinkles for 
Smart Adhesion. Advanced Materials, 20(4), 711-716. 
[7] Kundu, S., Davis, C. S., Long, T., Sharma, R., & Crosby, Alfred J. (2011). Adhesion of 
nonplanar wrinkled surfaces. J. Polymer Science Part B: Polymer Physics, 49(3), 179-185. 
[8] Davis, C. S., & Crosby, Alfred J. (2011). Mechanics of Wrinkled Surface Adhesion. Soft 
Matter, 7(11), 5373-5381. 

Fig. 1: Examples of wrinkle 
morphologies obtained by 
controlling the critical parameters 
of overstress and the ratio of 
in-plane principle stresses.  
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Bio-inspired bonding technologies 

 
Naoe Hosoda 

Hybrid Materials Unit, National Institute for Materials Science, Japan 

 

Designing for separation at the interface of a joint is an essential problem for realizing the 

recycle smoothly. If joints are separated easily at the interface, the recycle of materials is 

performed with energy-saving. However, it is difficult to separate the parts joined by a 

conventional bonding method. On the other hand, there are excellent structures of attachment 

and detachment in the natural world. 

Flies, spiders, leaf beetles and lizards have the ability to attach and detach easily to the 

various surfaces and ceilings and even smooth window glass. Deciduous trees possess a 

excellent design for easy disassembly, in which they spontaneously shed their leaves and 

fruits. Deciduous tree leaf developed a special layer at a base of leaf petiole, called by 

abscission layer, for shedding leaves. The aim of our research is to develop technologies 

which enable easy attachment/detachment by researching these kinds of natural mechanisms.  

We present our research subject about an adhesive attachment system of animals, 

abscission of leaves and its mimetic joining technologies. The falling leaf inspired joining 

technology was developed by making an abscission layer at the bonding interface. The 

abscission layer is controlled using a field such as magnetic field, electric field, gravitation 

field, microwave, ambient atmosphere of gases and temperatures. Under the field, the 

abscission layer becomes brittle. In consequence the joint separates spontaneously. We 

present three methods for reversible interconnections by 1) growing a brittle abscission layer 

by a heat treatment, 2) using hydrogen atmosphere to be brittle the abscission layer, and 3) by 

liquid metal embrittlement of the abscission layer using gallium. 
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Effect of Silica Particles on the Electrical Conductivity of Silver 
Nanoparticle/epoxy Conductive Adhesives  

Seungwoong NAM2, Daeheum KIM 2, Heesuk KIM1, Soonho LIM 1*

1 Nanohybrid Research Center, Korea Institute of Science & Technology, Seoul 136-791, Korea 
2 Department of Chemical Engineering, Kwang Woon University, Seoul 139-701, Korea

* lim41357@gmail.com

Isotropic conductive adhesives (ICAs) have numerous advantages over traditional Sn/Pb solder as 
they require fewer processing steps and lower processing temperature, allowing the preparation of 
heat-sensitive and low-cost chip carriers with fine-pitch capability.1 owever, their high electrical 

resistivity and poor mechanical properties have hindered development.2

A novel method of improving the electrical conductivity of epoxy/silver nanocomposites 
by adding silica particles was explored experimentally and theoretically. Silica particles 
significantly decreased both the electrical percolation threshold concentration of silver 
nanoparticles and the electrical resistivity of the composite. They also enhanced 
thermomechanical properties, such as CTE. Molecular simulations demonstrated that effective 
intermolecular interactions between silver nanoparticles become more attractive with 
increasing the content of silica particles, aiding the formation of electrical percolation 
networks.

(a)                                    (b) 
FIGURE. Electrical resistivity as a function of the volume fractions of (a) silver nanoparticles and (b) 
additional silica particles at the fixed volume fraction of silver nanoparticles (0.18) in nanocomposites 
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Stereocomplexed Poly(L-lactic acid)/Poly(D-lactic acid) as Morphology and 
Crystallization Modifier for Biodegradable Polymers

Eamor M. Woo*, Ling Chang, Siti Nurkhamidah
Department of Chemical Engineering, National Cheng Kung University, Tainan, 701-01, 
Taiwan 

ASAM-3, Fukuoka, Japan, Sept. 19-22, 2011 

Crystallization kinetics, morphology and crack tendency in stereocomplexing poly(L- 
and D-lactic acid) (PLLA and PDLA) mixtures crystallized in presence of amorphous molten 
poly(hydroxyl butyrate) (PHB) or pre-crystallized sc-PLA complex as crystalline templates 
were studied by differential scanning calorimetry (DSC), polarizing-light optical microscopy 
(POM), atomic force microscopy (AFM) and wide-angle X-ray diffraction (WAXD). The 
PHB/sc-PLA blend system shows a single composition-dependent Tg in all composition, 
indicating miscibility and interactions between PHB and sc- PLA. This mutual interaction 
leads to that crystallization growth of sc-PLA in blends is hindered by presence of molten 
PHB at Tc and the final morphology of the sc-PLA complexes is significantly altered. When 
crystallized at high Tc (130oC or above), morphology transition of stereocomplexed PLA (sc-
PLA) occurs from original well-rounded Maltese-cross spherulites to dendritic form in blends 
of high PHB contents (50 wt% or higher), where PHB acts as an amorphous species. 
Microscopy characterizations show that morphology sc-PLA in PHB/sc-PLA blends 
crystallized at Tc=170oC no longer retain original complexed Maltese-cross well-rounded 
spherulites; instead, the spherulites are disintegrated and restructured into two types of 
dendrites: (1) edge-on feather-like dendrites (early growth) and (2) flat-on wedge-like crystal 
plates (later growth) by growing along different directions and exhibiting different optical 
brightness. The concentration and/or distribution of amorphous PHB at the crystal growth 
front, corresponding to variation of the slopes of spherulitic growth rates, is a factor resulting 
in alteration and restructuring of the sc-PLA spherulites in the blends. Despite of spherulite 
alteration, WAXD result shows that these two PHB-induced dendrites still retain the original 
unit cells of complexes, and thus these two new dendrites are sc-PLA. Interestingly, growth of 
the flat-on wedge-like dendrites is much slower than edge-on feather-like dendrites. These 
results indicate that the concentration and/or distribution of the PHB (amorphous diluents) at 
the crystal growth front corresponding to variation of the slopes of spherulitic growth rates is 
a factor which results in the different orientation of sc-PLA lamellae in blends. [Figures 1,2]

Complex morphology was found to be influenced by presence of excess constituent 
in mixtures of PLLA and PDLA.  Non-equimolar PLLA/PDLA compositions lead to co-
crystallization of homo-PLLA and sc-PLA crystals. Introduction of stereocomplex poly(lactic 
acid) (sc-PLA) crystals either as small nuclei or large sc-PLA spherulites has great influence 
on patterning the inter-phase boundaries and reducing the cracks in crystallized poly(L-lactic 
acid) (PLLA) in mixtures with poly(D-lactic acid) (PDLA). It was found that unmelted sc-
PLA crystals as small nuclei induce interlamellar cracks in the later-crystallized PLLA 
crystals tending to develop dendritic spherulites. On the other hand, crystallization of PLLA 
on pre-crystallized stable well-rounded sc-PLA spherulites as templates lead to overlapped 
spherulites with no cracks at all.  Effects of the sc-PLA crystals on the crystal lamellar inter-
phases for reducing the cracks are to be discussed, as time permits. 

Crystallization kinetics behavior and morphology of poly(3-hydroxybutyrate) (PHB) 
blended with of 2-10 wt% loadings of poly(L- and D-lactic acid) (PLLA and PDLA) 
stereocomplex crystallites, as biodegradable nucleating agents, were studied. [Figure 3]
Blending PLLA with PDLA at 1:1 weight ratio led to formation of stereocomplexed PLA (sc-



-24-

PLA), which was incorporated as small crystalline nuclei into PHB for investigating melt-
crystallization kinetics. The Avrami equation was employed to analyze the isothermal 
crystallization of PHB. The stereocomplexed crystallites acted as nucleation sites in blends, 
and accelerated the crystallization rates of PHB by increasing the crystallization rate constant 
k and decreasing the half-time (t1/2). The PHB crystallization was nucleated most effectively 
with 10 wt% stereocomplexed crystallites, as evidenced by POM results. The sc-PLA 
complex nucleated PHB crystals exhibit much small spherulite sizes but possess the same 
crystal cell morphology as that of neat PHB based on the WAXD result. 
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Figure 1. AFM phase morphology showing PLLA cryst
allizing with: (Left) small sc-PLA nuclei, (Right) spher
ulitic sc-PLA as thin template.  
L. Chang and E. M. Woo, Macromol. Chem. Phys., published on web (2011). DOI: 10.1002/macp.201000375. 
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crystallized at 80oC. 
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Nanoporous and Nanohybrid Materials  
from Chiral Block Copolymer Templating 

Rong-Ming Ho 
Department of Chemical Engineering, National Tsing Hua University, Hsinchu, Taiwan 

Block copolymers comprising chiral entities, denoted as chiral block copolymers (BCP*s), 
were designed to fabricate helical architectures from self-assembly.[1] A helical phase 
(denoted H* to distinguish its P622 symmetry from that of the normal hexagonally packed 
cylinder phase was discovered in the self-assembly of poly(styrene)-b-poly(L-lactide) 
(PS-PLLA) BCPs*.[2] The phase behavior of the PS-PLLA BCPs* was systematic examined. 
Moreover, by taking advantage of the degradable character of the PLLA blocks, well-defined 
nanoporous polymeric materials having various nanostructures including cylinder, H* and 
double gyroid lamellae can be fabricated by hydrolysis, and treated as templates. Reactions 
such as sol-gel reaction and electroless plating can be carried out within the templates for the 
manufacturing of various nanostructured hybrids. As demonstrated, well-defined nanohybrids 
with hexagonally packed SiO2 nanohelices embedded in a PS matrix can be fabricated 
through templated sol-gel reaction.[3] Also, nanoporous gyroid SiO2 network materials can be 
prepared through BCP templating with porosity over 60% after removal of the PS template so 
as to create extremely low-n materials for antireflection structure.[4] Similar approach can 
also be carried out for the fabrication of nanoporous metallic materials.[5] As a result, a 
platform technology to fabricate various well-defined nanohybrids and nanostructured porous 
materials having control of feature shape and size can be established. A variety of well 
defined nanostructures with different constituted components, such as polymer/metals, and 
polymer/ceramics can be created to give a “Materials Library” for practical applications in 
nanotechnologies. 

Fig. 1. Schematic illustration for the creation of well-defined nanoporous gyroid SiO2 from BCP 
templating. (a) PS-PLLA gyroid morphology (skeleton of double gyroid structure with two 
identical networks (green and red)). (b) Gyroid-forming nanoporous PS template after the 
removal of minority PLLA network. (c) PS/SiO2 gyroid nanohybrids via the templated sol-gel 
process. (d) Nanoporous gyroid SiO2 after the UV removal of PS template. 

[1] R.-M. Ho, Y.-W. Chiang, S.-C. Lin, C.-K. Chen Prog. Polym. Sci., 36, 376 (2011). 
[2] R. -M. Ho, Y. -W. Chiang, C. -K. Chen, H. -W. Wang, H. Hasegawa, S. Akasaka, E. -L. 
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[3] W. -H. Tseng, C. -K. Chen, Y. -W. Chiang, R. -M. Ho, Akasaka S, Hasegawa H J. Am. 

Chem. Soc.,131,1356 (2009) 
[4] H. -Y. Hsueh, H. -Y. Chen, C. -K. Chen, R. -M. Ho, S. Gwo, S. Akasaka, H. Hasegawa  

Nano Letters, 10, 4994 (2010). 
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DNA-based Soft Interface for Biosensing 
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Wako, Saitama 351-0198, Japan 

DNA-modified nanoparticles disperse in an aqueous medium due to electrostatic repulsion 
between anionic phosphate groups in the DNA backbone. Interestingly, when complementary 
single-stranded DNA, whose base number is identical to that of the DNA on the surface, is 
added to the dispersion of DNA nanoparticles to form the fully matched double helix on the 
surface, the DNA nanoparticles become unstable and spontaneously form aggregates in a 
non-crosslinking manner [1]. 

Furthermore, we have found that the double-stranded DNA-carrying nanoparticles acquire 
high colloidal stability to disperse in an aqueous medium when a terminal single-base 
mismatch exists at the interface between the DNA corona and the disperse medium. 
Exploiting the unique colloidal behavior of the DNA nanoparticles, we have devised a facile 
single-nucleotide polymorphism genotyping method [2-4]. 

We applied the SPR imaging technique on our original, power-free microfluidic devices to 
the detection of the nanoparticles aggregation [5, 6]. Through a combination of 
non-crosslinking aggregation of DNA nanoparticles and molecular recognition by aptamers or 
aptazymes, we have also developed analytical systems for detecting cGMP, ATP, FMN, 
theophyllin [7, 8], and Hg(II) [9]. These analytical functions are designed based on unique 
properties of soft interface made from relatively-dense assembly of DNA strands. 

[1] K. Sato, K. Hosokawa, M. Maeda, J. Am. Chem. Soc., 125, 8102-8103 (2003). 

[2] K. Sato, K. Hosokawa, M. Maeda, Nucleic Acids Research, 33, e4 (2005). 

[3] K. Sato, M. Onoguchi, Y. Sato, K. Hosokawa, M. Maeda, Anal. Biochem., 350, 162-164, (2006). 

[4] K. Hosokawa, K. Sato, N. Ichikawa, M. Maeda, Lab Chip, 4, 181-185 (2004). 

[5] Y. Sato, K. Sato, K. Hosokawa, M. Maeda; Anal. Biochem., 355, 125-131 (2006). 

[6] Y. Sato, K. Hosokawa, M. Maeda, Colloids Surf., B, 62, 71-76 (2008). 

[7] A. Ogawa, M. Maeda, Bioorg. Med. Chem. Lett., 18, 6517-6520 (2008). 

[8] A. Ogawa, M. Maeda, Chem. Commun., 4666-4668 (2009) 

[9] N. Kanayama, T. Takarada, M. Maeda, Chem. Commun., 47, 2077–2079 (2011). 
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Aerogels are materials synthesized by drying of gels in supercritical conditions, i.e. in the 

absence of the superficial tension, so that the collapse of the pore structure can be avoided. 
This technology yields materials with small particles size, very high surface area, along with a 
considerable quantity of superficial defects and low density. This makes them very promising 
for application as adsorbents and catalysts. It is well known that physicochemical properties 
of very small oxide crystals substantially depend on their size. Various nanocrystalline oxides 
synthesized by aerogel technique have been widely investigated as destructive sorbents for 
decomposition of harmful organic substances [1-4], neutralizations of bacteria [5], as well as 
in various catalytic processes [6-9]. 

In the most general understanding, a sol-gel process implies the formation of disordered 
and branched network of particles (gel) from a precursor solution via a system of colloidal 
particles (sol) [10]. As a rule, aerogels are synthesized by a widely spread technique based on 
the use of such organometallic reagents as alkoxides, -biketonates and carboxylates of 
metals. Alkoxides are applied most often for synthesis of nanocrystalline oxides. In this case 
it is possible to avoid using water as the solvent leaving the whole set of parameters free to be 
controlled. These parameters can be varied to tune the desired properties of resulting gels. 

Reagents used for modifying metal alkoxides in sol-gel processes can play two roles. They 
are often applied to control the reaction rates, influencing thereby the microstructure as well 
as the homogeneity degree of the obtained gels. In this case modifiers are to be completely 
removed at the following calcination, leading to synthesis of the corresponding oxides. 
However, they can be used also for preparation of materials containing functional groups or 
any other tailored phase. 

The described method can be also applied for preparation of nanoscale oxide particles with 
carbon coating on their surface. The main advantage of such approach is that in this case 
organic groups are already anchored to the surface of the oxide nanocrystals. Their rather 
homogeneous distribution can lead to higher number of nuclei during pyrolysis, leading to the 
formation of extremely small carbon nanoparticles. According to high resolution TEM data 
(Fig. 1 left), calcined alumina aerogels consist of thin roundish plates about 2 nm thick and ~ 
10 nm in diameter. 

Sulfated alumina aerogels were synthesized by a similar procedure with sulfuric acid used 
as a modifying agent. The introduction of sulfuric acid to the solution before gelation results 
in a substantial decrease of the pore volume, whereas the high surface area of the Al2O3 
aerogels is preserved. The surface areas of the sulfated alumina aerogels after calcination at 

ysts was about 600 m2/g. This value appears 
to the highest ever reported for sulfated alumina catalysts and is 2-3 times higher than those 
reported in the literature. 

The synthesized sulfated alumina aerogels showed excellent catalytic activity in 
dehydrochlorination of 1-chlorobutane, substantially exceeding those of conventionally 
prepared materials. Also they showed outstanding performance in the destructive sorption in 
destructive adsorption of (2-chloroethyl)ethyl sulfide that is a mustard gas mimic. 2-CEES 
conversion rate in pentane solution at room temperature over sulfated aerogel alumina was 3 
times higher than on Al2O3 aerogel and 8 times higher than on MgO aerogel.  

The aerogel technique can be successfully applied for synthesis of mixed nanocrystalline 
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oxide systems. For example, it allowed us to prepare VOx/MgO materials possessing 
exceptionally uniform distribution of vanadium in the MgO structure at a wide range of V/Mg 
ratios [11]. The synthesized samples of corresponding aerogel hydroxides VMg(OH)x are 
characterized by very high specific surface area (~ 1200 m2/g). Dehydration of aerogel 
VMg(OH)x hydroxides in mild conditions results in the formation of VOx/MgO samples with 
high surface area (~ 450 m2/g) consisting of cubic crystals with the size below 5 nm (Fig. 1 
right). The synthesized mixed aerogels showed superior performance in oxidative 
dehydrogenation of propane substantially exceeding that of similar materials prepared by 
impregnation. 

 

  
Figure 1. TEM images of aerogel alumina (left) and aerogel 15 wt.% VOx/MgO (right). 

 
In the present work the general approach for the preparation of different oxide systems 

(MgO, Al2O3 etc.) using aerogel technique has been briefly described. Investigation of the 
effect of reaction conditions on the properties of nanocrystalline oxides allowed us to control 
better their properties and to synthesize materials with higher surface area and smaller particle 
size.  
 
[1] K. J. Klabunde, J. Stark, O. Koper, C. Mohs, D. G. Park, S. Decker, Y. Jiang, I. 
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Chem., 12, 3599 (2002). 
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  Carbon nanotubes (CNTs) are made of rolled-up graphene sheets with one-dimensional 
extended p-conjugated structures and have been central materials in the field of 
nano-materials science and nanotechnology because of their remarkable electronic, 
mechanical and thermal properties that far exceed existing materials. One of the key issues in 
the utilization of such a seminal materials for basic researches together with their potential 
applications is to develop a methodology to solubilize/disperse them in solvents.[1] 
   After brief description about the strategy to solubilize CNTs in solution, we report our 
recent study on the design and fabrication of novel CNT/polymer nanohybrids and their 
applications. The topics are the following. 
i) Determination of precise electronic states of individually dissolved single-walled carbon 

nanotubes (SWNTs) [2,3] 
ii) SWNT chirality recognition/extraction by polymers[4] 
iii) High conductive transparent SWNT ultrathin films[5] 
iv) CNTs/polymer gel-near IR responsive materials [6] 
v) Electrocatalyst for fuel cell using soluble CNTs[7] 
 
[1] N. Nakashima, Y. Tanaka, T. Fujigaya, “Solubilized Carbon Nanotubes and Their Redox 
Chemistry”, in Carbon Nanomaterials, Ed. by F. D’Souza and K. M. Kadish, World Scientific, pp. 
245-269, 2011. 
[2] Y. Tanaka, Y. Hirana, Y. Niidome, K. Kato, S. Saito, N. Nakashima, Angew. Chem. Int. Ed. 48, 
7655-7659 2009 . 
[3] Y. Tanaka, Y. Hirana, Y. Niidome, K. Kato, S. Saito, N. Nakashima, Angew. Chem. Int. Ed. 48, 
7655-7659 2009 . 
[4] a) Y. Kato, Y. Niidome, and N. Nakashima, Angew. Chem. Int. Ed., 48, 5435-5438 (2009); b) H. 
Ozawa, T. Fujigaya, Y. Niidome, N. Hotta, M. Fujiki, N. Nakashima, J. Am. Chem. Soc., 133 (8), 
2651–2657 (2011). 
[5] Q. Liu, T.Fujigaya, H.-M. Cheng, and N. Nakashima, J. Am. Chem. Soc., 132, 16581–16586 
(2010). 
6] a) T. Fujigaya, T.Morimoto, N. Nakashima, Soft Matter, 7, 2647-2652 (2011). b) T. Sada, T. 
Fujigaya, Y. Niidome, K. Nakazawa, Kohji, N. Nakashima, ACS Nano, in press. 
[7] a) K. Matsumoto, T. Fujigaya, H. Yanagi and N. Nakashima”, Adv. Functional Mater., 21, 
1089–1094 (2011). b) K. Matsumoto, T. Fujigaya, K. Sasaki and N Nakashima, J. Mater. Chem., 21, 
1187-1190 (2011). 
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ell-defined Stimuli Responsive Polymers 
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Among the techniques that allow the synthesis of well-defined homopolymers and
copolymers, atom transfer radical polymerization (ATRP) is one of the most useful systems, 
due to its tolerance of impurities, the ready availability of many kinds of initiators, catalysts 
and monomers, its mild reaction conditions, and its ability to produce polymers with 
predetermined molecular weights and narrow polydispersities.

This paper describes the successful polymerization of well-defined stimuli responsive di-
and tri-block copolymers based on amino acid or polypsiudorotaxane, which were synthesized 
from cyclodextrin and polyether glycol via ATRP under near physiological conditions using 
various water soluble initiators with high yield and narrow molecular weight distributions.

Their lower critical solution temperatures (LCST) were determined by cloud point 
measurements over a range of pH environments. 1H NMR spectroscopy, static light scattering, 
and gel permeation chromatography were used to determine polymer molecular weight and 
polydispersities.

Fig. 1. 1H NMR spectra of (a) ABA monomer and (b) its homopolymer synthesized by ATRP 
at ambient temperature (D2O).
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The bottom-up nanofabrication approaches are biologically inspired which include building 
up functional nanostructures starting from basic atoms or molecules. In this regard polymeric 
systems have played important roles for nanofabrication since they can offer nano-reservoir/ 
templates with different morphologies and tunable sizes. The reservoir/ template can be easily 
removed after reactions, and can be further modified with different functional groups to 
enhance the interactions. Due to presence of loan pair of electron on hetro nitrogen atom, 
pyridine based polymers shows great potential in nano science and technology [1-5].  

For more than 10 years, our group has successfully controlled the anionic polymerization of 
n-hexyl isocyanate (HIC) and other similar monomers by adding either NaBPh4 or 
15-crown-5 to the anionic initiators or by developing novel initiator systems to suppress 
back-biting [6-15]. PICs have many potential applications, such as chiral recognition, optical 
switches, and liquid crystals. Furthermore, the block copolymers composed of rigid and 
helical PIC segments are of particular interest for fundamental studies of polymer behavior in 
solution and in bulk. This presentation covers coil-coil and rod-coil block copolymer based on 
P2VP, PS, and PHIC blocks (Fig.1 and Fig. 2) assisted fabrication of nano-materials with 
emphasis on ordered polymeric nanostructures as reservoir/templates to fabricate inorganic, 
organic/inorganic composites and polymeric materials with nano-scale modifications [16-19]. 

Fig. 1. (a) TEM image of one bigger core-embedded Au NP surrounded by smaller CdS NPs (Au-CdS) in 

P2VP-b-PS (fP2VP = 0.75) micelles, (b) bigger core-embedded CdS NP surrounded by smaller Au NPs (CdS-Au) 

in P2VP-b-PS (fP2VP = 0.75) micelles [16], (c) SiO2 nano-composite film from Q-PS-b-P2VP (fP2VP=0.75), and (d) 

SiO2 nano-porous film from Q-PS-b-P2VP (fP2VP = 0.75) after sintering SiO2 [17].
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Fig. 2. TEM images of Au NPs embedded in (a) intermicellar-chained network chain of PHIC189-b-P2VP228 in  

CHCl3/THF (7/3, v/v), (b) cylindrical micelle network of PHIC189-b-P2VP228 in CHCl3/THF (3/7, v/v), (c) 

UV-vis absorption spectra of Au NPs embedded in network nanostructures [18], (d) PHIC189-b-P2VP228 micelles 

in toluene at 3 mg/ml concentration, (e) PHIC189-b-P2VP228 vesicles at toluene at 6 mg/ml concentration, and (f) 

absorption spectra of Au NPs embedded in micelles and vesicles [19]. 
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Polyelectrolytes are known for their responsive nature; they change shape with pH or salt, 

and sometimes with temperature. In aqueous solution they might change from hydrophilic to 
hydrophobic, but when chemically tethered by one end (brushes) to a substrate, control of 
their behavior becomes subtler. One aspect of this, is that counterions can be trapped within 
the brush (osmotic behavior) or above it (double-layer), depending on parameters such as the 
grafting density of brushes on the surface. A rich phase diagram arises with chemically 
grafted brushes, and much work has been applied to understanding their behavior. 
Hydrophilic brushes are well solvated, and are thus lubricious, whereas brushes in their 
hydrophobic state will exhibit frictional behavior. Also, the charged nature of brushes, 
coupled with their capacity to hydrogen bond, is important in their adhesive behavior.  

 
In this presentation, the frictional and adhesive nature of polyelectrolyte brushes will be 

discussed. Frictional behavior will be discussed in the context of the pH and salt-dependent 
interaction of polyelectrolytes and polyzwitterions with a single-asperity point, i.e. the tip of 
an atomic force microscope, which may be plain (i.e. silicon nitride), gold-coated, or coated 
with a hydrophobic or hydrophilic self-assembled monolayer. The adhesion between a 
polyelectrolyte brush and an oppositely charged hydrogel is also discussed. The 
pH-dependent nature of the adhesion gives rise to switchable behavior. 

 
 Friction force microscopy (FFM) studies on the frictional properties of poly[2-(dimethyl 

amino)ethyl methacrylate] (PDMAEMA) polybase brushes were made as a function of pH. 
Here, we observe a transition between different contact mechanics; we observe that the 
contact mechanics is a strong function of pH, with regions whereby both single asperity 
contact mechanics behavior (both Johnson-Kendall-Roberts (JKR) and 
Derjaguin-Müller-Toporov (DMT) models) and multiple contact mechanics (Amontons’ law) 
observed, depending on the pH. Generally, Amontons’ law fitted the data best in the extreme 
pH regions (1, 2, and 12). Between these values at high and low pH, DMT behavior was 
appropriate, whereas the observation of JKR behavior depended on the surface in contact with 
the brush, but generally at relatively neutral pH values. 

 
Brushes of the polyzwitterion, poly[2-(methacryloyloxy)ethylphosphorylcholine] (PMPC) 

was also studied. PMPC is known to exhibit co-nonsolvency in water and ethanol mixtures, 
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and this is highlighted by an increase in the friction coefficient due to loss of hydration of the 
brush chains and hence substantially reduced lubrication [1]. It was also found that the 
friction coefficient of PMPC brushes decreases by the addition of salt in surrounding medium. 
It is believed that cations or anions could associate with the phosphorylcholine group to 
different degrees, hinder the inter- and intramolecular interactions, which increase the 
lubricity of PMPC brushes. The salt-dependent behavior of the PMPC brushes is in contrast to 
neutron reflectometry results, which hint at an independence of brush conformation with 
increased added salt [2]. 

 
The interaction between (polybase) PDMAEMA brushes and a polyacid presents an 

intriguing pH-dependent adhesion problem. Oppositely charged polyelectrolytes present an 
intuitively appealing means of creating a switchable adhesive because pH-induced 
conformational transitions mean that when one polymer is extended due to osmotic pressure 
in its counter-ions, another is more collapsed. Changing pH can therefore changes the nature 
of the interactions between the two polymers and therefore provides a means of controlling 
adhesion. Early experiments show that the adhesion between a grafted layer of polybase and a 
polyacid hydrogel adhere very strongly in aqueous environment, with a thermodynamic work 
of adhesion of > 0.4 N/m, but detach at pH ~ 1 [3,4]. Experiments are described to reveal the 
dominant factors in this adhesion. Mechanical testing was performed by comparing the 
adhesion between polyelectrolytes and neutral polymers in order to determine whether 
hydrogen bonding or electrostatic attraction dominated the adhesion process. These 
experiments suggest that electrostatic interactions dominate. We also note that using more 
rigid (more crosslinked) hydrogels, there is a decrease in adhesion, indicating that real-world 
adhesion (total work of adhesion) has a strong dependence on viscoelastic dissipation within 
the hydrogel. 
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Several series of functional polymers bearing charge trapping sites were designed and 
synthesized for programmable digital electrical memories [1-13]. They were soluble in 
common solvents and thus their nanoscale thin films easily fabricated by solution coating and 
subsequent drying process. The functional polymers in devices revealed various types of 
nonvolatile memory behaviors as well as volatile memory characteristics, depending on the 
chemical structure, morphological structure, film thickness and temperature. In general, their 
memory performance was superior, compared to the traditional metal oxide based flash 
memory devices. Namely, the functional polymers showed excellent nonvolatile or volatile 
memory performance with low power consumption: unipolarity or bipolarity, high ON/OFF 
current ratio, long retention time even in ambient air, rapid switching time, and excellent long 
reliability. Their electro-optical properties were investigated and then correlated to the 
observed memory behaviors. All the observed memory characteristics were attempted to 
understand with the chemical composition and morphological nanostructure. Furthermore, 
their memory mechanism was tried to understand. Overall, our study demonstrated that the 
selected functional polymers are a very suitable active material for the mass production at low 
cost of high performance, programmable, digital nonvolatile and volatile memory devices that 
can be operated with very low power consumption in excellent unipolar or bipolar switching 
modes with a high ON/OFF current ratio. Moreover, they ensure their properties performance 
for application in the fabrication of -dimensional multi-stack structure memory devices. 
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[9] D. M. Kim, et al. Langmuir 25, 11713 (2009).  
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One of the magnificent functions of the photosynthesis is efficient light harvesting.   
molecules as a light absorber and then efficiently transfer the absorbed photon into the 
reaction center (RC) of which number is much smaller than that of chlorophylls in the antenna.   
For example, purple bacteria has a simultaneous two-step accumulation system of 
light-energy, i.e. LH2 -> LH1 -> RC.   The photosynthetic light harvesting systems have 
been widely interested not only in the biology field but also as solar energy conversion 
systems.   Although many artificial systems have been reported, multi-step light 
accumulation systems constructed of both many light absorbers and a much smaller number 
of energy-relay units together with final energy acceptors have been rare. 

We have recently reported that a linear-shaped 
rhenium(I) tetranuclear complex connected with a 
Ru(II) trisdiimine complex (Ru-Re5) can work as a 
light harvesting system in which about 90 % of photons 
absorbed by the Re(I) chain are intramolecularly 
gathered into the Ru unit (Fig. 1).   Inagaki et al. have 
reported periodic mesoporous organosilicas (PMOs) as 

light harvesting antenna, in which many organic 
chromophores are densely and orderly embedded within 

a silica framework.   If the two structurally different 
light harvesting systems could be emergently merged, a 
novel type of multi-step light accumulation systems 
might be developed.    In this presentation, a 
successive example of such systems will be reported.    

We synthesized a hybrid system of Ru-Re5 with 

biphenyl-bearing PMO (Fig. 2), where photons absorbed 
by about 700 biphenyl groups (the role of LH2) in the 
framework of BPPMO can be stepwise concentrated to 
the five Re units (LH1) and then to only one Ru unit (RC) which strongly emits, i.e. two-step 
light harvesting BPPMO -> Re5 unit-> Ru unit. 

 
[1] Y. Yamamoto, Y. Tamaki, T. Yui, K. Koike, O. Ishitani, J. Am. Chem. Soc., 132, 11743 
(2010). 
[2] S. Inagaki, O. Ohtani, Y. Goto, K. Okamoto, M. Ikai, K. Yamanaka, T. Tani, T. Okada, 
Angew. Chem.-Intern. Edit., 48, 4042 (2009). 

 

Fig. 1. Ru-Re5 (p-p = 
bis(diphenylphosphino)acetylene)  

Fig. 2. Ru-Re-PMO :Ru-Re5 is 
held in the mesopore. 
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Molecule-based magnets have been one of the focuses of research in the field of 
coordination chemistry. The molecular magnets include high-Tc magnets, single-molecule or 
single-chain magnets and spin crossover magnets, which can be potentially used in magnetic 
recording. We have been interested in cyanide-bridged bimetallic complexes,[1-6] some of 
which display high-Tc molecular magnetic, single-molecule or single-chain magnet behavior. 
By way of molecular design, we could construct mixed ligand-bridged hetero-trimetallic 
complexes.[2-4] Bifunctional molecular materials are expected.  

[1] Z.-H. Ni, H.-Z. Kou, L.-F. Zhang, C. Ge, A.-L. Cui, R.-J. Wang, Y. Li, and O. Sato, 
Angew. Chem. Int. Ed., 44, 7742 (2005). 
[2] H.-Z. Kou, B. C. Zhou, S. Gao, and R.-J. Wang, Angew. Chem. Int. Ed., 42, 3288 (2003). 
[3] H.-Z. Kou, K.-Q. Hu, H.-Y. Zhao, J. Tang and A.-L. Cui, Chem. Commun., 46, 6553 
(2010).
[4] H.-Z. Kou, and O. Sato, Inorg. Chem., 46, 9513 (2007). 
[5] Z.-H. Ni, J. Tao, W. Wernsdorfer, A.-L. Cui and H.-Z. Kou, Dalton Trans., 2788 (2009). 
[6] H.-Z. Kou, Z.-H. Ni, C.-M. Liu, D.-Q. Zhang and A.-L. Cui, New J. Chem., 33, 2296 
(2009).

Fig. 1. Structure of a 
cyanide-bridged Mn6Fe6
molecular wheel

Fig. 2. Structure of an oxamidato- and 
oxalato-bridged Cu2GdCr molecule 
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Formation of Multilayer Thin Films and Complexes  
Based on Molecular Interactions of Polyelectrolytes 

Kookheon Char 
The National Creative Research Initiative Center for Intelligent Hybrids 

School of Chemical and Biological Engineering 

The WCU Program of Chemical Convergence for Energy & Environment 

Seoul National University, Seoul 151-744, Korea 

Functionalized polymeric platforms including multilayer films and complexes have been 

explored for many years based on polyelectrolytes (PEs), which molecular interactions 

strongly depend on external environments. In particular, layer-by-layer (LbL) deposition has 

received great attention for the fabrication of functional multilayer films due to many 

advantages such as inserting functionalities at desired nanoscale positions within the films. 

The LbL assembled multilayer films containing diverse functional materials (i.e., quantum 

dots, micelles, graphenes, and proteins) and their unique properties will be reviewed in this 

presentation. Moreover, external stimuli-driven changes on multilayer films have been 

investigated by adjusting of the molecular interactions between PEs. In addition to multilayer 

films based on charged polymers, the formation and morphological transition of charged 

micelle complexes has also been studied at various solution pH conditions, with a control of 

specific interactions between two charged micelles. These assorted polymeric platforms based 

on the molecular interactions between charged functional objects offer great potential applied 

to many applications ranging from optoelectronics to nanobiomedicine. 



-41-

Chemically-attached soft organic interlayers on Si substrate for boundary 
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Tribological properties such as friction, wear and adhesion are some of the reliability issues 

limiting the applicability of micro-electro mechanical systems (MEMS) components which 

are generally made of Si. Ultra-thin organic films such as self-assembled monolayers (SAMs), 

physically-attached polymer films and ionic liquid films are some solutions for improving the 

tribological properties of Si surface. However, further research in this area is essential to 

provide very reliable lubrication solution to the MEMS components. In this presentation, we 

explore the concept of ultra-thin polymer layer as a soft lubricating interface between Si and a 

top perfluoropolyether (PFPE) lubricant film. In our first approach, we chemically attached 

functionalized polyethylene (polyethylene-graft-maleic anhydride) (fPE) molecules to Si via 

an intermediate molecule of benzophenone (Ph2CO). This layer is further overcoated with an 

ultra-thin layer of PFPE (Figure 1). Figure 2 presents the wear life of the modified layer and 

compares this with the wear lives of bare Si or Si/fPE [1]. The Si/Ph2CO/fPE/PFPE film 

provides extremely high wear life and did not fail under the present set of experimental 

conditions.  

 

 

Figure 1   A schematic diagram of Si substrate with different modified layers (not to 

scale). 

 

 

Our second approach is on the use of dendrimer layer (amine-terminated poly (amidoamine) 

with ethylenediamine core) as an intermediate layer between PFPE films and Si surface. The 

dendrimer films have molecules in the form of branched-structure and hence the overcoated 

PFPE molecules are expected to either penetrate into the empty spaces between various arms 

of dendrimer molecules or chemisorb on to the dendrimer molecules and both these 
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conditions have shown excellent effects on the coefficient of friction and wear durability of 

the Si substrate. Table 1 presents the wear durability data for three generations of the 

dendrimers [2]. It is concluded that a soft and wear resistant polymeric layer overcoated with 

a nano-lubricant such as PFPE can provide robust protection to Si or similar materials against 

wear even under sever contact conditions than what would be encountered in a microsystem 

device.

 
Figure 2: The wear durability of Si with different surface modifications. The wear 

durability tests were conducted on a custom built ball-on-disc tribometer with a silicon nitride 

(Si3N4) ball of 4 mm diameter as the counterface. The normal load used was 40 mN. The wear 

durability was determined at a fixed disc rotational speed of 500 rpm (relative linear speed 

was 0.052 m/s). The wear durability was defined as the number of cycles completed when 

either the coefficient of friction exceeded 0.3 or large fluctuations in the coefficient of friction 

(indicative of film failure) or a clear wear track occurred. 

 

Table 1: Wear durability data of different modifications obtained from a microtribotester 

using the ball-on-disk sliding tests (counterface material: Si3N4 ball of 4 mm diameter). The 

GPTMS SAM (glycidoxypropyltrimethoxy silane self-assembled monolayer) and the 

dendrimer layers of different generations were formed on Si using self-assembly process. 

PFPE (Zdol 4000) was dip-coated onto different substrates using a custom-built dip-coating 

machine (dip-coating time: 1 min; withdrawal speed: 2.1 mm/sec and concentration: 0.5 

wt%). 

Sample Testing conditions 
(Normal load and 
rotational speed) 

Wear life 
(number of 

sliding cycles) 
Si 10 g, 200 rpm <100 
Si/PFPE “ 2,000 
Si/GPTMS*/PFPE 15 g, 200 rpm 8,000 
Si/GPTMS/Dendrimer, 20 g, 200 rpm 40,000 
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Generation2/PFPE 
Si/GPTMS/Dendrimer, 
Generation6/PFPE 

“ >1,000,000 

Si/GPTMS/Dendrimer, 
Generation8/PFPE 

“ 280,000 

 

 
[1] Myo Minn, Y. S. G. Soentanto, S. K. Sinha, Tribology Letters, 41, 217 (2011) 
[2] N. Satyanarayana, M. Minn and S. K. Sinha, Data to be submitted to a journal. 
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Self-Healing Effects of Halloysite Nanotubes on Corrosion Protection 
of Multi-Functional Hybrid Coatings

Mijeong Han
Advanced Materials Division, Korea Research Institute of Chemical Technology, 

South Korea

Protection of metals against corrosion is one of the most challenging problems in materials 
science and the corrosion of metals causes huge losses in the areas of aerospace, automotive, 
bridges, and shipbuilding industries [1]. The ways to protect the metal surface from the 
corrosion include cathodic protection, sacrificial anodes, conversion coatings, and protective 
coatings, etc. Organic-inorganic hybrid coatings have been utilized to provide the protection 
layers for metal surfaces and shown effective results, but could not be expected further
protection after the coating layer started to be damaged. 

Halloysite nanotubes are aluminum-silicate hollow c and a
ese materials have nanocontainers which can be used for loading 

and releasing corrosion inhibitors [2]. The release of the corrosion inhibitor loaded inside 
halloysite nanotubes can be controlled by pH [3], which provide self-healing effects when the 
corrosion occurs.

We loaded benzotriazole as a corrosion inhibitor into halloysite nanotubes in acetone by 
vacuum/release cycles and the inhibitor loaded halloysite nanotubes embedded in 
zirconia-organosilane sol-gel coating solution. The coating solutions was coated on aluminum
substrates by dip-coating then thermally cured. The corrosion protection properties of the 
samples were analyzed by electrochemical impedance spectroscopy (EIS) and salt-spray 
chamber test. Fig.1 presents the results of EIS of sol-gel coating on aluminum without 
halloysite nanotubes and the impedance and phase angle of the sol-gel coating were 
dramatically decreased after 336h exposure to 0.1 M NaCl electrolyte. NaCl electrolyte
diffused through the coating and lowered the coating’s resistance.

Fig. 1. EIS results of sol-gel coating on aluminum without halloysite nanotubes
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A new peak was appeared in the phase angle curves at low frequency range and this 
indicates the delamination between the sol-gel coating and the aluminum surface. 

However, sol-gel coatings with halloysite nanotubes showed different behavior after 
exposure to the electrolyte as shown in Fig. 2, maintaining the initial impedance and phase 
angle over a wide range of frequencies. Even after 1176 h exposure to 0.1 M NaCl electrolyte, 
sol-gel coating with halloysite nanotubes showed almost same impedance and phase angle. It 
could be explained that halloysite nanotubes played very important role in enhancing the 
corrosion protection of the surface of aluminum by releasing corrosion inhibitor, which was 
consistent with the results of salt spray chamber tests. 
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Fig. 2. EIS results of sol-gel coating on aluminum with halloysite nanotubes 
 
 
[1] J. Y. Seo, M. Han, Nanotechnology, 22, 025601 (2011). 
[2] E. Abdullayev, R. Price, D. Shchukin, Y. Lvov, Applied Materials & Interfaces, 1, 1437 

(2009). 
[3] D. Fix, D. V. Andreeva, T. M. Lvov, D. G. Shchukin, H. Mohwald, Advanced Functional 

Mateirals, 19, 1720 (2009). 
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There are numerous examples of hierarchically structured and highly efficient functional 

materials from mineralized organics in the living nature. Their synthesis and structural 
organization are genetically predetermined and regulated from molecular up to macroscopic 
level. The development of biomimicking methods is an area of tremendous activity for 
engineering advanced materials with regulated structural organization and functionalities 
through easier processability without using an acid or alkali and organic solvents. By applying 
recently developed general approach to biomimicking mineralization [1-3], we could fabricate 
hybrid organic-silica bionanocomposites ranging from hydrogels and adsorbent to biocatalysts 
and photonic materials at mild conditions that closely resemble that of biomineralization.  

 
The key aspect of our approach is in the silica precursor. The generally applied 

tertraethoxysilane is poor water soluble and incompatible with biopolymers owing to the 
alcohol separation after its hydrolysis. We exchanged it for a novel precursor with ethylene 
glycol residues that gave tetrakis(2-hydroxyethyl) orthosilicate (THEOS). The exchange of 
ethanol in tertraethoxysilane makes the precursor completely water soluble, while the 
ethylene glycol separated after the hydrolysis is compatible with biopolymers [1-3]. Its 
mixing with biopolymers does not course the denaturation of proteins and the precipitation of 
polysaccharides. There is also a difference in the mechanism of processes. The silica 
precursor and products of its hydrolysis nucleate on biomacromolecules [3,4]. This leads to 
their mineralization and following encasement in the inorganic matrix. Synthesis is performed 
in one stage at needed pH without recourse to a catalyst. Hybrid nanocomposites thus 
prepared are homogeneous, having mesoporous structure. Their structure and functionality are 
regulated by biopolymers that biomimic the biomineralization processes of living cells.  

Examples are presented by preparation of hydrogels of polysaccharides, which cannot 
jellify aqueous solutions, mesoporous nanocomposites, biocatalysts and photonic materials.  
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 Fig. 1. Main functional materials prepared through the mineralization of biopolymers.  
  
Hydrogels. There is a challenge to provide the jellification of solutions of such practically 

important polysaccharides as chitosan, hyaluronate and cyclodextrin. The mineralization 
results in the formation of cross-linked silica shells surrounding the biomacromolecules [5]. 
Owing to the biocompatibility of components used, the hydrogels thus prepared are promising 
for applications in biomedicine and pharmacology.  
 

Biocatalysts. Enzymes are encased into inorganic matrix by the same mineralization. The 
developed method is ideally suited for the fabrication of biocatalysts. Its main advantage over 
current techniques lies in that the entrapment conditions are dictated by an enzyme, but not 
the processing [6]. We could immobilize very labile proteins that lose their activity after the 
separation even at the appropriate conditions within few hours [7]. The entrapment into the 
inorganic matrix resulted in a sharp increase of their lifetime.  
 

Photonic materials. The transparency of some hybrid biopolymer-silica nanocomposites 
makes them appropriate for optics. Their doping by additives, e. g. dyes and nanoparticles of 
noble metals, enables one to functionalize further the optical properties. It was found by 
examining under the action of ultrashort (femtosecond) laser pulses that some tailored hybrids 
demonstrated high third-order nonlinear susceptibility and high-speed optical response. Their 
nonlinear refractive index was about three orders of magnitude greater than that of fused silica, 
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which at present is widely used to fabricate nonlinear photonic materials. Easy preparation in 
one stage and low price make these biopolymer-silica nanocomposites are promising for 
developing novel type of photonic materials.  

 
[1] Y. Shchipunov, J. Colloid Interface Sci., 268, 68 (2003). 
[2] Y. A. Shchipunov, T. Y. Karpenko, Langmuir, 20, 3882 (2004). 
[3] Y. A. Shchipunov, in Bio-Inorganic Hybrid Nanomaterials, Eds. E. Ruiz-Hitzky, K. Ariga, 
Yu. M. Lvov, Wiley-VCH, Weinheim, p. 75, 2007.  
[4] Y. A. Shchipunov, A. Kojima, T. Imae, J. Colloid Interface Sci., 285, 574 (2005).  
[5] Y. A. Shchipunov, T. Y. Karpenko, A. V. Krekoten, I. V. Postnova, J. Colloid Interface Sci., 
287, 373 (2005).  
[6] Y. A. Shchipunov, T. Y. Karpenko, I. Y. Bakunina, Y. V. Burtseva, T. N. Zvyagintseva, J. 
Biochem. Biophys. Methods, 58, 25 (2004).  
[7] Y. A. Shchipunov, Y. V. Burtseva, T. Y. Karpenko, N. M. Shevchenko, T. N. Zvyagintseva, 
J.Mol. Catal. B. Enzymes, 40, 16 (2006).  
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nanocomposite superhydrophobic coating during 50 h does not exceed 1–3° at different points 
along the sample, indicating the extremely high anticorrosion protective action of the 
nanocomposite superhydrophobic coating (Fig. 2). 

The analysis of potentiodynamic polarization data in conjunction with EIS spectra and 
appropriate equivalent circuit models enabled us to conclude that corrosion processes with 
nanocomposite superhydrophobic coating is inhibited much more effectively.  

The mechanisms of inhibition for 
nanocomposite superhydrophobic 
coatings, as follows from 
electrochemical and wettability data, is 
related to very low portion of coating 
area (less than 3% of real surface) 
being in a real contact with electrolyte 
solution, the higher ohmic barrier for 
corrosion reaction, and the shift of free 
corrosion potential towards positive 
values, generated by the hydrophobic 
or the superhydrophobic layers. 

Moreover, the bioactive composite 
coatings containing hydroxyapatite had 
been developed for implant surgery. 

Thus, the results of analysis of presented 
experimental data enable one to conclude: the 
composite coatings formed on the base of 
PEO with using of polymer and inorganic nanosized powders significantly enlarge a practical 
application of different constructional materials. 

 
[1] S. V. Gnedenkov, S. L. Sinebryukhov, Compos. Interfaces 16, 387 (2009). 
[2] S. L. Sinebryukhov, A. S. Gnedenkov, O. A. Khrisanfova, S. V. Gnedenkov, Surf. Eng. 
25(8), 565 (2009). 
[3] S. V. Gnedenkov, O. A. Khrisanfova, S. L. Sinebryukhov, A. V. Puz’, A. S. Gnedenkov, 
Mater. Manuf. Processes 23, 879 (2008). 
[4] S. V. Gnedenkov, O. A. Khrisanfova, A. G. Zavidnaya, S. L. Sinebryukhov, V. S Egorkin, 
M. V. Nistratova, A. Yerokhin, A. Matthews, Surf. Coat. Technol., 204, 2316 (2010). 
[5] S. L. Sinebryukhov, A. S. Gnedenkov, D. V. Mashtalyar, S. V. Gnedenkov, Surf. Coat. 
Technol. 205, 1697 (2010). 
[6] S. V. Gnedenkov, S. L. Sinebryukhov, V. S. Egorkin, D. V. Mashtalyar, D. A. Alpysbaeva, 
L. B. Boinovich Colloids Surf., A, 383, 61(2011). 

Fig. 2 The evolution of contact angle with time after 
drop of brine deposition. 
2 – PEO-coating; 3 – composite hydrophobic coating; 4 
– nanocomposite superhydrophobic coating. Solid lines 
are used to guide the eye [6]. 
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Surface Modification of Rubber by Preferential Segregation of  
Inorganic Materials 
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Department of Applied Chemistry, Kyushu University, Japan 
 
Introduction:  Recently, the construction of highly-functionalized polymer surfaces has been 
desired for applications in variety of fields.  Various chemical or physical processes such as 
plasma and corona treatments, graft-polymerization, sputtering, or metal coating are popular 
to modify, or improve, properties and functions at polymer surfaces [1].  Although these 
methods have a tremendous potential, they also possess the drawbacks of fabrication cost.  
Thus, an alternative cost-effective method to realize the surface modification of polymers 
should be established.  We here present a simple and easy method to construct a 
weatherproof surface for polymers based on the voluntary segregation of inorganic material. 
Experiments:  As matrix polymer and surface 
modifier, polyisoprene (PI) and tetraethoxysilane 
(TEOS) were used.  A number-average 
molecular weight of monodisperse PI was 392k.  
In order to promote hydrolysis of TEOS,  
ethanol, H2O, and hydrochloric acid (HCl) were 
mixed with TEOS.  A ratio of ethanol, H2O, and 
TEOS was equimolar.  HCl was used as a catalyst at a fixed molar ratio of 0.05 to H2O.  
The solution was stirred for 2 hours at 333 K under ambient atmosphere.  The mixture of PI 
and TEOS were prepared by mixing tetrahydrofuran solution of PI and hydrolyzed TEOS 
solution, and the mixing ratio of PI and TEOS was fixed to be (95/5) in weight.  The 
PI/TEOS blend films were spin-coated from a mixed solution onto hydrogen-passivated 
silicon wafers.  The films were annealed for 24 h at 333 K under ambient atmosphere.  Fig. 
1 shows the schematic illustration for sample preparation.  The chemical composition in the 
vicinity of the PI/TEOS blend film surface was examined by angular-dependent X-ray 
photoelectron spectroscopy (ADXPS) over a range of take-off-angle for photoelectrons from 
15 to 90 °.  Anti-oxidant property for the films was judged on the basis of the surface 
roughness after the O2 plasma treatment.  Surface morphology of the films was observed by 
atomic force microscopy (AFM). 
Results and discussion:  Fig. 2 shows the sin  dependence of integral intensity ratio of Si2p 
to C1s (ISi2p/IC1s) for a PI/TEOS blend film.  Closed circles are the experimental data, and the 
solid curve denotes the best-fit one.  The ISi2p/IC1s value increased with decreasing sin , 
corresponding to the analytical depth.  Assuming that the concentration of TEOS component 
exponentially decays with increasing depth [2], the relationship between real depth and the 
atomic ratio of silicon to carbon (nsi) was extracted.  The inset of Fig. 2 shows the result.  It 

Fig. 1. Schematic illustration for sample preparation. 
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is clear that the TEOS component was 
gradually enriched toward the surface.  
This implies that the cross-linked Si O Si 
bonds were formed at the surface through 
the sol-gel process of TEOS.  Thus, it is 
expected that the inorganic network vests 
mechanical strength to the surface of the 
rubber films. 

In general, plasma irradiation induces 
morphological changes in the surface of 
polymer materials due to the chain scission.  
Hence, the surface morphology for the films 
was observed before and after plasma 
irradiation, leading to discussion about 
anti-oxidant property for the sample.  Fig. 
3 shows the surface morphology and 
cross-section profiles of untreated and 
treated films for the PI and PI/TEOS blend.  
Root-mean square (RMS) roughness is 
given below the surface morphology in Fig. 
3.  The surface of the PI film became 
rougher after the plasma treatment.  On the 
other hand, no significant change was 
observed at the surface in the PI/TEOS 
blend film.  This means that the 
anti-oxidant property of the PI film was 
remarkably improved due to the surface 
segregation of TEOS via the formation of 
the inorganic network. 

