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*/@ 4 D¢ flexible and
L~1 nm = -— .
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Figure 1. Comparison of lyotropic liquid crystals based on nanosheets, plates, rods, and
surfactants.
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B F A DY EEE N RIS, ZOZEN, S/ v—hauA NOREDTRIZEHG
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inorganic layered crystal ) -
inorganic nanosheets liquid crystal phase

’ % &
exfoliation — —
'" tetrahedral layer

Z octahedral layer

J

Figure 2. Schematic model of intercalation, exfoliation, and liquid crystal phase formation, and
the structures of the layered materials that form liquid crystal phases: (a) clay mineral, (b)
K;Sb;P,0,,, (c) a-ZrP, (d) graphite, and transition metal oxides of (e) K,NbsO,,, (f) KTiNbOs,
(g) KNb;Ogq, (h) Cs, (;Ti, 130, and (i) KCaNb;0,.
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NaCl concentration (mol. I-)

103

10 T T T T
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Figure 3 Phase diagram of H3;Sb;P,O,4 suspensions versus volume fraction and salt
concentration. Upon decreasing the volume fraction, the suspensions form a lamellar gel phase
(Lg ), then a lamellar gel phase (L;) and finally enter a biphasic regime (B). The system

fllocculates (F) at high salt molarity.
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PN ICKREREBELE 2T, Thbb, RERSMANEMT S E oy BNE LML, —
FIAFOREIMMNIEN D Z ERNbhroT-, T ORI, %IRRT E
BAEL TS, FROFEIZONTIL, WHTERD KNbO,; RICE N TEILHIZ X
S TEEIZHE SIVTWTZR, RIS OB LI 5202 L7 DX Z OWE DY)
WTTHDH, &HIZ Cheng HD V)V — 7 T, a-ZrP F IR D
poly(N-isopropylacrylamide) Z b2 Efifi 92 Z L 12 L » TUREZEAIZ X - TR 2R
BB RNFE S NAPDTOF ) o — MNERRERE LTS 7,

40 IIIIII xE 3
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Figure 4 . Small - angle X-ray scattering (SAXS) study of the liquid crystalline
anitimophosphate nanosheet colloid. (a) the SAXS pattern of the sample of 2.0 vol. %. (b)
Variation of the basal spacing d with the inverse of the concentration ¢. (c) Variation of the
basal spacing d with the NaCl concentration added to the system of ¢ = 1.9 vol. %. Reprinted
with permission from the reference *.
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-~ OHSC free energy
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Figure 5. Comparison of the experimental ¢] and ¢N and simulation data. Log-log diagram
showing power law scaling of aspect ratio for I, i, ii, and iii = 23.1 £ 8.151.36 £ 0.10and $N i
= 1155+ 78.6 £1.41+0.209pNii = 68.6 £ 48.3 £ 1.36 + 0.10 and $N jii = 369 £ 6.95 1.32 +
0.04. Theoretical values for ¢I with the Onsager-Parsons theory and the OHSC free energy

calculations are also shown. The lines are guides for the eye. Reprinted with permission from
the reference .

HiTWong b 1Ea-ZrP7F / 2— b F 2 MBI Dpolyoxyalkyleneamine % W& S 1 %
ZET MERSFBIZE DR EENRICL ST RV U TCRESHR LT v
—hanAf FREFAY LD, AEELESEEOF 7 o—hav A X, ZE TiclZ
EAEHIESINT W WA, bR e B/ EES IR EE A IR b IfFTE 5, 2
DF TIL, Gabriel 52N BEICHE L 72K,Sb,P,0,, & FIEE T, & AK#KI240nmiE & DIEF 1T K
XRHEMRE AT ST A THELER L., ZOMEICERT IMERLBEINTEY,
FERERTEE L CoORB b IS D,

132. BRBB S RBRIERBRIE

JE IR ERS A B B SR R 1 X TE S e & 7 1 A L 72 MO A R(M: Ti, Nb, 72 &) &
Na*™® K72 E OB N F A bR S TEH Y (Figure 2e-i) . FELME, O
IR . HEEME TR E DRR 2 RESREN R TH D, TNHOMEEZFIHL T, kTN
AT Sl 0 e VX I EA OIS AN T TW D, E im0
lEZE B O &R0, Far BESCHEO(LA ER LN E LR TH D, BkiTE
2, BEt OB K EZIRE « BET 2EMEISIC X > TiThbhd 2 77 v 7
ZIEIZE ST, em A7 — bR D RiEmESD 2 & b ks 25,

