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Speculations about Crystal Growth Nuclei and Vitreous

Transition Origin

Robert F. Tournier

The Magneto-Science Society of Japan has recognized in 2012 the efforts I made with many
collaborators to develop magneto-science since 1989 with a Lifetime Achievement Award. I was
convinced since the departure that growth nuclei survive in melts above the melting temperature T,
and could be used to texture materials by solidification in a magnetic field. High-T, superconductors
have been successfully textured after overheating their melts above Ty, and slowly cooling them in
magnetic field between the liquidus and solidus temperatures where the growing crystals still have
easy-magnetization axis and are free to align in magnetic field. Many metallic congruent compounds
have been also textured. Permanent magnets of SmyCo;; type have been directly solidified with
magnetization and coercitivity required for applications. These results show that intrinsic nuclei
surviving in melts are very numerous if the applied overheating temperature stays smaller than a
critical value of about 1.01xTy,. Their critical radius is far from being infinite at the melting
temperature. Their existence raises numerous questions about our current understanding of the
crystallization process.

In principle, nuclei can survive in melts if they are protected against surface melting or if all their
atoms belong to the same super-atom. The surviving nuclei could be super-clusters containing magic
number of atoms only melted by homogeneous nucleation of liquid droplet inside them. The physics
of nucleation could be on the border of a conceptual revolution because all materials could grow
from unknown super-clusters.

The volume difference between liquid and solid states of metallic substances induces a Fermi energy
difference of conduction electrons. A complementary Laplace pressure Ap depending on the nucleus
radius is acting to equalize its Fermi energy with that of the melt instead of exchanging conduction
electrons. An enthalpy saving —¢;xAH;, equal to —V,,xAp per molar volume V,, has to be introduced
in the classical Gibbs free energy change from melt to crystal with AH,, being the fusion enthalpy of
bulk materials. New critical parameters are obtained depending on the numerical coefficient g
varying from 0 to 2. In particular, the critical radius R* is no longer infinite at T,, and nuclei having
radii smaller than R* are not spontaneously melted. In liquid elements, the coefficient s of nuclei is
a function of 6% with 0 = (T-Tw)/Ty, which has a maximum value g5 = 0.217 at Ty, when the radius
R is equal to R*. The derivative (dei/dT)rm being equal to zero has for consequence that the fusion
enthalpy of any nucleus could remain equal to AH,,. The nucleus surface atoms have the same fusion
enthalpy than the core atoms; then, the surviving nuclei are melted by homogeneous nucleation of
droplets and are not submitted to surface melting. The coefficient €5 is quantified when the nucleus

radius is smaller than 0.5 nm. It can be much larger than the critical value equal to 0.217 in liquid
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elements. The critical barrier for crystal growth is reduced and equal to a smaller effective value
when the energy barrier of 13-atom clusters homogeneously formed in the melt authorizes them to
grow beyond their own size. The crystal nucleation effective temperature in liquid elements is much
larger than the homogeneous nucleation temperature T,,/3. The role played by small super-clusters
spontaneously formed in homogeneous liquids has to be clarified in the future to be able to predict
the growth nucleation temperature which has to be homogeneous and heterogeneous at once and
which is larger than the homogeneous nucleation temperature corresponding to the critical energy
barrier.

Some speculations about the nature of the vitreous transition can be also made considering a possible
liquid-to-liquid phase transition due to an instability of the liquid volume as a function of
temperature in spite of the fact that all researchers are nearly unanimous to consider that the
transition is a kinetic event associated with relaxation times rapidly growing with decreasing
temperatures instead of a thermodynamic event. The debate is not closed and the conclusions are not
still settled. The nucleation temperature T; defined by the following relation (T;-Ty,)/Tp, = (€15-2)/3 in
glass-forming melts is obtained minimizing the new surface energy for each value of €. This
temperature T; exists above T, and corresponds to a minimum value of €y associated with a well-
defined free-volume disappearance temperature To, which has to be compared with the Vogel-
Fulcher-Tammann temperature. In fragile glass-forming melts, the maximum coefficient g5 is larger
than 1 and smaller than 2. In strong glass-forming melts, €59 is smaller than 1 and Ty, smaller than
Tw/3. At the glass transition, changes of € in €550 and Tom in Tog leads to a new minimum value of
€lgso lower than € and a new crystal homogeneous nucleation temperature T, equal to T,. The
enthalpy change at the vitreous transition is equal to (g5 — €145)XAH, and can be attributed to a
liquid-to-liquid phase transition because it depends on the liquid Gibbs free energy change at T,.
These simple ideas lead to a possible existence of an equilibrium thermodynamic transition hidden
by irreversible contributions to the enthalpy and time-lags related to the transient and the steady-state
nucleation times of the vitreous phase. The recent discovery of ultra-stable glasses with lower
enthalpies obtained by vapor deposition on substrates at temperatures equal to their Kauzmann
temperature Tk show the existence of new equilibrium states of undercooled liquids which return by
heating to the initial equilibrium state at T, with an endothermic enthalpy. The transition hysteresis
could extend from Tx to T, reflecting the time-temperature transformation diagram of an
undercooled liquid to its vitreous phase.