In conclusion, we have succeeded in the construction of PI film with the stiff surface layer 
based on the surface segregation of TEOS.  We believe that this technique greatly simplifies 
the preparation of highly-functionalized polymer surface and possesses a certain potentiality 
for industrial applications. 

 
References 
[1] Stamm, M. Polymer Surfaces and Interfaces: Characterization, Modification and 

Applications; Springer: Verlag, Part 1, 2008. 
[2] D. Kawaguchi, K. Tanaka, T. Kajiyama, A. Takahara, and S. Tasaki, Macromolecules, 36, 

6824 (2003). 
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Fig. 3. Surface morphology (a, b) and cross-section 
profiles (c, d) along lines in (a) and (b) for a PI film 
(a, c) and a PI/TEOS blend film (b, d). 
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Abstract 

Biofunctional plasma-polymerized thin films prepared from amine-containing saturated 
(propylamine) and unsaturated precursors (allylamine and propargylamine, respectively) were 
investigated in terms of the deposition rate, polymerization kinetics and thin film morphology 
as function of the applied power. On the other hand, surface chemistry (N/C ratio and imine 
content) was believed to govern the growth of L-929 fibroblast cells on the prepared 
amine-functionalized surfaces. The obtained results allow the relationships between the 
deposition kinetics, the physicochemical and biological response of the amine plasma 
polymers to be quantitatively elucidated. 
 
1. Introduction 

Materials contain amine functionality attract great interests for their wide-range 
applications in membranes for wastewater treatments [1-2], functionalization of carbon 
nanotubes or microspheres [3], biocompatibility improvement in biomedical materials [4-5], 
microfluidics [6], and in sensor fabrications [7-9]. The creation of amine functions by using 
plasma polymerization provided great advantages including single-step, solvent-free and rapid 
fabrication for the deposition of pinhole-free thin films [10]. The precursors employed to 
integrate amine functionalization by plasma polymerization was extensively reviewed [11]. 
However, it was observed that allylamine, a C3 amine (amine conjugated with three carbons) 
with double bond of =CH2 group, is extensively studied, with examples in application as 
coating layer on biomaterials such as polyethyleneterephtalate [12], polystyrene and 
polyethylene powder [13], stainless steel stents or on aluminum [14], in the fields of sensor 
technology [15], as well as for DNA immobilization [16]. The mechanism of allylamine 
plasma polymerization has been reported and reviewed by different research groups [11,17]. 
Nevertheless, the comparisons among plasma polymerizations with other C3 amine molecules, 
i.e. propylamine [18-19] and propargylamine [18], were less reported. Moreover, due to the 
highly complex course of plasma polymerization, the supporting literature detailed the 
relationships between the deposition kinetics with the physical-chemical properties of plasma 
polymers were less reported [20-22].  

In this study, we prepared amine-containing plasma polymers from C3 amine monomers 
with different conjugation degree. The variance in saturation degree leaded to different 
deposition kinetics. Furthermore, we found that the created amine plasma polymers showed 
direct effects on the growth of L-929 fibroblast cells where the higher N/C ratio and imine 
content promoted higher cell density on plasma polymers. The results, integrating 
experimental data and mathematical calculations, have detailed how greatly the chemical 
structure of monomers influenced the physical-chemical properties of the prepared plasma 
polymers and their application as biofunctional soft materials. 
 
2. Experimental 
2.1 Materials 

Propylamine (99%, boiling point 48 °C), allylamine (99%, b.p. 53 °C), and propargylamine 
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(98%, b.p. 84 °C) were purchased from Acros and utilized as received without further 
purification. Quartz substrate (intrinsic frequency 10 MHz) was purchased from Taitien 
Electronics Co., Taiwan. Si wafer substrate (1 0 0, n-type, Wafer Works Corp, Taiwan) was 

[23]. In brief, Si wafer was cleaned by 
immersing in ethanol-acetone mixture (1:1) to remove organic and inorganic residues. The 
cleaning was assisted by ultrasonic cleaner for 15 min.  
 
2.2 Plasma polymerization 

The polymerization of C3 amines was conducted in a plasma system which was modified 
from the previous work [24]. The system is consisted of three main parts: (i) a reaction 
chamber; (ii) a radio-frequency generator (Huttinger, model PFG 300 RF, Germany); and (iii) 
a vacuum system. In brief, the deposition of all monomers was set at 100 mTorr, 20 sccm, 
heating temperature at 40 °C, for 60 min. The vaporized monomer was introduced into the 
chamber and was polymerized with different applied power (5, 10, 30, 50 W) on quartz and Si 
wafer. Due to overheating issue in our plasma apparatus, applied power more than 50 W is not 
possible at the moment. 
 
2.3 Cell culture  

The cell culture of L-929 fibroblast cells were performed in a humidified incubator with 
temperature 37 °C and 5% CO2 control. All culture media were purchased from Sigma: 
Dulbecco's modified eagle medium (DMEM-high glucose); trypsin, lyophilized powder; 
EDTA; fetal bovine serum; sodium bicarbonate; sodium pyruvate; and l-glutamine. The L-929 
cells were cultivated for 24 h, with the initial cell density of 20,000 cells/mL. Cell fixation 
prior to SEM analyses was carried out by immersing cells in 0.2% (10 min, 4°C) and 2.5% 
(60 min, 4°C, twice) glutaraldehyde, respectively. For SEM imaging, the L-929 fibroblast 
cells were dehydrated by applying a gradient of ethanol concentrations from 30 to 90%, (30, 
40, 50, 70, 80 and 90 %, 10 min for each concentration) and 99.5 % (10 min, 3 times) 
sequentially, at room temperature. The drying process was completed by critical point drying 
(Tousimis® Samdri® PVT-3B). 
 
2.4 Thin film characterizations 

The amount of the deposited polymers on quartz substrate was quantified by quartz crystal 
microbalance (ANT Technologies Co., model ANTQ3000, Taiwan). The wettability of the 
surface was evaluated by measuring the static contact angles (Sindatek) with deionized water. 
At least five droplets were measured for each position, with 1 mL droplet volume. The cell 
morphology of L-929 fibroblasts on different surfaces was observed by using scanning 
electron microscopy (SEM, JEOL JSM-6300). The chemical composition of the plasma 
polymerized thin films was determined by electron spectroscopy for chemical analysis 
(ESCA). Thermo VG Scientific Theta Probe Instrument with monochromatic source of Al-K  
(1,486.6 eV), with other details were described in our previous work [24]. The surface 
concentration of primary (NH2) and secondary (NH) amine groups was determined by the 
derivatization technique employing trifluoromethyl benzaldehyde (TFBA) and trifluoroacetic 
anhydride (TFAA), with the derivatization mechanism reported elsewhere [17]. The 
derivatization was performed by exposing the plasma polymer films 30 and 10 min with 
TFBA and TFAA vapor, respectively, in a sealed container at ambient condition [25]. The 
primary and secondary amine concentrations were obtained from surface fluorine and carbon 
concentrations analyzed by ESCA on the derived samples.   

 
3. Results 

Plasma polymerizations by using three different C3 amine monomers were carried out and 
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the prepared thin polymer films were characterized by ESCA. The deposition rate was 
evaluated by QCM measurement. The stability of the deposited thin films was examined by 
ESCA analyses by immersing the samples in PBS for 48 h. Cell-surface interactions were 
studied by culturing L-929 fibroblast cells directly on surfaces prepared from the three C3 
amine plasma polymers. 

 
3.1 The deposition of the C3 amine plasma polymers 

The plasma polymerization was performed under 100 mTorr with power ranged from 0-50 
W, in a relatively low deposition rate (ng/s). For all the three C3 amine monomers, the 
deposition rate revealed a nearly linear relationship as function of the applied power (Fig. 1).  

 
Fig. 1. Deposition rate of C3 amine monomers by plasma polymerization as function of applied power. 

 
A set of linear fittings was applied to show the linearity and indicate the deposition rate, as 

tabulated in Table 1. It is noted that as the degree of unsaturation in monomers increased 
(monomers containing double- or triple- bonds), the deposition rate ratio was increased to 
1.92 folds and 6.32 folds for allylamine (PPA) and propargylamine (PPG) relative to that of 
propylamine (PPP, 1.00). At the highest applied power utilized (50 W), the deposition rate 
was 0.61, 1.30, and 4.04 ng/s for plasma polymers deposited from propylamine, allylamine, 
and propargylamine, respectively.  

 
Table 1. The kinetic parameter for the deposition rate of plasma polymers. 

Parameters PPP PPA PPG 
Deposition rate constant Kdep  (10-14 s2/m2) 1.314 2.520 8.301 
Kdep/(Kdep PPP) ratio 1.000 1.917 6.317 
R2 0.937 0.971 0.991 

 
3.2 ESCA surface characterizations  

The chemical composition of the plasma polymerized C3 amines (50 W, 60 min) was 
examined by ESCA. The wide-scan spectra exhibited three peaks corresponding to carbon 
(C1s, 284.6 eV), nitrogen (N1s, 398 eV), and oxygen (O1s, 533 eV) (data not shown), as 
summarized in Table 2. The existence of oxygen is probably due to the oxidation originated 
from oxygen residue in reactor during the plasma polymerization or caused by atmospheric 
exposure after the deposition [17]. More than 15% of nitrogen was successfully incorporated 
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by using all the C3 amine monomers where the deposition of PPA incorporated a higher 
nitrogen content (16.4 %, N/C ratio = 0.219) than that of PPP (15.6 %, N/C= 0.198) and PPG 
(15.0 %, N/C= 0.189). 

 
Table 2. The chemical composition and the ESCA high-resolution C1s peak deconvolution of plasma 

polymerized C3 amines. 
Plasma polymer  PPP PPA PPG 
Covalent bonds  1 2 3 
C (%)  78.7 74.7 80.8 
O (%)  5.7 8.9 4.2 
N (%)  15.6 16.4 15 
N/C (%)  19.8 21.9 18.9 
CI (284.6 eV) C-C (%) 72.0 68.5 64.8 
CII (285.5 eV) C-N (%) 9.2 8.7 13.9 
CIII (286.1 eV) C=N, C-O, C-C N (%) 16.5 17.1 14.2 
CIV (287.6 eV) CO-NH, C=O (%) 2.3 5.7 7.1 
R2  0.99 0.99 0.99 

 
The ESCA high resolution spectra of the plasma polymers were normalized to 284.6 eV 

(CI for C-C binding), the main carbonaceous backbone structure. The nitrogen-containing 
C-N bindings were deconvoluted to CII (C-N, at 285.5 eV), CIII (C=N; C-O; and C-C N, at 
286.1 eV) and CIV (CO-NH; C=O, at 287.6 eV), (Fig. 2, and Table 1).  

 

 
Fig. 2. ESCA high-resolution C1s spectra of PPP (a), PPA (b), and PPG (c), deposited at 20 sccm flowrate, 100 

mTorr pressure, 50W for 60 min. 
 
The ESCA results showed clearly that PPA possessed the highest nitrogen content, in 

particular CIII (17.1 %), than that of PPP and PPG (16.5 and 14.2 %, respectively). 
Furthermore, some studies demonstrated that nitrile (C-C N) or alcohol (C-O) was found to 
be minor constituent in the CIII peak [26], with imine (-C=N) as the dominant functional 
groups (more than 50% proportion) [18]. The N/C ratio from the wide scan corresponded 
proportionally to the CIII content, suggesting that the deposition of PPA introduced 
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significantly higher imine functionalities than that of PPP and PPG.  
Furthermore, the primary and secondary amine obtained by TFBA and TFAA 

derivatization of each plasma polymer were investigated by ESCA and profiled in Table 3. It 
was demonstrated that the PPA incorporated the most amount of primary and secondary 
amines onto the surface compared to PPP and PPG. Moreover, the secondary amine 
dominated the surface by more than five folds to that of primary amines.  

 
Table 3. Primary and secondary amine content of plasma polymers. 

Amines PPP PPA PPG 
Primary [NH2] 0.61 0.71 0.44 
Secondary [NH+OH] 4.07 6.73 2.39 
Total amines 4.68 7.44 2.83 

 
3.3 Stability of plasma polymerized C3 amine thin films 

For a stability test, two sets of plasma polymers from the three monomers were 
independently prepared (20 sccm, 10 W, 60 min). After immersing the plasma deposited 
amine-containing specimens in PBS for 48 h, dissolution and swelling were not observed for 
the deposited films Moreover, ESCA characterizations tabulated in Table 4 also confirmed 
that there is no significant change in chemical composition of the films after the immersion. 
Thus, it can be concluded that the fabricated films are stable after immersion in PBS, even for 
films produced in low power.  
 
Table 4. Atomic composition of amine-containing plasma polymers before and after immersion in PBS for 48 h. 

Plasma polymer Condition C (%) N (%) O (%) 
PPP Before 77.9 ± 0.7 17.1 ± 1.8 5.1 ± 1.1 
 After 75.0 ± 2.3 14.2 ± 0.5 10.9 ± 2.8 
PPA Before 78.8 ± 0.9 17.2 ± 1.3 4.2 ± 0.5 
 After 75.6 ± 2.3 13.5 ± 0.1 11.0 ± 2.3 
PPG Before 79.5 ± 0.8 15.5 ± 0.1 5.1 ± 0.6 
 After 75.4 ± 0.2 12.0 ± 0.4 12.7 ± 0.1 

 
For all the three plasma polymers, more than 95 % of carbon and nitrogen content were 

preserved and only slight oxidation was detected by about 5 % for PPP, and 7% for PPA and 
PPG which is presumably due to the sample immersion in oxidative condition. It is therefore 
reasonable to conclude that all of the prepared amine-containing plasma polymers were 
exceptionally stable that the superior properties can assist further the applications in surface 
coatings and surface functionalization of biomedical devices. 
 
3.4 Cell responses of L-929 fibroblasts on C3 amine plasma polymers 

L-929 fibroblast cells were directly cultivated on the plasma deposited amine-containing 
thin films (20 sccm, 50 W, 60 min) to investigate the interactions between cells and plasma 
polymers (Fig. 3). On the bare Si wafer, L-929 cells showed spherical morphology with 
limited cell number, close to the initial cell seeding density (20,000 cells/mL on samples with 
1 cm2 surface area), as shown in Fig. 3a). The round shaped cells represented their dormant 
phase under the limited niche for cell growth on Si wafer. On the other hand, the fibroblasts 
showed highly extended pseudopodia on all C3 amine plasma polymerized surfaces (Fig. 
3b-3d).  
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Fig. 3. L-929 fibroblasts cell behavior on surfaces of bare Si wafer (a), PPP (b), PPA (c), and PPG (d). 

 
Quantitatively, on PPP and PPG surfaces, the cell density increased to nearly 1.5 folds of 

the initial seeding density to be about 34,000 and 32,000 cells/cm2, respectively (Fig. 3b and 
3d). Moreover, a greater than two folds of the initial cell density was observed (~40,000 
cells/cm2) exclusively on PPA surface (Fig. 3c). The well spread of L-929 cells verified the 
nitrogen-containing functions promoted effectively the cell attachment on the plasma 
polymers.  
 
4. Discussion 
4.1 The correlations between molecular structure and kinetics 

The result of the plasma polymerization kinetics of PPP, PPA, and PPG showed that the 
difference of the rate constants was not directed by the operational parameters because only 
one set of plasma parameters (i.e. fixed flowrate, temperature, and pressure) was employed. In 
this case, the well known Yasuda parameter for plasma polymerization, W/FM [10], was not 
employed to discuss the mechanism for the deposition rate. The results in this study reported 
that the higher rate constant was obtained for the C3 amine monomer possessed more covalent 
bonds (i.e., for propargylamine plasma polymer). Therefore, the structure of monomers might 
provide the better elucidation on the deposition mechanism for plasma polymerization. 

Fally et al. have demonstrated that plasma polymerization of PPP, PPA and PPG monomers 
showed the deposition rates with ration of 1.0: 2.0: 5.1 (normalized to the Kdep of PPP) [18], 
resembled to the Kdep calculated in this work (1.0: 1.9: 6.3) (Table 5). We therefore analyzed 
and discussed the roles of (i) covalent bond number, (ii) bond length, and (iii) amine bond 
dissociation energy (NH2 BDE), on the deposition rate constant for the three C3 amine 
monomers used in this study (Table 5).  
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Table 5. The relationship between the molecular structure of precursors and Kdep of C3 amines plasma polymers. 

Properties Unit PPP PPA PPG R2 for Kdep 
Covalent bond  - 1 2 3 0.875 
Bond length a [27] Å 1.501 1.337 1.195 0.846 
NH2 BDE kcal/mol 85.7[28] 69.3[29] 38.3 b 0.967 
W/FM [10] 105 kJ/kg 1.222 1.179 1.139 0.860 

Notes: a Bond length [27] is defined as the distance of -C-C (corresponding to bond number= 1), -C=C (bond 
number= 2), and-C C (bond number= 3), for propylamine, allylamine, and propargylamine, respectively.  
b The bond dissociation energy (BDE) of X-NH2 to be X + NH2 for example of propargylamine plasma polymer 
(PPG) is calculated by: 

)(2
0

298,)(2
0

298,)(
0

298, gfgfgf XNHHNHHXH     (1) 

XH f
0

298, = 49.0 kcal/mol [30]; )(2
0

298, gf NHH = 45.4 kcal/mol [31]; while )(2
0

298, gf XNHH = 56.1 

kcal/mol [32]. From eq. 1, the BDE of X-NH2 for PPG is calculated to be 38.3 kcal/mol. 
 

A poor correlation was found for the deposition rate constant Kdep versus the number of the 
covalent bonds and the bond length (R2 < 0.95). On the other hand, a linear relationship was 
clearly shown for Kdep and NH2 BDEs for C3 amine monomers (R2 =0.967 >0.95). It is 
therefore clear that the factor governing the deposition rate constant is principally the 
dissociation energy for the amine bond (NH2 BDE) of the monomers under plasma 
polymerization process.  

 
4.2 Cell response related to surface chemistry of C3 amines plasma polymers 

Previously, we suspected that the wettability of the plasma-polymerized surface is also 
govern the cell attachment. However, the almost identical wettability of PPA and PPG (with 
water contact angle of 53.2 ± 1.9° and 55.8 ± 2.8°, respectively, taken with n= 5) could not 
explain the enhancement of cell density on PPA by ~8000 cells/cm2 compared to PPG. 
Moreover, the concept of wettability still could not describe the similar cell density trend on 
PPP and PPG although the wettability of PPP is very different (38.6 ± 1.4°) with that of PPG 
(55.8 ± 2.8°). For that reason, we deduced that the cell density on amine-containing plasma 
polymers is not related with the wettability, and therefore investigated the effect of the surface 
chemistry of the films toward the cell response.  

Fig. 4. Relationship between surface chemistry of C3 amines plasma polymers towards L-929 fibroblast cell 
density. 
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The plasma polymerization results revealed that the deposition rate of PPG was about three 
to six times higher than that of PPA and PPP. However, the cell adhesion, commonly known 
as a direct reflection of the amount of amine/imine functionalities on the surface of materials, 
did not correspond to the higher deposition rate (thicker plasma polymerized thin film). For 
the deposited PPA, although the amounts of imines (C=N) and nitrogen content (described by 
N/C ratio) were only slightly higher than that of PPP and PPG, the cell density of L-929 
increased significantly (Fig. 4). With 2% difference in N/C ratio and 0.6-2.3% difference in 
imine content, the cell density was improved by 25% (from 32,000 to 40,000 cells/cm2) on 
PPA surfaces.   

The higher nitrogen content incorporated in PPA than that of PPP and PPG under the same 
experimental conditions was also observed in literature [18]. A study of amine derivatization 
reaction by using 2,2,2-trichloroethanol (TCE) showed that 3N/Cl atomic ratio for PPA is the 
highest (47.6) compared to that of PPP (28.6) and PPG (12.5) [18]. The ratio describes the 
amount of N captured by Cl from TCE, indicating the availability of nitrogen content on the 
surface. Furthermore, as exhibited Table 3 and described in Section 3.3, the surface amine 
concentration (especially the secondary amine) is also supposed to have an important role in 
promotion of L-929 growth. The most incorporation of primary and secondary amines in PPA 
(among other plasma polymers prepared in this study) confirmed the trend of prosper L-929 
cells growth on PPA weighed against PPP and PPG. Therefore, both the literature and the 
experimental results from this study suggested that PPA incorporated higher imine and surface 
amine than its analogs (PPP and PPG) and that the imine groups and surface amine 
concentration promoted the growth of L-929 cells significantly.  
 
5. Conclusion 

Amine-containing plasma polymer thin films were successfully prepared from three types 
of C3 amine precursors with different saturation degree. Notable difference in deposition rates 
of about two and six folds was observed from allylamine and propargylamine compared to 
that of propylamine precursors. ESCA characterization identified the increase of the intensity 
of amine functionalities as function of the applied power for the three C3 amine monomers. 

Further analyses on the three C3 amine precursors revealed that the amine bond 
dissociation energy of precursor governed the polymerization kinetics by showing a linear 
relationship with the deposition constant Kdep. Moreover, the cell responses on the C3 amine 
polymerized thin films demonstrated that the imine content and N/C ratio played pivotal role 
in promoting cell adhesion. With the exceptional stability, controllability, and biocompatibility, 
the amine-containing plasma polymers possess vast potential for the application in surface 
coating and the surface modifications for biofunctional materials. 
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   Improvement of the water/oil repellent properties of various kinds of solid surfaces, such 
as metals, ceramics, resins, woods, and fabrics, has been greatly demanded in a wide variety 
of engineering fields. Among the numerous approaches toward this purpose, the use of 
liquid-like thin organic layers, such as less-densely packed monolayers, umbrella/ring-shaped 
monomeric layers, and polymer brush films, is one of the most promising,[1] These organic 
layers exhibit very low energy barriers between metastable states of liquid droplets on the 
surface, leading to the formation of nonhysteretic surfaces (increase in the ease of mobility of 
liquid drops). 
   In this study, we propose a novel coating system for improvement of the water/oil 
repellent properties of solid surfaces using multilayered siloxane-organic hybrids (MSHs). 
MSHs, derived from co-hydrolysis and polycondensation of an alkylalkoxysilane (in the 
present case, decyltriethoxysilane [DTES]) and a tetraalkoxysilane (in this case, 
tetramethoxysilane [TMOS]) mixture, are composed of alternating hydrophobic alkyl and 
siloxane layers with nanometer-scale interval distance between the layers.[2] Use of such 
hybrid materials as coatings offers the advantage that with less densely packed alkyl chains 
due to the presence of condensed silica species between alkylsilyl groups, the monolayer is 
expected to be flexible and to exhibit a liquid-like property. 

MSH film contains decyl (C10) moieties was coated on a glass substrate 
(MSH-C10-glass) according to the previous reports.[2] For comparison, a C10-terminated 
glass substrate (C10-glass) was prepared using DTES vapor. Dynamic water/oil repellency 
was evaluated by contact angle (CA) hysteresis analysis using water and hexadecane as probe 
liquids.[1] 

As shown in Fig. 1-b, our MSH-C10-glass is transparent. The XRD pattern indicates the 
formation of multilayered structure with an 
interlayer distance of about 3.6 nm. (Fig. 1-a 
and c) The CA hysteresis of MSH-C10-glass 
for water and hexadecane was 2° (advancing 
/receding contact angles ( A/ R) = 
110°/108°) and 1° (39°/38°), respectively, 
and droplets of both liquids on this surface 
rolled easily at low tilt angles. On the other 
hand, in the case of the C10-glass, water and Fig.1 (a) Typical XRD pattern, (b) transparency, and (c) 

structural model of MSH-C10-glass. 
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oil droplets pinned to the surface because of the large CA hysteresis (water had a CA 
hysteresis of 33° ( A/ R=110°/77°) and hexadecane formed a thin film on the surface 
( A/ R=<10°/<5°). The C10 chains of the MSH-C10-glass are expected to be loosely packed 
and/or considerably more disordered than those on the glass surface. Such a surface likely 
shows liquid-like properties, resulting in the enhancement of dynamic water/oil repellency. 
Our multilayered siloxane-organic hybrid films showing extremely low CA hysteresis may 
undoubtedly show great potential for transparent water/oil repellent coatings.  
 
[1] (a) A. Y. Fadeev et al, Langmuir, 15, 3759 (1999); (b) A. Y. Fadeev et al, Langmuir, 16, 
7268 (2000); (b) A. Hozumi et al., Langmuir, 26, 2567 (2010); (c) D. F. Cheng et al, 
submitted. 
[2] (a) A. Shimojima et al., J. Am. Chem. Soc., 120, 4528 (1998); (b) A. Shimojima et al., 
Langmuir, 18, 1144 (2002); (c) C. Urata, et al., J. Mater. Chem., 21, 3711 (2011). 
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Liquids on textured solid surface exhibit either one of the two types of wetting, i.e., 

Cassie-Baxter and Wenzel states. In the former, air that is trapped in the groove forms the 
composite (solid/air) hydrophobic surface, while the liquid penetrate into the groove and thus 
the surface wettability is emphasized due to the increase of contact area in the latter. Although 
the static behaviors of those two types of wetting are well understood both experimentally and 
theoretically, dynamical aspects in the wetting phenomena, i.e., the switching or transition 
between those two states, remains an open question.  

In the present study, we focused the dynamics of wetting transition from Cassie-Baxter to 
Wenzel states. The wetting behavior of water and ionic liquids on a fluorinated cycloolefin 
polymer, CYTOPTM (AGC, Japan) was investigated. The nano-scale pillar-patterned on 
CYTOP was prepared by the nano-imprint lithography. The contact angles of water droplet on 
the pillar-patterned surfaces changed between theoretical values of the Cassie-Baxter and 
Wenzel states, whereas ionic liquids (ILs) were clearly in Wenzel wetting state (Figure 1). 
Furthermore, the optical microscopic views of water droplet from the bottom of the textured 
surface revealed that the wetting transition proceeded with drastically different time scale 
depending on the aspect ratio of fabricated patterns (Figure 2). Simple models representing 
the surface energies in Cassie-Baxter, Wenzel, and transient states demonstrated that the 
wetting dynamics, e.g., the progression rate and stability of wetting state, was dominated by 
the energy barrier between Cassie-Baxter and Wenzel states. 
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Figure 1. Contact angle of water and 
various ionic liquids on 230nm pillar 
patterned CYTOP surface.

Figure 2.  Optical microscopic 
observations of Cassie-Baxter to 
Wenzel wetting transition on the 
patterned CYTOP surfaces.
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1Department of Applied Chemistry, Kyushu University, Japan 
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Introduction:  An aggregation structure and thermal motion of polymers at the water 
interface have a huge effect on surface functions such as adhesion, wettability, 
biocompatibility, and so on.  Poly(2-methoxyethyl acrylate) (PMEA) is well known as a 
blood-compatible material.[1]  However, it is still open why PMEA exhibits such an 
excellent property.  Thus, the first trial to solve this problem is to understand the aggregation 
structure and thermal molecular motion of PMEA at the water interface.  We have 
previously succeeded to construct the stable and flat PMEA surface in air by mixing 
poly(methyl methacrylate) (PMMA) into it and successive annealing under an appropriate 
condition.[2]  In this study, the aggregation structure of the blend films at the water interface 
was investigated. 
Experiments:  PMEA with the number-average molecular weight (Mn) of 26 k and the 
molecular weight distribution (Mw/Mn) of 3.23, and PMMA with the Mn of 85 k and Mw/Mn of 
1.09 were used.  PMEA/PMMA blend films with various blend ratios were prepared by a 
spin-coating method onto silicon wafers.  For comparison, PMMA homopolymer and 
PMEA/PMMA bilayer films were also prepared in the same manner.  These films were 
annealed at appropriate temperatures for 6 hours, respectively.  Then, the aggregation 
structure of the blend films was investigated by atomic force microscopic (AFM) observation, 
contact angle measurement, and sum frequency generation (SFG) vibrational spectroscopy. 
Results and discussion:  Fig. 1 shows immersion time dependence of the root-mean-square 
surface roughness (RMS) for the PMEA/PMMA blend and PMMA homopolymer films 
obtained by AFM.  The RMS value for all films in 
water did not change within 24 hours.  AFM phase 
images revealed that the blend surfaces kept being in a 
homogeneous state even after 24 hours in water.  Fig. 
2 shows immersion time dependence of the contact 
angle for the air bubble on the PMEA/PMMA blend, 
PMMA homopolymer, and PMEA homopolymer films, 
respectively.  Although the contact angle values 
decreased with increasing the immersion time in water 
for all films, the decaying behavior was different for 
one another.  Since the blend film surfaces were stable 
even in water observed by AFM, the time course of 

Fig. 1. Immersion time dependence of the 
RMS for the PMEA/PMMA (10/90, 
50/50 wt/wt) blend and PMMA film 
surfaces in water.  The value at 0 hour 
means the RMS obtained at air interface 
(surface). 
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contact angle should not be related to the surface 
roughness.  When the surrounding environment of 
the polymer surface was changed from air to water, 
the structural rearrangement occurs at the outermost 
surface of the films.  Interestingly, in the case of 
PMEA/PMMA (10/90, 50/50) blend and PMEA 
homopolymer films, the measurement must be 
truncated after a time because an air bubble could 
not be contacted with the surfaces.  On the other 
hand, the bubble could attach to PMMA 
homopolymer films even after 24 hours. These 
results indicate that the surface of the 
PMEA/PMMA blend films constructed the similar 
molecular aggregation states to the PMEA 
homopolymer films surface.  According to our 
previous research, the PMEA fraction at the 
outermost surface of the PMEA/PMMA (50/50) 
blend film was 100 vol%.[2]  However, a time, at 
which an air bubble could not adhere to the 
PMEA/PMMA blend film, was longer than that for 
the PMEA homopolymer film.  This means that 
polymer chain rearrangement should be occurred 
not only at the outermost surface but also at the near 
surface of the blend films in order that the 
aggregation state at the outermost surface reaches 
the quasi-equilibrium state of the system.  In order 
to clarify the hydration structure of the blend films 
at the water interface, the local conformations of 
PMEA and water molecule analyzed by SFG 
spectroscopic measurement will be discussed. 
References 
[1] M. Tanaka, T. Motomura, M. Kawada, T. 

Anzai, Y. Kasori, T. Shiroya, K. Shimura, M. 
Onishi, A. Mochizuki, Biomaterials, 21, 1471 
(2000). 

[2] T. Hirata, H. Matsuno, M. Tanaka, K. Tanaka, 
Phys. Chem. Chem. Phys., 13, 4928 (2011). 

Fig. 2. Immersion time dependence of contact 
angle for the air bubble on (a) PMMA, 
PMEA/PMMA ((b) 10/90, (c) 50/50 wt/wt) 
blend, and (d) PMEA films in water. 
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Surface Reorganization in Polymer Film during Contact Angle 
Measurement 

 
Ayanobu Horinouchi, Yoshihisa Fujii, Keiji Tanaka 

Department of Applied Chemistry, Kyushu University, Japan 
 
Introduction:  Static contact angle measurement has been widely used to characterize the 
surface of materials in various fields.  The usual definition of static  is that a probe liquid is 
gently put on the surface of a material which is parallel to the ground.  The surface of a soft 
material reorganizes in response to the surrounding circumstances to minimize the interfacial 
free energy [1].  Such a surface reorganization can sometimes take place even at a 
temperature at which polymers existed in the internal bulk phase are frozen [1].  Thus, it can 
be expected that even for a static measurement, the region beneath a probe liquid structurally 
reorganizes.  In this study, we report the time dependence of the static contact angle on 
poly(methyl methacrylate) (PMMA) using water as a probe liquid. 
Experiments:  Monodisperse PMMA with the number-average molecular weight of 300k 
was used.  The bulk glass transition temperature (Tg

b) of PMMA used here was 405 K.  
Films of PMMA were spin-coated from a toluene solution onto silicon wafers.  The PMMA 
films were annealed under vacuum at various temperatures for 24 h, respectively.  Then, 
time dependence of water contact angle on each film was measured.   
Results and discussion:  Fig. 1 shows the time (t) dependence of contact angle ( (t)) for 
PMMA films.  There are two regimes, exponential and linear, for the t-  relation.  The  
value for the film annealed at 433 K was higher than that for the as-spun film at a given time.  
This result indicates that the hydrophobicity at the PMMA surface increased after the thermal 
annealing above Tg

b.  After the initial stage,  monotonically decreased with increasing time.  
Although the decrement of  after 10 s, due to the water evaporation, was comparable with 
each other, it was discernibly different between them at the initial stage.  Sum-frequency 
generation vibrational spectroscopy revealed that the initial  decrease reflects the surface 
reorganization caused by the presence of a water droplet and that the extent was dependent on 
the annealing. 

In conclusion, we measured the contact angle of a water 
droplet on the flat surface of PMMA.  This way to measure 
the 
water induces structural changes of the chains existing in the 
outermost region of the film.  Thus, a static contact angle 

characterized is a soft material, such as a polymer. 
Reference 
[1] K. Tanaka et al. Langmuir, 24, 296 (2008). 

Fig. 1. Time dependence of 
water contact angle for the 
PMMA films. 
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enabled one to conclude that the corrosion process in the defect zone develops predominantly 
at the magnesium/coating interface. 

Fig. 2. SVP mapping on the area of the Mg alloy sample without coating. After immersion in the water 
solution: a) 4-h, b) 16-h, c) 32-h, d) 37-h, e) 49-h, and f) 60-h. 

For the purpose of the evaluation of the intensity of corrosion process at the surface of the 
magnesium alloy the SVP method was also used. As a result of sample's immersion in the 
water the intensive corrosion process by means of formation of the local anodic and cathodic 
regions (blue and red areas, respectively at the Fig. 2a, b, c) have appeared at the surface. Red 
areas (Fig. 2) were a parts of the MA8 sample with more positive values of the potential, blue 
ones- less positive (anodic regions). Appearance of cathodic areas may be caused by existence 
of the intermetallic phase in the magnesium alloy’s composition. These areas during 
immersion time have reduced in size and then turned into anodic ones (Fig. 2d, e, f) under 
influence of the corrosion process. Changing of the potential gradient along the surface could 
be observed during the increasing of time of immersion of the sample in the electrolyte. 
SVP-results testify about of the intensive corrosion process even in the almost pure water and, 
therefore, enable one to emphasize that magnesium alloys need in the reliable anticorrosion 
protection. 

 
[1] A. L. Yerokhin, X. Nie, A. Leyland, A. Matthews, Surf. Coat. Technol., 122, 73 (1999). 
[2] T. H. Teh, A. Berkani, S. Mato, P. Skeldon, G. E. Thompson, H. Habazaki, K. Shimizu, 
Corros. Sci., 45, 2757 (2003). 
[3] A. Ghasemi, V. S. Raja, C. Blawert, W. Dietzel, K. U. Kainer, Surf. Coat. Technol., 202, 
3513 (2008). 
[4] S. V. Gnedenkov, S. L. Sinebryukhov, Compos. Interfaces, 16, 387 (2009). 
[5] S. L. Sinebryukhov, A. S. Gnedenkov, D. V. Mashtalyar, S. V. Gnedenkov, Surf. Coat. 
Technol., 205, 1697 (2010). 
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One-Dimensional Polymer Blend Nanorods with Gradient Composition and 
Gradient Crystallite Distribution 
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2 Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, China 

One-dimensional (1-D) polymeric nanomaterials have drawn significant attention due to 
their unusual properties for the potential applications in mechanical, chemical, optical, and 
electronic devices.[1,2] Novel 1-D nanostructures with specific orientation, polymorphism, 
phase-separated morphology, anisotropic surface, and gradient composition distribution were 
demonstrated.[2-4] Generally, the produced 1-D nanomaterials are considered as uniform 
nanoobjects and its structures along the length direction are identical due to the same 
processes that the whole nanomaterial experienced. However, the high aspect ratio 
(length/diameter) of 1-D nanomaterials opens opportunities to fabricate nanomaterials with 
anisotropic structure and properties, such as gradient refractive index, improved strength 
against thermal stress, gradient mechanical modulus and extraordinary plasticity, for the 
application in functional optical and mechanical nanodevices. 

To explore these kinds of novel nanomaterials, using isotactic polystyrene 
/poly(2,6-dimethylphenylene oxide (iPS/PPO) blends as an example, the polymer blend 
nanorods with diameter of 35 nm were generated by melt-wetting nanoporous anodic 
aluminum oxide (AAO) templates with polymer melts. To assess the composition distribution 
along the nanorod length, the composition, crystallinity and orientation of iPS at different 
positions of nanorods were investigated by micro-Fourier transform infrared spectroscopy 
(micro-FTIR), which makes the structural information in small sections of nanorods from the 
top to the bottom to be spatially resolved. The iPS content in nanorods decreased, while the 
iPS crystallites with 
perpendicular orientation 
increased from top to 
bottom. The 1-D polymer 
nanorods having gradient 
composition and gradient 
crystallite distribution were 
demonstrated in the study. 
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Fig. 1. Schematic illustration of the formation of iPS/PPO blend
nanorods with gradient composition and gradient crystallite distribution. 

[1] C. R. Martin, Science, 266, 1961 (1994). 
[2] M. Steinhart, Adv. Polym. Sci., 220, 123 (2008). 
[3] H. Wu, W. Wang, H. Yang and Z. Su, Macromolecules, 40, 4244 (2007). 
[4] H. Wu, Z. Su and A. Takahara, Soft Matter, 7, 1868 (2011). 
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Facile Synthesis of Mesoporous Carbon Nitrides Using Incipient Wetness 
Method and The Application as Hydrogen Adsorbent 
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1Department of Polymer Science and Engineering, Pusan National University, Korea 
2Department of Chemistry, Advanced Materials Laboratory, Fudan University P. R. China 

Highly nitrogen-enriched mesoporous carbon nitride materials with 2-dimensional (2-D) 
(2D-meso-CN) and 3-dimensional (3-D) mesostructures (3D-meso-CN) were synthesized 
using mesoporous silica as a hard template and cyanamide as a precursor via incipient 
wetness process without using any solvent. The materials were characterized by small-angle 
X-ray scattering (SAXS), X-ray diffraction (XRD), and transmission electron microscopy 
(TEM) for the mesostructure analysis, N2 adsorption-desorption isotherms for surface area 
and pore size distribution, and X-ray photoelectron spectroscopy (XPS) and Fourier-transform 
infrared red (FT-IR) spectroscopy for the composition analysis of frameworks. The 
mesoporous carbon nitride replicas have graphitic-like stacking of carbon nitride sheets in 
mesopore walls. The N/C ratio of the mesoporous carbon nitride replicas is 1.13 after the 
carbonization at 550 oC for 3 h. 2D-meso-CN and 3D-meso-CN have the BET surface area of 
361 and 343 m2g-1, large pore volume of 0.50 and 0.67 cm3g-1, and pore diameter of 27.8 Å 
(for 2D-meso-CN), 24.5 and 80.3 Å (for 3D-meso-CN), respectively.  

Scheme 1. Illustration for the synthesis process of the mesoporous carbon nitrides 2D- and 
3D-meso-CN using incipient wetness method without any solvent. 

Experiments on hydrogen storage were carried out for the application of the 
nitrogen-enriched mesoporous carbon synthesized in this work.  

Fig. 1 shows hydrogen uptakes of 2D-meso-CN and 3D-meso-CN at 77 K (a, b) and 
2D-meso-CN, 3D-meso-CN and FDU-15 at 298 K (c, d, and e) under various pressures. The 
capacity of hydrogen uptake of 2D-meso-CN (1.71 wt%) and 3D-meso-CN (1.56 wt%) have 
higher values at 77 K than at 298 K (0.28 wt% for 2D-meso-CN, 0.25 wt% for 3D-meso-CN). 
And the capacity of hydrogen uptake of 2D-meso-CN was some higher than 3D-meso-CN at 
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77 K and at 298 K under 50 bar. The result may be due to the higher surface area of 
2D-meso-CN (361 m2g-1) than 3D-meso-CN (343 m2g-1). On the other hand, under lower 
pressure (below about 25 bar at 77 K and below about 9 bar at 298 K), the capacity of 
hydrogen uptake of 3D-meso-CN was some higher than 2D-meso-CN at both temperature of 
77 K and 298 K (Fig. 1 and inset in Fig. 1). The result may be contributed to the 
3D-dimensional mesostructure with bimodal mesopores which can generate the easy diffusion 
of hydrogen molecules in mesopores. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Hydrogen uptake of (a) 2D-meso-CN and (b) 3D-meso-CN at 77 K and (c) 
2D-meso-CN, (d) 3D-meso-CN and (e) FDU-15 at 298 K under various pressures. Inset 
shows the hydrogen uptake in the range of 0-40 bar. 

 
The mesoporous carbon nitride materials may have potential applications in the area of not 

only gas-uptake such as hydrogen and carbon dioxide but also methanol fuel cells, catalysis, 
photocatalysis, and electron emission devices. 
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In this study, we aimed to develop a simple and versatile method to prepare anisotropic 

nanoparticles without seeds or templates. Additionally we considered the method from a 
viewpoint of green chemistry. To accomplish these objectives, a catalytic behavior of Au 
nanoparticles (AuNPs) to decompose peroxides was focused. Hydrogen peroxide was selected 
as a convenient reducing agent in an aqueous system, and effects of protecting agents were 
examined on the synthesis of confeito-like AuNPs. Moreover, surface-enhancing effects on 
Raman spectra were evaluated for obtained nanoparticles. These results are useful to design 
anisotropic nanoparticles, which have desirable plasmonic properties for sensors, 
optoelectronic devices, medical therapies and the other applications.  

The synthesis of AuNPs was performed by one pot process at ambient temperature. Briefly, 
an aqueous solution of NaAuCl4 was mixed with a protecting agent (citrate, poly(ethylene 
oxide)-poly(propylene oxide) block copolymer and poly(vinyl pyrrolidone). An aqueous 
solution of H2O2 was added into the solution, and an aqueous solution of NaOH was poured 
there with vigorous stirring. The reaction solution was left overnight at rest to accomplish the 
reaction, and thus the dispersions of AuNPs were obtained.  

In an alkaline condition, NaAuCl4 is reduced by H2O2 and results confeito-like AuNPs with 
diameters of several tens to a few hundred nano-meters. The growth mechanism of these 
AuNPs could be attributed to an autocatalytic reduction by the AuNPs for decomposition of 
H2O2. The detailed structures of AuNPs were different according to the protecting agents 
because of the selective adsorption of the agents onto the crystal faces of Au.  

The AuNPs were also characterized in terms of optical properties. The confeito-like AuNPs 
were purple to blue and indicated broad plasmon absorption in the range from 500 to 
near-infrared region, while the conventional-AuNP has its plasmon absorption only around 
520 nm. The confeito-like AuNPs which were prepared in an aqueous solution of citric acid 
resulted in ~4 times stronger surface enhanced Raman spectra (SERS) than that from the 
conventional-AuNP, although SERS effects of the other confeito-like AuNPs were not 
necessarily strong. The order of enhancement factors corresponded to that of plasmon 
absorption bands. These results mean that the plasmon absorption band is tunable with the 
structures of confeito-like AuNPs to obtain better surface-enhancing effect.  

In this study, it was demonstrated that a one-pot synthesis method could quickly provide 
confeito-like AuNPs with different structures and optical properties. These results would be 
useful to design plasmonic devices.  
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Department of Chemistry, and Laboratory of Advanced Materials, Fudan 

University, Shanghai 200433, P. R. China 

Multiplexed suspension arrays of encoded microspheres offer several advantages over 
planar arrays such as flexibility in target selection, fast binding kinetics, and well controlled 
binding conditions.[1,2] For multiplexed detection a reporter dye is required and the region of 
the spectrum that is occupied by its emission profile is not available for encoding. But for dye 
and Quantum dots encoding materials described above, the interfering with organic reporter 
tags that have excitations in the visible or UV is still a major problem.[3] In the present work, 
we show that this problem could be resoleved by the development of upconversion optically 
encoded microbeads. This encoded bead technology is based on the optical properties of RE 
ions doped upconversion nanoparticles (UCNPs), which are excited in the infrared region 
instead of the UV and visible region to give emission in the visible domain. These UCNPs 
show a high photostability, low toxicity, and their multicolor optical properties can be tuned 
by variation of lanthanide dopants and the host matrix.  In 
particular, it is extremely important to note that there is no 
optical cross talk between the upconversion optical code and 
any reporter dyes. The single wavelength 980-nm continuous 
wave (CW) laser used to excite the upconversion materials 
does not excite dyes which absorb in the visible and UV 
region and, conversely, the upconversion materials are not 
excited by the visible lasers used to excite the organic dyes. 
All these favorable properties have indicated the great 
potential of UCNPs in the multiplexed detection.  

[1]  R. Wilson, A. R. Cossins, D. G. Spiller, Angew. Chem. Int. Ed. 2006, 45, 6104. 

[2]  N. H. Finkel, X. H. Lou, C. Y. Wang, L. He, Anal. Chem. 2004, 46, 353A. 

[3]  M. J. Dejneka, A. Streltsov, S. Pal, A. G. Frutos, K. Yost, P. K. Yuen, U. Muller, J. 

Lahiri, Proc. Natl. Acad. Sci. USA 2003, 100, 389. 

Fig. 1. Fluorescence upconversion microbarcodes for 

multiplexed biological detection
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BIONANOCOMPOSITE FILMS FORMED BY CHITOSAN WITH 
CLAYNANOPARTICLES VIASELF-ORGANIZATION 
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Films of chitosan with clay nanoparticles have been prepared by means of an adopted 
method that was suggested for the jellification of aqueous solutions of this polysaccharide in 
[1-3]. Their self-organization isbased on regulated electrostatic interactions. As clay 
nanoparticles, synthetic saponite was taken. It belongs to smectite type of 2:1 phyllosilicates 
that consist of an octahedral sheet located between two tetrahedral sheets. The thickness of 
these plates is ca. 1 nm and lateral dimensions are 20-40 nm. Negative charges are located on 
their surface. Chitosan macromolecule charge is caused by amino groups of which the pK 
value is equal to ca. 6.3. This means that they are in charged state in slightly acidic or acidic 
media, whereas are uncharged in neutral and alkaline media. This property is used to regulate 
the electrostatic interactions of chitosan macromolecules with clay nanoparticles by 
progressive charging through the gradual acidification of an aqueous solution [1]. By 
following the suggested approach, onecanexclude common phase separation, attaining tothe 
homogeneous distribution of components.  

A study of the bionanocomposites films placed in water revealed that their swelling is 
dependable on the concentration ratio of chitosan to saponate. The minimal water absorption 
was related to the stoichiometric ratio of oppositely charged groups in the polysaccharide and 
clay nanoparticle surface.  

The properties and structure of bionanocomposites films were examined by the dynamic 
thermo-mechanical analysis, small-angle X-ray scattering and scanning electron microscopy. 
It was found that they had the stratified morphology. There were plates of up to 10 m long 
and 20-30 nm thick at the chitosan-saponate stoichiometric ratio. Small-angle X-ray scattering 
examination revealed the presence uniformly distributed heterogeneities. When mechanical 
and thermal properties of bionanocomposite films were studied, a glass state was found. The 
mentioned features led us to the conclusion that there is the self-organization of chitosan and 
saponite nanoparticles into an ordered structure in the course of progressive charging of 
polysaccharide.  

References  

[1].Y. Shchipunov, N. Ivanova, V. Silant’ev.Green Chem.11,1758,2009. 
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The mussel adheres to various surfaces (even polyethylene or teflon surface) in water 
through marine adhesive protein (MAP). It is well known that mussel MAP specifically 
contains “nonstandard” amino acid 3,4-dihydroxyphenyalanine, which works as a 
cross-linking point and interact with surface to give strong adhesion. We synthesized a water 
soluble poly(acrylamide) derivatives having dihydroxyphenyl groups and amino groups as a 
mussel MAP mimetic, and transformed to an adhesive hydrogel by aerobic oxidation. The 
resulting MAP mimic hydrogel was used as adhesive for aluminum plates.  

Two types of acrylamide derivatives containing Boc protected 
amino group and triethylsilyl protected dihydroxyphenyl group 
were copolymerized with hydroxyethylacrylamide by AIBN 
initiator. Protective groups in the resulting copolymer were 
removed by acid hydrolysis to give water-soluble MAPs mimetic 
polymer (Scheme 1).

The obtained MAP mimetic polymer was dissolved in phosphate buffer solution (pH=8.0) 
to proceed cross-linking reaction.  The solution gradually became viscous under ambient air 
atmosphere to give a gel within 2 hours (Fig 1), while no gelation 
occurred under argon atmosphere. Addition of thyrosinase 
(catechol oxydase) to the copolymer aqueous solution enhanced 
the gelation rate. The gel was formed within 20 minutes. These 
results indicated that the cross-linking reaction of the synthesized 
MAP mimetic polymer was triggered by oxidation of 
dihydroxyphenyl moieties, which are similar to the cross-linking 
mechanism of natural MAP.   

Two aluminum substrates were put together with the MAP mimetic polymer solution in a 
lapped joint under humid air for 24 hours, forming a rigid gel layer between the aluminum 
substrates.  Lap shear adhesive strength of the adhered specimen was 0.46 MPa, which was 
almost same strength as the synthesized MAP with native sequence reported by Yamamoto.[1] 
The cohesive failure of the adhesive polymer layer took place when the bonded two 
aluminum plates were mechanically deformed in the lap shear test. In this case, the polymer 
gel failed prior to the peeling off from the aluminum plates because 3,4-dihydroxyphenyl 
group in the polymer strongly interacted with metal oxide surfaces through chelate bond 
formation  
 [1] H. Yamamoto, J. Chem. Soc. Perkin Trans. I, 613 (1987) 
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[Introduction]  Recently, a method was established 

for the formation of microtubule (MT) assemblies by 

an active self-organization (AcSO) process, in which 

MTs were crosslinked during sliding motion on a 

kinesin-coated surface, and this was coupled with 

adenosine triphosphate (ATP) hydrolysis. Streptavidin 

(ST) was the glue used to crosslink biotin-labeled MTs. 

So far we have revealed that MTs were self-organized 

into various structures such as bundle, ring and 

network depending on the initial condition of the AcSO process. It was also reported that ring-shaped MT 

assemblies obtained through the AcSO showed preferential counterclockwise (CCW) rotation [Ref. 1]. 

These ring shaped MTs assemblies might be a promising candidate for further development towards 

artificial bio-actuators, where free tuning of CCW rotation to clockwise (CW) rotation is an important 

underlying issue to be addressed.   In this paper, we report on our findings that the preferential rotation of 

ring shaped MTs assembly obtained through AcSO process is significantly affected by the incubation time 

for MTs preparation.

[Result and Discussion]  

MT was polymerized at 37°C in the presence of 

33.6 M tubulin and 0.64M DMSO. Then, MT was 
incubated for each incubation time (30min, 3h, 6h, 9h, 

24h). After 3h of the AcSO, preferential rotation of 

the obtained ring shaped MTs assembly was evaluated 

under a fluorescent microscope. Fig.2 shows the 

result. Drastic transition of the preferential rotation of 

the ring shaped MT assemblies from CCW direction 

to CW direction was observed with the prolongation 

of incubation time for MT polymerization. In this paper we will also discuss this transition in rotation in 

terms of a change in PFs number. 

[Reference] Ref. 1, Kawamura, R.: Kakugo, A.; Osada, Y.; J.P. Gong. Biomacromolucules 2008, 9, 

2277-2282 

Fig.2 Effect of incubation time on the preferentialrotation of  
MTs ring formed by AcSO on kinesin-fixed surface. 
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Biopolymers such as actin, microtubule and DNA are well known for their fascinating in 
vivo self-organization phenomena. Considerable efforts have been devoted to mimic their 
organization process in vitro that produced ring shaped or toroid structures. However, 
understandings of the factors that lead to such assembled structures deserve much more 
investigation to achieve a unified insight of the assembly process, particularly of the 
microtubules. Additionally, the direct in situ observation of the assembly process has not been 
possible yet to demonstrate. We report on the assembly process of microtubules at the 
air-buffer interface that resulted in ring-shaped structures with a uniform size distribution and 
high yield. Using an air-buffer interface control system  combined with the newly developed 
inert chamber system (ICS)  we have also successfully observed the fast ring formation 

process of microtubules at the interface. This is the ever first direct in situ observation of such 
assembly process and probably provides with a valuable discernment in understanding the in 
vivo organizational behavior of biopolymers. 
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Lamellar Bilayers as Reversible Sacrificial Bonds to Toughen Hydrogel 
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Silyl Groups as Substituents of Novel Amorphous Compounds 
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Amorphous substances such as amorphous metals, metallic glasses, low-temperature glass 

matrices, and starburst-shaped molecules are formed by cooling their liquid or gas states.  
We report novel organosilicon amorphous compounds which show amorphous phases as 
mesophases between solid and liquid phases in both heating and cooling processes. 
p-Terphenyl derivatives containing an alkyldimethylsilyl group (e.g. compound 1) were 

synthesized.  The measurement of differential scanning calorimetry (DSC) showed that these 
compounds exhibit mesophases between solid and liquid phases (Fig. 1).  The mesophases 
showed no reflections in X-ray diffraction, and only dark fields were observed by a polarizing 
microscope.  These results show that the mesophases lack structural regularity of molecular 
arrangement and are amorphous phases.  We discuss the thermodynamic behavior of these 
compounds on the basis of the effects of substituents on the silicon atom, theoretical 
calculations, and phase diagrams. 
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Fig. 1.  DSC trace of compound 1. 
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Dye-sensitized solar cells (DSSCs) has been considered a promising photovoltaic device, 
which was first reported by Grätzel in 1991.[1] The solar cell is constituted by photo-anode 
nanocrystalline TiO2, a molecular dye, an electrolyte containing a typically iodide/triiodide 
(I-/I3

-) redox couple and counter electrode.[2] However, liquid electrolytes have many 
problems. First, these electrolytes contain volatile solvents which lead leakage and 
volatilization of the electrolyte. Second, there are possibility desorption and 
photo-degradation of the attached dyes, and the corrosion of the Pt counter electrode.[3] Third, 
iodine (I2) which addition to make redox couple (I-/I3

-) is colored and sublimated in air. 
Therefore iodine absorbs lights of visible range and would escape from the cell unless it is 
hermetically sealed.[4] In order to replace liquid electrolyte, many attempts have been made 
such as a polymer matrix in gel electrolytes or polymer electrolytes with 
poly(vinylidenefluoride), poly(vinylidene fluoride-co-hexafluoropropylene), poly(ethylene 
glycol), and poly(ethylene oxide).[5-7]  

In this study, we were applied nonyl phenol ethoxylate (NPE) which had low molecular 
weight as a new matrix in solid type electrolytes for iodine free DSSCs. Four different kinds 
of electrolytes based on NPE were prepared for DSSCs. Theirs photovoltaic performance and 
long-term stabilities were measured by using a Solar Simulator. In Figure 1, the DSSC 
devices using iodine free NPE electrolyte have maintained over 72 % of its initial the overall 
power conversion efficiency ( ) after 1000 hours aging at 80 . The open circuit voltage 
(Voc) was maintained 100 % after stability test for 1000 hours. The DSSCs using iodine free 
NPE electrolyte possessed a better long-term stability than that of DSSCs containing iodine 
NPE electrolyte. 