B E A 2002 E, JER=A T EEE D KNbO,, DF ) — haa A RANE M
ERBTHZ L EaWRE LR PY S OICEEOWE CTH D KTiNDOs P, KNbOg
H, Ti;s0,° 52D F /> —havA R THIRMEMEE MR L7Z, 2004 Fi2i%, K,NbO,;
FRORFTT / >— b O A ARREBFIERRIZ 5 2 5 B2 YD TH LT L 7,
ZOWGE TR, 7T v 7 AETEK U725 mm O KNbO,, fidh & #fEd 5 = & Tk
BR&pF /) o — b 25T, TogELN-an A RIZBERBR 21T 2L TH
= M EE L, 0.15 ~ 7.8um O FEPH TR 2 Hil4H L7z —#E O 2 157, 7/ v
— MIEENDIEBHOERE S RE T ) o — MEEOBREZZFE LD &, Table 1
DEDRIERDEOI, T/ ¥ — FOEERIBEP/NI VI E, FEHHEDBIRMBE~D
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MIEEBIRENESLS 2D ZERHALNE o, ZOBEERIZ. B THELIBRS
Onsager HFHIZC K2 TPHIE RENT—H LTS, ZORTIE, 51T, a2 A KA}k
FWIAEAEMETH D721, MEWEZ FF ORI IERF IRV REHFE TR OND Z &
R, BERIREAGEENE S THLRBRETH D, AROREZNEIELT ) v —
k OWREAE 2 B CERMICE M S5 Z Lok > T, BENRHBEEEEZ5D
noHELWME N,
Z D KNbOy, RIZDOW TR, I H 523N EGELIEIZ X 2 5E 72 i G fRpT 217 > T
% ¥ Figure 6 1%, FH#PRIEE 3200 nm @ K,NbO;, /v —hanvaA F&z, W OO
HE -/ NAEGEL RS L O X BN BELHIE B IC L > TR ONTBIEH R E £ L O TR
LiebDThD, 7077 AN2IRIE, R, BS L OEWIEOIRNT Pg) &
KEMZ—FH LTS, P(q)eiuTOthf‘z%éhQéo
2 2 ) L/2
Pl) = () |1 - R0 | S
¢*R qR (¢L/2) @)
I TqEBELRY bv, JNE TRy BLVEETHD, ZORKRKEFIXL <g<R!
DHPAT P(g)~q* 720, g<R" TIE P(g)~qo. ¢>L" TIELP(g)~q* & 7%, Figure
6 DERT L=1.6nm THFIZKEZ7 R ZHOMBICOVWTEE SN P(g) DO¥GR
MCTH D, HimdARIL ¢>100 TIEERT —F LR —HLTWHZ 0D, Z0an
A ROFIZIIARZEITHEE L 72k cixe <. ZaHEE L Tl FNREZA.6
nmm)t 7 o7et ) U= EREIHFELTND I B0 5, 107 < g < 100 OFEEETIL,
i [E0E d ORGSR T 28O — 27 B q/2n=1/d,2/d,3/d ...t X DALEIC
BFENTWb, 202 LiX, WdEHERK L) 2 o — have A RHZIL, Onsager B
Tt S5 &9 REMBFIZT TidZe < MLEBRF (20U ERFHEESE < 20m
HLNRNVDR) BIFELTND Z &R L TW5D, /ARG < 107 nm") TiE,
g ORI TEINDIHEDPBI SN TWD, ZOHELIZ, 2R TOBIRICHHFSND
GPOBELICHE L TREITHY . 77 7 X NMBEICLIRBTE 5, T/hbb, Bitd
TOF ) v — OB HNPARYE— L 72> TOTHOHBI BB ENFET DL L L
MIGT D, 777 ZNEEOFEEZRE LEZ#EIL. chETicbnonlEsn
TNWD S Z DL IHEREENECLDDOF, RBRENIXEER->TEBLT, —E
DB N EAERAPNFET 2R TH LD EEZBND,

Table 1. Mean Lateral Sizes and the Critical Concentrations of Phase Transitions. Reprinted
with permission from the reference *'.

ultrasonication/min  Dp/um  0gog/% @1 (vol/vol)  ¢rc” (vol/vol)

0 7.8 9.2 <5 x 1076 ~3 x 1073
10 6.2 7.7 <5 x 1076 ~5 x 1073
50 1.9 6.8 19 x 1073 19 x 1072
90 0.38 9.5 7.3 x 1073 2.3 x 1072
180 0.15 11 1.0 x 1072 2.6 x 1072
0 (from powder) 3.6 9.8

4 The concentration where the colloid transits from isotropic to
biphasic. ? The concentration where the colloid transits from biphasic
to liquid crystalline.
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Figure 6. Analysis of the scattering profile of an aqueous dispersion of niobate nanosheets.
Reprinted with permission from the reference **.
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ARA T BA MBI EIEDIL, EFEICHLS SRS TWSBRILEM TH
He BEYVBTFTA N, AT NTA BN, BERTA M2l OOFENDONTE
0. ZHASITEE AR E R O IC L > TRBI SN THmAa I Tnbd, K
YL E BN AT RRETH LA, FIZIERT £V aed A b LWHILHTH
> TH, EMOEMIEIC L o CThR, BEMEBE. (L., Bk, BICHMEIC
GEEND LR EEOTALFHBITTEIRTHY , EELXILETHD, MW,
Za, . REEAR, BERER. LWV ORENL, B SR ED LA r
U—WEAl, T/ arRYy MBS <O TENIGHAMTb TS,

ARA7 A A NER T OLTE L., DA LZNERE &, TESHEA L Sio, MW
Koo UEsE» )\ mEEzA TG L 72> TWb (Figure 2a), £ E Y
2 A NBXONAS T 74 FogGE, NEEKEIZEIC A0, OH), 2> LR S, R
FA FROANT b T A FDOHE Mg(O,0H) (B EN TS, 20k 9 72 Mumik-
NER-UHEEO#EEEZ LS LD, 21 AR M & LRI 5, MEARE 21T\
mAEOERA A 0%, ORI OB A A T HRERINATEY, 2o [[FH
RER ] (Lo TEEERPNEROABRMEHFE RN TCWNWD, T2Vt A e~y bT
A bOLEF, FAELTFIC/\EKRECEZ Y, 5i#E T AP 2 Mg Fe™* 3, 1%
FTIEIME” ZLIIBAEIHRZTVD, ST 74 VR A boLE, R ELIX
BoloUEARETEZ YD, Si%% AP E X# 2 T\ 5, RAEERTA T DA EMNZ M
BT 5720, EBHEIZIE Na™v© Ca e ENFAELTWD, BRI FA BSOS
FTH AT RWT HZENTE, ZORERKL RERLEMRAER LY, 8
Lo TFH /o= BB oNT0 35, —F B ERITAOKKNEREHT DM,
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Ui VXK ERFEMFAE L, IR D pH IR L CEELIFAICHEL TWbH, (K pH @
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LI O APEIX. Langmuir (2 5 - T 1938 4241 THA S 7z ', Langmuir
X, BV T7HNV=TERY N A boaaf XV ANEEITT 7 AT v &2~ d Fx
RNEL, ZREFRBHETHDLE L, LELARL ZoBEERIIZOB%EHR SN
TELT., ¥t ao A4 FORWMEIZZDO%, BFE, S T ininot,
COHMBEO1OE, IFEALOM I an A RS, BE R %R E O iR E
THREMEZ RV IE TSNV D06 Th D, %< O%GE., IKMHEEBIEE LD HEN
BETHE TSNV ~OIBBENEZ 5720, MO RBZIZ-o& 0 BRI LET
Xl b, BSOSV EBE T LTH, TNUNKREMBICERT 5 E WY
BRI DDy FEFIZ P o < VEET D IMEEIRT 72 DA XAIT 5 Z L IR EET
HbD, ZOXIRKRWTIEDH > T208, 1990 LN, WL ODDIfZE T v —T 73, B
ettt o a4 R LVEHRE L1z, Gabriel 1% 1996 £, £ ) A bB X
O R4 FOTNVEEBEICBZE L, —EOMTRE - HREOHAICIH VT, K
e fEICIRR T & 2 L b S EEIT D 7V %1572 2, Mourchid © % | Laponite RD (&
~27 74 hO—FE) B 3wt EORET [ X~F v 7RG HEEZIERT 5] &
HLTW5D, Fossum L iZAKZ VA ~7 b7 A4 boanf Re LIE6LS#HETDHZ
& TR EIRITYED AV SRR D Y AT BT S 2 L e LT B, — 77 Michot
Sk, ErEVut A haoA RR, MAEBIOHEEE LT, YLIRE, F 1k
RE, EI3BERIEL 220 | —H CIXEEITMLZ RO A D G LN EERE L2,
LrLonblx, iEtEakolzF /v —haoA RIZOWTORETHY, BEOWK
A CTH D EWE TE DR TIE o7z,

