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29 1 VBL
 

 
: 

PET-RAFT (photoinduced electron/energy transfer – reversible addition/fragmentation chain transfer) 

technology is a living radical polymerization methodology controlled by visible light and (near) IR light, which 

merges the tranditional RAFT polymerization with photoredox catalysis. In this technology, ppm amount of 

photoredox catalyst is employed to catalyze RAFT agent and generate radicals for subsequent polymerization, 

instead of external radical initiator in the traditional RAFT method. The RAFT agent plays the role of initiator, 

chain transfer agent and termination agent. 

Although slight modification to RAFT polymerization was made, it brings many “green” and significant 

attributes to living radical polymerizations, including: (1) low energy consumption and mild reaction conditions, 

(2) spatial and temporal control on radical polymerization, (3) high oxygen tolerance, (4) versatile photocatalysts 

and (5) selective polymerization activation. In this talk, these benefits from PET-RAFT technology will be 

summarized and demonstrated by our recent results. This technology is contributing to the development of green 

chemistry and sustainable polymer manufacturing chemistry, but also providing opportunities for the innovation 

of new methods of organic and polymer synthesis.

 
 

VBL University of New 
South Wales Jiangtao Xu PET-RAFT for Advanced Polymer Synthesis
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Photo-induced Electronor Energy Transfer: PET  
Reversible Addition Fragmentation Chain-Transfer:RAFT
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29 2 VBL

Recycling of thermosets and their composites is the only viable and best option going forward on thermosets 

waste management demonstrated with the incontrovertible fact that there is technical feasibility within the 

effectiveness of the very diverse technologies available to date. Mechanical, thermal, chemical methods and 

depolymerization with supercritical fluids are revisited in this seminar. Recyclability is a concept that takes into 

account not only the properties of the material but the whole set of factors which can promote the natural course 

of action of a potential recycling market; as a definition, recyclability is the capability of a material to be 

recycled through its life cycle among the economical, technical, legislative and waste management 

circumstances that integrates the material to the recycling industry. While the use of bio-based and eco-friendly 

materials is an objective of technological development, better waste management technologies must be applied 

throughout the whole lifecycle for a sustainable use of thermosets and their composites. 

IBARRA Rodolfo Morales Universidad Autónoma de Nuevo León
VBL3 

IBARRA Rodolfo Morales VBL 

 
Recycling of Thermoset Polymers and their Composites

CFRP 
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29 3 VBL

 
Nanocomposites have attracted a huge amount of interest due to their improved mechanical properties, 

dimensional stability, thermal/chemical stability, and electrical conductivity. Nanostructures are found to be of 

great significance because of their inherent properties such as large surface area to volume ratio and the 

engineered properties such as porosity, stability, and permeability. Composite material can achieve 

multifunctionality by combining the relevant, desirable features of different materials to form a new material 

having a broad spectrum of desired properties. Composite nanomaterials have been prepared by several 

techniques including sol-gel, precipitation, spray pyrolysis, hydrothermal, and solvothermal. In this presentation, 

hydrothermal and solvothermal techniques will be performed for preparation of CeO2-ZrO2 and ZnO-SiO2 

nanocomposites because these techniques require simple equipment and easily controlled particle size and 

morphology by varying the synthesis conditions. The fabricated CeO2-ZrO2 nanocomposites with certain 

compositions could enhance their chemical and thermal properties to be used as electrolyte of Solid Oxide Fuel 

Cells. ZnO-SiO2 nanocomposites fabricated by solvothermal synthesis increased their chemical and optical 

properties for energy saving. 

 
Siti Machmudah ITS Surabaya

VBL3 Siti 
Machmudah VBL

Hydrothermal and Solvothermal Synthesis for Composite Nanomaterials Preparation
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29 5 VBL

 
1,2,5-chalcogenadiazoles are of particular interest to the fundamental chemistry and its applications in materials 

science and biomedicine. The common property of heterocycles of this family is high positive electron affinity, 

which means these compounds are effective electron density acceptors. Chemical reduction (complete charge 

transfer) of the neutral 1,2,5-chalcogenadiazoles derivatives with various reducing agents yields 

thermodynamically stable Radial-Anions (RA), isolated in the form of thermally-stable salts. These RAs may be 

considered as promising building blocks for the synthesis of molecular based magnetic materials. Meanwhile, 

interaction with other electron donors such as TTF or certain anions (X–) results in formation of neutral or anionic 

charge transfer complexes (partial charge transfer). The former shows some potential for the photovoltaic 

applications. The latter are formed via coordination of X– to the chalcogen atom of heterocycle which leads to the 

changes in absorption spectra. This may be useful for the anion receptors/sensors applications. This talk will cover 

these two aspects of the redox reactivity of 1,2,5-chalcogenadiazoles with regards to their application. 

 
Nikolay A. Semenov Novosibirsk Institute of Organic Chemistry

SA321 Semenov

VBL

1,2,5-Chalcogenadiazoles as effective electron acceptors: reduction into Radical-anions vs. 

formation of charge transfer complexes Semenov

Semenov
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29 6 VBL

Controlling molecular building blocks and their organization into nanostructured materials with specific 

functions constitutes the basis of modern bottom-up materials science. Using an external light stimulus to control 

such advanced materials in a dynamic fashion with superior spatial and temporal resolution offer tremendous 

opportunities and is at the heart of our group’s research program. This presentation will highlight some recent 

examples from our laboratory in which carefully designed photoswitches with improved performance have been 

exploited to remote-control materials, specifically, some of our recent efforts to optimize various photoswitches, 

such as azobenzenes, diarylethenes, acylhydrazones, and indigos with regard to their switching characteristics and 

the use of these optimized photochromic building blocks to control dynamic polymeric materials as well as charge 

transport in optoelectronic devices and to drive optomechanical transduction. 
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研究紹介（1）

　プラスチックを含む多くの

高分子に、光学活性体との相

互作用を介して、望みの向き

のらせん（右巻きあるいは左

巻き）を後から自在に誘起し、

その情報を「記憶」として保

持できることを 10 数年以上

前に見出し、その機構の全貌

を解明した。この原理を用い

ると、記憶したらせんキラリ

ティに由来する光学分割能や

不斉触媒能を示す様々のらせ

ん高分子の合成が可能となる

[1]。本稿では、汎用性プラ

スチックの一つである、シン

ジオタクチックなポリメタクリル酸メチル (st-PMMA) へのらせん誘起と記憶、その応用について紹介する。

　st-PMMAのトルエン溶液に光学活性なアルコールやアミンを加えると、一方向巻きのらせんが誘起され、光学活性体を完全に

除去した後も、らせん構造は記憶として保持されるとともに、様々のフラーレンが包接され、結晶状の光学活性フラーレン包接錯

体が生成する [2]。st-PMMAのらせん空孔はゲストの大きさに合わせて形を変えることができ、より大きなフラーレンが優先的に

取り込まれ、光学活性な st-PMMAを用いると、これまで報告例のなかったC86、C88、C94 などの高次フラーレンの光学分割も可

能であった。特殊なポリマーではなく汎用高分子を用いても、らせん構造を制御できれば有用なキラル高分子材料になりうること

が明らかになった [2]。また、st-PMMAが形成するらせん空孔へは、らせんペプチド鎖を有するC60 誘導体（L-または D-1）が

不斉選択的に取り込まれることも分かった [3]。ペプチド鎖だけでは包接はまったく起こらない。すなわち、C60 をキャリヤーとして

用いることで、様々な分子を

st-PMMA が形成するらせん

空孔内へ導入できる可能性

が示された。光学活性な st-

PMMA は、様々のキラル分

子・高分子を選択的に包接・

分離可能なキラル材料だけで

なく、キラルなナノ空孔を有

する反応場としても有用であ

る。

[1] E. Yashima, N. Ousaka, D. Taura, K. Shimomura, T. Ikai, K. Maeda, Chem. Rev. 2016, 116, 13752.

[2] a) T. Kawauchi, A. Kitaura, J. Kumaki, H. Kusanagi, E. Yashima, J. Am. Chem. Soc. 2008, 130, 11889. b) T. Kawauchi, A. Kitaura, M. 

Kawauchi, T. Takeichi, J. Kumaki, H. Iida, E. Yashima, J. Am. Chem. Soc. 2010, 132, 12191.

[3] N. Ousaka, F. Mamiya, H. Iwata, K. Nishimura, E. Yashima, Angew. Chem., Int. Ed. 2017, 56, 791.

プラスチックへのらせん構造の誘起と応用

大学院工学研究科・有機・高分子化学専攻　逢坂　直樹、八島　栄次
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研究紹介（2）
立体π共役分子を用いた 3次元 K4 結晶の構築

理学研究科　物質理学専攻(化学系)　教授　阿波賀　邦夫

　炭素の同素体には、グラファイト、ダイヤモンドに始まり、フラーレン、カーボン

ナノチューブなどのナノカーボンまで多様な構造が存在するが、近年、グラフ理論

は、sp2 炭素からなる新しい炭素同素体として「K4 炭素結晶」( 図 1(a))と呼ばれる

3次元構造を提唱した [1]。この構造は、sp2 炭素の sp2 平面どうしがθ =70°(cos θ

=1/3) ねじりながら( 図 1(b))3 次元構造をつくる特異的なものであり、金属的伝導性

やディラックコーンの存在 [2] がバンド計算により予測されている。しかし、このよう

に興味深い物性が予想されるK4 炭素結晶の構築は実現されておらず、その物性の詳

細は明らかにされていない。また、K4 結晶は、ダイヤモンドの数学的双子として、「強

等方性」という高い対称性を持っていることから[1]、これら3次元構造どうし(K 4 結

晶 ( 金属的伝導性 )とダイヤモンド( 絶縁体 )) の対比にも興味がもたれる。

　我々は、K4 結晶の物性を明らかにするために、分子科学の立場から、K4 結晶の構築を行った。sp2 炭素の代わりとして、

Stoddartらが報告した三角形型電子受容性分子 (-)-naphthalene diimide(NDI)- Δ ( 図 2, [3]) を構成単位として用いることにした。

(-)-NDI- Δは、π共役系が分子内で立体的に向かいあった三角形構造をもつ珍しい分子であるが、中性分子結晶での分子間π -

π相互作用は見られない。そこで、この三角形型の「立体π共役分子」を電気分解法を用いてラジカルアニオン種に還元することで、

ラジカル間交換相互作用により3次元相互作用を誘起し( 図 2)、分子性ラジカルを用いたK4 結晶の構築に成功した ( 図 3, [4])。

この分子性 K4 結晶は sp2 炭素を三角形分子で置き換えたものであるが、興味深いことに、K4 炭素結晶で予想された金属的伝導

性やディラックコーンに加えて、強磁性発現の可能性を示唆する二重縮退フラットバンドの存在が予見され、分子内構造のバンド

構造への影響が示唆された。残念ながら、このK4 結晶は伝導度測定から絶縁体であることがわかったため、現在、(-)-NDI- Δの

多様な酸化還元状態に基づくバンドフィリング制御を検討し、バンド構造の実証を目指している。また、局在電子系の観点からこ

の結晶の磁気特性を詳細に検討したところ、三角構造に基づくスピンフラストレーションにより極低温まで長距離磁気秩序を示さ

ないことがわかった。スピンフラストレーションの顕在化は、分子構造が物性へと強く反映されることを示している。今回のような

3次元結晶構築は、立体π共役分子を作りこむことで構造・物性を制御できる可能性を示しており、分子物性研究へと広く利用・

貢献できると期待している。

参考文献

[1] T. Sunada, Not. Am. Math. Soc. 55, 208 (2008). 

[2] M. Tsuchiizu, Phys. Rev. B 94, 195426 (2016). 

[3] S. T. Schneebeli, M. Frasconi, Z. Liu, Y. Wu, D. M. Gardner, N. L. Strutt, C. Cheng, R. Carmieli, M. R. Wasielewski, and J. F. 

Stoddart, Angew. Chem. Int. Ed. 52, 13100 (2013). 

[4] A. Mizuno, Y. Shuku, R. Suizu, M. M. Matsushita, M. Tsuchiizu, D. R. Mañeru, F. Illas, V. Robert, and K. Awaga, J. Am. Chem. 

Soc. 137, 7612 (2015).

図 1. (a)K 4 炭素結晶と (b)K4 炭素結晶に
おけるsp2 炭素の結合様式

図２. sp2 炭素の結合様式と(-)-NDI-Δの分子
間相互作用

3. K4 がつくるK 
4
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研究成果報告 （1）

growth started by thermal cleaning at 900o

time interval. The LT-GaN was grown at 400 o  o

o 

oC, the InN 

the obtained value gives us the assurance that InN, which was 

substrates. 

1. Reference

[1] M. Miyoshi et al, Semicon. Sci. Technol. 31 (2016) 105016

[3] Y. Lu et al, J. Cryst. Growth 391, 97 (2014)

Epitaxial Growth of GaN by Radical-Enhanced Metalorganic Chemical 
Vapor Deposition (REMOCVD) – Effect of InN nucleation layer

Department of Electrical Engineering and Computer Science, Nagoya University.　Amalraj Frank Wilson

Fig. 1. 2θ-θ of GaN with varying InN 
nucleation time
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研究成果報告 (2)
卓上電子顕微鏡と X線顕微鏡の開発

VBL非常勤研究員　入田  賢

　カーボンナノチューブからの電界電子放出 (FE) は，25年以上に渡って研究されてきた [1]。多層カーボンナノチューブ (MWNT)

は，従来の FE 源に比べ 10-6 Pa の真空度でも使用可能であり，高い輝度 109 ~ 1010 A/(cm2•sr) を有するFE 源である [2,3]。発

掘調査などの現場では，持ち運び可能な小型の顕微鏡が必要とされている。本研究では，単一MWNT電子源を搭載した卓上

FE型走査電子顕微鏡 (SEM)とX線顕微鏡 (XRM) の開発を行った。

　MWNT電子源とバトラーレンズからなる電子銃を構成し，観察試料を設置するチャンバーとの間を ICF-114フランジで接続し

た。電子銃チャンバーは，ターボポンプを用い 10-7 Pa に真空排気し使用した。バトラー電圧 Vbut = 1.5 kVと加速電圧 Vacc ~ 15 

kV の時，収束ビーム電流 61.1 pAで最も安定し，Fig. 1 (a) の SEM像を観察することができた。観察したサンプルは，直径 200

と500 nmのAu-Pdコートしたポリラッ

テクス球 (PLS) である。Fig. 1 (c) に示

したラインプロファイルは，基板表面と

PLS 球の間のものである。ラインプロ

ファイルに対し，ガウス分布の累積分

布関数によりフィッテイングを行い，そ

の 80-20%の幅で定義した分解能は 9 

nmであった。また，金ターゲットに収

束した電子ビームを照射させることでX

線を発生させ，投影型のXRM像の観

察を行った。Vbut = 1.5 kVとVacc ~ 17 

kV において，30分間 X線を照射し観

察したXRM像を Fig. 1 (b) に示す。観

察したサンプルは，金の 400-メッシュ

を観察した。同様に，Fig. 1 (d) に示し

たメッシュの穴とバーの間のラインプロ

ファイルに対し，フィッテイングを行い

分解能を求めると200 nmであった。

以上の結果より，我々は，MWNT 電

子源を搭載したナノ分解能を有する卓

上型 SEMとXRMの開発に成功してい

る。

[1] Y. Saito et al., Nature, 389, 554–555, (1997).