In order to characterize solid type electrolytes, charge transfer resistance (Rct) of 
electrolytes was examined by Electrochemical Impedance Spectroscopy (EIS) and visible 
light absorption of electrolytes was estimated by UV-visible absorption spectra. In addition, 
on these devices using the solid type electrolyte the nanopore-filled electrolytes into the 
nanocrystalline TiO2 film were investigated by using a Scanning Electron Microscope (SEM).  
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Figure 1. Detailed photovoltaic parameters of a device using polymer electrolyte with 

iodine (solid line) and a device using polymer electrolyte without iodine (dotted line) during 
stored in the dark and air at 80oC. Current density, Jsc (a); Voltage, Voc (b); Fill Factor (c); 

 
 

[1]B. O. Regan and M. Grätzel, Nature 353, 737 (1991). 
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[5]Y. Yang, J. Zhang, C. Zhou, S. Wu, S. Xu, W. Liu, H. Han, B. Chen and X.Z. Zhao, J. Phys. 
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[6] E. Stathatos, P. Lianos and C. Krontiras, J. Phys. Chem. B 105, 3486 (2001). 
[7] J.K. Lee, S.I. Jang, Y.G. Kim, Y.W. Jang, B.H. Jeong, J.U. Kim, K.S. Jung and M.R. Kim, 
Molecular Crystals and Liquid Crystals 491, 307 (2008). 
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We aimed at creating tunable single chain magnets through light- or heat-induced 

metal-to-metal charge transfers (MMCTs). The reaction of Li[Fe(bpy)(CN)4] (bpy = 
2,2'-bipyridine), Co(ClO4)2·6H2O, and 4,4'-bipyridine in water produced block-shaped 
crystals of {[Fe(bpy)(CN)4]2Co(4,4'-bipyridine)}·4H2O (1). The crystal structure comprising 
neutral bimetallic [Fe(bpy)(CN)4]2Co(4,4'-bipyridine) layers with uncoordinated water 
molecules located between the layers. Magnetic measurements show that t
4.20 cm3mol 1K per Fe2Co unit at room temperature, corresponding to the presence of one 
CoII

HS and two FeIII
LS with significant orbital contributions. On cooling, t

remained nearly constant between 300 and 250 K. However, slowly decreasing the 
temperature (0.5 K min 1) from 250 to 200 
reaching 1.70 cm3mol 1K at 200 K. In contrast, on heating (0.5 K min 1

increased and returned to the initial value with a small thermal hysteresis loop. Such a 
magnetic feature confirmed a reversible charge-transfer process that involved transformation 
between the high-temperature (HT) phase with FeIII

LS (S = 1/2) and CoII
HS (S = 3/2) metal 

ions and the low-temperature (LT) phase with diamagnetic FeII
LS (S = 0) and CoIII

LS (S = 0) 
centers.  

Irradiation with a 532 nm laser light induced a valence state change from the FeII
LS CoIII

LS 
state to the FeIII

LS CoII
HS state. After irradiatinon, the spin topology changed from discrete 

clusters to one dimensional, and SCM behavior would be expected considering the negative 
anisotropy constant D of CoII, strong intrachain magnetic interaction transmitted via the 
cyanide bridge, and weak interchain magnetic interaction transmitted via 4,4'-bipyridine and 
hydrogen bonding. Upon light irradiation at 5 K for more than 12 h, a significant increase in 
T values was observed because of the photoinduced transformation from diamagnetic 

FeII
LS( -CN)CoIII

LS to metastable paramagnetic FeIII
LS( -CN)CoII

HS units. To investigate the 
dynamics of the magnetization, the alternative current (ac) magnetic susceptibility was 
studied as a function of both temperature and frequency. Variable-temperature ac 
susceptibility measurements revealed a strong frequency dependence of both in-phase ( ') and 
out-of-phase components ( ''), as observed in other SCMs. The in-phase ac susceptibility 
showed a frequency independent peak at 3.8 K, which might be due to the weak interchain 
antiferromagnetic interactions, as suggested by the fact that the maximum of '' decreased 
with decreasing frequency. A semicircular Cole-Cole diagram ( '' versus ') was constructed 
from the variable-frequency data collected at 1.85 K, and was fit to a generalized Debye 
model, giving an  value of 0.34. This analysis demonstrated that the state of 1 after 
irradiation is an antiferromagnetic ordered phase of SCMs. 
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Energy shortages and environmental pollution are serious challenges that humanity 
will face for the long-term. Hence, we are encouraged as researchers to find an alternative 
source of energy. Fuel cells (FCs) are electrochemical devices with high energy 
conversion efficiency, minimized pollutant emission and other advanced features, and are 
receiving a great deal of attention. Polymer electrolyte membrane fuel cell (PEMFC) is a 
type of FCs in which conductive polymers are used as electrolytes and carbon-supported 
dual-layer catalyst are used as electrodes. Most of the present PEMFC are using Nafion 
polymer as a proton conducting membrane, however it functions only in a highly 
hydrated condition which limits its operation at low temperature. On the other hand,
carbon black/platinum (CB/Pt) is typically used as a catalyst to accelerate the speed of the 
electrochemical reactions at the electrode sides. This composite has also unfavorable 
interfacial structure for FCs durability and performance. Accordingly, understanding how 
membrane structures and porous electrodes influence the FC performance has a scientific 
and industrial interest. 

18 m

Image a Recently, polybenzimidazole (PBI) was recognized as a 
high temperature conducting polymer, overcoming several 
challenges for PEMFC technology. Our group [1] tested a FC 
containing PBI as membrane and carbon nanotube composites 
(CNT/PyPBI/Pt) at the electrode sites. Successfully, we found 
promising FC properties. 

Here, we tried to modify and optimize the measurement conditions of our FC by 
controlling the ionic transport which represents a significant voltage loss and strongly 
reduces the FC performance, in addition to designate highly conductive polymer 
composite electrodes. 

Fig. 1 
By assembling a thin polymer electrolyte membrane of PBI 

(18 m; image a), the performance of the cell was enhanced 
due to the decrease of ionic resistance (Figure 1). The open 
circuit voltage was recorded to be 1.0 V. The limiting current 
density became 1800 mA/cm2. The cell power density was 
highly improved and reached around 250 mW/cm2, comparing 
to 110 mW/cm2 [1]. 

[1] K. Matsumoto, T. Fujigaya, K. Sasaki, N. Nakashima, J. Mater. Chem. 21, 1187 (2011). 
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Periodic Mesoporous Organosilicas with Amphoteric Ligand 
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Periodic mesoporous organosilicas (PMOs) are a novel branch of ordered hybrid 
mesoporous materials in which the organic fragments are regularly distributed within the 
framework. The introduction of ligand functionality in the framework of the mesoporous 
silica materials is potentially advantageous for the various types of applications including 
catalyst, adsorption of metal ions and drugs. It is possible to control the properties such as 
adsorption capacity, surface hydrophobicity and thermal as well as mechanical properties by 
changing the nature and distribution of functional groups in the hybrid mesoporous silica. 
   In the present work, we have successfully synthesized well ordered hexagonal PMOs 
through co-condensation of bissilylated diaminomaleonitrile ligand (BSDAMN) and 
tetraethylorthosilicate (TEOS) as a silica source, using a triblock copolymer (Pluronic P123) 
as a structure directing agent in acidic medium with various BSDAMN to TEOS ratios. The 
surfactant was removed by solvent extraction method using 1% HCl-ethanol solution at 60 C.
The diaminomaleonitrile siloxane precursor was characterized by 1H and 13C-NMR
spectroscopic techniques. The bridged functionality was incorporated into the material as a 
bridge-bonded group, and the nitrile group of the ligand was chemically modified into 
amidoxime with hydroxylamine reagent. 
   Silica materials were characterized by powder X-ray diffraction, Tranmission electron 
microscopy (TEM), Fourier-transform infrared (FT-IR) spectroscopy, N2 sorption isotherm, 
29Si and 13C CP MAS NMR spectroscopic analyses, and thermogravimetric analysis (TGA). 
The morphologies of the materials were identified by scanning electron microscopic analysis. 

References 
1. S. Matsumoto, T. Kobayashi, T. Aoyama, T. Wada, Chem. Commun., 1910 (2003). 
2. S. H. Kim, S. Matsumoto, Dyes and Pigments, 72, 406 (2007). 

Fig. 1. XRD patterns of PMO materials 
with the different content of BSDAMN.
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Polymer based nanocomposite materials have been investigated due to the possible and 
versatile modification of the materials performance (mechanical strength, thermal stability, 
gas barrier or flammability) by the incorporation of small amounts of nanosized inorganic 
particles.  The confinement of polymers in nanospaces has also been investigated for long 
time, for example water soluble polymers are known to be intercalated into clay.[1]  The 
polymer content directly correlates the interlayer expansion of clay, meaning the two 
dimensional nanospace with designable gap (distance between the adjacent layer) can be 
created[2] to be used for the guest immobilization.[3]  In the present study, we prepared dye 
and polymer co-intercalated clay hybrid to show the height of the interlayer 2-dimensional 
nanospace is varied by the polymer content and how the interlayer expansion affects the 
photoinduced event of the intercalated dye.   

For this purpose, a synthetic saponite (Sumecton SA) was used as the host material, water 
soluble polymer, poly(vinyl pyrrolidone) (PVP), was used as the guest polymer to be 
intercalated and Small amount (0.1-1% of cation exchange capacity of Sumecton SA) of 
rhodamine 6G (R6G), which is a useful photoluminescent dye, was intercalated into the 
synthetic saponite before the intercalation of polymer.  In addition, the photostability of R6G 
in clay polymer intercalation compounds was examined.   

R6G and PVP co-interlcalated smectite (R6G-PVP-SA) films were prepared by cation 
exchange of SA (2 g) in aqueous solutions of R6G (200 mL) at r.t. for 1 day.  Then, PVP 
was added to the R6G-SA intercalation compound and the mixture was allowed to react at r.t. 
for 1 day.  The loading amount of R6G varied from 0.1 to 1 % of the cation exchange 
capacity of SA (71 meq. / 100 g of clay).  The suspension (2 mL) was cast on a flat glass 

Scheme 1. Schematic drawings of R6G-PVP-SA films. 

PVP to clay weight ratio= 1 

ca. 5 nm 

R6G 

PVP to clay weight ratio= 2.5 
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plate (30x30 mm) and dried under air at r.t.  The amount of the added PVP was 1: 0-5 (the 
weight ratio of R6G-SA intercalation compound: PVP).   

Fig. 1 shows the XRD patterns 
of the R6G-PVP-SA films to show 
the interlayer expansion varied 
depending on the polymer 
contents.  In order to investigate 
the effect of the interlayer 
nanospace expansion on the 
excited state behavior of the 
co-intercalated R6G, 
luminescence self-quenching 
efficiency was examined as a 
function of PVP content by 
applying Stern-Volmer plot, where 
X-axis was the calculated 
concentration based on the 
interlayer volume and the 
adsorbed R6G amount.  The 
plots shows effective 
self-quenching with the increase 
of the R6G loading and the 
self-quenching efficiency 
(gradient of the plots) was 
increased with the increase of PVP 
content (the interlayer spacing).  
This suggests that the distance 
between adjacent R6G was varied by changing the PVP contents. 

The stability of R6G in R6G-PVP-SA film under artificial sunlight was examined to find 
the degradation of R6G in R6G-PVP-SA film was suppressed dramatically.  This suggests 
that the R6G was stabilized by the intercalation into clays with PVP possibly due to the 
suppressed oxygen diffusion through the film as well as the difference in the relaxation 
processes.  
 
References 
[1] B.K.G. Theng, Formation and Properties of Clay-Polymer Complexes. Elsevier: 
Amsterdam, 1979. 
[2] C. M. Koo, et al., Polymer, 44, 681-689 (2003). 
[3] M. Ogawa and K. Kuroda, Bull. Chem. Soc. Jpn. 70, 2593-2618 (1997). 
 

Figure 1. Representative XRD patterns of the R6G-PVP-SA 
films; R6G amount is 1% of CEC of SA and the weight ratio of 
the added PVP amounts to SA are 0-5.  The inset shows the 
relationship between d001 values and the weight ratio of PVP 
amount to SA. 
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Effect of Solvents on the Synthesis and Characterization of Hydrophilic to 
Hydrophobic Organic-Inorganic Hybrids for Coatings 
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The hydrophilic to hydrophobic organic-inorganic hybrids have been synthesized by sol-gel 
technique using polymethylhydrosiloxane (PMHS), 2,2,3,4,4,4 hexafluorobutylmethacrylate 
(HFBMA), and tetraethyl orthosilicate (TEOS). Initially PMHS was reacted with HFBMA using 
toluene as a solvent by hydrosilylation process under the conditions of 120 °C in N2 atmosphere 
to 24 hours using Pt catalyst. This produces an elastomeric fluorinated polymethylhydrosiloxane 
(FPMHS) precursor by the complete evaporation of solvent using a rotary evaporator. The 
fluorinated polymethylsiloxane/silica (FPMS/Silica) hybrids have been synthesized by the 
reaction of the precursor and TEOS with equivalent amount of water and different quantities of 
ethanol solvent at 70-80 °C for 24 hours. The dispersed hybrids in ethanol were spin-coated on 
glass substrates and thermally baked at 80 °C. The functional groups, chemical structures and 
compositions, surface morphology and their properties of the hybrids have been analyzed by 
FTIR, 1H-NMR, 29Si MAS-NMR, XPS and SEM with EDAX, AFM, XRD and TGA. The 
dynamic contact angles (DCA) to water and ethylene glycol on the coated samples were also 
measured by drop shape analysis system. The prepared hybrid thin films have exhibited good 
transparency and hydrophilic to stable hydrophobic nature by the increase of ethanol amounts.      

Fig. 1. Dispersed solution of FPMS/Silica hybrids with different amounts of ethanol in range 
from 1 to 10 of EtOH/TEOS ratio.            
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Shape Changes in Gold/Silver Bimetallic Systems including Polygonal 
Gold Seeds under Oil-Bath Heating at 150 oC

1. Introduction 
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2. Experimental 
Preparation of polygonal Au seeds:

Preparation of Ag seeds:

Mixing and heating:

 
3. Result and discussion 
3.1 Shape and component changes in mixtures of polygonal Au and spherical Ag 
particles  

3.2 Shape and component changes in products by the addition of polygonal Au particles 
to AgNO3/PVP/EG solution 
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3.3 Mechanisms of shape transformation 

(a) 0 min (b) 10 min (c) 30-60 min

Au
Ag

Au ri  Au/Au/ ch Ag alloyString-like Ag alloy particle

100 nm 100 nm 100 nm

(a) 0 min (b) 10 min (c) 30-60 min

Ag
Au

Au ri  Au/Au/ ch Ag alloyString-like Ag alloy particle

100 nm 100 nm 100 nm  
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4. Conclusion 

5. References 
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New Approaches to Solvothermal Synthesis of Cobalt Ferrite Nanocrystals  

A.V. Zdravkov, J.S. Kadulina, N.N. Khimich  
Grebenshchikov Institute of Silicate Chemistry, Russian Academy of Sciences, 

Makarova emb. 2, St. Petersburg 199034, Russia 

Preparation techniques of spinel-type cobalt ferrite nanoparticles have been investigated 
intensively in recent years because of their potential applications in high-density magnetic 
recording, microwave devices and magnetic fluids. Several processes to produce ferrite 
nanoparticles have been proposed, such as sol-gel method, citrate precursor technique, 
chemical precipitation, electrochemical synthesis, complexometric synthesis, combustion 
method and solid-state reaction. However in most of these methods long reaction time or the 
subsequent heat treatment procedure for improvement of the crystallinity is needed which 
requires the energy consume. The promising method for cobalt ferrite production is the 
hydrothermal synthesis but it requires special equipment. In addition, there are a lot of organic 
solvents boiling at high temperatures which allow carrying out a synthesis of different metal 
oxides at atmospheric pressure without using of autoclaves. We believe that in this case the 
process will strongly depend on structure of solvent (polarity, presence or absence of labile 
proton etc). 

Thus the main goal of this work was to investigate synthetic procedure leading to cobalt 
ferrite with the use of inorganic precursors (obtained by co-precipitation of Co(OH)2 and 
Fe(OH)3 from aqueous solution) treated in high-boiling (b.p. 250–400 ºC) organic solvents 
containing different functional groups – in glycerol, diphenyloxide, oleic acid, butyl oleate 
and oleylamine. It’s necessary to note that despite on amorphous character of precursors 
obtained we have no a simple mixture of hydroxides but a structured system cobalt(II) 
hydroxide – iron(III) hydroxide, i.e. we can talk about formation of the gel “cobalt(II) 
hydroxide – iron(III) hydroxide” during the sol-gel synthesis. We can make such conclusion 
because of the fact that the separate precipitation of cobalt(II) and iron(III) hydroxides in 
analogues conditions leads to a formation of amorphous iron(III) hydroxide and crystalline 
cobalt(II) hydroxide. 

The synthesis in anhydrous media at high temperatures differs considerably from such 
process in hydrothermal conditions. It leads to the formation of unknown adducts of solvents 
with forming spinel-type structures and to unusual behavior of ensembles of nanoparticles 
during synthesis – in some cases the particle size became less with increasing of reaction time 
which was varied between 3 and 72 hours. The resulting precipitates were dried, calcined at 
400–800 ºC and characterized by XRD, TEM, FTIR, elemental analysis and magnetic 
measurements. In addition, we observed some interesting effects during thermal analysis of 



-99-

the precipitates. 
The XRD patterns (Co K   

radiation) of the samples is shown in 
Fig. 1. All peaks are characteristic 
for CoFe2O4 cubic spinel-type 
structure. The absence of foreign 
diffraction lines suggests the phase 
purity. Using Scherrer equation and 
TEM microscopy data (Fig. 2) we 
obtained an average grain size of 
about 10–70 nm (in the case of butyl 
oleate, glycerol, diphenyloxide and 
oleylamine), and about several 
micrometers in case of oleic acid. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

The magnetic behavior of prepared powders strongly depends on the synthetic conditions 
and in particulars on size of obtained particles. Their properties varied from diamagnetic 
(prepared in glycerol) to superparamagnetic (prepared in diphenyloxide and butyl oleate) and 
ferrimagnetic (prepared in oleic acid and oleylamine). 

Fig. 1. XRD patterns of samples prepared in 
oleic acid (top), in oleylamine (centre) and in 
diphenyloxide (bottom) (Co K  ). 

Fig. 2. TEM micrographs of samples prepared in glycerol (top left), butyl oleate (top right), 
oleylamine (bottom left) and oleic acid (bottom right) 
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Saccharides on the cell surfaces play important roles in a living system. Basically, 

protein-saccharide interaction is weak, but it can be amplified by multivalency. The 
glycopolymers, which has pendant saccharides, are known to exhibit the large 
saccharide-protein interaction based on the saccharide assembled structure along the polymer 
backbone. We have investigated the synthesis of glycopolymers using radical initiator.  
    In this investigation, the glycopolymers via living radical polymerization was investigate 
by Reversible Addition-Fragment chain Transfer (RAFT) reagent, and the hybrid biomaterials 
were prepared.  In this investigation, the acrylamide derivatives with saccharides such as 
p-acrylamidephenyl -mannose were used as monomers. The glycopolymers were prepared 
with RAFT reagents, and the polydispersities of the obtained glycopolymers were below 1.5.  
Then the glycopolymers were reduced to yield thiol-terminated polymer, which was 
conjugated to gold nanoparticles and gold substrate.   
   The glycopolymer modified gold nanoparticles showed the specific biological recognition 
to lectins. For example, the glycopolymer modified nanoparticle with -mannose showed the 
colorimetric change with addition of lectins. The addition of concanavalinA (ConA, mannose 
recognition protein) induced the red shift, though other proteins  induce the color 
change. The shifts of the UV spectra were fitted by Langmuir plot, and the dissociation 
constant of Kd was 1.89 x 10-9 (M), meaning the strong molecular recognition ability.  The 
glycopolymer modified nanoparticles were also applied to biosensor of lateral flow assay. The 
lateral flow assay was conducted with the target protein of ConA. The color of nanoparticle 
was observed with addition of ConA.  The glycopolymer via RAFT living radical 
polymerization showed strong protein-saccharide interaction, and was applied as biosensing.  

 
  Figure 1   The synthetic scheme of glycopolymer modified gold nanoparticle via RAFT 
living radical polymerization.  
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Surface Analysis and Degradation Behavior of Poly(l-lactide) by End-group 
Modifications

Won-Ki Lee  
Department of Polymer Engineering, Pukyong National University, Busan 608-739, Korea  

In order to control the initial rate of enzymatic degradation, a biodegradable poly(l-lactide) (PLLA) 
was modified by the incorporation of small amount of poly(dimethyl siloxane) (PDMS) or 
fluorocarbons, both of which are hydrophobic and thus inactive to enzymatic degradation. The surface 
properties of modified PLLAs were investigated by contact angle and x-ray photoelectron 
spectroscopy (XPS) measurements. From the XPS results, the surface layer of both modified PLLA 
films was dominated by the modifiers, PDMS and fluorocarbons which have lower surface energies 
than that of PLLA. The enzymatic degradation was carried out in a 0.1 M potassium phosphate buffer 
(pH 8.5) in the presence of proteinase K. The results indicate a significant retardation of the initial 
enzymatic degradation of the modified PLLA films, presumably due to the increased hydrophobicity 
and decreased enzyme susceptibility of the modified surface layers. 
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Figure 2. Tuning the groove depth of the microwrinkles 
by modulating strain, we explore the capillary action of 
various liquids in microgrooves, which form liquid 
filaments emanating from a large reservoir.  

Shape-Tunable Microwrinkles  

Takuya Ohzono1 and Hirosato Monobe2

1Nanosystem Research Institute (NRI) , AIST, Japan 
2UBIQEN (Kansai), AIST, Japan 

Microwrinkles are mechanically self-organized 
surface undulations with an intrinsic wavelength, 
showing various stripe patterns (Figure 1). The average 
orientation of the stripes is repeatedly altered by 
changing, for example, the direction of uniaxial 
compression applied to the sample; thus, the surface is 
shape-tunable (ref. 1) as is the skins and biological 
membranes. As one possible application, we use the 
unique property for shaping and manipulating liquids, 
because such method are important for micro-
patterning, microfluidics and biosensing, and may 
provide fundamental insights into phenomena in 
confined small spaces. 

 Here, we report a 
simple technique for 
shaping liquids into 
micrometer-scale filaments. 
Microgrooves on 
microwrinkles can function 
as open channel capillaries 
for various liquids with 
appropriate wettabilities. 
Tuning the groove depth of 
the microwrinkles by 
modulating strain, we 
explore the capillary action 
of liquids in microgrooves, 
which form liquid filaments 
emanating from a large 
reservoir (Figure 2, ref. 4). 
Based on this concept, a 
regular array of liquid filaments can be formed over a large area by a simple coating 
method, and these filaments can be further reshaped by exploiting nonlinear changes in 
microwrinkle topography (Figure 3, ref. 3). The liquid micropatterns are also used for 
template for forming Au nanoribbons (ref. 2). This technology shows promise for 
applications in micro-patterning, nano- and micro-reactors, and microfluidics.  

We thank New Energy and Industrial Technology Development Organization 
(NEDO) of Japan for their supports.

   

Figure 1. AFM image of 
mechanically self-organized 
microwrinkles.
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Figure 3 Using the dynamical and non-linear micro-topological change of 
microwrinkles, we demonstrate that the morphology of an array of liquid filaments 
formed on microwrinkle grooves are dramatically and reversibly transformed into a 
regular array of micro-droplets, “dots”, depending on the predefined contact angle.  
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Single-walled carbon nanotubes (SWNTs) are nanomaterials that possess remarkable 
electrical, mechanical, and thermal properties and have been explored for biological 
applications. One of the applications of SWNTs in biology is the cell culture substrate, where 
the unique one-dimensional high aspect structure and hydrophobic nature of SWNTs gave 
better substrate to culture the cells.[1] In addition, SWNTs have unique near-IR (NIR) 
responsive properties such as strong photoabsorption, photothermal conversion and 
photoacoustic generation. In this report, we describe development and application of photo 
responsive SWNT substrate for the cell collection and the cell pattering. These tequniques is 
of interest especially for basic study of cells, stem cell research, organ culture, or tissue 
engineering.  

We have developed SWNT-coated cell culture substrate, 
which enables a single cell collection by irradiating a near-IR laser 
pulse (1064 nm) to the cell of interest (Fig. 1). The mechanism of 
the cell collection is the shock wave generation triggered by the 
photoacoustic effect of the 
irradiated SWNTs. The 
captured cells showed the red 
fluorescent, which clearly 
indicate the cell membrane of 
the removed cells was 
disturbed. 

 As a functional 
analysis for the catapulted 
single cell, we carried out an 
RNA analysis using the 

real-time reverse transcription polymerase chain 
reaction (RT-PCR) technique. We observed an increase 
in the fluorescent intensity corresponding to the gene 
amplification which is extracted from the collected 
single cell (Fig. 2, solid line). Based on the control 
experiment carried out in the absence of the catapulted 
cell that shows a very weak fluorescent (Fig. 2, dotted line), it is obvious that the signal 
originated from the genetic information of the catapulted single cell and the catapulted cell 
retains the genetic information. It is worth emphasizing that a functional analysis using the 
captured single cell is possible [2]. 
 
[1] N. Aoki, T. Akasaka, F. Watari and A. Yokoyama, Dent. Mater. J. 2007, 26, 178. 
[2] T. Sada, T. Fujigaya, Y. Niidome, K. Nakazawa and N. Nakashima, ACS Nano, 2011, 5, 
4414. 

Fig. 2. Monitoring the 
fluorescence on the PCR 
cycles in the presence (solid 
line) and absence (black line) 
of the catapulted cell. 

Fig. 1. Mechanism of 
the cell collection 
upon NIR irradiation.
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1. Introduction
Organic ferromagnets have attracted much attention during the last several decades as their 

possible properties such as low density and good solubility. However, direct calculation for 
such high-spin systems becomes difficult because of the big size of the molecule.  Linear 
scaling ab initio approaches are required for efficient electronic states calculations of large 
systems. The elongation method [1] developed in our group is designed for large systems and 
is analogous to the real synthesis of polymers. This treatment [2] now is applicable for 
theoretical prediction of their ferromagnetism. Our high-spin index Lij

min (Lmin) [3], an index 
used to represent the magnitude of non-disjoint quality and high-spin stability, is incorporated 
into open-shell elongation method and then it's applied to ferromagnetic material design. 
2. Method
2.1. Open-shell elongation method

The open-shell calculation of elongation method is implemented in the same way as that in 
closed-shell elongation method. Suppose that each unit has an unpaired electron with up-spin 
during the calculation and the size of starting cluster (Nst) is two units. In the beginning, the 
eigenvalue problem of A+B part with triplet states is solved with conventional method to 
initiate the elongation method. After that, a localization method is applied to the molecular 
orbitals (MOs) of A+B part, which is then localized into two different sets of MOs. One is 
mainly localized on A part including a lone pair electron, and the other is mainly localized on 
B part including another lone pair electron. In the next step, the A part is frozen and only B 
part is taken into account with the attacking monomer C part with a lone pair electron, as 
shown in Figure 1. After solving the eigenvalue problem of B+C with triplet state, the MOs of 
B+C are localized again in a similar way as those in A+B, and then new attacking monomer 
approaches one by one to the chain. In such a way, we treat the interaction as triplet state by 
solving the constant size Fock matrix based on the RLMO. This treatment is repeated until the 
size of the chain reaches our desired length and finally the obtained chain has the highest spin 
state.

2.2. High-spin stability index Lmin
(1) Method to evaluate Lmin

A B A B+C A B C

A B C+D A B C D

Figure 1. Schematic flow chart of the open-shell elongation method, where up-arrows are up-spin.
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   Given two sets of NBMOs,     
, (1)i ir r j jr rr r

C C  
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(2)ij ir jr
r

L C C  

can be defined as the mixing between NBMOs, where 
Cir is the coefficient of r-th atomic orbital (AO) in the i-
th NBMO[3]. The smallest Lij value, i.e., the  L ij

min value after the unitary transformation 
must correspond to exchange integrals between i-th and j-th NBMOs, e.g., in the case of 
combination of two allyl radicals as shown in Figure 2. In general, we can change the MO 
coefficients of degenerate NBMOs by using a unitary transformation.  

'
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ii

jj  
where

 ' ' ' ', . (4)i ir r j jr rr r
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Then we use the new coefficients to calculate Lmin as 
2' '

min 1
, (5)N N

ir jri j i r
L C C  

and repeat the above procedure in iterative way until convergence criterion is fulfilled. The 
stability of the triplet state of “non-disjoint” type systems can be predicted by the index Lmin 
by which main part of exchange integrals can be expressed. 
(2) Analytical prediction (AP) method  
  We can define LAP searching analytically for Lmin [4] as  

2 22 2 2 2
1 1 1

, (6)N N N N N N
AP jr kr jr j kr k jk j kj k j r j k j r j k j

L c c n c n c n c c  

where jc and kc  are the coefficients of  j-th NBMO and k-th NBMO, respectively, jkn  is the 

number of 2 2
j kc c , N is the number of unpaired electrons of the system. Using “zero sum rule” 

and normalization condition to get 2
jc  and 2

kc , APL  can be calculated for non-disjoint closed-
type,  

2 2
1

, (7)N N
AP jk j kj k j

L n c c aN b  

where a and b are undetermined coefficients. 
3. Results and discussion 
    The relationship between Lmin and E(L-H) is investigated for the following six models.  

  
(1) First, the open-shell elongation method has been tested on the model (b) (see Figure 3) at 
the level of ROHF/STO-3G. The total energy errors between elongation method and 
conventional method are ~10-8 a.u. and the values of Lmin calculated from elongation method 

Figure 2. Two NBMOs of allyl radical 

Figure 3. Models used for calculation of  

a
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2a -2a
a

a

00 00
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(d) (e) (f)
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and conventional method are same as shown in Figure 4(a) and 4(b), respectively. Therefore, 
the validity of the open-shell elongation method at this level is confirmed.   
 

 

 

(2) Next, APL was derived for the six models given in Figure 3 as the following equations.  

 

  
                                                                                                                                                                                                                                                                                                                                                                                                                   
 
 
 
 
 

 

 

 

 

 
 
 
 
 
On the other hand, Lmin values were also calculated by Hückel method, ROHF/PM3, and 
ROB3LYP/3-21G methods as shown in Table 1. The values of Lmin

 obtained for N = 6 are 

Figure 4. (a) Total energy difference between elongation method and conventional method (b) Lmin of 
elongation method and conventional method. (a) and (b) are calculated for model (b) at the level of 
ROHF/STO-3G, Nst = 9.  
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very close to those calculated at Hückel level for the models. min 0 ( ) 0L E L H for all 
models, where ( )E L H  is the energy difference between the lowest spin state and highest 
spin state, i.e. ( ) ( ) ( )E L H E L E H . 

Models Lmin -H)/a.u. 

LAP Hückel ROHF/PM3 ROB3LYP/3-21G 
(a) 0.5083 0.4822 0.00667 0.03680 0.038 
(b) 0.0802 0.0783 0.00043 0.00203 0.096 
(c) 0.0773 0.0745 0.00005 0.00049 0.147 
(d) 0.1629 0.1651 0.01120 0.01950 0.109 
(e) 0.0918 0.0925 0.00133 0.00662 0.103 
(f) 0.0608 0.0611 0.00017 0.00261 0.101 

 

    When systems enlarge, 2
jc and Lmin 

decrease. For closed-type systems, 

the number of overlap between each 

pair of  Lij
min

  is same, the longer 

the distance between spin-containing 

sites, the smaller the exchange 

interaction between them, which 

-type 

systems, the number of overlap 

between each pair of Lij
min

 
increases, thus the exchange 

interaction between spin-containing sites increases  

[1] A. Imamura, Y. Aoki, K. Maekawa, J. Chem. Phys., 95, 5419 (1991).
[2] Y. Aoki, et al., Computational Methods in Science and Engineering, 963, 120 (2007). 
[3] Y. Aoki, A. Imamura, Int. J. Quant. Chem., 74, 491 (1999). 
[4] Y. Orimoto, Y. Aoki, J. Chem. Theory Comput., 2, 786 (2006). 

Table 1. LAP is calculated with AP method, other values of Lmin are calculated by combined methods shown in 
2.2 with Hückel method and elongation method at the levels of ROHF/PM3 and ROB3LYP/3-21G at N = 6 from 
starting cluster, Nst = 4. E(L-H) is calculated at the ROB3LYP/3-21G level with conventional method. 

(a)

(b)

(d)

(e)

NBMO1 NBMO2 NBMO3

NBMO1 NBMO2 NBMO3

NBMO1 NBMO2 NBMO3

NBMO1 NBMO2

NBMO3

Figure 4. NBMOs of models (a), (b), (d) and (e) 
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In last decade, more and more conjugated fullerene-oligothiophene-porphyrin linked triads 
have been investigated [for example, refs.1-2]. Now it is widely applied to photovoltaic cells, 
nonlinear optical, electronic conductor, and so on. I introduce a new method of molecular
design, namely, elongation method that proposed by Prof Imamura [ref.3] and hereafter 
developed in our laboratory for 20 years [for example, refs.4-6]. It is considered to be a 
feasible and an efficient approach to compute electronic states of large polymer system at 
Hartree-Fock and post Hartree-Fock levels. It is being developed to compute 
three-dimensional periodic and nonperiodic systems. The efficiency and accuracy is very high, 
even for the systems with strongly delocalized The aim of this abstract is to apply 
this method to design a Donor-Nanowire-Acceptor linked triads. to be more specific, namely,
(C60)-oligo(3-ethyl-2,5-thienylene-ethylne)(OTE)-tetraphenylporphyrin(TPP).

1. Method
The basic principle of this method and the advantage of this treatment are shown in Figures 

1and 2. The principle of elongation method is: first a starting cluster is chosen. It is divided 
into two parts, namely A part and B part. After localization, A part is frozen, and a monomer C 
will attack the B part, and then localization again. After several repetitions, we can get the 
required elongated system. The advantage of this treatment is that we only calculate the parts 
located on both sides, while the centered will be saved after elongation calculation as shown 
in Figure 2. So compared with conventional calculation, it will save much time by using this 
method. 
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The model adopted here is shown in Figure 3, where the role of 
TPP is donor and C60 is acceptor. The charge transfer will be 
expected from TPP to C60 through OTE. The elongation process 
is described in Figure 4. 

   
 
2. Results 

The total energy and energy difference between conventional and elongation calculations 
are shown in Table 1 where energy errors E/atom is shown as ~10-8a.u./atom, very high 

Figure 1 Figure 2 

  

Figure 4 

Highly efficient Order-N calculations for   
different donor and acceptor combination

Frozen LMO Active LMO

Basic Principle of Elongation Order-N Method

Figure 3 
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accuracy even for such delocalized systems. We investigate now the relationship between donor and 
acceptor species and their electronic structures by orbital interaction analysis for designing highly 
efficient photoelectric conversion materials.  
 
Table 1. Total energies and energy differences between elongation and conventional 
calculations.  
step Conventional(a.u) Elongation(a.u) E(elg)- E(cnv)(a.u) E/atom(a.u)  

1 -2709.83053845 -2709.830538454 0 0 

2 -4101.56739654 -4101.567395539 1.00210E-06 1.11344E-08 

3 -5493.30422752 -5493.304224101 3.42360E-06 2.85300E-08 

4 -6885.04108746 -6885.041080727 6.73130E-06 4.48753E-08 

5 -8276.77791481 -8276.777904278 1.05366E-05 5.85367E-08 

6 -9668.51480107 -9668.514786489 1.45857E-05 6.94557E-08 

7 -11060.2517615 -11060.25174273 1.87756E-05 7.82317E-08 

8 -12451.9894943 -12451.98947122 2.30549E-05 8.53885E-08 

9 -13843.7317328 -13843.73170509 2.76985E-05 9.23283E-08 

10 -17964.8300848 -17964.83006068 2.41334E-05 5.53518E-08 

 
Reference: 
[1] J.Ikemoto, K.Takimiya,Y.Aso,T.Otsubo, M.Fujitsuka and O.Ito, Organic Letters,4,3(2002)  
[2] T.Nakamura,M.Fujitsuka,Y.Araki,O.Ito,J.Ikemoto,K.Takimiya,Y.Aso and T.Otusubo,  J.  

Phys. Chem.B., 108, 10700 (2004). 
[3] A.Imamura,Y.Aoki and K.Maekawa,  J.Chem.Phys., 95, 5419 (1991). 
[4] F.L.Gu,Y.Aoki,J.Korchowiec,A.Imamura and B.Kirtman, J.Chem.Phys.,121, 10385(2004) 
[5]J.Korchowiec,F.L.Gu,A.Imamura,B.Kirtman and Y.Aoki, Int.J.Quantum Chem.Phys., 102, 

785 (2005). 
[6]F.L.Gu, B.Kirtman and Y.Aoki, Challenges and Advances in Computational Chemistry and  

physics., 13,175(2011) 
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Block copolymers (BCPs) can self-assemble into a variety of ordered nanostructures 
through microphase separation for BCPs with different volume fractions. To acquire a variety 
of nanostructure would require the synthesis of a series of BCPs with different volume 
fractions. In this study, a simple method to create various nanostructures resulting from the 
self-assembly of one-composition block copolymer (BCP) was developed. By using selective 
solvents for PS-PDMS self-assembly, the phase behavior of intrinsic BCP system can be 
enriched due to the variation in constituted fraction through preferential swelling the 
microdomain by selective solvent. Most interestingly, the equilibrium phase of 
PS-PDMS/solvent mixtures can be successfully preserved after solvent evaporation. We 
speculate that the preservation is attributed to the high segregation strength of PS-PDMS. In 
contrast to the intrinsic phase of BCP (that is lamellae phase), these kinetically trapped phases 
are classified as metastable phases. Also, stable lamellae phase can be reformed by thermal 
annealing those metastable phases, further demonstrating the feasibility to control the 
metastability of the microphase-separated morphologies.
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Block copolymers have been received much attention for novel building blocks to fabricate 

nano-scale structures because they form various kinds of micro-phase separation structures 
(e.g., cylindrical, lamellar, bicontinuous, and others) depending on their segment ratios and 
molecular weights. The micro-phase separation structures have been investigated in bulk 
films from both theoretical and experimental aspects. It was found that the frustrated 
micro-phase separation structures were formed in nano-sized confined geometries. For 
example, the block copolymers form helical structures in the cylinders (2D confinement 
system) even though the block copolymer has no chirality [1]. Basis on the theory, 
nanoparticles made of block copolymers are candidates of such a 3D confinement system. 

In recent years, we have reported that various kinds of polymer particles can be prepared by 
a simple solvent evaporation process, that is, the evaporation of a good solvent from a 
polymer solution containing poor and good solvents; the Self-ORganized Precipitation 
(SORP) method as shown in Fig. 1 [2]. This method can be applied to versatile polymers by 
selecting suitable solvent combinations for the polymers. By the SORP method, the 
nanoparticles with micro-phase separation structures (e.g., cylindrical, unidirectionally 
stacked lamellar, and onion-like structures) can be prepared [3, 4]. 

Recently, we have reported that the frustrated micro-phase separation structures (i.e., tennis 
ball, screw-like structures) of block copolymers having high molecular weight were formed in 
the nanoparticles as a 3D confinement system [5]. In this talk, the 3D structural observations 
of the block copolymer nanoparticles 
were carried out by transmission 
electron tomography (TEMT) [6].  

The nanoparticles were prepared 
from poly(styrene-b-isoprene) 
(Mn(PSt): 318,000, Mn(PI): 512,000, 
Mw/Mn: 1.15, fPI: 0.65) by using the 
SORP method. Fig. 2 shows the 

Fig. 1. Preparation method of block copolymer nanoparticles. 
Symmetrical block copolymer formed stacked lamellar and 
onion-like structures in nanoparticles. 
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TEM and 3D reconstructed images of 
the nanoparticles with different 
particle diameters. The green and blue 
coloured 3D images correspond to PI 
and PSt phases of the nanoparticles, 
respectively. TEM images of the block 
copolymer nanoparticles with different 
particle diameters are shown in Fig. 
2-(a1-a7). In these TEM images, the 
bright and dark regions of the 
nanoparticles are respectively 
attributed to the nonstained PSt and the 
PI moieties stained with OsO4. To 
determine the 3D structures of 
micro-phase separated structures in the 
nanoparticles, detailed structural 
analysis was carried out by TEMT. 
The reconstructed 3D images of PI 
phases (Fig. 2-(b1-b7)) and PSt phases 
(Fig. 2-(c1-c7)) are shown along with 
D/L0, where D is the particle diameter 
(measured from the 3D structure of 
particle) and L0 is the equilibrium 
periodic length of the lamellar 
structure in its bulk film. The black arrows in Fig. 2-(a1, a3) indicate the same particles 
observed by TEMT. TEMT observations revealed that a wide variety of micro-phase 
separated structures were formed in the nanoparticles depending on D/L0. By focusing on the 
structures of PSt phases at the surface of nanoparticles (Fig. 2-(c1-c7)), micro-phase separated 
structures can be categorized into three types: ring, helix, and branched helix. In contrast, in 
the central region of the nanoparticles with D/L0 > 1.17, PSt spherical domain were formed, 
whose size increased with particle diameter. These micro-phase separated structures formed 
in nanoparticles have never been observed not only in the bulk film but also in other (1D and 
2D) confinement geometries.  

From the 3D structural data of the nanoparticles, the volume fraction of the PI phase (fPI) in 
each nanoparticle was calculated, which is shown in Fig. 2 (a1-a7). The smallest nanoparticle 
(D/L0 = 0.66) has fPI = 0.55 and the other nanoparticles have fPI ~ 0.60. The block copolymer 
should have fPI = 0.65, at least in the bulk state. The fPI of the nanoparticles decreased in 
comparison with its known intrinsic value, implying that the molecular conformation of block 
copolymers in the nanoparticles is different from that in the bulk, owing to the 3D 

Fig. 2  (a1-a7) TEM images of block copolymer 
nanoparticles observed by TEMT. The 3D structures of PI 
(b1-b7) and PSt (c1-c7) phases of the nanoparticles were 
shown separately. 



-121-

confinement effect of the nanoparticles. Further details of structural analysis will be discussed 
at conference time. 
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[2] H. Yabu, T. Higuchi, K. Ijiro, M. Shimomura, Chaos, 15(4), 047505 (2005). 
[3] H. Yabu, T. Higuchi, M. Shimomura, Adv. Mater., 17(17), 2062 (2005). 
[4] T. Higuchi, A. Tajima, H. Yabu, M. Shimomura, Soft Matter, 4, 1302 (2008). 
[5] T. Higuchi, A. Tajima, K. Motoyoshi, H. Yabu, M. Shimomura, Angew. Chem. Int. Ed., 
47(42), 8044 (2008). 
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INTRODUCTION 

  Recently, mechanobiology-based cell manipulation technology has drawn much attention in 

bioengineering filed. As the advanced trends in the biomaterial researches that intend to control the 

mechanobiology of cells based on the design of micro-mechanical extracellular milieu, mechanical 

cell manipulation employing the elastic substrates for cell culture is focused in this paper. Control of 

cell motility on the well-designed elasticity gradient materials, i.e., control of mechanotaxis, and 

correlated stem cell lineage specification on the elasticity-micropatterned gels were investigated. For 

the first, we are focusing on the understanding and control of cell mechanotaxis, which might 

provide a basis for designing mechanobio-materials to manipulate cell motility. To establish the 

condition to induce cell mechanotaxis, we have developed the photolithographic surface 

microelasticity patterning method for fabricating a cell-adhesive hydrogel with a 

microelasticity-gradient (MEG) surface using photocurable styrenated gelatin. On the well-designed 

micropatterned elastic field, mechanotaxis was successfully controlled.Concept and perspective of 

the biomaterials that manipulate cell mechanobiology, i.e., mechanobio-materials, are discussed. 

EXPERIMENTAL METHODS 

  Cell-adhesive MEG gels were prepared by photocurable styrenated gelatin using a 

custom-designed reduction projection photolithography systems. Patterned MEG gels were prepared 

by regulating the photoirradiation power, periods, and positions. Surface elasticity and its 

two-dimensional distribution were characterized by microindentation tests using atomic force 

microscopy. On the prepared MEG gel, movement trajectories of 3T3 fibroblast were observed by 

time-lapse microscopy. 

RESULTS AND DISCUSSION 

  To investigate the condition to induce and control mechanotaxis, patterned MEG gels with 

different absolute surface elasticities in soft and hard regions, elasticity jumps between them, and 

sharpness of elasticity boundary. Three critical criteria of the elasticity jump and the absolute 

elasticity to induce mechanotaxis have been identified 1-3): 1) a high elasticity ratio between the hard 

region and the soft one, 2) elasticity of the softer region to provide medium motility, and 3) 

sharpness of the elasticity boundary. Especially, concerning the characterization of the effect of 

sharpness of elastic boundary on the induction efficiency of mechanotaxis, MEG gels with the 

different sharpness of elastic boundary and the same magnitude of elasticity jump between softer 

and stiffer regions were fabricated. While on the diffuse elastic boundary cells did not exhibit any 

directional movements, marked enhancement of mechanotaxis was observed on the discrete elastic 

boundary of ca. 30 kPa jump within 50 µm-wide boundary. Essential condition to induce 

mechanotaxis was found to be enough sharp elasticity jump in the region where a single cell can 

adhere and sense it. Based on these design criteria, localization of stem cells on hard and soft regions 

could be successfully controlled, suggesting an possible dynamic control of input of 

mechano-signals from elastic substrate in the moving process of cells. 

CONCLUSION 

  Essential condition to induce cell mechanotaxis, i.e., sharpness of the elasticity boundary, has 

been established based on the photolithographic micropatterned gelation techniques, and applied for 

regulation of motility-related mechano-signal input.  
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In cellular membranes, the distribution and orientation of biomacromolecules, such as 
proteins or DNA molecules, are regulated according to their functions. To study the 
mechanism, the biomacromolecules have been reconstituted in cell-sized vesicles (> 5 m).
However, the interaction between the biomacromolecules and lipids is still unclear, and their 
orientation cannot be adequately controlled. Here, we report two topics, i.e., a successful 
reconstitution of a membrane protein with desired orientation in a cell-sized vesicle using 
droplet-transfer technique [1], and a characteristic localization of DNA accompanied with the 
structural transition upon phase separation of a lipid membrane [2].

First, we report the orientation control of 
KcsA potassium channel with either an 
outside-out or inside-out orientation in giant 
vesicles, using droplet-transfer technique (Fig. 
1). We prepared water-in-oil droplets lined with 
a lipid monolayer. When solubilized KcsA was 
encapsulated in the droplet, it accumulated at 
monolayers of phosphatidylglycerol (PG) and 
phosphatidylethanolamine (PE), but not at a 
monolayer of phosphatidylcholine (PC). The 
droplet was then transferred through an 
oil/water interface having a preformed 
monolayer. The interface monolayer covered 
the droplet so as to generate a bilayer vesicle. 
By creating chemically different lipid-layers at 
the droplet and oil/water interface, we obtained 
vesicles with asymmetric lipid compositions in 
the outer and inner leaflets. KcsA was 
spontaneously inserted into vesicles from the inside or outside, and this was accelerated in 
vesicles that contained PE or PG. Integrated insertion into the vesicle membrane and the KcsA 
orientation was examined by functional assay, exploiting the pH sensitivity of the opening of 
the KcsA when the pH-sensitive cytoplasmic domain (CPD) faces toward acidic media. KcsA 
loaded from the inside of the PG-containing vesicles becomes permeable only when the 

Figure 1. Orientation control of KcsA in a 

cell-sized vesicle using droplet transfer 

method. (A) Water in oil (W/O) droplets 

covered by a lipid layer. (B) KcsA insertion 

into vesicles from (a) the inside or (b) outside.
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intra-vesicular pH is acidic, and the KcsA loaded 
from the outside becomes permeable when the 
extravesicular pH is acidic (Fig. 2). Therefore, the 
internal or external insertion of KcsA leads to an 
outside-out or inside-out configuration so as to 
retain its hydrophilic CPD in the added aqueous 
side [1]. 

Second, we report the coupling of phase 
separation on a phospholipid membrane with a 
structural transition of giant DNA. We performed 
single-DNA measurements in the presence of 
cell-sized giant unilamellar vesicles (GUV) 
composed of dioleoylphosphatidylcholine 
(DOPC), PE, and cholesterol. We observed the 
effect of phase separation of the lipid membrane 
by changing PE from 
dioleoylphosphatidylethanolamine (DOPE) to 
dipalmitoylethanolamine (DPPE), which 
corresponds to a change from a homogeneous 
phase to two segregated phases of liquid-ordered and liquid-disordered states on the 
membrane. In the homogeneous membrane, DNA molecules exhibited a compact 
conformation in aqueous solution containing a physiological concentration of Mg2+ and 
polyamine, without attaching to the membrane surface. In contrast, in the membrane that was 
segregated into two domains, DNA molecules were adsorbed onto the liquid-ordered phase 
that was rich in DPPE by taking an elongated conformation [2]. 

The coupling with this method of orientation control with phase separation of lipids in 
vesicles containing the preferred lipids [3], it should be possible to control the spatial 
distribution of membrane proteins in the desired orientation. 
 
 
[1] M. Yanagisawa, M. Iwamoto, A. Kato, K. Yoshikawa and S. Oiki. “Oriented reconstitution 
of a membrane protein in a giant unilamellar vesicle: Experimental verification with the 
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[2] A. Kato, A. Tsuji, M. Yanagisawa, D. Saeki, K. Juni, Y. Morimoto and K. Yoshikawa. 
“Phase Separation on a Phospholipid Membrane Inducing a Characteristic Localization of 
DNA Accompanied by Its Structural Transition”, J. Phys. Chem. Lett., 1, 3391 (2010). 
[3] M. Yanagisawa, M. Imai and T. Taniguchi. “Shape deformation of ternary vesicles coupled 
with phase separation”, Phys. Rev. Lett., 100, 148102 (2008). 

Figure 3. Interaction of DNA with a (left) 

homogeneous or (right) phase- separated 

membrane. DNA is localized in PE-rich 

phase (white). 

Figure 2. Gating of oriented KcsA allows Tl+ 

ion flux into the vesicle, and forms crystals 

with the intracellular Br-. Scale bar 10 m. 
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In nature, there are many functional water-controlling surfaces, such as a water repellency 

surface of a lotus leaf, a superhydrophobic water adhesion surface of a rose petal, a water 
harvest surface of a beetle’s back, and so on. We have reported that honeycomb-patterned 
porous polymer films can be prepared by casting a solution of hydrophobic polymer and 
amphiphilic polymer on a solid substrate by using condensed water droplet arrays as 
templates[1]. The superhydrophobic pincushion film was easily formed by simple peeling off 
the top-layer of the honeycomb-patterned film with an adhesive tape[2]. In this report, we 
show the preparation of the biomimetic wettability patterned silicon nano-structured surface 
by dry etching process with self-organized honeycomb-patterned films as etching masks.  