All these speculations are made to encourage young researchers to realize that the future in materials
science could be magnificent if they are determined to change our too-conservative explanations of

matter transformations.
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Electric Energy Transmission to Implant Medical Device
Using Electromagnetic Field

e seiE®, mAThY, AR
(DHRAERZFZRFF TR (2) MALRFRZFBLE TR
Fumihiro Sato (1), Tetsuya Takura (1), and Hidetoshi Matsuki (2)
(1) Graduate school of Engineering , Tohoku University
(2) Graduate school of Biomedical Engineering , Tohoku University

Abstract We propose the Contactless Electric Energy
Transmission System for implant medical device. The
system is using a electromagnetic field which is able
to buildup of high density Electric power in space. We
show a few typical examples of medical device.
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Productions of biomineral and bioenergy using microorganisms

e[
B R LR R PR Lo be
Tsuyoshi Tanaka
Institute of Engineering, Tokyo University of Agriculture and Technology

Abstract Biomineralization is the bioprocess by
which living organism including
microorganisms produce minerals, often shown
the highly regulated morphologies
properties. Magnetotactic bacteria synthesize
intracellular magnetosomes that are comprised
of membrane enveloped magnetic crystals. The
nano-sized (50 to 100 nm) bacterial magnetic
particles are morphologically regulated using
biological molecules under ambient conditions
and are applicable for various technologies
based on the genetic engineering techniques.
On the other hand, microalgae have a potential
to solve the energy problem because of the
ability of various energy source productions.
Here the potential of microorganism for the
productions of magnetic biomaterial and
bioenergy is introduced.
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Magnetostrictive Vibrational Energy Harvesting Device
For Biomedical Applications

¥ e
ER/NINES
Toshiyuki Ueno
Kanazawa University

Abstract We propose vibrational energy harvesting
technology using iron-based magnetostrictive material
(Galfenol) for battery-fee electronics. The simple and
rigid device based on large inverse magnetostrictive
effect of Galfenol and parallel beam structure can
generate electric energy efficiently from human
motion and ambient vibration. This paper describes
configuration and principle of power generation
switch consists of two devices and its feasibility for
biomedical applications.
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Magnetically transformed light oscillation from
Brownian motion in living systems
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(1) Chiba University
(2) JST, PRESTO

Abstract This paper supplements the presented studies
on the new aspect of biomagnetics, which is
concerned with energy transformations in living
systems. Also it summarizes the next plan to explore
the other way to achieve undiscovered electromagnetic
energy transfer in our ambient fields. An example of
utilizing biogenic photonic crystals, guanine crystals,
for magnetically transformed light oscillation from
Brownian motion in living system is discussed.
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AILOFHRTH Y, FURT X D 7225100mT L
IV ORESE FIZR VT, ()BEBEL M 3 KON i) Y
St - Bt ORGSR WA A T 2 & S B
Lipot.

7T = AR © T E N E
LT <, B X ARG E 2R &
SILDH DY, F100mT L~ L CRESHEL 19~ A KRk
WM T2 IR T2, MR K& ek
ML RR A AT 5EEZ 26N 5.
4. SHDFE
INECEE LEBEEOLED 7T = i
WDIEINIE AT ) A— FILVDOFVERTH D =
EMBN. THDO T+ b= 7 ERIE, BB
BEDOT T v EENCBUBICINE L, FERICEEE R
FIXT LIENEHOREKE 72> TND LY TH
5.

kYAl
100mT

K 350FF 500mT

F/RAr—IL KABA

DXEEHFH DEIET
AIHE ZMMHER BEERESH

X1 77 = kORI E M
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L2, REAVNEETHLIOITEEI VT A
T O T CZOTT = hkEiniEER DT T
EENS AT IR S TR S, S5
OFFIRf DY ETE N B TSN D 2 & Th
5. BrFITLoTE, SR IZE > T
BHEINTZT T U EB) T L X — DRG0P R
WCHHELD L XD R E L THATWD L OICH
‘AOLND. 5%, REEZRILX—LT T T
EEO = RV — I OREEZ R LoD, Z0
I A T LERH B.