EHH BRI Z R L, MEEE b o7 B8 % 2 v 4 RiX, Michot 512X -> T
2006 FIZHE SN P, FHEEL- ) v huad A b v— MIHIEWE T, Bl
2200 nm 2 T, E#h L O HIL29-55 Th D, MR EA F L REFE AT XA —X
L L2 ZOFROREEX % Figure 7 1237, SEERIR D/ & < (250 nm or 345 nm), 10° M
LT OMREDY > 7V TlE, 0.6-0.7 WRFEE DT/ > — MEEIZB W TEFHND
AR~ DRI N & T D, RIS, K& EBREOY T LTI V7
B OHLNDBE SN, SAXS T X - CIRE SN LR FIHEE d &) > — MR
FE DO BR CTlE(Figure 8), F/ ¥ — MEENEWEE CTIX, ()Xo 1 kochAMANZHRE
STWD, —JF 7 — MEEMEODEIH T oIl LT Y, Z5H 7R A
I oTWNWDHZEERLTND, A A VEREIL, RBHERBICREREEITE 2 20
LOD, FEHICENA A VRETIIT R 2L —Y g bR XEIT N
BOEMNMZENTWAS,
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Figure 7. Phase diagram of nontronite with the average lateral size of (a) 2200 nm and (b) 250
nm. Reprinted with permission from the reference *°.
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Figure 8. Evolution of the average interparticular distances as a functions of the concentration
and average lateral size of the nanosheets at ionic strength of 10° M. The average size are (a)
2200, (b) 986, (c) 346 and (d) 250 nm, respectively. Reprinted with permission from the

reference *°.
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Michot BIXKIANA T T4 NRDWEMIBERIZOWVWTHEHRE LIz PP, "M T7T4
ME /> bhatAg b EITEWRRIWRIETHDN, 7 bat A bR EFHEPOWREME
R LT, SHIT, WL O OREEMRZ S H T REEERE, =EERIE, SAXS
X DR Rt 2D -, TOMER, - v— NEOFEN R TR &k
paPEa XEL L TR Y . ERENFRIRMENR B LTV D LR Tung P9,

—HELOIE, BT L, BEERABICE > TRRZHE LG 7 v A
2~ h7 A FRBEIOT v FEWUT A RERSRN, FEFITTRENED @O saAH 2 TRk
THZEERELE D Figure 9l nbDanAf K2/ A=a/)L FCTHELEGEE
R T RO R E WVEUEHT 1.0 wit% THREFIZER T 5 FHaLE> 77 A F ¥ 2R
L TV % (Figure 8a, h), — /7. KiRO/NESWEEHT, 1.0 wt% TIXHEME T O 2% o)
L (Figure 8b, i), & VIEEDOEWIEA2.0 wt%)D & (Figure Sc, j) & 72 iS4 AR 2 7~
LTW5, 70, 7/ v— MNEREIZIBIF 72 k8 5y BEscEh 2 7~ L C\\ % (Figure 8d-g).
ZNHORIIMOKE LR Ll LT, IEWITEWVIRE  CIREIMEZREF L., fix
7R FEREMRSESO. ISHICHE Lo T v A KRR LN LWV SRR TH D, 2
DFRTIX, 7 Wt DIREIZ/ > TH 7 MBITE Z 5720, Fossum & H A7 VA4 2~
7 874 RRIZOWTHRFILTWER, ZURRMTA Nl LBbhd R iy s %
SENEF TN EZRNTEY, BitEb&E <, o &0 LEHEZBEIN 0D R OFR
Lo TG PO ZDIEH, Bt bIdAi, RO FIE TR S e AR E D RIRE

