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研究成果の概要（和文）：本研究は、ゲスト分子との弱い相互作用を効果的に増幅し、多重相互作用によって高い選択
性を示す分子形状識別型の液体クロマトグラフィ用分離剤の開発を目指した。具体的には、（１）選択性が限定される
生体分子や環状超分子のような既製の分子認識剤を使用せず、（２）直鎖状高分子鎖上にカルボニル基やπ共役系グル
ープを規則的に配列させることによって、また、分子配向によって２次構造を形成する分子を有機相として用いた。結
果として、ゲスト分子との多重相互作用が促進され、選択性の増幅・変換・制御を可能とする様々な分離剤の開発が可
能となった。研究成果の大部は、分析化学系の国際雑誌を中心に、２８報で報告した。

研究成果の概要（英文）：In this research project, we have targeted to create a new class of molecular 
recognitive materials for high performance liquid chromatography. For this purpose, we did not use any 
biomaterial and supramolecular cyclic compound as a molecular recognitive moiety, but rather selected a 
linear polymer because we considered for controlling the selectivity through molecular design. In 
concrete terms, we have designed unique organic phases based on integration of weak interaction groups 
such as a carbonyl group and a pi-electron-rich moiety on a polymer chain. As a result, we have developed 
various organic phases indicating high selectivities for isomers having chemically similar properties, 
and then these main results have been published as 28 international journal papers.

研究分野： 高分子機能材料

キーワード： 液体クロマドクラフィ　分子形状識別　自己組織化　界面・界面物性　ポリイオン液体
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10 µm� 100 µm� 10 µm�100 µm�

Sonication 

1 µm� 1 µm�

Silica particle 
d = 2.2 µm 

Depth = ca. 0.5 µm 

Cavity on surface 
d = 1.8 µm 



9<:���.4�	/84)
��$!(��
�'��&" #�
Ŭ ·öýsǌǒƮǯȜǻȓȟŐĳx�ƸÆƲǡƳ
ǒ³ÃÒj�ǌēĒÛǐ�PƾƮǱȜǤ��
ǀǡƼǍǤ`TƾǋƹǅƯƼǑǯȜǻȓȟŐĳx
�ǐpĖ_Ǥx.ǀǡǍƮpĖ_ŖǑÚèǏ7
kōSǐǞǠƮHÜǌǒâ�ƾǏƳļ7kìǏ
ÃĖǑëÞǀǡƼǍǤħƳǆƾǋƹǅƯ·öýǌ
ǒƮƼǑôħǤǜǍǐƮZȰǑǞƴǏļ7kǱȜ
��ǿȡȜǤ§ǅǐŕëƾƮƼǢǟǤǵțǫĄk
ǐ[qGǀǡƼǍǐǞǈǋƮ§ĨǏȻɀȽȸ7ŝ
?ǑŕëǤí�ƾǅƯŬ

Ŭ

ZȰŬ ǦȓȆŐǤȍȡǷǍƾǅļ7kǱȜ��Ė
Ǥ³ǀǡ7kŬ

Ŭ
Ŭ ZȰǌøƾǅ7kǑǗǍǥǎȪƉűŹŻƓƖƘƗƔ �fȫ
ǒǱȜǤ��ƾǝǀƳ7k¸¦ǌƲǠƮƼǢǟ
Ǥǵțǫǐ[qGǀǡƼǍǐǞǈǋÚèǏŋ��
ǤøǀȻɀȽȸƸMĖǍǏǈǅƯď»Ǒ�ŌǤĦ
ćǀǡǍƮŬ

ȪɂȫǯȜǻȓȟŐĳx�Ǥ[qGƾǅ7ŝ?ǌ
ǒƮx.ƾǅǷȎȡǳȡȪɇȫǑÁņƸŋ��ǐ
ĝƾƺ�ţǤ�ƵǡƼǍǤǟƷǐƾǅƯǅǍƵǓƮ
ZȱǐøǀǞƴǐƮȉǻȓȟȹǍȉǻȓȟȺȪȂǲȋǩ
ȞȡȜȫǑÏPÙǑ7ŝǌǒƮǷȎȡǳȡŔƸ
ŔƳǯȜǻȓȟŐĳx�ǌǑǚȍȡǷȚǨȟ7
ŝƸMĖǍǏǈǅƯƶǃǟƺƮǯȜǻȓȟŐĳx
�Ƹǵțǫ�ǌōSǀǡƼǍǐǞǠƮǷȎȡǳȡ
Ō�UĿǌǱǷȂ7kǤLǠŀǚǝǀƳ7kȑ
ǰǾȂǤ��ƾǋƳǡǜǑǍ vƾǅƯŬ