I

ABFZEIE, JST BRESHIBINEMFITHEME F3E & & 7
O TEREE - KIEAE ) O RERER & NS KD
A F T FX—BIRLD T2 O HAE AT OAIH ] D
—BL L TIThN-bDTHhH D, WFEHRITICERR
TEW= AN B BT E &2 3R T,

SE 3

[1] Effects of static magnetic fields on light scattering
in red chromatophore of goldfish scal, M. Iwasaka,
Journal of Applied Physics, 107(9), 09B314 (1-3)
(2010)

[2] Effect of 10-T magnetic fields on structural colors
in guanine crystals of fish scales, M. lIwasaka, Y.
Miyashita, M. Kudo, S. Kurita, and N. Owada, J. Appl.
Phys. 111, 07B316(1-3) (2012)
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Anisotropy and Photo-functionality of the Complex Composed of Layered Materials
and Dye

SRS (ERRRBEARIEREE, A TOLApitgE®)
°Shinsuke Takagi (Tokyo Metropolitan University)
E-mail: takagi-shinsuke@ tmu.ac.jp

1. 1ZC»IC

RERDIRIVE—REEZDE. KBEXOEDFAIIBH TERLRETHS. RADIEARRETIE.
BERENTFORBELGEMBEEZTV. BOTENRGRILFBREEZRER LTS, 7 FERISEL-HIZ.
FRARIZRA N E AR HMICIRET SN TS, ZOHRTEH, 7/ — M EITEKENMEEEF TS5 RTE
HILZERIGHERET I, LT UMEREFLALTEELGAEREF O REZE O/ —FEE#KRX
FMIHETHD, EEERHELTHMYTHEREABASATHY ., D, AIRBICEWTERTHIIEMN G, SRS
MHHZAWDRAMFEELTREEBRREN1,2], L EZINETICEEDHFAUERIL I3 FH RS
THMREICEEEICESELENSERALAVEKREVEEZATHILERVEL. ZTORESE
Size-Matching Rule ELTHEL TS, RFEETIE, thr S EICH I ELGRIL I D FEEHEE
[CEDEHELGIRIILF—BHRIGICTOVNTIERA
5. BRDPTFOEE. RV EBAROREERRET
MElFdI&Ic&Y LM RAIZESITRIEIX
100%DENELGIRINLF—BERLEERL:Z, K
REIKRGEHENESIHETIATIABERETIL
ELTHEET BTENHFSNS,

e i
2. BB BR. BLU,ER RETREME

2.1. ¥t

AHMRTIE. BBEREFTUHLIHEPEAFAUERIL I« BREAV. TOESHERER. 5LV,
IRLNF—BEREICOVTHEELZ, —BRUGHLIHEYTHITRFTAM(R2) oML,
[(Si; 20Alo.50)(Mg5.67Al0 03)02(OH) I 07077 (Y XA DU B—HFF)THY . tht RE L TOFHERFEEER
[T 1.2 nm EEHESNS (RB) , A FAUKBABEE(CEC)IE, 1.00 meq. g ' TH 5,

© © Clue

; ( 5
K3 #tH

ey e

F(E) EZDHLK AFM B (B),
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22, X F/o—NRILILIEERIZE TS5 FREAEREH G

EHEARELICBVT. ARERIEI—BRMICZOS AN SLOBEERICEVESEEEZRLPTL,
CCTIR.EELEDFESLAEWIHEEAZRITETISIHEIETE 172 nm UT) . HIZ X, RIRARY
MILDESFRENSEILTDHILENS . RENRBELT N LIE. AREROEESEE. bbb, B
BREOERH - HXERZEHET I ENEETHILERLTNDS, CCTIIABREE T HRAMIKE
EERERATHITAMBRDEEERIZIODVTEZDLN ., TOLILBEITETS AN FESLOEEERICE
YIBOHTEBICRENEIS, LOL. AFAUHERE RS HIBFEDBELZETHLE. B BELGRES
HICHLEAHLLTREEFHBRBINGVEVIFELGEEZA KR T H01.2], flRIERELFAERIL T«
2 ([pH,TMPYP]* (4)) [£. ZDEAFIRE mETELEEEHETRIBL, RILIT1U L EYIELEN AR
FICERDRIREFDRFEAHY YDA ERICALNLN TSI T/LELZTDERKIZHT=5, 2D
[o-H,TMPyPI*IZ$E .+ /> — b DAFA VKRB ST LT 100% vs. CEC ELVIEBELEH (FEH 95 FRE
BERE= 24 nm) ICBVWTHESEAWNBEZERT S, COBELSEERESANEBELER T HSXRERFD
fRER%E . BRRBHFA RV I )R FERWTEA Tz, TOHER. RIL T VO FRDAOF AU ERME
LT/ O— N REDTFY T A ERHEMI BRI —HIT IG5 EEEESARBENEMRS
NBZENRBELMELST=, CDFEHEE “Size-Matching Effect” &L TIRIEL TS (H4), COREZALNT,
BREEDELSFT/O—rERAMMIEELTRHWSIET, RILIAVEY S FREERZ. 2.373.0 nm DEE
BT, ALRLTHIEIFTHIEICHRETIL T3],