yEVBTA M, @EEEZ R TEZH LN LTS,
"l

Figure 9. Observation of the (a)—(g) FHT and (h)-(j) FTSM colloids in glass tubes (10 mm or 1
mm in diameter) with crossed polarizers: the mean lateral size D = (a)(d) — (g) 2.2, (b)(c) 0.35,
(h) 1.3, and (i)(j) 0.16 nm and the colloid concentration ¢ = (a)(b)(h)(i) 1.0, (c)(j)2.0, (d) 0.28,
(e) 0.81,(f) 2.0, (g) 4.0 wt%. The left hand images of (b) and (i) are transient states observed
just after shaking the tubes; they relax to a dark isotropic state (right hand images) in a second.
The photos (a) — (c) and (h) — (j) were taken just after preparation, while (d) — (g) were taken
after macroscopic phase separation of the samples to upper isotropic and lower LC phases by
standing the sample for 5 h. Reprinted with permission from the reference .
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134. 77 72 BLUOBILT T 7 =
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HbH, LIz oT, 777 DRI OWNTOREITD 20, Dan 5%, Hik
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FTIERW, E B 7 7 2T, 777 = VB R ERYEN KIS,
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UWPEII I c&avy, BBML 7 7 7 = OWRAFEIE 2011 FF IR W THAE S, 20
%, ICHERLED T, 2L OoFENZREINT, Kim Hi%, E¥RIRN 075 um 205
1.65 um O CTHIE SN Z JES 08 nm OHERRIL S T 7 = F ) v— b %,
RICBEIREEIC LV R~ F v 7 IS otz Bl L, 7V —X NI 3 07
JL? SEM #1523 T 4 R O IE 23 71 5 1L 7= (Figure 10), Ri£% 0.75 um O% Tk, i
TREEN 078 wt% & BT H < 72572, Aboutalebi © (X FEEJRIEEN 33 um & 72 D K&
et /7 7 = RaERB L, 0.1 wt% C% - GFHIEE 2 R THL2RE L TV D
6, Xu 1%, PR 2.0 pm ORI 7 7 =V RIZOWVWTEHELWRHFE LY, Zo
AL, 0.025 wt% LA b Gk EL/S 7 IRAE. 0.5%LL ECikihE & 72V . Onsager Him DT
B EIZIE—B LTz, NaCl 2z CHIRE 2N S 2 & AR IR EE QI3 5 i
FAS R S, £ 0 B W FE CIREEE L 7=, SAXS T, 2.5wt%IZ 3\ CJE i [#fF 63nm
DI T A THEEIIRB SN — 7 MRS, —RoEEAINS THREND
mEE S IE L=, b7 772 v— MIRWAsEEE2a L Tk, L—
P NP L D EEEERIC XY EOREN T (Figure 11),
XublXEBIZ b7 o772 /7 v— BRI ATEEERERBRMOLEA T T A b
L —3 3 % b twist- grain- boundary fHD ¥ T VL E KT 5 2 & A Lz %,
F /3 — FOREZ1X0.8 nm THEEJRZRIT 081 um THDH, ¥ = U — L U fHEOBIEIC
X0, EHBNER~T v 7 FH~OMEERBEN 023 vol%e TR Z 5 Z ENHBLMNE 72> T
Wb, 039 vol%lh ETix, a2 L AT U v 7 M OFEFCIRFARICEEL, Uz Blm L 72 fEen
TR O B S A7, 380 - 800 nm & W D TRV EHEPH TRV @ty 7 e s
RSN ENDL, Bk 772 F ) — b DOLHARDOEENGEH SN &
LTWb, ZOWREORILs 77 F 73— e, U P06 NaOH/ A X ) —
JARTRHFIZEAN U CHREE S5 2 & T, BUWESMATRE L 5B 2 FF>7 7 4 X—0D
FERAZ HEE LT\ D,
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Figure 10. Disclination morphologies of graphene oxide liquid crystals. a) Typical nematic
schlieren texture of a 0.3 wt % dispersion with ++1/2 disclinations and a + 1 disclination.
Successive rotations of crossed polarizers accompanied the rotation of brushes at various
rotating rates and directions. b) SEM image of a graphene oxide liquid crystal in a freeze-dried
sample (0.5 wt %). Blue and red symbols indicate +1/2 and -1/2 disclinations,respectively.
Reprinted with permission from the reference .
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Figure 11. Real-time confocal laser microscopy inspections of GO aqueous dispersions. Their

fm's are 2.5 10'4 (a),5.0 10'3 (b), and 1 10'2 (c). A model (d) depicts the rotation of orientation

vectors (n) in (c); the arrow directs the vector (n) on the paper, and the cross indicates the one
into the paper. Reprinted with permission from the reference ¢’
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HECENES < — B CTH D, Figure 1312, MR T 0t A havf RERY
BEDLZ L THEIN. —FHi 78R jﬁ%%ﬁ LickiT 2,3 2 2o [NREhdEE
Pr) 13— ERWMENZ L > CT—REICE M L2 2 S ICiRE L TW5, fi#h% ko
L B R 2 CkER L CEEIT D IHAT D, %/y—k%ﬁﬁﬁMLféﬁ—wm
FHERR IR 2D <UZ &, FRFRFEITE < 72> T <, Ramsay 512 & B /MEEELIEIC
APy TGN %%b\ﬁ/uLﬁTOD*é‘.j:T/ V—hF (N7 T4 PBLREVEY RTA
R) RO F I - TEM T 223, 5@WE AW F ClaidmgEnmEsns Z &
ﬁii&iéhfb\é 90 TAMBEOR T~ N T4 MRV ZF LA ROR
ZReMB VA NERYV T XD UDRAERICOWVTHIEIN TN S %,
*ﬁ B K-> TFH/ v— ol EERITD —RICHER IS TEXREETT
B4t BEIZ 1960 £ RICIT RV EnTn g %,

Bandgap photoexcitation

- e 8l Donor domain
Acceptor domain e “ i h
‘\ ( domai - LS niobate nanosheets
VMV“" on clay nanosheets “# E 4 ";
- 2 -
U, - Dy E
- ¥ 4 g -
- - -y _
- ——
= F o
_ o

Figure 12. Schematic representation of the photoinduced electron transfer occurring in the
MV/clay-niobate colloids. Reprinted with permission from the reference *

16



3
1

Fo Sizel
10° ;r0 Size 2 4
E® Sizel
=z 10 o
<3 3 * P E
©
E 4 - 1
s 10 =
= E 3
s 3
£ IO()()Er 1
E E 3
s 100 o 3
-7 E o e 3
wE 0 o 3
E o o 3
1k o ° ;
a 0.1 Lisaisl 1 L A i
- 20 15 -1 10

- 0 -5 0
Ts 22 65 s . 1355 cC, @

Figure 13. Flow-birefringence of montmorillonite colloid and its relaxation observed under
crossed polarizers. The lower side is the evolution of the relaxation time of the birefringence
with the reduced nanosheet concentration C - C,, where C, corresponds to the sol/gel transition.