Fig. 1  (a) Au-Pdコートした PLS 球の SEM像。
 (b) AuメッシュのXRM像。
 (c)，(d) それぞれ SEMとXRM像に示したライン位置におけるラインプロファイル。
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研究成果報告（3）

　　シリコンカーバイド(SiC)は次世代パワーデバイス材料として注目を集めているが、SiC 基板には多くの貫通転位が存在し、デ

バイスとしての信頼性を低下させている。我々は、マクロステップがステップフロー成長により貫通転位上を通過する際に、貫通

転位の方向を変えて基底面上の横向きの欠陥に変換することを見出した [1]。本技術により、1cm角の種結晶を使用して、転位を

結晶外に排出し、低欠陥密度の結晶を成長することに成功している[2]。本研究では、より実用的なサイズの結晶を得るため、2イ

ンチ SiC 基板を用いた Si 面結晶成長条件の検討に取り組んだ。

　SiC の溶液成長法では、溶液内の高温部でカーボンルツボが溶解し、低温部で SiC が析出する。そこで、溶液中で種結晶の周

辺が低温となる条件を、シミュレーションを用いて明らかにした。ルツボ位置、断熱構造を変えることで、溶液中の高温部と低温

部の温度差は変化した。そこで、温度差が18oC、8oC、5oCとなるような条件で結晶成長実験を行った。Si-40at%Cr の混合溶媒

を用いて、直径 2インチの4H-SiC 種結晶の Si 面 (1°オフ )成長を行った。また、成長した結晶のX 線トポグラフィ像を撮影して、

転位密度を評価した。

　溶液内の温度差が18oCとなるような温度条件においては、多量の小さな結晶が析出し、種結晶を覆い尽くした(図1(b))。溶液

内の温度差が8oC の時、微結晶は大幅に減少した。しかし、結晶表面を顕微観察するとステップフロー成長ではなく二次元成長

しており、大きなバンチングが見られた(図1(d))。溶液内の温度差が5oC の時、析出する微結晶の量はさらに減少した(図1(c))。

また、結晶表面の2/3 以上の領域でステップフロー成長していた(図1(e))。以上より、溶液内の温度差を制御することが結晶成

長機構を制御する上で重要であると考えている。

　ステップフロー成長部のX線トポグラフィ像を撮影し、欠陥変換現象が生じているかどうかを評価した。種結晶には1.6×103/cm2

程度の貫通転位が見られたが、成長した結晶(図1(c))の貫通転位密度は1.6×102/cm2と、種結晶の1/10程度まで減少した。これよ

り、2インチ基板においても1cm角の結晶と同様に、ステップフロー成長により欠陥変換現象が起こることを確認した。以上の結

果から、実用サイズの結晶成長においても、Si 面ステップフロー成長を行うことで低欠陥化が期待される。

【参考文献】

5 (2012) 115501

7 (2014) 065501

低欠陥 SiC 結晶の口径拡大

VBL非常勤研究員　村井  良多

図１. 各温度条件で成長した結晶写真
 (a) 最大温度差 18oC
 (b) 最大温度差 8oC
 (c) 最大温度差 5oC 
 (d) 最大温度差 8oC で成長した結晶表面拡大像
 (e) 最大温度差 5oC で成長した結晶表面拡大像
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名大祭のラボレクチャー企画に参加し、期間中の 6月10日 ( 土 )13:15 ～14:00、10日 (日 )14:15 ～15:00 の両日、「VBL 研究室
公開」と題した実験施設の見学会を行った。高解像度走査型電子顕微鏡にて測定した様 な々ナノ構造体の観察像を紹介しながら、
半導体や有機分子のナノテクノロジーに関する紹介を行った後、クリーンルームに入室しての様 な々成膜装置、リソグラフィー装置の
見学を行った。小学生から50 代の方まで、15人の参加者があった。クリーンルームの入室は、すべての方々が初めてであり、エア
ーシャワーに驚いたり、黄色い照明に興味を持ったりして頂いた。身近ではないけれども身近な分子、原子の制御の現在に興味を
持って頂けた様であった。

クリーンルーム利用
者を対象に 6月 9日
13 時から開催，参加
者数は教職員学生合
わせて54名であった．
講師の技術支援セン
ター・齋藤氏から薬品
の使用法や管理・廃液の保管，クリーンドラフトの使い方など，
VBLで定めているルールについて説明があった．終了後，ク
リーンルーム前室で空気呼吸器の装着練習が行われた．

5月 31日に実施し
13 名が受講した．本
装置はレシピ機能を有
し Si,SiO2,C などのエ
ッチングを自動で行う
ことができる．ICPエ
ッチング装置の利用講
習会は 6月１日に行われた．

S5200利用講習会
は5月24日，25日に分
けて実施し13名が受
講した．本装置は講習
会受講者のみ利用可
能である．操作手順で
は特にトラブルの多い
試料ホルダのハンドリングについて注意するよう説明があった．

5月17日，技術支援
センターの齋藤氏が担
当し7名が受講した．
本装置は受講者のみ
利用可能である．ガラ
スマスク作製の他，直
描も可能でSi基板の
描画条件をホームページにアップロードしているが，基板やレジ
ストの種類によって条件出しが必要となる．利用希望者が多く
なっており本年は講習会を３回開催する予定である．

名大祭参加報告

クリーンルーム利用講習会 RIE（反応性イオンエッチング）
装置利用講習会

高解像度走査型電子顕微鏡
（SEM）利用講習会

レーザーリソグラフィ
利用講習会
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　私は、生命分子工学専攻 浅沼浩之教授の下で、病原性ノンコーディング RNAの検出技術の開発を行っていま
す。近年、microRNA(miRNA)と呼ばれる「小さな核酸」の働きに注目が集まっています。miRNAはヒトにおい
て数千種類が同定されており、miRNAの発現異常がガンをはじめとした重篤疾患の原因の 1つとされていること
から、miRNAは疾患の診断マーカーとして国内外から高い注目を集めています。私は、非環状型人工核酸を用
いた蛍光性核酸プローブの開発を行っており、既存の手法では見分ける事が難しい「ガン細胞亢進性 miRNA」
と「正常型 miRNA」を判別する全く新しい手法の確立を目指しています。浅学の身ではありますが、駆け出しの
研究員として、VBLの研究・教育等に幅広く貢献出来るように精一杯努力致します。どうぞ宜しくお願いします。

有吉　純平

　今年度よりVBL非常勤研究員として着任しました松永正広です。現在、未来材料・システム研究所大野雄高
教授の下、カーボンナノチューブと電解液を用いた微小発電デバイスに関する研究を行っています。電解液をカー
ボンナノチューブ薄膜上で滑らせることにより起電力が発生することが分かっており、エネルギーハーベスティング
技術の一つとしてその応用が期待できます。また、VBL研究員として、研究活動だけでなく教育活動等にも広く
貢献していきたいと思います。よろしくお願いいたします。

松永　正広

　今年度 4月よりVBL研究員に着任しました吉本将悟です。私は、工学研究科生命分子工学専攻の堀克敏教
授の下、微生物のもつ接着性のタンパク質について接着機構の解明及びその応用に関する研究を行っています。
X線結晶構造解析や原子間力顕微鏡を用いた解析から接着機構が明らかになれば微生物の接着をコントロール
できるようになり、微生物を用いた物質変換や排水処理などバイオプロセスの効率が格段に向上することが期待
されます。また接着性タンパク質を改変し任意の機能を付与できれば、それ自身を機能性の接着ナノバイオマテリ
アルとして応用できると考えています。VBL研究員として、自身の研究だけでなく、広く研究・教育に貢献したい
と思います。よろしくお願いします。

吉本　将悟

研究員紹介
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Fig. 2 析出 Liの径のばらつき ( 標準偏差 )と
多結晶 Cu集電体の結晶方位の関係 .

Fig. 1 (a) 多結晶 Cu集電体のEBSDマップ, 
及び (b) その集電体上へ析出した Liの
SEM観察像 . (c)-(d) Fig. 1 (b) 内に示し
たA, B の領域における拡大像 .
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ベンチャービジネス特論 I 実施報告

「ベンチャービジネス特論 I」は，工学研究科を中心とした理科系大学院生を対象の基礎的なアントレプレナー教育を行う講義で
す．この講義の目的は，ベンチャー的な起業や新規事業が成熟した経済社会に必要であることを学び，起業や事業化を考える時に
必要な最も基本的な知識の習得を目的としています．昨年度から，新しい講師の先生をお迎えして講義内容の一新を行っています．
本年度の新しい講義として，本学学術研究・産学官連携推進本部の河野廉先生より，ベンチャービジネスとは何か？から，最近

の本学のスタートアップ関連の試みである「東海地区大学広域ファンド」や「Tongaliプロジェクト」の紹介，スタートアップのすすめ
などをお話していただきました．昨年度から引き続き，京都大学の山口栄一先生は，青色 LEDや iPS 細胞などの「ブレイクスルー・
イノベーション」はどうして起こったのか？イノベーションの分類とその考え方に関してご講義いただきました．また，本学の卒業生
でもある株式会社WHILLの福岡宗明先生に，社会ベンチャーから格好良い車イスが生まれるまで，スタートアップをエンカレッジ
する授業を行っていただきました．その他，豊田合成株式会社の太田先生の名物講義「青色 LED の開発・事業化と今後の窒化ガ
リウム系材料の展望」や本学生命分子工学専攻の馬場教授の「ナノバイオデバイスが拓く未来医療～ナノ空間生命科学から医療デ
バイス実用化へ～」も行われ，産学連携や国家プロジェクトなど大学の様々な試みを聴講することができることが本講義の特徴で
す．本講義を通じて，学生達にベンチャー魂が芽生えれば幸いと考えております．（写真は，京都大学 山口先生ならびに株式会社
WHILL 福岡先生の講義風景）

　ベンチャービジネスラボラトリー　永野　修作
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最先端理工学実験実施報告

最先端の高度な知識と技術を習得する目的でVBLでは大学院生を対象とした学生実験カリキュラム「最先端理工学実験」を実
施しています．原子・分子構造から生体分子までの科学シミュレーションを行うCAD 分野と最先端のデバイスプロセスやその解析
手法を学ぶナノプロセス分野の二つの分野からなり，本学VBLの設備を学生自らで利用し，最先端の研究実験が行えます．
無機半導体，有機材料，タンパク質や製薬分野など幅広い分野にて計算シミュレーションは欠かせなくなっています．本実験の

CAD 分野では， VBLが保有する計算シミュレーションソフトウェア (ダッソ
ー・システムズ社Materials Studio および Discovery Studio) を学生が実
際に研究しているテーマに応用する実験を行います．ナノプロセス分野では，
最先端の半導体プロセスや薄膜の構造解析手法などを実施できます．本年
度のCAD 分野は，10 名（マテリアルサイエンス系 6 名，ライフサイエンス
系 4名）の受講者があり，基礎と応用の 2度の講習を実施し，各自の研究
に直結したテーマで計算機実験を行ないました．原子数の面から難しい高
分子へのアプローチやタンパク質表面の水のダイナミクスにチャレンジした
テーマが見られました．ナノプロセス分野では，１名の受講者があり，薄膜
のX 線構造解析を行いました．成果発表会は，12月14日に行われ，異分
野の学生間で活発に討論を行いました．

　ベンチャービジネスラボラトリー　永野　修作

成果発表会の様子

タンパク質の構造および導電性高分子のシミュレーション結果の写真
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研究紹介（1）

　金属 Li 負極は、Li-ion電池に広く用いられる炭素系負極と比較して 10 倍以上の容量を有しており、次世代の二次電池材料とし
て期待されている。しかし、金属 Li 負極は Li が析出・溶解することによって動作するために、充放電による負極形状の不均一化
(デンドライト析出 ) が問題となっている。デンドライト析出は電池のサイクル寿命低下や短絡による破損の原因となるため、必ず解
決しなければならない問題である。デンドライト析出の抑制を目指し、電解液への添加物やパルス充電など様 な々方策が考案されて
きたが、電池として実用化可能な対策は未だ確立されていない。一方、結晶成長の観点から考えると、金属負極の析出形状には基
板の結晶方位が大きく影響するはずである。一例として、Pb, Zn, Cdの Cu 基板上への電気的析出では、Cuの結晶方位によって析
出形状が様々に変化することが報告されている [1]。しかしながら、金属負極の研究では、これまでに負極集電体の結晶方位に関し
ては注目されてこなかった。もしLiの析出形状が均一に維持されるような負極集電体の結晶方位が存在すれば、集電体の方位配
向によってデンドライト析出の発生を防ぐことができるはずである。このような着想のもと、まず第一歩として、筆者は金属 Liの析
出形状に及ぼす負極集電体の結晶方位の影響を調査した [2]。
　本研究では多結晶 Cuを負極集電体として用いた。その結晶方位を予め測定してからLiを析出させることで、様々な方位面にお
ける析出形状を調査した。結晶方位測定には電子線後方散乱回折 (EBSD)を、形状観察には走査型電子顕微鏡 (SEM)を用いた。
電解液には1.0 M LiPF6(EC:EMC=1:1) を用い、電流密度と充電量はそれぞれ 5.0 mA/cm2, 0.1 mAh/cm2 とした。Fig. 1 (a) に Cu
集電体の方位マッピングを、Fig. 1 (b) にその集電体上に析出した Liの SEM像を示す。析出 Liのコントラストと、負極集電体の方
位分布との間に対応が見られる。さらに、Fig 1 (b) における2 つの領域 A, Bにおける拡大像をFig. 1 (c), (d) に示す。析出 Liは半
径が 100̃200 nmの粒状であり、低倍率においてコントラストが暗く観察された部分で、径が小さく均一な形状となっていることが
わかる。さらに、100 個の Cu多結晶粒上における析出Liの径を解析し、その標準偏差を逆極点図上へ示したものをFig. 2 に示す。
析出 Liの形状は集電体の低指数面上で均一となっており、特に (111) 面上でその傾向が顕著となっていることがわかる。以上の結
果より、均一な析出形状を得るためには、(111) 方位配向を有するCu集電体が最も有効であることが示唆される。
[1] S. Itoh, et al., Surface Technol., (1977) 5, 27-42.

[2] K. Ishikawa, et al., Cryst. Growth Des., (2017) 17(5), 2379-2385. 

金属 Li 負極における Cu集電体の結晶方位と析出形状の関係

工学研究科 物質プロセス工学専攻　石川　晃平

Fig. 2 析出 Liの径のばらつき ( 標準偏差 )と
多結晶 Cu集電体の結晶方位の関係 .

Fig. 1 (a) 多結晶 Cu集電体のEBSDマップ, 
及び (b) その集電体上へ析出した Liの
SEM観察像 . (c)-(d) Fig. 1 (b) 内に示し
たA, B の領域における拡大像 .
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研究紹介（2）
表面偏析と液晶性による高密度高分子ブラシ膜の自己集合形成

ベンチャービジネスラボラトリー　永野  修作

エレクトロニクス，再生医療分野の先端デバイス材料分野では，濡れ性，摩擦特性，生体適合性など表面特性はきわめて重要

であり，材料表面の物質組成やナノ構造を目的どおりに作り上げる技術の開発が望まれている．高密度高分子ブラシ（以下，高密

度ブラシ）は，基板面に固定化した開始基から均一に重合成長することで，高分子鎖が表面に対して垂直方向に伸びた特異な配

向構造を形成する．近年，高分子ブラシの構造に起因した力学的特性や生体適合性，分子配向特性などの特異な高分子特性が

発現することが明らかになっている．

高密度ブラシ構造の調製は，一般的に表面開始リビング重合技術を用いた多段階の合成プロセスが不可欠であり，また，基材

もガラスのような無機固体に制限される．これに対して，我々は，最近，ポリスチレンなどの汎用性高分子と液晶性高分子をつな

ぎ合わせたブロック共重合体を，汎用性高分子に少量添加して加熱するだけで，ブロック共重合体が表面に偏析し，液晶の自己集

合構造により主鎖が垂直に配向する現象を見いだした．さらに，この表面偏析した高分子液晶鎖は，溶媒の効果が無くても伸び

きり鎖の約 80%に相当する長さとなり，常識では考えづらい程延伸された高分子ブラシ構造を持つことがわかった．表面の液晶

ブロック鎖は光配向が可能であり，基材となる汎用性高分子と液晶性ブロック共重合体の組み合わせは様々に考えられること，き

わめて簡便に高密度ブラシが調製できることから，液晶配向膜や異方的な摩擦特性を示す表面改質など様々な応用展開が期待さ

れる．これらの研究成果は、ドイツ化学会誌 Angewandte Chemie International Editionに掲載された (Angew. Chem. Int. Ed., 55, 

14028 (2016))。

図 1 表面偏析による液晶性高分子ブラシ膜の自己集合形成：汎用性高分子と液晶性高分子ブロック共重合体を混合して加熱するだけ
で高分子ブラシ膜が調製できる．

図 2 (a) 膜断面の透過型顕微鏡像，液晶ブロック鎖 (PAz) の重合度と液晶ブラシ膜の膜厚の関係および主
鎖の延伸状態の模式図：偏析した PAz 鎖は伸びきり鎖の 80%程に高度に延伸された高密度高分
子ブラシ構造を形成していることがわかる。
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第 21回 VBLシンポジウムは、「見る、観る、診る技術の最先端　分子からヒトまで」を主題として、平成 29 年 11月21日（火）、22
日（水）の 2日間にわたり、名古屋大学VBLベンチャーホールにおいて開催した。
本シンポジウムは、”みる”技術に関する最先端の研究内容について、世界の研究を牽引しておられる研究者の方々に御講演頂くこ