AL=|Ldye'Lclay|

X4 “Size—Matching Effect” D HIRE

23. WX F/—NRIVTL)AEEEIZE T H5 FE R H

ATET ClIE D FREER DO FIENZDWTRAIZA, SHITEELZD FLAIEEFIEEL T, 2 FEMRFIEIZ
DWVTHREEIToTz. KFIZHRLIZf L /o — N BERBEREEREIHSAER LIS EEELLTRET
BIENTRETH D, COMEEIZEVWT. ¥ A FIEBEL-F /o — RIS ENREEIZH D, hFA
UERIL I DRF L L IEE R R R ERAIRICSST L, TOEBEDEEICL>TENELLT S
ELSBRER(VILARBAIX L) DR ENS[4,5], Sn ZHILERELET HRILTA) 0 THSSNV(TMPYP)(CD,]1*
FEDEIEIFIZKEN, CNOHDRRIEF/O—F ETORIL IO D FORBERRAHINBEDIELEICL-
TERLTWSILITERT 56l CNETIZ, BAFMLGRETICKY. BRI REEDE DO BKMERE
RN EBELGREEZRI-TIEEHLNELTVS, — A BBAZELDOLOTSERILIA O DBEICKYE
BHIEDNDMOTWS(ES), COZEEFALNIK, — 8D F/o—kEIZ, FITREDRIL I« II-T
WBRIL I ERESEDILELAEETH D,

UEDESIC $5EF /o — /R ITAIAEBRICEWTIE., FHEHRIZOUIA—ILTEIET, HFHE
&, O FREER. 2 FER. D FRBELVSIRALGT /LA EETEARIEETHD, DD FEE
BEHEEAT (. B CERMICHBICERINSINIEERIEEITIRICKESD RN, N D. FHATHS,
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water MeOH  Dioxane THF DMF

[p-H,TMPyP]* — — e h’ E so5
[trans-H,DMPyP]?* == == e , ,
[cis-H,DMPyP]?* e [ , ‘ ,

[H,DPy**DS*PP] — , , , 7 ’\29 SO

FNT VLT [HZDPy2+DSZ'PP]
K o—h
K5 HAEBESFEK[TICETERILI0)DEFRIKEE

24, FAMIFRIOBEDEIRLF—BERIEG - ALABEETILOEE-

X F/—HME A DT RMIBLOTERDST A FERBICRE. BESEDIIENTRETH D,
BRIFINFETIZ, AR DS FERINEHEF AT IIET. 2 BOS AN FRIOENERLIRIILF—BER
SERBLTER[7-12], CSTEAIEL T, EVZEBREDZRINARINILEF T BmH,TMPyP]* &
[o-H,TMPYPI* DRI D TR L F—FBENDLVTHBRD (K6 L), it F/—MNIHREFEL- 2 EBEDOHFD
55, [mH,TMPyPI*Z:ERMIZHIELIZICEM 5T, [o-H,TMPYPI* D FEA N EIZEBISN Tz, Chi
[m~H,TMPyP]* M5 [0-H,TMPYPI* NI TR ILF—BEIL - &IZLDEDTH D, TRILF—BEZE
(2 D FHEIOEHEHIANEFENTHY. 2 BRBROWEELTEARSENIE, F/o— LD X0 FEEERE
MNINSKGB-OIRILF—FBEHNERTIERT L (EE6T) , [mH,TMPyPI* &[p-H,TMPyP]* A% 1:3 DL TH
WELEZRICEVWTIEIRIILF—BENE 100%ZEZRLTEYT]. RRIEAIABERETILELTHET
Hdo