Reprinted with permission from the reference **.
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a)

b)

c)

Figure 14. Texture photographs in polarized light of a 0.13 mol L V,Os suspension in a flat
capillary 0.1 mm thick and 1 mm wide. The axes of the polarizer and analyzer are parallel to the
edges of the photographs. a) Threaded texture of an unoriented sample. b) Sample aligned in a 1
T magnetic field applied parallel to the capillary main axis. Maximum transmission. ¢) Sample
aligned in a 1 T magnetic field applied parallel to the capillary main axis. Extinction. Reprinted
with permission from the reference ™
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Figure 15. Optical textures in polarized light microscopy and SAXS pattern of fluid nematic
samples of beidellite suspensions (ionic strength of 10> M/L and $=0.61%) in a 1 mm

cylindrical glass capillary aligned in a 4 x 104 V/m, 500 kHz electric field at (a) 0°, extinction;
and (b) 45°, maximum of transmission. The crossed polarizer and analyzer are indicated by the
white arrows whereas the scale bar amount to 500 pm. (c) SAXS pattern of the beidellite

suspension (ionic strength:IO'4 M/L; ¢ =0.52%) in a 1 mm cylindrical glass capillary aligned

in a4 x 104 V/m, 700 kHz horizontal electric field. Reprinted with permission from the
reference **
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Figure 16. Extremely large Kerr coefficient and the mechanisms involved: Extremely large
Kerr coefficients were measured using a cuvette filled with a GO dispersion as the sample.
Below CIB E, the Onsager—Staley model fitted well with the experimental results, indicating
that the nematic ordering interaction partially contributed to the large Kerr coefficient.
Reprinted with permission from the reference '
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Figure 17. SAXS profiles of the F5-BO-gel system: (a) FHT — NIPA — water mixture (before
polymerization), the mixture during polymerization ((b) 1 and (c) 10 min after reaction
initiation), (d) as-prepared gel, and the gel swollen for (e) 15, (f) 30, and (g) 60 min in water.
Reprinted with permission from the reference '*

the direction of the the direction of the  the direction of
oriented nanosheet plane crossed polarizers  the wave plate

FHT/PNIPA gels containing 1wt% of FHT synthesized with in-plane electric field. The images
are observed with crossed polarizers and a wave plate. Reprinted with permission from the

reference '*®

» D

Figure 19. Patterned coloration of the FHT/PNIPA gels with TMPyP dye and its partial
photoresponsive deformation: a)photograph(left) and microscopic image (right) of the gel
printed with the dye pattern; b) photo-induced partial deformation of the gel partially adsorbed
with the dye as observed by optical microscopy. The red arrow indicates the direction of the

oriented nanosheet planes. Reprinted with permission from the reference '®
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Figure 20. Anisotropy-dependence of the critical concentration for the phase transition from
isotropic to isotropic/liquid crystal biphase observed in disc-like colloidal dispersion systems:
(Solid line) Onsager’s theory, ([ ))a-ZrP*, (A)K,NbO,,”, (x), KCaNb,0,,*, (< )graphe
oxide®'"", (@)fluorohectorite®, (A )fluortetrasilicic mica **, ((O)beidelite®®, (+ )nontronite™,
(H)layered double hydroxide”*, (3 )Ni(OH),'*"'**, (#)Gibbsite'""".
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A KL Z L3 L, BT ¥ — MEBMEIO G ERITES TIXRW,
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23458 - BE

JRF X BREEL (WAXS) 12X 0, BIRSa 72 b4 MRERES 2o a4 Rk
ICBWTHBREEL TWD 2 2R L, — KIS /7 > — b O FIBEfERIC I X% E
U BAMEE R BMERN VWS 528, WAXS ThiuX, B aB Lz
)= NOKEDDBHBEL TND ZEEEGITHRTHZ ENTE D O,

Fig1 1%, 77/ ¥ —bhavaA K (203wt%) ® WAXS a7 7 A )VERT,
g <10 nm™ OFPHOHE T = 7 7 AV 1 (g) 1%, (1) IR THBRKLF ES L=12nm
T, ¥ R=370 nm) OHGHAZREEL T v 7 7 A L2617 & (Fig.d, W) & —8 LT
W5,
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(1)
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INBLER S 7= (Fig. 2A), 1.09 wt%(Fig.2b) & 0.81 wt%(Fig. 20) DR HiE95 &, IBED
BTN EIRST I L. 043 wt%ld T CIIERITIImR S o7z, LinLl,
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Figure 1. WAXS profiles of Ca,Nb,O,,” nanosheets colloids of 2.03 wt. %.

Figure 2. Polarized microscope images of the liquid-crystal phases of Ca,Nb,O, -

nanosheets colloids. The nanosheets concentrations are a) 0.81,b) 1.09, and ¢) 2.03
wt. %.
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Figure 3. The volume fraction of the LC phase in the Ca,Nb,0,,” nanosheets colloid as

the function of nanosheet concentration.
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Figure 4. SAXS profiles of the liquid crystal phase of Ca,Nb;0,, nanosheets colloids.
The nanosheet concentrations are: a) 2.03,b) 1.62,¢) 1.22,and d) 0.81 wt. %. The

images on the right side are the “raw” 2-dimensional SAXS profiles.
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Figure.1. Schematic models for the formation of LC nanosheets of layered perovskites with

varied thickness.
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Figure 2 X-ray diffraction patterns of layered perovskite (n =3 - 5).