ȪɃȫǦȓȆǦǶȊȟŐǒƮǯȜǻȓȟŐǍŏ�ƾǅ
ǦȓȆŐǌƲǡƸƮȻɀȽȸǐƶƻǡŋ��ǒƮƳ
ǁǢǜ}ĹǑHĈéÆGǵțǫǞǠūƳŋ��
Ǥøǀ�¨ǌƮǱǷȂ7kǑ�ÛǐwƾǋǃǢ
ǄǢÚèǏŋ��ǤøƾǅƯZȲǒǃǑ� Ǥ
øƾǋƳǡƯ7kǑ�Š�ȪgáěŪªȫǐw
ǀǡŋ��ǒǦȓȆǦǶȊȟŐĳx�ǌūƺǏǡ
ƸƮŒÛGPÙȪȂǲȋǩȞȡȜȫǐwƾǋǒǯȜ
ǻȓȟŐĳx�ǐƶƳǋūƳŋ��Ƹ�ǟǢǅƯ
ƼǑ|ǒƮȕǽȝȟŒǣǁƷȮ%Ǒ|ǐǞǈǋ�

ǟǢǅǜǑǌƲǠƮ�¹Ǒ7ŝ?ǌǒĪvƾ�
ǏƳď»ǌƲǡƯǀǏǣǇƮ³ÃïǑ7kōS
Ƹ�ÄÁņǤļƵǅ�äǤǔƹ6ƾǋƳǡƼǍ
ǤøƾǋƳǡƯŬ

Ŭ

ZȱŬ ǯȜǻȓȟŐĳx�Ǥ³ÃïǍǀǡ7ŝǮ
ȞȒȂǯȚȔǑ� ȪƏȷƕŬŹŬŰůŬƉűŹżűŲƀŲŵůŬƐŸŬ
ƕŬŹŬűŰůŬƉűŹżűŲƀŲŵȫŬ

Ŭ

ZȲŬ ǯȜǻȓȟŐȪſűȫĳx�ǍǦȓȆǦǶȊȟŐ
ȪſŲȫĳx�ǑÅľŬ

ȪɄȫțǵȟĳx�ǌǒƮŔŒǦȜǭȜ_Ǒx.
¨ÊȪǦȓȃďPǍyĊďPȫǑ�ţǐǉƳǋĶ
¼ƾǅƯZȳǐøǀǞƴǐƮyĊďP^Ǒĳx�
ǐƶƳǋūƳ7k�Š�ĸ:ĖƸ÷ĲƽǢǅƯ
ǙǅƮȉȄȋȂȡȜǐwǀǡ,n7@ĖǐǉƳ
ǋǜƮyĊďP^ĳx�ǌǑǚ÷Ǐŋ��
Ƹ÷ĲƽǢǅƯǱȜ��ĖƸyĊ^ĳx�ǐ
ƶƳǋūƳƼǍƸ÷ĲƽǢǋƳǡǑǌƮ7kŖ
ÆĊďPǐ_Ǌƺ7kōSÛ�Ƹŋ��ǤÉ
qǀǡĦXǑ�ǉǍǏǈǋƳǡƼǍǤĢ�ƻǡď
»ǍǏǈǅƯŬ
Ŭ

CH2

HN     C     CH    NH     C     (CH2)m

O

HN     C     CH2

O

O

R1

R1

	

m = 0, 3 or 10!
R1 = Benzyl or C12H25

(CH2)3

CHN     CH    CNH
O

CHN     CH2

O

O

R2

R2

	

R2 = C12H25 or C12H25NH

(CH2)2

HN     C     CH    NH     C     (CH2)m

O

HN     C     CH2

O

O

R1

R1

	

m = 3!
R1 = C12H25

0 5 10 15 20 25

6
5

4

2

3

1

Time (min)