4 Fluorescence
Exmissé
@
Energy Donor Energy Acceptor
1.0 [m-TMPyP(D)]
o\ [>-TMPyP(A)]
0‘8 o_..--*)""ﬂo \
W 2115
~0.6 01/8
= 4 g a1/3
S z \\ o1/1
*3/1
A8/
0.2 N
’ =15/1
0
0 20 40 60 80 100

Loading level of porphyrins / % vs. CEC

6 [mH,TMPyP]*M5[p-H,TMPYPI* AD IR )L F—FBENRIG (L) ETRILF—FBENNZER 7 (T)
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2FEDBRNFEERBSESIHERLEICIEEHY. 2BOBRDEESAREAVTRBICRESE LA
ZE(CAR) FADBRELICRESERINSAHDEREWESEDIHE(SAR) . TNENDT RO
BERERNRIAELTHLRETDIHENHD (A KR 1], SNOOEBERAZEDEWNZITTHIRED
HREMNZEILT B, ZSTIE, [mH,TMPyP]1* &[o-H,TMPYyPI* A% 1:1 THIRBL-BOERIZDOVNTiHR 5B,
[mH,TMPyP]* M 5[o-H,TMPYPI* D TR )L X —FE B RIS DTN S, SMEHER AR KD HE BB KRED
BWEFRIRTDHIENTED, CAEICBVLWTIE, ZIEOBRNEBEIICHET 6. B LELEE%
RICIRILF—BEREHIEITT D, —H. SAEZICLDMETEEARTIEIRILF—BIDELZOHFES
BETHY.AZIZBVLTIEIRILEF—BEHNEN 0 LEHINT ., SAZICBTAIRIILT—BBDEDE
TIE. 2FEOT AR FNMRHLTRELTWSILIZHETHEDTHD, RITLE. 2 BEOT RN FIE
NENRRIZHYEF > TRELREZIEL. 2 EDT AN FOFY S FRIEMAKRELLIIEN IR
IWF—BEENMETTEH(RT7), £ A EITH T HERMNBIE, [m-H,TMPyP]* &[o-H,TMPyP]*Z FL =
BE. BT /- NETORBEDANBEDOYNLENIEN DN D, Ti=. CAEICBENTIEIRILT—FE)
DFEICREBFEIENBNI LS, COBFRDHEAEHEIZEVTIE., FRITKELNBRAEMICKRETHD,
HOBEROHAEHE TIXRITIRENRELRIENAZ NI EADLI>TEY. COLSLEREZROES K
BEHEIERGREETHD. T i UM EEEILTHILT. BRORIUERDORATA K., BBEL
EANEDERNROSNDZENZUV13-16], RATIE. COLIBRBIZEODESEULBREEIRT S
ETHIZIEBEIRILEF—FFED 20 pFLULENS 1 DFICEHDIAINBERETIILOBEICHIIL

T39I,
00000 000000/ /000000
000000 000000/ /000000
00000 000000/ /000000
ooeoee 000000/ /ec0000

@0e0eo 000000/ /000000

(i) CA integration (ii) IA inter-sheet segregation @ m-TMPyP(D)
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3. BHYIC

HEF/O—FERAMIBEELE-ERERESHROFHRELT. ZOREEOEEO. IEHAERZITLOT
WIENFEITFOND, 5 FES-BEMRHEIES. TOBEZFALEIRLY—BERIGHEECDOVTRRT
E. COEMEFRALTRBGAEZEDDCENTENIL, ANEAIRBERTEET HENHAFTE
5. K. ZKDEBNEZAIABERDRESNTELN RADAERDLIICEFEHZFOERGERIEE
HAEHLELAIEVEN, RRODFERINEMEIEATHIET L H/O— N ERBERESHKBIZ X
HERETTHKAERGAYMEERRTHAATLEVVOSBROLE AIRILF—HERDERRIGA~DE
BELRBICAYDOHS(RBE) ., Ffo. FARIREATNEWNSIF /O —FDHEEEEML. ZRTHICE
FHEEH S EIRILF—BHROBEICERYBATHNS (K8 H), TRTHILFRRIZENT, RIGIED
BRENIBOTEETH D, RAMIBELTOEKM B EEBNI-RIGIHLEGYSDH. ZOP TEHHMF
ZEITHT/O—MRIE D FLARILTORBEREZTOS51=—IGRGETHS, §&. 7 FLANILT
BEMNFIHIN-BRERESAKOELLIMERENHFIND,