とで、“みる”技術の基礎から幅広い応用分野について、学び、考え、議論する機会とすることを目的として開催した。ナノテクノロジー
と最先端計測技術の発展により、分子・原子レベルから材料、細胞、組織、ヒトレベルまで、”みる”技術に関する研究が急速に進展
しており、化学、物理、生命科学から医学まで、幅広い学問分野において、重要な研究領域となっている。本シンポジウムでは、化学、
物理、生命科学、医学の各分野において”みる”技術の最先端研究成果の講演と情報交換に加えて活発な議論がなされた。
第一日目は、VBL長 天野 浩先生の開会挨拶により開始された。最初は、名古屋大学 ITbMの多喜正泰先生が、「蛍光プローブ

開発と超解像顕微鏡バイオイメージング」について講演され、超解像顕微鏡イメージングのための新規有機蛍光分子の開発と細胞内
の超解像イメージングおよび in vivoイメージングの最先端研究について詳細に紹介された。次に、名古屋大学院工の湯川博先生が、
「量子ナノ材料によるiPS 細胞イメージングと再生医療実現」と題して、量子ドットをはじめとしたナノ材料の開発と iPS 細胞等の幹
細胞を生体内で“みる”技術開発の最新情報と再生医療の実現を目指した研究の最先端について講演された。さらに、“みる”技術の
医療応用について、名古屋大学院医の夏目敦至先生が、「脳腫瘍を見る、観る、診る」について講演され、脳腫瘍の細胞や組織をイメ
ージングできる技術から、脳腫瘍のグレード別の遺伝子変異等の検出および脳腫瘍の診断技術まで、基礎研究から医療診断応用に
関する最先端研究について、脳腫瘍手術の映像等も含めて分かりやすく解説していただいた。さらに、東京大学院医・理研の上田泰
己先生が、「全身・全脳透明化の先に見えてくるもの」について講演され。脳をはじめとした臓器の透明化技術の開発と臓器の全細
胞イメージング研究に関する最先端研究成果に加えて、小動物からマーモセットまでの全身透明化に成功した研究について紹介され
た。　第一日目の最後には、京都大学院工の浜地 格先生が、「有機化学で細胞内のタンパク質の姿を見る」と題して、生命化学の最
前線の研究における“みる”技術の重要性と、細胞内で、特定のタンパク質をラベル化できる優れた有機分子開発の最新情報と生命
現象をありのままの生命の中で見るための新規研究成果に関する最先端研究について講演された。
第二日目は生体高分子の構造を観るさまざまな手法に関わっておられる先生方の講演であった。最初は、大阪大学蛋白研・名大

院理の宮ノ入洋平先生が「NMRで観る」として、NMRによる構造解析のための立体整列同位体標識法（SAIL 法）の発展型の新規
なラベル法の開発やそれを応用した大きいタンパク質の構造解析の可能性やタンパク質分子のダイナミクス、特に新たな薬剤設計に
指針ともなるタンパク質と薬剤の結合部位での分子動態の観察について講演された。次に、名古屋大学院理構造生物センターの成
田哲博先生が「電子で観る」と題して近年の電子直接検出型CMOS 検出器の導入で高分解能構造解析の進展の著しいクライオ法に
よる分子イメージングについて講演され、さらに最近開発を始められた STEMによる構造解析やパルス電子源の利用の可能性も紹
介された。Ｘ線結晶構造解析では、京都大学院理の竹田一旗先生が「超精密構造解析で観る」として、超高分解能の構造解析によ
って可能となった、通常の構造
解析では得られないタンパク質
分子の精密な電子構造や水素
結合の詳細について講演され
た。最後は量研機構の玉田太
郎先生が「中性子で生体分子の
形と動きを観る」と題して、非弾
性散乱の利用にも触れられた
後、原子炉 JRR-3 とJ-PARC/
MLFを利用したタンパク質分
子中の水素原子を含む全原子
位置の構造解析についていくつ
かのタンパク質の成果を講演さ
れた。
第一日目の講演終了後に懇

親会を開催し、講師の先生方と
教員・学生との交流を行った。

第２１回ＶＢＬシンポジウム
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　VBL 外国人研究員（VBL 外国人客員教員、名古屋大学特任准教授）として招へいしたUniversity of New South Wales（豪州）
のJiangtao Xu 講師により、「PET-RAFT for Advanced Polymer Synthesis」と題した標記セミナーが、平成 29 年 6月29日14
時 30 分から16 時までVBL4 階セミナー室にて開催されました。
　Xu特任准教授らは最近、LEDを用いた可視光や近赤外光によって起こる電子移動やエネルギー移動（Photo-induced Electron 
or Energy Transfer: PET）に基づく、光誘起の可逆的付加開裂型（Reversible Addition Fragmentation Chain-Transfer: 
RAFT）リビングラジカル重合を開発しました。本セミナーでは、その機構から始まり、利用可能な光レドックス触媒、波長による
RAFT剤の選択的活性化、酸素耐性の高い重合系の開発、シークエンスや形態が制御された高分子の精密合成、ナノ集合体の構
築に至るまで、PET-RAFTの原理・
特徴・展開について幅広く講演を
頂きました。24 名の参加者があり、
講演終了後には活発な議論が展開
され、高分子のナノ構造制御に基
づく機能材料開発へとつながる有
意義なセミナーとなりました。

IBARRA Rodolfo Morales 准教授（Universidad Autónoma de Nuevo León（メキシコ））のセミナーが平成２９年７月３１日（月）
１３時００分から１４時３０分までVBL3 階ミーティングルームで開催された．IBARRA Rodolfo Morales 准教授はVBL 招聘外国
人研究員（客員准教授）として５月２２日から８月４日までの約２ヶ月半にわたり名古屋大学に滞在し，主に超臨界流体を用いたグラ
フェンナノシートの新規な調製法に関する共同研究を行い，学生に対する研究上の指導と議論を行った．
本セミナーでは，「Recycling of Thermoset Polymers and their Composites」というタイトルで，熱硬化性樹脂とその複合材の

リサイクルに関する講演が行われた．
機械的方法，熱分解法，化学的方法など熱硬化性樹脂複合材の各種リサイクル法の基礎的事項から実用段階でのメキシコでの

実施例などの説明に加えて，近年環境低負荷なグリーン技術として注目されている超臨界流体を用いた方法について詳しく紹介され
た．特に，超臨界水や超臨界アルコール中での加溶媒分解反応を利用した，炭素繊維強化プラスチックCFRP からの炭素繊維の
回収技術は，高価な炭素繊維を良好な状態で回収できる手法として，本報告者とIBARRA准教授が数年前に共同研究したもので，
その後，産学共同研究や国際共
同研究として展開してきている技術
である．さらに，リサイクルに適し
た複合材の開発についての説明が
あり，循環型社会のために必要な
材料についての知識を学ぶことが
できた．教員，学生を含めて，計
２２名余が参加し，活発な議論が
行われた．

平成２９年度第１回ＶＢＬセミナー報告

平成２９年度第２回ＶＢＬセミナー報告

報告者：工学研究科 有機・高分子化学専攻　上垣外  正己

報告者：工学研究科　物質プロセス工学専攻　後藤　元信
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Siti Machmudah 准教授（スラバヤ工科大学／ ITS Surabaya（インドネシア））のセミナーが平成２９年９月２５日（月）１１時
００分から１２時００分までVBL3 階ミーティングルームで開催された．
本セミナーでは，「Hydrothermal and Solvothermal Synthesis for Composite Nanomaterials Preparation」というタイトルで，

高温高圧の溶媒を用いた複合ナノ材料の調製に関する講演が行われた．
複合ナノ材料はゾルーゲル法，析出法，スプレー熱分解法など様々な方法で作成されるが，臨界点近傍の流体の特異的性質を

利用したハイドロサーマル法やソルボサーマル法は高機能を有するナノ材料の調製法として有望である．CeO2-ZrO2 および ZnO-SiO2
の複合ナノ材料について粒子径や形態を制御することができる本手法で合成した手法ならびに結果について詳しく紹介された．こ
れらの複合ナノ材料は固体酸化物燃料電池の電極材料などとして優れた性質を有していた．
本研究を中心に基礎から応用に至るまで詳細に解説があり，亜臨界・超臨界流体を用いたナノ材料調製技術についての知識を

学ぶことができた．教員，学生を含めて，計２０名余が参加し，活発な議論が行われた． 

Nikolay A. Semenov上級研究員（Novosibirsk Institute of Organic Chemistry）のセミナーが平成２９年１２月１４日（木）
１１時００分から１２時００分まで理学研究科 SA321号室で開催された。
本セミナーでは、「1,2,5-Chalcogenadiazoles as effective electron acceptors: reduction into Radical-anions vs. formation of 

charge transfer complexes」というタイトルで、Semenov 先生が現在までに合成・結晶化を行ってきた窒素とカルコゲン元素を含ん
だヘテロ環化合物（カルコゲナジアゾール化合物）の合成と構造および物性についての講演が行われた。Semenov 先生はカルコゲ
ナジアゾール化合物が還元により安定なラジカルアニオン種を生成することを見出しており、その結晶構造と磁気特性について報告
した。また、テルル原子を含んだテルロジアゾール化合物はアニオン種と特徴的な複合体を形成することから、イオンセンサーへ等
の応用に向けての研究計画を説明した。
ヘテロ環化合物とそのラジカル種の合成法およびそれらの物性さらに今後の応用研究への可能性について学ぶことができた。教

員と学生の計２０余名に加えRCMS 客員教授のMichael P. Shaver 教授にも参加いただき、Semenov 先生の研究成果について活
発な議論を行った。

平成２９年度第３回ＶＢＬセミナー報告

平成２９年度第５回ＶＢＬセミナー報告

報告者：工学研究科　物質プロセス工学専攻　後藤　元信

報告者：理学研究科　物質理学専攻　阿波賀　邦夫
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Development of carbon nanomaterials and their device applications
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Kawai, Yoshinobu Baba, ., 2017, 139 (40), 14137-14142. Featured as JACS Spotlight.

2. Makusu Tsutsui, Takeshi Yoshida, Kazumichi Yokota, Hirotoshi Yasaki, Takao Yasui, Akihide Arima, Wataru 
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Featured as JACS Spotlight
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(Polycyclic Aromatic Hydrocarbon: PAH)

PAH [ ] (benzo[ ]perylene: bper)
bper

bper

[1,2]

[1] Makoto Sasaki, Takeshi Koyama, Hideo Kishida, Koji Asaka, Yahachi Saito, Yukihiro Yoshida, and Gunzi 
Saito, "Facile Synthetic Route to Atomically Thin Conductive Wires from Single-Species Molecules in 
One-Dimensionally Confined Space: Doped Conjugated Polymers inside Single-Walled Carbon Nanotubes", 
The Journal of Physical Chemistry Letters , 1702–1706 (2017). 

[2] Takeshi Koyama, Kazuma Fujiki, Yuya Nagasawa, Susumu Okada, Koji Asaka, Yahachi Saito, and Hideo 
Kishida, "Different Molecular Arrangement of Perylene in Metallic and Semiconducting Carbon Nanotubes: 
Impact of van der Waals Interaction", The Journal of Physical Chemistry C 
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Quality Dependence of Epitaxial Growth of GaN/InN on Different Rough 
Si Substrates by Radical-Enhanced Metalorganic Chemical Vapor 
Deposition

      Amalraj Frank Wilson
Department of Electrical Engineering and Computer Science, Nagoya University.

Introduction

III-nitride semiconductors have drawn a lot of attraction because of its wide band gap and potential 

application in optoelectronic devices, LED’s and High electron mobility transistors (HEMT’s).

Recently, GaN-on-Si technology has made significant progress in high power electronic devices and 

high power switching devices because of its lower cost and large size availability [1].  Despite these 

advantages, it is difficult to grow device-quality GaN on Si substrates because of its large lattice 

mismatch, thermal expansion coefficients and gallium melt-back etching. It has been recognized that 

insertion of a buffer layer is inevitable for device-quality GaN on Si. Among III-nitrides, InN has a 

low band gap energy of 0.65 eV, smallest effect mass, highest measured electron mobility, exceeding 

3500 cm2/V.s vs theoretical mobility as high as 14000 cm2/V.s respectively, at room temperature [2].

However, InN has received little attention because growing high quality single crystal is difficult due 

to its low dissociation temperature. Very recently, we have developed a novel growth system called 

radical-enhanced metalorganic chemical vapor deposition (REMOCVD)[3]. The features of 

REMOCVD are that nitrides can be grown without high cost ammonia gas and at lower temperatures 

than conventional MOCVD. Indeed, we have already succeeded in growing GaN single crystals on

sapphire at 800 °C and InN on Si substrate at 200 °C without using ammonia gas [3, 4]. The 

advantage of low-temperature growth is that InN can be grown without dissociation. Here, we report 

the selection of suitable Si substrate for the growth of GaN/InN.

2. Experimental Procedure:
The REMOCVD technique was developed in our laboratory, which is a promising method to grow 

group-III nitride materials at low temperature without ammonia gas. The pure H2 and N2 are used as 

source gases with the flow rate of 750 and 250 sccm, which was introduced through the shower head 

of the top electrode. Plasma was generated by applying plasma power of 400W with a very high 

frequency (VHF, 60MHz) to the top of the electrode. Trimethyl gallium (TMGa) and trimethyl 

Indium (TMIn) were used as precursors. Five different Si substrates were used for this study and 

classified as Si-no off angle, Si-off angle (0.3o), Si-less roughness (2.5 nm), Si-medium roughness 

(3.5 nm), and Si-high roughness (5 nm). All these Si substrates used for this study were supplied by 

SUMCO company. InN nucleation layers were grown at room temperature with a nucleation time of 

10sec with nitrogen as the carrier gas. The low temperature GaN was grown at 400 oC for 10 min with 

the TMGa flow rate of 0.82 sccm. Subsequently, the substrate temperature was raised to 800 oC for 
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the epitaxial growth of GaN with the same TMGa flow rate and growth time of two hours. The 

obtained GaN films on various Si substrates were characterized with, X-ray diffraction (XRD).  

3. Results and Discussion
GaN was successfully grown on various Si substrates with the insertion of 10 sec InN nucleation 

layer. Figure shows the XRD pattern of GaN grown on various Si substrates with 10 sec of InN 

nucleation time. All the plots confirmed the presence of GaN (0002) at 34.5o. The intensity of GaN 

peak various for different surface roughness Si substrates. In the case of both Si-no off angle and off 

angle Si substrate the GaN peak intensity was smaller, whereas the peak intensity increased with the 

increase of substrate roughness. The sticking coefficient of In and N adatom maybe more favorable 

for high roughness si substrate than mirror polished or off-angle substrates. As a result, 2D InN 

growth was achieved which facilitates the subsequent GaN growth.

The XRD pattern does not detect the presence of InN peaks because, the InN was decomposed at 

higher temperature of 800 oC during GaN growth.

4. Conclusion
GaN was successfully grown on different Si substrates with 10 sec InN nucleation layers using 

REMOCVD. The sticking coefficient of InN on si substrates plays a key role for the subsequent GaN 

growth. It was found that the XRD peak intensity of GaN [0002] plane was maximal for 5nm rough 

surface Si substrates. 
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THERMAL EVAPORATION OF BaSi2 THIN-FILMS ON Ge (100) – 
EFFECT OF SUBSTRATE MODIFICATION ON FILM PROPERTIES

Mai Thi Kieu Lien1,2, Yoshihiko Nakagawa2, Yasuyoshi Kurokawa2, and Noritaka Usami2

1Venture Business Laboratory, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan
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1. Introduction

At present, silicon (Si) is the most used material in solar cell manufacturing thanks to some of its 
remarkable features. However, this material has two main drawbacks, which are high manufacturing cost 
due to the required thick film and slightly small band-gap for single-junction solar cell [1]. In order to 
overcome these drawbacks, other semiconductors such as cadmium telluride (CdTe) [2,3] and copper 
indium gallium diselenide (CIGS) [4,5] have received much attention. Thin-film solar cells based on these 
semiconductors have already been commercialized. However, these materials still cannot meet the global 
deployment due to the lack of some important properties such as earth-abundant, environment-friendly, 
and inexpensive components. Therefore, it is needed to explore alternative materials which meet all of the 
requirements for state-of-the-art solar cell applications. Barium disilicide (BaSi2) is a promising candidate 
thanks to its remarkable features such as abundant and inexpensive components of Ba and Si, suitable 
band gap of approximately 1.3 eV [6-11], high absorption coefficient (~3×104 cm-1 at 1.5 eV) [9,11,12], 

atmospheric pressure, orthorhombic BaSi2 is the most suitable structure for utilization in photovoltaics 
[15].