We prepared honeycomb-patterned films from 
polystyrene and amphiphilic polymer by casting their 
chloroform solution. After UV-O3 treatment, 
honeycomb-patterned films were fixed on silicon substrates 
up side down with poly(vinyl alcohol) solution as adhesive. 
After peeling off the bottom layer of the 
honeycomb-patterned films, porous polymer masks were 
formed. After reactive ion etching of the silicon substrate 
through the mask, the silicon nanospike-array structure was 
obtained. We measured water contact angles (CAs) on the 
silicon nanospike-array structures, and the maximum CA 
was over 170 degree. From the results of X-ray 
photoelectron spectrum of the silicon nanospike-structures, fluorine was detected after dry 
etching. The result suggests that superhydrophobicity is realized due to fluorocarbon absorbed 
on the surface and their surface structures. After UV-O3 treatment with photo-masks, fluorine 
was removed at irradiation area, and the area shows superhydrophilicity. These results suggest 
that we can easily design superhydrophobic and superhydrophilic patterned surfaces by 
UV-O3 treatment through photo-masks. 

 
[1] N. Maruyama, et al., Supramol. Sci., 5, 331-336 (1998) 
[2] H.Yabu, M. Takebayashi, M. Tanaka, M.Shimomura, Langmuir, 21(8), 3235(2005) 

Fig. 1. A photograph and FE-SEM 
images of wettability patterned 
silicon nanospike-array structures 
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Synthetic polymer nanoparticles that are capable of recognizing specific 

biomacromolecules are of significant interest as “Plastic Antibodies”; stable and inexpensive 

alternatives for antibodies. However, the design of synthetic NPs capable of capturing target 

biomacromolecules is a formidable challenge. In nature, interactions between 

biomacromolecules arise from multiple weak interactions comprised of electrostatic, 

hydrophobic and hydrogen bonding interactions on complementary three-dimensional binding 

surfaces. In an effort to mimic these interactions, bulk polymer materials that capture target 

molecules by multipoint-interactions have been synthesized by incorporating functional 

monomers that interact with target molecules by electrostatic interactions [ref.1]. Nano-size 

materials with affinity for a target peptide/protein have also been synthesized by optimizing 

the composition and/or ratio of functional groups on the surface of the synthetic NPs [ref.2,3]. 

Linear polymers that are functionalized with small arginine receptors have also been shown to 

interact with arginine-rich proteins [ref. 4].  

We have been developing general procedures to create plastic antibodies using toxic 

peptide (melittin) as a model target antigen . As a first step, procedures to create 

multifunctional polyacrylamide nanoparticles consisting of combinatins of functional 

monomers were developed. In vitro toxin neutralization tests revealed that polymer NPs 

synthesized with an optimized combination of functional monomers could capture target 

molecules via multipoint hydrophobic and electrostatic interactions and neutralize its function 

[ref.5].  

Although, the binding capacity of the optimized particles were enormous, binding affinity 

of the particles were not strong enough to be used as plastic antibodies in vivo. To achieve 

nanoprticles with greater affinity for the target peptide, we applied molecular imprinting 

strategy. By polymerizing the optimized multifunctional polymers in the presence of target 

peptides, nanoparticles with strong affinity for the target peptides that were comparable to the 

natural antibodies were obtained [ref.6,7]. Since, the particles are inert and nontoxic to the 

animal model, we further tested the efficacy of the imprinted particles in the bloodstream of 

living mice. The results of demonstrated that the imprinted polymer nanoparticles efficiently 

capture the cytotoxic peptide melittin in the bloodstream. The strong and specific affinity of 

the imprinted NPs enabled the sequestration of the target peptide in the blood. The 

are then cleared from the blood by the mononuclear phagocytic 

system in the liver. As a result of binding and removal of melittin by the particles in vivo, 

mortality and peripheral toxic symptoms of melittin were significantly diminished [ref.8].  
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One definite drawback of the molecular imprinting strategy is the cost of expendable 

template peptide. Affinity purification strategy is proposed to redeem the drawback of 

molecular imprinting strategy. In the affinity purification process, randomly copolymerized 

multifunctional polymers are purified by the target peptides that are immobilized on the 

surface of the solid state such as agarose beads. In the first demonstration of the affinity 

purification experiment, it has been revealed that the “randomly” copolymerized 

multifunctional nanoparticles are mixture of the particles that has high and low affinity 

binding sites. Furthermore, the purified nanoparticles showed much stronger affinity to the 

peptide than the average of the particles before purification process [ref.9]. 
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1. Introduction 
        DNA molecules, well known for containing the genetic code of all living species, has a 
potential for use as a molecular wire for its special one-dimensional layered -  electrons 
stacking structure of base pairs in double-stranded DNA [1]. It has the possibility of electronic 
conduction. There are many factors that influence on DNA conductivity such as: base sequences, 
counter-ion effect, environment of DNA (humidity), length of DNA molecule, structure of DNA, 
doping effect, etc. In this report, we 
investigated the influences of counter-ion 
and base sequences. 
 
Part I Counter-ion effect  
 
2.1 Model molecules 
        To investigate the influence of the 
counter-ion on the electronic states of DNA, 
we performed local density states (LDOS) 
calculations [2] for eight types of DNA 
molecules (Fig.1) such as: A- & B- type 
poly(dA)·poly(dT) & poly(dG)·poly(dC) 
neutralized by H+ and Na+ respectively. A, T,                            
G, C denote adenine, thymine, guanine,                 
cytosine respectively.  
                                                                                                                         
2.2 Calculation methods and results 
        We have examined the LDOS figures of 
key fragments for each model such as: 
adenine, guanine and Na+.  From Fig.2 (a) and 
(b) we found that the valence bands were 
formed by base adenine/guanine s HOMO, 
even if we replaced H+ with Na+, the valence 
band were still formed by adenine/guanine s 
HOMO. However a new conduction band near 
0 eV lied in between valence band and 
conduction bands were formed by Na+.  This 
implies that the through-space electron 
transfers between stacking base 

Fig.2 LDOS for A- poly(dA) poly(dT) and 
poly(dG) poly(dC) 

Fig.1 DNA molecules                   
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adenine/guanine and Na+ occur more easily than that between stacking base pairs.                      
                                                                    
Part I I  Base sequences effect 
   
3.1 Model molecules 
        DNA usually has A, B and C forms 
depending on base sequence, relative humidity, 
type and concentration of counter-ions. B form 
can be observed in most various base 
composition and base sequences [3]. We selected 
one polymononucleotide, four polydinucleotides 
and six polytrinucleotides in B form neutralized 
by Na+ as our model molecules as shown in 
Table 1.  
 
3.2 Calculation methods and results 
        We analyzed the valence band and the 
energy gap of the LDOS figures for each DNA 
model. It is found that the valence band of DNA 
containing guanine comes from guanine s 
HOMO, but the valence band of DNA 
containing no guanine comes from adenine s 
HOMO (shown in Fig.3), all conduction bands 
come from Na+.  
        We compared the LUMO-HOMO energy 
gap ( Eg) of each polynucleotide in Table 1. We 
found that Eg of the polynucleotide containing 
guanine is lower than that of the polynucleotide 
containing no guanine. The value of Eg 
depends on the base composition of DNA, that 
is, the base composition will affect the 
conductivity of DNA. 
                                                                                         
4.  Conclusions                                                          
        Based on the above results, we can conclude that the conductivity of poly(dG)· poly(dC) 
neutralized by Na+ is the best conductor of all DNA models. The through-space electron transfers 
between stacking base guanine and Na+ would be more important for the conductivity of DNA 
compared to other bases. By comparing the energy gap of each B-type DNA model with different 
base composition, the effect for DNA conductivity related to base composition is in the order of: 
G-G > G-C > G-A > G-T > A-T where comes from Table 1. 
        As a next step, we are going to analysis the relationship between bioactivity and sequence 
alignment in various types of DNA. 
 
References 
[1]  R.G. Endres, D.L. Cox, R.R.P. Singh, Rev. Mod. Phys. 76, 195 (2004). 
[2]  Y. Aoki, A. Imamura, J. Chem. Phys. 97, 8432 (1992). 
[3]  A.G.W. Leslie, S. Arnott, R. Chandrasekaran, R.L. Ratliff, J. Mol. Biol. 143, 49(1980). 

B-DNA  ELUMO(au)  EHOMO(au)  Eg(au)  Eg(ev)  

poly(dA-T)·poly(dA-T)  -0.0067  -0.2127  0.206  5.605  

poly(dA-A-C)·poly(dG-T-T)  -0.0073  -0.1893  0.182  4.952  

poly(dA-C)·poly(dG-T)  -0.0051  -0.1868  0.1817  4.944  

poly(dA-G-T)·poly(dA-C-T)  -0.0086  -0.1861  0.1775  4.830  

poly(dG-A-T)·poly(dA-T-C)  -0.0083  -0.1841  0.1758  4.784  

poly(dA-G-C)·poly(dG-C-T)  -0.0075  -0.182  0.1745  4.748  

poly(dG-C)·poly(dG-C)  -0.005  -0.1789  0.1739  4.732  

poly(dG-G-T)·poly(dA-C-C)  -0.0086  -0.1793  0.1707  4.645  

poly(dA-G)·poly(dC-T)  -0.0122  -0.1782  0.166  4.517  

poly(dG)·poly(dC)  -0.012  -0.1686  0.1566  4.261  

Fig.3 The LDOS of guanine/adenine for 4 DNA models

Table 1 The LUMO-HOMO energy gap 
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A series of cationic calix[4]arene-based lipids with alkyl chains of varying length were 
newly synthesized and found to form spherical micelles at low pH (protonated state of the 
amine headgroup) for propyl and hexyl tails, denoted by CaL[4]C3 and C6, respectively. 
Upon deprotonation with increasing pH, CaL[4]C3 showed a sphere-to-cylinder transition, 
while CaL[4]C6 changed from sphere to cylinder to monolayer vesicle. Synchrotron 
small-angle X-ray scattering (SAXS) patterns from both spherical and cylindrical CaL[4]C3 
micelles exhibited a sharp intensity dump, indicating high symmetry and shape 
monodispersity. The size monodispersity of the CaL[4]C3 spherical micelles was confirmed 
with analytical ultracentrifugation, whereas CaL[4]C6 showed polydispersity. This is the first 
observation that the shape persistency is maintained upon the structural transition. From 
SAXS, static light scattering, and analytical ultracentrifugation, the aggregation numbers for 
the CaL[4]C3 and CaL[4]C6 spherical micelles were evaluated at 6 and 12, respectively. 
When the number of carbons of the alkyl chain was increased to 9 (CaL[4]C9), monolayer 
vesicles formed at low pH while at high pH no clear morphology could be observed. The 
present results indicate that a suitable combination of tail length, head volume, and rigidity of 
the building block is necessary to attain the shape persistency. With a shape determination 
program of Dummy, the micellar architecture was determined to have a regular hexahedron 
like form.
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Anomalous small-angle X-ray scattering 

(ASAXS) can provide the information of how the 

probe atoms are distributed by measuring scattering 

near the X-ray absorption edge. In this study, we tried 

to clarify the location! and/or state of a bromine 

compound!TBC, as a probe, included in the block 

copolymer micelle!(shown in scheme 1).  

Measurements were carried out with the SPring-8 

BL40B2 for a light source, and wavelengths were 

selected some points near 

absorption edge wavelength!

priori determined.  

Obtained SAXS data was 

corrected with structural factor 

S(c) calculated (Fig. 1A). 

SAXS result of the polymer 

micelle itself can fitted with a 

theoretical curve of a core-shell 

model!(Fig. 1B lower), but the 

results of the ASAXS can not 

explained with core-shell 

model! (Fig. 1B upper). The 

experimental data points of q < 

0.8 nm
-1

 can be fitted with the 

solid sphere with radius of 6.6 

nm. On the other hand, 

experimental the points of q < 

0.8 nm
-1

 the curve shapes 

horizontal and this wider horizontal region fitted with small particle with the radius of less 

than 0.2 nm. Combined with these two kinds of spherical particles the experimental curve 

successfully explained. 

Scheme 1. Chemical structure of block 

copolymer and bromine!compound. 
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Polymeric micelles composed of amphiphilic block copolymers are expected to play 

important roles in the future drug delivery system (DDS). The internal structure of polymer 
micelle should have a marked effect on the drug-loading rate and the drug-release profile of 
DDS carriers. Therefore, detail analyses of the internal structures of polymer micelles are 
highly desired. Anomalous small-angle X-ray scattering (ASAXS) near the K-edge of Br is 
expected to be a powerful tool for detail analyses of organic materials because Br can be 
introduced organic molecules with a covalent bond [1]. Thus, in this study, we examined 
ASAXS near the Br K-edge for analysis of the structure of polymeric micelle composed of 
poly(ethylene glycol) (PEG) and poly(4-bromostyrene) (PBrS). 

PBrS-block-PEG-block-PBrS (PBrS-PEG-PBrS) was synthesized by NMRP technique 
using PEG having TEMPO units at both chain ends. The hydrodynamic radius and 
aggregation number (Nagg) of the PBrS-PEG-PBrS micelle were determined to 32.3 nm and 
8.2x102, respectively. For the micelle solution, ASAXS measurements were performed at 
BL-40B2 station of SPring-8, Japan. The K-edge of Br is determined to 13.483 keV from 
absorption spectrum. Then, the incident X-ray beam in SAXS measurements was varied 
between 13.28 and 13.473 keV. 

SAXS intensity of the PBrS-PEG-PBrS micelle decreases as the energy of incident X-ray 
approaches the K-edge of Br. Fig. 1 shows the 
resonant term obtained from the energy 
dependence of SAXS profile of PBrS-PEG-PBrS 
micelle with various energies of incident X-ray. 
The resonant term in this study is attributed to 
hydrophobic core. The resonant term sufficiently 
agree with the SAXS profile calculated for hard 
sphere with 10.2 nm radius. The Nagg extimated 
from the core volume (8.4 x 102) agrees very 
closely with that obtained by FFF/MALS. 
Therefore, ASAXS analysis can reveal internal 
structure of polymer micelle precisely. 

 
[1] M. Sakou, A. Takechi, M. Handa, Y. Shinohara, Y. Amemiya, H. Masunaga, H. Ogawa, N. 

Yagi, K. Sakurai, and I. Akiba, J. Phys. Conf. Ser., 272, 012022 (2011). 
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Fig. 1. Resonant term from ASAXS result for 
PBrS-PEG-PBrS micelle.  
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The technique of controlling and utilizing the Surface plasmon (SP) is called "plasmonics" 
and has attracted much attention with the recent rapid advance of nanotechnology. One 
futuristic application of plasmonics is the development of high-efficiency light-emitting 
diodes (LEDs). LEDs have been expected to eventually replace traditional fluorescent tubes 
as new illumination sources, however, their emission efficiencies are still substantially lower 
than those of fluorescent lights. For the first time, we have reported that the SP coupling is 
very powerful technique to increase emission efficiencies of InGaN/GaN quantum wells 
(QWs) and other various materials [1].  

Fig. 1 shows the photoluminescence (PL) 
spectra taken for InGaN/GaN QWs 
(3nm/10nm) which have various emission 
wavelength. Ag layers (50 nm) were 
deposited on top of the surfaces by a high 
vacuum thermal evaporation. The PL peak 
intensities of uncoated samples were 
normalized to 1 and huge enhancements were 
observed by Ag coating especially at the 
shorter wavelength region. The obtained PL 
enhancement should be attributed to the SP 
coupling effect. The coupling between the 
electron-hole pairs (excitons) and the SPs at 
the metal surface increases the spontaneous emission rate and the internal quantum 
efficiencies [2]. The SP coupling effect was remarkable when the emission energy was close 
to the SP frequency described as dotted line in Fig. 1 at 2.84 eV (437 nm). However, it was 
found that the enhancement effect became lower and lower with increasing of wavelength.  

We believe that the observed plasmonic effect should be applicable to the high efficiency 
LEDs. Fig. 2 shows the energy conversion scheme of the SP coupling and light emission. The 
SP-exciton and SP-photon coupling processes provide new emission pathways. The high 
efficiency LEDs should be achievable if the new emission path through the SP coupling is 
much faster than the original emission path ( + > >  in Fig. 2). By the similar way, 
plasmonics should be also able to improve high-efficiency solar cells, because the SP-exciton 
and SP-photon coupling processes are reversible. The sun-light can couple to the SP at the 
metal/dielectric interface and generate the excitons in the dielectric materials. This process 

Fig. 1. SP enhanced PL spectra of InGaN/GaN
QWs with various emission wavelength. 
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should increase efficiencies of light absorption 
and photocurrent conversion.  

Until now, several types of the plasmonic LEDs 
and solar cells have been reported, however, these 
are still far from practical utilizations. Further 
optimization of the metal nanostructure and tuning 
of the SP coupling process are required to develop 
both plasmonic LEDs and solar cells. Therefore 
we are designing more effective plasmonic 
nanostructures by using the 3-dimensional finite 
difference time domain (3D-FDTD) calculations 
and the nanofabrication processes with several 
bottom-up techniques. For example, we can 
control the resonance spectra of localized SP 
(LSP) mode by using the Ag nanoparticles with various diameters. By optimization of the Ag 
particle size, we achieved high efficient green emission from InGaN/GaN QWs [3], which has 
been very difficult to improve the emission efficiency. Moreover we succeeded to control the 
LSP resonance spectra with much wider wavelength region by employing particle pair and 2D 
nanosheet structure of Ag nanoparticles with 5nm diameter as shown in Fig. 3 [4]. Based on 
these plasmonic nanostructures, we propose new type of palsmonic LEDs and solar cells.  
 
[1] K. Okamoto, I. Niki, A. Shvartser, Y. Narukawa, T. Mukai, A. Scherer, Nat. Mater., 3, 601 
(2004). 
[2] K. Okamoto, Y. Kawakami, IEEE J. Select. Top. Quantum Electron. 15, 1190 (2009). 
[3] K. Okamoto, Y. Kawakami, and K. Tamada, 5th International Conference on Surface 
Plasmon Photonics, TuD-3 (2011).     
[4] M. Toma, K. Toma, K. Michioka, D. Obara, K. Okamoto, K. Tamada, Phys. Chem. Chem. 
Phys. 13, 7459 (2011). 

 
 
Fig. 2. Energy conversion scheme of the SP enhanced LED and solar cell. 

 
Fig. 3. Resonance spectra of LSP 
modes calculated by FDTD method for 
Ag single, pair, and 2D sheet structure.
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In these recent years, polythiophene (PT) derivatives [1] have attracted wide attention for 
their promising prospects in solar cell field [2], mainly 
because they have electrical conductivity like metals and 
semiconductors, resulting from their narrow band gaps. The 
structures of PT derivatives substituted by side chains will 
change. The interesting result directly induced by this is 
the suddenly shrinking band gap.  

 
All the geometries of the neutral and charged molecules 

are optimized at HF/6-31G** level.  The optical absorption 
spectra of polyisonaphtothiophene (PINT) shown in Fig.1 
are calculated using the singly excited configuration 
interaction states (CIS). Orbital cut analysis, frontier 
orbital and mulliken charge distribution analysis and local 
density of states (LDOS) analysis are used in this work.  

 
Chain length effect is observed that the structures of PINT 

change from aromatic(A) to quinoid(Q) type structures when 
n 8 (Fig.1). The structural transformation will induce the 
formation of lone electrons in the ends of quinoid molecules. 
The approximate degenerate energy of these two lone 
electrons causes the energy gap to decrease, or even 
disappear (Fig.2). The curves in the potential figures (Fig.3) 
indicate that short chain PINT (n=3~5) prefers aromatic 
type and long chain PINT (n=10~) prefers quinoid type 
structure. However, the structures of PINT with moderate size (n=6~9) are determined by the 
initial selected geometrical parameters, because there are two local minima in the potential 
curves for them (Fig.3). In Fig.3, E is the relative energy of each structures compared with 

Fig.1 Two kinds structures of PINT 

Fig.2 Energy levels of PINT in 

different sizes 

Fig.3 Potentials of PINT before 

and after orbital deletion 
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that of aromatic structures. 
QA

A

BB
BBx , in which BA, BQ and B are the inter-units bond 

length of aromatic, quinoid and other PINT, respectively. 
     
In UV/Vis/NIR spectra shown in Fig.4, a new absorption 

peak is found in the quinoid type PINT, which is 
corresponding to n * transition. It supports our 
assumption for the formation of lone pair electrons. This 
bipolaron is more excited, thus the absorption in NIR 
region is much stronger than that of aromatic structures. 

                               
However, the HOMO and its similar LUMO are 

localized in both ends of quinoid PINT as shown in Fig. 
6(a). It is not helpful for conductivity in the central part 
through the backbone. By orbital cut analysis (Fig.5), 
quinoid structures disappeared. The localized HOMO 
changes to delocalized one as shown in Fig.6 (b). It also 
induces the approximate degenerate energy disappearing. It implies that the delocalized  
orbital in position BQ is very important for the quinoid PINT formation.  

  Short chain aromatic PINT is examined to be with no conductivity, while the long chain 
quinoid type PINT is clearly found to act as conductor like metals from the total density of 
states (TDOS) (Fig.7) analysis. And the conducting properties are mostly contributed by both 
the ends of the molecules through LDOS analysis [3].  

 
PINT may be a kind of potential polymer conductors. The bipolaron is easier to be obtained 

if the delocalized  orbital in BQ position is strong. The possibility of conduction in the central 
backbone is very small, when the bipolaron is formed in the structures, for the electron is 
localized in the ends of the molecule and it is hard to transfer through the backbone. This 
problem may be another key factor which is needed to be considered. 
 

   [1] A. Ramirez-Solis, B. kirtman, R. Bernal-Jaquez, C.M.Zicovich-Wilson, J. Chem. Phys. 
130, 164904 (2009). 

   [2] I. Osaka, T. Abe, S. Shinamura, K.Takimiya, J. Am. Chem. Soc. 133, 6852(2011). 
   [3] Y. Aoki, A. Imamura, J. Chem. Phys. 97, 8432(1992). 

Fig.4 UV/Vis/NIR spectra of PINT 
in different type structures 

Fig.6 HOMO of quinoid PINT changes after 
orbital cut Fig.7 TDOS and LDOS of PINT with eight units 

 
 

Fig.5 The specified delocalized 
B  
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The electron-transport properties of boron and nitrogen doped nanographenes and 

cyclophanes are investigated with the non-equilibrium Green's function method and are 
compared to the transport properties of the unsubstituted species. Aim of the study is to derive 
the effect of the heteroatomic defects on the conductance of nanographenes and to suggest 
new effective ways for current control and design of carbon devices. Of special interest are 
the electrical current rectifying properties of asymmetrically doped nanographenes and 
cyclophanes, as well as the rectification mechanism. The mechanisms of donor-  
bridge-acceptor and donor-  bridge-acceptor rectification are used to explain the diode-like 
properties of asymmetrically doped nanographenes and cyclophanes. The electron-rich 
nitrogen and electron-poor boron heteroatoms introduce conductance channels within the 
HOMO-LUMO gaps of the hydrocarbons and cyclophanes and significantly enhance the 
conductance. The combination of nitrogen and boron impurities in one polycyclic aromatic 
hydrocarbon leads to asymmetrical I/V curve with rectification ratio of 2. The rectification is 
further enhanced in the cyclophanes where the boron impurities are located in one of the 
layers and the nitrogen impurities in the other. Due to the efficient separation of the donor and 
acceptor parts, rectification ratio of 7 was estimated. The rectifying properties of the 
asymmetrically doped carbon materials are analytically derived from the non-equilibrium 
Green's function theory. Qualitative calculations are performed with the non-equilibrium 
Green's function method combined with the Hückel theory. Quantitative calculations are 
performed with the non-equilibrium Green's function method combined with the density 
functional theory.  

 
 
 
 
 
 
 

Figure 1: Cyclophane and boron, nitrogen-doped cyclophane junctions. cycloCC denotes the 
unperturbed cyclophane and cycloBN denotes the boron, nitrogen-doped cyclophane. 
Nitrogen is shown with blue color and boron is shown with pink color. 
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Cross-linked polymers are quite important especially for industrial applications.  However, 
the structure-property relationship of these polymers is not clear on account of their complicated 
molecular structures. Polyurethane (PU) can be given as a good candidate for understanding the 
relationship because it is relatively easy to control the molecular weight between cross-linking 
points and the density of dangling chains.  In this study, we synthesized the cross-linked PUs
based on poly(oxypropylene) glycol (PPG) (Mn=1000 and 8000) and trifunctional isocyanulate
(TKA) with various molecular weights between cross-linking points and the density of dangling 
chains.  Then, the effect of these parameters on the phase structure of the cross-linked PU was 
investigated using atomic force microscope (AFM).

The cross-linked PU was synthesized with PPG and TKA by a one-shot method using 
dibutyltin diraulylate (DBTL) as a catalyst. To control the network structure of the cross-linked 
PU, the ratio of K=[NCO]/[OH] was changed from 0.8 to 1.2. Thermal property was 
investigated by differential scanning calorimetry. The glass transition temperatures were
observed at -46.0 and -64.0 ºC for PPG1000-TKA-1.04 and PPG8000-TKA-1.07, respectively. 
This difference can be ascribed to the difference in urethane bond concentration. Discussion in 
detail will be given below.  Figure 1 shows AFM phase images for (a) PPG1000-TKA-1.04 and 
(b) PPG8000-TKA-1.07. In both images, one can see clear contrast, which might be from 
differences in interaction between a cantilever tip and the sample surface and viscoelasticity at the 
top sample surface.  These differences could be from urethane bond concentration and density 
of dangling chain in this study.  The size 
of darker parts in Figure 1 (a) was larger 
than those in Figure 1 (b). This trend
might be due to molecular weight 
difference in PPG.  Figure 2 shows AFM 
phase images for (a) PPG1000-TKA-0.80 
and (b) PPG8000-TKA-1.20.  The 
contrast in Figure 2 (b) was quite clear in 
comparison with Figure 2 (a).  The 
cross-linked PU with a higher K value 
possesses higher cross-linking density, 
resulting in the formation of a rigid layer at 
the sample surface.  Thus, it was 
reasonable to conclude from these results 
that the reason that the contrast in phase 
images was observed can be attributed to 
the difference of cross-linking density, 
which is induced by the difference in the 
number of molecules forming the 
closed-network.  

Figure 1 AFM phase images of (a) PPG1000-TKA-1.04-DBTL 
and (b) PPG8000-TKA-1.07-DBTL.

Figure 2 AFM phase images of (a) PPG1000-TKA-0.80 -DBTL 
and (b) PPG1000-TKA-1.20-DBTL.
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 In this study, the phase separation behavior of (hydrocarbon 
guanidinium/fluorocarbon carboxylic acid) mixed monolayers at different subphase pHs and 
ionic strengths was investigated with an atomic force microscope (AFM). 

A benzene/ethanol solution of hydrocarbon guanidinium (DG) and fluorocarbon 
carboxylic acid (DfmA) at a concentration of 8  10-4 M was spread on an aqueous solution of 
HCl, NaOH or NaCl at 293 K. The monolayer was transferred at 20 mN m-1 by the horizontal 
drawing-up method onto a freshly cleaved mica. Topographic image of the monolayer surface 
was obtained with a Seiko SPA 300 AFM which was operated in the constant force mode in 

air at 293 K by using a 20  20 m2 scan head and silicon nitride tip on a cantilever with a 
spring constant of 0.022 N m-1.

Figure 1 shows an AFM image of the (DG/DfmA : 
25/75) mixed monolayer with a scan area of 60 nm  60 nm

. Round-like domains ca. 15 nm in 
diameter and 0.4 nm in height were observed above the 

surrounding surface. Fig.1 AFM image of (DG/DfmA)  
     mixed monolayer. 
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(DG/DfmA : 25/75)

Fig.2  Subphase pH dependence of  
      domain diameter in (DG/DfmA)  

     mixed monolayer. 

 

(DG/DfmA : 25/75)
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The morphology of charged block copolymer micelle complexes, consisting of 
poly(styrene-b-acrylic acid) (PS-b-PAA) and poly(styrene-b-4-vinyl pyridine) (PS-b-P4VP) 
micelles, was controlled by pH of aqueous solvent. The charge densities of the corona block 
(PAA or P4VP blocks) dispersed in water were the sensitive functions of solution pH. The 
high pH region (pH > 6.5) is particularly interesting in the present case due to the formation 
of spherical micelle complexes since the degree of ionization of the P4VP blocks is almost 
negligible. These spherical clusters were then slowly transformed into different morphologies 
when the solution pH was adjusted to the range allowing both of the corona blocks to be 
oppositely charged. The morphological transitions of micelle blends were monitored by 
varying experimental parameters such as initial solution pH, aging time and blending ratio of 
two micelles when coupled with the effect of final solution pH. The present study 
demonstrates that the kinetic pathway for the formation and transformation of micelle 
complexes at various solution pH is significantly important for the control of packing 
symmetry involving charged polymeric nanoparticles 

[1] J. Cho, J. Hong, K. Char and F. Caruso, J. Am. Chem. Soc., 128, 9935 (2006).
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Poly(N-isopropylacrylamide) PNIPAAm hydrogels are the most popular of 
temperature-sensitive soft materials. Owing to its unique thermosensitivity, PNIPAAm 
hydrogels have been developed for many applications such as drug delivery [1], tissue 
engineering [2] and switchable hydrogels [3]. However there are some problems due to the 
fact that the poor mechanical properties limit their applications. To improve the mechanical 
strength, several approaches using hybridization with inorganic nanoparticles have been 
reported: e.g., the surface modification of inorganic materials with organic polymer [4] or the 
construction of organic polymers with inorganic materials via the sol-gel method [5], or by in 
situ radical polymerization of a polymerizable monomer in an aqueous or organic dispersion 
of nanoparticles [6]. However, most of these hybrid hydrogels still have few disadvantages. 
For example, it takes a considerable amount of time to complete the gelation process, and 
unreacted monomers and initiators remain inside the resultant hydrogels that may 
occasionally induce undesirable effects in medical and biological uses. 
  Here, we introduce a new class of thermo-responsive hybrid soft materials prepared by 
using inorganic nanoparticles as multi-crosslinkers. The preparation method can be 
characterized by the fact that the copolymer having reactive anchoring groups was simply 
mixed with a silica nanoparticle (SiNP) suspension at room temperature. Therefore, impurities 
such as unreacted monomer and initiator cannot exist in the obtained hydrogel. 
  Poly(NIPAAmn-co-MAPTSm) was prepared by free radical polymerization of NIPAAm and 
methacryloylpropyl trimethoxysilane (MAPTS) in methanol at 60 C using AIBN as an 
initiator and characterized by 1H NMR and FTIR spectroscopies and size exclusion 
chromatography (Table 1). The diameter of silica nanoparticles (Nissan Chemical Industries, 
Ltd.) was measured by dynamic light scattering (DLS). 

Table 1 : Characterization of poly(NIPAAmn-co-MAPTSm) and PNIPAAm 

Polymer 
NIPAAm/MAPTS Mw

(x 105)

Mn

(x 105)
PDI 

Feed ratio Real ratioa

poly(NIPAAmn-co-MAPTSm) 100/1 105.7/1 2.96 1.19 2.48 

PNIPAAm 100/0 - 2.15 0.75 2.87 
a The real ratio of the resultant poly(NIPAAmn-co-MAPTSm)s were calculated from 1H NMR spectra.
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  The thermo-responsive organic-inorganic hybrid hydrogels were prepared in a test tube by 
mixing the aqueous solution of poly(NIPAAmn-co-MAPTSm) and SiNP suspension. The 
onsite gelation was materialized by an inversion method at 25 C. The transparent hybrid 
hydrogels (Fig. 1) were produced within few minutes to couple of days depending on the 
concentration and mixing ratio of copolymers and silica nanoparticles. In contrast, no gelation 
was observed for a 
poly(NIPAAmn-co-MAPTSm) 
solution without SiNP. 
Moreover,PNIPAAm without 
an anchoring trimethoxysilyl 
group did not show any 
gelation even in mixing with 
high concentration of SiNP. 
These observations suggeste 
that the methoxysilyl groups of poly(NIPAAmn-co-MAPTSm) react with the silanol groups of 
SiNP as multiple crosslinker to form hybrid hydrogels. The thermosensitivity of hybrid 
hydrogels as well as the corresponding copolymers were evaluated by measuring the lower 
critical solution temperature (LCST). Poly(NIPAAmn-co-MAPTSm) and its hybrid hydrogel 
exhibited LCST around 32 C. No significant influence to LCST was observed by using SiNP 
crosslinker. The hybrid hydrogel became turbid, shrank with increasing the temperature above 
LCST, and restored to a transparent hydrogel by lowering the temperature below LCST. The 
mechanical strength of the hybrid hydrogels was evaluated by a stress-strain test. For example, 
the compressive strength of the hybrid hydrogel prepared by mixing 5 wt% of 
poly(NIPAAmn-co-MAPTSm) with n/m = 106 and 10 wt% SiNP was found to be 177 kPa at 
62 % compression.  

In conclusion, a new class of thermo-responsive soft materials have been prepared by 
simply mixing functional copolymer having reactive anchoring groups with inorganic 
nanoparticles. Regarding the thermo-responsive properties of the hybrid materials, no 
undesirable perturbation with SiNP on LCST was observed. 
 
[1]  A. Matsumoto, R. Yoshida, K. Kataoka, Biomacromolecules, 5, 1038 (2004).  
[2]  M. Yamato and T. Okano, Mater. Today, 7, 42 (2004). 
[3]  O. Kretschmann, S. W. Choi, M. Miyauchi, I. Tomatsu, A. Harada, H. Ritter, Angew. 

Chem., Int. Ed., 45, 4361 (2006). 
[4]  E. Carlier, A. Guyot, A. Revillon, React. Polym., 16, 115 (1991). 
[5]  M. W. Ellsworth, B.M. Novak, J. Am. Chem. Soc., 113, 2756 (1991). 
[6]  K. Haraguchi, T. Takehisa, Adv. Mater, 14, 1120 (2002). 

Fig 1. Typical example of hybrid polymer hydrogel from 
poly(NIPAAmn-co-MAPTSm) and SiNP. 
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Introduction  
Block copolymers exhibit a phase transition between ordered (microphase-separated) and 

disordered (homogeneous) states at a certain critical temperature, commonly refered to 
order-disorder transition temperature (TODT), which depends on molecular weight, block 
composition and interaction parameter of block segments [ref.1]. Phase behaviour of block 
copolymers have been widely investigated, especially for order-disorder transition (ODT) and 
order-order transition (OOT) [ref.2]. However, few research examined viscoelastic properties 
of block copolymers at molecular level, since it is very difficult to separate or specify the 
response at molecular level. If there is a block copolymer with the block components having 
almost the same physical properties, it will become possible to analyze viscoelastic properties 
at molecular level. Polystyrene (PS) and poly(2-vinylpyridine) (P2VP) are suitable block 
components for such study because they have almost the same Kuhn segment length and 
similar viscoelastic properties in bulk and common good solvents [ref.3]. Hence, in this study 
we will report the effect of molecular weight on the viscoelastic properties for symmetric 
poly(styrene-block-2-vinylpridine) (SP) diblock copolymers in the ordered state.  

Experiment 
Symmetric SP diblock copolymers with the molecular weight from 1.0 104 to about 

40 104 and the corresponding PS homopolymers with almost the same molecular weight were 
pressed for 5 min at 150 oC to obtain the disc samples with the size of 8 mm diameter and 1.1 
mm thickness for rheological measurements. The disc samples were placed into vacuum oven 
for 10 hrs at 110 oC before the rheological measurements. Rheological measurements were 
performed on a rheometer (Anton Parr, MCR300) using the parallel plate geometry. 
Frequency (ω ) sweep was conducted from 100 to 0.01 rad/s at a constant strain of 1 % in a 
temperature range of 220~120 oC under N2 gas after 10 min duration time before 
measurements at each temperature. 

Results and discussion 
Because of nearly identical properties between PS and P2VP, mater curve for SP diblock 

copolymers can be obtained with time temperature superposition principle by using WLF 
equation, which is the same as those for components. To examine the viscoelastic properties 
of ordered block copolymers at molecular level, the response from multi grain structure must 
be removed from the data, which can be described by the line with the slope of 1/2 as shown  
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in Figure 1. We obtained *G!  by subtracting lamellar response from the raw modulus of SP 
diblock copolymers, which are also shown in Figure 1. By using *G! , which is 
approximated by the Maxwell model, lamellar response and PS modulus in the high 
frequency region were combined together and compared with the raw modulus of SP diblock 
copolymers as shown in Figure 2. It is observed that the modulus composed of three parts are 
nearly equal to the raw modulus of SP diblock copolymers. Therefore, *G!  can be 
regarded as the response from the longest relaxation mechanism of chains in the ordered 
structure. We obtained *G!  of other SP diblock copolymers by the same method and 

calculated zero-shear viscosity ( 0 ), zero-shear steady-compliance ( 0
eJ ) and the longest 

relaxation time ( SP ) for SP diblock copolymers from them. Molecular weight dependence 

Fig. 3. Double logarithmic plots 0
eJ  and 

0  against M for SP and PS at 160 oC. 

Fig. 4. Double logarithmic plots  against  
M for SP and PS at 160 oC. 

Fig. 1. Double logarithmic plots *G  and 

*G!  against Ta  for SP34 at 160 oC. 

Fig. 2. Comparison of  *G  between SP34 and 
the sum of three parts 

SP/PS  
●  ○  0  
■    □  0

eJ  
!" SP "

#" PS  
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of 0 , 0
eJ  and SP  are shown in Figure 3 and 4. It is observed that the relationship of 0 , 

0
eJ , SP  with M for SP diblock copolymers have almost the same scaling law with PS 

homopolymers, namely, 1
0 M!  when SPCMM <  and 4.3

0 M!  when SPCMM > , 

10 MJ e!  when SPCMM < '  and 00 MJ e!  when SPCMM > ' , 2MSP!  when 

SPCMM < , 4.4MSP!  when SPCSPC MMM << '  and 4.3MSP!  when SPCMM > ' , 

where SPCM =7.0~8.0!104 and SPCM ' =19~20!104, which are about two times of the 

critical molecular weights for P2VP homopolymers. Further discussion will be presented at 
the meeting. 
  
Reference 
[1]Leibler, L. Macromolecules, 13, 1602 (1980). 
[2]Abetz, V.; Simon, Peter F. W. Adv. Polym. Sci., 189, 125 (2005). 
[3]Takahashi, Y.; Ochiai, N.; Matsushita, Y.; Noda, I. Polym. J., 28, 1065 (1996). 
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We have previously reported the experimental visualization of the three-dimensional (3D) 
helical morphology of a polystyrene-block-polybutadiene-block-poly(methyl methacrylate) 
triblock terpolymer (SBM) using transmission electron microtomography (TEMT).[1] Our 
results revealed a double helical structure composed of polybutadiene (PB) helical 
microdomains around hexagonal-packed polystyrene (PS) cylinder cores in a poly(methyl 
methacrylate) (PMMA) matrix. By controlling the solvent evaporation rate on the film after 
solvent annealing, the homogeneous parallel and perpendicular orientations of the 
hexagonally packed helical structure were achieved in the SBM films with the thickness up to 
micron level. [2] This helical structure may have great potential as a base soft material for 
new applications, such as the template for fabricating nanosprings or nanocoils etc, which 
strongly demand a quantitative adjustment of the structure. 

In this work, the morphology in mixtures of the SBM triblock terpolymer [Mn  
34k(S)-12k(B)-124k(M), Mw/Mn = 1.03] and polystyrene homopolymers was observed by 
Dual-axis TEMT. Two polystyrene homopolymers were used here with different molecular 
weights, 8.4k and 97k, denoted by hPS84 and hPS970, respectively. The morphology was found 
vary with the faction of PS-microdomains in the system ( PS) and the molecular weight of 
homopolymer (Mn,homo).  

In hPS84/SBM mixture, the diameter of the double helical structure (D) and the spacing 
between adjacent helical structures (L) increased with increasing PS, while the pith (p) 
decreased simultaneously. When PS reached 0.32, the helical structure broke up, and finally 
turned to spherical microdomains at PS = 0.37, in which the PB spherules hexagonally 
arranged on the PS/PMMA interface. While in hPS970/SBM mixture, D and L increased more 
dramatically, compared with the hPS84/SBM mixture, while p kept constant. Moreover, the 
triple helices and four-stranded helices successively appeared in the hPS970/SBM system as 

PS increasing. As PS was up to 0.37, macroscopic phase of PS domains can be observed. 
(Fig. 1) 

The morphology dependence on Mn,homo may involve the solubilization behavior of 
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homopolymers as a function of their molecular weights. [3] Since the PS block chains (bPS) 

are confined with one end fixed at the interfaces and with their segments restricted in the PS 

domain space, the mixing of these confined PS chains with hPS chains involves a significant 

loss of the conformational entropy in both the free chains (hPS) and the confined chains (bPS). 

Obviously the loss of the conformational 

entropy increases with increasing Mn,homo. 

Hence hPS with lower Mn,homo (i.e. hPS84) 

tends to uniformly swell the PS microdomain. 

And the addition of hPS on the interface of a 

PS microdomain changes the local volume 

factions of three components of PS, PB and 

PMMA near the interface. The relatively 

decreasing of the volume faction of PB 

results to the PB helices break up and 

eventually turns to spherical microdomains. 

Meanwhile, hPS with higher Mn,homo (i.e. 

hPS970) tends to cause the PS microdomains 

to swell less uniformly, resulting in hPS 

segregation toward the middle of the PS 

microdomains, or segregation out from the 

microdomain system to form a macroscopic 

phase. As few hPS chains distribute on the 

interface of PS microdomain, the local 

volume factions of three components keeps a 

constant approximately. As a consequence, 

the helical morphology is maintained as the 

PS increasing, while the number of helical 

strands thus increases to keep equilibrium of 

helix angle. 

Hereby, we realized the quantitative 

adjustment of the structure parameters, i.e. 

Fig. 1 (a) TEM image of the neat SBM 

triblock terpolymer; (b) The 3D re- 

constructed images obtained in the neat 

SBM by TEMT; (c~f) TEM image and 

TEMT 3D reconstructed images in polymer 

mixures [(c) SBM/hPS87 with PS = 0.30, 

(d) 0.32, (e) 0.37, and (f) SBM/hPS970 with 

PS = 0.26, respectively]. PB microdomains 

colored blue, red and green. Scale bars 

represent 100 nm in all images. 



-160-

the diameter, pitch and spacing of helical structure of the PB microdomains in SBM triblock 

terpolymer by the means of the mixture of SBM and PS homopolymers. Moreover, the triple 

helix and four-stranded helix were achieved in this mixture system, which further enhanced 

the promising applications of the ABC-triblock terpolymer as the template for the synthesis of 

new materials. 
 
[1] H. Jinnai, T. Kaneko, K. Matsunaga, C. Abetz, V. Abetz, Soft Matter., 5, 2042 (2009). 
[2] S. Hong, H. Sugimori, T. Kaneko, V. Abetz, H. Jinnai, manuscript in preparation. 
[3] T. Hashimoto, H. Tanaka, H. Hasegawa, Macromolecules, 23, 4378 (1990). 
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Although the dynamical behavior of nanoparticles in polymer matrix is different from that 
of the conventional Brownian motion [1], the details of such dynamical behavior are still 
unknown. Moreover, the dynamical features of polymer-grafted nanoparticles are rarely 
studied. In the present study, the dynamics of the polystyrene (PS)-grafted nanoparticles 
dispersed in PS matrix have been studied. 

X-ray photon correlation spectroscopy (XPCS) has been installed at BL19LXU beamline of 
SPring-8 [2]. In an XPCS measurement, samples are coherently illuminated, and the 
fluctuation of scattered speckle intensity is observed. The time-autocorrelation functions 
g2(q,t) are then acquired from the intensity fluctuation. Here, q and t are the wave vector and 
time, respectively. Representative g2(q,t) at q~2.56 10-2 nm-1 over the temperature, T, range 
between 443.15 K and 503.15 K are shown in Fig. 1. The relaxation behavior becomes faster 
as T increases, reflecting the decrease of the viscosity of the PS matrix. The temperature 
dependence of the PS-grafted nanoparticles was studied by the continuous time random walk 
(CTRW) model [3]. In the CTRW model, the particle motion is expressed by the discrete steps. 
The mean displacement of a particle after N
steps is expressed by N , where  is the 
average length of a single jump. The parameter 

 takes a value between 0 and 1.  =0.5 and 
=1 represent the Brownian motion and the 
ballistic motion, respectively. From the fitting 
analysis of the measured g2(q,t) at each 
temperature, we obtained  ~0.8 at T< 473.15 
K and  ~0.5 at T> 473.15 K, indicating that 
the dynamical behavior of the nanoparticles is 
mostly Brownian in the higher temperature 
region, while it change to ballistic with 
decreasing temperature. 
[1] V. Ganesan et al., J. Chem. Phys. 124, 221102 (2006). 
[2] T. Hoshino et al., J.Phys: Conf. Ser., 272, 012020 (2011). 
[3] A. Duri et al., Europhys. Lett., 76, 972 (2006). 

Fig. 1 Representative time-autocorrelation 

functions of the scattered speckle intensity from 

polystyrene-grafted nanoparticles in polystyrene 

matrix at various temperatures above matrix Tg.
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Self-healing materials attract a lot of 
attention because of their ability to repair the 
internal and external damage. Thereby, they 
can extend their lifetimes, lead to reduce the 
waste, and moreover have the potential to be 
applied to many applications that we cannot 
repair easily. Diarylbibenzofuranone (DABBF) 
which is a novel dynamic covalent bond unit 
can reach a state of radically thermodynamic 
equilibrium under air at room temperature 
without any stimuli. Furthermore, DABBF 
and radical species formed from cleaved 
DABBF are tolerant of oxygen [ref. 1]. In this 
research, we synthesized self-healable gels by 
introducing DABBF into cross-linked 
polymers and evaluated their chemical and 
mechanical properties (Fig. 1) [ref. 2]. 

Cross-linked polymers with DABBF as a 
cross-linker were prepared by polyaddition of 
DABBF 1 and tolylene diisocyanate 
terminated polypropylene glycol. We 
confirmed the reaction proceeded successfully 
because the reaction mixture lost the fluidity. 
The cross-linked polymer gels dissolved in a solvent containing excess DABBF 1 at room 
temperature. This behavior showed that exchange reaction between DABBF 1 and 
cross-linking sites well proceeded. Furthermore, the gels swollen with DMF can self-heal by 
contacting samples together after they were cut by a razor (Fig. 2). Self-healing behavior was 
verified from the complete recovery of mechanical properties and the control experiment. 
 
[1] J. C. Scaiano et al., J. Am. Chem. Soc. 2006, 128, 16432-16433. 
[2] K. Imato et al., submitted for publication. 

Fig. 1. Chemical structure and equilibrium of 
DABBF and scheme of synthesis of cross-linked 
polymer with DABBF. 

Fig. 2. Photographs and images of chemical gels 
with DABBF before and after self-healing. 
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Introduction 
Catechol group has been widely known as an adhesive 

functional group due to its strong interaction with metal 
oxide[1,2]. We synthesized adhesive anionic copolymer (P1) 
containing the catechol groups to modify a stainless steel (SUS) 
surface in order to adsorb sufficient amount of cationic nano 
particles (NP) on this surface by electrostatic interaction. 
Experimental 
Conventional free radical polymerization of 

N-(3,4-dihydroxyphenyl) ethylmethacrylamide (DMAm) and 
3-sulfopropyl methacrylate, potassium salt (SPMK) was carried out to prepare 
poly(DMAm)-ran-poly(SPMK) (DMAm/SPMK = 0.20/0.80) (P1). A SUS plate was dipped 
into aqueous solution of P1 or poly(SPMK) for 30 minutes and annealed at 100 C for 6 hours. 
The substrates were alternately dipped into the solution of positive-charged poly(lactic- 
co-glycolic acid) NP encapsulating fluoresein isothiocyanate (FITC-NP) and negatively 
charged heparin (Hep) solution. Multilayer of FITC-NP and Hep denoted as 
(FITC-NP)n(Hep)k was obtained by n th and k th deposition of FITC-NP and Hep solution. 
The multilayers-built SUS plate was immersed in Tris buffer solution (pH=7.4) to release 
FITC-NP at 25 C. The concentration of released FITC-NP in the solution was estimated by 
spectrophotofluorometer. 
Results and Discussion 
When the homo poly(SPMK) was coated on the SUS 

substrate, polymer layer was immediately removed 
from the surface by washing with water, while the P1 
remained on the substrate even after the washing or 
dip-coating process, which were confirmed by XPS 
and fluorescence microscopy. P1 anchored on SUS 
surface through the chelation of catechol group with 
metal oxide to form stable anionic layer, which 
enhanced the efficient adsorption of cationic NP.. 

Fig. 2 shows evolution of FITC-NP release from 
(FITC-NP)3(Hep)3 layer on P1-modified SUS. The 
concentration of released FITC-NP in the solution began to increase just after the deposition 
of the substrate in a buffer solution and saturated within 60 min. The release rate and period 
could be controlled by the multilayer number and the chemical structure of polymers. 

 
[1] P. B. Messersmith, et al., PNAS, 103, 12999-13003 (2006). 
[2] H. J. Butt, et al. Adv. Mater., 20, 3872-3876 (2008). 

Fig. 2 Cumulative amount release profile 
of FITC-NP from multilayer film on SUS.

Fig. 1 Chemical structure of P1 
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Introduction 

Chain dimensions of surface-tethered polyelectrolytes on the nanoparticle in the aqueous 
solution are important for the colloidal stability and dispersion. In this study, well-defined 
cationic polymer with narrow molecular weight distribution were immobilized on a silica 
nanoparticle (SiNP) by surface-initiated atom transfer radical polymerization (SI-ATRP) to 
investigate the influence of the salt concentration on the chain dimensions of a cationic 
polymer tethered on a surface. 
Experimental 

SI-ATRP of 1-(2-methacryloyloxy)ethyl-3-ethylimidazolium chloride (MEImCl) from alkyl 
bromide-immobilized SiNP with a radius of 54 nm was carried out in 2,2,2-trifluoroethanol for 
24 h at 60 °C. Surface-grafted polymer was cleaved by treatment with HF aqueous solution to 
determine the molecular weights (Mn) and Mw/Mn. Chain dimensions of surface-tethered 
polymer was characterized in the aqueous NaCl solutions at various salt concentrations by 
dynamic light scattering (DLS), and small angle X-ray scattering (SAXS) measurements. 
Radius of gyration of polymer layer was estimated from SAXS profiles using the core-shell 
model considering interacting excluded-volume chains and assuming Schulz distributed core 
with the radius of gyration of polymer layer.1 
Results and Discussion 

The Mn and Mw/Mn of cleaved poly(MEImCl) 
determined by aqueous SEC measurement were 
169,000 and 1.13, respectively. The graft density 
was 0.021 chains/nm2 estimated from the deter- 
mined values of Mn, Rc and weight of grafted-
polymer. Hydrodynamic radius (RH) of poly 
(MEImCl)-g-SiNP obtained by DLS was converted 
to hydrodynamic radius of polymer layer (RH, brush) 
by (RH  Rc)/2. As shown in Figure 1, RH, brush 
gradually decreased with an increase in salt 
concentration of sodium chloride from 0 to 1.0 
mol/L. Reduction of RH, brush can be explained by screening of electrostatic repulsion between 
the monomer units by added salt,2 resulting in a change in the conformation of polymer chain. 
References 
[1] J. S. Pedersen, et al. Macromolecules 2003, 36, 416. 
[2] A. Takahashi, et al. J. Phys. Chem. 1970, 74, 944 946. 

Figure 1. Dependence of RH on salt concentra-
tion for poly(MEImCl)-g-SiNP in aqueous 
NaCl at 298 K.
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Since the introduction of the concept by Sharpless and coworkers1 in 2001, click reactions 

have attracted great attention, because of their unique properties such as high selectively and 
high efficiency under ambient condition. Various hierarchical nanostructured polymers, such 
as block polymers, polymer gel networks and modified dendrimers have been synthesized by 
using click reaction. Recently, the click reaction has been conducted not only in homogeneous 
media but also on surfaces or at interfaces. 

Herein, we report new class of pol-
ymer materials, including thin films, 
soft gels, and hollow capsules, consist-
ing of composite polymer nanofilms 
which were prepared by the Cu(I)- cat-
alyzed Huisgen click reaction between 
lipophilic polymers or between lipo-
philic and hydrophilic polymers (Fig. 
1). To confirm the feasibility of interfa-
cial click reaction taking place at an oil-water interface, three lipophilic and one hydrophilic 
polymer bearing an alkyne group, poly(2-hydroxy-3-azidopropyl methacrylate) (p-HAzPMA), 
poly(styrene-co-2-azidoethyl acrylate) (p-Sty-co-AzA), poly[propargyl(2-propynyl) methac-
rylate] (p-PgMA), and poly(sodium styrenesulfonate-co-propargyl acrylate) (p-NaSS-co-PgA), 
were synthesized by thermal radical polymerization. As three components, azide polymer, al-
kyne polymer and cupper catalyst, were arranged into 
aqueous phase and oil phase separately, the poly-
mer-polymer cross-linking reaction is proceeded only at 
the interface. Figure 2 shows O/W hollow capsules con-
sisting of p-Sty-co-AzA and p-NaSS-co-PgA which were 
synthesized by interfacial click reaction (Type B). Espe-
cially, the combination of lipophilic azide polymers and 
hydrophilic alkyne polymers allowed us to pro a-

nofilms both with hydrophilic and lipophilic sur-
faces. 
[1] H. C. Kolb, M. G. Finn, and K. B. Sharpless, Angew. Chem. Int. Ed., 40, 2004 (2001). 
[2] S. Kai, M. Ashaduzzaman, S. Uemura, and M. Kunitake, Chem. Lett., 40, 270 (2011).  