�� R1� R2� R3�

�����-isomer �-H �-H �-CH3�

4. γ-isomer �-H �-CH3� �-CH3�

5. β-isomer �-CH3� �-H �-CH3�

6. α-isomer �-CH3� �-CH3� �-CH3�

O
R3

R2

HO

R1

OH OH

Tocopherols�

1. Vitamin D2� 2. Vitamin D3�

0 5 10 15 20 25 
Retention time (min)�

(b)�

0 5 10 15 20 25

3

6

5
4

1,2

Time (min)0 5 10 15 20 25 
Retention time (min)�

(a)�



Ŭ

ZȳŬ țǵȟĳx�Ǥ³ÃïǍǀǡ7ŝǮȞȒȂǯ
ȚȔǑ� ȪƏȷyĊ^ůŬƐŸǦȓȃ^ůŬƑŸ}Ĺ
Ǒ żųŰ³ÃïůŬƒŸ}ĹǑ żűŷ³ÃïȫŬ

9=:13+,6��*05-)
��$!(�
��'��&" #�
Ŭ ·öýsǌǒƮ�ǙǌǐƮǨǪȟÎ�Ǒ�ĺ
Ǥ³ǀǡ�7kǤȑțȒȡGƾƮƼǢǤǵțǫǐ
[qGǀǡƼǍǐǞǈǋÚèǏŋ��ǤëÞƽ
ǂǋƹǅƯ·öýǌǒƮZȴǐøǀǞƴǐƮǫǽ
Ǫȟ�7ǍǦȅǪȟ�7Ǒx.ÊǐǉƳǋİČ
ǐ¾ĭƾƮÚèǏŋ��ǑëÞǤí�ƾǅƯŬ

Ŭ

ZȴŬ ȻɀȽȸä³ÃïǍƾǋǑgÂǏȑțǨǪȟ
Î�ǦȄȞǯŬ

Ŭ ZȴǐƶƳǋƮǻǨȌɂǍɃǌǒƮwǨǪȟǑ�
¡ǐǞǠŋ��ƸǽȘȡȅȟǯǌƹǡ;ÔƸƲǡ
KŠƮúFïǑûũǐǞǈǋǒt®ǐwǨǪȟ
ƸÒ6ǀǡWŧƸƲǈǅƯǻǨȌɄƮɅƮɆǒƼǑ
WŧǤīÉǀǡ¨ÊǌƲǠƮǍƺǐǻǨȌɆǒȖȆ
ȒȡǑĎPǂǐǞǈǋt®ǐGnÁņǤeGƽ
ǂǡƼǍƸǌƹǡÔǌ³äǏÁņǌƲǡƯŬ
Ŭ ZȵǐƮǻǨȌɆǑ1�ìǏ�Ĥ¨ÊǤøƾǋ
ƳǡƯǦȚȅȟǤǦǮțȞǨȜGǀǡƼǍǐǞǠƮǦ
ȅǪȟ�ǲȖȆȒȡǤ�ĤƾǅƯȍȡǷǨǪȟÎ
�ǍƾǋǒƮǦțȜǨȓǼǺȡȜǪǮǻȁǵȜ_ǌ
ȱĉGƾǅǜǑǤ;äƾƮƼǑ�ĔƷǟǏǡǨǪ
ȟwǑ0őPǤƮǵțǫġŠƷǟǑǯȚȋȂőP
ǐǞǈǋr©ƾǅƯ�ǟǢǅȑțǨǪȟÎ�ǦȄ
ȞǯǯȚȋȂǵțǫǤǷȀȟȝǷǫȚȔǐ*cƾƮ
gáěŪªǝǷȀȞǨȃƮ½Őb_ĀǤǱǷȂ7
kǍƾǋȻɀȽȸ�ĖǤĶ¼ƾǅƯƳǁǢǑaP
ǜƮ�¹ǑéÆGǵțǫǍǒèǏǡŋ��ǝ7
ŝȖȡȃƸ�ǟǢǡƼǍƸǟƷǐǏǈǅƯZȶ
ǐūƳŋ��Ǒ� ǤøƾǋƳǡƯƼǑǮȞȒȂ
ǯȚȔǒƮúFïǐĈÆǤ;äȪĩÆ�ï��
äȷȻȼȽȼȸȫƾǋ�ǟǢǅǜǑǌƲǠƮƼƼǌŕë
ƽǢǅ7ŝ?ƸƮńïȖȡȃƷǟȻȼȽȼȸȖȡȃ
ǐÐǡ�āYǑ7ŝȖȡȃǌ;äǌƹǡƼǍǜ
ǟƷǐƾǅƯŬ