For practical application of BaSi2 on large-scale area, thermal evaporation (TE) is suitable method. 
This is because TE is the simple method which can reduce the deposition time thanks to the high 
deposition rate and still ensure to produce the uniform thin-film. Using TE method, BaSi2 thin-film was 
successfully grown on various flat substrates such as Si [16-18], glass [12], CaF2 [19], and Ge [20]. Using 
Ge as a substrate for growing BaSi2 has some advantages. Firstly, the thermal expansion coefficient of Ge 
is close to that of BaSi2, which may reduce cracks formation in BaSi2 grown at high temperature. 
Secondly, BaSi2/Ge heterojunction solar cells might absorb light in a wide wavelength range due to the 
small band gap of Ge. Modifying the substrate surface before growing BaSi2 has effect on reducing the 
light reflection and increasing the absorption, which is a key issue in improving optoelectronic device 
performance. 

In this study, we have employed Ge substrate and modified its surface by a simple method. Since the
vapor composition produced from BaSi2 source is Ba-rich at the initial stage [12,16], an amorphous Si (a-
Si) supply layer is deposited prior to BaSi2 growth to achieve stoichiometric BaSi2 film. The purpose of 
this study is to grow and characterize properties of orthorhombic BaSi2 films on modified Ge substrates. 
In order to show the advantage of substrate modification, we compare the properties of BaSi2 grown on 
modified substrates with those on flat ones. The substrate modification condition is also optimized.

2. Experimental method

P-type (100) Ge ( = 1– cm) substrates, after cleaning with acetone and deionized water (DI), 
were dipped into a diluted HNO3 (70%) solution to form domes on the surface. The dipping time were 
varied from 5 to 20 mins.  Then, the substrates were dipped into a diluted HF (5%) solution for 3 min to 
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remove the oxide layer. After cleaning with DI water, the substrates were loaded into a RF sputtering 
chamber for deposition of a 50 nm-thick-a-Si supply layer at a substrate temperature of 300 oC. After that, 
a 200 nm-thick-BaSi2 films were evaporated at a substrate temperature of 500 oC and a base pressure of 
1.0×10-5 mbar. For comparison, BaSi2 films were also grown on flat substrates under the same condition.

Surface and interface morphologies as well as thickness of the evaporated film were observed by 
scanning electron microscopy (SEM; JEOL JSM-7001-FA). The crystalline property of BaSi2 films were 
estimated by Raman spectroscopy (Tokyo Instruments Nanofinder) using Ar+ ion laser with an excitation 
wavelength of 488 nm and X-ray diffraction (XRD; Bruker Discover D8) analysis with Cu K radiation. 
For optical properties characterization, we employed a JASCO Ubest V-570 spectrophotometer to obtain 
the reflectance (R) and transmittance (T) spectra from the samples. The absorptance (A) spectra were 
obtained using A = 1 – R – T. Excess-carrier decay kinetics were evaluated by the microwave-detected 

-PCD) method (KOBELCO LTA-1512EP). Carriers were generated by a 5 ns 
laser pulse with a wavelength of 349 nm and a spot size of 2 mm in diameter at the photon density of 
1.1×1015 cm-2. Photoconductivity decay was measured using the reflectivity of a microwave with a 
frequency of 26 GHz.

3. Results and discussion
3.1 Structure and crystalline property of evaporated BaSi2 films
Figure 1 shows SEM side and cross-sectional views of the evaporated BaSi2 films on flat and modified 

Ge substrates at various etching times te. In Fig. 1(a), it can be seen that the evaporated BaSi2 film has 
smooth surface and no crack formation on the surface as well as along the thickness. For the films grown 
on modified substrates, the dome morphology of Ge substrate after the evaporation of BaSi2 films remains 
the same as before. The a-Si supply layer is almost consumed, which reveals the relatively smooth and 
clear BaSi2/Ge interface for all of the samples. As shown in the insets of Figs. 1(b)-(e), the height and 
diameter of the domes increase with te. At te of 20 min, the BaSi2 film surface becomes rough due to the 
increase in porosity. Under the same evaporation condition of BaSi2 film, the higher and larger domes 
were, the larger BaSi2/Ge interface area and more porous BaSi2 film were obtained. The large interface 
area can reduce the in-plane film stress which is the cause of micro-crack formation when evaporating at 
high temperature [12,18] but increase the porosity (and thus crystal defects) of the film. Therefore, we 
should consider the trade-off between them and optimize te when employing the modified substrate.

Fig. 1. SEM side and cross-sectional views of BaSi2 films grown on (a) flat and modified Ge substrates at 
different etching times: (b) 5 min, (c) 10 min, (d) 15 min, and (e) 20 min.

Raman spectra of the evaporated BaSi2 films on flat and modified Ge substrates at various te are shown 
in Fig. 2(a). The observed peaks are identified as the vibration modes of [Si4]4- anion in BaSi2, suggesting 
that all films are orthorhombic BaSi2 [21-24]. Figure 2(b) shows the FWHM values of A1 mode, which 
are used as a measure of crystalline quality. It can be seen that FWHMs of the films on the modified 
substrates are smaller than that on the flat one, indicating that the films grown on the formers have a better 
quality than that on the latter. It can be explained by the reduction of the film stress when evaporating on 
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the modified substrates at a high temperature due to the increase in interface area, in comparison with 
evaporating on the flat substrate. For the films grown on the modified substrates, FWHM seems to be 
unchanged with te until 10 min, suggesting that 10 min is not a critical te for improving crystalline quality. 
FWHM, then, decreases with te up to 15 min and increases beyond it. This suggests that 15 min is the 
optimum te for the modification of the Ge substrate in improving crystalline quality of the evaporated 
BaSi2. At the longer etching time (i.e. te = 20 min), due to the increase in porosity and therefore crystal 
defects as mentioned previously, the crystalline quality of the film begins to degrade.

3.2 Optical properties of evaporated BaSi2 films
Figure 3 shows the absorptance A spectra of the 

evaporated BaSi2 films on flat and modified Ge substrates 
at various te. It is obvious that As of the films with te of 5 
and 10 mins are almost the same as that on flat substrate. 
This indicates that the slight substrate modification has no 
effect on increasing the absorption of BaSi2 films. On the 
other hand, As of the films grown with te of 15 and 20 
mins are higher than that on flat substrate. This suggests 
that the light trapping effect works well when te is equal or 
more than 15 min. 

3.3 Carrier lifetime of evaporated BaSi2 films
In order to investigate the potential of BaSi2 film on Ge modified substrate as an active-layer material 

for solar cells, we investigated the excess carrier lifetime of the film. Figure 4(a) shows the 
photoconductivity decay curves of the BaSi2 films grown on flat and modified Ge substrates at various te
at photon density of 1.1×1015 cm-2. The photoconductivity decay can be divided into three parts in terms of 
the decay rate: the initial rapid decay due to Auger recombination, the second approximately constant 
decay due to the Shockley-Read-Hall (SRH) recombination, and the third slow decay due to the carrier 
trapping effect [19,25]. Since the BaSi2 films were unpassivated, the initial decay might be attributed to 
the surface recombination. Because SRH recombination without carrier trapping effect reflects crystalline 
quality and usually determines the minority-carrier lifetime, was extracted from the second decay as 
indicated by dashed lines in the figures. Since the second decay is very short for the films on flat substrate, 
it is hardly seen in the photoconductivity decay curves. The slow decay with carrier trapping effect starts 
at the earlier time in this film than in the other films probably due to the small amount of free or untrapped 

Fig. 2. (a) Raman 
spectra and (b) 
FWHM of A1 mode 
of BaSi2 films grown 
on flat and modified 
Ge substrates at 
various te. 

Fig. 3. Absorptance A spectra of BaSi2

films grown on flat and modified Ge 
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carriers. This suggests that the amount of trapping center and therefore crystal defect in this film is larger 
than in other films. The dependence of excess carrier lifetime on the etching time te is shown in Fig. 4(b). 
It can be seen that of BaSi2 films on modified substrates are longer than those on flat substrate, 
indicating the better crystalline quality of the formers than those of the latter. Focusing on the modified 
substrates, increases with te up to 15 min and then decreases at te of 20 min. This tendency is consistent 
with the analysis of film quality shown in section 3.1. At te of 15 min,
the highest value obtained for thin BaSi2 films (thickness < 300 nm) evaporated on various substrates. 
These results suggest that the surface modification of Ge substrate has a positive impact and etching time 
te of 15 min is the optimized condition to obtain the BaSi2 film with good crystalline quality as well as 
optical properties for thin-film solar cell application.  

              
Fig. 4. (a) Photoconductance decay of BaSi2 films grown on flat and modified Ge substrates at photon 
density of 1.1×1015 cm-2 -PCD method. Dashed lines show the fitting approximately 
constant decays. (b) Excess carrier lifetime of BaSi2 films grown on flat and modified Ge substrates at 
various te. 

4. Conclusion
We have grown successfully the 200 nm-thick orthorhombic BaSi2 films on flat and modified Ge 

substrates by TE method at 500 oC with an a-Si supply layer. At short etching time te (less than 15 min), 
the substrate modification had negligible impact in improving the crystalline quality and optical properties 
of the BaSi2 films in comparison with using flat substrate. When te is 15 min, the crystalline quality as 
well as optical properties was improved significantly. The obtained minority-carrier lifetime at this te was 

2 thin-film. When te was beyond 15 min, 
the crystalline quality of BaSi2 film was degraded although its optical properties were still improved. 
Therefore, te of 15 min was chosen as the optimized condition for surface modification of Ge substrate. 
The results obtained in this study confirms that the BaSi2 thin-film evaporated on modified Ge substrate is 
a promising absorber for thin-film solar cells.
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Nagoya University Visit report

by Dr Jiangtao Xu, UNSW Sydney 

Japan is at the forefront of world science and technology on many indicators, and is also

a major knowledge producing country. Long-term substantial research investments assured 

the high quality research and development in the world. The investments to establish 

collaborations and friendship among the leading research institutes in Japan and other 

counties is a smart and efficient way to stimulate innovation and creativity in science and 

technology. Aligned with Global COE program initiated by Japanese government, the 

business unit of Venture Business Laboratory (VBL) in Nagoya University (NU) is thus 

providing fascinating opportunities to students and research scientists from all over the world.

As one of the recipients, I was proud and appreciated to be financially supported to visit Prof 
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Kamigaito’s group in NU for one month (June 19th – July 18, 2017). The whole visit is really 

enjoyable and productive. 

Prof. Kamigaito is one of the world-leading scientists in the research area of 

macromolecular synthesis and advanced materials. High quality research can be 

demonstrated by his distinguished reputation in polymer community, and broad research 

networking in both academia and industry. On my side, I am currently ARC Future Fellow 

and Lecturer in School of Chemical Engineering, University of New South Wales (UNSW) 

Sydney in Australia. As a polymer chemist, I have made a significant contribution to the area 

of macromolecular design with a focus on the development of green technologies for 

advanced polymer synthesis. Recent achievement lies on the development of photoinduced 

living radical polymerization (termed “PET-RAFT”) technique, which has been highly 

recognized and attracted a great deal of attention in polymer community. Since a few years 

ago, I have had several contacts with Profs Kamigaito and Satoh to exchange research ideas 

and interesting findings during international conferences. The collaboration has been initiated 

and one joint article review has been produced in 2016. However, this contact is not enough 
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for deep collaboration and effective communication on innovative projects. Thus, this one-

month visit was an excellent opportunity to achieve the goals.  

The achievement of this visit can be summarized as: (i) established my collaboration and 

networking with international leading research groups in Japan, including Profs Kamigaito’s,

Yashima’s and Matsushita’s groups in NU; (ii) improved the access to experienced skills and 

advanced equipment in polymer synthesis and characterization; (iii) opened up more 

opportunities for innovation and creativity by engaging high quality of Australia and Japan’s 

science and research. The collaborated projects which were initiated or undergoing during the 

visit are listed as followed:

(1) Sequence control in polymer synthesis using PET-RAFT SUMI technology. There 

was a challenge in my research project on monomer selection for repeated SUMI addition to 

prepare multiple units sequence-controlled polymers. This challenge has been annoyed for a 

long time. During the visit, a systematic screening of eligible monomers for this reaction was 

comprehensively discussed with all professors in the group. Several monomers were selected 

for experimental tests, which fortunately presented Indene was the only monomer for the 

SUMI extension reaction and finally circumvent the challenge. More experimental work is 

still in progress in NU and UNSW.  

(2) Cationic and radical convertible polymerization by ZnCl2 and ZnTPP catalyst 

using RAFT approach under red light irradiation. Polymer architectures can be controlled by 

these two catalysts using two different initiation approaches through the control (switch 

on/off) of light. ZnTPP known as a Lewis acid is potentially playing as cationic activator as 

ZnCl2. The concept has not been demonstrated yet but already on the way. 

(3) Alternating copolymerization of natural occurring monomers using PET-RAFT 

technique. This project aims to prepare sustainable polymers with controlled molecular 

weight and architectures using green monomers and green polymerization technique. The 

selected monomers will be comprehensively investigated for polymerization under different 

conditions. One student in UNSW is currently leading this project. 

Apart from the research work, everything I have seen, heard and learned during this visit 

is engraved on my memory forever. This was the first time I visited Japan in my life, 

although I knew a lot about Japan before. At the first day I arrived in Nagoya, my wife and I 

met our “tour guide” (actually a professor), Dr. Uchiyama, in Nagoya. I want to thank him for 

so much help, not only the work-related questions, but also the difficulties in my life in Japan. 
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Of course, the greatest thanks should be given to Profs Kamigaito and Satoh. They have 

provided a great opportunity and friendly environment to the oversea collaborators. I can’t 

tell how much I appreciated to their kindness, generosity, hospitality and humours. I was 

offered to live in one of the houses in Noyori Conference Hall, which has fascinating view 

and living conditions. I received warm-hearted welcome and farewell parties, and also 

greetings and smiles from all the people in the group every day. Many thanks to all of them.

Moreover, this visit provided me chances to understand Japanese culture and enjoy local 

food. The professional ethics and Japanese craftsmanship are deepened in every aspects of 

daily life, not only industrial products but also academic research in whole country. It is 

impressive to see the systematic training in research for all honors and master students. 

Together with the hard working, the junior students possess professional training and 

comprehensive knowledge. There is no doubt that they will have bright future no matter 

where they will work.  

I really like Japanese food, including noodles (Ramen, Tsukemen and Udon), sushi and 

sashimi, and assorted bakeries in convenient stores (really really convenient!). Japanese 

wines (Sake and Whisky) are my favourites, too. Additionally, I was impressed by Japanese 

public transportation, subways extended in all directions, JR line, Shinkansen. 
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During this visit, there were also the opportunities organized by Prof Kamigaito to meet 

some other top scientists in Japan, including Profs Yashima and Matsushita in NU, and Profs 

Aoshima, Hashidzume and Yamaguchi in Osaka University, Prof. Minami and A/Prof. 

Kitayama in Kobe University. 
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Memorable Days Spent in VBL, Nagoya University

From May 22nd to Aug 5th

Ph. D. MORALES IBARRA Rodolfo
Associate Professor

Universidad Autonoma de Nuevo Leon, Facultad de Ingenieria Mecanica y Electrica
(Autonomous University of Nuevo Leon, Faculty of Mechanical and Electrical Engineering)

Av. Universidad, S/N, Ciudad Universitaria, San Nicolas de los Garza, Nuevo Leon, C.P. 66052

There are no words to describe how grateful I am to Nagoya University. Nagoya University and Nagoya 
City has received me with arms wide open. It has given me the opportunity to explore a new line of 
research, and in fact, a new line of research for this international group. 