Fig. 1. Schematic representation of homo- and hetero-type 
liquid-liquid interfacial click reactions and products. 

Fig. 2. Optical microscope (a), and 
SEM (b) images for het-
ero-crosslinked O/W hollow capsules 
consisting of p-Sty-co-AzA. and 
p-NaSS-co-PgA. 
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Biomineralization is the process by which living organisms produce minerals such as 
calcium carbonate. The structures of their biominerals are highly controlled from the nano- to 
the macroscopic level, resulting in complex architectures that provide multifunctional 
properties. In this study, we investigated the method for crystallization of calcium carbonate 
in thermotropic liquid crystalline phases with molecular orientational order by use of the new 
crown ether derivatives as calcium ion carriers (Fig.1) [1]. 

Samples were prepared by the mixture of 97 wt% 4-cyano-4 - pentylbiphenyl ; 5CB 
(Aldrich) and 3 wt% calcium cation-complexed crown ether derivatives. The mixture was 
placed in contact with water in the sandwiched glass cells. The glass cells were then placed in 
a closed desiccator together with ammonium carbonate for 10 days in 30 C (Fig.2) [2]. 

The precipitated crystals was observed by polarizing optical microscopy and scanning 
electron microscopy (SEM). As shown in Fig.3a, The precipitated crystals was observed not 
only near the interface between liquid crystal and water , but also around the liquid cryastal 
phases. This result could be due to the carbonate ions which was produced by the reaction of 
small amount of water in liquid crystal phases and CO2 gas. It was found that the precipitated 
crystals had   the anisotropic shape by SEM observation (Fig.3b). It is suggested that the 
crystalization was affected by the nematic liuid crystal with orientational order.     
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Fig.2 Method of 
crystallization by use of 
the carbon dioxide gas  

Fig.3 Polarizing optical micrographs near 
the interface between liquid crystal and 
water in the sandwiched glass cells (a). 
SEM images of the precipitated crystals (b). 
 

Fig.1 New crown ether 
derivative 
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Cyclodextrins(CDs) are well known to form inclusion complexes with various compounds 
because of their hydrophobic cavity[1]. This inclusion phenomenon leads to significant 
changes of the solution properties of the guest molecule[2]. Hydrophobic, water-insoluble 
molecules become water-soluble by treatment with aqueous solution of cyclodextrins without 
any chemical modification of the guest molecule. A large number of monomers can be homo-
or copolymerized under simple conditions but, in general, it does not result in polymers with 
well-defined structures by conventional free radical polymerization. Using living radical 
polymerization, it is possible to synthesize well-defined polymers with desired molecular 
weights and low polydispersities[3]. Here stimuli responsive triblock copolymers were 
synthesized by the polymerization of n-isopropyl acrylamide(NIPAAm) by ATRP under 
environmentally friendly conditions with pseudopolyrotaxane initiator, in which many 
cyclodextrins threaded onto polyether glycol.

(a)

(b)

The synthesized triblock copolymers were also used to evaluate their stimuli responsive 
behaviors, such as pH and thermal responsivities. As shown in Fig. 1, polyrotaxane based 
triblock copolymers have different dual responsive behaviors depending on the values of pH 
and temperature.

[1] H. Ritter, M. Tabatabai, Prog. Polym. Sci, 27, 1713 (2002).
[2] L. He, J. Huang, Y. Chen, Li. Liu, Macromolecules, 38, 3351 (2005).
[3] J. Storsberg, M. Hartenstein, A. H. E. Muller, H. Ritter, Macromol. Rapid Commun., 21,

1342 (2000).

Fig. 1. Stimuli responsive behaviors of (a)PEG and (b)PPG based triblock copolymers.
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Antifouling paints have a primary role in the marine industry as protecting the attachment of 
biofouling in marine environment and reducing the fuel consumption of ships. Since the use 
of tributyltin(TBT) groups in antifouling paints was banned internationally, the development 
of new antifouling coating with biocidal effects on the marine organisms and no potential 
accumulation for the aquatic environment has been required. Polyurethane(PU) coatings are 
increasingly used instead of traditional coatings because their superior properties and longer 
lifetimes greatly lengthen the interval between refurbishments. So, in the study, we 
synthesized the novel self polishing resins by applying PU matrices with different polyols and 
various quaternary ammonium salts which are effective biocides. The thickness change of the 
resin by dynamic immersion in artificial seawater was checked to investigate the self 
polishing property. As shown in Fig. 1, PU(PTAd600)-C09 with poly(tetramethylene dipate) 
glycol of molecular weight of 600g/mol(PTAd600) and tripropylamine(C09) has had good 
erosion property. And Fig. 2 shows the fouling rate of each coatings in the seawater for 10 
weeks. Consequently, We predict PU(PTAd600)-C09 will be the potential antifouling resin in 
the near future. 

Fig. 1. The thickness change of PU coating      Fig. 2. The fouling rate of each PU coatings              

by dynamic immersion.                            during immersion periods.   
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Antifouling paints have a primary role in the marine industry as protecting the attachment of 
biofouling in marine environment and reducing the fuel consumption of ships. Since the use 
of tributyltin(TBT) groups in antifouling paints was banned internationally, the development 
of new antifouling coating with biocidal effects on the marine organisms and no potential 
accumulation for the aquatic environment has been required. Polyurethane(PU) coatings are 
increasingly used instead of traditional coatings because their superior properties and longer 
lifetimes greatly lengthen the interval between refurbishments. So, in the study, we 
synthesized the novel self polishing resins by applying PU matrices with different polyols and 
various quaternary ammonium salts which are effective biocides. The thickness change of the 
resin by dynamic immersion in artificial seawater was checked to investigate the self 
polishing property. As shown in Fig. 1, PU(PTAd600)-C09 with poly(tetramethylene dipate) 
glycol of molecular weight of 600g/mol(PTAd600) and tripropylamine(C09) has had good 
erosion property. And Fig. 2 shows the fouling rate of each coatings in the seawater for 10 
weeks. Consequently, We predict PU(PTAd600)-C09 will be the potential antifouling resin in 
the near future. 

Fig. 1. The thickness change of PU coating      Fig. 2. The fouling rate of each PU coatings              

by dynamic immersion.                            during immersion periods.   
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Fig. 1. TEM images of flag types of silver nanostructures prepared at various 
[AgNO3]/[Ag in rod seeds] ratios in DMF. 

Shape Evolution of Flag-type of Silver Nanostructures in DMF Solution 

Masaharu Tsuji1, Xinling Tang2, Keiko Uto1, and Mika Matsunaga1

1 Institute for Materials Chemistry and Engineering, Kyushu University, Japan 
2 Graduate School of Engineering Sciences, Kyushu University, Japan 

Shape evolution of novel flag types of silver nanostructures has been studied using a 
two-step reduction method. At low AgNO3 concentrations, trapezoid and triangular platelike 
structures having {111} facets were evolved from long side {100} facets of Ag nanorods. At 
higher AgNO3 concentrations, tetrahedral flags having {111} facets were evolved from 
equilateral triangular plates. Growth mechanisms of flag-type of silver nanostructures are 
discussed.

For the past twenty years, extensive studies have been carried out to develop preparation 
methods of novel shapes of metallic particles and their application. We have recently studied 
shape evolution of novel flag types of silver nanostructures using a two-step reduction 
method.1

In the first step, pentagonal Ag nanorods were prepared by polyol reduction of AgNO3 in 
ethylene glycol in the presence of PVP. In the second step, AgNO3 was reduced in DMF in the 
presence of Ag nanorod-seeds and PVP. Then trapezoid and triangular platelike structures 
having {111} facets were evolved from long side {100} facets of Ag nanorods (Figs. 1a-1e). 
At higher AgNO3 concentrations, tetrahedral flags having {111} facets were evolved from 
equilateral triangular plates (Fig. 1f). The crystal structures of flag types of Ag nanostructures 
are determined and their growth mechanisms are discussed on the basis of TEM, SEM, SAED, 
and TEM-EDS data. It was found that tetrahedral flags were grown either through the 
formation of two equilateral triangular plates connected on a nanorod or through the crystal 
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Fig. 2. Crystal structures and growth mechanisms of flag types of silver nanostructures 
prepared in DMF. 
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Fig. 3. Extinction spectra of Ag 
seeds and flag-types of Ag 
nanostructures obtained at various 
[AgNO3]/[Ag in rod seeds] ratios. 

growth of triangular pyramidal structures over triangular plates (Fig. 2). The present results 
demonstrate that Ag nanorods can be used as new seeds for the unique flag types of Ag 
nanostructures. 
  The extinction spectra of Ag seeds and flag type products were measured in the 
UV-Vis-NIR region (Fig. 3). The surface plasmon resonance (SPR) band of Ag seeds consists 
of a main peak at ca. 385 nm with a weak shoulder peak at ca. 350 nm. The main peak at ca. 
385 nm and the subpeak at ca. 350 nm are ascribed to the out-of-plane dipole and out-of-plane 
quadrupole resonances of the {100} side walls of the Ag nanowires, respectively. When long 
Ag nanowires are produced, a long tail band is observed above ca. 450 nm. This tail band can 
be ascribed to the overlapping of the in-plane quadrupole and dipole resonance modes of the 
Ag nanowires. It is known that silver plates give the main SPR bands above ca. 500 nm, and 
they shift to red and become broad with increasing edge lengths. The red shifts of the major 
SPR peak from 385 to 410 nm and an increase in the intensity of the SPR bands above ca. 450 
nm with increasing the [AgNO3]/[Ag in rod seeds] ratio from 4 to 150 can be explained by the 
formation of trapezoid and triangular platelike structures. Further increasing the [AgNO3]/[Ag 
in rod seeds] ratio to 300, shapes of flags change from platelike flags to tetrahedral flags. The 
longer wavelength component above 400 nm becomes strong and spectra give rather flat 
extinction in the 400 1200 nm region with a broad peak at ca. 850 nm, when tetrahedral flags 
are formed at an [AgNO3]/[Ag in rod seeds] ratio of 400.  

In the present study, we found that platelike and tetrahedral flag types of Ag nanostructures 
give broader and flatter extinction in the Vis-NIR region than those of known Ag 
nanostructures. Therefore, flag type Ag 
nanostructures are promising materials having new 
optical properties in a wide wavelength range. 
 
[1] M. Tsuji, X. L. Tang, M. Matsunaga, Y. Maeda, M. 
Watanabe. Cryst. Growth Des. 10, 5238 (2010). 
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Epitaxial growth of Au@Ni Core-shell Nanocrystals Having a Large Lattice 
Mismatches of 13.6%
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Hybrid hydrogels with nano-scale clays have been attracted for biomedical technologies 
such as tissue engineering, biosensor, and controlled drug delivery.[1] Among nano-clay 
materials, imogolite has a unique structure and physical properties. Imogolite is a hydrous 
aluminosilicate nanotube(Fig 1) which has a high aspect ratio, large specific surface area, and 
good transparency.[2] Here, we evaluated mechanical properties, water uptake, and biostability 
of a semi-interpenetrating network (semi-IPN) based on fiber-like imogolite nano-filler(IG) 
and cross-linked hyaluronic acid with hexamethylenediamine (HA-HMDA). The semi-IPN 
HA-HMDA/IG hydrogels are prepared easily by the addition of HMDA and IG to high 
concentrated HA activated with 1-ethyl-3-[3-(dimethylaminopropyl]carbodiimide (EDCI) and 
1-hydroxybenzotriazole monohydrate(HOBt) under acidic condition(Fig 2).[3] FT-IR analysis 
elucidated that imogolite nano-fillers formed semi-IPN with HA-HMDA phase accompanying 
hydrogen bonding interaction. Figure 3 shows SEM images of freeze-dried hydrogel which 
reveal typical morphologies of semi-IPN fibrous hydrogels. Reinforcement of cross-linked 
hyaluronic acid hydrogel was achieved by the imogolite addition which increases 
cross-linking density.  

Hyaluronic acid

+ +
HMDA Imogolite

EDCI, HOBt

H+

Hyaluronic acid

+ +
HMDA Imogolite

EDCI, HOBt

H+

Figure 1. Schematic representation of Imogolite 
nanotube.

Figure 2. Schematic for synthesizing semi- IPN 
hybrid hydrogels. 
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Figure 3. SEM images of freeze dried HA-HMDA hydrogel(left) and HA-HMDA/IG hybrid 
hydrogel(right). 
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Star polymers are a special kind of branched polymers composed of a centeral core and 
different numbers of linear chains with the properties of low solution or melt viscosities, 
because their molecular structures behave similar to a solution of hard sphere and exhibit 
limited chain entanglements, which is beneficial to polymer processing. Star polymers with 
different composition of acrylic monomers such as n-butyl acrylate(n-BA), methyl 
methacrylate(MMA), 2-hydroxyethyl methacrylate(HEMA) were obtained via atom transfer 
radical polymerization with multifunctional ATRP initiators as the cores of the stars.[1,2]

The synthesized star polymers were characterized by FT-IR, 1H NMR spectroscopies and 
GPC with refractive index and evaluated their thermal properties as well as intrinsic 
viscosities in order to be potentially used in the industrial field. The FT-IR spectrum of the 
initiator shows characteristic absorption peaks at 1738(C=O stretch), 1271(C-O-C stretch), 
and 1164(C-Br bending) with concurrent disappearance of -OH stretching of the hydroxyl 
moiety at 3650~3000 cm-1. Fig. 2 showed the chemical shifts of 1H-NMR spectra of acrylic 
4-arm star polymer by ATRP indicating the characteristic peaks at 4.04 ppm (-OCH2-), 3.82 
ppm (-OCH3-), 0.8-2 ppm (polymer backbone) with concurrent disappearance of C=C peaks 
of double bond around 5.5-6.5 ppm.

[1] K. Matyjaszewski, J. Xie, Chem. Rev 101, 9 (2001).
[2] I. Chung, P. Britt, E. Harth and J. Mays, Chem. Comm. 28, 8 (2005).

Fig. 1. FT-IR spectra of the synthesized initiator 
(a) pentaerythritol (b) 4-arm PT-Br.

Fig. 2. 1H-NMR spectra of copolymer initiated by 
4-arm PT-Br.
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The homogeneous dispersion of carbon 
nanotubes (CNTs) in matrix polymer is essential to 
maximize the CNT s properties such as mechanical 
strength, electric conductivity, and thermal conductivity of the composites.  

In this presentation, we describe 1) a new CNT/polymer nanocomposite system consisting 
of a UV-curable monomer (1, Fig. 1) and single-walled carbon nanotubes (SWNTs) that 
satisfy both the homogeneous dispersion and excellent processability requirements [ref.1], 2) 
the evaluation of bundled degrees of SWNTs in the SWNT/Polymer nanocomposites based on 
the intensity changes in the radial breading mode (RBM) of their Raman spectra at a 785-nm, 
excitation, and 3) the thermal conductivity measurements of the composite films using the 
temperature wave analysis method [ref.2]. Our simple mixing dispersion requires no chemical 
treatments for the SWNT and is expected to achieve a greater enhancement of the thermal 
conductivity of the CNT/polymer composites. 

Fig. 2 shows the plots of the thermal conductivity 
of the films as a function of the SWNT-loading and 
it shows that a higher SWNT-loading produces a 
higher thermal conductivity. The RBM in the 
SWNT Raman spectra at a 785 nm excitation 
reflects the degree of aggregation of SWNTs based 
on the fact that the RBM at around 267 nm of 
(10,2)SWNTs is absent in the isolated SWNTs but it 
present in the bundles of the SWNTs. Plot of the 
peak at 267 nm of the composite as a function of the 
SWNT-loading shows resemble trend to the plots of 
the thermal conductivity as a function of the 
SWNT-loading. This result indicated that the composite films contain bundled SWNTs and 
degree of debundling varies with the SWNT concentration and bundled SWNTs may effect on 
the thermal conductivity of the composite films. . 

 
[1] T. Fujigaya, S. Haraguchi, T. Fukumaru, N. Nakashima, Adv. Mater. 20, 2151 (2008). 
[2] T. Fujigaya, T. Fukumaru, N. Nakashima, Synthetic. Metals 159, 827 (2009). 

Fig. 1. Chemical structure of 1. 

Fig. 2. Plots of the thermal 
conductivity of the SWNT/1 films 
as a function of the SWNT loading. 
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Tetraphenylborates are well-known as weakly-coordinating and lipophilic anions, and their 

salts with tetraalkylammonium are soluble and dissociated into free ions in non-polar organic 
solvents such as chloroform (  = 4.8) and THF (  = 7.6). This ion-dissociation prompted us to 
design and prepare the lipophilic polyelectrolyte gels by incorporation of them as the ionic 
groups into lipophilic polymer chains such as poly(octadecylacrylate) and polystyrene. We 
demonstrated that they acted as superabsorbent polymers that swelled largely with the high 
swelling degrees in less- or non-polar organic solvents.[1] This superior swelling behaviors 
were caused by osmotic pressure and electrostatic repulsion derived from dissociation of the 
ionic groups in these media. 

Herein, we report preparation of novel anionic, lipophilic and rigid polymer networks 
based on tetraphenylborates and control of their network structures and morphologies. A 
formyl group was introduced in each phenyl group of tetraphenylborate anion, and the 
resulting tetra-functional anion (C6) was used as a new monomer for the lipophilic and 
anionic network polymers (Scheme 1). Then, polymerization and cross-linking by imine 
formation with the bifunctional amine (L1) were carried out in various monomer 
concentrations and polarity of the media (Table 1).  
 
 
 
 
 
 
 
 
 

 
 
 
 
  

Fig. 1. Schematic illustration of growth mechanism of network polymers 

 

Scheme 1. Synthesis of network polymer 1a 
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  After the polymerization for 7 days at 80 oC in a sealed tube, the network polymers were 
deposited as powder in the low-dielectric media, while they formed gels in the high-dielectric 
ones.  In the presence of water, the reaction mixtures were kept as the solution state. 
Solubility test, IR and TGA clearly indicated the formations of the network polymers based 
on tetraphenylborate cores.  According to SEM, the network polymers had aggregated 
structures of small spherical particles in the low-dielectric media (Fig. 2a) and the fibrous 
network structures in the high-dielectric ones (Fig. 2b, c).  In the former media, ion 
dissociation was suppressed during the polymerization process, and the spherical particles 
aggregated to each other (Fig. 3). On the other hand, in the latter media, ion dissociation was 
promoted, and ion repulsion induced to form the expanded network structure (Fig. 3). We 
further investigated the porosity of the resulting network polymers by TGA. They could 
absorb a large amount of solvent molecules in their networks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] T. Ono, T. Sugimoto, S. Shinkai, K. Sada, Nat. Mater. 2007, 6, 429. 

Fig. 2. SEM images of network polymers (a) Run-1, (b) Run-2 and (c) Run-3. 

Table 1. Synthesis conditions of network polymer 1a 

* Concentration of monomer C6 

(a) (b) (c) 

Fig. 3. (a) Schematic illustration of growth mechanism of network 
polymers in low-dielectric media and high-dielectric media  
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ABSTRACT 
Mesoporous SBA-15 thin film was used as a template for fabricating TiO2 nanoparticles and 
their microstructures and physical properties were examined. 
 
INTRODUCTION 

Recently, it has been a great interest to fabricate nanoparticles with narrow distribution of 
particles  size, since their quantum and surface effects are strongly dependent on it [1][2]. It is 
therefore that the controlling of particle sizes has been of the great importance and desired for 
a long period. In fact, there have been several attempts to fabricate nanoparticles with narrow 
size distributions [3], and among them, using mesoporous silica SBA-15 as a template would 
probably be the best candidate [1]. 

Structure analysis of SBA-15 thin films with/without incorporation of TiO2 nanoparticles 
were examined by X-ray diffraction (XRD) and X-ray reflectivity (XRR), then electrical 
properties of them were examined by capacitance-voltage (C-V) measurement method. 

 
EXPERIMENTS 

The mesoporous silica thin films (SBA-15) were deposited by spin-coating technique on Si 
substrate. The coating solution were prepared by the addition of an ethanol solution of 
ethylene oxide/propylene oxide/ethylene oxide triblock copolymers (EO20PO70EO20, P123, 
Aldrich) to silica sol-gel prepared by heating mixture of tetraethoxysilan (TEOS), ethanol 
(EtOH), H2O and HCl. SBA-15 thin films were then prepared by annealing the coated thin 
films. TiO2 nanoparticles were fabricated by soaking SBA-15 thin films in an acetate-diluted 
TiO2 precursor solution and heating process. Structural analysis of SBA-15 thin films 
with/without TiO2 nanoparticles were characterized by XRD and XRR. Furthermore, electrical 
properties of SBA-15 thin film with/without TiO2 nanoparticles were examined by C-V 
measurements with metal-insulator-semiconductor (MIS) structure.  
 
RESULT AND DISSCUTION 

Thickness of the films was measured as ~330 nm with its mean density as ~1.2 g/cm3 by 
XRR measurement (Fig.1). According to the XRD patterns, the pore channels of SBA-15 
were found parallel to the substrate with its unit cell parameter as 6.7 nm, in which the size of 
pores and the thickness of the silica walls were estimated as ~4.7 nm and ~2.0 nm 
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respectively by following equation, 
When TiO2 nanoparticles were fabricated 

by annealing of soaked SBA-15 thin film 
into acetate-diluted TiO2 precursor solution, 
the oscillation amplitude of XRR was 
increased without changing the thickness and 
the pore size, namely there was not structural 
change but increase of the density, which 
suggests the formation of the TiO2 
nanoparticles within SBA-15. It was 
therefore confirmed that the TiO2 
nanoparticles with narrow distribution of 
particle size could be fabricated via SBA-15 
as the template. 

Fig.2 shows C-V characteristic of 
Metal-Insulator-Semiconductor (MIS) 
structure with TiO2 nanoparticles fabricated 
using SBA-15 template. The presences of 
counter clockwise hysteresis and that of a 
shoulder around 1.0 V were confirmed, when 
voltage was swept from positive to negative. 
Electrons were injected and trapped into 
electron level of SBA-15/Si interface and/or 
in SBA-15 thin films, since counter 
clockwise hysteresis and curve of in C-V 
characteristics was arisen due to the charge 
injection and retention characteristic into Si 
quantum dots. Subsequently, these results 
indicated that electrons were tunnel injected into nanoparticles under positive voltage, in 
which parts of electrons were discharged with decrease gate voltage. This MIS structure 
therefore would have strong prospective of the memory effect. 

 
Reference 
[1]. T. Tajiri, et al., J. Phys. Soc. Jpn. 75, 113704(2006) 
[2]. N. Satoh, et al., Nature Nanotechnology 3, 106 - 111 (2008) 
[3]. D. Zhao, et al., Chem. Mater. 2000, 12, 275-279 
[4]. M. Kruk, et al., Chem. Mater. 12, 1961-1968 (2000) 

Fig.2  C-V characteristic of MIS structure with 
TiO2 nanoparticles. 

Fig.1  X-ray reflectivity of SBA-15 thin film 
and TiO2-containing SBA-15 thin film. 
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Block copolymer (BCP) self-assembly, due to its ability to spontaneously form 
well-organized structures (typically 10–100 nm), has been an attracting candidate for a variety 
of applications with nanoscale periodic patterns. In a film geometry that confines polymer 
chains to the interfaces, the microdomain orientation of cylinder- or lamella-forming BCPs 
can be influenced by the interfacial interactions at substrate/polymer and polymer/air and a 
commensurability between the total film thickness and the equilibrium period of the BCP.
Directing microdomain orientation in the BCP films has attracted considerable attention in 
recent few decades as a key issue to satisfy the demand for nanolithographic or some specific 
applications.

A grafting-to or crosslinking approach to surface modification with functional 
poly(styrene-r-methyl methacrylate)s (P(S-r-MMA)s) produced the perpendicular orientation 
of cylindrical or lamellar microdomains in polystyrene-b-poly(methyl methacrylate) 
(PS-b-PMMA) films, because the balanced interfacial interactions (or surface neutrality) on 
substrates were adjusted by the relative composition of random copolymers. Prior studies on 
the surface neutrality for PS-b-PMMA films indicated that the perpendicular orientation of 
cylindrical and lamellar microdomains can be optimized at 0.64 and 0.55 of PS mole fraction 
of P(S-r-MMA), respectively, on the basis of the perpendicular thickness window. 

We observed the microdomain orientation in thin 
films of cylinder- and lamella-forming PS-b-PMMAs 
on the substrates with PS brushed (or grafted) 
homopolymers, where grafting density of underlying 
PS layers are controlled by the reaction parameters 
such as time and temperature during grafting to the 
substrates. When grafting density range of PS brush 
is adjusted, such a simple and facile route provides 
the perpendicular orientation of cylindrical and 
lamellar microdomains in PS-b-PMMA films.

References
[1] Ham et al., Macromolecules, 41, 6431-6437 (2008)
[2] Ryu et al., Macromolecules, 42, 4902-4906 (2009)
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Hyperbranched polymer is a very attractive materials having a variety of properties, high 
dispersion, low viscosity. Since hyperbranched polymer has a quasi-spherical nano-structures 
in which a lot of functional groups are located at the surface, the property of  derivatives of 
that are sharply dependent on the terminal functional groups. Ishizu and co-workers reported 
that p-N,N-diethylcarbamoylmethylstyrene undergoes radical photo-initiated polymerization 
to give hyperbranched polystyrene (HPS) bearing diethylcarbamoyl (DC) groups at the 
terminal position. We have recently established a new polymerization method, which is very 
advantageous from the industrial point of view. 
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HPS-X(X=Cl, Br) is a very important intermediate obtained by the halogenation of DC 
group for the further functionalization. 
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The ammonium derivatives from HPS-X are very effective for stabilizing a variety of metal 
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Complexes derived from HPS-ammonium derivatives and metal particle show a high 
dispersities and stabilities with catalytic properties. 
  So, they can be used as the catalyst for a variety of reactions. 



-185-

Dielectric Environment Effect on the States of -Electrons of 
(n,m) Single-Walled Carbon Nanotubes 

 
Yasuhiko Hirana1, Yasuro Niidome1,2, and Naotoshi Nakashima1,2,3  

1Graduate School of Engineering, Kyushu University, 744 Motooka, Nishi-ku Fukuoka 
819-0395, Japan 

2World Premier International (WPI) Research Center International Institute for 
Carbon-Neutral Energy Research (I2CNER), Kyushu University, 744 Motooka, Nishi-ku, 

Fukuoka 819-0395, Japan 
3CREST, Japan Science and Technology Agency, 5 Sanbancho, Chiyoda-ku,Tokyo 102-0075, 

Japan 

 
The redox properties (i.e. electronic densities, the Fermi levels, redox potentials) of 

single-walled carbon nanotubes (SWNTs) are related to the structures of SWNTs that have a 
specified diameter and chiral angle uniquely related to a pair of integers (n,m); the so-called 
chiral index. Electronic structure, one of the most fundamental features of SWNTs, also 
strongly depends on their diameter and chirality.  

Here we report the finding that the electrochemical band gaps (Eg
electr) of (n,m)SWNTs are 

strongly affected by the change in dielectric environments around the isolated SWNTs. In situ 
photoluminescence (PL) spectroelectrochemistry [1] of the films containing isolated SWNTs 
cast on ITO electrodes was completed in several organic solvents and then the oxidation and 
reduction potentials, Eg

elect and Fermi levels of the individual (n,m)SWNTs in the solvents 
were determined. We discovered that the Eg

elect of the (n,m)SWNTs become greater as the 
solvent dielectric constants decreased, which is in sharp contrast to the optical band gaps that 
show virtually no solvent dependence [2]. Moreover, the states of the -electrons in the 
SWNTs were evaluated from the dependence of the band gaps on the diameter of the SWNTs. 
The present study provides useful information for a deep understanding of the fundamental 
electronic properties of isolated (n,m)SWNTs in solvents. 
 
[1] Y. Tanaka, Y. Hirana, Y. Niidome, K. Kato, S. Saito, N. Nakashima, Angew. Chem. Int. Ed. 
2009, 48, 7655-7659. 
[2] Y. Hirana, Y. Tanaka, Y. Niidome, N. Nakashima, J. Am. Chem. Soc. 2010, 132, 
13072-13077. 
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  Cellular products such as DNA vaccines and proteins, produced by recombinant gene 
technology, are usually contaminated with endotoxin (lipopolysaccharide; LPS). In this work, 
using cross-linked cyclodextrin (CyD) beads [1], the selective adsorption of LPS was 
investigated to separate LPS from DNA. For hydrophobic adsorption of LPS, we expected 
that the cavities of the - and -CyD tube (diameter: 0.70 and 0.85 nm, respectively) could 
include the hydrophobic chains of LPS. In this report, we compared the chromatographic 
LPS-separation activity of the CyD beads with that of cationic polymer beads.  

Figs. 1a, b and c, show the effect of the buffer’s ionic strength on the selective adsorption 
of LPS from a DNA solution containing LPS by various adsorbents. As shown in Fig. 1b, 
Poly( -lysine)-immobilized cellulose beads [2] (ETclean-L, Chisso, Japan, commercial LPS 
adsorbent) had the highest LPS-adsorbing activity (>99%) at µ = 0.05 to 0.4. However, it 
adsorbed not only LPS but also DNA at all ionic strengths tested. DEAE-Sepharose had high 
adsorption activities for both LPS and DNA at a low ionic strength, µ = 0.05, and the 
adsorption activities significantly decreased with increasing ionic strength (Fig.1c). Therefore, 
ETclean-L and DEAE-Sepharose could not selectively adsorb LPS at any ionic strength. By 
contrast, the -CyD beads selectively adsorbed LPS (77-88%) without adsorption of DNA 
(<1%) over a wide range of ionic strengths (µ) from 0.05 to 0.8 (Fig. 1a).  

References 
[1] T. Kikuchi, F. Hamada, et al. Jpn. Kokai Tokkyo Koho, JP-2006143953, 2006. 
[2] M. Todokoro, M.Sakata, et al. J. Liq. Chromato. Rel. Technol., 25, 601 (2002). 

0      0.2     0.4     0.6     0.8       0      0.2     0.4     0.6     0.8       0      0.2     0.4     0.6     0.8
Ionic strength / µ                          Ionic strength / µ                          Ionic strength / µ

(a) (b) (c)

Ad
so

rp
tio

n,
 %

 100

80

60

40

20

0

Fig. 1.  Effect of buffer’s ionic strength on selective adsorption of LPS by -CyD polymer beads (a), 
ETclean-L (b), and DEAE-Sepharose (c). The adsorptions of LPS ( ) and DNA ( ) were determined by a 
batch method with 0.1 mL of wet adsorbent and 2 mL of a DNA solution (DNA from salmon spermary , Mw 
3  105 : 50 µg/mL) containing natural LPS (15 EU/mL) at pH 6.0 and ionic strength µ = 0.05-0.8. 
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According to "EU labeling" policy, every tire sold in EU should be marked the label on the 

surface the tire according to the fuel efficiency from 2012, and laws related to vehicle fuel 
efficiency and emission gas will be gradually strengthened until on 2020 in the worldwide. 
Silica has started to be used as a reinforcement agent instead of carbon black for making 
green tire, but its application is still limited with the low affinity between emulsion 
polymerized rubber and silica. We report a new copolymer for fuel-efficient tire material. 
Styrene-Butadiene-Glycidyl methacrylate copolymer (GMA-SBR) was synthesized using 
emulsion polymerization initiated by p-methane hydroperoxide. After polymerization, the 
latex was treated with solution of sodium chloride and sulfuric acid. It was possible for GMA-
SBR to increase the tensile strength, the dynamic property and the compatibility with silica 
via the ring-opening reaction of glycidyl methacrylate units. Improved wet traction 
performance and enhanced rolling resistance were measured by DMA.  
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Thermo-responsive polymers show reversible drastic changes in their solubilities in solution 

by heating.  The solubility changes of the polymers are generally attributed to changes of 
interactions among polymer chains and solvent molecules.  For examples 
poly(N-isopropylacrylamide), poly(ethylene glycol) or poly(vinyl alcohol) in water show 
LCST behavior by breaking attractive interaction between the polymer chain and water 
molecules and inducing changes of the polymer conformations with increasing solution 
temperature[ref. 1].  However, it is still difficult to design thermo-responsive behaviors in 
non-aqueous solvents.  In this presentation, we demonstrated control of LCST and UCST 
behaviors of the specially-designed polymer 1 with urea moieties by addition of various small 
molecules (Fig. 1). 

 
First, we investigated the solubility of the polymer 1 in various organic solvents.  In 

acetonitrile, THF, 1,2-dichloroethane and hexane, the polymer was practically insoluble 
because of the strong hydrogen bonds between the urea moieties on the polymer chain.  In 
methanol, ethanol and hexanol, the polymer was soluble because the protic polar solvents can 
form hydrogen bonds with the urea groups and cleaved association of the urea moieties.  
This result prompted further us to investigate control of LCST and UCST behaviors of 1 in 
the presence of additives in non-polar media by perturbation of hydrogen bonds between the 

Fig. 1. Concept of the thermo-sensitive polymer controlled LCST type and UCST type by low molecular 

weight additives. 
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urea groups. 
 The solubility changes of the polymer 1 was 
investigated in 1,2-dichloroethane in the presence of 
various small molecules such as alcohols, amides, 
ureas and carboxylic acids (Table 1).  For example 
UCST-type phase separation was observed by 
addition of N,N-butylpropylurea, 1-octanoic acid and 
tetrabutylammonium bromide, and LCST-type phase 
separation was by addition of 1-octanol, 1-dodecanol, 
pyrenemethanol and cholesterol, as shown in Fig. 2.  
For a series of aliphatic amides with different alkyl 
chain length, shorter and longer alky amides had 
UCST-type and LCST-type type phase separation, 
respectively.  Moreover, polyhydroxy compounds 
such as neopentyl glycol and triethanolamine 
exhibited UCST-type phase separation, indicating that 
increase of the number of hydroxyl groups changed from LCST-type phase separation to 
UCST-type.  These results show that the hydrogen bonding abilities between the urea groups 
and the additives play a key role for control of the thermo-sensitivity.  The additives that can 
interact strongly to the urea groups induced UCST-type phase separation and those weakly did 
LCST-type one. 

 
 [1] H. Feil, Y. H. Bae, J. Feijen, S and W. Kim, Macromolecules, 26, 2496 (1993). R. Liu, M. Fraylich and R. 

Saunders, Colloid Polym. Sci. 2009, 287, 627. D. Schmaljohann, Adv. Drug Delivery Rev., 58, 1655 (2006). 

Table 1. Thermal behavior of Polymer 1 (25 mg/mL, 0.11 M) in the presence of small molecules in 

1,2-dichloroehtane (Concentration of small molecules and phase transition temperature in parentheses). 

Fig. 2. LCST behavior of 1 (25 mg/mL) in the 

presence of dodecanol (0.57 M) in 

1,2-dichloroethane. Recorded at 700 nm. 

Heating rate: 1 oC/min.  
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Abstract 
In this study, we have synthesized vinylbenzyl chloride-co-styrene-co hydroxyethyl 

acrylate(VBC-co-St-co-HEA) copolymer that can be applied to redox flow battery process. 
The anion exchange membrane was prepared by the amination and crosslinking of 
VBC-co-St-co-HEA copolymer. The chemical structure and thermal properties of 
VBC-co-St-co-HEA copolymer and aminated VBC-co-St-co-HEA (AVSH) membrane were 
characterized by FT-IR, 1H-NMR, TGA, and GPC analysis. The membrane properties such as 
ion exchange capacity(IEC), electrical resistance, ion conductivity and efficiency of 
all-vanadium redox flow battery were measured with the prepared membranes. The IEC value, 

, 0.009 S/cm, 
respectively. The charge-discharge efficiency, voltage efficiency and energy efficiency from 
result of all-vanadium redox flow battery test were 99.5%, 72.6% and 72.1%, respectively. 

1. Introduction

The redox flow battery (RFB) is being investigated as one of the most promising 
electrochemical energy storage devices for a wide range of applications, such as electric 
vehicles, photovoltaic arrays.[1,2] In the RFB system, ion exchange membrane is served 
as a separator between anode and cathode electrolytes and also provided proton condu
ction. The ideal ion exchange membrane should have high ionic conductivity, low ion 
crossover, high selectivity, durability and low cost. Nafion (Dupont, USA) has excellen
t properties on the ion exchange membrane. However, it suffers from the vanadium io
ns crossover through the membrane, which causes decreasing in energy efficiency. Furt
hermore, it is too expensive for commercial use. Some of other ion exchange membra
nes such as Selemion, CMV, DMV (Asahi glass Co., Japan) are unsuitable due to thei
r degradation by VO2

+ in vanadium RFB.  

2. Experimental 
In this study, the main materials include 4-Vinylbenzyl chloride (VBC), styrene (ST), 

2-Hydroxyethyl Acrylate (HEA), trimethylamine (TMA), glutaric dialdehyde, toluene, 
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Dimethylformamide (DMF) and Azobisisobutyonitrile(AIBN). VBC, ST, HEA, TMA and 
adipic acid were purchased from Aldrich(Seoul, Korea). Toluene and dimethylformamide 
were purchased from Samchun. All reagents were used without further purification. 
we have synthesized vinylbenzyl chloride-co-styrene-co hydroxyethyl acrylate(VBC-co-

St-co-HEA) copolymer. The anion exchange membrane was prepared by the amination 
and crosslinking of VBC-co-St-co-HEA copolymer. 
 

Table 1. Synthesis conditions of VBC-co-St-co-HEA copolymer 

Code No. 
Weight ratio AIBN 

(wt%) 
Toluene 
(wt%) 

Reaction Time  
(hr) 

Reaction Temp. 
( ) VBC St HEA 

VSH-1 2.5 4.5 2.5 1 40 36 70 
VSH-2 3.0 4.5 2.5 1 40 36 70 
VSH-3 3.5 4.5 2.5 1 40 36 70 

3. Results and discussion 
The charge-discharge efficiency, voltage efficiency and energy efficiency from result of 

all-vanadium redox flow battery test were 99.5%, 72.6% and 72.1%. 
 

Figure 1. VRB efficiency for AVSH-3(in 6wt %glutaric 
dialdehyde) anion exchange membrane during cycling (current 
density :40 mA/cm2); (a) charge-discharge efficiency, (b) voltage 
efficiency, and (c) energy efficiency. 

 

 

[1] V. M. Barragan, J. P. G. Villaluenga, M. P. Godino, M. A. Izquierdo-Gil, C. Ruiz-Bauza, B. 
Seoane, J. Colloid Interface Sci., 333, 497 (2009). 

[2] J. Qiu, M. Li, J. Ni, M. Zhai, J. Peng, L. Xu, H. Zhou, J. Li, G. Wei, J. Membrane Sci., 297, 
174 (2007). 

[3] Z. Mai, H. Zhang, X. Li, S. Xiao, Hongzhang Zhang, J. Power sources, 10, 1016 (2010). 
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The deposition of π-conjugated polymer thin films on arbitrary surfaces is crucial for 
assembling polymer electronic devices such as organic light-emitting diodes, field-effect 
transistors, and solar cells. Here we introduce a novel chemical liquid deposition (CLD) 
method to prepare aromatic π-conjugated polymer films based on surface-selective 
Schiff-base coupling between aromatic amines and aromatic aldehydes, which is a reversible 
reaction controlled by the pH of the solution (Scheme 1). Spontaneous film deposition of the 
polymers on hydrophobic substrates selectively was achieved by adequate control both of the 
reaction and adsorption equilibria.[ref.1]  

When freshly cleaved highly oriented pyrolytic 
graphite (HOPG) was immersed in 0.1 mM 
aqueous solution containing 4,4'-diaminostilbene 
(ASB) and 2,5-thiophenedicarboxyaldehyde (TCA) 
adjusted to pH 2.8 for several hours under 303 K, 
colorful polymer films on the HOPG were 
obtained by deposition (Fig. 1).  The red-shift on 
the UV-Vis spectra in accordance with deposition 
time observed would suggest an extension of 
π-conjugated systems by surface polycondensation. 
In addition, from many combinations between 
aromatic amines and aldehydes as building blocks, 
various π-conjugated aromatic polymer films were 
successfully prepared. This simple and highly 
designable CLD methodology to prepare 
π-conjugated polymer films will promise to 
explore next-generation organic electronics 
materials prepared from aqueous solution under 
ambient conditions without massive equipments. 

[1] R. Tanoue et al, ACS Nano, 5 (5), 3923 (2011).

OHC CHOH2N NH2 + N N C
H n

-H2O

+H2O
OHC CHOH2N NH2 + N N C

H n

-H2O

+H2O
Scheme 1. Typical Schiff-base coupling reaction between aromatic primary amine and aldehyde 
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Fig. 1. Typical photos and UV-Vis reflection 
spectra of ASB-TCA Schiff-base polymer 
films deposited onto a HOPG. Deposition 
times are 3 h (a), 6 h (b), 9 h (c), 12 h (d), and 
24 h (e). The black dotted line (f) reveals a 
solution for 24 h after mixing. Each film was 
deposited under 303 K, pH 2.8. 
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To obtain the high conversion efficiency DSSC, the use of liquid electrolyte is inevitable 

and iodine is one of the most important ingredients in electrolyte [1]. However, the liquid 
electrolyte can easily evaporate and eventually, the leakage may trigger the short of the cell. 
According to our previous study, electrospun nanofibers have porous structure that could hold 
liquid from evaporation [2]. With these nanofibers, both high efficiency and long-term 
stability could be promised when these nanofibers are applied to the electrolyte system. To 
obtain higher power conversion efficiency and stability, nanofibers were modified with 
several inorganic materials. The inorganic materials were incorporated into poly-(vinylidene 
fluoride-co-hexafluoropropylene) (PVDF-HFP). To enhance the ionic conductivity, aluminum 
oxide (Al2O3), silicone dioxide (SiO2) [3], and titanium isopropoxide (TIP) were used in this 
experiment. The weight percent of the inorganic materials were varied to confirm the 
tendency and the parameters for the electrospinning technique had been optimized during the 
experiment. Electrolyte uptake and the porosity of the nanofibers were measured with eq. 1 
and eq. 2 where m and m0 are the mass of wet and dry electrospun nanofibers, respectively.  

 

      (1) 

       (2) 

 
The porosities (P) of the electrospun 

nanofibers were calculated from the density of 
each electrospun nanofibers and the density of 
pure PVDF-HFP. Fig. 1 shows the field 
emission scanning electron microscopy 
(FESEM) images of electrospun nanofibers. 
The images were taken after the removal of 
the solvent. 

And overall power conversion efficiencies 
of the DSSC device using modified 
electrospun nanofiber are shown in Table 1. 

Fig. 1 FESEM images of PVDF-HFP/TIP (10, 20, and 

30wt%) and PVDF-HFP nanofibers 
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Table 1 Photovoltaic properties of DSSC devices using PVDF-HFP/Al2O3 (0.1, 0.3, and 
0.5wt%), PVDF-HFP/SiO2 (1, 3, and 5wt%), and PVDF-HFP/TIP (10, 20, and 30wt%), and 
only PVDF-HFP electrospun nanofibers 

Type of Inorganic 

Fillers (weight %) 
Voc (V) Jsc (mA/cm2) Fill Factor Efficiency (%) 

Al
2
O

3
 (0.1) 0.71 13.2 0.60 5.64 

Al
2
O

3
 (0.3) 0.71 13.9 0.61 5.99 

Al
2
O

3
 (0.5) 0.72 12.9 0.61 5.66 

SiO
2
 (1) 0.73 11.6 0.63 5.33 

SiO
2
 (3) 0.73 11.6 0.59 5.03 

SiO
2
 (5) 0.71 11.3 0.62 5.00 

TIP (10) 0.73 12.0 0.61 5.42 

TIP (20) 0.74 12.7 0.61 5.74 

TIP (30) 0.72 13.4 0.59 5.72 

Only PVDF-HFP 0.70 10.7 0.62 4.70 

 
[1] M. K. Nazeeruddin, J. Am. Chem. Soc., 127, 16835(2005) 
[2] S. Park, J. Solmat., 95, 296(2011) 
[3] P. Raghavan., J. Electro. Acta., 54, 228(2008) 
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Upon to oxidation and reduction, conducting polymers(CPs) show a volume change, which is 
able to be utilized as actuators. Particularly polypyrrole(PPy) is most promising CP actuator 
materials in a view point of high electrical conductivity and environmental stability. However, 
the electrical resistance of a free-standing CP actuator film can produce significant IR drop 
along its length, which can reduce the actuator performance[1,2]. To solve this problem, the 
construction of CP actuator based on PPy/carbon black(CB) nanocomposite film electrodes 
and a solid polymer electrolyte(SPE), polyurethane/Mg(ClO4)2, was accomplished. PPy/CB 
nanocomposite film was electrochemically polymerized from aqueous dispersions of pyrrole 
monomer containing carbon black. Polyurethanes as a matrix of SPE were synthesized by 
using a two- -
methylenediphenyl diisocyanate(MDI), and 1,4-butanediol(1,4-BD). SPEs with various 
Mg(ClO4)2 contents were prepared by solution casting method. Ultimately, we constructed 
PPy nanocomposite/SPE/PPy nanocomposite tri-layer actuator showing improved 
electrochemical properties.  

 

 

Fig. 1. The ionic conductivity of SPE. Fig. 2. Displacement of PPy nanocomposite 
actuator. 

Fig. 1 shows the ionic conductivity of SPE as a function of salt concentration. A maximum 
conductivity of 2.49 x 10-5 S/cm was achieved at room temperature for 15wt% of Mg(ClO4)2 
salts.  Fig. 2 shows the displacement of PPy nanocomposite actuator. The best displacement 
appeared when the conductivity of PPy nanocomposite film was the highest. Also we 
confirmed the feasibility of electrochemical properties for solid-state CP actuator based on 
PPy nanocomposite film and SPE available in air.  
 
[1] Y. Bar-Cohen, Journal of spacecraft and rockets, 39, 822 (2002) 
[2] D.Zhou, G.M. Spinks, G.G. Wallace, C.Tiyapiboonchaiya, D.R. MacFarlane, M. Forsyth, 
and J. Sun, Electrochimica Acta, 48, 2335 (2003) 
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The dye-sensitized solar cells (DSSCs) has attractive features of high energy conversion and 

low production cost.  The blocking layers play high efficiency in the photovoltaic process 
of the DSSCs. Poly[(quaternized N-vinyl imidazole)-co-poly(N-vinyl phthalimide)] 
(pQVIm-co-pNVPI) used in DSSCs was synthesized by reversible-addition fragmentation 
transfer (RAFT) polymerization. Poly[(quaternized N-vinyl imidazole)-co-poly(N-vinyl 
amine)] (pQVIm-co-pVAm) were prepared via hydrazinolysis reaction of pQVIm-co-pNVPI. 
[2] The modified DSSC cells were prepared by carbodiimide-mediated coupling reaction of 
pQVIm-co-pVAm and N3 dye. This reactions show fig. 1. The synthesized copolymers were 
characterized by FT IR and 1H-NMR spectroscopy. The modified DSSC cells were 
characterized by FT IR, XPS to verify the amide bond. Table 1 compared the solar cell 
characteristics for DSSCs with polymer, and without polymer. The DSSC performance using 
surface modification cells was 0.77 V, 8.69 mA/cm2, 0.68 and 3.55 % under AM 1.5.  
(a) 

(b)

Fig. 1. Scheme of synthesized (a) random copolymer, p(QVIm-co-NVPI) via RAFT technique and deprotection 

of p(QVIm-co-NVPI), (b) N3 dye and p(QVIm-co-VAm) complex. 

Table 1. Solar cell measurements of DSSCs with polymer and without polymer 
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ABSTRACT 

 In this study, The IPA-co-HDO-co-(TPA/MA) copolymers for all vanadium redox-flow 
battery were synthesized  by melt condensation polymerization using isophthalic acid(IPA), 
1,6-hexandiol(HDO), terephthalic acid(TPA) and maleic anhydride(MA).  The amination of 
chloromethylated IPA-co-HDO-co-(TPA/MA)(CIHTM) copolymer was carried out 
trimethylamine, and also, the anion exchange membrane was prepared by UV crosslinking 
reaction. The structure and thermal stability of IHTM copolymers were confirmed by FT-IR, 
1H-NMR, TGA analysis. And also, the anion membrane properties such as water uptake, ion 
exchange capacity, electric resistance and electrical conductivity, were measured by 
gravimetry, titration and LCR meter. The efficiency of the all-vanadium redox flow battery 
was carried out.  

 
Introduction 

In the RFB system, ion exchange membrane is served as a separator between anode and 
cathode electrolytes and also provided proton conduction. The ideal ion exchange membrane 
should have high ionic conductivity, low ion crossover, high selectivity, durability and low 
cost. In this study, we have synthesized an copolymer by two-step melt condensation based on 
Isophthalic acid (IPA). And we have prepared anion exchange membrane using 
trimethylamine and pentaerythritol tetraacrylate (PETA) with UV curing system. 

 
Experimental 
 Synthesis of the copolymer 
The synthesis of IPA based copolymer was carried out in a 3 liter capacity 4-neck glass 

batch reactor equipped with a mechanical stirrer, nitrogen inlet, thermocouple, and bead 
condenser. This reaction consists of 2-step polycondensation reaction. The synthesis 
conditions were shown in Table 1.  
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Table 1. synthesis condition of IPA-co-HDO-co-(TPA/MA) copolymer. 

Code 

No. 

1st step 2nd step 
Temp. 

( ) 

Reaction time 

(hr) 

IPA 

(mol/L) 

HDO 

(mol/L) 

TPA 

(mol/L) 

MA 

(mol/L) 

HQ 

(mol/L) 
1st 2nd 1st 2nd 

IHTM 1 1.0 3.73 0.33 0.67 0.001 220 220 8 8 

IHTM 2 1.5 3.73 0.33 0.67 0.001 220 220 8 8 

IHTM 3 2.0 3.73 0.33 0.67 0.001 220 220 8 8 

 
Result 
Ion exchange capacity  
One of the important factor on the ion exchange membrane is ion exchange capacity (IEC). 

The IEC of prepared IHTM membranes was determined by the fisher s titration method. The 
IEC values of the prepared IHTM membranes were 0.45-1.0 meq/g. The ion exchange 
capacity of the IHTM membranes increased with Amination time from 1 to 5hr.  

 

 
 

 

Conclusions 
The membranes of IPA-co-HDO-co-(TPA/MA) were characterized in terms of ion 

exchange capacity, electrical properties. The ion exchange capacity, electric resistance and 
, and 0.009 S/cm, respectively. The 

efficiency of charge-discharge, voltage, and energy for the all-vanadium redox flow battery 
were 96.5%, 74.6%, 70.0%, respectively. 

 
References 
 [1] . M. Pourbaix, National Association of Corrsion Engineers, Houston (1982) 

[2]  D.H. Lee, Y. S. Kang, J.H. Kim, Macromol. Res. 17, 104 109 (2009) 

Fig. 1. Ion exchange capacity of IHTM anion exchange 
membrane; (a) IHTM-1, (b) IHTM-2, (c) IHTM-3 
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Abstract
Li+ onto seawater has recovered by various materials and process, because of Lithium is 

one of rare metal resources. In this study, the Li1.33Mn1.67O4 sphere bead(LSB) was prepared 

by suspension polymerization using divinyl benzene (DVB), styrene monomer (Sty) and 

lithium manganese oxide (Li1.33Mn1.67O4). A sphere bead was synthesis by DVB-Sty 

polymerization and Li1.33Mn1.67O4 was added to investigate its adsorption of Li+ on the 

seawater and lithium enrichment water. Addition amount of Li1.33Mn1.67O4 were carefully 

carried independently or as in combination to find the optimum condition for amount of Li+

adsorption. The thermal decomposition of organic material during the calcinations process 

certainly increased the surface area of LSB. SEM analysis confirmed that the LSB has 

diameter range of 100 to 300 nm and according to XRD analysis confirmed that spinel 

structure of LSB. ICP analysis confirmed that amount of Li+ adsorption by LSB in seawater 

and lithium enrichment water.

1. Introduction
The growing concerns about lithium 

battery and the rising issues of lithium were

rare metal resources. Among the rare metal 

resources, lithium is the one of the most 

important material for lithium battery. Many 

researchers are studying Li adsorbent 

materials for adsorption of Li+ in seawater 

and wastewater. In this study, the LSB for 

Li+ adsorption in seawater and lithium 

enrichment water form by suspension 

polymerization and calcinations process.