Ŭ

ZȵŬ³ÃïǍƾǋǑǲȑțȒȡ^ȑțǨǪȟÎ�
ǦȄȞǯǑP�ǷǭȡȔŬ

Ŭ
ZȶŬ ǲȑțȒȡ^ȑțǨǪȟÎ�ǦȄȞǯǤ³Ã

ïǍǀǡȻȼȽȼȸȪúFïȷĈÆȫŬ

9>:��1328)
��$!(@BA?���
'���
Ŭ ȻɀȽȸǌǒƮ�ĚǐşÀ�Ùĺǐwƾǋǒń
ïȖȡȃȪúFïƸÀ�ÒjǤäƳǡȫǌƮǙǅ
À�ÙĺǐwƾǋǒťïȖȡȃȪúFïƸşÀ
�ÒjȫƸŊäƽǢǋƹǅƸƮł�ƮÀ�Ùĺ
ǐwƾǋÀ�ÒjȪ	ǐÆÒÎȫǤäƳǡȻȼȽȼ
ȸȖȡȃƸÌíƽǢǋƳǡƯ·ŤǌǒƮĥ¤Ǒ
Ȗȡȃǌ;äMĖǏ§ĨǏ³ÃïǐǉƳǋč
�ǀǡƯŬ

ȪɂȫǷȜȏǦǺȍȟǹȟǤpĖ_Ǎǀǡ7ŝ?Ŭ
Ŭ ZȮȭǐøǀP�ǷǭȡȔǐǞǠƮǦǺȍȟǹȟ
Ǒ¶ÿǐǷȜȏȟŐ_Ǥ³ǀǡ³ÃïǤ�ĤƾƮ
ńïȖȡȃǌǑ7ŝĖǤĶ¼ƾǅƯZȮȮǒǃǑ
�ġìǏ7ŝǮȞȒȂǯȚȔǤøƾǋƳǡƯÁņ
ƸÀǛǋũ�ƾǅǷȀȞǨȃǐwƾǋƮõ°Ŗǌ
o/7ŝƸŉ�ƽǢǋƳǡƯ}ĹǑHĈéÆG
ƾǅ7ŝ?ǞǠ(Ǣǅ7ŝĖƸ�ǟǢǋƳǡƼǍ
Ƹ7ƷǡƯǏƶƮQ7ŝ?ǒƮ½Őb_ũǐw
ƾǋƮȻȼȽȼȸȖȡȃǐƶƳǋ(Ǣǅŋ��Ƹ�
ǟǢǡƼǍǜ÷ĲƾǋƳǡƯŬ



Ŭ
ZȮȭŬ ǷȜȏǦǺȍȟǹȟǤ³ÃïǍǀǡȻȼȽȼ

ȸ7ŝ?ǑP�ǷǭȡȔŬ

Ŭ

ZȮȮŬ ńïȖȡȃǌǑǷȀȞǨȃǑ7ŝǮȞȒȂ
ǯȚȔƯȪɂȫǷȜȏǦǺȍȟǹȟ³ÃïƮ
ȪɃȫ}ĹǑȿȹɁŬ

ȪɃȫşǨǪȟ�ƷǉÀ�ǑūƳ³ÃïǑŕëŬ
Ŭ ȻȼȽȼȸȖȡȃǌǑ;äǤ�ŦǐƮşǨǪȟ�
ƷǉÀ�ǑūƳ§ĨǏ³ÃïǑŕëǤí�ƾƮ
ȑțȉȅȜǪǭǳǺțȟǤǯȚȋȂGƾǅǵțǫǤ
�ĤƾǅƯŬ
ZȮȯŬ ȑțȪȉȅȜǪǭǳǺțȟȫǤ³ÃïǍǀǡ

ȻȼȽȼȸȖȡȃǌǑ7ŝŬ (1) 5-iodouracil; 
(2) thymine; (3) uracil; (4) 4,6-diamino- 
pyrimidine; (5) uridine; (6) adenosine;     
(7) cytosine; (8) cytidine; (9) guanosine. 