SRS ARG
BENTONE
7 o 7
o Oy 4
7 KRR
EARXHEROEE

SIS T

M8 HMEIMYMEICETP2BRODESBEFECKIARICREE

ey -

BEICER
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Microdomain Structures Formed by Block Copolymers Having a Main-Chain Liquid
Crystalline Polyester Segment

CFRHHER, JELNEYR RO TR
°Masatoshi Tokita and Junji Watanabe (Tokyo Institute of Technology)

E-mail: mtokita@polymer.titech.ac.jp

1. XC»IZ
Tay 7 KEAERPERT LT ) A= RV A= DI 7 a KA
A UG EE TS 1 DOFEE LT, BRI TR EICEM TS
WEhE T aE 7 Ay NMCET HiEmE7 vy 7 ESEPER S
TW5a. 7 my 7 ILEAKREFRER, BRI 7 e RAL UELE
KT BI2E, ' T AL NOSTFEDEPD/NS N ERNE L IND.
FOTW, W 7 A v MTIZ Y B oV EA AR SR S e 4y
FORHWLNTET.

WREEECI & R 7 1 R A A UERA & OFBE A TRET 5 D, Fi TOMR
A YT ORR (TR Vo T7) Thd, —IZ, 78 RAAL K
ENTEEZ A MIF mE» O EmE ST HICOCF XX EEE
& D MEERIHE SEVEE Sy D A YV A AT D BRTERIR I O OV IEHIC
5. ZORAYT PN FIRIEATICRR (RES=T AT BV 7) Fig. 1. Two types of the

T5Z EIFESHIEBTE S (Fig. la). FIIlIZH o7 40 HIF L D7 anchoring of mesogens at

ZARTSH, 2WMOBSZERIFITREICH L TRES=T A - T B microdomain  interface in

LT liquid crystalline  block
' copolymers.

TR, REICEEICA Y SRR (FAL Ry T A oeencous anchoring
7) SEDIFEITNIERNDEAI DRI HIE, I7r RAL (b) homeotropic anchoring.
REPDEEIMIL D T2 FHITKH L TAY T2 FATICB T IE
Fuvy (Fig. 1b) &2, TETGME A YT ORI TG MBI 2 FEHER SRS TICE B L
Iz LrL, EEMEAERES TITEMBE TERSND R 2 AT VT, SFREOMERT 2 125,
DENFFHORSIIZNG DR HSH. TN THI 78 FAL AEEETGRT D D25 5 5?2

2. 7uy 7 XEBEEEOERK

7 2= VO HNVR R E 3-AF-1,5- X0 B V=B D BB-5(3-Me)iR U m AT VA&, K
DAKBRINZ 725 KO AV FEMA LT, 20 BB-53-Me) R ZAT/LZ 2-7 0EA YV TFL—KT
nvA REpOcSHE, RNY 2T VTRECR-BEI T O VES (ATRP) OBt Z > 72. Zih
ZRGEAIE LTRY AF A AX 7 U L—K (PMMA) H5WEIRY =F A% 7Y L—k (PEMA) %
HEL, ABA =7 v v 7 HEAKEZEZ (Table 1).

Table 1. Characterization of Polymers
COOR

COOR (o} (o}
Br ¢} (o] ccfo 0 Br
n m n

R = CHz or CH,CHj

Sample M, L M am” M,y/M,°
OH-terminated-BB-5(3-Me) 10,000 2.03
50E 10,000 10,000 1.99
41M 10,000 6,800 1.74
39E 10,000 6,500 1.76
30M 10,000 4,300 1.88
26M 10,000 3,500 1.74
19E 10,000 2,300 1.85

3 determined from 'H NMR. ? determined from GPC.
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3. WEAEEL I 7 v RAAL U
K70y 7 HEAKRD DSC —F 27T AiZlE, BB-5(3-Me)t 7 A > b DA T AL L 5K B O
N &R SRR ER RS O 5 B Y — 7 NN 30°CHHE, 140°CHHTIicHEN-. Zhblamz <
PMMA F 721X PEMA 7 A > v OH T AEk (70°CH L OV100°C) (2fE 5 AR EORM & B,
TG & 2 70 R AL Ui 2 X BREGEL CRERR L7-. W' 7 A o R DS IRIAIRBE DIRFE I\ 23k
Bta vty hToF A BIF T HERUE 2 L IRE CAVLER L TR L 72, Fig. 2 1ZIAA K OVIME X AR
WELT 0 7 7 A NERT. JRfRE— I A AT F v 7 CA SR 72 2 SO, T70bb,
A A Y T 7 JE I DAEED T 10 O AR RIS, RN ARERR O T ISR > To~a— RN b
N5, —J5, IMRE — AZITHRHER T 101 7 S ORI BEELN 7 R v q DN O E IS ET 5.
AR F o IfE, 270 RAAL T AT EBITHFEENCEEICHD Z LD,