  

I have spent 75 memorable days as Associate Professor and Invited Researcher in the Chemical 
Engineering Department; therefore I would like to express my gratitude to the Venture Business 
Laboratory, namely to Professor Motonobu Goto fo the Graduate School of Engineering, who was also my 
tutor during my Ph.D. in Kumamoto University, and to Professor Tomohide Niimi, Dean of the Graduate 
School of Engineering, who gladly accepted the project proposal and extended the official invitation to 
visit Nagoya University. 
During my stay I occupied the position of Designated Associate Professor (Foreign Visiting Faculty) with 
the purpose of conducting research on Nano-Process Technology for Highly Functional Materials and 
Devices. In collaboration with Professor Goto we developed a Line of Research in Synthesis and 
Characterization of Graphene. 
About the developed research, it is only fair to say that we have successfully accomplished the research 
objective of synthesizing Graphene; a two-dimensional hexagonal crystalline array of elemental carbon 
atoms which has drawn a lot of attention in recent years due to its outstanding properties. An important 
line of research on this matter is focusing in novel and more productive methods of synthesis of graphene 
while corroborating its properties and applications. In our exploratory research we have effectively 
exfoliated single layer and few layer graphene from graphite using supercritical water, supercritical carbon 
dioxide and supercritical ethanol. The exfoliated graphene was characterized by transmission electron
microscopy (TEM), scanning electron microscopy (SEM), and Raman spectroscopy. TEM analysis 
showed the hexagonal crystalline structure of the graphene layers while corroborating the expected 
morphology and transparency of graphene in TEM; SEM micrographs also showed the morphology of 
graphene layers, while the results of the Raman spectra corroborated the supercritical exfoliation of 
graphene showing the characteristic shift towards smaller Raman number in the 2D band, 2676 cm-1 of 
graphene compared to the graphite 2D band spectra. Supercritical fluids exfoliation promises to be a 
simple and large-scale method for graphene production. Further research will be developed in 
collaboration with Professor Goto for this matter. 
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TEM Micrograph of Exfoliated Graphene via Supercritical Water

Nagoya city has welcomed my family as well. Giving the opportunity to my Daughter to attend the Itaka 
Kindergarten, where she was incredibly happy every morning... There, she could learn and play with her 
so many new friends. My wife has enjoyed the city and we have together visited around. 
I've had an incredible amount of help, to get here and to go back again... Professor Goto is the kind of 
person which with very small acts of kindness can create a series of events that change the world for so 
many people; Kumiyo Matsuyama from International Affairs of Nagoya University, made our life so 
much easier with all the paperwork; Ishibashi san who is the assistant in Goto lab, helped us with 
administrative paperwork in Nagoya University; Kawai Shota kun, picked us up at the station and showed 
us to our apartment (while carrying one of our heaviest bags); Wahyu san helped us with the experiments 
every single time, nothing would have worked out without his help; the rest of the members of Goto Lab, 
Anthony, Kaga, Maiko, Katsube, Kimthet, Kodama, Yukako, Haruka, Ai, and all the others, made my 
time better every day in the University. 
In these months, I have gained a unique experience, and I hope to continue to work with Professor Goto 
and Nagoya University. Wholeheartedly... Thank you so much for everything. 
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Dr. Siti Machmudah 

Department of Chemical Engineering, Institut Teknologi Sepuluh Nopember (ITS) 

Surabaya 60111, Indonesia 

 

First of all, I would like to express my greatest gratitude to the management of Venture 

Business Laboratory (VBL), Nagoya University for giving me opportunity to spend a 

memorable time at Nagoya University for the purpose of conducting research on “Nano-

Process Technology for Highly Functional Materials and Devices” in collaboration with 

Professor Motonobu Goto of the Graduate School of Engieering. I also would like to thank 

Professor Tomohide Niimi, the Dean of Graduate School of Engineering, Assistant Professor 

Hideki Kanda, Ms. Kumiyo Matsuyama, and Mrs. Akira Ishibashi for the smooth arrangement 

of my arrival in Nagoya University as a Designated Associate Professor. 

During my stay in Nagoya, I spent my time mostly at Professor Goto Laboratory for conducting 

analysis, experiments, discussing with Professor Goto as well as with graduate and 

undergraduate students, and writing some manuscripts and reports. At this time, my work was 

focused on the synthesis of composite nanomaterials using hydrothermal and solvothermal 

methods that is related to the sub- and supercritical fluids technology. Nanocomposites have 

attracted a huge amount of interest due to their improved mechanical properties, dimensional 

stability, thermal/chemical stability, and electrical conductivity. Nanostructures are found to 

be of great significance because of their inherent properties such as large surface area to volume 

ratio and the engineered properties such as porosity, stability, and permeability. Composite 

material can achieve multifunctionality by combining the relevant, desirable features of 

different materials to form a new material having a broad spectrum of desired properties. My 

work was focused on synthesis of ceria-zirconia oxide (CeO2-ZrO2) and zinc-silica oxide 

(ZnO-SiO2) nanocomposites due to their broad range of applications in various fields. These 

nanocomposites were successfully fabricated with hydrothermal and solvothermal synthesis. 

The fabricated CeO2-ZrO2 nanocomposites with certain compositions could enhance their 

chemical and thermal properties to be used as electrolyte of Solid Oxide Fuel Cells. ZnO-SiO2 

nanocomposites fabricated by solvothermal synthesis increased their chemical and optical 

properties for energy saving. I presented a lecture on September 25 in the 3rd Venture Business 

Laboratory Seminar 2017 entitled “Hydrothermal and Solvothermal Synthesis for Composite 
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Nanomaterials Preparation”. It was my pleasure to give a lecture in front of graduate and 

undergraduate students who are very dedicated to their research. 

 

 
Presentation in the 3rd Venture Business Laboratory Seminar 2017  

I believe that during the one month at VBL, I have gained a lot of very useful experiences for 

my self-development through interaction with researchers and students who are very 

enthusiastic and passionate about their research field. I am very proud to be collaborated with 

them because some of them are at the forefront of their research fields. Last but not least, I 

would like to express my gratitude to Professor Motonobu Goto and his lab’s members as well 

as VBL staff for providing experimental and analysis facilities. Moreover, because of Professor 

Motonobu Goto, I had a good opportunity to meet Professors from Tohoku University in 

Nagoya, and discuss about Chemical Engineering Society in Japan and possibility of other 

collaborations. I thank again all who arranged the VBL program that is very useful both for 

foreign faculty staff as well as Professors or students in Nagoya University.       
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 F-17-NU-0001 
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Affiliation (English) Graduate School of Engineering, Nagoya University 
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Fig. 1 (a) Schematic illustration and (b) photograph 
of Al/C60/ZnPc/ITO heterojunction devices. SEM 
images of ITO electrodes fabricated by chemical 
etching at (c) 30°C and (d) 40°C. 
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Program Title (English) Materials and Process Developments for Future Semiconductor Devices 
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Affiliation (English) Graduate School of Eng., Nagoya Univ. 
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Results and Discussion  
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Fig. 1 Various DLTS signal of C, O, N, and Ne I/I 
samples (Tw=10 ms). 

 
Others  

 
[1] A. Fazzio et al., Phys. Rev. B, 61, 2401 (2000). 
[2] B. R. Appleton et al., Appl. Phys. Lett., 41, 711 
(1982). 
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Fig. 1 Lorentz-TEM images of permalloy thin film 
fabricated on a SiN membrane under applying 
several in-plane magnetic field. 
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Fig. 1 Pictures of cell culture device fabricated in 
this study.  
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Fig.2 A cross section of the sensor.

Fig.1 Enlarged view of heated element of the sensor. 
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Fig.3 Power spectrum of wall shear stress fluctuation
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Fig. 1 (a) Schematic diagram of a fabricated solar 
cell. (b) Normalized external quantum efficiency. 
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Fig. 1. (a) Schematic cross section image of the planar 
patchclamp chip fabricated by Bosch process. (b) SEM 
image of the chip surface with micro-through hole and 
cage structure. 
Incident angle is 15 degrees. Scale bar is 10 m. 

Fig. 2. (a) Observed spontaneous channel 
current recordings. (a-I) TTX (Tetrodotoxin) 
(1 M) is added to the bath solution, and the 
membrane potential (Vm) is 12.6 mV. (a-II) TTX 
(1 M) + CNQX (6-Cyano-7-nitroquinoxaline-2,3-
dione) (25μM) is added to the bath solution, and 
the Vm is 16.0 mV. (b) Bright field image of 
neuron after 24 days culture observed before 
channel current measurement (a). Scale bar is 
50 m. (c) Eight 
examples of overlaid channel current waveforms 
of (a-I). (d) Average channel current waveforms 
in (c). Single exponential fit is overlaid. The 10-
90% rise time is 3.6 ms, and the half decay time 
is 6.2 ms. 
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Fig.1 Raman scattering spectra from a damaged region

(red) and an intact region (blue).

Fig. 2 TEM image of a LCC inside SWCNT.
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Fig. 1. Out-of-plane (a) and in-plane  scans. 

   

Fig. 2. (a) Photo of Hall bar. (b) Anisotropic 
magnetoresistance measured at room temperature. 
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Fig. 1 SEM images of internal particle retention. 
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Fig.1 XRD spectra of of YSZ buffer layer on Si 
wafer at different sputter-deposition condition. 
 

 
Fig.2 Superconductive characteristics of 
sputter-deposited YBCO on Si wafer.  
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Fig.2 Image of as-deposited 
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Fig.1 Fabrication process 
of TFMG diaphragm. 

Fig.3 Effect of annealing temperature on internal 
stress of TFMG diaphragm. 
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Fig. 1 Top view of fabricated sample. 
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Synechocystis sp. PCC 6803 is a kind of model 
organism for the study of photosynthesis, biofuel 
and environmental stress adaptation. In the 
adaption mechanism, mechanosensitive channels 
play important roles that they work as a kind of 
regulator to response intracellular pressure 
relating to osmotic condition of culture medium. 
Thus, we can evaluate the activity and role of the 
mechanosensitive channels by measuring single 
cellular stiffness by using the robot integrated 
microfluidic chip and optical tweezers. 

Experimental  
 

ICP
Deep Si Etcher 

 
Firstly, rectangular substrate chips are cut out 

from the wafer using a dicing saw. The photoresist 
on the silicon chips and glass chips are patterned 
using a mask aligner. The mask used in the 
patterning process is manufactured by a laser 
drawing device. After that, metal film formation is 
performed by using a sputtering device. Then chips 
are etched by an ICP etching device and a deep Si 
etcher. Then, the etched glass chip and silicon chip 
are bonded together by a bonding device. Finally, 
the backside of the bonded chip is patterned again 
and etched. Thus, the chip used in our experiment 
is fabricated.  

Results and Discussion  
The microfluidic chip utilized in this research 

was made of silicon on insulator (SOI) wafer 
consisting of three layers, a device layer, an 

intermediate oxide layer and a substrate layer. A 
stretchable pushing probe and a beam type force 
sensor were formed in the device layer by 
microfabrication technology. The pushing probe was 
connected to the thick silicon substrate layer via the 
intermediate oxide layer. In this way, we actuated 
the probe by pushing the thick substrate using a 
piezo actuator. 

The target cell was moved to the gap between the 
pair of probes by optical tweezer and then 
compressed. By measuring the displacement of the 
pushing probe and the force sensor, we evaluated 
the stiffness of the cell, successfully. 
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Fig. 2 Photograph of artery model. 

Fig.3 Relationship between thickness and 
exposure time. 

－143－



 F-17-NU-0045 
  

  
Program Title (English) Development of ultra-high speed and high-resolution single cell sorting 

technique based on flow control 
 1) 2) 

Username (English) Y. Kasai1), T. iino2) 
 1) 2)  

Affiliation (English) 1) Graduate school of engineering, Nagoya University, 2) Graduate school of 
engineering, The University of Tokyo 

Keyword MEMS  
    

Summary  

MEMS

 
Experimental  

ICP

 
 

Si Si
SU-8 ICP Si

Si

Si-

  
Results and Discussion  

Si
3

150 m 16 s
2 

m/s 23 kHz 92.8%
95.8% 90.8%

  
Others  

 
   

 
(1) Shinya Sakuma, Yusuke Kasai, Takeshi 

Hayakawa, Fumihito Arai, “On-chip cell sorting 
by high-speed local-flow control using dual 
membrane pumps”, Lab on a Chip, 2017, 17, 
2760-2767, DOI: 10.1039/C7LC00536A 

(2) 
, , , , , 

 
(ROBOMECH2017), 2P1-P06, 2017 

(3) 3
35

RSJ2017 3E1-05
2017 

Publication/Presentation  
 

Patent  
 

－144－



 F-17-NU-0046 
  

  
Program Title (English) System integration of Bionic Humanoid and development of eye surgery 

simulator 
   

Username (English) F. Araki 
  

Affiliation (English) Ophthalmology, Department of medicine, The University of Tokyo 
Keyword D  

    
Summary  

 
Experimental  

 

 
 

 

 
Results and Discussion  

Fig.1  
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2  
 

 
 
 
 
 
 
 
 
 

Others  
  

 
 

(1)M. Gallab, K. Tomita, S. Omata, F. Arai. 
Fabrication of 3D Capillary Vessel Models Having 
Circulatory Connection Ports. Micromachines, 
Accepted, 2018. 

Publication/Presentation  
(1)S. Omata, Y. Someya, S. Adachi, T. Masuda, F. 

Arai, K. Harada, M. Mitsuishi, K. Totsuka, F. 
Araki, M. Takao, M. Aihara, “Eye Surgery 
Simulator for Training Intraocular Operation of 
Inner Limiting Membrane,” 2017 IEEE Int. Conf. 
Cyborg and Bionic Systems (CBS), 41–44, 2017. 

(2)

Patent  
 

Fig.1 Snapshot of a resist pattern of 
a blood vessel model. 

Fig.2. Snapshot of surface observation 
of artificial sclera with nanofiber. 

－145－



 F-17-NU-0047 
  

  
Program Title (English) High Speed Opened flow cytometer 

 1) A. M. Noor2) 
Username (English) T. Saito1) A. M. Noor2) 

 1)  2)  
Affiliation (English) 1) National Hospital Organization Nagoya Medical Center, 2) Graduate School of 

Engineering, Nagoya University 
Keyword  

    
Summary  

1/4
90

90
 

Experimental  

ICP
 

 

ICP

Mold

T B  
Results and Discussion  

T B T
B

T B Fig.1
T B

T B
 

T B
T B

CV 4 5%
CV

 

Fig. 1 Photograph of captured T and B cell on chip. 
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Fig. 1 Relationship between strain and stress of 
sclera part. 

 
Fig. 2 Relationship between strain and stress of 
retina part. 

   
(a)                      (b) 

 
(c) 

Fig. 3 Strain mapping on retina model. (a) IR image, 
(b) Before loading, (c) Strain measurement result. 
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Fig.1 Schematic illustration of the GaN template.  
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Fig.2 Florescent microscope image of GaN layer 
grown by DEEP method. 
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Fig.1 AFM images of grating structure. (top) 1:1, 
(middle) 3:1, and 1:3. 
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Fig.1 SEM micrographs of the He irradiated 
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Fig. 1 Magnetization curves of (Ba,K)(Mn,Zn)2Sb2 
measured at several temperatures.  
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Fig. 1 SEM images of SWCNTs grown at (a) 700ºC 
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Fig. 1 Photoluminescence of MEH-PPV thin film on 
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Fig. 1 SEM images of a GaN surface after 
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Fig.1 schematic diagram and the picture of 
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Fig. 1 Picture of Microlens arrays. 
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Fig.1 Atomic force microscopy image of 
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Fig.1 Optical micrograph of resist pattern. 

－179－



 F-17-NU-0128 
  

 /  
Program Title (English) Observation of Microstructure of Cellulose Nanofiber/Calcium Phosphate 

Composite 
  

Username (English) J. NAKAMURA 
  

Affiliation (English) Graduate School of Engineering, Nagoya University 
Keyword  

    
Summary  

/

HAp

 

100°C

/

 
Experimental  

 
 

100°C

/

X

S-4300 SEM

 
 

Results and Discussion  
HAp

HAp

SEM Fig.

30 nm

60~100 nm

30 nm

60~100 nm

HAp

 
Fig. SEM image of fractured surface of cellulose 
nanofiber/calcium phosphate composite. 

 
Others  

 
 

 
Publication/Presentation  

 
 

Patent  
 

－180－



7.

(Reports of Collaborations)





1.

2.

3.

4.

5.

6.

7.

8.

－181－



9.

10.

11.

12.

13.

14.

－182－



15.

16.

17.

18.

19.

－183－



20.

21.

22.

23.

24.

－184－



25.

26.

27.

28.

－185－



29.

VBL

JAIST X X

30.

31.

32.

( ) 

VBL

  

 
 

33. X

( ) 

VBL

－186－



 
 

34.

( ) 

VBL

 
X (GI-XRD)  

 
35.

36. p-n

37.

38.

－187－



－188－



8.

(List of Published Papers)





1. N. Komatsu, T. Mitani, Y. Hayashi, T. Kato, S. Harada, T. Ujihara, H. Okumura, “Modification 

of the surface morphology of 4H-SiC by addition of Sn and Al in solution growth with SiCr 

solvents”, J. Cryst. Growth, 458, 37-43 (2017). 

2. K. Ishikawa, Y. Ito, S. Harada, M. Tagawa, T. Ujihara, “Crystal Orientation Dependence of 

Precipitate Structure of Electrodeposited Li Metal on Cu Current Collectors, Cryst. Growth 

Des.”, 17 (5), 2379-2385 (2017).

3. T. Isogai, S. Nakada, N. Yoshida, H. Sumi, R. Tero, S. Harada, T. Ujihara, M. Tagawa, “Phase 

transition process in DDAB supported lipid bilayer”, J. Cryst. Growth, 468, 88-92 (2017). 