Ŭ ZȮȯǑǮȞȒȂǯȚȔǤøǀǞƴǐƮȻȼȽȼȸ
ȖȡȃǐƶƳǋƮOûǑ½Őb_ƸȍȡǷȚǨ

ȟ7ŝMĖǍǏǈǋƳǡƯÒŝťƸȍȡǷǵțǫ
ǍèǏǡƼǍƷǟƮǨǪȟ�ï��äǌǒǏƳƼ
ǍǤøƾǋƶǠƮÀ�³ÃïǍƾǋ��ǑzŕƸ
µ�ƽǢǡƯŬ

ȲȬ	Ǐëġķ¥ĀŬ
ưŜıķ¥ƱȪĬȯȵ�ȫŬ
ƚL-Lysine derived organogelator-based chiral 
stationary phase for mixed-mode liquid 
chromatography; Anal. Methods, Vol.7, pp.3320-3323, 
2015, ¼ĵ³; A. K. Mallik, H. IharaǗƷȯR 
ƛEffects of substitution groups of glutamide-derived 
molecular gels on molecular shape recognition; J. 
Chromatogr. A, Vol.1392, pp.56-62, 2015, ¼ĵ³; 
M. Takafuji, H. IharaǗƷȯR 
ƜHomogenous formation, quaternization of 
urea-functionalized imidazolyl silane and its 
immobilization on silica for surface-confined ionic 
liquid stationary phases; RSC Adv., Vol.4, 
pp.34654-34658, 2014, ¼ĵ³; A. K. Mallik, M. 
Takafuji, H. IharaǗƷȰR 
ƝPreparation and chromatographic evaluation of new 
branch-type diamide-embedded octadecyl stationary 
phase with enhanced shape selectivity; Anal. Chim. 
Acta, Vol.833, pp.48-55, 2014, ¼ĵ³; A. K. Mallik, 
H. IharaǗƷȱR 
ƞHighly hydrophilic and nonionic poly(2-vinyl 
oxazoline)-grafted silica: A novel organic phase for 
high-selective hydrophilic interaction chromatography; 
Anal. Bioanal. Chem., Vol.406, pp.4585-4593, 2014, 
¼ĵ³; A. K. Mallik, M. Takafuji, H. IharaǗƷȰR 
ƟCopolymer-grafted silica phase from a cation-anion 
monomer pair for enhanced separation in reversed- 
phase liquid chromatography; Anal. Bioanal. Chem., 
Vol.406, pp.3507-3515, 2014, ¼ĵ³; A. K. Mallik, 
M. Takafuji, H. IharaǗƷȮR 
ƠMulti-mode chromatographic evaluation of new 
lysine-silica stationary phase for high-performance 
liquid chromatography; Anal. Methods, Vol.6, 
pp.7674-7680, 2014, ¼ĵ³; M. Takafuji, H. IharaǗ
ƷȮR 
ơA new L-lysine derived high molecular-shape 
selective organic phase with ordered functional groups 
for reversed-phase liquid chromatography; Anal. 
Methods, Vol.6, pp.5459-546, 2014, ¼ĵ³; A. K. 
Mallik, M. Takafuji, H. IharaǗƷȯR 
ƢAnionic and cationic copolymerized ionic liquid- 
grafted silica as multifunctional stationary phase for 
reversed-phase chromatography; Anal. Methods, Vol.6, 
pp.469-475, 2014, ¼ĵ³; M. Takafuji, H. IharaǗƷ
ȰR 
ƣTuning of the molecular orientation of gel forming 
compounds and their effect on molecular-shape 
selectivity in liquid chromatography; J. Chromatogr. 
A, Vol.1324, pp.149-54, 2014, ¼ĵ³; A. K. Mallik, 
M. Takafuji, H. IharaǗƷȰR 
ƤA sulfonic-azobenzene-grafted silica amphiphilic 
material: A versatile stationary phase for mixed-mode 
chromatography; Chem. Eur. J., Vol.19, pp.18004- 
18010, 2013,Ŭ ¼ĵ³; M. Takafuji, H. IharaǗƷȰR 
ƥPeptide-based surface modified silica particles: 
Adsorption materials for dye-loaded wastewater 
treatment; RSC Adv., Vol.3, pp.23664-23672, 2013, 
¼ĵ³; M. Takafuji, H. IharaǗƷȮR 
ƦPolyanionic and polyzwitterionic azobenzene ionic 
liquid-functionalized silica materials and their 
chromatographic applications; Chem. Comm., Vol.49, 
pp.2454-2456, 2013, ¼ĵ³; M. Takafuji, H. IharaǗ
ƷȯR 
ƧMolecular Shape Recognition through 
Self-Assembled Molecular Ordering: Evaluation with 
Determining Architecture and Dynamics; Anal. Chem., 
Vol.84, pp.6577-6585, 2012,Ŭ ¼ĵ³; A. K. Mallik, T. 