E, | o 8 g3 3 —
c3 { [ = E l
32 4w |20nm 32 N 3.1nm
ol 2 0 nm 'hco 1 % 1 W\J
0 fel=d : $0 T o sl : '
0 1 2 3 0 2 3
lateral size / um lateral size / pm

lateral size / um

n=3 n=4 n=5

Figure 3 Atomic force microscope images of the perovskite nanosheets (n =3 - 5).
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Figure 4 Polarizing microscope images of the perovskite nanosheet colloids.
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Figure 5 SAXS pattens of the (a)as-prepared and (b) - (f) washed perovskite nanosheet colloids
(n=4 ® =1.63Vol%). The samples were washed (b)1, (c)2, (d)3, (e)4, and ()5 times.
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Figure.6 The TBA" adding conc. dependence of the SAXS patterns of the perovskite nanosheet

colloids (n = 3, 5) washed 5 times.
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Figure 7 The nanosheet conc. dependence of the SAXS patterns of the perovskite nanosheet

colloids (n=4) washed 5 times.
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Figure. 8 The nanosheet conc. dependence of the SAXS patterns of the perovskite nanosheet

colloids (n=3) washed 5 times.
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Figure. 9 The nanosheet conc. dependence of the SAXS patterns of the perovskite nanosheet

colloids (n = 5) washed 5 times.
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Figure. 10 The basal spacing of the washed perovskites nanosheet colloids (n = 3 - 5) as the

function of the nanosheets conc. The solid lines are fitting lines.
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52



n=23,®=1.4Vol%

i

5

n=4,®=0.95Vol% n=5,0=0.96 Vol%

Figure 11 Structural colors of the nanosheet colloids observed under white illumination.
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Figure 12 (a)Enlarged image of the perovskite nanosheet colloid (n = 5, @ = 0.96 vol.%) and

the (b)(c)theoretical reflection spectra calculated based on the multi-layer structure model for

the observation angles 0 of (b) 80° and (c) 40°.
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7 LKBALW) K TR PIZ e L, IR T 1 EBIRE L=, £ Otk, = 0508E (1500 rpm,
1 h) 2k, REBEOILE EHBELT-F > —bhav A RO EBARITOEE LT, *
D%, BB A5 BE (15000 rppm, 1h) (2K 0 EEAERET D Z & T, FHEEST
U— MRS NI NV ES T, 2OV IOVITHP E N2 TR LI EEODEEEZ LT R
BAHERETD2EEZS5EITH) ZE T REOT N FT7FATE=U L RS U R
ZREL, 65WtRIZIEEFE LT /v —bhao oA Red o7 e L,

422. ¥x 772V ¥—a v

BV N EEBE lom OFAHEE AT AL BT O AEGIE T THlE L,
RO AT Y EE R (B AR5y S V-650) (St BB S E = = » b (A A%y ARSV732)
2T T, ZOBVICANTEY Y PO AT MAHIER{T- 7, EEOR
¥ %% Scheme 1 IZ/77, REFERTIL. Vo7 LOERHRD 1 A& REEZPLE LT,
TR ERREEANC AR T D L D IT 7o TV D, BRHEERICOWTIE, IR
Do DANFEE BT Fm ORI A2 0 LT DHE, 0 =10~ 180°F TOHIPH CTHE %
REFARETH D, BHRICHEWREAREL o TW\5, BHEIZI T—, Bk, Bk
OO ORI TR, KT, 27 —%250 L THREDERICAR LIRHERICE
T5. 37— EHARERVERERICR S TOB 0, BSERE DRSO R~
FABHIESND, T —EHHESIE, Scheme 1 O SHRITID > TlHIEET 5 A3, [Hl#E
HFLO BRI E TOMFRE I FIZE D LR,
AEIOHFE TIZ, o7 vl & BEIZHFENSDOENRART DL L I, T
FEEIXEE LT, #— 27 HETIE, BOEKROAY 02 B CTEWTHIEEIT-7-, &IT
AR BRE, 0 =180° IZEE LT (Scheme la) ¥ > 7 /LIl &% E L 72V ik
RET, MY e —T7 22 0EF AHSETCR—RT 4 VEEITo T2, T D,
0 =10° (Schemelb) L LT, U7 7 Loy AH o TABIN, KV 7 ILOMlEZLT
STz, V77 LAYl UTIE, Al R CE O M SO 28 & FFO g S
U A ERE AR NMIEED TS D& AT,

(a) (b) Qf)

/ / centerof centerof \

| , rotation
! : 6=180° -7
. Y

rotation : \

! \\ sample

sphere +

detector

mirror

Scheme 1. The setup diagram for absolute reflectance measuring device. (a)Base line
measuring(0 = 180), (b)Sample measureing(0 = 10)
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43. R - BE

YU T NVDRES AR FIVRAWARY MVIE, X =0 R=AT7 4 BIOYH 7
NWERE LIZBEFRE AT P TH DN, LAWBLEOLWPHLLTDO X5 I2L T
Bonz, T —7HETIE, B~ Z W L, s B R0 RrE<e B SR
B ERT A EBL,MWNEETZ, KIZ, Scheme lad® v +7 v 7 TalBH T & 3% (&
FFHET D LT, EBAFKEZBRETICARNIE, =T AT ML\ E R
72o BT, Scheme 1bDE > b7 v 7T, U7 AOREICLVIWNEEZ, b
DF—ZNnD, U TIVDRE A7 FAR (L) (DIFUTO L HITRkDSNT-,