Suspension polymerization has one of 

method for produce polymer bead. DVB-Sty 

suspension polymerization was prepared 

sphere bead for addition Li1.33Mn1.67O4. And

according to calcinations process, increase 

surface area on the LSB.

2. Experimental
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Divinyl benzene (DVB; 80%), styrene 

monomer (Sty; 99.50%) were purchased 

from aldrich and use to monomer of 

suspension polymerization. LSB was 

synthesized from suspension polymerization 

base on DVB and Sty. During 

polymerization, added Li1.33Mn1.67O4 for Li+ 

adsorbent. DVB-Sty was supporting to 

Li1.33Mn1.67O4 and formation pore from 

calcinations process. LSB were synthesized 

in a 1000ml 4-neck round flask with 

mechanical stirrer, heating mentle. 

Poly(vinyl alcohol) (PVA) were dissolved in 

distilled water at 80 °C. Monomers were 

prepared Mixed DVB, Sty, Li1.33Mn1.67O4 

and 2,20azobisisobutyronitrile (AIBN; 

98.0%) in the toluene (99.0%) were used to 

synthesis initiator and pore-forming agent. 

Monomer solution was put in the PVA 

solution with a dropping funnel at 80 °C for 

4hr. 

Table 1. The condition of LSB synthesis 

Monomer Adsorbent 
Pore 

agent 

DVB Sty Li1.33Mn1.67O4. Toluene 

15.0 g 5.0 g 

1.0 g 

2.0 g 3.0 g 

5.0 g 

 

3. Results and discussion 

   Fig. 1. Represents produced LSB surface 

which was analyzed by SEM. Fig. 1. Shows 

the LSB has 200nm of diameter and has a 

rough surface. Fig. 2. Show the amount of 

Li+ adsorption used LSB in lithium 

enrichment water. 

 

   
Fig. 1. SEM image of LSB. 
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Fig. 2. The Li+ adsorption effect by amount of 

Li1.33Mn1.67O4. 
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ngular momentum to develop new magnetically bi-stable 
materials. It is well known that origins of magnetic moment are spin magnetic momentum and 
orbital angular momentum. Hence, controlling of orbital angular momentum offers novel 
alternative routes to induce magnetic bi-stabilities. Indeed, we have recently reported a Co(II) 
complex that exhibits magnetic bi-stability based on the change in the orbital angular momentum 
quenching.[1] In the present work, we investigated the magnetic properties of two mono-nuclear 
Co(II) complexes with tridentate ligands(L1, L2). We found that they show switchable magnetic 
properties through single crystal-to-single crystal phase transitions. Additionally, we found that 
the magnetic behaviors strongly depend on the direction of an applied magnetic field. (Fig. 2) 
 
 

. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] G. Juhász, O. Sato, K. Yoshizawa et al. J. Am. Chem. Soc., 2009, 131, 4560 4561. 

Figure 2. Temperature dependence of MT ( MxT, MyT and MzT) for 
single-crystal of [Co(NO3)2(H2O)(L1  

Figure 1. Molecular structure of (a) tridentate ligands 
and (b) Co(II) complex[Co(NO3)2(H2O)(L1)]. The 
structure of the complex was analyzed at 190 K.
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Fig.1 Chemical Structure 
of CaL[4]C3

Sphere to Cylinder Transition induced by pH Dependent  
Conformational Change of Amphiphilic Calix[4]arene 
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Controlled self-assembly of amphiphilies is an important field in material science. 

Amphiphilic molecules consisting of hydrophilic and hydrophobic block segments have been 
proven to be promising scaffolds for self-assembled structures on the nanometer scale. 
Among many functional amphiphilies, calix[4]arene moiety 

is particular useful as a rigid segment to provide a well-defined 
nanometer-sized structure. Although many structural studies of 
self-assembled amphiphilic calix[4] arene derivatives have 
been reported, the pH-dependent structural change of 
self-assembled amphiphilic calix[4]arene derivatives remains 
relatively unexplored field. Here, we reported the synthesis of 
an amphiphilic calix[4]arene (denoted CaL[4]C3, see Fig.1) 
and the structural change from sphere to cylinder for 
amphiphilic CaL[4]C3 induced by pH with SAXS and AFM.  
Fig.2 shows the SAXS profiles of 

CaL[4]C3 in aqueous solution at pH 5.7 ~ 
7.5. The result revealed that CaL[4]C3 
undergoes a clear transition from a sphere 
with the radius of 2.0 nm to a rigid 
cylinder with the cross-sectional radius of 
1.5 nm, accompany with the pH induced 
protonation on amine groups of CaL[4]C3 
and change the packing parameter. These 
spherical and cylindrical assemblies are 
confirmed by AFM. 
 
 
 
 
 
 
 
 

Fig.2 SAXS profiles of CaL[4]C3 in 
aqueous solution at pH 5.7 ~ 7.5.
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Static and Dynamic Scattering from Silica Nanoparticle Immobilized 
Polysulfobetaine in Aqueous NaCl solutions 
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 It is known that when an alternating electric 
field is applied to the cell composed of two pieces 
of parallel electrodes which is filled with two 
types of immiscible liquids, the mutually 
interpenetrated phase (Labyrinthine pattern) can 
be induced [1]. However, there are few examples 
of the research, because high voltage exceeded 1 
KV is necessary [2]. In this study, we will report 
on an optical shutter based on low-voltage 
labyrinthine pattern formation of magnetite 
nanoparticles coated with oleic acid which were 
dispersed in organic solvent.  
 The magnetite nanoparticles coated with 
oleic acid were synthesized by coprecipitation method and were dispersed in organic solvent 
(dodecane) to prepare colloid liquids. The diameter of the magnetite nanoparticles and their 
hydrodynamic diameter in dodecane were characterized by X-ray diffraction (XRD) and 
dynamic light scattering (DLS) respectively.  

When an alternating electric field is applied to the ITO (Indium-Tin Oxide) cell with 10 
m gap composed of two pieces of parallel electrodes which is filled with the colloid liquid, 

the nanoparticles were agglomerated and formed labyrinthine pattern or other patterns by 
changing the voltage and frequency. The images were observed by an optical microscope and 
recorded by digital CCD camera. The voltage-frequency phase diagram of the pattern 
formation was prepared and shown in Fig. 1  
 It was estimated that the diameter of magnetite nanoparticles was 10 nm by XRD, and 
the hydrodynamic diameter in dodecane was approximated 44 nm by DLS. The cause could 
be contemplated that dozens of particles condensed to get large. The conditions of pattern 
formation were confirmed and shown in Fig. 1. Especially when the alternating voltage was 
12.9 V/50 Hz, stable pattern was formatted. 
 
[1] M. Zahn, et al. IEEE Transactions on Industry Applications, IA-21, no. 1, pp. 53-61, 
Jan/Feb 1985. 

 R.E. Rosensweig, et al. J. Magnetism and Magnetic Materials, vol. 39, pp. 127-132. Nov. 
1983. 

Figure 1. Voltage-frequency phase diagram of 
magnetic nanoparticle suspension and the 
induced patterns.  
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Figure 2. Typical plot of birefringence n as a 
function of electric field intensity E for 
inorganic nanosheets : Measuring frequency is 
10,000Hz.  

Figure 3. Typical plot of birefringence n for 
PSS-modified GNRs aqueous dispersions as a 
function of electric field (1,000 Hz) intensity 
E. Aspect ratio of the GNRs was 5.0.  

Large electrooptic property in aqueous dispersions of non-organic 
nanoparticles with high-aspect ratio 

Aya Jinnouchi1, Yasushi Okumura2, Nobuyoshi Miyamoto3, Sunao Yamada4, 
Hiroki Higuchi2 and Hirotsugu Kikuchi2 

1 Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, Japan 
2Institute for Materials Chemistry and Engineering, Kyushu University, Japan 

 3Faculty of Engineering, Fukuoka Institute of Technology, Japan 
 4Graduate School of Engineering Kyushu University, Japan 

The nanoparticles with high-aspect ratio are 
oriented in the electric field more easily than 
normal organic molecules, because their induced 
dipole moments are larger than those of normal 
organic molecules. In this study, we measured 
electric field-induced birefringence of aqueous 
dispersions of inorganic nanosheets and gold 
nanorods, and found unique electro-optic effects.  
 We prepared aqueous dispersions of 
fluorohectorite (FHT, Na0.75Mg2.83Si4O10F2.13, 350 
nm in diameter and 10 nm in thickness) (1.2~1.8 
wt%)  and gold nanorod with four kinds of aspect 
ratios, 4.0, 5.0, 8.3, and 8.5 (DAI NIPPON 
TORYO) (0.015~0.06 wt%). We applied electric 
fields (100 Hz, 1,000 Hz, and 10,000 Hz) to 
samples filled in Kerr cell with 10 mm optical path 
length and 1 mm interelectrode distance, and 
measured the electric field induced birefringence 
using lock-in detection system. We found that the 
inorganic nanosheet aqueous dispersions showed 
quadratic electro-optic effects with Kerr 
coefficients (10-8~ 10-7/mV-2) larger than those of 
normal organic molecules (10-14~ 10-10/mV-2). On 
the other hand, electric field-induced 
birefringences of the gold nanorod aqueous 
dispersions are about 10 times larger than those of 
inorganic nanosheets in our applied electric field 
range. Different from usual Kerr effect, this 
birefringence is proportional to the electric field 
intensity. We will discuss about the mechanism of 
these effects.  

Figure 1. Schematic illustrations of gold 
nanorods and inorganic nanosheets. 
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Abstract 

[1] H. Kikuchi et al. Nat. Mater., 1, 64-68 (2002) 
[2] G. Proni and G. P. Spada, J. Org. Chem., 65, 5522-5527 (2000) 

Figure 1. Chemical structure of 
synthesized binaphthyl chiral 
dopants. 
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 By introducing exchangeable dynamic covalent bonds 
into the main chains, linear polymers can be hybridized. 
We have reported polymer scrambling reactions driven 
by some external stimuli such as heating, UV 
irradiation, and catalyst.[1] In the present study, we 
employed diarylbibenzofuranone (DABBF) derivatives 
as the dynamic covalent bond units. DABBF 
derivatives do not require special stimuli to reach a state of thermodynamic equilibrium with 
arylbenzofuranone radical, which formed by cleavage of DABBF (Figure 1). 
 DABBF-containing polyester (DABBF-PEs) was prepared by polycondensation of DABBF-
diol and adipoyl chloride, and also DABBF-containing polyurethane (DABBF-PUr) was 
synthesized by polyaddition of 
DABBF diol and 
diisocyanate-terminated 
poly(propylene glycol). Since 
DABBF derivatives can 
exchange at room temperature 
under air, scrambling reaction between DABBF-PEs and DABBF-PUr was carried out by 
simply mixing the polymers in organic solvent. Differential scanning calorimetric (DSC) 
measurement revealed that each scrambled polymer has single glass transition temperature (Tg) 
in the region between those for PEs 
and PUr, indicating that main chain 
exchange reaction proceeded 
autonomously. Furthermore, 
scrambled polymer films showed 
different mechanical properties by 
changing the mixing ratios of 
DABBF-PEs and DABBF-PUr. 
 
 
[1] H. Otsuka, A. Takahara et al., J. Am. Chem. Soc., 125, 4064 (2003); Chem. Commun., 45, 
1073 (2009); Prog. Polym. Sci., 34, 581 (2009); Chem. Commun., 46, 1150(2010). 

PEs : PUr (molar ratio) Young’s modulus (MPa) Tg ( ) 

PEs (homo) — 99.2 

3 : 1 86.8 (± 8.1) 11.6 

2.5 : 1 18.6 (± 4.4) -1.7 

2 : 1 0.958 (± 0.312) -9.1 

PUr (homo) — -26.7 

Fig. 1 Reversible reaction of DABBF. 

 
Fig. 2 Autonomous polymer scrambling reaction between PEs and PUr.

Table 1. Young’s modulus and grass transition temperature of 

DABBF-hybrid polymer films. 

— : Not determined 
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In recent years, Polydiacetylenes (PDAs) derivatives have drawn much attention 

due to their nonlinear optical properties and potential utilization in optical and 
electro-optical devices[1]. Especially, a kind of novel ladder-type PDAs derivatives 
with two chains has shown their large second hyperpolarizability in experiment[2]. In 
this work, inter-chain interaction and hydrogen bonding effects on the NLO properties 
of the ladder-structure PDAs derivatives are investigated by using the elongation 
finite field method, i.e., Elongation FF method[3]. 

 
Previous study about the effects of arrangements of donors (-NH2 group) and 

acceptors (-NO2 group) on PDAs derivatives s nonlinear optical (NLO) properties 
have been investigated by Chen et al.[4]. All systems they studied have large 
(hyper)polarizabilities. It is worth mentioned that the different arrangements of donors 
and acceptors have different effect on their NLO properties. 

 
In this study, we investigate double chain (Fig.1 (a)), hydrogen bonded double 

chain by -NH2 group and acceptors -NO2 group between two chains (Fig.1 (b)), and 
ladder chain connected by - - (Fig.1 (c)) for the case that large phenyl group was 
attached as a donor. To examine the effect from phenyl group on NLO property, 
simple chains capped by hydrogen atoms were also calculated for the comparison. 

 

 
 
The elongation-FF method[3] illustrated in Fig. 2 is applied to PDA chains for 

investigating inter-chain interaction and hydrogen bonding effects on NLO properties. 

Fig. 1 The structures of PDA and its ladder-type derivatives. 
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Here, we briefly explain the process 
according this figure. Firstly, the 
delocalized canonical molecular orbitals 
of a starting cluster are first localized into 
frozen and active regions in specified 
parts of the system. Next, a monomer is 
attacking to this cluster to the active 
region, and eigenvalue problem is solved 
by disregarding the regional localized 
molecular orbitals (RLMOs) which have 
very weak interaction with the attacking 
monomer. The frozen region is defined to 
be far away from an attacking monomer 
in each elongation step. By repeating this 
procedure, the polymer chain is elongated 
step by step to any desired length. The 
RLMO representation allows one to 
freeze one part of the system far away 
from the polymer chain propagation site. 
The frozen part is disregarded in the 
elongation self-consistent field procedure. 
By this method, a significant reduction of 
the number of variational degrees of 
freedom as well as two-electron integrals brings a reduction in computation time 
drastically. 

 
For calculating NLO properties we adopted elongation-FF method. In this 

approach, molecular (hyper)polarizabilities are obtained by numerically 
differentiating the total energy with respect to electric fields. We now need to look 
further to test the (hyper)polarizabilities and concentrate to analyse inter-chain 
interaction and hydrogen bonding effect between chains to NLO,  which are 
expected to be useful for the design of new NLO materials. 

 
[1] C. Sauteret, J.-P. Hermann,  R. Frey, F. Pradere, J. Ducuing, R. H. Baughman, R. 
R. Chance, Phys. Rev. Lett. 36 (1976) 956. 
[2] S. Okada, K. Hayamizu, H. Matsuda, A. Masaki, N. Minami, H. Nakanishi, 
Macromolecule 27 (1994) 6259. 
[3] F. L. Gu, Y. Aoki, A. Imamura, D. M. Bishop, B. Kirtman, Mol. Phys. 101 (2003) 
1487. 
[4] W. Chen, G. T. Yu, F. L. Gu, Y. Aoki, Chem. Lett. 474 (2009) 175. 

Fig. 2 Schematic outline of the elongation 
method. The CMO and RLMO indicate a 
canonical molecular orbital and a regional 
localized molecular orbital, respectively. 
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Metallophthalocyanines (MPc) have drawn considerable attentions as molecular materials 

with outstanding electronic and optical properties. In recent years, MPcs were intensively 
investigated as target molecules for the sensors, light-emitting devices, solar cells, 
photodynamic therapy. Even with vast applications, it was difficult to synthesize soluble 

-
interaction. 
We introduced the well- -functionalized polystyrene with phthlonitirile group via 

ATRP to prepare the soluble copper phthalocyanine (CuPc). The 4-arm star polymer was 
-functionalized polystyrenes with copper chloride. 

-Functionalized polystyrene was characterization by gel permeation chromatography (GPC), 
1H NMR and UV/Vis. spectroscopy. The formation of 4-arm star polymer was verified by 
UV/Vis. spectroscopy and GPC with UV detector at 350nm. 
 

Fig. 1. Overall scheme of Synthesis of 4-arm star 

polymer containing CuPc core. 

Fig. 2. GPC traces of 4-arm star polymer containing 

CuPc core from RID and VWD (350 nm). 
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There has been growing interest in the ordered structure of noble metal nanoparticles (NPs) 
such as Au and Ag NPs because of their collective effects caused by electromagnetic coupling 
of surface plasmon resonance (SPR) [1]. In a previous study, our group fabricated highly 
ordered 2D array of monodisperse Ag NPs, called Ag nanosheet, and found the spectroscopic 
property changes (e.g. sharpened absorption band) due to the collective effect [2]. Recently 
we examined the optical properties of multilayered Ag nanosheet deposited on the Au thin 
film by layer-by-layer manner and found the layer number dependences of SP band peak 
energy and SP band width, which probably are signs of the plasmon coupling between the Ag 
nanosheet and the Au thin film.  

In this presentation, we report the spectroscopic properties of multilayered Au NP 2D sheet 
(Au nanosheet) on Au thin film. Similarly to the multilayered Ag nanosheet, the absorption 
spectra of the multilayered Au nanosheet (Fig. 1) show the layer number dependences of peak 
energy and band width, which cannot be observed for the Au nanosheets on quartz substrate, 
suggesting the presence of an interaction between the Au NPs and Au thin film. We also 
report the spectroscopic properties of hybrid multilayered assemblies composed of Ag 
nanosheets and Au nanosheets to examine the intralayer coupling.  

 

 
[1] C. L. Haynes et al., J. Phys. Chem. B, 107, 7337 (2003). 
[2] M. Toma et al., Phys. Chem. Chem. Phys., 12, 14749 (2011). 
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Fig. 1. Absorption spectra of multilayered Au nanosheet on Au thin film. 
Absorbance values are calculated from reflectance.  
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Liquid crystal blue phases(BPs) appear in a narrow temperature range when a nematic liquid 
crystal is mixed with high concentration of chiral dopants. The lattice structure of BP depends 
on the concentration of chiral dorpants, the lattice size becomes larger with increasing the 
concentration of them. The three dimensional structure of polymer-stabilized blue phase 
(PSBP) with the order of optical wavelength can be non-destructively investigated by 
confocal laser scanning microscope (CLSM) which is a novel imaging technique that allows 
non-destructive optical observation with high resolution [1]. So far, BP s periodical patterns 
corresponding to the bcc lattice were observed not only surface but also internal region [2]. In 
this study, we observed the lattice structure in PSBP with the different concentration of 
chirality by using confocal laser scanning microscope. 

The samples of the PSBP I for CLSM observations were prepared as follows: a mixture 
solution of a liquid crystal, a chiral dopant, monomers, and a photoinitiator was sandwiched 
between a slide glass and a thin cover glass and left at the appropriate temperature until a 
desired BP texture appeared and was irradiated with UV light to polymerize the monomer in a 
BP. 

The blue phases have been identified by reflection spectrometry 
and observed by a polarizing optical microscope observation. 
Figure 1 shouws CLSM observation photograph of PSBPI. 
Hexagonal and square dot sequences were observed in PSBPI. The 
dot sequence spacing gave close agreement with the lattice 
spacing expected from the cross-sectional surface of the lattice 
structure of BPI. The lattice distortion was conformed near the 
interface between different orientational domains. The regular or 
irregular interval of contrasting density of dot sequences were also 
observed near there.  
 
[1] Nakamura, O; Kawata, S. J. Opt. Soc. Am. A 1990, 7, 522-526.

[2] K. Higashiguchi, K. Yasui, and H. Kikuchi, J. Am. Chem. Soc., 2008, 
130, 6326. 

Figure. 1 CLSM images of 

PSBPI. The scale bars 

correspond to about 500 nm. 
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Introduction
Stimuli-responsive polymers, whose structure and properties change in response to external

stimuli such as temperature, pH, ionic strength, and light have recently received much
attention. Temperature and light are the most attractive stimuli. Poly(N-isopropylacrylamide)
(pNIPAM) has received significant attention because of its interesting thermo-responsive
properties in water. An aqueous solution of pNIPAM undergoes a thermally reversible phase 
separation [1]. pNIPAM dissolves in water at room temperature, but separates from the
aqueous phase above 31-32 C, which is called the lower critical solution temperature (LCST). 
Malachite green (MG) is known as a photochromic molecule, which reversibly changes the
intensely green colored cation from the clear neutral molecule under UV-irradiation because
of dissociation of the hydroxide counter anion [2]. The cationic MG recombines with the
hydroxide counter anion by heating in the dark (Fig. 1). In this study, we have prepared
random copolymers (p(NIPAM/MG)) composed of NIPAM and a small amount of a vinyl
monomer bearing MG [3] via conventional free radical polymerization. The LCST of
p(NIPAM/MG) can be changed by UV-irradiation due to photo-induced ionization of the MG 
groups.

Experiment
p(NIPAM/MG) was prepared via conventional free radical polymerization as follows:

NIPAM, MG monomer, and polymerization initiator (AIBN) were dissolved in methanol. The 
mixture was degassed by purging with argon for 30 min.  Free radical polymerization was
carried out at 60 ºC for 24 h (Fig. 2). The reaction mixture was dialyzed against methanol for 
2 days and then against pure water for 1 day by using a dialysis membrane with a molecular 
weight cutoff of 14 kDa. The polymer was recovered by freeze-drying. 1H NMR spectra were 
measured using DMSO-d6. The quantitative conversion was confirmed by 1H NMR focusing 
on the intensity ratio of the vinyl groups. The number-average molecular weight (Mn) and
polydispersity index (Mw/Mn) were determined by gel-permeation chromatography (GPC)
using DMF as an eluent at a flow rate of 0.6 mL/min. The absorbance for aqueous solutions of 

Fig. 1. The chemical structure of the malachite green (MG) derivatives before and after UV-irradiation.
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p(NIPAM/MG) was measured ranging from 500 - 800 nm. The change of the percent 
transmittance (%T) at 800 nm of the aqueous polymer solutions was measured under 
UV-irradiation (= 275 nm) and in the dark with increasing temperature. The temperature was 
raised from 20 to 60 ?C at a heating rate of 1.0 ?C/mim. 

 

 
Results and Discussion 

The quantitative conversion of p(NIPAM/MG) 
was 95.6 %, estimated with 1H NMR. Mn and 
Mw/Mn for p(NIPAM/MG) were 1.09 ?  105 and 
2.09, respectively. p(NIPAM/MG) in the 
deionized water at pH = 12 indicated absorption 
maximum at 620 nm due to the MG units (Fig. 
3). The introduction of MG groups in the 
polymer was also comfirmed by 1H NMR. The 
MG content in p(NIPAM/MG) was calculated 
from UV-vis absorption to be 0.35 mol%. The 
LCST for the aqueous solution of 
p(NIPAM/MG) was measured under 
UV-irradiation and in the dark (Fig. 4). The 
LCST for p(NIPAM/MG) in the dark was 33.5 
ºC, which increased to 34.5 ºC under 
UV-irradiation. The polarity of p(NIPAM/MG) 
can be changed by photo-induced ionization of 
the MG groups. PNIPAM containing polar 
groups such as cationic MG was induced 
to increase the LCST. Therefore, we could 
control the LCST of p(NIPAM/MG) by 
UV-irradiation. 

 
References 
[1] S. Fujishige, K. Kubota, I. Ando, J. Phys. Chem., 93, 3311 (1989). 
[2] R. M. Uda, M. Oue, K. Kimura, Chem. Lett., 33, 586 (2004). 
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Fig. 2. Radical polymerization of NIPAM and MG containing monomer in methanol at 60 ?C. 

Fig. 4. Percent transmittance (%T) at 800 nm 

for the aqueous solutions of p(NIPAM/MG) 

under UV-irradiation (—) and in the dark (---) 

as a function of temperature. 

Fig. 3. UV-vis absorption spectrum for the 

aqueous solution of p(NIPAM/MG) at pH = 12, 

where the polymer concentration is 0.5 g/L. 
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Comparison of viscoelasticity of a few natural polymers in ionic liquid
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Introduction:
It has been reported that the ionic liquid, 1-butyl-3-methylimidazolium chloride

(BmimCl) can dissolve the insoluble polysaccharides such as cellulose. However, there are
few reports on the solution properties of polymers using ionic liquids as solvents. In this study,
a polysaccharide, pullulan, which is used as a standard polymer for aqueous solution is
successfully dissolved into the ionic liquid, BmimCl without degradation via aqueous solution.
Comparison of viscoelasticity of pullulan, and a few other natural polymers in dilute ionic
liquid solutions are discussed.

Experiments:
Preparation of pullulan solutions: The solutions were prepared by mixing BmimCl and

aqueous solution of pullulan followed by evaporation of water. Molecular weight (Mw) of
pullulan was Mw = 40.4 104, Mw = 21.2 104 with Mw / Mn = 1.13.

Preparation of cellulose solution: Dried cotton was dissolved to BmimCl by maintaining
it in a vacuum oven at 130 for 2 hours. With the same method, silk fibroin BmimCl
solution was preparation.

Viscoelastic measurement: The viscoelasticity of the solution was measured by
MCR-300 Rheometer.

Results and discussion
In the dilute region, the viscoelastic properties of pullulan solution changed from

Zimm-like behavior to the Rouse-like behavior with increasing pullulan concentration. In Fig.
1 and Fig. 2, the experimental data agreed with the calculated values by using the
Rouse-Zimm model with added long-time term. (eq. 1~5) [ref. 1]

For the cellulose solution, the viscoelastic property in the dilute region was similar to the
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Fig. 2 Comparison of experimental data  

and Rouse model of  Mw = 21.2 104 

Fig. 3 Comparison of experimental data 

and Rouse model of cellulose 

Fig. 4 Comparison of experimental data 

and Rouse model of silk [ref. 2] 

solution of pullulan. By fitting the calculation to the experimental data (Fig. 3), the molecular 
weight (Mw) of cotton was determined with Mw = 2 105. 

The viscoelastic property of silk fibroin in the dilute region was shown by Fig. 4. The 
experimental data agreed with the calculated values by using the Rouse-Zimm model with 
added long-time term. However the viscoelastic behavior was Zimm-like, and Rouse-like 
behavior was not observed even at higher concentration. This viscoelastic behavior is 
different from general linear macromolecules. One of the reasons is considered to be the 
branching structure of silk fibroin, while the detail is not clear yet.  

 
 

 
 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
[1] K. OSAKI, T. INOUE, T. UEMATSU, Journal of Polymer Science: Part B: Polymer 
Physics, Vol. 39, 211–217 (2001) 
[2] HIROSHI ICHIGAWA, Interdisciplinary Graduate School of Engineering Sciences, 
Kyushu University, Dissertation For Master Degree (2011)   

10-2 10-1 100 101 102 103
10-1

100

101

102

103

104

 = 40  

10-2 10-1 100 101 102 103
10-5
10-4
10-3
10-2
10-1
100
101
102
103
104
105
106
107
108
109

2.3wt%

n=-2
3.5wt%

n=0
5wt%

n=27wt%

n=4

 

10
n G

' ,
 1

0n (G
''-

 G
''(

so
lv

en
t))

 (P
a)

 G'        
 G''- G''(solvent)

   solid line : calculation

 / rad  sec-1  / rad  sec-1 

 = 25  



-226-

Localized Surface Plasmon Resonance properties of mixed monolayers 
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Localized Surface Plasmon Resonance (LSPR) is a phenomenon that metallic 

nanoparticles (NPs) absorb and scatter the light at a specific range of wavelengths. Interaction 
between adjacent metal NPs with nano-
spectroscopic properties and induces additional enhancement of local electromagnetic field. 
Our group has been interested in tuning the resonance wavelength of LSPR by changing the 
metallic NPs 2D array structures by mixing Au and Ag metallic NPs [1]. Here we report the 
plasmonic characteristics of mixed two dimensional NP films fabricated at air-water interface 
by spreading the mixed NP solutions.  

Fig.1 shows UV-vis transmission spectra of the mixed film composed of dodecane(C12) 
thiol-capped gold NP (AuC12 NP, 6.2 nm in diameter)[2] and myristic acid-capped silver NP 
(AgMy NP, 5 nm in diameter)[3] at air-water interface. The positions of LSPR bands of 
AuC12 NPs and AgMy NPs was appeared at the wavelength of 442.2 nm and 551.8 nm 
respectively. These band position were red-shifted compared to that of NP dispersions in 
chloroform (the dashed lines in Fig.1), and  In my poster, I will 
discuss the correlation between LSPR bands position and mixing ratio of particles. 
 
 
 
 
 
 
 
 
 
 
 

Fig.1  UV-vis transmission spectra of mixed NP film at air-water interface 
(AuC12 NP : AgMy NP = 1 : 1 ) 

  
[1] H. Acharya, et al. Chem. Mater. 21, 4248-4255 (2009). 
[2] Jana, et al. J. Am. Chem. Soc. 125, 14280 (2003)  
[3] K. Tamada et al. Proc. SPIE. 7213, 7213E (2009) 
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  Polyelectrolyte gels are well-known as super-absorbent polymers that swell in water, and 

their swelling degrees are several hundreds or more.   They are used in a wide range of 

applications such as nappies, separation media, drug delivery systems, biomedical devices 

and sensors.   However, these gels collapse in most of organic solvents except highly polar 

ones due to aggregation of the ions, and synthesizing super-absorbent polymers that swell 

with high swelling degrees in nonpolar organic solvents (  < 10) had been never realized.   
Recently, we reported that lipophilic polyelectrolyte gels based on poly(alkyl acrylate) and 

poly(styrene) with tetraalkylammonium tetraphenylborate groups had extreme large swelling 

abilities in such organic solvents1),2).   In this presentation, we demonstrate new molecular 

design of lipophilic polyelectrolyte gels by complexation between the common 

polyelectrolyte gels and lipophilic molecular receptors (R1-R3 in Fig. 1).   The 

complexation enhanced the swelling degrees by improvement of the lipophilicity and 

promotion of ion dissociation. 

  The styrene-based polyelectrolyte gels with chloride anions (EG-Cl) were prepared by 

copolymerization of an ionic monomer (1), styrene (St) and divinyl benzene (DVB) as a 

crosslinker in the presence of AIBN, as shown in Scheme 1.   The feed ratio was adjusted to 

1: St: DVB = 10: 90: 1.   As a reference, nonionic gels (NG) were prepared under the same 

copolymerization conditions (St: DVB = 100: 1) without 1. 

(n-C6H13)3N Cl

+
AIBN

p q r

Cl

+

(n-C6H13)3N

p q r

r

DMF

(n-C6H13)3N
ClCl

1

(n-C6H13)3N

DMF

EG-Cl:1 St DVB p: q: r = 10: 90: 1
NG: p: q: r = 0: 100: 1

Scheme. 1 Preparation of monomer 1, ionic polymer gels (EG-Cl) and nonionic polymer gels (NG). 



-228-

  The swelling behaviors of 

EG-Cl in organic solvents and in 

the presence of anion receptors 

R1-R3  were investigated.   The 

swelling degrees (Q) were 

calculated as the following 

equation; Q = (Ladd-Lwet) / Lwet (mm / mm), 

where Ladd and Lwet are the wet length of 

EG-Cl in the presence and absence of the 

anion receptors, respectively.  In acetone (  
= 20.6), the swelling degrees of EG-Cl 
increased by addition of the all anion 

receptors (Fig. 2), but the swelling degrees of 

NG didn’t change.   This result indicated 

that the swelling degrees of the EG-Cl were 

enhanced by the complexation between the 

chloride anions in the polymer network of 

EG-Cl.   We further investigated solvent 

dependence of the swelling degrees of EG-Cl 
in the presence of R2 and R3 (Figure 3).   

Starting from the nonpolar solvents, the 

swelling degrees increased with increasing 

dielectric constant, and the maximum 

swelling degree was observed in acetone.   

On the other hand, in highly polar solvents 

such as DMF (  = 36.7) and DMSO (  = 
46.5), the swelling degrees didn’t change by 

addition of the receptors.  These results indicated that ion dissociation was promoted by 

complexation with the anion receptors in less polar media to increase the swelling degrees.   

In summary, we demonstrate enhancement of swelling abilities of the polyelectrolyte gels 

induced by molecular receptors toward counter ions in the polymer network.  They should 

be regarded as new stimuli-responsive gels that act in nonpolar media. 
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Figure. 1 The structures of anion receptors. 
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Synthesis of -Di-Nitrilotriacetic Acids-End-Functionalized Polystyrenes
by Combination of ATRP and Click Coupling

Mohammad Abdul Kadir,1 Aleya Hasneen,1 Hyun-jong Paik

1Department of Polymer Science & Engineering, Pusan National University
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San 30 Jangjeon 2-dong Geumjeong-gu, Busan 609-735, Republic of Korea

We report the synthesis of -di-nitrilotriacetic acids end-functionalized polystyrene ( 

NTA-PS-NTA) by combining atom transfer radical polymerization (ATRP) and click 

chemistry. First, -dibromopolystyrene was synthesized using dimethyl 

2,6-dibromoheptanedioate initiator by ATRP for the facile post modification of the polymer 

chain-end groups. After introduction of azide groups at the chain ends of the polymer by 

simple nucleophilic substitution, t-butyl protected NTA moieties were attached at the 

-chain-ends by click coupling and subsequently, t-butyl groups were removed. The 

polymer was characterized by 1H NMR, FT-IR and GPC.
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 Networked Polymer-in-salt Electrolyte  
with Poly(hydroxyethyl methacrylate)  
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Solid polymer electrolytes (SPEs) have good safety for lithium battery compared to liquid 
electrolytes because of the non-volatility, low toxicity and higher energy density. Although 
SPEs have excellent advantages, they could not entirely free from the fault of lower ionic 
conductivity [1]. To solve the problem, we have introduced polymer-in-salt electrolyte (PISE) 
with the ion hopping mechanism through percolation path [2]. However, PISE has 
considerable disadvantages that are poor mechanical properties with increasing salt 
concentration.  

In this study, we prepared networked polymer electrolytes consisting of poly(hydroxyethyl 
methacrylate) (p(HEMA)), lithium triflate and hydrochloric acid as acid catalyst to improve 
mechanical properties. Fig. 1 shows the ionic conductivities of networked p(HEMA)-based 
SPEs with various molecular weight between crosslinking point (Mc) and salt concentration. 
By introduction of networked structure, the ionic conductivity at the low salt concentration 
decreased since the restriction of segmental motion. Meanwhile, all of networked 
p(HEMA)-based SPE possessed high ionic conductivity at the high salt concentration since 
PISE has had ion hopping mechanism regardless of segmental motion. Fig. 2 shows the 
mechanical properties according to Mc related to the concentration of acid catalyst. As the 
concentration of acid catalyst increased, mechanical property increased. 

 
 
 
 

 
[1] S. Kim, S. J. Park, J. Colloid and Interface Science, 332, 145 (2009). 
[2] 2. C. A. Angell, C. Liu, E. Sanchez, Nature, 362, 137 (1993) 

 

Fig.1. Ionic conductivity of networked 
p(HEMA)-based SPE according to salt 
concentration and Mc. 

Fig.2. Mechanical property of networked 
p(HEMA) according to Mc. 
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Stimuli-responsive materials capable of 

undergoing physicochemical changes in 

response to environmental signals represent 

valuable tools for use in a variety of 

biomedical applications. Miyata et al. and 

others reported that protein-protein interaction 

could be used for induction of swelling and 

deswelling of hydrogel [1,2]. 

Vinyl-functionalized antigen and antibody 

were polymerized in the presence of 

main-chain acrylamide (AAm) and 

N,N-methylene-bis-acrylamide (MBA) resulting in the covalently-formed hydrogel bearing 

variable (reversible) crosslinking points achievable through antigen–antibody complexation. 

The addition of free antigen, due to competitive binding toward the antibodies, led to 

decreased pre-formed antigen–antibody crosslinks and thus the swelling of the hydrogel (Fig. 

1). In this paper, we demonstrate such a smart immuno-sensitive hydrogel can also provide a 

functional interface suitable for field effect 

transistor (FET)-based immune-sensors.  

 

Immuno-sensitive hydrogels were prepared by 

copolymering N-succinimidylacrylate 

(NSA)-modified rabbit immunoglobulin G (Rabbit 

IgG) and goat anti-rabbit IgG in the presence of 

AAm and MBA. To characterize the 

antigen-sensitivity of the hydrogel, free rabbit IgG 

antigen was added and the changes in diameter of 

the cylindrical hydrogels were investigated. It was 

confirmed that a replacement of the 

gel-immobilized antigens by the free antigens causes swelling of the hydrogel (Fig. 2) due to 

decreased pre-formed crosslinking density of the gel. The antigen-antibody hydrogel was 

covalently introduced onto the surface of an extended gate gold electrode, which was then 

Fig. 1. Mechanism for the swelling of an 
antigen–antibody hydrogel in response to free 
antigen. 

Fig. 2. Antigen recognition by the 
antigen–antibody hydrogel.The swelling ratio of 
the antigen–antibody hydrogel is shown, after 
the addition of rabbit IgG 
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electrically lined to an FET gate. Fig. 4 shows time course responses of the threshold voltage 

(VT) on adding 5 mg/ml rabbit IgG onto the electrode. In the case of the antigen-antibody 

hydrogel, the VT rapidly increased at first, and then decreased gradually but more remarkably. 

In sharp contrast, in the case of the AAm hydrogel, VT continuously (and monotonously) 

increased. Based on size measurement and zeta potential study (Fig. 3), the initial increase of 

VT observed for both cases were attributed to the increase of negative charges due to the 

penetration of rabbit IgG, whereas the decrease of VT observable only for the antigen-antibody 

hydrogel could be explained by the swelling of the hydrogel correlated to apparently 

decreased density of pre-formed antigen–antibody crosslinks.  

 

To summarize, we proposed and demonstrated a unique way of utilization of 

antigen-sensitive hydrogel as a bio-recognition and signal transduction interface for 

FET-based immuno-detection. So far, because of the limitation related to Debye’s length, only 

charged small molecules are feasible targets in conventional FET systems [3]. In the 

configuration herein described, capturing of specific antigen by the hydrogel can trigger 

changes in other physicochemical properties of the hydrogel such as volume, charge density 

and permittivity, thus accomplishing a conversion of biochemical signal into electrical signal. 

This new detection scheme could be extended to a wider range of targets including other 

proteins, large molecules and even electrically neutral molecules involved in many important 

bio-recognition events. 

 

 

[1] T. Miyata, N. Asami, T. Uragami, Macromolecules, 32, 2082 (1999).; T. Miyata, N. Asami, 

T. Uragami. Nature, 399, 766 (1999).  

[2] Z. Lu, P. Kopeckova, J. Kopecek, Macromolecular Bioscience, 3, 296 (2003). 

[3] T. Goda and Y. Miyahara, Analytical Chemistry, 82, 8946 (2010). 

Fig. 3. Zeta potentials of antigen–antibody 
hydrogel and acrylamide hydrogel with 
and without rabbit IgG 

Fig. 4. Antigen recognition by the antigen–antibody hydrogel 
and acrylamide hydrogel. The threshold voltage (VT) measured 
by the hydrogel-modified field effect transistor is shown, 
before and after the addition of rabbit IgG.
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 Synthesis of comb-shaped block copolymer and characterization of its 
self-assembled structure 
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Hiroki Ogawa4, Hiroyasu Masunaga4, and Keiji Tanaka1,2 
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University, Fukuoka 819-0395, Japan, 3DIC Corporation Central Research Lab., 631 Sakato, 
Sakura-shi, Chiba 285-8668, Japan, 4Japan Synchrotron Radiation Research Institute, Hyogo 

679-5198, Japan 
 
Introduction:  Block copolymer (BCP) consists of chemically distinct polymer blocks 
connected by a covalent bond.  Immiscibility of the polymer blocks leads to microphase 
separation with a size ranging from 50 nm down to 5 nm, depending on the architecture, 
chemical composition and degree of polymerization [1].  BCP thin films are strongly 
affected by the presentation of a surface and/or interface.  This is mainly because the wetting 
layer of a component is formed at the surface and substrate interface to minimize the free 
energy of the system [2].  However, such a structure may not be necessarily desired, 
depending on what the purpose of using BCP is.  Thus, the control of the orientation for 
microphase-separated domains is still needed.  In this study, a comb-shaped BCP was 
synthesized by a living anionic polymerization to realize the alignment of mirophse-separated 
domains along the direction normal to the surface. 
Experiments:  Figure 1. shows synthetic route for the comb-shaped BCP with hydroxyl end 
groups.  First, the synthesis of macromonomer, polystyrene-b-polyisoprene (PS-b-PI) with a 
vinyl group, was carried out.  PS was synthesized with sec-BuLi as an initiator at 195 K for 
10 min. and then PI was connected to it at 233 K for 48 h.  Number-average molecular 
weight (Mn) and polydispersity index (PDI) against PS standards were 10,000 and 1.05, 
respectively.  To obtain comb-shaped BCP with tert-butyl end group, a living anionic 
polymerization of macromonomer was carried 
out again with sec-BuLi as an initiator at 195 
K for 24 h.  The reaction was quenched after 
a given time by 2-bromoethoxy-tert-butyl 
dimethylsilane.  The Mn and PDI of the 
comb-shaped BCP with tert-butyl end group 
were 68,000 and 1.08, respectively.  A 
deprotection reaction of tert-butyl end group 
was performed using tetrabutylammonium 
fluoride.  The Mn and PDI of target 
comb-shaped BCP with hydroxyl end group 
were 68,000 and 1.08, respectively.  Transmission small-angle X-ray scattering (SAXS) 

Figure 1. Synthesis strategy of comb-shaped BCP 
with hydroxyl end group.  
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were performed on the BL03XU beamline at Spring-8. Thin films were prepared onto silicon 
wafers by a spin-coating method, and then were annealed at 463 K for 24 h.  Surface 
structure in the films was discussed on the basis of atomic force microscopic (AFM) 
observation. 
Results and discussion:  Mn and PDI of 
macromonomer and comb-shaped polymers were 
summarized in Table 1.  Monodisperse 
comb-shaped BCPs were successfully synthesized 
by using a living anionic polymerization.  
However, macromonomers were not polymerized 
when the molecular weight was higher than 16,000.  
This is probably because of an effect of steric hindrance on the reaction becomes remarkable 
with increasing size of the macromonomer.  Molecular weight remained constant before and 
after the deprotection reaction, meaning that the 
deprotection proceeded without any side reactions.   
    As a representative comb-shaped BCP, entry 3 in 
Table 1 was used for characterization.  Chemical structure 
of the comb-shaped BCP with hydroxyl end groups was 
characterized by nuclear magnetic resonance (1H NMR) 
spectroscopy.  All signals were assigned indicated that the 
polymer desired were definitely obtained.  Also, 1H NMR 
spectrum revealed that the PS weight fraction in the 
comb-shaped BCP was 51 %.  Bulk morphology of the 
comb-shaped BCP in a film, which should be closely in a 
quasi-equilibrium state.  Figure 2. shows the SAXS line 
profile for comb-shaped BCP.  Only the first order 
scattering peak was observed at the scattering vector of 0.18 
nm-1, indicating that the domain identity period for the 
microphase-separated structure was 35 nm and that the 
structure did not possess a long-range order.  Finally, to 
study an effect of comb-shape polymer on microphase separation, the thin film was prepared.  
Figure 3. shows the AFM phase image for the thin film of the comb-shaped BCP.  The image 
was composed of darker and brighter regions without a long-range order.  That is implied 
that the formation of PI wetting layer was regulated using comb-shaped BCP.  

References 
[1] D. Y. Ryu, K. Shin, E. Drockenmuller, C. J. Hawker, T. P. Russell, Science 2005, 308, 

236. 
[2] P. Mansky, T. P. Russell, C. J. Hawker, J. Mays, D.C. Cook, S. K. Satija, Physical Review 

Letters 1997, 79, 237. 

Table 1. Mn and PDI of Comb-shaped BCPs  

Figure 2. SAXS line profile for a 
comb-shaped BCP with hydroxyl 
end groups.  

Figure 3. AFM phase image 
of comb-shaped BCP. 



!"#$!

Fabrication of Loop Polymer Brushes through Immobilization of  
Telechelic Polymers on a Solid Surface 
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Figure 1.

Macromolecules 13
Macromolecules 29



!"#$!

Surface Property Control by Radically Exchangeable Reactive Polymer Brushes 

Tomoya Sato1, Yoshifumi Amamoto 1, Hiroki Yamaguchi 1, Hideyuki Otsuka1,2, and Atsushi Takahara1,2
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High density polymer brushes have been studied intensively to improve the surface properties of solids. 
The advantage of polymer brushes, particularly surface-initiated approach, over other surface 
modification methods is their mechanical and chemical robustness, coupled with a high degree of 
synthetic flexibility towards the introduction of various functional groups. On the other hand, we have 
reported many types of polymer reactions based on alkoxyamine units [1]. Because of the reactivity of 
alkoxyamines under heating condition, polymers containing these units can reorganize after structural 
determination. In this study, we prepared the polymer brushes with alkoxyamine side chains and 
demonstrated reversible grafting reaction via a radical crossover reaction (Scheme 1) [2]. 

Polymer brushes containing alkoxyamine units were prepared by surface-initiated atom transfer radical 
polymerization, and their surfaces were confirmed 
by X-ray photoelectron spectroscopy (XPS) and 
static contact angle measurement. XPS spectra of 
the polymer brushes showed these brushes contain 
nitrogen atom derived from alkoxyamine units. In 
addition, to investigate the reactivity of these 
brushes, we treated alkoxyamine-containing brush 
with alkoxyamine-terminated functional polymers. 
For example, when these brushes (1)were treated 
with poly(2,3,4,5,6-pentafluorostyrene) 2 under 
heating conditions, they show more hydrophobicity.  
On the other hand, when 1 was treated with poly(4-
vinylpyridine) 3, the brush surface shows more 
hydrophilicity after the quaternization reaction. 
Reversible grafting and de-grafting reaction with 
functional polymers were also confirmed by XPS 
as shown in Figure 1, Figure 2 and static contact 
angle measurements. These results indicated that 
the polymer brushes including alkoxyamine units 
can react after structural formation determination 
and are effective for reversible surface property control.
References
[1] T. Maeda, H. Otsuka, and A. Takahara, Prog. Polym. Sci., 34, 581 (2009). 
[2] T. Sato, Y. Amamoto, H. Yamaguchi, H. Otsuka, and A. Takahara, Chem. Lett., 39, 1209 (2010). 

Scheme 1. Grafting and de-grafting reaction between PMMA-co-PALMA brush 1 and functional polymers.

Figure 1. Wide-scan XPS spectra of each polymer brushes 
(a) after grafting 2 (b) after de-grafting.

Figure 2. Wide-scan XPS spectra of each polymer brushes 
(a) after grafting 3 and subsequent quaternization  
(b) after de-grafting.
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Introduction 

Nano-imprint lithography [1, 2] (NIL) is a simple, low cost and high-resolution patterning 
method (Fig. 1.). Much attention has been focused on NIL in the various fields, for example, 
biomedical devices, electro-optical devices and so on. Nano-imprinted structures were used as 
not only surface, but also inside of device, so called buried  
structure. The buried  structures affect the device properties, 
such as the increase of light emitting intensity of LED [3]. 
However non-destructive and precise characterization method of 
nano-imprinted surface and buried  structure is not established. 
Synchrotron radiation small angle X-ray scattering (SR-SAXS) 
is non-destructive characterization method. This technique could 
provide us structural information not only surface, but also 
buried  structure of the sample. In this study, we attempt to 

characterize surface and buried  nano-structure by microscopic 
and scattering techniques.  

 
Experimental 

Poly (lactic acid) (PLA) was used for molding material. In order to prepare a PLA film, 
PLA (Tg = 331 K, amorphous) pellets were compression molded at 453 K under normal 
pressure of 10 MPa for 2 min. The thickness of PLA film was approximately 200 m. The 
silicone molds with line/space (LS) pattern was used for NIL. NIL was carried out at 353 K 
and 20 MPa for 3 min. To prepare buried  structure, nano-imprinted PLA film (NIL_PLA) 
was covered with spin coated polystyrene film by floating technique (PS/NIL_PLA). The 
thickness of spin casted PS film was approximately 600 nm. The prepared nano-structures of 
polymer films were characterized by scanning electron microscopy (SEM) and SR-SAXS. For 
SEM observation, polymer films were coated with osmium using a sputter coater. SR-SAXS 
was carried out at BL03XU [4] beam line of SPring-8 using an incident X-ray with 
wavelength of 0.1 nm. Scattered 
X-rays were detected using an 
imaging palate with a 4289 mm 
sample-to-detector distance. 

 
Results and discussions 

Fig. 2. shows the SEM images of 
the NIL_PLA and PS/NIL_PLA. 
The surface nano-structure was 

Fig. 1. Schematic diagram 
of NIL. 

Fig. 2. SEM images of prepared films, a) NIL_PLA, 
b)PS/NIL_PLA.
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successfully fabricated on NIL_PLA (Fig. 2-a.). In contrast, nano-structure was not observed 
on the surface of PS/NIL_PLA (Fig. 2-b.). It was confirmed that buried  structure was 
fabricated under polymer films.  

Fig. 3. shows the two 
dimensional diffraction patterns 
of the NIL_PLA and 
PS/NIL_PLA. The anisotropic 
diffraction spots were clearly 
observed up to the 20th order 
peaks, indicating that the 
nano-structure has the high 
regularity [5]. These spots were not observed from flat PLA 
films, so these spots can be attributed by nano-structure. The 
line and space width of the buried  structure were estimated 
by diffraction intensity, assuming the scattering body was 
rectangular LS model (Fig. 4.). The line intensity profiles of 
qx direction was fitted by eq. 1.:  
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where A is the scaring factor, L is the line width, D is the pitch and N is the number of lattices. 
Fig. 5. shows the qx-dependence of diffraction intensity plot and corresponding fitting 

curves caluculated by eq. 
1. The diffraction intensity 
was successfully described 
by rectangular LS model. 
The estimated structure 
size of the NIL_PLA was 
L = 175 nm and S = 240 
nm. Also, these of 
PS/NIL_PLA was L = 176 
nm and S = 239 nm. On 
the other hand, the mold 
size estimated by SR-SAXS was L = 242 nm, S = 174 nm. These results show the good 
agreement between mold and buried  structure size.  

These indicate that SR-SAXS could precisely and non-destructively characterize not only 
the surface, but also buried  structure.  
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and C.Wetzel, Appl. Phys. Lett.,98,151102 (2011). 
[4] K. Sakurai, et al., Polymer Journal, 43, 471 (2011). 
[5] T. Shinohara, T. Shirahase, D. Murakami, T. Hoshino, M. Kikuchi, J. Koike, M. Horigome, 
H. Masunaga, H. Ogawa, A. Takahara, IOP Conference Series: Materials Science and 
Engineering, in press. 
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Fig. 3. Two dimensional diffraction pattern, a) NIL_PLA, 
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Mechanical Properties of Deoxyribonucleic Acid Films 
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Introduction:  In the last 15 years, much attention has been focused on deoxyribonucleic 
acid (DNA) as a generic material instead of just a genetic material.  DNA is a biodegradable 
and non-oil-based product, thus, if the usage of DNA on a large scale is realized, the 
consumption of polymers originating from oil would be reduced.  In fact, we can obtain a 
huge amount of DNA from nature as an industrial waste in Japan every year.  Hence, DNA is 
a sustainable alternative to conventional synthetic polymers.  So far, many groups have 
reported solid-state DNA films prepared by conjugation with other chemical compounds such 
as cationic lipids and polymers.[1-3]  These films are applied to, for instance, conductive 
materials, absorbents for removal of a toxic intercalater, and so on.  On the other hand, 
understanding basic physical properties such as thermal molecular motion and mechanical 
properties of these films are required for further applications, but unfortunately, almost of 
them have not been revealed yet, because other chemicals which made analyses difficult 
existed in the films.  To overcome this problem, we prepared a DNA solid film without any 
other organic compounds and revealed its dynamic mechanical property over a wide 
temperature range.[4]  In this study, we investigate mechanical properties of the DNA film. 
Experiments:  Commercially available DNA sodium salt (NaDNA) derived from salmon 
sperm with molecular weight ranging from 300k to 9M was used.  A NaDNA aqueous 
solution with a concentration of 1 wt% was cast on a dish made of polystyrene.  After water 
evaporation by heating it at 313 K and successive vacuum drying at room temperature, a 
self-standing and transparent film with a thickness of approximately 100 m was obtained.  
Hereafter, a NaDNA film is referred as a DNA film.  A water content of the DNA film was 
regulated by leaving it in water environment for a given time, and its value was determined by 
thermogravimetry (TG) using SSC5200 (SII Nano Technology, Inc.).  TG measurements 
were carried out at temperatures ranging from 298 K to 473 K with a heating rate of 10 K/min.  
Mechanical properties of the DNA films were recorded on a standard tensile testing machine 
TENSILON RTC1250 (A&D Co., Ltd).  The tensile tests were carried out at room 
temperature with a crosshead speed of 5 mm/min. 
Results and discussion:  Fig. 1 shows typical stress-strain curves (S-S curves) of the DNA 
films at different water contents.  In the case of the film at a water content of 16.6 wt%, the 
film behaved as a brittle material.  The initial slope was sharp corresponding to a high 
modulus and the stress at break was low.  When the water content increased to 24.5 wt%, 
surprisingly, the film showed necking behavior and the strain at break reached to 
approximately 1.8.  As the water content reached 45.7 wt%, the strain at break further 
increased, but necking behavior was not observed.  Detail analyses revealed that the necking 



!"#$!

process was observed only at the particular water contents between approximately 22 and 33 
wt%.  Fig. 2 shows the water content dependencies of Young s modulus and yield stress for 
the DNA films.  Young s modulus decreased with increasing water contents, implying that 
water played a role of a plasticizer in the DNA film.  At a relatively lower water content 
region, the S-S curve for the DNA film was featureless, similar to typical non-crystalline 
polymer materials and the Young's modulus value was over 1 GPa.  That is, the DNA film 
mechanically behaves as a glassy polymer.  
When the water content went beyond 22 wt%, 
the DNA film exhibited mechanical 
properties similar to crystalline polymers.  
Furthermore, elastomeric behaviors could be 
also observed at a relatively higher water 
content region.  These results show that 
DNA films could be used as solid materials 
that mechanical properties were controllable 
by regulating water content.  Given that a 
small amount of water molecules are existed 
in the films, the interaction between DNA 
molecules would be strong.  Interestingly, 
this interaction would be weakened with 
increasing water content.  This makes it 
possible that the orientation of molecular 
chains of DNA would be released in the film.  
Polarized microscopic observation and X-ray 
analysis revealed the relationship between 
aggregation states and mechanical properties 
for DNA molecules in the film.  This will be 
also discussed in the presentation. 
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Polymer brushes are systems in which chains of polymer molecule are attached through 
an anchor group to a surface, or to an interface, in such a way that the graft density of the 
polymers is high enough that the attached chains are stretched away from the surface in a 
brush-like conformation. Therefore, the activity of a 
molecular motion of brush should be different from 
that of polymers in the conventional spin cast 
films.1,2) In this study, the thermal molecular motion 
of polystyrene (PS) brush and spin cast film around 
at the surface glass transition temperatures (Tg) 
were investigated by ellipsometry and lateral force 
microscopy (LFM). 