Sawada, M. Takafuji, H. IharaǗƷȮR 
ƨA new imidazolium-embedded C18 stationary phase 
with enhanced performance in reversed-phase liquid 
chromatography; Anal. Chim. Acta, Vol.738, 
pp.95-101, 2012, ¼ĵ³; H. Qiu, A. K. Mallik, M. 
Takafuji, H. IharaǗƷȯR 
ƩSelectivity enhancement for the separation of 
tocopherols and steroids by integration of highly- 
ordered weak interaction sites along the polymer main 
chain; Anal. Bioanal. Chem., Vol.404, pp.229-238, 
2012,Ŭ ¼ĵ³; A. K. Mallik, H. IharaǗƷȯR 
ƪNew ionic liquid-grafted silica hybrids with 
enhanced selectivity and stability produced by 
co-immobilization of polymerizable anion and cation 
pairs; Chem. Comm., Vol.48, pp.1299-1301, 2012, ¼
ĵ³; A. K. Mallik, M. Takafuji, H. IharaǗƷȯR 
ƫNew peptide-silica bio-inspired stationary phase 
with an improved approach for hydrophilic interaction 
liquid chromatography; Analyst, Vol.137, pp.4907- 
4909, 2012, ¼ĵ³; M. Takafuji, H. IharaǗƷȮR 
ƬChromatographic evaluation of a newly designed 
peptide-silica stationary phase in reverse phase liquid 
chromatography and hydrophilic interaction liquid 
chromatography: mixed mode behavior; J. 
Chromatogr. A, Vol.1266, pp.43-52, 2012,Ŭ ¼ĵ³; 
M. Takafuji, H. IharaǗƷȮR 
ƭNew poly(ionic liquid)-grafted silica multi-mode 
stationary phase for anion-exchange/reversed- 
phase/hydrophilic interaction liquid chromatography; 
Analyst, Vol.137, pp.2553-2555, 2012,Ŭ ¼ĵ³; A. K. 
Mallik, M. Takafuji, H. IharaǗƷȯR 
ȢMolecular-shape selective HPLC: Stabilization 
effect of polymer main chain by alternating 
copolymerization; J. Chromatogr. A, Vol.1232, 
pp.183-189, 2012,Ŭ ¼ĵ³; A. K. Mallik, T. Sawada, 
M. Takafuji, H. IharaǗƷȮR 
ȣEnhancement of molecular shape-selectivity by 
in-tube anion-exchange in poly(octadecylimidazolium) 
silica column for reversed-phase chromatography; J. 
Chromatogr. A, Vol.1232, pp.116-122, 2012,Ŭ ¼ĵ³; 
A. K. Mallik, M. Takafuji, H. IharaǗƷȰR 
ȤEffect of High Density Poly(Vinyl Octadecanoate) 
Grafted Silica Stationary Phase on Physiochemical 
Properties and Shape Selectivity Enhancement of 
Polycyclic Aromatic Hydrocarbons (PAHs) in 
RP-HPLC; Sep. Sci. Tech., Vol.47, pp.621-629, 2012, 
¼ĵ³; M. Takafuji, H. IharaǗƷȮR 
ȥHigh molecular-shape selectivity by molecular 
gel-forming compounds: Bioactive and 
shape-constrained isomers through the integration and 
orientation of weak interaction sites; Chem. Comm., 
Vol.47, pp.10341-10343, 2011,Ŭ ¼ĵ³; A. K. Mallik, 
M. Takafuji, H. IharaǗƷȮR 
ȦA facile and specific approach to new liquid 
chromatography adsorbents obtained by ionic 
self-assembly; Chem. Eur. J., Vol.17, pp.7288-7297, 
2011, ¼ĵ³; A. K. Mallik, H. IharaǗƷȯR 
ȧPreparation of multilayered organic-inorganic 
hybrid core-shell particles by stepwise surface 
formation; Mat. Lett., Vol.65, pp.1407-1409, 2011,Ŭ ¼
ĵ³; M. Takafuji, S. Nagaoka, H. Ihara ǗƷȳR 
ȨFacile and versatile method for preparing core-shell 
microspheres with controlled surface structures based 
on silica particles-monolayer; Mat. Chem. Phy., 
Vol.129, pp.871-880, 2011,Ŭ ¼ĵ³; M. Takafuji, S. 
Nagaoka, H. IharaǗƷȲR 
ȩStrategic achievement for the baseline separation of 
tocopherol isomers by integration of weak interaction 
sites on alternating copolymer; Anal. Methods, Vol.3, 
pp.1277-1279, 2011,Ŭ ¼ĵ³; A. K. Mallik, M. 
Takafuji, H. IharaǗƷȮR 