RV = (Is(M) - In(L) ) / (D) - Ip(h)) x 100

FROFEWHEST, 6 = 10° & LT, HEH T VOEEZIT>Te, 5. V77
VAT LTHIEANY U LR Z AR /VICFRIE L CHIE L7z, Figure. la
IR R AR, AT TIRIEIE —ED 1 %R E DR R E2 5 L, 5488 Tl
FEROWLNRRENT-, AFEELOHRZWE LTZSE S, 300 nmEL T TGO )N
R T D (Figure.dc), —FH. AL ZHWT, fEAY 7KDL EZRJE L2
LA CIXERAOEHEIR O SR IT R Sz oz, #-o T, 2 ORIOEER T K5
R IxELrHERTHD EB I ONTZ,

wiZ, BOROOBEOEZRT DT/ v —bhanA ROJEEIT->72, Fig. IbiZw L
7BV, 370nmE703nmiZ B — 7 N R G, 270nmiZk/ N EFH Lz, 703 nmD B — 7
FAENE S E LTV AREal ko — 2 2E 2 5z, —.270 nmD R/,
YK THE BT ANA NF ) — DAY RE¥ Y » THEORNICE Db D L&
Z BT, £72370 nm® B— 7 13270 nm DR NBSIFAET D T2 DI T AT Eo v —
7 EBZONT, ZTOZEIE, /v —bhavaA ROENRMEALY VA FRET R
(Scheme 1a) CHIEIZ £ 0 78 S 7= (Figure. 2), A7 hLEIKTIE, av A ROXg#K
SELICHSR LT, B RN 2y THim 0 B2 L T2 23, 300 nmfdir 2 & 1%
B FEW BN LT, K0 Aifle =2 v A N R (Fig. 2a, 2b) Tl &R O i/~ (%
I —2) 73270 nmiZHiz,
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o
0.2 -
(c)
0.0 N .

200 4OO 600 800

wavelength / nm

Figure. 1. Reflection spectrum of the reference sample and nanosheets colloid sample.
(a) barium sulfate powder in Quartz cell, (b) Nanosheets colloids in Quartz cell,
(c)water in Quartz cell.
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Figure. 2. Transmission spectrum of the nanosheets colloid in quartz cell (a: 1.7x10™
wt%, b: 1.7x10° wt%, ¢:2.0x10* wt%)
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4.4. FE#H

FEE T CHEEANBEIND T /) ¥ — MEEDO AT MVIEICEKE LTz, A% 2
DHEERNDZ EICE T, KT A—HF (F/v— FORE, FE, HEES) 7N
BipprXEFSF )/ v—havd REBEAORELZEEMOICHHEL T Z &M
TEXHHDEEZLND, TNOLDORBEHMAEZMAENRDL Z LIZEL-T, T/ vy— MK
EORSECEIEA L LWEaMoe s —72 P ~OIS ARSI NS,

4.5 2 TR

(1) Miyamoto, N.; Yamamoto, H.; Kaito, R.; Kuroda, K. Chem. Commun. 2002, 2378.
(2) Sasaki, T.; Ebina, Y.; Tanaka, T.; Harada, M.; Watanabe, M.; Decher, G. Chem.
Mater. 2001, 13,4661.

(3) Bastakoti, B. P.; Li, Y.; Imura, M.; Miyamoto, N.; Nakato, T.; Sasaki, T.;
Yamauchi, Y. Angew Chem Int Ed 2015, 54,4222.

(4) Nakato, T.; Miyamoto, N. J. Mater. Chem. 2002, 12, 1245.

(5) Miyamoto, N.; Yamada, Y.; Koizumi, S.; Nakato, T. Angew. Chem. Int. Ed. 2007,
46, 4123.

(6) Miyamoto, N.; Nakato, T. Adv. Mater. 2002, 14, 1267.

(7) Gabriel, J.-C. P.; Camerel, F.; Lemaire, B. J.; Desvaux, H.; Davidson, P.; Batail, P.
Nature 2001, 413, 504.

(8) Inadomi, T.; Ikeda, S.; Okumura, Y .; Kikuchi, H.; Miyamoto, N. Macromol. Rapid
Commun. 2014, 35, 1741.

(9) Miyamoto, N.; Yamamoto, S.; Shimasaki, K.; Harada, K.; Yamauchi, Y. Chem.
Asian J. 2011, 6, 2936.

(10) Wong, M.; Ishige, R.; Hoshino, T.; Hawkins, S.; Li, P.; Takahara, A.; Sue, H.-J.
Chem. Mater. 2014, 26, 1528.

(11) Li, B. W.; Osada, M.; Ebina, Y.; Ozawa, T. C.; Ma, R.; Sasaki, T. Appl. Phys. Lett.
2010, 96, 182903.
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5.1. f&5

RN E OFIBEIZ L0 BT Vo — RGN D, BIERE S TWb )/ v
— MESIZ=A T B, Bk T A A N Tt u~s T4 M EEkeR
ALK LS 72 EO10FEERE Th D, I BT, ZOoF TRIRGREILH DY
VEET UFRLAL T X VERE DT ) v — MESITEE B 200 nmE B2 D KE T
ATHEEZALTHEY, MEAE T 2 LRME SN TN D, MEAEZRTHEHIEH
& LTOISHESMNT b  REZAIT Y O B b 2R L7z E st 72 & o5 i S HI5F
TEF /v — MEdbZ IR ISHTE LA BHEL MO TS, LarLl, H3mTHE L
J@R~a 72 A M v— b aEl, EROMECZ R IHEHIEE TOEML, &
DL DEMBLETHY , ARIZHDD TR A M LETH D,

T T TCH A TR IR L, B IR SRR ATRETH 0 . ARk
AR RbRL, SHLICRERMELE LTHLNTWD, oIk Limhkos /v
— MESIZTZ VAR~ 8 TA R XA RTA M, M)A MREPHRESI T
DM, ENbEEESA KL, EAOBBRHE SN TV, ki ofho 7 A
27 R T A MZOWTHRFZIT> TE Y Loy LIS L7 FHT O ¥R 2 1350 HoAl
ELTRY U UVBRASTWDZERHLNERSTND, S HITT /7 ¥— MRS
SFORICED 7 A THEOHEHBRAIS ROERBHEONTND U EEEEZ S
ELVFHTZ v A RIEERFORY U U BERE LT/ o — MRMSIIEE A ORI =
LT ENHIFFIND, 22 TH LERMEIEMICEW THREADRIN TE HDThHNI
X RERAR CTEETE W\ an A NORIEEHMEIE LTOT /) v— MR DT RN H
FFC&E 5, EZCTARMETIIARY U VBB A> TWRWEEHZ B W TORSHOBIZE &
/N XHRBCELIC K A RERENT 21T - T2,