PS brush was prepared by by surface initiated 
nitroxide-mediated polymerization. The graft 
density was estimated to be 0.90 chains/nm2 by the 
number average molecular weight (Mn) and 
thickness determined by X-ray reflectivity. 

Figure 1 shows temperature dependency of 
optical coefficient  on ellipsometry of PS brush 
and PS spin cast film with similar thickness. Both 
thin films revealed inflection point of  at the same 
temperature corresponding to the transition of 
glassy and rubbery states. No remarkable difference 
was observed in Tg of PS brush and spin cast film. 

On the other hand, difference in the surface Tg 
was observed by LFM of PS brush and spin cast 
film, as shown in Figure 2. The surface Tg of spin 
cast film was observed at 363 K, while that of the 
brush was observed at 374 K. Thermal molecular 
motion of PS chains at the outer most surface 
might be different between the spin cast film and 
brush state due to the anchoring effect. 

In addition, effect of the molecular weight 
distribution (MWD) should be also considered. In 
this study, PS with broad MWD was used for 
ellipsometry and one with narrow MWD was used 
for LFM. The molecular motion of PS brush 
chains with uniform chain length might be more 
regulated than that with broad MWD. 

 
References 
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Liquid marble is a liquid droplet which is stabilized by the adsorption of hydrophobic 
particles at the liquid-gas interface.[1] Liquid marble behaves like a soft solid, and it works 
well as a non-wetting system due to their low adhesion to substrates. These unique 
characteristics offer a variety of applications such as low energy transportation systems, 
microreactors, and microreservoirs. 

For the use of liquid marble as a microreactor, the mixing of individual droplets is an 
essential process to trigger the chemical reaction. However, a well-stabilized liquid marble 
cannot perform the mixing due to the prevention of hydrophobic particles at the interface. On 
the other hand, a less-stabilized liquid marble cannot keep their shape. It is clear that the 
control of structural stability of liquid marble is indispensable to cause the mixing effectively. 

Recently, we have reported that the stability of liquid marble is influenced by the surface 
energies of components.[2] The 
spreading coefficient (SS/L), which 
represents the factor to determine the 
spontaneous spreading and dewetting 
for polymer particles on a liquid droplet, 
have a strong effect on the formation of 
stable liquid marble. In this presentation, 
the difference of the structural stability 
of liquid marbles on the mixing 
behavior was evaluated by using liquid 
marbles with different SS/L value. 

Liquid marbles were fabricated by 
the combination of 1 µm 
poly(tetrafluoroethylene) (PTFE) 
particles with various ionic liquids. The 
calculated SS/L values of the 
combination and the digital camera 
views of the obtained liquid marbles 
were shown in Table 1 and Fig. 1, 
respectively. There is a good correlation 
between the apparent stability of liquid 

Table 1 Surface energies of materials and its calculated 
SS/L value by the combination. 

Fig. 1 a) The digital camera view of liquid marbles with 
various ionic liquids. b) Fusion of liquid marbles. 



-251-

marbles and the SS/L values. Actually, a liquid marble with relatively high SS/L showed high 
structural stability. On the other hand, the combination with low SS/L does not form liquid 
marbles (Fig. 1a). 

It was interesting that coalescence of liquid marbles was observed with the combination of 
PTFE and [bmim][Tf2N] which shows adequate SS/L value. After the contact of two marbles, 
liquid marbles were fused each other with maintaining the shape as shown in Fig. 1b. 
Functional liquid marble which has different structural stability is now designed by the 
change of surface properties of materials. 
 
[1] P. Aussillous et al., Nature 2001, 411, 924. 
[2] D. Matsukuma et al., Langmuir 2011, 27, 1269. 
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Introduction 
Mussel adhesive protein works as an excellent adhesive in nature [1] using the versatile 

reactivity of catechol groups for oxidative polymerization and strong interaction with metal 
ions [2] to give an insoluble gel. In this study, effect of the iron ion on the gelation process of 
catechol functionalized polymer was investigated by using a solution of polystyrene-base 
copolymer bearing the catechol units in the presence and absence of iron (III) ions.  
Experimental 

A copolymer bearing catechol unit 
was prepared by conventional free 
radical polymerization of styrene and 
N-2-(3',4'-ditriethylsilyloxyphenyl)ethyl 
methacrylamide, and successive 
deprotection reaction catalyzed by 
tetra-n-butylammonium fluoride in THF, 
as shown in Scheme 1. The molar ratio 
of methacrylamide and styrene in the copolymer was estimated to be 1/50 by NMR. 
Results and Discussion 

It is well-known that catechol derivatives in the basic solution are slowly polymerized by 
oxidants, such as oxygen in the air. Actually, the 10wt% toluene solution of copolymer 
bearing catechol units in the presence of sodium methoxide (2 times molar excess of catechol 
units) gradually became viscous solution at room temperature to result in a transparent gel 
with pale yellow color within 8 hours, probably due to the oxidative polymerization of 
catechol units. In contrast, insoluble black precipitate was quickly formed when the sodium 
methoxide solution was added to a mixture of 10wt% toluene solution of the copolymer and 
acetone solution of iron (III) trifluoromethanesulfonate with one third molar of the catechol 
units. As a control experiment, no reaction took place in the mixture of sodium methoxide and 
iron (III) ions without copolymer. We supposed that the catechol units of the copolymer 
partially coordinated with iron (III) ion to promote the oxidative polymerization because of 
the complex formation of three catechol compounds with iron (III) ions[3]  
 
REFERENCE 
[1]. H. Lee, S. M. Dellatore, W. M. Miller, P. B. Messersmith, Science. 2007, 318, 426-430. 
[2] Mary J. Sever and Jonathan J. Wilker Dalton Trans, 2004, 1061-1072. 
[3] M. J. Harrington, A. Masic, N. Holten-Andersen, J. H. Waite, and P. Fratzl Science 2010, 328, 216-220.   

Scheme.1 Deprotection and chemical structure of the 
catechol-containing copolymer  
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developed system of the in vitro motility assay that is conducted in an inert nitrogen 
gas atmosphere free of ROS
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After the successful preparation of mesostructured and mesoporous silica films by the 
solvent evaporation method,1,2 the preparation of mesoporous silica films have been 
extensively investigated partly due to the wide range of applicabilities of mesoporous silica 
films for low-k material for semiconductor electronics3, nano-reactors for photochemical 
reaction4, and membranes5.   

In addition to the solvent evaporation method, the deposition of mesoporous silica 
layer from acidic aqueous solution and vapor phase has been reported to prepare mesoporous 
silica layers on flat substrates toward with high structural regularity or controlled thickness.6,7   

Here, we report an alternative synthetic way to deposit homogeneous nanoporous 
silica thin layer on a variety of solids surfaces from flat substrate to micrometer size powders 
and, as to the materials, from oxide and hydroxides to organic polymers.8-14  The present 
reaction is very simple, where substrates (both plate and powder) were put into a 
homogeneous solution containing tetraethoxysilane, hexadecyltrimethylammonium chloride, 
methanol, water and ammonia.  

The present synthesis is a new and versatile method to prepare nanoporous silica thin 
layers on solid substrate especially when the reported procedure is not applicable; substrate 
with complex morphology and/or unstable in acidic solutions such as hydrotalcite and ZnO.  
Mesoporous silica coating is regarded as a way to modify the surface properties of powders as 
well as to impart new functions such as molecular sieving one on catalysts and adsorbents.  
 
[1] M. Ogawa, J. Am. Chem. Soc., 116, 7941(1996).  
[2] M. Ogawa, Chem. Commun., 1149(1996).  
[3] R. J. Pai et al., Science, 303, 507(2004).  
[4] M. Ogawa, J. Photochem. Photobiol., C Photochem. Rev. 2002, 3, 129(2002).  
[5] M. Klotz; A.Ayral; C.Guizard; L. Cot, Sep. Purif. Technol. 2001, 25, 71(2001).  
[6] H. Miyata; K. Kuroda, Chem. Mater. 1999, 11, 1609(1999).  
[7] N. Nishiyama, S. Tanaka, Y. Egashira; Y. Oku; K. Ueyama, Chem. Mater., 15, 1006 (2003).  
[8] M. Ogawa; N. Shimura; A. Ayral, Chem. Mater., 18, 1715 (2006).  
[9] M. Ogawa; N. Shimura, J. Colloid Interface Sci., 303, 250 (2006).,  
[10] M. Ogawa; N. Shimura, J. Colloid Interface Sci., 317, 312(2006).,  
[11] M. Ogawa; D. Naito, Chem. Lett., 36, 462 (2007).  
[12] R. Kato; N. Shimura; M. Ogawa, Chem. Lett., 37, 76 (2008). 
[13] Y. Ide; Y. Koike; M. Ogawa, J. Colloid Interface Sci., J. Colloid Interface Sci., 358, 245 (2011). 
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Triazole compounds exhibit characteristic properties coming from p-conjugated five-

membered ring with lone pair electrons for complex formation with transition metal ion.  In 
this work, synthesis of poly(1-substituted-4-vinyl-1,2,3-triazole) and grafting of hydrophilic 
poly(vinyltriazole) to colloidal silica for application to selective extraction materials of 
transition metal ion. 

ization of 
vinyltriazole, as shown in Scheme 1.  In Route (a), polymer 1a was obtained in 58% yield, 
but 2-(2-(2-hydroxyethoxy)ethoxy)ethyl-substituted polymer 1b was given in low yield of 4%.  
Radical polymerization of vinyltriazoles in Rout (b) afforded polymer 1a of molecular weight 
24,000 in high yield of 93%, and 2b and 2c of molecular weight of 7,000 and 15,000 in 
relatively high yield, respectively.  The reaction of colloidal silica, of 140 nm in diameter, 
with poly(4-vinyl-1,2,3-triazole)-trimethoxysilane with 2-(2-(2-hydroxyethoxy)ethoxy)ethyl
at 1-position gave high disperse polymer-grafted silica in water (Scheme 2).  The hybrid 
particles selectively captured transition metal ion, Ni2+, Cu2+, Zn2+, stability constants of 
which were in the range from 1.4 x 103 to 3.6 x 103, being 102 times higher than those of 
alkali earth metal ion.  
 

Scheme 2. Grafting of poly(2-(2-(2-(4-vinyl-1,2,3-triazole-1-yl))ethoxy)ethoxyethanol) 
to colloidal silica. 

Scheme 1. Synthesis of poly(1-substituted-4-vinyl-1,2,3-
vinyl monomer. 
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Functionalization of Periodic Mesoporus Organosilica by Sulphonic Acid 
Groups for Rare Metal Ions Adsorption

Sang Hyun Lee, Sung Soo Park, M. Santha Moorthy, Chang-Sik Ha* 
Department of Polymer Science and Engineering, Pusan National University, Republic of 

Korea

Bissilylated urea (BU) bridged periodic mesoporous organosilica (BU-PMO) precursor 
have been successfully synthesized through co-condensation of 2,6-diaminopyridine and 
triethoxysilylpropyl isocyanate at 85 oC under N2 atmosphere for 24 hours. The bissilylated 
urea precursor has been utilized to prepare BU-PMO with various BU precursor to 
tetraethylorthosilicate (TEOS) ratios, using triblock copolymer (Pluronic P123) as a structure 
directing agent in acidic conditions. The surfactant was removed by solvent extraction method 
using 1% HCl-ethanol at 60 oC. The prepared PMO materials were characterized by powder 
X-ray diffraction (XRD), transmission electron microscopy (TEM), Fourier-transform 
infrared spectroscopy (FT-IR), N2 sorption isotherm, 29Si and 13C CP MAS NMR 
spectroscopic analyses. The morphologies of materials were identified by scanning electron 
microscopic analysis (SEM). The amine group of the bridged organic functionality was 
further modified using chlorosulphonic acid in chloroform solvent. Chemically functionalized 
materials were shown to be suitable for adsorption of metal cations from aqueous solution. 
The adsorbed metal ion concentration was determined by inductively-coupled plasma-atomic 
emission spectroscopy (ICP-AES) analysis. 

Fig. 1 shows XRD patterns of sulphonic acid modified periodic mesoporous organosilica 
with different molar ratio. With low ratio (i.e., below 10 %) of the sulphonic acid groups, the 
XRD patterns of the PMO materials show typical (110) and (200) peaks to be contributed by 
2-D hexagonal mesostructure. With the increase of the sulphonic acid groups up to 30 %, the 
ordering of mesostructure decreased. 

Fig.2. shows a SEM image of sulphonic acid modified periodic mesoporous organosilica. 
The particles have a flat morphology with ca. 700 nm in size. 

[1] M. Rat, M. H. Zahedi-Niaki, S. Kaliaguine, T. O. Do, Microporous Mesoporous 
Mater.,112, 26 (2008). 

[2] X. Sheng, J. Gao, L. Han, Y. Jia, W. Sheng, Microporous Mesoporous Mater., 143, 73 
(2011).

Fig.1. X-ray diffraction of sulphonic acid 
modified periodic mesoporous organosilica 
with different content.

Fig.2. SEM image of sulphonic acid modified 
periodic mesoporous organosilica with 5 % 
content.
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Phase Transition Behavior in the Blends of Weakly Interacting Block 
Copolymers 

 
Yonghoon Lee, Hyungju Ahn, Hoyeon Lee, Du Yeol Ryu,* 

 
Department of Chemical and Biological Engineering, Yonsei University, Seoul 120-749, 

Korea 
 
The Flory Huggins interaction parameters ( ) between different components were described 

by the temperature-dependent function in the homopolymer blends and block copolymers  A 
blend system undergoes the phase transition with temperature, showing the upper critical 
solution transition (UCST) behavior as a consequence of weaken non-favorable segmental 
interactions, whereas in the lower critical solution transition (LCST), an increasing entropy 
can be correlated to an increase of free volume (or thermal expansion coefficient). 
 

 
Similar to binary polymer blends, the phase behavior of diblock copolymers has been known 

to exhibit a microphase separation from an ordered to a disordered state either upon cooling 
or upon heating, where the latter behavior is called the order-disorder transition (ODT) with 
enthalpic origin, and the former can be induced by entropic origin, denoted to the lower 
disorder-order transition (LDOT). In this study, we observed the transition behavior in the blend of 
weakly-interacting symmetric block copolymers using small angle X-ray scattering (SAXS), small 
angle neutron scattering (SANS) depolarized light scattering (DLS) and differential Scanning 
Calorimetry (DSC).  
 
References 
[1] Ryu et al., Nat Mater, 1, 114-117 (2002) 
[2] Kim et al., Macromolecules, 41, 6793-6799 (2008) 
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Fig. 1.  Flow reactor set-up used in the present study and SEM 
image of titania-ODA particles.   

Flow reactor syntheses of titania-octadecylamine hybrid spherical particles 
Variation of particle size and insertion of heteloelements

Kota Shiba1 and Makoto Ogawa*1,2

1 Graduate School of Creative Science and Engineering, Waseda University, Japan  
2 Department of Earth Sciences, Waseda University, Japan 

Flow reactor has been used for the synthesis of a variety of particles in wide size range 
from several nanometers to microns, taking advantage of the fact that chemical reactions in a 
small size space correlate with the homogeneity of products.[1, 2]  Another merit of flow 
reactor is to design reaction pathways, possibly leading to the formation of products with 
complex and/or hierarchical texture, structure and organization.  On the other hand, flow 
reactor synthesis is not suitable for long time reactions because of the limitation of reaction 
set-up such as tube length, flow rate etc.  We have recently proposed a sequential reaction 
combining a flow reactor synthesis with a conventional batch reaction to overcome the 
limitations; nucleation in the flow reactor and subsequent particle growth by a batch reaction.  
Using a flow reactor as an initial stage of sol-gel reactions, we successfully prepared 
uniform-sized spherical particles of titania-octadecylamine (titania-ODA) hybrids with 
submicron size.[3]  We have been examining the two step syntheses for various hybrid 
particles.   

Here, we report the flow reactor syntheses of titania-ODA hybrid spherical particles with 
uniform size in the range of 70 to 900 nm and the attempt to co-precipitate titanium oxide 
with other elements such as zirconium and silicon.  Due to the homogeneity of the 
composition and particle size of the spherical particles of nanoporous titania, which we have 
successfully synthesized,[3] the functionalization and applications of them are worth 
investigating.  Therefore, co-precipitation or doping of a heteroelement into titania and 
preparation of core-shell type particles was conducted as a way of functionalization.   

The titania-ODA with various sizes were synthesized based on the procedure reported 
previously.[3]  The synthetic procedure is schematically shown in Fig. 1.  Titanium 
tetraisopropoxide (TTIP) containing 
isopropyl alcohol (IPA) and IPA 
aqueous solution were flowed 
within a PFA tube by a syringe 
pump at a constant speed and mixed 
within the flow reactor made of 
PTFE and with a flow channel of 
Y-type junction.  The channel 
cross section was ca. 1 mm2.  The 
volume of each solution was 12.5 
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Fig. 2.  Summary of a variety of products prepared in the present study.   

mL and the molar ratio of TTIP:H2O after the mixing was 1:2.7.  The mixture was further 
flowed within a PFA tube of 70 cm in length and then mixed with the solution composed of 
deionized water, IPA and ODA under magnetic stirring until the addition of the mixture was 
completed.  After the aging at room temperature for 24 h, products were collected by 
vacuum filtration, washed with IPA, and then dried at 60 0C in air for a day.  Titania and 
silica were co-precipitated by adding a given amount of tetraethoxysilane (TEOS) into 
TTIP/IPA mixture.  Silica coated titania core-shell particles were prepared by dispersing 
as-synthesized titania-ODA particles into aqueous ammonia/methanol (MeOH) mixture 
containing hexadecyltrimethylammonium chloride before adding TEOS/H2O/MeOH mixture 
which was prepared within the flow reactor by the same manner as described above in the 
titania-ODA synthesis.   

A variety of titania and silica based hybrid spherical particles were obtained by the present 
two step syntheses as summarized in Fig. 2.  We prepared uniform sized titania-ODA 
spherical particles with the size range of 70 to 900 nm, which was possible to be transformed 
to naoporous titania by ODA removal and subsequent calcination.  Co-precipitation of titania 
and silica led to the formation of spherical particles with the weight SiO2/TiO2 ratio in the 
range of 0.11 to 0.87.  TEM-EDX analyses revealed that Ti, Si and O atoms distributed 
uniformly in each particle.  Silica coated titania particles were also prepared and the 
thickness of the silica shell varied (from a few nm to ca. 100 nm) depending on the amount of 
TEOS.  Further modification of flow path, e.g. connecting several reactors using tubes with 
various lengths, is a possible way for the preparation of particles with variable size, 
composition and structure.  

 
 
 
 
 
 
 
 
 
 
 
 

References 
[1] P. Watts and C. Wiles, Chem. Commun., 443-467 (2007).   
[2] Y. Song, J. Hormes and C. S. S. R. Kumar, Small, 4, 698-711 (2008).   
[3] K. Shiba and M. Ogawa, Chem. Commun., 6851-6853 (2009).   
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Fig. 1. An image of hydrogel 
taken by scanning electron 
microscopy (EVO 40, Zeiss). 
A sample for the observation 
was prepared by exchanging 
water to ethanol, acetone and 
then to liquid carbon dioxide 
that was removed at 
supercritical conditions. 
Hydrogel composition: 0.5 
wt. % chitosan, 1.0 wt. % 
saponite 

Morphology and Mechanical Properties of Jellified Chitosan Clay 
Nanocomposite Formed by Means of Regulated Charging of Polysaccharide 

 
Vladimir E. Silantyev1, Irina V. Postnova2, Yury A. Shchipunov1 

1Institute of Chemistry, Far East Department, Russian Academy of Sciences, 690022, 
Vladivostok, Russia 

2Far Eastern Federal University, Vladivostok, Russia 
 

Chitosan is the only natural cationic polysaccharide consisting of glucosamine residues. As 
a typical of weak polyelectrolytes, its charging depends on the pH of aqueous media. This 
feature is in the basis of a method suggested previously in [1]. As tiny microparticles, the 
chitosan is dispersed in a solution of exfoliated clay. We used saponite. Its plate nanoparticles 
attain a thickness of ca. 1 nm and diameter of 20-30 nm. Their surface bears negatively 
charged silane groups. When pH is gradually shifted in the acidic region, there is charging the 
polysaccharide that is involved in electrostatic interaction in situ with nanoparticles. This 
results in the jellification of solution. To exclude the precipitation or phase separation, it was 
suggested in [1] to perform the acidification in a gradual manner. The glucono- -lactone is 
applied as an acidulating agent. When experiencing the 
hydrolysis, it generates progressively the gluconic acid that leads 
to a slow pH decrease. This provides a means for the control on 
the solution jellification as a result of chitosan regulated charging. 

The transition to the gel state took place even at small amount 
of added chitosan in a solution with dispersed saponite. By using 
the oscillating rheology, the mechanical properties of 
chitosan-saponite systems were characterized in sufficient details. 
It was also used to determine a real transition from a solution to 
the hydrogel. These data allowed constructing a phase diagram. 

To have an insight into structural organization of chitosan with 
saponite nanoparticles in their hydrogels, scanning electron 
microscopy was applied. As an example, one can see an image in 
Fig. 1. There are fibrils that are arranged into a three dimensional 
network. Its formation explains the jellification of solution. 
Fibrillar structure is typical of this type of hydrogels. It can be 
formed through self-organization of chitosan with saponite 
nanoparticles that is regulated by gradual pH shift. 

 
References 
[1] Y. A. Shchipunov, N. A. Ivanova, V. E. Silant'ev, Green Chemistry, 11, 1758 (2009). 
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Selective Modification on Lumen of Halloysite: New Inorganic Tubule 
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Halloysite (Figure 1, general formula: Al2Si2O5(OH)4  

2H2O, 1:1 layer aluminosilicate), is a type of natural 
occurring clay mineral with nanotubular structures, 
narrow lumen of 15 nm, chemically active external and 
internal surfaces [1]. Halloysite can be an effective 
nano-asorbent for removal of cationic dye methylene 
blue[2] and uranium from aqueous solution [3]. For 
some applications, properties such as hydrophobicity 
need to be improved. By grafting octadecylphosphonic 
acid (ODP) selectively into lumen of halloysite, 
adsorption capability toward hydrophobic molecule in 
aqueous solution enhanced significantly.  

Halloysite was modified by ODP in EtOH:H2O (pH 4) 
and denoted as halloysite-ODP. Surface chemical 
compositions measured by XPS showed that the 
primary mode of attachment to the alumino surface is 
bidendate and tridendate with a fraction of 
monodendate configuration. The 29Si CPMAS NMR 
spectrum of the halloysite-ODP shows that the binding of phosphoryl groups to the silica 
surface can be ruled out, as no high-field resonance arising from penta- or hexa- coordinated 
Si atoms was detected. The time dependent profile of ferrocene adsorption showed that 
modified halloysite-ODP leads to relatively faster adsorption of ferrocene compared to 
unmodified halloysite. The release profile (Figure 2) shows that more ferrocene is released 
from the halloysite-ODP than pristine halloysite, suggesting that large amount hydrophobic 
molecule had been adsorbed inside the less polar lumen of halloysite-ODP. In conclusion, 
XPS and solid state NMR confirmed that internal surface of halloysite was modified with 
ODP. Time dependent adsorption and release profile suggested that adsorption of hydrophobic 
molecules in aqueous solution of THF/H2O was achieved through selective surface 
modification on the lumen of halloysite.    
 
[1] Y. Lvov. Biomacromolecules, 11, 820 (2010). 
[2] M. Zhao, Micropor. Mesopor. Mater., 112, 419 (2008). 
[3] A. Kilislioglu, Radiochimica Acta, 90, 155 (2002). 

Fig 2. Release profile of the ferrocene 
from halloysite and halloysite-ODP.

Fig 1. Structure of halloysite
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Fig. 2. Kinetic plot of 4-arm star copolymer.

Environmentally Friendly Low Viscous 4-Arm Star Polymers  

via Emulsion ATRP  

Jieun Yang1, Youngsoo Na2, Ildoo Chung1

1Departmet of Polymer Science and Enginerring, 
Pusan National University, Busan 609-735, Korea 
2Segye Chem Company,Yangsan 626-110, Korea 

The preparation of well-defined polymers and copolymers by controlled radical polymerization 
has recently been an area of high interest. One of these methods is atom transfer radical 
polymerization (ATRP), which has been used for the successful polymerization of well-defined 
polymers and copolymers of styrenes, acrylates, methacrylates, and acrylonitrile. It has also been 
applied to emulsion systems, in which polymers with predetermined molecular weights and low 
polydispersities were obtained in stable latexes. [1, 2] 
In this paper, we discuss the ATRP copolymerization of n-butyl acrylate (n-BA), methyl acrylate 

(MA), 2-hydoxyethyl methacrylate (HEMA) in emulsion systems using multifunctional ATRP 
initiator, 4,4’-dinonyl-2,2’-bipyridyl (dNbpy) as a ligand and polysorbate 80 (Tween80) as an 
emulsifier.  

In FT-IR spectrum of the synthesized copolymer (Fig.1), a strong absorbance was observed at 1720 
cm-1 related to the carbonyl stretching with disappearance of C=C double bond stretching of the 
monomer at 1650 cm-1.
The 1H NMR spectrum of 4-arm star copolymer shows that the monomer moieties at 5.90-6.43 

ppm had completely disappeared, while correspondingly, new signal of polymer backbone was 
observed at 1-2 ppm. The kinetic characteristics of the ATRP reaction of copolymer is illustrated in 
Fig. 2. The plot of ln([M0]/[M]) versus reaction time is almost linear, indicating that the radical 
polymerization follows first order kinetics especially at latter stage of the polymerization. The 
preliminary results indicate that ATRP in emulsion is very promising and future works will focus on 
the emulsion ATRP of various acrylate as well as the elimination of emulsifier effectively. 

[1] H. Peng, S. Cheng, Z. Fan, Polymer Engineering and Science, 291 (2005).  
[2] G. Chambard, P. d. Man, B. Klumperman, Macromol. Symp, 150, 45 (2000). 
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Fig. 1. FT-IR spectrum of 4-arm star 
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[Introduction] Poly(vinyl alcohol) (PVA) nanofibers
fabricated by the electrospinning method have attracted much 
attention due to potential applications in various fields 
including the environmental, medical, and nanoscience fields.
The degree of crystallinity of PVA nanofibers at various 
annealing temperature was reported by Wan et al.[1], however,
the structural changes of the nanofibers during uniaxial 
stretching have not been clarified yet. In this study, the 
orientation states of the nanofiber and the crystallite during 
uniaxial stretching of the non-woven nanofiber mat were 
analyzed by simultaneous stress-strain/wide-angle X-ray diffraction (WAXD) and 
stress-strain/small-angle X-ray scattering (SAXS) measurements.
[Experimental section]

PVA (degree of polymerization: 1700, degree of hydrolysis: 87.0-89.0%) was dissolved in 
water/DMF (70/30, wt/wt) to prepare 8.0 wt% solution, which was discharged from the 
nozzle at 1.0 mL/h of feed rate with 20 kV of applied voltage to fabricate the PVA 
non-woven nanofiber mat on the collection target at a distance of 15.0 cm apart from the 
electrospinning nozzle. The morphology of the obtained nanofiber was observed by 
scanning electron microscopy (SEM, Figure 1). Simultaneous stress-strain/wide-angle 
X-ray diffraction (WAXD) measurement using a flat panel detector with 71 mm of camera 
length and stress-strain/small-angle X-ray scattering (SAXS) using a imaging plate detector 
with 2230 mm of camera length were performed at BL40B2 beamline of SPring-8 using a 
X-ray beam with 0.1 nm wavelength. During the non-woven nanofiber mat was elongated 
by the tensile testing apparatus on the sample stage in the hatch, the simultaneous 
SAXS/WAXD measurements were conducted. The orientation state of the nanofibers was 
evaluated based on the Ruland’s method.[2] The orientation state of the crystallite was 
evaluated by the orientation function,[3] which was calculated by 1-D peak intensity 
distribution of (101) and (111) crystalline diffraction along the azimuthal angle.

Figure 1. SEM image of electrospun
PVA nanofibers prepared from 8.0
wt% water/DMF(70/30, wt/wt)
solution.
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[Results and Discussion]  
 The misorientation width calculated from SAXS 
pattern represents the orientation distribution of 
longitudinal voids in the non-woven nanofiber mat. 
Therefore, narrow misorientation width stands for 
higher degree of nanofiber orientation. The 
misorientation width decreased with an increase in the 
degree of elongation, as shown in Figure 2. The 
nanofibers were oriented to the elongation direction 
with the elongation, but the degree of nanofiber 
orientation was saturated even after the nanofiber was 
elongated more than 50% of the initial length of the 
nanofiber specimen. 
Orientation function calculated from WAXD pattern 

is a parameter representing the average cosine square 
angle of the crystalline axis against the standard Z axis, 
which shows the degree of the crystalline orientation. 
The orientation function value for an isotropic material 
and fully oriented chain are zero and 1.0, respectively. 
When the chain is oriented perpendicular to the draw 
direction, the value will be -0.5. The orientation 
function at the various elongation states in Figure 3 
revealed that the polymer chains were continuously 
oriented with the elongation process. The standard Z axis 
was provided to equatorial direction against elongation direction. The orientation function 
of the b-axis decreased to the negative value with the elongation, indicating that the 
polymer chain axis (b-axis) in the crystalline was oriented to meridional direction due to the 
uniaxial stretching. On the other hand, the a-axis and c-axis which are perpendicular to the 
polymer chain axis (b-axis) were oriented to the equatorial direction with the molecular 
chain orientation in the crystalline. 
In conclusion, we conducted simultaneous SAXS/WAXD measurements during uniaxial 

stretching process of PVA non-woven nanofiber mat to demonstrate that both the nanofiber 
and polymer chain were oriented at the beginning of the strain, and the crystallite of PVA 
oriented to the elongation direction with an increase in the degree of elongation, while the 
degree of nanofiber orientation was saturated at the elongation of 50%. 
 
[1] K. K. H. Wong, M. Z. Allmang, W. Wan, J. Mater. Sci., 45, 2456 (2010) 
[2] W. Ruland, J. Polymer Sci., 28, 143 (1969) 
[3] Z. W. Wilchinsky, J. Appl. Phys., 30, 792 (1959) 
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The single-walled carbon nanotubes (SWNTs) coatings on plastic film have been 
investigated as transparent conductive film (TCF) to alternate indium tin oxide (ITO) 
electrode. One of important factor that makes TCF more conductive is the dispersion of 
SWNTs. However, SWNTs exist as a bundle due to a strong intertube van der Waals attraction. 
In order to obtain well dispersed SWNTs, efficient dispersants are firstly required. In this 
study, poly[2-(dimethylamino)ethyl methacrylate]-co-polystyrene (PDMAEMA-co-PS) was 
synthesized and used as polymeric dispersants for SWNTs in organic solvent. 
PDMAEMA-co-PS with different copolymer composition were prepared by atom transfer 
radical polymerization (ATRP) and characterized by gel permeation chromatography (GPC) 
and 1H NMR. With PDMAEMA-co-PS, SWNTs were effectively dispersed through 
non-covalent functionalization by ultrasonication in tetrahydrofuran (THF). Unbundled 
structures of SWNTs were observed by transmission electron microscopy (TEM). Using the 
turbiscan optical analyzer, dispersion stabilities of SWNTs were compared in THF with 
PDMAEMA-co-PS in different copolymer composition. SWNTs coatings on polyethylene 
terephthalate (PET) film were prepared via spin coating of SWNTs dispersion solution and 
networks of SWNTs were observed by field emission scanning electron microscope 
(FE-SEM). Transmittance and sheet resistance of SWNTs coatings were obtained by UV-vis 
spectroscopy and four point probe measurement, respectively. 

 

Fig. 1. Synthetic scheme of random copolymer PDMAEMA-co-PS. 
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Fig. 2. Schematic illustration of non-covalent functionalization of SWNT with PDMAEMA-co-PS 
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Graphene, a monolayer of carbon atoms arranged into a hexagonal lattice, has attracted a 

great interest because of their unique two-dimensional structure and promising properties [1].  
Extraordinary high carrier mobility reaching 200,000 cm2/Vs [2] promises the application in 
electronics, such as field-effect transistors and high-frequency transistors.  These 
applications require the fine control of graphene structure including its edge state, because 
electronic structure of graphene is strongly influenced by shape and edge structures.  In 
particular, graphene nanoribbons, which are expected to open the band gap of graphene, need 
precise control of the edge structure.  

Recently, metal-catalyzed cutting of a graphene 
sheet has been demonstrated (Figure 1).  The 
following reaction proceeds in the presence of Ni or 
Fe nanoparticles under H2 flow at high temperature 
[3,4].  

C(graphene) + 2H2 4  
 

Preferential cutting along zigzag edge has been 
proposed [3,4], and this is useful for the fine 
control of graphene structure.  We applied this method to our large-area, single-layer 
graphene grown by chemical vapor deposition (CVD).   

Single-layer graphene was synthesized by CVD over hetero-epitaxial Cu(111) film.  
Hetero-epitaxial metal films offer the uniform single-layer graphene, in which orientation of 
graphene hexagons is well controlled by the underlying single-crystalline metal film [5,6].  
This orientation-controlled growth is important for the metal-catalyzed cutting, because the 
cutting direction is determined by the orientation of hexagons.  Note that the conventional 
CVD over polycrystalline metal film/foils as well as mechanically exfoliated graphene have 
random orientation of hexagons.  Figure 2 shows the Raman spectra of three different points 
of a graphene film transferred onto SiO2(300nm)/Si wafer.  The Raman spectra show high 
I2D/IG ratio (>2), signifying the formation of single-layer graphene.  The absence of 
defect-related D-band at 1350 cm-1 indicates that our graphene is of high quality.   

Fig. 1. Schematic of metal-catalyzed graphene 
cutting process. 
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We studied the metal-catalyzed cutting 
reaction using three different metals.  After 
dipping the graphene into metal salt solution, 
the graphene was annealed in the mixed flow 
of H2 and Ar at 1000 ºC.  We found that 
graphene cutting occurred for our 
CVD-grown graphene, as shown in Figure 3.  
It is noteworthy that the cutting for 
CVD-grown is demonstrated for the first time, 
since other previous works used mechanically 
exfoliated graphene which is highly crystalline but 
size limited.  The observation of direction-oriented 
cutting proves that our graphene film is high quality 
and the hexagon orientation is well defined.  Further 
study to achieve specific graphene nanostructures, 
such as nanoribbon and quantum dots with defined 
crystallographic edges, is necessary for future 
electronic applications. 
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Fig. 2. Raman spectra of CVD-grown graphene 
film.  Three different points were measured. 

Fig. 3. SEM image of the cutting lines 
observed for single-layer graphene.   
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Volume change of behavior of poly(L-lysine-alt-terephtalic 
acid)microcapsules near the transition pH 
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1. Introduction 

As EU tire labeling set to be enforced in 2012, in response to demanding requirements for 
high-performance tires, tire industries for automobiles are striving to find approaches to 
increase fuel efficiency and reduce road transport emissions[1]. 
Although silica has started to be used as a reinforcement agent for rubber in the tire industry, 

its application is still limited because silica has polarity on its surface, which makes it difficult 
to distribute them into the non-polar rubber matrix due to a weak bonding force between 
rubber matrix and silica[2]. The major efforts for the development of the terpolymer, which is 
polymerized with styrene, butadiene, and polar monomers by using the emulsion 
polymerization, are needed to improve compatibility between filler and rubber. Acrylonirile is 
explained as the suitable polar monomer in ESBR for enhancing the interaction with silica. 

 Therefore, in this study, curing characteristics, mechanical and viscoelastic properties of the 
rubber compounds were investigated to analyze the properties of acrylonitrile as the 
functionality in AN-SBR compounds by comparison with SBR 1721 compound and PEG was 
used to reduced the filler-filler interactions for improving the silica dispersion[3]. 
 

2. Results and discussion 
AN-SBR/silica compound had higher values in minimum torque than SBR 1721/silica 

compound during the vulcanization because AN-SBR has higher molecular weight than SBR 
1721 in the raw material. AN-SBR/silica compounds(A-2, A-4) had faster vulcanization time 
and higher delta torque values than SBR 1721/silica compounds(A-1, A-3). Because 
interaction between acrylonitrile group and silica surface prevented adsorption of the 
accelerator on the hydroxyl groups on the silica surface, which improved the vulcanization 
reaction efficiency and enhanced the degree of crosslinking. When PEG was applied to the 
SBR 1721/silica or AN-SBR/silica compound, the accelerator and the ingredients could not be 
absorbed to the hydroxyl groups on the silica surface, which improved vulcanization time[3]. 
In the mechanical properties, AN-SBR/silica compounds(A-2, A-4) had higher 100% and 300% 
modulus values than the SBR/silica compounds(A-1, A-3) owing to the interaction between 
acrylonitrile group and silica surface, which improved the degree of crosslinking. But, When  
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PEG was applied to the SBR 1721/silica or AN-SBR/silica compound, 100% and 300% 
modulus values were not improved. Because PEG did not enhance the degree of crosslinking. 
AN-SBR/silica compounds(A-2, A-4) had lower values in the swelling ratio than the 
SBR/silica compounds(A-1, A-3) owing to the interaction between acrylonitrile group and 
silica surface, which improved the degree of crosslinking that caused great mechanical 
properties. 
 

3. References 
[1] X. Liu and S. H. Zhao, J Appl Polym Sci., 108, 3038 (2008).  
[2] Hui, R.; Yixin, Q.; Suhe, Z. Chinese J Chem Eng., 14, 93 (2006) 
[3] Valentin, J. L.; Posada, P.; Maros-Fernandez, A.; Ibarra, A.; Rodriguez, A. J Appl Polym 
Sci., 99, 3222 (2006) 
 
Table.1. Formulation of the various compounds 

 
  
 
 
 

 
 
 

 
 
 
 
 
 

 
 
 

Fig. 3. Tensile properties of the 
various compounds. 

Fig. 4. Swelling ratio of the 
various compounds. 

Fig. 2. Cure characteristics of the 
various compounds. 

Fig. 1. FTIR spectra of AN-SBR 
and SBR 1721 
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Abstract
The copolymer beads (SMS/PEGDA) were synthesized by suspension polymerization based 
on sodium methallyl sulfonate and poly(ethylene glycol) diacrylate. Their chemical structures 
and composition were determined by FT-IR and SEM-EDS respectively. The basic properties 
of SMS/PEGDA beads such as ion exchange capacity, water uptake and yield were measured 
for preparing ion exchange beads. The water uptake and ion exchange capacity values of 
beads increased with decreasing amount of PEGDA contents. The surface morphology 
investigated by scanning electron microscope and optical microscope clearly showed an 
increase of roughness with increasing molecular weight of PEGDA. 

1. Introduction 
Suspension polymerization has been 

frequently used in producing polymer bead 
for various industry[1-3]. In suspension 
polymerization form droplets of the 
monomer phase is dispersed into the 
dispersion medium by agitation. The size 
and its distribution of the final beads are 
significantly associated with those of the 
initial emulsion droplets. Namely the 
stirring/dispersing condition provides 
control over the size performance of the 
final beads [4, 5]. Polyethylene glycol(PEG) 
is a synthetic polymer that has been 
informed of the thing of affinitive with 
human and harmless polymer [1]. 

Although other derivatives capable of free 
radical polymerization have been described, 
commonly, most PEG derivatives are 
functionalized with methacrylate groups and 
acrylate at the chain ends. 

In this study, the copolymer bead was 
synthesized by suspension polymerization 
based on sodium methallyl sulfonate (SMS) 
and poly(ethylene glycol) diacrylate 
(PEGDA). Immersing the bead in sulfuric 
acid was performed to introduce protons 
instead of sodium ion. The chemical 
structures of the bead were characterized by 
their FT-IR. The basic properties of bead 
such as water uptake, ion exchange capacity 

(IEC) were measured for the prepared ion 
exchange beads. The metal adsorption tests 
were performed to analyze properties of 
beads in waste water. The surface 
morphology obtained by SEM showed the 
pore and sphere approximately. 

2. Experimental
Sodium methallyl sulfonate (SMS; 98%), 
and poly(ethylene glycol) diacrylate 
(PEGDA) were supplied by Aldrich used as 
monomer. Toluene (99.5%) was also 
purchased by Aldrich used as porogen. 
Benzoyl peroxide was obtained from 
Lancaster. All of materials were high-purity 
grades used without further purification 

Ion exchange beads were produced in a 
500 ml three-necked. Copolymer was 
synthesized by suspension polymerization in 
various monomer weight ratios. The distilled 
water (containing the desired amount of 
PVA), the solvent, was put into a reactor 
with reflux condensation. The mixture of 
monomers was transferred into the 
dispersion medium, and then the initiator in 
porogen was added to the flask. The reactor 
temperature was kept at 70 oC for 4 h. The 
solution was filtered after polymerization In 
order to separate pure beads. 
The yields of SAS-PEGDA beads after 
polymerization were determined by 
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gravimetric analysis. The yields were 
calculated according to the following 
equation (1). 

    (1) 
where Wd=weight of clean and dry polymer 
beads (g) and Wm=weight of monomer 
initially charged to the reactor (g). 
The IEC was calculated according to the 
following equation [6]: 

   (2) 
where NNaOH and NHCl are the concentrations 
of the NaOH and HCl solutions, respectively, 
and VHCl and VNaOH are the volumes of HCl 
and NaOH solutions, respectively. 
 
3. Results and discussion 
The yields of the SMS/PEGDA beads 

determined from Eq.(1) are plotted in Fig. 1. 
When the beads were weighed, all the beads 
were individual dried beads not aggregates. 
The aggregates and initial reactant like 
monomers were removed in the washing 
step. Accordingly, all these losses were 
included in these yields values. 
The ion exchange capacities of H-form 

SMS-PEGDA beads were determined, and 
the results were shown in the Fig. 2. The ion 
exchange capacities increased with 
increasing amount of SMS as expected. The 
space between the polymer chains was 
different from each crosslinking density due 
to PEGDA content at each molecular ratio. 
Thus, crosslinking density was decreased 
with decreasing PEGDA content and at that 
time IEC value showed high property 
because of permeation of sulfuric acid into 
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Fig. 1. Yields of SMS/PEGDA copolymer bead. 

 
the SMS-PEGDA well. 
 
4. Conclusion 
A copolymer bead based on sodium 

methallyl sulfonate-poly(ethylene glycol) 
diacrylate (SMS/PEGDA) was synthesized 
by suspension polymerization.  
The yield values of beads increased with 

increasing amount of PEGDA contents and 
its molecular weight 
The SMS/PEGDA ion exchange beads 

were characterized by ion exchange capacity, 
water uptake, yield, adsorption properties. 
The ion exchange capacity and water uptake 
values of beads increased with increasing 
amount of SMS contents due to the 
increased content of sulfonic groups in the 
beads. However, ion exchange capacity 
values of beads increased with decreasing 
molecular weight of PEGDA while water 
uptake values of beads increased with 
increasing molecular weight of PEGDA. 
 
[1] R, Arshady, BIOMATER. 14, 5 (1993). 
[2] F. Amadeo, B. Muirel, B. Dominque, REACT. 
FUNCT. POLYM., 56, 123 (2003). 
[3] Z. Cheng, P. Werner, H.U. Moritz, P. Jan, H.J. 
Warnecke, CHINESE J. CHEM. ENG. 7, 332 
(1999). 
[4] L. Li, J. Cheng, X. Wen, P. Pi, Z. Yang, 
CHINESE J. CHEM. ENG. 14, 471 (2006). 
[5] S.A. Bencherif, A. Srinivasan, J.A. Sheehan, 
L.M. Walker, C. Gayathri, R. Gil, J.O. Hollinger, 
K. Matyjaszewski, N.R. Washburn, ACTA. 
BIOMATER. 5, 1872 (2009). 
[6] Y.J. Choi, H.S. Lee, T.S. Hwang, POLYMER 
KOREA 33, 608 (2009). 
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Fig. 2. Ion exchange capacity of SMS/PEGDA 
copolymer bead. 
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Abstract

The micro beads were synthesized by suspension polymerization based on vinyl 
phosphonic acid, methacrylic acid and poly(ethylene glycol) diacrylate and its indium 
adsorption properties were investigated. The micro beads were wrinkled sphere at all 
components and their sizes ranged from 100-200 m. The structures of the micro beads were
confirmed by Fourier transform infrared (FT-IR) spectroscopy. The strong band at 1194 cm-1

was ascribed to stretching vibrations for P=O and the absorption band at 965 cm-1 was
assigned to the P-OH stretching band. The micro beads have a thermal stability up to 260°C.
Synthetic yields and ion exchange capacity decreased as the increase in VPA content and 
water uptake increased as the increase in VPA content. The maximum amount of adsorption 
predicted by Langmuir adsorption isotherm model was the highest at the molar ratio of 5:5.

1. Introduction

The consumption of indium is increasing 
with the rapid development of industry. 
Nevertheless, indium is widely spread in 
nature and generally in low concentrations 
in some sulfide ores of zinc, copper and lead. 
For this reason, indium recovery technology 
is desirable. 

A few researches on metal recovery using 
an ion exchanger have been reported. M.C.B. 
Fortes et al. reported on the indium 
adsorption onto some ion exchangers of 
different organic functional groups such as 
iminodiacetic acid, diphosphonic acid and 
aminophosphonic acid [1]. F.D. Mendes et al 
reported on the adsorption of nickel and 
cobalt onto some commercially available 
chelating ion exchange resins [2]. However 
most of researches on indium recovery using 
an ion exchanger have mentioned only about 
its adsorption properties of commercially 
available ion exchangers. Therefore, in this 
study, the micro beads for the use of ion 
exchange were prepared by the suspension 
polymerization and their adsorption 

properties were investigated.
In this study, the micro bead was 

synthesized by suspension polymerization 
based on vinyl phosphonic acid (VPA) and 
methacrylic acid (MAA) used as a monomer 
and poly(ethylene glycol) diacrylate 
(PEGDA) used as a crosslinking agent. The 
structure and morphology of micro bead 
were confirmed by Fourier transform 
infrared (FT-IR) and scanning electron 
microscope (SEM). And then, adsorption 
properties of the micro bead were 
investigated.

2. Experimental

Poly (VPA-co-MAA) with different 
monomer ratio was synthesized by 
suspension polymerization. The 
polymerization was conducted in a 500 mL, 
3-neck round bottom flask equipped with a 
stirrer, condenser, nitrogen inlet, 
thermometer, and dropping funnel. VPA, 
MAA, and PEGDA were dissolved in the 
mixture of distilled water and PVA at 65°C. 
The solution was under strong agitation 
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continuously until all the monomers were 
completely dissolved. And then, BP as an 
initiator and toluene were put in the solution 
with a dropping funnel. The polymerization 
was carried out in an airtight equipment at 
65°C for 1~2 hr.  
 
Table 1- The synthetic conditions of poly 
(vinyl phosphonic acid-co-methacrylic acid) 
Monomer C.A Initiator 
VPA MAc PEGDA Toluene 
0% 100 30~50% Same with 

PEGDA 25% 75% 
50% 50% 
75% 25% 
100% 0% 
 
3. Results and discussion 
 

The synthetic yields of poly 
(VPA-co-MAA) are shown in Fig 1. The 
maximum synthetic yield was 82% in the 
absence of VPA. The synthetic yields, 
however, were dependent on the VPA 
content and a decreasing trend in the yield 
was observed. It shows that conversion of 
VPA radical is lower than MAA and 
PEGDA. The synthetic yields were also 
proportionate to the concentration of 
crosslinking agent due to the increase in 
crosslinking agent and the consequential 
decrease in VPA. The micro bead, 
meanwhile, was not formed at the 20 wt% 
crosslinking agent.  
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Fig. 2 – The effect of VPA content and 
crosslinking agent concentration on the 
poly(VPA-co-MAA) yields.  
 

The IEC provides an indication of the 
acid group content in the micro bead. The 

experimental IEC values are given in Fig. 2. 
The IEC values increased as the decrease in 
VPA and the consequential increase in MAA. 
This is an indication that a plenty of sodium 
were adsorbed onto the functional group of 
–COOH rather than –PO3H2 and the 
conversion of VPA is lower than MAA and 
PEGDA. It is the same result with the Fig. 2 
and Table 2. The IEC meanwhile was 
dependent on the amount of crosslinking 
agent and the values increased to a 
maximum of 0.822 due to the decrease in 
the crosslinking density of the micro beads.  
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Fig. 6 – Effect of VPA contents and 
crosslinking agent concentration on the ion 
exchange capacity. 
 
4. Conclusion 
 
we were able to obtain an optimum 

condition of preparing micro bead at 30 wt% 
crosslinking agent and 5:5 molar ratio of 
monomers. Furthermore, at the optimum 
condition, adsorption capacity of indium 
was 0.70 mmol/g resin, the water uptake 
was 101% and the synthetic yield was 75%. 

 
[1] M. C. B. Fortes, A. H. Martins, J. S. 
Benedetto, Indium adsorption onto ion exchange 
resins, Miner. Eng. 16 (2003) 659-663. 
[2] F. D. Mendes, A. H. Martins, Selective 
sorption of nickel and cobalt from sulphate 
solutions using chelating resins, Int. J. Miner. 
Process 74 (2004) 359-371. 
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Abstract 
 
In this research the principle of electrodialysis is described and its advantages and 

limitations in various applications are pointed out. More recent developments in 
electrodialysis as well as in related processes such as electrodialytic water dissociation or 
continuous electrodeionization are discussed and their present and potential future 
applications are indicated. Purolite S930 is Indium adsorption resins. We must recover the 
Indium with continuous electrodeionization system. 
 
Introduction 
 
Electrodialysis is a mature process which is applied since more than 50 years on a large 

industrial scale for the production of potable water from brackish water sources.[1] But more 
recently electrodialysis in combination with bipolar membranes or with ion-exchange resins 
has found a large number of new interesting applications in the chemical process industry, in 
the food and drug industry as well as in waste water treatment and the production of high 
quality industrial water.[2] 
Recent work on the recovery of copper from aqueous solutions via membrane technologies 

has included the use of liquid membranes to separate indium from ions in chloride solutions. 
 
Experiment  
 The studied solution contained indium. Its initial composition is given in Table 1. 
 
Table 1. Initial concentrations in the studied solution. 
 Concentration In(III) (g/L) Current density  

ED01 1.0 200 
ED02 1.0 225 
ED03 1.0 250 

 
The cell design is as follows (see Fig. 1): 
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 Fig. 1. Sketch of a three-compartment cell stack. C and A indicate cation-exchange membranes and anion-
exchange membranes, respectively. 
 
The reactions at the electrodes were: 

Anode 2H2O  4H+ +O2(g) + 4e                          (1) 
Cathode 2H+ +2e  H2(g)                                (2) 
 
Test times for various experiments were 4 and 24 h. A 24 h test was carried out with the test 

electrolyte, which was used as working solution in the five-compartment ED cell. The cell 
current density was 250 , the temperature was 25 C and the recirculation flowrate was 
17 L . 
 