4. K. Murayama, T. Hori, S. Harada, S. Xiao, M. Tagawa, T. Ujihara, “Two-step SiC solution 

growth for dislocation reduction”, J. Cryst. Growth, 468, 874-878 (2017). 

5. M. Matsumoto, H. Saitou, Y. Takeuchi, S. Harada, M. Tagawa, T. Ujihara, “Morphology of AlN 

whiskers grown by reacting N 2 gas and Al vapor”, J. Cryst. Growth, 468, 576-580 (2017). 

6. T. Yamamoto, Y. Okano, T. Ujihara, S. Dost, “Global simulation of the induction heating TSSG 

process of SiC for the effects of Marangoni convection, free surface deformation and seed 

rotation”, J. Cryst. Growth, 470, 75-88 (2017). 

7. K. Murayama, T. Hori, S. Harada, S. Xiao, M. Tagawa, T. Ujihara, “SiC solution growth on Si 

face with extremely low density of threading screw dislocations for suppression of polytype 

transformation”, Mater. Sci. Forum, 897, 24-27 (2017). 

8. T. Hori, K. Murayama, S. Harada, S. Xiao, M. Tagawa, T. Ujihara, “Formation of basal plane 

dislocations introduced by collision of macrosteps on growth surface during SiC solution 

growth”, Mater. Sci. Forum, 897, 28-31 (2017). 

9. S. Harada, G. Hatasa, K. Murayama, T. Kato, M. Tagawa, T. Ujihara, “Solvent design for 

high-purity SiC solution growth”, Mater. Sci. Forum, 897, 32-35 (2017). 

10. T. Yamamoto, N. Adkar, Y. Okano, T. Ujihara, S. Dost, “Numerical investigation of the transport 

phenomena occurring in the growth of SiC by the induction heating TSSG method”, J. Cryst. 

－189－



Growth, 474, 50-54 (2017). 

11. F. Ichihashi, T. Kawaguchi, X. Dong, M. Kuwahara, T. Ito, S. Harada, M. Tagawa, T. Ujihara, 

“Temperature dependence of carrier relaxation time in gallium phosphide evaluated by photo 

emission measurements”, AIP Advances, 7 (11), 115314 (2017). 

12. H. Niinomi, T. Sugiyama, M. Tagawa, M. Maruyama, T. Ujihara, T. Omatsu, Y. Mori,

“Plasmonic Heating-Assisted Laser-Induced Crystallization from a NaClO3 Unsaturated Mother 

Solution”, Cryst. Growth Des, 17, 809-818 (2017). 

13. A. Tanaka, O. Barry, K. Nagamatsu, J. Matsushita, M. Deki, Y. Ando, M. Kushimoto, S. Nitta, Y. 

Honda, H. Amano, “Facet dependence of leakage current and carrier concentration in m-lane 

GaN Schottky barrier diode fabricated with MOVPE”, Phys. Status Solidi A, 214 (8), 1600829 

(2017). 

14. A. Tanaka, Y. Ando, K. Nagamatsu, M. Deki, H. Cheong, B. Ousmane, M. Kushimoto, S. Nitta, 

Y. Honda, H. Amano, “m-Plane GaN Schottky Barrier Diodes Fabricated With MOVPE Layer 

on Several Off-Angle m-Plane GaN Substrates”, Phys. Status solidi A, 254, 1700645 (2017). 

15. S.-Y. Bae, K. Lekhal, H.-J. Lee, J.-W. Min, D.-S. Lee, Y. Honda, H. Amano, “Selective-area 

growth of doped GaN nanorods by pulsed-mode MOCVD: Effect of Si and Mg dopants”, Phys. 

Status Solidi B, 254 (8), 1600722 (2017). 

16. X. Yang, S. Nitta, K. Nagamatsu, S.-Y. Bae, H.-J. Lee, Y.-H. Liu, M. Pristovsek, Y. Honda, H. 

Amano, “Growth of hexagonal boron nitride on sapphire substrate by pulsed-mode 

metal-organic vapor phase epitaxy”, J. Cryst. Growth, 482, 1-8 (2018). 

17. K. Nagamatsu, S. Nitta, Z. Ye, H. Nagao, S. Miki, Y. Honda, H. Amano, “Decomposition of 

trimethylgalliumand adduct formation in ametalorganic vapor phase epitaxyreactor analyzed by 

high-resolution gasmonitoring system”, Phys. Status Solidi B, 254 (8), 1600737 (2017). 

18. K. Matsumoto, T. Ono, Y. Honda, T. Yamamoto, S. Usami, M. Kushimoto, S. Murakami, H. 

Amano, “Reduction of Dislocations in GaN on Silicon Substrate Using In Situ Etching”, Phys. 

Status Solidi B, 254, 1700387, (2017). 

19. X. Yang, S. Nitta, K. Nagamatsu, S.-Y. Bae, H.-J. Lee, Y. Liu, M. Pristovsek, Y. Honda, H. 

－190－



Amano, “Growth of hexagonal boron nitride on sapphire substrate by pulsed-mode metalorganic 

vapor phase epitaxy”, J. Cryst. Growth, 482, 1-8 (2018). 

20. P. Kempisty, Y. Kangawa, A. Kusaba, K. Shiraishi, S. Krukowski, M. Bockowski, K. Kakimoto, 

H. Amano, “DFT modeling of carbon incorporation in GaN(0001) and GaN(000-1) metalorganic 

vapor phase epitaxy”, Appl. Phys. Lett., 111, 141602/1-5 (2017). 

21. L. Sang, B. Ren, M. Sumiya, M. Liao, Y. Koide, A. Tanaka, Y. Cho, Y. Harada, T. Nabatame, T.

Sekiguchi, S. Usami, Y. Honda, H. Amano, “Initial leakage current paths in the vertical-type 

GaN-on-GaN Schottky barrier diodes”, Appl. Phys. Lett., 111, 122102/1-5 (2017). 

22. H. Kawai, S. Yagi, S. Hirata, F. Nakamura, T. Saito, Y. Kamiyama, M. Yamamoto, H. Amano, V. 

Unni, E. M. S. Narayanan, “Low cost high voltage GaN polarization superjunction field effect 

transistors”, Phys. Status Solidi A, 214 (8), 1600834/1-10 (2017). 

23. S. Usami, R. Miyagoshi, A. Tanaka, K. Nagamatsu, M. Kushimoto, M. Deki, S. Nitta, Y. Honda, 

H. Amano, “Effect of dislocations on the growth of p-type GaN and on the characteristics of p–n

diodes”, Phys. Status Solidi A, 214 (8), 11600837/1-5 (2017). 

24. T. Tanikawa, K. Shojiki, R. Katayama, S. Kuboya, T. Matsuoka, Y. Honda, H. Amano, 

“Absolute technique for measuring internal electric fields in InGaN/GaN light-emitting diodes 

by electroreflectance applicable to all crystal orientations”, Appl. Phys. Express, 10, 082101/1-4

(2017). 

25. G. Ju, M. Tabuchi, Y. Takeda, H. Amano, “Role of threading dislocations in strain relaxation 

during GaInN growth monitored by real-time X-ray reflectivity”, Appl. Phys. Lett., 110, 

262105/1-5 (2017). 

26. S.-Y. Bae, K. Lekhal, H.-J. Lee, T. Mitsunari, J.-W. Min, D.-S. Lee, M. Kushimoto, Y. Honda, H.

Amano, “Selective-area growth of vertically oriented GaN nanostructures with a hafnium 

pre-orienting layer”, J. Cryst. Growth, 468, 110-113 (2017). 

27. H.-J. Lee, S.-Y. Bae, K. Lekhal, A. Tamura, T. Suzuki, M. Kushimoto, Y. Honda, H. Amano, 

“Orientation-controlled epitaxial lateral overgrowth of semipolar GaN on Si(001) with a 

directionally sputtered AlN buffer layer”, J. Cryst. Growth, 468, 547-551 (2017). 

－191－



28. O. I. Barry, A. Tanaka, K. Nagamatsu, S.-Y. Bae, K. Lekhal, J. Matsushita, M. Deki, S. Nitta, Y.

Honda, H. Amano, “Effect of V/III ratio on the surface morphology and electrical properties of 

m-plane (10(1)over-bar0) GaN homoepitaxial layers”, J. Cryst. Growth, 468, 552-556 (2017). 

29. H. Iwata, H. Kobayashi, T. Kamiya, R. Kamei, H. Saka, N. Sawaki, M. Irie, Y.Honda, H. Amano, 

“Annealing effect on threading dislocations in a GaN grown on Si substrate”, J. Cryst. Growth,

468, 835-838 (2017). 

30. Z. Sun, P. Song, S. Nitta, Y. Honda, H. Amano, “A-plane GaN growth on (11-20) 4H-SiC 

substrate with an ultrathin interlayer”, J. Crystal Growth, 468, 866-869 (2017). 

31. M. Kaneda, C. Pernot, Y. Nagasawa, A. Hirano, M. Ippommatsu, Y. Honda, H. Amano, I. 

Akasaki, “Uneven AlGaN multiple quantum well for deep-ultraviolet LEDs grown on 

macrosteps and impact on electroluminescence spectral output”, Jpn. J. Appl. Phys., 56, 

061002/1-9 (2017). 

32. X. Yang, S. Nitta, M. Pristovsek, Y. Liu, K. Nagamatsu, M. Kushimoto, Y. Honda, H. Amano,

“Interface amorphization in hexagonal boron nitride films on sapphire substrate grown by 

metalorganic vapor phase epitaxy”, Appl. Phys. Express, 11 (5), 051002/1-4 (2018).

33. C. Qin, X. Gao, J. Yuan, Z. Shi, Y. Jiang, Y. Liu, Y. Wang, H. Amano, Transferrable monolithic 

multicomponent system for near-ultraviolet optoelectronics , Appl. Phys. Express, 11 (5), (2018). 

34. H. Amano, Y. Baines, E. Beam, M. Borga, T. Bouchet, P. R. Chalker, M. Charles, K. J. Chen, N.

Chowdhury, R. Chu, C. D. Santi, M. M. D. Souza, S. Decoutere, L. D. Cioccio, B. Eckardt, T. 

Egawa, P. Fay, J. J. Freedsman, L. Guido, O. Haeberlen, G. Haynes, T. Heckel, D. Hemakumara, 

P. Houston, J. Hu, M. Hua, Q. Huang, A. Huang, S. Jiang, H. Kawai, D. Kinzer, M. Kuball, A. 

Kumar, K. B. Lee. X. Li, D. Marcon, M .Maerz, R. McCarthy, G. Meneghesso, M. Meneghini, E.

Morvan, A. Nakajima, E. M. S. Narayanan, S. Oliver, T. Palacios, D. Piedra, M. Plissonnier, R.

Reddy, M. Su, I. Thayne, A. Torres, N. Trivellin, V. Unni, M. J. Uren, M. V. Hove, D. J. Wallis, J.

Wang, J. Xie, S. Yagi, S. Yang, C. Youtsey, R. Yu, E. Zanoni, S. Zeltner, Y. Zhang, “The 2018 

GaN power electronics roadmap”, J. Phys. D, Appl. Phys., 51(16), 163001/1-48 (2018). 

35. M. Irita, S. Yamazaki, H. Nakahara, Y. Saito, “Development of a compact FE-SEM and X-ray 

microscope with a carbon nanotube electron source”, IOP Conf. Series: Mater. Sci. Eng., 304  

012006/1-6 (2017). 

－192－



36. K. Nishikawa, K. Asaka, H. Nakahara, Y. Saito, “In-situ TEM study on structural change and 

light emission of a multiwall carbon nanotube during Joule heating”, IOP Conf. Series: Mater. 

Sci. Eng., 304 012011/1-5 (2017).  

37. M. Sasaki, T. Koyama, H. Kishida, K. Asaka, Y. Saito, Y. Yoshida, G. Saito, “Facile Synthetic 

Route to Atomically Thin Conductive Wires from Single-Species Molecules in 

One-Dimensionally Confined Space: Doped Conjugated Polymers inside Single-Walled Carbon 

Nanotubes”, J. Phys. Chem. Lett., 8, 1702-1706 (2017). 

38. Y. Kawakami, Y. Yoneyama, T. Amano, H. Itoh, K. Yamamoto, Y. Nakamura, H. Kishida, T.

Sasaki, S. Ishihara, Y. Tanaka, K. Yonemitsu, S. Iwai, “Polarization selectivity of charge 

localization induced by a 7-fs nearly single-cycle light field in an organic metal”, Phys. Rev. B,

95 (20), 201105/1-5 (2017). 

39. Y. Yoshida, Y. Nakamura, H. Kishida, H. Hayama, Y. Nakano, H. Yamochi, G. Saito, “Racemic 

charge-transfer complexes of a helical polycyclic aromatic hydrocarbon molecule”,

CrystEngComm., 19 (26), 3626-3632 (2017). 

40. T. Hiramatsu, Y. Yoshida, G. Saito, A. Otsuka, H. Yamochi, M. Maesato, Y. Shimizu, H. Ito, Y. 

Nakamura, H. Kishida, M. Watanabe, R. Kumai, “Design and Preparation of a Quantum Spin 

Liquid Candidate -(ET)2Ag2(CN)3 Having a Nearby Superconductivity”, Bull. Chem. Soc. 

Jpn., 90 (9), 1073-1082 (2017). 

41. H. Itoh, R. Fujiwara, Y. Kawakami, K. Yamamoto, Y Nakamura, H. Kishida, S. Iwai, 

“Modulation of terahertz emission in time-domain waveform via a photoinduced phase 

transition in a charge ordered organic ferroelectric”, Appl. Phys. Lett., 112 (9), 093302/1-5

(2018). 

42. T. Koyama, K. Fujiki, Y. Nagasawa, S. Okada, K. Asaka, Y. Saito, H. Kishida, “Different 

Molecular Arrangement of Perylene in Metallic and Semiconducting Carbon Nanotubes: Impact 

of van der Waals Interaction”, J. Phys. Chem. C, 122 (10), 5805-5812 (2018). 

43. P. Laiho, K. Mustonen, Y. Ohno, S. Maruyama, E. I. Kauppinen, “Dry and Direct Deposition of 

Aerosol-Synthesized Single-Walled Carbon Nanotubes by Thermophoresis”, ACS App. Mater. 

Interfaces, 9, 20738-20747 (2017). 

－193－



44. H. Tanaka, T. Ozaki, Y.Ohno, Y. tadokoro, “Phase shifter tuned by varying the spring constant of 

a nanomechanical cantilever”, J. Appl. Phys., 122, 234501/1-5 (2017). 

45. Y. Tadokoro, Y. Ohno, H. Tanaka, “Detection of Digitally Phase-Modulated Signals Utilizing 

Mechanical Vibration of CNT Cantilever”, IEEE Trans. Nanotechnol., 17, 84-92, (2018). 

46. Y. Chen, L. M. Dai, Y. Ohno, “Carbons for wearable devices - Commentary and introduction to 

the virtual special issue”, Carbon, 126, 621-623 (2018). 

47. N. Usuki, K. Satoh, M. Kamigaito, “Synthesis of Syndiotactic Macrocyclic Poly(methyl 

Methacrylate) via Transformation of the Growing Terminal in Stereospecific Anionic 

Polymerization”, Macromol. Chem. Phys., 218, 1700041/1-10 (2017). 

48. K. Satoh, H. Hashimoto, S. Kumagai, H. Aoshima, M. Uchiyama, R. Ishibashi, T. Fujiki, M. 

Kamigaito, “One-Shot Controlled/Living Radical Copolymerization for Various Comonomer 

Sequence Distributions via Dual Radical and Cationic Active Species from RAFT Terminals”, 

Polym. Chem., 8, 5002-5011 (2017).

49. M. Gueere, M. Uchiyama, E. Folagado, M. Semsarilar, B. Améduri, K. Satoh, M. Kamigaito, V. 

Ladmiral, “Combination of Cationic and Radical Polymerizations: A Versatile Route to 

Well-Defined Poly(ethyl Vinyl Ether)-block-Poly(vinylidene Fluoride) Block Copolymers”, ACS 

Macro Lett., 6, 393–398 (2017). 

50. H. Takeshima, K. Satoh, M. Kamigaito, “Bio-Based Functional Styrene Monomers Derived 

from Naturally Occurring Ferulic Acid for Poly(vinylcatechol) and Poly(vinylguaiacol) via 

Controlled Radical Polymerization”, Macromolecules, 50, 4206-4216 (2017). 