8  
ƚDevelopment of silica-confined ionic liquid 

stationary phases for high-performance liquid 
chromatography; 41st Symposium of High 
Performance Liquid Phase Separations and Related 
Techniques, New Orleans, Louisiana, USA 2014. 
5/11-5/15; H. Qiu, A. K. Mallik, M. Takafuji, H Ihara 
ƛDevelopment of novel molecular-gel forming 
compound-grafted silica phases for the separation of 
shape-constrained isomers in RP-HPLC; Performance 
Liquid Phase Separations and Related Techniques, 
New Orleans, Louisiana, USA 2014. 5/11-5/15; A. K. 
Mallik, H. Qiu, M. Takafuji, H Ihara ǗƷg¤ 

ƚIonic Liquids in Liquid Chromatography. 
Handbook of Ionic Liquids, edited by Jihoon Mun, 
Haeun Sim: Properties, Applications and Hazards, 
Nova Science Publishers, Inc., pp.325-350, 2012; H. 
Qiu, H. Ihara/  
ƛChromatographic separation of tocopherol isomers. 
Tocopherol: Sources, Uses and Health Benefits, Edited 
by Angel Catala, Nova Science Publishers, Inc., 
Chapter 5, 2012; A. K. Mallik, H. Ihara/  
/  

2031
7

	 	 

- 5
http://www.chem.kumamoto-u.ac.jp/~ihara/paper
s_select2011A.html 

ŭűŮŬ öý�ġĔŬ

�JIŚȪƁƀźƉźŬƀƁƉƇƋźƃźȫŬ

×·hnȠhnřęÖùnöýùȠ£�Ŭ

öýĔçNȷȮȭȮȲȮȳȱȵŬ

ŭŲŮŬ öý7�ĔȪƀŲų�ƀŲŶȫŬ

ūĞŬ ĴȪƋźƃźžƌƂƁŬƅźƃƇƋƇȫŬ

×·hnȠhnřęÖùnöýùȠ4£�Ŭ

öýĔçNȷȲȭȰȰȯȭȵȳŬ

ŭųŮŬ öý7�ĔȪƀŲų�ƀŲŶȫŬ

Ç{Ŭ ¯
ȪƆźſźƇƃźŬƊƀƇƂƁȫŬ

×·ðã¿�ĠǸȟǻȡȠöý	�Ŭ

öýĔçNȷȮȭȯȯȴȶȶȱŬ

ŭŴŮŬ öý7�ĔȪƀŲų�ƀŲŴȫŬ

ǬȄȇǵȡŬ ȈȘȚǵȡȪſźƆźƈźƋƀƎŬ

ƀƌƄƄźƋƀƎȫŬ

×·hnȠhnř+xÃÁȠD£Ŭ

öýĔçNȷȶȭȲȲȮȯȴȳŬ

ŭŵŮŬ öý7�ĔȪƀŲųȫŬ

ÓåŬ >ȪƊźƍźŽźŬƋƊƌƎƇƊƀƁȫŬ

×·hnȠhnřęÖùnöýùȠ4£�Ŭ

öýĔçNȷȶȭȯȱȭȶȭȯŬ

ŭŶŮŬ öý7�ĔȪƀŲųȫŬ

3ÇŬ ¬ȪƋƇƅƁƆźſźŬƅźƊƇƋƇȫŬ

×·hnȠhnřęÖùnöýùȠ4£�Ŭ

öýĔçNȷŬ ȴȭȯȳȱȯȭȴŬ