Results and discussion 
The effect of cell current density is shown in Figs. 2 
Fig. 2 shows that the rate of In(III) removal from the working solution towards the cation 

concentrate clearly increased as the cell current density varied from 200 to 250Am 2. 

 
Fig. 2. In concentration in the working solution as a function of cell current density and time. 
 
[1] H.Strathmann, Desalination, 264, 268-288 (2010). 
[2] Nicoletta Boniardi, Renato Rota, Giuseppe Nano and Bruno Mazza, Separations 
Technology, 6, 43-54 (1996). 
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Introduction -methylene- -butyrolactone (MBL), a natural product found in tulip, has the 
similar chemical structure as methyl methacrylate (MMA). The polymer resulting from 
radical polymerization of MBL (PMBL), has a remarkably higher glass-transition temperature 
(Tg) of 468 K than a typical Tg of 378 K for atactic PMMA and exhibits excellent solvent 
resistance because of the conformational rigidity of the chain incorporating the butyrolactone 
ring1. In this study, we prepared and characterized environmentally friendly novel polymer 
materials with MBL monomer. 
 
Experiment PMMA-ran-PMBL copolymers with different MBL/MMA content was 
synthesized by free radical polymerization. PMMA-block-PMBL copolyers with different 
MBL/MMA content was synthesized by atom transfer radical polymerization 2. Copolymer 
films were prepared by solvent cast method with 2,2,2-trifluoroethanol. The glass transition 
temperature (Tg) of MMA/MBL copolymers was measured by differential scanning 
calorimetry (DSC). The viscoelastic 
properties were characterized by dynamic 
viscoelastic analysis. Microphase 
separated structure of 
PMMA-block-PMBL thin films was 
characterized by small angle X-ray 
scattering (SAXS). The thermal stability 
was measured by thermogravimetry (TG). 
 
Result and Discussion DSC and dynamic viscoelastic 
measurements revealed that PMMA-block-PMBL have 
two individual Tg  at 400 K and 470 K corresponding to 
PMMA and PMBL phase , respectively. On the other 
hands, PMMA-ran-PMBL have single Tg of miscible 
phase, and the Tg was improved with an increase of MBL 
content. SAXS profiles of PMMA-block-PMBL film 
(with PMBL weight fraction of 0.56) were shown in 
Figure 1. For as cast and annealed sample, the scattering 
maxima can be detected at relative q value of 1, 2 or 1, 3, 
5, that is assigned to lamella structures. The values of 
Bragg’s spacing d, which are evaluated from the position 
of first-order scattering peak, were 22.2 and 31.2 nm, 
respectively. The annealed sample’s domain size is larger 
than that of as cast sample and 3rd order peak suggesting 
improvement of the state of phase separation.   
References 
1) Akkareddi, M. K. Macromolecules 1979, 12, 546-551. 
2) Mosnacek J.; Matyjaszewski K. Macromolecules 2008, 41, 5509-5511. 

Scheme 1. Synthesis of PMMA-ran-PMBL and 
PMMA-block-PMBL. 

 

Figure 1. SAXS profiles of PMMA- 
block-PMBL.measured at room temperature 
(a) as-cast and (b) annealed at 463 K for 
24h.   
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Fig. 3. TGA curves of imogolite and 
grafted imogolite (10K/min) 

Fig. 4. Temperature dependence of E’ 
for PLA blends (1K/min at 11Hz) 
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  Sulfonated polyimides (SPIs) are expected to be applied to 

polymer electrolyte proton membranes for polymer electrolyte 

fuel cells (PEFCs) [1]. The aromatic polyimides are well known 

for excellent thermal stability and high mechanical strength. 

Aromatic SPIs are also expected to have good proton 

conductivity. However, the stability of the aromatic SPIs against 

water is poor due to the excessive water uptake. To solve the 

stability problem, we tried to stabilize SPIs by using charge- 

transfer (CT) complex formation. Naphthalene diimide (NDI) 

unit was employed as an electron acceptor. We prepared 

(SPI/electron donor) hybrid films by mixing proper electron 

donor molecules such as dialkoxy naphthalenes (DAN). We 

measured visible spectra of the hybrid films fabricated by 

solution casting method to confirm that SPIs and DAN formed 

CT complex in the hybrid films. The mechanical properties of 

the films were investigated by tensile test. The results showed 

that Young's modulus and ultimate strength increased with an 

increase in donor ratio up to 1:1. The mechanical strength, 

however, gradually decreased with higher molar ratio of the 

donor molecules because excess amount of donor molecules 

acted as mechanical defect in the hybrid films. We evaluated 

their proton conductivities and water uptake. The hybrid film 

displayed higher proton conductivity than the Nafion film under 

low humidity condition. It is indicated that we can achieve high 

proton conductivity films at under low humidity due to the 

presence of charge-transfer complex. 

[1] Y. Yin, et al., Macromolecules. 39, 1189 (2006)  

 

 Fig. 2. Relationship of hybrid 
film compositions and Young’s 
modulus (circle) and stress at 
break of SPI/DHN complex films 
(triangle).

 

Fig. 3. Relative humidity 
dependence of proton 
conductivity of SPI, SPI/DHN and 
SPI/DMN films at 50 ºC. 

Fig. 1. Charge-transfer complex 
structure of SPI and DAN 
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[Introduction] 
Amphiphilic compounds can aggregate and form the variety of micellar structures in 

aqueous solutions. Especially cationic lipids can make a complex with DNA, so it is expected 
as a carrier for drug delivery system (DDS). But it is difficult to control structures of micelles. 
We synthesized a cationic lipid with C12 alkyl chain (Fig.1), and measured the structure of 
micelle with anomalous small-angle X-ray scattering (ASAXS) at various pH. The purpose to 
attach Br is to do ASAXS. 
 
 
 
 
 
 
[Experimental Section] 
We prepared the lipid membrane, and sonicated to 
disperse in water. The micellar structure of cationic lipid 
in 50mM NaCl aqueous solution was explored with 
SAXS. SAXS measurement was performed at the 
BL40B2 in SPring8, and the incident beam wavelength 
was tuned at 0.1 nm. The distance between the sample 
and detector was 1500mm. 
 
[Results] 
Fig.2 shows the SAXS results of the micelle at various 
pH. For pH 1.9, the micelle formed cylinder. For pH 4.8, 
it formed vesicle. This result revealed that this lipid 
undergoes structural transition by pH. ASAXS is in the 
middle of analysis. 
 
 
 

Fig.1 Chemical structure of bromide cationic lipid with sugar-bearing 

Fig.2 SAXS results at various pH 
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 Amphiphilic compounds bearing rigid structure form stable micelles in aqueous solution. 
Among of rigid structures, calixarene is useful as building block for amphiphilic compounds 
because it is easy to be subject to chemical modification to upper and lower rim of calixarene. 
Although a lot of studies of self-assembled calixarene derivatives have been reported, the 
structural analysis of micelles formed from amphiphilic calixarene bearing sugar remains 
unexplored. In addition, sugars have potential to induce helical structure. Here, we reported 
the synthesis of an amphiphilic calixrene bearing sugar (denoted Gal-CaL3, see Fig.1) and the 
effect of chirality to micelles structure. 
 Fig.2 shows CD result of Gal-CaL3 in aqueous solution. This result indicates the structure of 
micelles is helical structure.  
 
 

 
 
 
 
 
 

Fig.1 Chemical Structure of Gal-CaL3

Fig.2 CD and UV Spectra of Gal-CaL3
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Micelles are expected as a carrier for DDS (Drug Delivery System). Especially, non ionic 
lipids bearing sugar are more effective for DDS because the affinity of sugar to body is high 
and there are a lot of proteins in body which recognize specific a structure of sugars. Among 
of various sugars, galactose is remarkable because the sugar is recognized by liver 
parenchyma cell. So we synthesized a new lipid bearing galactose (denoted Gal-lipid, see 
Fig.1) and study the recognition ability by the cell. In experiment, sample was prepared by 
mixing cationic lipid (DOTAP) to make complex with DNA and the sample is called 
D_Gal-lipid, D_Glc-lipid which is control sample.  

Fig.2 shows QCM results of the interaction between D_Gal-lipid/DNA complex or 
D_Glc-lipid/DNA complex and RCA120. This result indicates recognition ability is improved 
by galactose. Fig.3 shows the transfection efficiency by D_Gal-lipid and D_Glc-lipid using 
HepG2 cell. This result reveals that Gal-lipid helps the recognition by liver parenchyma cell 
of complex improve.  
 

Fig.2 The results of QCM.
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Fig.3 The transfection efficiency 
by D_Gal-lipid and D_Glc-lipid.

Fig.1 Chemical Structure of Gal-lipid
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Anomalous small-angle X-ray scattering (ASAXS) is expected to be a useful method for 

detail analyses of nano-seized materials. Especially, the ASAXS using the absorption edge of 
bromine should be useful for the analyses of soft organic materials [1]. In this study, internal 
structure of polymeric micelle of poly(4-vinylphenol)-b-poly(4-bromostyrene) (PVPh-b-PBrS) 
diblock copolymer in alkaline solution was investigated by double anomalous small-angle 
X-ray scattering (ASAXS) in the vicinities of absorption edges of bromine and rubidium to 
obtain structure of the micelle of core and shell respectively. 

PVPh-b-PBrS diblock copolymer was synthesized by sequential nitroxide-mediated radical 
polymerization (NMRP) by using TEMPO and AIBN. The PVPh-b-PBrS was dissolved in 
RbOH aqueous solution at 10 mg mL-1. ASAXS measurements were carried out at BL-40B2 
station of SPring-8, Japan.  
  Fig. 1 shows resonant terms of bromine [panel (a)] and rubidium [panel [b] obtained from 
enegy-dependences of SAXS intensities near Br and Rb K-edges, respectively. ASAXS 
analysis revealed that the PVPh-b-PBrS micelle had core composed of PBrS chains with 47 
nm radius (Fig.1 (a)), and had shell of PVPh chains described with Corona model [2] (Fig.1 
(b)). Using the double ASAXS, structure of the micelle of core and shell were calculated 
respectively, and then whole structure of the micelle was estimated from the fitting analysis. 

 

[1] M. Sakou et al, J. Phys. Conf. Ser., 272, 012022 (2010) 
[2] N. Dingenouts et al., Macromolecules, 37, 8152 (2004) 

Fig.1. Resonant terms for Br (a) and Rb (b) in SAXS profile from PVPh-b-PBrS micelle. 



-291-

Inverted organic photovoltaic cells having a bulk heterojunction layer 
and a P3HT layer 

 
Akito Kawanami1, Katsuhiko Fujita1, 2 

1 Department of Applied Science for Electronics and Materials, Graduate School of 
Engineering Sciences, and 

2 Institute for Materials Chemistry and Engineering, Kyushu University, Japan 
 
Introduction 

Organic photovoltaic cells (OPVs) are attracting much attention due to the light and 
flexible nature and the potential of low cost production. To improve the device performance, 
the structure of an active layer should be optimized as well as development of new active 
materials giving higher optical and electrical properties. Concerning the structural 
optimization, it is known that p-i-n structure, which is the stacked structure of a donor (p) 
layer, a donor-acceptor mixture (i) layer and an acceptor (n) layer, gives relatively high 
performance in small molecule OPVs fabricated by vacuum deposition[1]. We have 
developed evaporative spray deposition using ultradilute solution (ESDUS) technique which 
enables layer-by-layer deposition of polymers soluble to a same solvent. It has been reported 
that the stacked structure of a donor layer and a donor-acceptor mixture (BHJ) layer was 
successfully constructed to improve the photocurrent[2]. In the present study we fabricated an 
inverted type BHJ OPVs by ESDUS technique and investigate the effect of the p-layer 
between the BHJ layer and the hole collecting electrode. 
Experimental  

The OPV devices (Figure 1) were fabricated as 
follows. On a pre-cleaned and 2 mm stripe patterned 
indium tin oxide (ITO) glass substrate 0.1 wt% solution 
of cesium carbonate, Cs2CO3, in 2-ethoxyethanol was 
spun at 3000 rpm, followed by thermal treatment in air 
at 150 °C for 15 min. The 1:1 (w/w) mixture of P3HT 
and PCBM in o-dichlorobenzene at the concentration of 
3.0 wt% was spun on the Cs2CO3 coated substrate in 
nitrogen atmosphere, followed by thermal treatment at 
120 °C for 10 min. The thickness was 200 nm. The 
P3HT layer was deposited by ESDUS technique using 
6.0 X 10-3 wt % solution of P3HT in tetrahydrofuran to obtain the thickness at 10, 20 and 30 
nm. The reference device without P3HT layer was also fabricated. Then MoO3 (3 nm) and Au 
(50 nm) electrode were thermally deposited in a vacuum evaporator at less than 10-4 Pa 
through 2 mm striped shadow mask. The active area of each OPV devices was 4 mm2. The 
devices were sealed by cover glasses in nitrogen. 

Figure 1. Device structure of the  

OPV devices (X = 0, 10, 20, 30 nm) 
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Results and discussion 
The UV-Vis absorption spectra of the 

OPV devices at the absent position of the 
electrodes were shown in Figure 2. The 
absorbance at 510 nm attributed to P3HT 
was increased corresponding to the P3HT 
layer thickness while the absorbance at 330 
nm attributed to PCBM was almost identical 
in each device, indicating that P3HT layer 
was stacked on the BHJ layer. 

Figure 3 shows the J-V characteristics of 
the OPV devices. The open circuit voltage 
(Voc), short circuit current (Jsc), fill factor 
(FF), power conversion efficiency (PCE) 
were listed in Table 1. The device has 10 nm 
P3HT layer showed improved characteristics 
compared to the reference device in all 
parameters. Especially, the increase of Jsc 
should indicate that the electrons transported 
through PCBM in the BHJ layer would be 
blocked at the BHJ/P3HT interface, reducing 
the carrier elimination at the hole correcting 
electrode. The devices with the thicker 
P3HT layer (20, 30 nm) gave relatively 
lower PCE. It indicated that the P3HT 
thicker than 10 nm acts as a mere resistance. 
Although the total thickness of the active 
layer increased, the exciton generated away 
from the interface at the thicker P3HT layer 
could not reach the heterojunction and 
therefore, cannot contribute to the carrier 
generation.  
Acknowledgement 
This work was financially supported by KAKENHI (B) No.21350102. 
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Figure 2. Absorption spectra of the OPV devices 
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Figure 3. J-V characteristics of the OPV devices  

under AM1.5 solar simulator at 100 mW/cm2 

Device Voc

(V)
Jsc

(mA/cm2)
FF
(%)

PCE
(%)

BHJ 0.51 9.08 53 2.45 
BHJ/P3HT(10 nm) 0.53 9.51 55 2.75
BHJ/P3HT(20 nm) 0.53 9.09 49 2.38 
BHJ/P3HT(30 nm) 0.50 9.05 46 2.10 

Table 1. Photovoltaic characteristics of the 

OPV devices 
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Recently, much attention has been paid to the organic memories for the next-generation 
nonvolatile memory. However, the driving mechanism has not been clarified yet and the 
device yield and endurance are poor to practical applications. The devices show two resistive 
states (ON/OFF states). We have shown that ON state should be caused by the conductive 
filaments formed by nanoparticles (NPs) in the polymer matrix (filamentary conduction 
model). Some particle aggregates initially formed at the bottom electrode interface could be 
the beginning points of filament growth.In this case, a large current locally flows to top 
electrode through the intermediary of fine filaments. As a result, Al top electrode is oxidized. 
Therefore, device yield and cycle endurance are poor. It would be important to protect top 
electrode from oxidation reaction. In this study, we report on the memory characteristics of an 
organic resistive memory device consisting of composite film with content-varied Au 
nanoparticles (NPs) in hyper-branched polystyrene (HPS). We fabricated organic memory 
device which is the interfacial modification at the top electrode. We chose TiO2 and MoO3 as 
an interfacial modification layer, because of their thermal stability. 
The device structure fabricated is shown Fig. 1. We applied HPS as host polymer and Au 

NPs which is protected by HPS (HPS-Au) as NPs. HPS-Au was prepared as previously 
reported [ref.1]. HPS-Au, which contains Au in 4.5 wt.%. Interface-modified device was 
fabricated by the following procedures. At first, we formed Al bottom electrode by vacuum 
vapor deposition on glass substrate cleaned by ethanol boiling treatment and UV-O3 treatment 
(NL-UV253, Nippon Laser Denshi). And we spincoated o-dichlorobenzene solution of HPS 
and HPS-Au (4.5 wt.%) mixture (3:1, w/w), followed by thermal treatment in N2 atmosphere 
at 150 oC for 30 min. Then, in TiO2 modified case, we spincoated ethanol solution of TiO2 
NPs (36 mM, 72 mM) followed by thermal treatment in air atmosphere at  80 oC for 15 min. 

Fig. 1. Device structure:(a)Reference device, (b)Interface-modified device by TiO2 (10 nm),  

(c) Interface-modified device by TiO2 (15 nm), (d) Interface-modified device by MoO3 (5 nm) 
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In MoO3 modified case, we formed MoO3 
layer by vacuum vapor deposition. Finally 
we formed Al top electrode by vacuum 
vapor deposition. The cell area was 2 2 
mm2. We named that reference device is 
device A, interface modified by TiO2 (10 
nm, 15 nm) is device B, device C, by MoO3 
(5 nm) is device D. 
 We measured current density-voltage (J-V) 
characteristics of reference device and 
interface-modification devices. The result is 
shown in Fig. 2. Initial conductive state of 
the devices was low conductive state (OFF 
state). Current density gradually increased 
by application of the voltage and abruptly 
increased and switched to high conductive 
state (ON state) at ca. 2.0 to 4.0 V. After 
that, current density decreased by negative 
differential resistance (NDR). Above NDR 
region, current density increased 
monotonously, subsequently, when applied 
voltage was back to 0 V it exhibited 
hysteresis without switching to OFF state. 
After applied voltage turned off, the devices 
remained ON state. And the devices 
switched to OFF state when applied voltage 
swept zero to higher voltage than it of NDR 
region and instantly cut off. After applied voltage turned off, the devices remained OFF state. 
This feature exhibits that our device has non-volatility. As described above, our devices 
exhibited good electrical bistability. And the statistics of ON and OFF current which was read 
at 1.8 V is shown in Fig. 4. In Fig. 4, 360 data is included in one plot. The all devices 
exhibited similar behavior. But current values of interface-modification devices were higher 
and threshold voltage shift lower than reference device. It is thought that resistance of Al2O3 
which is oxidized by local high current is higher than TiO2 or MoO3 is a cause in this.  
Next, we investigated device yield and cycle endurance. Device yield means the ratio of the 

device which rightly worked out of fabricated device. And cycle endurance means the number 
of capable ON/OFF switching. As shown in Fig. 4 interface-modified device showed 
significantly higher device yield and cycle endurance in comparison with reference device. 
This would be because interface modified layer effectively protected top electrode from 

Fig. 2. Current density-voltage characteristics 

of reference and interface-modification 

(a)      (b)      (c)     (d) 

 Fig. 3. The statistics of ON and OFF current      
(a) device A, (b) device B, (c) device C, (d) device D 



-295-

oxidation reaction which is cause of degredation. 
In summary, we fabricated organic memory 

device of Au nanoparticle/hyper-branched polymer 
composite film. Our devices exhibited good 
electrical bistability. And interface modification of 
the electrode interface by TiO2 or MoO3 layer 
could significantly improve reproducibility and 
performance of device due to protected top 
electrode from oxidation reaction which is cause of 
degredation. 
 
[1] H. Ichikawa ; K. Yasui ; M. Ozawa ; K. Fujita, Synth. Met., 159 (2009) 973-976 

Fig. 4. Device yield and cycle endurance  

of device A, B, C and D 

 

(A)   (B)   (C)   (D) 
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Among the various oxide semiconductors, ZnO becomes important as an alternative 

material for dye-sensitized solar cells (DSSCs) because it has not only higher electronic 

mobility but also bandgap similar to TiO2 [ref.1]. In addition, ZnO with flat band potential 

higher than TiO2 promises enhancing the cell’s open-circuit voltage. Therefore, ZnO films 

have attracted more and more attention in the field of DSSCs. Regardless of these advantages, 

the highest conversion efficiency of the ZnO-based DSSCs is still less than 7.2% [ref.2], and 

therefore it cannot even compete with the TiO2-based cells [ref.3]. Therefore, it is significant 

to investigate the effect of fabrication conditions on the performance of ZnO-based DSSCs. In 

this study, the effect of annealing temperature on the photoelectrochemical properties of 

DSSCs were explored in order to improve the ZnO-based DSSCs performance. 

The ZnO nanoparticles with 15 - 35 nm in average diameter were used in this study to 

fabricate the ZnO thin film. The ZnO pastes were coated on a conductive glass (FTO, about 

13 /sq.) by a squeegee method. The obtained ZnO films were annealed at 100, 200, 300, 400 

and 500 C for 1 h. The dye-sensitized electrodes were prepared by immersing the films in an 

N719 ethanol solution (0.3 mM) for 3 h at room temperature. The sandwich-type open cells 

with the obtained ZnO/N719 electrode were fabricated with a spacer film (50 µm), an 

electrolyte solution and a platinum plate. The electrolyte solution was composed of 0.1 M LiI, 

0.6 M 1,2-dimethyl-3-propylimidazolium iodide, 0.05 M I2 and 0.5 M 4-tert-butylpyridine in 

acetonitrile, and they were filled among both electrodes. The photocurrent (I) and 

photovoltage (V) of the cells were measured with an active area of 5 x 5 mm
2
 under the AM 

1.5 illumination at 100 mW/cm
2
. 

Fig. 1 shows the annealing temperature dependencies of conversion efficiency ( ) with 

each factor obtained from the I-V curve of the DSSCs under the present 100 mW/cm
2
 light 

illumination. The  was virtually constant under C, but decreased significantly over 200 

C as shown in Fig. 1(a). 

On the other hand, the short-circuit current density (JSC) decreased gradually with 

increasing the annealing temperature as shown in Fig. 1(b). The surface area of the ZnO film 

was virtually constant under C, but it decreased gradually over 300 C. The amount of 

adsorbed dye was also decreased along with this changing trend. The decrease of the amount 

of adsorbed dye led to the decrease of light-harvesting efficiency and JSC value. However, the 
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open-circuit voltage (VOC) increased slightly with increasing the annealing temperature as 

shown in Fig. 1(c). Also the fill factor (FF) increased gradually with increasing the annealing 

temperature at the region of under C, but it decreased gradually at over C as shown 

in Fig. 1(d). It is known that the FF values are mainly affected by the internal resistances at 

FTO/TiO2, Pt/electrolyte interfaces and the conductive glass substrate [ref.4]. In our 

experimental condition, the effect of Pt/electrolyte interface could be neglected because the 

same counter electrode was used for all cells. It is thought that the electron transfer becomes 

difficult because of the increase of ZnO particles size and the increase of substrate resistance 

by the annealing at over 300 C, which led to the enhancing of the recombination probability. 

In conclusion, the relatively low annealing temperature on the film fabrication is 

efficient for improvement of ZnO-based DSSCs performance, indicating that possible 

applications for DSSCs with the ZnO film electrodes would be expanded. 

 

Fig. 1. Annealing temperature dependencies of (a) conversion efficiency, (b) short-circuit current density, (c) 

open-circuit voltage and (d) fill factor. 
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Stabilization of polymeric micelles 

used as drug carriers by various 

methods such as cross-linking has 

been investigated
1
. When 

stimuli-responsive units are employed 

as cleavable cross-linkers, two 

conflicting characteristics, the stability 

of the cross-links under physiological 

conditions and the cleavability of the 

cross-links by external stimuli, must 

be considered. To keep the balance of 

these two characteristics, we prepared amphiphilic block 

copolymer micelles with dynamic covalent bonds as 

reversible cross-linkers with high tolerance against 

oxygen (Fig. 1). In this study, diarylbibenzofuranone
2
 

(DABBF) was employed as a hydrophobic cross-linker 

owing to its durability to oxygen and autonomous 

exchange at ambient temperature. The obtained 

amphiphilic block copolymer containing the DABBF 

unit has the capability for micellar formation. DABBF 

was formed using radical dimerization which was 

conducted in a polymeric micelle aqueous solution. We 

confirmed the amphiphilic copolymer could form a 

cross-linking unit with an exchangeable structure by 

GPC measurement (Fig. 2). Moreover, DABBF could show de-cross-linking behavior in the 

presence of oxygen by mixing with an excess amount of a de-cross-linker (Fig. 2). This is first 

example of reversible cross-linked polymeric micelles, formed by dynamic covalent bonding, 

with high durability against oxygen. 

[1] A. Guo, G. Liu, J. Tao, Macromolecules, 29, 2487 (1996). 

[2] M. Frenette, C. Aliaga, E. F. Sanchis, J. S. Scaiano, Org. Lett. 6, 2579 (2004). 

Fig. 2. GPC chromatograms (UV) of 

lyophilized polymeric micelles. (Top): no 

cross-linked, (middle): cross-linked and 

(bottom): de-cross-linked polymer. 

Fig. 1. Chemical structure of DABBF unit and schematic 

image of reversible cross-linked polymeric micelle. 
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INTRODUCTION 

In a petrochemical plant, the demand of energy savings for distillation columns to distill 
multi components has been gradually increasing. Fully thermally coupled distillation columns 
(FTCDC) which is also known as the Petlyuk column are more efficient than conventional 
columns.  The thermodynamic efficiency of multi components conventional distillation 
column and the fully coupled column are calculated and compared using the commercial 
HYSYS software. Simulation study shows that FTCDC can save around 13.4 % of energy cost 
and requires less investment compared with conventional column. 

BTX SEPARATION PROCESS 
In the practical design of distillation columns, an optimum reflux flow is determined first, 

and the structural importation, such as total number of trays and feed location, is designed later.  
Though the commercial design software HYSYS is utilized in the process of 18 components, 

lack of the structural information may induce lots of computation load in order to find the 
optimum structural design. 

The BTX plant which is one of major processes in a petrochemical plant is composed of 
four unit processes (hydrotreating, reforming, extraction, fractionation). The products from 
extraction units are fed to fractionation units, and high purity benzene, toluene, mixed xylene 
are produced from a series of binary-like columns (benzene column, toluene column and a 

xylene column). The fractionation units at BTX plants are one of the very complex and the 
most energy-comsumming process.  
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The structural design procedure is implemented in the design of the industrial FTCDC to 
replace the first two columns of the conventional fractionation process in BTX plant.  

The design outcome and performance comparison with a conventional system indicate that 
the proposed design procedure is useful to implement the FTCDC for industrial applications. 
The economics study shows the energy saving of 13.4 % and the investment reduction of 1.7 
million dollars from the FTCDC. In addition, a possible extension of the proposed design 
procedure to industrial application is addressed. 

Fig. 1. Schemetic of the Petlyuk column HYSYS simulation
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Colloidal metallic nanoparticles (e.g. Ag and Au) have been attractive for their potential 
applications in biosensors, plasmonic devices etc. due to their size monodispersity, facile 
surface functionalization, and optical properties in the visible light region, also called 
localized Plasmon resonance (LPR) absorption1. In our previous study, we fabricated highly 
ordered 2D array of monodisperse Ag particles and interrogated their collective optical 
properties, e.g. red shifts and sharpened peaks2. Recently, we further investigated multilayered 
Ag nanosheets deposited on the Au thin film with different thickness and observed the gold 
film thickness dependence of Plasmon peak position and peak width, which are likely to arise 
from coupling of Ag nanosheets and Au film. In this paper, we describe layer-by-layer 
structured Ag nanoparticle sheets were deposited by a LB method on Au film with different 
thickness. As shown in Fig. 1, the surface color after Ag nanosheet deposition on 200 nm Au 
film changed from yellow to brown to dark red while the color after Ag nanosheet deposition 
on thinner Au film changed differently. Their absorption spectra of the multilayered Ag 
nanosheets reveal that plasmon peak and peak width on thick Au film (e.g. 200 nm) varied 
differently from those on thinner Au film (e.g. 20nm). This strongly suggests a possible 
interaction between the Ag nanosheets and Au thin film.    

Ref.  
1.E.Prodan;C.Radloff; N. J., Halas; P. Nordlander, Science 302,419(2003).
2.M. Toma et al., Phys. Chem. Chem. Phys., 12, 14749 (2011). 

Fig. 1. Optical properties of Ag nanoparticles multilayers on 200 nm Au film. The photos 
from left to rightare 200nm bare Au film, 1-5 Ag nanosheets deposited on 200 nm Au film. 
The absorption spectra are 1-5 Ag sheets on 200nm Au film, converted from their respective 
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 Thermochemical decomposition of cellulosic materials via pyrolysis has been investigated 

using a variety of techniques to efficiently obtain fuels and fine chemicals. The utilization of 

chemicals, e.g., mineral acids[1,2] and metal ions[3], by impregnating on/in cellulose is effective 

to reduce the pyrolysis temperature and selectively produce a desired compound. Due to the 

difficulty of the utilization of solid catalysts, the impregnation method is the most convenient 

way to catalyze the pyrolysis of cellulose. However, this method is not “catalysis” in a radical 

meaning because part of the chemicals is consumed during the pyrolysis and therefore cannot 

be recovered. In the present study, ionic liquids (ILs) were mixed with cellulose at the weight 

ratio of 1:1 to catalyze the pyrolysis of 

cellulose. Several types of IL were 

compared in terms of the influence on the 

pyrolysis temperature and product 

distribution, and then a selected IL among 

them was subjected to a detailed 

investigation of the potential as a catalyst 

for cellulose pyrolysis. 

 Cellulose was simply mixed with ILs, 

having 1-butyl-2,3-dimethylimidazolium 

[BMMIM] as a cation and CF3SO3 (OTf), 

(CF3SO2)2N (NTf2), BF4, or PF6 as an 

anion under ambient conditions. Due to the 

low content of IL, the samples could be 

treated as a powder.  

 Fig. 1. shows the result of 

Pyrolysis-GC-MS tests (heating rate: ca. 

3000 K s-1) for each sample. At the 

pyrolysis temperature of 358ºC, 

[BMMIM]NTf2 had less or no influence 

on cellulose pyrolysis, giving a similar 

Fig. 1. Pyro-GC-MS chromatograms of cellulose and 
cellulose mixed with ILs. The main peaks are assigned as 
follows: 1: Furfural, 2: 2-Furancarboxyaldehyde, 5- 
methyl-, 3: 2(5H)-Furanone, 5-methyl-, 4: 3-Furancarbo- 
xylic acid, methyl ester, 5: Levoglucosenone, 6: 1,4:3,6- 
Dianhydro- -D-glucopyranose, 7: 2-Furancarboxyalde- 
hyde, 5-(hydroxymethyl)-, 8: Levoglucosan, 9: Propa- 
none, 1-hydroxy-, 10: 2(3H)-Furanone, dihydro-4- 
hydroxy-, 11: 1,2-Cyclopentanedione, 3-methyl-, 12: 
1,6-anhydro- -D –galactofuranose. 
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conversion to that of pure cellulose, while the 

conversion of cellulose mixed with [BMMIM]OTf 

was 86%. The same tendency was observed in a 

thremogravimetric analysis, i.e., [BMMIM]OTf 

caused a drop in the temperature for the 

decomposition of cellulose over 100ºC compared 

to that of pure cellulose. As against no influence 

of [BMMIM]NTf2, [BMMIM]BF4 and PF6 

slightly decreased the pyrolysis temperature, but 

not significantly. These results indicate that the 

anion in the ILs has an important role in the 

catalysis of cellulose pyrolysis.  

 Principal products from the pyrolysis of 

cellulose mixed with [BMMIM]OTf were 

levoglucosenone and furfural, and the yields of the other compounds were very low. This is 

very different from the broad product distribution of cellulose pyrolysis at 455ºC (cellulose 

conversion: 85%). Thus, the use of [BMMIM]OTf as a catalyst can not only decrease the 

pyrolysis temperature, but also contribute to the selective production of these chemicals.  

 Levoglucosenone is synthetically versatile compound and very expensive since it is not 

available directly from nature and the chemical synthesis method is limited. In the analysis of 

the product from slow pyrolysis of cellulose mixed with [BMMIM]OTf (Fig. 2.), the yield of 

levoglucosenone was 19.0 and 21.4 wt% at 250 and 300ºC, respectively. The selectivity of 

levoglucosenone was more than 70 wt% for condensable organic matters. This yield is far 

higher than that of the conventionally used acid-catalyzed cellulose pyrolysis method for 

levoglucosenone production[4]. One of the characteristics of the [BMMIM]OTf-catalyzed 

cellulose pyrolysis is less acceleration of char formation, which is generally found in the use 

of mineral acids and metal ions for catalysis. Accordingly, it is considered that high reaction 

selectivity and low char yield resulted in the high yield of levoglucosenone.  

 Furthermore, [BMMIM]OTf could be fully recovered from the solid residue of pyrolysis by 

ethanol extraction method, and its reuse for cellulose pyrolysis reproduced the product 

distribution (Fig. 2. (c) and (d)).  

[1] G. Dobele et al., J. Appl. Anal. Pyrolysis, 49, 307(1997) 

[2] D.J. Nowakowski et al., J. Appl. Anal. Pyrolysis, 83, 197(2008) 

[3] D.J. Nowakowski et al., J. Appl. Anal. Pyrolysis, 83, 12(2008) 

[4] Z. Wang et al., ChemSusChem, 4, 79(2011) 

Fig. 2. Products from slow pyrolysis (at 5 K 
min-1) of (a) cellulose at 350ºC, cellulose 
mixed with [BMMIM]OTf at (b) 250ºC, (c) 
300ºC, and (d) reutilization of [BMMIM]OTf 
at 300ºC.  
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First Observation of Multi-Step Spin Transition in FeIII Complex with 
One-Dimensional Hydrogen-Bonded Chain

Zhaoyang Li, Shinji Kanegawa, Soonchul Kang, Osamu Sato

Institute for Materials Chemistry and Engineering, Kyushu University, 6-1 Ksuga-koen, 
Fukuoka, 816-8580, Japan

E-mail: sato@cm.kyushu-u.ac.jp

For FeIII complexes with appropriate ligand, the FeIII center can undergo a thermally 
induced spin conversion between high-spin (HS, S = 5/2) and low-spin (LS, S = 1/2) states.
But spin transition system with strong cooperative and multi-stepped mechanism is still a 
great challenge1-3. We report here the unprecedented spin transition compound: 
[Fe(5-Brthsa)2]·H2O (5-Brthsa = (5-bromo-2-hydroxybenzylidene)hydrazinecarbothioamide),
which contains NH2 group aimed at forming H-bonding network.

The title compound crystallizes in orthorhombic space group. As seen in Fig. 1, the 
symmetry unit contains one FeIII center, two 5-Brthsa ligands and one free water molecule. 
The single-crystal structure was determined at 123K, 173K and 283K, respectively. But no
phase transition was observed from single-crystal determination under variable temperature. 
The averaged FeIII N, FeIII O, FeIII S coordination bond lengths are listed in Table 1. The 
presence of water molecule in the lattice changes the nature of hydrogen bonding but the 
whole structure always forms infinite one-dimensional hydrogen bonded chain structure (Fig. 
2). Owing to the charge balance, herein we propose that the presence of oxonium ion which 
plays the key role in observing the multi-step spin transitions (Scheme 1).

Fig. 1 The symmetry unit of title compound. Fig.2 One-dimensional hydrogen-bonded chain connected by 
N H···O at 123 K.

Temperature (K) 123 173 283
FeIII N (Å) 1.963 2.057 2.107
FeIII O (Å) 1.961 1.928 1.944
FeIII S (Å) 2.281 2.359 2.419

Table 1 FeIII N, FeIII O, FeIII S coordination bond lengths at different temperatures (deviation is not given).

Magnetic susceptibility measurements of the title compound were performed in the 
temperature range of 5-300 K in warming and cooling modes. As shown in Fig. 3, magnetic 
property shows that the value of mT is equal to 4.3 cm3 K mol-1, which corresponds to what is 
expected for HS state of FeIII compound (S = 5/2). On further cooling, an 
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abrupt-gradual-abrupt decrease in the mT values to 0.45 cm3 K mol-1 started at 133 K, 
indicating that the occurrence of spin transition from the HS to LS state. It is worthy to noting 
that both the warming and cooling modes the mT values changed in a five-step manner 
centered at about 246 K, 216 K, 197 K, 173 K and 148K, respectively. With the hysteresis 
loop of 5K, the title compound underwent four intermediate phases. As far as we know, 
five-step spin crossover behavior is firstly observed in monomeric FeIII complex. The 
variable-temperature 57Fe Mössbauer spectra and photo-effect measurement is under way. 
  In summary, the 5-Brthsa ligand has been synthesized to favor intermolecular interactions 
between mononuclear complex. [Fe(5-Brthsa)2]·H2O is a new multi-step SCO compound with 
one-dimensional hydrogen bonding chain structure, which plays an important role in 
observing proton transfer. We hope that the novel feature of the title compound will shine 
more light on cooperative effects and multiple-stability within SCO materials. 

 
Scheme. 1 The possible mechanism of proton relay in the infinite one-dimensional hydrogen bonded chain. 

 
Fig. 3 Temperature-dependent susceptibility of the title compound under 5000 Oe. 

[1] M. Nihei, J. Am. Chem. Soc., 132, 3553(2010). 
[2] S. Floquet, New J. Chem., 27, 341(2003). 
[3] M. D. Timken, Inorg. Chem., 24, 3450(1985). 
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Mizoroki-Heck Reaction and Suzuki-Miyaura Coupling catalyzed by A
nano-Pd Particles Embedding to Hyperbranched Polystyrene Ammonium

Salt-Catalyzed 

Takashi Nishikata1, Keisuke Kojima2, Hironori Tsutsumi1, and Hideo Nagashima1

1Institute for Materials Chemistry and Engineering, Kyushu University, kasuga, Fukuoka, 
816-0952 2Nissan Chemical Industries, LTD, Funabashi, Chiba, 274-8507,

Suzuki-Miyaura coupling1 and Mizoroki-Heck reaction2 are one of the most important 
reactions to construct carbon-carbon bonds mediated by transition metal catalysts. It has been 
recognized to be problematic that most reactions are carried out in homogeneous systems and 
metal catalyst wastes have to be removed from the product by distillation or chromatography. 
One of the promising methods to solve the residual metal problem is immobilization of 
palladium species onto solid-supports: good immobilized catalysts led to facile separation and 
recycle of the catalyst from the product without leaching the metallic species.3 We are 
interested in the fact that above two reactions are also catalyzed by palladium particles. In the 
course of our studies on the nano metal particle, we have found that hyperbranched 
polystyrene(HPS)-ammonium salts turned out to be a good stabilizer for palladium
nano-particles. It is important that the well dispersed palladium nanoparticles (2~3 nm) on the 
HPS-NR4

+Cl- (Pd@HPSammoniun) are good catalyst for hydrogenation of unsaturated molecules 
in hydrocarbon / water biphasic systems (Scheme 1). Although Pd@HPSammoniun is well 
soluble either in water [R = -(OCH2)3Me] or hexane [R = octyl or dodecyl even in the 
recycling experiments, heating with KBr or dicarboxylic acids in the presence of the supports,
such as cotton, filter paper, and nylon-6 led to the nano-metal particles surrounding by the 
hyperbranched polymers which are printed on the surface of the supports. Here, we wish to 
report that these printed palladium nanoparticles act as reusable catalyst systems for 
Suzuki-Miyaura coupling and Mizoroki-Heck reaction.

Scheme 1

TEM image

The printing was carried out in DMF at 100 oC for 2 h. As shown in Figure 1, SEM and 
TEM images showed that Pd nano-particles embedding to HPS-ammonium are immobilized 
on cotton fibers (Pd@HPSammoniun@cotton) (Figure 1).
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Figure 1  
 
 

 
 
 
The resulting palladium-immobilizing cotton, filter paper and 6-nylon plate were applied to 

heterogeneous Suzuki-Miyaura coupling (Scheme 2). In a typical example, the coupling was 
carried out in a glass tube placed Pd@HPSammoniun@filter paper, which was produced by 
treatment with citric acid. The reaction of iodobenzene with PhB(OH)2 was carried out in 
THF/water at 50 oC for 24 h. The solid-supported catalyst was removed from the mixture, and 
was recycled several times. In each run, the desired product was obtained quantitatively, and 
the metal leaching is 7-15 ppm at the first three runs, whereas below 2 ppm at further runs.   

  Various combination of aryl iodides and and aryl boronic acids can be used for 
Suzuki-Miyaura coupling. The catalyst is also useful for Mizoroki-Heck reactions (Scheme 3). 
Details will be discussed at the session. 

 
Scheme 2 

 
 

                                                    Scheme 3 
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Synthesis of Thermo-responsive Hollow Nanoparticle using 
Template Micelle 
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Introduction 
It is expected that hollow nanoparticles can be used for drug delivery system (DDS), because 
the hollow nanoparticle can incorporate guest molecules into the hollow core. We have 
prepared hollow nanoparticles using template micelles [1]. The anionic thermo-responsive 
diblock copolymer containing the photo-cross-linkable pendants was adsorbed to the surface 
of the template micelle via hydrogen bonding interaction (Fig. 1). After photo-cross-linking of 
the thermo-responsive diblock copolymer, the template micelle was removed to prepare the 
hollow nanoparticles. It is known that poly(N-isopropylacrylamide) (PNIPAM) shows the 
lower critical solution temperature (LCST) in water at 32 ºC [2]. PNIPAM was used as a 
thermo-responsive shell in the hollow nanoparticles. In this paper, we report on preparation of 
the hollow nanoparticles and their thermo-responsive behavior in water.  
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Fig. 1. (a) Chemical structures of diblock copolymers and (b) synthetic route of the thermo-responsive hollow 

nanoparticles. 
 

Experiment
An amphiphilic diblock copolymer (pMMA-pAAc) was prepared via reversible 
addition-fragmentation chain transfer (RAFT) controlled radical polymerization. NIPAM and 
photo-cross-linkable monomer (CEA) were copolymerized via RAFT using a polysulfonate 
(pAMPS) based macro chain transfer agent to prepare the anionic thermo-responsive diblock 
copolymer, pAMPS-p(NIPAM/CEA). The p(NIPAM/CEA) block in the diblock polymer can 
be adsorbed to the pAAc shells in the pMMA-pAAc template polymer micelle by hydrogen 
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bonding interaction. The shell of the core-shell-corona micelle was cross-linked by 
UV-irradiation, and the template micelle was removed by dialysis against organic solvent to 
prepare the thermo-responsive hollow nanoparticle. The polymers were characterized by 1H 
NMR and gel-permeation chromatography (GPC). Photo-cross-linking of cinnamoyl groups 
was confirmed by UV-vis absorption. The hydrodynamic radius (Rh), scattering intensity, and 
zeta potential ( ) for each step to prepare the hollow nanoparticle were measured. 
 
Results and Discussion 
Rh and  for each step to synthesise 
the hollow nanoparticle are listed in 
Table 1. Rh of the template micelle 
was 22 nm.  of the template micelle 
was -3.7mV because of the pendant 
carboxylic acid groups in the pAAc 
shells. Rh of the hollow nanoparticle 
at 25 ºC was 37 nm.  of the hollow 

nanoparticle was -30.8 mV because 
of sulfonate groups in the pAMPS 
coronas. As temperature was 
increased, Rh of the hollow 
nanoparticle started to decrease from 
around 30 ºC, reaching a minimum 
value of 31 nm at 45 ºC (Fig. 2). 
Scattering intensity of the 0.1 M 
NaCl aqueous solution of the hollow 
nanoparticle was 190 kHz at 25 ºC, 
which started to increase around 30 
ºC, reaching a maximum value of 
250 kHz at 45 ºC. The shrinkage of 
the cross-linked pNIPAM blocks in 
the hollow nanoparticles above the 
LCST ( 30 ºC) induced a decrease of size and an increase of density for the hollow 
nanoparticles. 
 
 References 
[1]  W. Qui, X. Yan, L. Duan, Y. Cui, Y. Yang, J. Li, Biomacromolecules, 10, 1212 (2009).    
[2]  M. Heskins, J. E. Guillet, J. Macromol. Sci. Chem., A2, 1441 (1968). 

Fig. 2. Temperature dependence of hydrodynamic 

radius, Rh ( ) and scattering intensity ( ) for the 

hollow nanoparticles in the 0.1M NaCl aqueous 

solution. 
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Rh (nm) mV

pAMPS-p(NIPAM/CEA) 8 -41.7 

Template micelle 22 -3.7 

Core-shell-corona micelle 28 -41.3 

Hollow nanoparticle (25 ºC) 37 -30.8 

 

Table 1. Rh and  for the each step to prepare the hollow 

nanoparticle 
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Radically Exchangeable Dynamic Covalent Bonds 
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  In polymer chemistry, reversible covalent bonds have provided covalently cross-linked 
polymers with particular abilities such as sol–gel transition and 
network structure variation. In particular, radical crossover 
reaction of polymers with dynamic covalent bonds in side chains 
can allow reorganizability of the chemical gels. [1] Since radical 
reactions are tolerant of many solvents and functional groups, such 
reorganizability of water-soluble polymers is expected.  
  Poly(dimethylaminoethyl methacrylate) with alkoxyamine units 
in the side chain was synthesized by radical copolymerization in 
toluene using V-70 as an initiator. The dimethylaminoethyl groups 
of copolymers were converted into ammonium groups by the 
treatment with hydrochloric acid to afford the corresponding 
water-soluble polymer 1. 
  Since the obtained water-soluble polymers have 
complementarily reactive alkoxyamine units in the side chain, the 
polymers were heated at 100 °C under different concentration 
conditions. The 10 wt% aqueous solutions of polymer 1 became a 
gel with heating, as shown in Figure 1. The cross-linking behavior 
depended remarkably upon the concentration. De-cross-linking 
reaction was also accomplished by the radical exchange reaction of 
the cross-linked polymer and hydrophilic alkoxyamine compound 
to afford soluble polymers after heating and the gel turned into a 
solution. [2] 
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Figure 1. Photograph 
of 10 wt% aqueous 
solutions of 1 (x:y:z = 
18:1:1) after 24 h 
without (left) and with 
(right) heating.
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New Fe(II)-complexes for Atom Transfer Radical Polymerization: The 
Ligand Design for TACN Results in High Reactivity and Catalyst 

Performance 
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Controlled radical polymerization (CRP) is an important method for constructing polymers 
with fine structure. We have recently reported a trinuclear iron (II) complex (1) having a 
1,4,7-trimethyl-1,4,7-triazacyclononane (Me3TACN) ligand as an effective catalyst for 
well-controlled ATRP of styrene. The catalyst is easily removable from the polymer by simple 
washing with methanol, and furthermore, the recovered catalyst is reusable. However, the 
reaction rate is relatively low and polymerization of methyl methacrylate (MMA) and buthyl 
acrylate (BA) with 1 gave a polymer with a relatively broad molecular weight distribution. In 
this paper, we report that the ligand design of TACN realizes the production of a mononuclear 
complex, (iPr3TACN)FeX2 [iPr3TACN = 1,4,7-triisopropyl- 1,4,7-triazacyclononane; X = Cl 
(2) or Br (3)]. The high reactivity of these catalysts led to well-controlled polymerization and 
block copolymerization even with lower catalyst concentration  

The mononuclear iron complexes 2 and 3 can be synthesized by 
the reaction of iPr3TACN and FeX2 in acetonitrile in high yield. 
The molecular structure of 2 and 3 determined by X-ray 
crystallography showed that 2 and 3 had a mononuclear 
coordinatively unsaturated 16 valence electron structure (Fig. 1). 
The complexes 2 and 3 were subjected 
to studies on the catalytic 
polymerization of styrene, MMA, and 
BA using halogen initiators. 
Representative results are summarized 
in Table 1. Both Cl and Br complexes 2
and 3 are active for well-controlled 
polymerization of styrene and MMA (entries 2, 3 and 5, 6). The observed Mn is in accord 
with the theoretical value calculated from the ratio of monomer to the initiator or the catalyst, 
whereas Mw/Mn is around 1.2~1.5. Attempted polymerization of BA catalyzed by 3 in the 
presence of ethyl dibromoacetate gave the polymer with a broad Mw/Mn (entry 4). In contrast, 
that with the bromo-homologue 4 successfully gave polyBA with a narrow molecular weight 
distribution (entry 7). 

Table 1.  Polymerization using (tacn)Fe-Catalysts. 

entry cat monomer conditions conv
. (%) 

Mn
(exp.)

Mn
(calc.) Mw/Mn

1 1 Styrene 120 °C, 20 h >95 19,000 25,000 1.17
2 2 Styrene 120 °C, 4 h >95 25,000 25,000 1.22
3 2 MMA 100 °C, 1 h 85 29,000 21,000 1.49
4 2 BA 100 °C, 20 h 83 28,000 25,000 2.34
5 3 Styrene 120 °C, 4 h >95 26,000 25,000 1.31
6 3 MMA 100 °C, 1 h >95 27,000 25,000 1.24
7 3 BA 100 °C, 20 h 82 37,000 26,000 1.22

Fig. 1. ORTEP drawing of 2.
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Main chain exchange reaction based on dynamic covalent chemistry is one of the synthetic 

methods of novel polymeric materials. The advantage of main chain exchange reaction is that 
one can manipulate the chemical and physical properties of polymers after polymerization[1]. 
We previously reported the macromolecular olefin metathesis between 1,4-polybutadiene and 
olefin-containing polyester. Here, we report scrambling reactions between 1,4-
polybutadiene/polyisoprene and olefin-containing polyurethane. 

 
Fig 1. Polymer scrambling reaction between 1,4-polybutadiene and olefin-containing polyurethane via 
olefin cross-metathesis. 
As shown in Fig 1, 1,4-polybutadiene and 

olefin-containing polyurethane were scrambled in 
the presence of Grubbs catalysts to afford the 
corresponding hybrid polymers. In addition, 
polyisoprene and olefin-containing polyurethane 
were successfully scrambled. The structures and 
thermal properties of the hybrid polymers were 
characterized by NMR, GPC, and DSC 
measurements. Particularly, in NMR measurement, 
new peaks appeared with the progress of 
scrambling reaction . DSC measurement revealed 
that scrambled polymer has single Tg in the region between 1,4-polybutadiene and 
olefin-containing polyurethane (Fig. 2). These results indicate that a hybrid polymer with new 
properties was formed. 

 The scrambling reactions and the properties of hybrid polymers were well controlled by 
changing the reaction conditions. To put it more precisely, it allows us to manipulate the 
degree of hybridization from multiblock copolymers to random copolymers by changing the 
reaction time and/or the amount of the catalysts for the scrambling reactions.  
[1] H. Otsuka, A. Takahara et al., J. Am. Chem. Soc., 125, 4064 (2003); Chem. Commun.,  

45, 1073 (2009); Prog. Polym. Sci., 34, 581 (2009); Chem. Commun., 46, 1150 (2010). 

Fig 2. DSC thermograms of polyurethane -1, 
4-polybutadiene (PU-PBD) scrambled 
polymer, polyurethane (PU) and 

1,4-polybutadiene (PBD). 
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Polyhedral oligomeric silsesquioxane (POSS), which is a unique cage structure based on 
siloxane bonds, have attracted attention as novel organic-inorganic hybrid materials. 
Previously, we have synthesized a series of siloxane polymers consisted of bifunctional rigid 
nano-cage  POSS   siloxane chains alternately. The polymers reveal 
unique properties, such as high heat resistance, flexibility, and small linear expansion. Even 
though their properties are of interest to various research and industrial fields, very severe  
synthesis conditions of polycondensation or multiple steps are required in order to synthesize 
such polymers (Figure 1.). 

On contrast, many silicone polymers are produced by equilibrium polymerization through 
ring-opening reaction of cyclic dimethyl silicone such as octamethyl cyclotetrasiloxane (D4) 
as a general industrially method. Compared with polycondensation, equilibrium 
polymerization is a simple procedure. In this presentation, we report the synthesis and 
characterization of polymers consisted of POSS cage and siloxane chain by equilibrium 
ring-opening polymerization of cyclic dimethyl silicone in the presence of POSS (Figure 2.). 

Figure 1. Reaction schemes of siloxane polymers alternately bearing POSS cages by polycondensation. 

Figure 2. Reaction scheme of siloxane polymers alternately bearing POSS cages by equilibrium polymerization. 
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POSS and D4 were copolymerized with acidic catalyst (p-toluenesulfonic acid) under 
several different reactive conditions. Characterization of the synthesized polymers was carried 
out by size exclusion chromatography(SEC) and 1H-NMR.  
The analysis of synthesized siloxane polymers revealed that the polymers consisted of POSS 

cages and siloxane chains. The dimethyl siloxane chain between POSS cage units was not 
constant and scattered. The average lengths of siloxane chain segments were decreased with 
decreasing of molar ratio of D4 to POSS. The cast film of the synthesized polymers revealed 
good thermal and optical properties, such as high transparency and small linear expansion.   
 

Figure 3. A photograph of a cast film of   
a cage-chain alternated polymer prepared  
by equilibrium ring-opening polymerization. 