51. M. Uchiyama, K. Satoh, T. G. McKenzie, Q. Fu, G. G. Qiao, M. Kamigaito, “Diverse 

Approaches to Star Polymers via Cationic and Radical RAFT Cross-Linking Reactions Using 

Mechanistic Transformation”, Polym. Chem., 8, 5972–5981 (2017). 

52. N. Usuki, K. Satoh, M. Kamigaito, “Synthesis of Isotactic-block-Syndiotactic Poly(methyl 

Methacrylate) via Stereospecific Living Anionic Polymerizations in Combination with 

Metal-Halogen Exchange, Halogenation, and Click Reactions”, Polymers, 9, 723/1-13 (2017). 

53. M. Guerre, M. Uchiyama, G. Lopez, B. Améduri, K. Satoh, M. Kamigaito, V. Ladmiral,

－194－



“Synthesis of PEVE-b-P(CTFE-alt-EVE) Block Copolymers by Sequential Cationic and Radical 

RAFT Polymerization” , Polym. Chem., 9, 352–361 (2018). 

54. N. Usuki, H. Okura, K. Satoh, M. Kamigaito, “Synthesis and Stereocomplexation of 

PMMA-Based Star Polymers Prepared by a Combination of Stereospecific Anionic 

Polymerization and Crosslinking Radical Polymerization”, J. Polym. Sci., Part A, Polym. Chem., 

56, 1123–1127 (2018). 

55. H. Iida, K. Ohmura, R. Noda, S. Iwahana, H. Katagiri, N. Ousaka, T. Hayashi, Y. Hijikata, S. 

Irle, E. Yashima, “Double-Stranded Helical Oligomers Covalently Bridged by Rotary Cyclic 

Boronate Esters”, Chem. Asian J., 12, 927-935 (2017). 

56. R. Ishidate, T. Ikai, S. Kanoh, E. Yashima, K. Maeda, “Chromatographic Enantioseparation by 

Poly(biphenylylacetylene) Derivatives with Memory of Both Axial Chirality and 

Macromolecular Helicity”, Chirality, 29, 120-129 (2017). 

57. J. Tanabe, D. Taura, N. Ousaka, E. Yashima, “Chiral Template-Directed Regio-, Diastereo-, and 

Enantioselective Photodimerization of an Anthracene Derivative Assisted by Complementary 

Amidinium–Carboxylate Salt Bridge Formation”, J. Am. Chem. Soc., 139, 7388-7398 (2017). 

58. U. Lewandowska, W. Zajaczkowski, S. Corra, J. Tanabe, R. Borrmann, E. M. Benetti, S. 

Stappert, K. Watanabe, N. A. K. Ochs, R. Schaeublin, C. Li, E. Yashima, W. Pisula, K. Müllen, 

H. Wennemers, “A Triaxial Supramolecular Weave”, Nature Chem., 9, 1068-1072 (2017).

59. N. Ousaka, S. Yamamoto, N. Hayashi, M.-C. Li, R.-M. Ho, Eiji Yashima, “Alkali Metal 

Ion-Enhanced Threading of a Perylenediimide-Bound Polymer Chain through a 

Double-Stranded Spiroborate Helicate with a Bisporphyrin Unit”, Chem. Lett., 46, 970-972 

(2017). 

60. M.-C. Li, N. Ousaka, H.-F. Wang, E. Yashima, R.-M. Ho, “Chirality Control and Its Memory at 

Microphase-Separated Interface of Self-Assembled Chiral Block Copolymers for 

Nanostructured Chiral Materials”, ACS Macro Lett., 6, 980-986 (2017). 

61. K. Maeda, K. Shimomura, T. Ikai, S. Kanoh, E. Yashima, “Static Memory of Enantiomeric 

Helices Induced in a Poly(biphenylylacetylene) by a Single Enantiomer Assisted by 

Temperature- and Solvent-Driven Helix Inversion”, Macromolecules, 50, 7801-7806 (2017). 

－195－



62. D. Taura, N. Horimoto, E. Yashima, “Thermally Stable Helical Poly(4-carboxyphenyl 

isocyanide) with a Helicity Memory Assisted by Metal Coordination”, Polymer J., 49, 741-744 

(2017). 

63. K. Maeda, D. Hirose, N. Okoshi, K. Shimomura, Y. Wada, T. Ikai, S. Kanoh, E. Yashima, 

“Direct Detection of Hardly Detectable Hidden Chirality of Hydrocarbons and Deuterated 

Isotopomers by a Helical Polyacetylene through Chiral Amplification and Memory”, J. Am. 

Chem. Soc., 140, 3270-3276 (2018). 

64. S. Kawabata, N. Ousaka, E. Yashima, “Allosteric Regulation of Metal-Binding Sites inside an 

Optically-Active Helical Foldamer and Its Tubular Assemblies”, Chem. Commun., 54, 

2417-2420 (2018). 

65. H. Yasaki, T. Shimada, T. Yasui, T. Yanagida, N. Kaji, M. Kanai, K. Nagashima, T. Kawai, Y.

Baba, “Robust ionic current sensor for bacterial cell size detection”, ACS Sensors, 3, 574-579

(2018).

66. H. Watanabe, T. Tsuchiya, K. Shimoyama, A. Shimizu, S. Akita, H. Yukawa, Y. Baba, 

“Nagayasu T., Adipose-derived mesenchymal stem cells attenuate rejection in a rat lung 

transplantation model”, Journal of Surgical Research, 227, 17-27 (2018).

67. S.S. Pillai, H. Yukawa, D. Onoshima, V. Biju, Y. Baba, “Quantum dot-peptide nanoassembly on 

mesoporous silica nanoparticle for biosensing”, Nano Hybrids and Composites, 19, 55-72 

(2018).

68. N. Kihara, H. Odaka, D. Kuboyama, D. Onoshima, K. Ishikawa, Y. Baba, M. Hori, “Facile 

fabrication of a poly(ethylene terephthalate) (PET) membrane filter with precise arrangement of 

through-holes”, Japanese Journal of Applied Physics, 57, 037001/1-6 (2018).

69. H. Yasaki, T. Yasui, T. Yanagida, N. Kaji, M. Kanai, K. Nagashima, T. Kawaie, Y. Baba, “A

real-time simultaneous measurement on a microfluidic device for individual bacteria 

discrimination”, Sensors and Actuators B: Chemical., 260, 746-752 (2018).

70. Hi. Yasaki, T. Yasui, T. Yanagida, N. Kaji, M. Kanai, K. Nagashima, T. Kawai, Baba Y., “Effect 

of Channel Geometry on Ionic Current Signal of Bridge Circuit Based Microfluidic Channel”,

Chem. Lett., 47, 350–353 (2018).

－196－



71. Y. Hiroshima, T. Yamamoto, M. Watanabe, Y. Baba, Y. Shinohara, “Effects of cold exposure on 

metabolites in brown adipose tissue of rats”, Molecular Genetics and Metabolism Reports, 15,

36-42 (2018).

72. , , , “ ”, CSJ 24

, 78-83 (2017).

73. , , , “miRNA ”, miRNA

, 139-144 (2017).

74. A.M. Zeid, N. Kaji, J. J. M. Nasr, F. F. Belal, Y. Baba, M. I. Walash,

“Stacking-cyclodextrin-microchip electrokinetic chromatographic determination of 

gabapentinoid drugs in pharmaceutical and biological matrices”, Journal of Chromatography A,

1503, 65-75 (2017).

75. T. Yasui, T. Yanagida, S. Ito, Y. Konakade, D. Takeshita, T. Naganawa, K. Nagashima, T.

Shimada, N. Kaji, Y. Nakamura, I. A. Thiodorus, Y. He, S. Rahong, M. Kanai, H. Yukawa, T.

Ochiya, T. Kawai, Y. Baba, “Unveiling massive numbers of cancer-related urinary-microRNA 

candidates via nanowires”, Science Advances, 3 (12), e1701133 (2017).

76. H. Yasaki, T. Yasui, T. Yanagida, N. Kaji, M. Kanai, K. Nagashima, T. Kawai, Y. Baba,  

“Substantial Expansion of Detectable Size Range in Ionic Current Sensing through Pores by 

Using a Microfluidic Bridge Circuit”, J. Am. Chem. Soc., 139 (40), 14137-14142 (2017).

77. Q. Wu, N. Kaji, T. Yasui, S. Rahong, T. Yanagida, M. Kanai, K. Nagashima, M. Tokeshi, T.

Kawai, Y. Baba, “A millisecond micro-RNA separation technique by a hybrid structure of 

nanopillars and nanoslits”, Scientific Reports, 7, 43877-43883 (2017).

78. M. Tsutsui, T. Yoshida, K. Yokota, H. Yasaki, T. Yasui, A. Arima, W. Tonomura, K. Nagashima, 

T. Yanagida, N. Kaji, M. Taniguchi, T. Washio, Y. Baba, T. Kawai, “Discriminating 

single-bacterial shape using low-aspect-ratio pores”, Scientific Reports, 7 (1), 17371/1-92(2017).

79. I.A. Thiodorus, N. Kaji, T. Yasui, B. Yoshinobu, “A zinc oxide nanowires devices for 

extracellular vesicles isolation and purification”, Micro Total Analysis Systems 2017, 1, 886-887 

(2017).

－197－



80. T. Ajiri, T. Yasui, M. Maeki, A. Ishida, H. Tani, Y. Baba, M. Tokeshi, “Optimization of the 

nanofluidic design for label-free detection of biomolecules using a nanowall array”, Sensors and 

Actuators B: Chemical, 250, 39-43 (2017).

81. X. Y. Sun, T. Yasui, T. Yanagida, N. Kaji, S. Rahong, M. Kanai, K. Nagashima, T. Kawal, Y.

Baba, “Nanostructures Integrated with a Nanochannel for Slowing Down DNA Translocation 

Velocity for Nanopore Sequencing”, Anal. Sci., 33 (6), 735-738 (2017).

82. X. Y. Sun, T. Yasui, T. Yanagida, N. Kaji, S. Rahong, M. Kanai, K. Nagashima, T. Kawai, Y.

Baba, “Effect of DNA Methylation on the Velocity of DNA Translocation through a 

Nanochannel”, Anal. Sci., 33 (6), 727-730 (2017).

83. T. Shimada, T. Yasui, A. Hibara, H. Yasaki, T. Yanagida, M. Hara, N. Kaji, M. Kanai, K.

Nagashima, T. Kawai, Y. Baba, “PM2.5 collection into aqueous solution via hydrophilic oxide 

nanowire surface”, Micro Total Analysis Systems 2017, 1, 1433-1434 (2017).

84. T. Naganawa, T. Yasui, T. Yanagida, N. Kaji, M. Kanai, K. Nagashima, H. Yukawa, T. Kawai, Y. 

Baba., “Nanowires enabling cancer diagnosis from 1 mL urine”, Micro Total Analysis Systems 

2017, 1, 1271-1272 (2017).

85. M. Maeki, Y. Fujishima, Y. Sato, T. Yasui, N. Kaji, A. Ishida, H. Tani, Y. Baba, H. Harashima, 

M. Tokeshi, “Understanding the formation mechanism of lipid nanoparticles in microfluidic 

devices with chaotic micromixers”, PLoS One, 12(11), e0187962 (2017).

86. D. H. T. Le, Y. Tsutsui, A. Sugawara-Narutaki, H. Yukawa, Y. Baba, C. Ohtsuki, 

“Double-hydrophobic elastin-like polypeptides with added functional motifs: Self-assembly and 

cytocompatibility”, Journal of Biomedical Materials Research Part A, 105(9), 2475-2484 

(2017).

87. N. Kaji, S. Ito, H. Yasaki, T. Yasui, H. Yukawa, Y. Baba, “Millisecond mechanophenotyping of 

stem cells by electrical detection in microfluidic constrictions”, Micro Total Analysis Systems, 1,

832-833 (2017).

88. N. Kaji, Y. Hattori, H. Yasaki, T. Yasui, Y. Baba, “Extracellular vesicles separation by 

electroosmotic flow-driven deterministic lateral displacement in nanopillar chips”, Micro Total 

Analysis Systems 2017, 904-905 (2017).

－198－



89. H. Yasaki, T. Yasui, T. Yanagida, N. Kaji, M. Kanai, K. Nagashima, T. Kawai, Y. Baba,

“Substantial Expansion of Detectable Size Range in Ionic Current Sensing through Pores by 

Using a Microfluidic Bridge Circuit”, J. Am. Chem. Soc., 139, 14137-14142 (2017).

90. D. H. T. Le, Y. Tsutsui, A. Sugawara-Narutaki, H. Yukawa, Y. Baba, C. Ohtsuki, 

“Double-hydrophobic elastin-like polypeptides with added functional motifs: Self-assembly and 

cytocompatibility”, Journal of Biomedical Materials Research Part A, 105(9), 2475 2484 

(2017).

91. R. Doi, T. Tsuchiya, N. Mitsutake, S. Nishimura, M. Matsuu-Matsuyama, Y. Nakazawa, T. Ogi, 

S. Akita, H. Yukawa, Y. Baba, N. Yamasaki, K. Matsumoto, T. Miyazaki, R. Kamohara,  G.

Hatachi, H. Sengyoku, H. Watanabe, T. Obata, L.E. Niklason, T. Nagayasu, “Transplantation of 

bioengineered rat lungs recellularized with endothelial and adipose-derived stromal cells”, 

Scientific Reports, 7, 8447/1-15 (2017).

92. T. Ajiri, T. Yasui, M. Maeki, A. Ishida, H. Tani, Y. Baba, M. Tokeshi, “Optimization of the 

nanofluidic design for label-free detection of biomolecules using a nanowall array”, Sensors and 

Actuators B, 250, 39-43 (2017).

93. T. Hamada, D. Sugioka, T. Kameyama, S. Kuwabata, T. Torimoto, “Electrocatalytic Activity of 

Bimetallic Pd-Au Particle Films Prepared by Sequential Sputter Deposition of Pd and Au onto 

Hydroxyl-functionalized Ionic Liquid”, Chem. Lett., 46, 956-959 (2017).  

94. R. Izumi, Y. Yao, T. Tsuda, T. Torimoto, S. Kuwabata, “Pt-Nanoparticle-Supported Carbon 

Electrocatalysts Functionalized with a Protic Ionic Liquid and Organic Salt”, Adv. Mater. 

Interfaces, 5, 1701123 (2018).  

95. T. Kameyama, K. Sugiura, Y. Ishigami, T. Yamamoto, S. Kuwabata, T. Okuhata, N. Tamai, T. 

Torimoto, “Rod-shaped Zn-Ag-In-Te Nanocrystals with Wavelength-Tunable Band-Edge 

Photoluminescence in the Near-IR Region”, J. Mater. Chem. C., 6, 2034-2042 (2018). 

96. T. Kameyama, S. Koyama, T. Yamamoto, S. Kuwabata, T. Torimoto, “Enhanced Photocatalytic 

Activity of Zn-Ag-In-S Semiconductor Nanocrystals with a Dumbbell-Shaped Heterostructure”, 

J. Phys. Chem. C., in press (2018).  

97. M. Nakashima, S. Tsuzuki, H. Awazu, A. Hamano, A. Okada, H. Ode, M. Maejima, A. Hachiya,

－199－



Y. Yokomaku, N. Watanabe, H. Akari, Y. Iwatani, Mapping Region of Human Restriction 

Factor APOBEC3H Critical for Interaction with HIV-1 Vif”, J. Mol. Biol., 429 (8), 1262-1276 

(2017). 

98. K. Eguchi, S. Heutz, K. Awaga, Templating effects of tetrakis(thiadiazole) porphyrazine on the 

structure and optical properties of copper phthalocyanine thin films”, J. Porphyrins 

Phthalocyanines, 21 (4-6), 322-326 (2017). 

99. L. Pilia, M. M. Matsushita, K. Awaga, N. Robertson, Fluorination induced electronic effects 

on a Pt(II) square-planar complex of the o-phenylenediimine ligand”, New J. Chem., 41 (13), 

5487-5492 (2017). 

100. D. Tonouchi, M. M. Matsushita, K. Awaga, Negative differential resistance in the Peierls 

insulating phases of TTF-TCNQ”, Phys.Rev.B., 96 (4), 045116/1-7 (2017). 

101. A. Mizuno, Y. Shuku, M. M. Matsushita, M. Tsuchiizu, Y. Hara, N. Wada, Y. Shimizu, K. 

Awaga, 3D Spin-Liquid State in an Organic Hyperkagome Lattice of Mott Dimers”, Phys. Rev. 

Lett., 119(5), 057201/1-6 (2017). 

102. Y. Wu, Z. Zhang, S. Bandow, K. Awaga, “A Novel Strategy to Functionalize Covalent Organic 

Frameworks for High-Energy Rechargeable Lithium Organic Batteries via Graft Polymerization 

in Nano-Channels”, Bull. Chem. Soc. Japan, 90 (12), 1382-1387 (2017). 