Fig. 2. (a) WAXD and (b) SAXS
patterns of the fiber sample of 39E.
The fiber sample was spun from the
isotropic melt at 160 °C and annealed
at 120 °C of the LC phase for 12 h.
The fiber axis lies in the vertical
direction. (¢c) LC and microdomain
structures elucidated based on the
- WAXD and SAXS patterns.
X BREEL R Y — o BN D4 D FEE A Fig. 2¢ ([ -, EERIG S S A2 B 2 A MICAT
L7y 7 EHAKRT, OA VTR IATREICHRAFT ey s 7o) 7L TnbsZE, @F
WeatEE 7 A FOSFESAN 2 IRV 06T, 7y ZIEERIL T RIS ETHRTH
72T ATIRI 7 RAAL U EBT D2 & 26N L.

(@)}

4. I7 v FAA UEEOMBRKRIENE2)

b7 wey 7 EEASRE, EREZ AL NOSEDN 50 wi%ll F THIVUTHENIESHTEH, 7 2 Tk
S/ u RAAL UHEERIBRET D (72& 21E Table 1| @ 19E |Z PEMA & 27 A F OEESYRIN 19 wt%) . 2
T AT OEE, IMAKFOMRELIE, 2 EOT A TDOEIDLICORMEFETHDT, WETa 7 74
NEHEREIR LT 2 2 T ATHE (d) OARLT, B ELIOIERDOT AT (dic, un) &
RHDHZ LN TET (Table 2). BT AL MO TF 8 M &2 EICIHEMBED ST My, 28NS &
BDE, A 1 TEEIMT 25—, dicldBd L, ZNHDRELAEDETH D do 13658 L. BEHESEND
HEINDEREZ AL FEIZ50 nm THY, dic D 4~55ThH5H. FEEBEOIENVIZEDLEDL LI
Wit 7 A2 NI 2RO EBENEETTIATE2REMEL TWDHZ EE2 R LTINS,

Table 2. Structural Parameters Determined by the Simulation Method

Sample do /nm dic /nm d,m /nm oLc /nm Gam /MM d,m/do Oy am
50E 22.4 10.2 12.2 1.5 1.0 0.54 0.52
41M 21.9 12.1 9.8 1.0 0.8 0.45 0.41
39E 22.8 13.0 9.8 0.6 0.7 0.43 0.42
30M 19.4 12.6 6.8 1.0 0.5 0.35 0.31
26M 22.4 15.7 6.7 0.9 0.5 0.30 0.26
19E 18.0 13.5 4.5 1.3 0.4 0.25 0.20

I T AL NDHFEE SOWt%LL EIC L7200, LVRIEZREEE 7 A ML T5EI 71 RAA
UHEENEANT B[3,4]. F1o, R TF v MR 7 A L N EET HEBEASKTIE, IRESMICES K
EHD a7 o A= a VAN AR T A TGO A FE T A[5]. I ORI TEMmEND,
FHEARSEMEE 7 A NEET LT ey 7 IESHIE, RAEEE LV EBICHE LI 7 a KA1 v
EZTERT 2BIERENRER THDL EEZ TN,

23 3Lk [1] R. Ishige, T. Ishii, M. Tokita, M. Koga, S. Kang, J. Watanabe, Macromolecules 2011, 44, 4586. [2]
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Development of Functional Materials Using Anisotropic Structures of Liquid Crystals

Takashi Kato
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One of key subjects in materials science and nanotechnology is the control of molecular
self-assembled structures. Among the approaches to the fabrication of functional materials,
self-assembly of liquid crystals is useful for the development of dynamically functional soft materials.
Liquid crystal combines ordered and fluid states. Anisotropic and enhanced dynamic functions can be
induced by the incorporation of electro-, ion-, and photo-active moieties into supramolecular
liquid-crystalline (LC) assemblies. Nanosegregation behavior and controlled phase transitions lead to
the formation of dynamically functional materials.
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Transition temperatures
of 3.0 wt.% agarose-L.
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Fig. 2. (a) Birefringence of agarose gel (C = 4.0
wt.%) prepared under magnetic fields up to 5T,