103. N. Black, D. Tonouchi, M. M. Matsushita, J. D. Woollins, K. Awaga, N. Robertson, Giant 

negative magnetoresistance in Ni(quinoline-8-selenoate) (2)”, Phys. Chem. Chem. Phys., 20 (1), 

514-519 (2018). 

104. S. Yamamoto, J. Pirillo, Y. Hijikata, Z. Zhang, K. Awaga, Nanopore-induced Host-guest 

Charge Transfer Phenomena in a Metal-Organic Framework”, Chem. Sci., 9, 3282-3289 (2018). 

105. Y. Shuku, A. Mizuno, R. Ushiroguchi, C. S. Hyun, Y. J. Ryu, B. K. An, J. E. Kwon, S. Y. Park, 

M. Tsuchiizu, K. Awaga, “An exotic band structure of a supramolecular honeycomb lattice 

formed by a pancake – interaction between triradical trianions of triptycene tribenzoquinone”,

Chem. Comm., 54, 3815-3818 (2018). 

106. S. Li, Y. Kobayashi, M. Itoh, D. Hirai, H. Takagi, “Metal-insulator transition and magnetic 

－200－



fluctuations in polycrystalline Ru1-xRhxP investigated by 31P NMR”, Phys. Rev. B, 95,

155137/1-8 (2017). 

107. I. Yamauchi, M. Itoh, T. Yamauchi, J.-I. Yamaura, Y. Ueda, “Local magnetic susceptibility, spin 

dynamics, and charge order in the quasi-one-dimensional conductor -Li0.33V2O5 investigated 

by site-selective 51V NMR”, Phys. Rev. B, 96, 205114/1-13 (2017). 

108. T. Kajita, Y. Obata, Y. Kakesu, Y. Imai, Y. Shmizu, M. Itoh, H. Kuwahara, and T. Katsufuji,

“Trimerization and orbital ordering in Ba1-xSrxV13O18”, Phys. Rev. B, 96, 245126/1-7 (2017). 

109. Y. Shimizu, T. Takahashi, S. Yamada, A. Shimokata, T. Jin-no, M. Itoh, “Symmetry preservation 

and critical fluctuations in a pseudospin crossover perovskite LaCoO3”, Phys. Rev. Lett., 119,

2672031-6 (2017). 

110. M. Toyoda, Y. Kobayashi, M. Itoh, “Nematic fluctuations in iron arsenides NaFeAs and LiFeAs 

probed by 75As NMR”, Phys. Rev. B, 97, 094515/1-10 (2018). 

111. K. Ogawa, M. Hara, S. Nagano, T. Seki, Y. Takeoka, “Photo-tunable Christiansen Colour Filter 

Using Photoisomerization of Stilbene”, Chem. Lett., 46 (9), 1386-1389 (2017).  

112. K. Beppu, Y. Nagashima, M. Hara, S. Nagano, T. Seki, “Photoalignment of Vertically Oriented 

Microphase Separated Lamellae in LC–LC Diblock Copolymer Thin Film”, Macromol. Rapid 

Commun., 38, 1600659/1- 6 (2017).  

113. T. Sakaguchi, S. Nagano, M. Hara, S. H. Hyon, M. Patel, K. Matsumura, “Facile preparation of 

transparent poly (vinyl alcohol) hydrogels with uniform microcrystalline structure by 

hot-pressing without using organic solvents”, Polym. J., 49, 535-542 (2017). 

114. H. Yabu, S. Nagano, Formation of unusual microphase-separated ultrathin films of poly (vinyl 

catechol-block-styrene)(PVCa-b-PSt) at the air water interface by solution casting onto water ,

RSC Adv., 7, 33086-33090 (2017) 

115. R. Yamakado, M. Hara, S. Nagano, T. Seki, H. Maeda, “Photo-Responsive Soft Ionic Crystals: 

Ion-Pairing Assemblies of Azobenzene Carboxylates”, Chem. Eur. J., 23, 9244-9248 (2017). 

116. , , , , , “

－201－



”, , 74, 59-63 (2017). 

117. S. Mitsui, S. Nagano, M. Hara, T. Seki, “SRG Inscription in Supramolecular Liquid Crystalline 

Polymer Film: Replacement of Mesogens”, Crystals, 7, 52/1-10 (2017).  

118. Y. Nagao, K. Krishnan, R. Goto, M. Hara, S. Nagano, Effect of Casting Solvent on Interfacial 

Molecular Structure and Proton Transport Characteristics of Sulfonated Polyimide Thin Films ,

Anal. Sci., 33, 35-39 (2017).  

119. Y. Hashimoto, T. Sato, R. Goto, Y. Nagao, M. Mitsuishi, S. Nagano, J. Matsui, “In-plane 

oriented highly ordered lamellar structure formation of poly (N-dodecylacrylamide) induced by 

humid annealing”, RSC Adv., 7, 6631-6635 (2017). 

120. T. Sato, M. Tsukamoto, S. Yamamoto, M. Mitsuishi, T. Miyashita, S. Nagano,

“Acid-Group-Content-Dependent Proton Conductivity Mechanisms at the Interlayer of Poly 

(N-dodecylacrylamide-co-acrylic acid) Copolymer Multilayer Nanosheet Films”, Langmuir, 33

(45), 12897-12902 (2017). 

－202－



8.2 
1. , , ,” ”, , 67,

30-33 (2018). 

2. , , , “

”, , 53, 179-187 (2017). 

3. K. Maeda and E. Yashima, “Helical Polyacetylenes Induced via Noncovalent Chiral 

Interactions and Their Applications as Chiral Materials”, Top. Curr. Chem., Vol. 375 (2017), pp. 

1-31. 

4. , ” ”

, 75,466-475 (2017). 

5. , “DDS ”, DDS , 32, p.8, 

(2017) 

6. , , , “

”, , 68 (10), 768-772 (2017). 

7. Tsukasa Torimoto, “Nanostructure Engineering of Size-Quantized Semiconductor Particles for 

Photoelectrochemical Applications”, Electrochemistry, 85, 534-542 (2017).  

8. , “ (

)”, 27(1), 18-25 (2017).  

－203－



8.3 
1. , “ ”, CSJ 29

, , . 

2. , “ ”, MRI (

), , CMC, 51-58 (2018). 

3. N. Kaji, T. Yasui, M. Tokeshi, Y. Baba, “Nanopillars, Nanowires and Nanoballs for DNA and 

Protein Analysis Nanofluidics” 2nd Edition, J. Edel, A. Ivanov, M. Kim (Ed.), Royal Society 

of Chemistry, Chap. 3, 76 

4. Daisuke Onoshima, Yoshinobu Baba, “Microfluidic DNA Stretching Device for 

Single-Molecule Diagnostics”, Methods in Molecular Biology, Microchip Diagnosis, V. Taly, 

J.L. Viovy, S. Descroix (Eds.), Springer Science + Business Media LLC, Chapter 8, 105-112 

(2017). 

5. , , , “miRNA ”, miRNA

, Chap. 13, 139-144. (2017). 

6. , “ ”,

CMC, 186-193 (2017). 

7. , , , , “

”, ,

, CMC, 220-225 (2017). 

－204－



9.

(List of Research Grants)





1. SiC  
  

 
2. AlN  

 
 

3. SiC SiC
 

SIP( )  
 

4.

 
 

 
5.  

 
 

6.  
 

 
7.  

 
 

8.  
 

 
9.  

 
 

10. / / SiC
 

 
 

11. SiC  
 

 

－205－



12.  
 

 
13. GaN

HVPE
GaN  

 
 

14.  

 
 

 
15. AlN  

 
 

16.  
 

 
17.

18.

CREST

19.

20.

0117D0601b

21.

(B)

－206－



22.

23.

( ) 

24.

(B) 

25.

(A)

26.

27. RAFT

28.

(A)

29.

  

30.

  

31.

(S)

32.

－207－



33.

(B)

34.

(B)

35.

ImPACT

36. iPS in vivo Theranostics

JST

37.

(A)

38. RNA

NEDO

39.

40.

COI STREAM

41.

M

42.

43.

－208－



(B) 

44.   

45.

46. RT NACME

AMED

47.

 

48.

A.

49.

50. K4

51.

S 

52.

53.

B 

54.

－209－



55.

 S  

56. 2

 B  
 

57.

 
 

58.

 

－210－



10.

(Patents)





1. , , ,

2017-140932 

2. , ,

AIN

PCT/JP2018/003731 

3. , , , , ,

PCT/JP2018/005948 

4. , , ,

6122265 

5. , , , ,

9671356 

6. ,

6207014 

7. , , ,

6245715 

8. , , ,

6259740 

9. , , ,

9881767 

－211－



10.

2017-037698 29 2 28

11.

PCT/JP2017/016041 2017 04 21

12.

PCT/JP2017/036124 2017 10 4

13.

2018-016739 2018 02 01

14. WU Yang

PCT/JP2017/039932

1

2

－212－



(List of Doctor and Master-Degree Theses)





1.

SiC(0001)

2.

Synthesis of Special Shaped Poly(methyl Methacrylate) via Halogenation of Growing 

Terminal in Stereospecific Living Anionic Polymerization

3.

Nanofluidic Device for Analysis of Single DNA Molecules and Single Cells

4.

3D Crystal Structures and Solid-State Properties of Polyhedral -Conjugated Organic 

Radicals

5.

Ta2NiSe5 

6.

－213－



1.

2.

GaN

3.

GaN

4.

AlN

5.

DNA 3

6.

SiC

7.

X SiC

8.

4H-SiC C

9.

-

10.

11.

AlGaN LED

－214－



12.

13.

14. Tan Fu-Wen (Graduate School of Engineering, Department of Electrical Engineering, 

Automotive Engineering Graduate Program)

High Yield Fabrication of N-type Carbon Nanotube Thin-film Transistors on Flexible Plastic 

Substrate

15.

CsI

16.

17.

TEM

18.

19.

in-situ SEM/STM SiC

20.

X

21.

－215－



22.

SiC

23.

-(BEDT-TTF)2B(CN)4

24.

PBTTT

25.

26.

/

27.

exo-

28.

29.

exo-

30.

/

31.

32.

－216－



33.

34.

35.

2,6-

36.

37.

38.

39.

40.

41.

42.

Ag

43.

－217－



ZnTe-AgInTe2

44.

ZnS-AgInS2

45.

-

46.

/ -

47.

/ AuRh

48.

HIV-1 Vif

49.

50.

51.

52.

53.

MOF

－218－



54.

55.

BaTi2Pn2O (Pn = As, Sb, Bi)

56.

NMR La1-xSrxCoO3

57.

Kitaev -RuCl3

58.   
-

 
59.

60.  
 

 
61.   

 
 
 

－219－





(Misc.)





1.

40

2017 9 1

2.

29

2017 9 17

3.

ICSCRM2017 Student Poster Award

ICSCRM2017

2017 9 22

4.

2017 " Students Award "

2017 10 20

5.

4

2017 11 2

6.

2017 12 25

－221－



7. Yuto Nakamura, Hideo Kishida

BCSJ Award Article

-(ET)2Ag2(CN)3 Having 

a Nearby Superconductivity (Bull. Chem. Soc. Jpn., 90 (9), 2017, 1073-1082.) 

The Chemical Society of Japan

2017 9 15

8.

ICBP 2017 Silver Medal Award for Best Poster

Cationic Polymerization of Alycyclic Conjugated Dienes with a Reactive exo-Methylene 

Group Derived from Natural , -Unsaturated Carbonyl Compounds

The 6th International Conference on Bio-based Polymers (ICBP 2017)

2017 5 17

9.

ICBP 2017 Bronze Medal Award for Best Poster

Synthesis of Catechol-Containing Vinyl Polymers via Living Radical Polymerization of 

Vinylcatechol Derivatives from Natural Resources

The 6th International Conference on Bio-based Polymers (ICBP 2017)

2017 5 17

10.

GSC

6 JACI/GSC

2017 7 4

11.

Best Poster Award

Living Radical Polymerization of Renewable Styrene Derivatives from Natural 

Resources

Kick-off Symposium "Japan-South-East Asia Collaboration Hub of Bioplastics 

Study"

2017 8 1

－222－



12.

exo- RAFT

2017 9 2

13.

2017 9 2

14.

/

2017 9 22

15.

7 CSJ 2017

2017 11 13

16.

2017 12 4

－223－



17.

exo-

2017 12 4

18.

PPC-15 Best Poster Award  

Synthesis of Sequence-Regulated Polymers via Atom Transfer Radical Addition of Vinyl 

Monomer Combined with Metathesis Polymerizations

Pacific Polymer Federation

2017 12 13

19.

2018 3 26

20.

29

2017 4 29

21.

25

2017 5 30

22.

2017 5 30

－224－



23.

Poster Presentation Award

The 29th International Symposium on Chirality (Chirality 2017, ISCD-29)

Toshikazu Takata (Chair) & Toru Asahi (Co-Chair)

2017 7 12

24.

Poster Award

The 3rd International Symposium on Center of Excellence for Innovative Material 

Sciences Based on Supramolecules

2017 10 17

25.

Poster Award

The 7th TOYOTA RIKEN International Workshop on Chirality in Soft Matter,

Hideo Takezoe (Chair)

2017 11 26

26.

Poster Award

The 7th TOYOTA RIKEN International Workshop on Chirality in Soft Matter,

Hideo Takezoe (Chair)

2017 11 26

27.

IGER Annual meeting 2017 Poster Award

2018 1 10

28.

Lecture Award

International Symposium on Pure & Applied Chemistry (ISPAC) 2017

2017 8 6

－225－



29.

1 COI in

2017 8 6

30.

COI2021

3 COI2021

2017 11 22

31.

2018 3 6

32.

Best Poster Award

Synthesis and photocatalytic activity of dumbbell-shaped ZnS-AgInS2 nanoparticles

The 6th Hsinchu Summer Course and Workshop

2017 7 5

33.

- -

2017 9 15

34.

2018 3 10

－226－



35.

ZnS-AgInS2

2018 3 26

36.

11

2017 11 1

37.

Poster Award

IGER Annual Meeting 2017

2018 1 10

38.

2018 3 26

39.

2018 3 26

40.

21

2017 6 17

41.

21

2017 6 17

－227－



42.

21

2017 7 8

43.

ADMD 2017 Poster Award

Photoinduced mass transfer triggered by the surface tension difference on 

photoresponsive liquid crystalline polymer films

21th International Symposium on Advanced Display Materials and Devices

ADMD 2017

2017 7 25

44.

M&BE9 Best Poster Award

Photoinduced mass transfer driven by the surface tension difference on photoresponsive 

liquid crystalline polymer films

2017 6 27

45.

2017

2017 9 14

46.

2017

2017 9 14

－228－



47.

66

2017 9 29

48.

66

2017 9 29

49.

66

P3HT

2017 9 29

50.

2017

2017 9 21

－229－



1.

2017 7 14 ( ) 

2.

2017 10 13 ( ) 

AI

3.

2017 12 1 ( ) 

4.

2017 4 10 ( ) 

5.

2017 8 6 6

6.

Biomedical Advances

2017 7 27

Transduction Function of a Magnetic Nanoparticle TMADM for Stem-Cell

Imaging with Quantum Dots

－230－



7.

2017 9 30

1

8.

BS 

2017 10 12

028

9.

2017 10 20

10.

2017 10 13

11.

2017 12 16

12.

2017 12 16

RNA

1000

13.

CBC YAHOO

2017 12 16

－231－



14.

2017 12 16 , 

1 RNA

15.

2017 12 16

16.

2017 12 16

17.

2017 12 16

18.

2017 12 16

19.

2017 12 16

20.

2017 12 16

－232－



21.

2017 12 16

22.

2017 12 16

23.

2017 12 16

24.

2017 12 16

25.

2017 12 16

26.

2017 12 16

27.

2017 12 16

－233－



28.

2017 12 16

29.

2017 12 16

30.

2017 12 16

31.

2017 12 16

32.

2017 12 16

33.

2017 12 16

34.

2017 12 16

－234－



35.

2017 12 16

36.

2017 12 16

37.

2017 12 16

38.

2017 12 16

39.

2017 12 16

40.

WEST

2017 12 16

41.

2017 12 12

-II 

－235－



42.

2017 12 19   

RNA

43.

2017 12 19   

RNA 1000

44.

2017 12 19   

45.

2017 12 21

46.

2017 12 18

1000

47.

Resarch

2017 12 25

Development of a Nanowire Device to Detect Cancer with a Urine Test

48.

2017 9 14

/

－236－