(b) Melting temperature of agarose gel (C = 0.5 wt.%)
under the various magnetic fields.
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Fig. 3. Melting temperature of agarose gel (C = 0.5
wt.%) exposed partially to magnetic field of ST. The
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temperature and the range of the temperature exposed
to the magnetic field. The dotted line indicates T, =
81.8°C for the gel exposed to 5T for all the
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DNEFNT DLW IRFENE SR & R OB 2 7R LTz, BB EAT2 07 101 10 | TR 1E 7 A1 A3 S 7 Y
72 RBRAE B IR R OB I — B Uiz, TSRO NI bt — i G322 8N TED,

FIRIZ T HhE A AR O TR EL AL ML, O )RR 5 | KIE XU Y 35, AUk, b Sh iRk o iz
WERE DO NTT U F ATHHD, AT ~OH R ITEL A AHY, = hat— MRV REETH 5, HlE
i DOMRAEEL D ZED | TV DOREHEE FEAR AT, MR kAt e Clch bz LB 2 bivd,

6. FI7HINHE

T H =R AL RN T - AR 2 R T bbb, 77UV T IR A O LI 2 HibIRFE
DEALT D TIX WD, 7R CIERED 2 BIRR R §5, BEGGIBION 10 T OBGH T, N
1.0 mm DOHITAFYET)—WIZT NV E/ERLILT-,

FYETV—NOED L%, WHA CTREDR 100 . | | .
25T BN KRBT E W TC, P BMEBI T 4wt.% Agarose-L at R.T.
ESEMEL. RS Fig. 7 ORI, [7] 7N sl g
AR T0%EA L CUURL . T4 D LRSI R .-
AR RE OV R DT, Tl S | I
TERLZ27 THE NI L, — 8
U5 BV OEEITRESRI% TV s 8 b
Lot BV OIMEITR T THY B 2 % T gk ]
FRIC TR J710 (A) K0, EAF R (O)TEY 3
UL T2, JREE 80%LL BT R /KT Ik 92| . __o—0 -
INKEER DN B 720 | KIS T D2 ENB LI :
o7, 90 1 | 1 1
R HRE VAT I K E IR BEVD L 0 e 70 80 %0 100
ZDOFENMR O AT ARHRRKENTETH S, Acetone concentration, C [%]

TP O G M SR D U T e b RE )8R 7 1R D 57 93 5
SN EVIRERTHY . —FT 5, WE %5 5 5E Fig. 7. Anisotropic shrinkage of 4.0 wt.% agarose gel
AT LU ERE B2, 7 e — 255 71k 1r11 Acdettcme—v;fatgr SytStetr}I: at 2931?. Tcllle1 opiﬁ ler('ie anc}
o closed triangle denote the normalized length of the ge
Eﬁfj?ﬁ&]ﬁﬁﬁm g@mﬁ?@f‘ TH Eir., A0 formed parallel and perpendicular to the magnetic flux
ngf’\ﬁ—g7zﬁi§§gfﬁkiE#<@ O 7274 of 10 T, respectively.
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7. BHYIZ

AR IR OHER A £, 7 Ha— R AZEEEZRY | MG I L TE DL 72 B G PENEELT D0 ERF L
7o FEITLIZT o — A7 )V OMIZH L D7 N Z > TETD, 7 A —RAZBE 53R EL T, hich KA
T i E% SPring-8 TaL 7 hAHELIIE Z AV L VRIS DO BR 0O FE - 1E B B FE D L ORIE =R,
PEAARREPTIZ LD S O B ML HE - TR, T <IN ORE RIFEL N2 o7, BUEETIELN
TR REL TR, R TNV AR DL fE I B 352 & TRE A TR O SR 2R EEL | FEAS Sh1H
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FEEL ., PRI MEIT S N OIS EE AT ALV AT, VTR, FAEREOYE R E T D
B2 SHT-E THDHN, TORHEEHRIIE % THD, ZHUTTF VINZFETHY, TORERENZEETH
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FHLU DNA O FIEICHS 200 TE 5B 2 T A D TD, [11] BRI EE DD TE 1T
2 N CTHIT- e 6B A T 55528, HOWIIBIGE O H LW EROCHT LD FIEE B LW EH I
BZTCNDIEREAY, Bl TR E SO BN EE OBL IR VY < o TR — BV BEN LB 1372
MY | RS TR TR Z ST AR T R FX b/ NS, LNLARNE, [R5 28 5 TRIAIC LD 8T
T2 R AT 2 M TELRIIBMELFAET DL T THD, TG I 0 EE 2 7SI Oz E
TIOBENELIZHETHIEEFED,
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