52. ERGE
521 VA AFEE
B S FIEREDO FEIC Lo TorFu~y v I v F v —bhanA RyBik%
B, "e—T¥ERMFEOTLVFO~T T4 havA KN (GHHE G E VR %
mLEEL, AHi L A ERELS v —bhavA REEz, 7vde~y NI A
bavA FIZEOTEHC LY EBAE R ZRET S22 EICLVELNT,
ZoavA N0 DIEETHY, Bl E LTEBER Th o7, fFohizan A R
D—ER & R L R L REIROE RN S au A ROT /) o— MREZRD
T2 ZA8I Wt ThoTo, TDOH%T /) >— MREZ2 wtB TR L, B RK 29 h,
240,48 0WTH Z LICE Y, WRFDOT /v —FanaAf FOREGIEEZIT-o7-, € D%,
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HEOSHEE FERGRETDHZ L T, 3.5-4.5 wth D LA B O & O stock 2 A& L, T
E o BIEROBIE, ChHDEERanA REMAKTHRL TEHEEZITo T2,

522 F%F % 77V EB—Ta v

F 7 = M 2 0.001 wt%l AR U CEREMR BT T - i s, R E 8
%85 (AFM, SII Nano Technology Inc, Nanocute) (Z X V#1272, 0.1 wtBIZAIR L7-4%
RABHZ DWW TEISEEGEL (KIFTE 1-DLS8000) 12 & W KiRIATHIE 21T > 7=, /MAXHR
BELE L, EEBSIIUN> 7 v e U R v # —BLITE— AT A VB IO
B NANO-VIEWERZ W CTIT > 72, HIEICIZ, 77— METI— A L7ZE ST mm
DAT VARV ER N, ¥ BT Y —FICHA ORI - REDTF /) — Nk %
EIAL., 180 HFEEHE 2 2 & TG & FHMICHBET 5, 20 L E DOHRSHEOEIE
XY IREHOMSEEFE T 258 L <BIE L, IREMHIEBRBIREDRE LT o7z, 4T
B3 HELTE (H A3 6 V-650) T st SIS SRMELLE. (A AR IEARSV-732) A4 7L a v
ELTHWT, Mgtz T dand NBOKS AT MVHIEZEZIT 72,

53, fE R
53.1. FIBERESE & ORI FE Al

A THWEARABIRTO, 7 > — b OFHBERMERE & BiR ARl 2 AFME L O
ADEBEEIC LIV B I R o7, £ BERLHEZITo T W7 LA~y 74
v A REERFER EICEES v 2 5 L TAFMIZ X Y 8122 L 7= (Figure 1a), 1+ u %k
DY A XL 1EIE 1 nmD —FR7ZRJE S OBCIRKE 3B S T, BEDOBORAS b % 8l
LZLIEHAETH, BESIIT T 1Iom T, EEEOFBIESLRKIBED AL T
727 o 7z (Figure 1b), LA ED Z &b £k, REEEO 7 v Ao~y T4 0
I EENTEL T BRICHBELZ T ) > — FDHEREFENTND Z LR B
Lipoi,

WIT, BE W AHEE O R D5 v T IZHON T, BIREEELIEIC K - T, kL
BEDOFMM 24T - 72, Figure2iZ, %4> 7 /L ODLSHIE RS B2 774, M85 ALEE & # 7=
J v — N ORI Sy A I ogarithmic GaussianlZHE 9 2 & A STV 5D T, DLSHE R
# logarithimic Gaussian Cfitting L T4 U O RIRD A B U 7o, & I ALFEREF#Oh,
Oh, 24h,48h & K< 705 & | SEHREDITZNEAL, 1.7 um, 0.78 ym, 0.61 ym, 0.14 ym &
A Uiz,
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Figure.l Atomic force microscope images of the FHT nanosheets.
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Figure.2 DLS profile of different particle size of FHT nanosheets colloidal
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532. REHEBEE

fRCBEMEBEBIERIC L 0 | 58 TOWRSFE DI B % fEs8 L 7= (Figure 3), “E¥JRI£20.14 ym
OFHTZ 1A R T, /7 ¥ — MEE0.4 Vol%Lh T CILE MR BRI 3R S e d
ST2H, 0.8 Vol% LA TR~ F v 7 I & 4 2 R 72 18 5 O 2 B R T D e &

R EH EHRICERST AR 72 o tz, PRI H31.7 ym, 0.78 um, 0.61 ym@ﬁﬁﬂmi
0.08 Vol% Ll k7 & EH B /e BT 23 fei S AL, EIRITEITIRE &SP hiR & HITHR
L7,

KA O %8 2 EENICRF T 272010, HoBEEs 0Bl E 217727, M
HAEREBIZ RS> TV H I TN EF Y BT U —FICE A LISORHIFHET D & Wk
&> THEEOEWLCH & B EOIRWIFICHSBEL 72, = 2 A FOREOEM % a,
WA DOEIS ZbE L, baZ ik OE G & L CFigure 47 v v b L7z, FHRIER0.14
um® % (Figure 4d) TIL, 0.48 Vol%Ai; Tk b 2 B SR o 7223, 0.48 Vol%LL
TR BV IR E DK & & IR ORI G NZITEARAITHE R Lz, — 75,
RIREN X 0 K& WVikEh(Figure 4a-¢) TIX[RE U/ o— MR CTOWRSFEOE|E 3 #E N4
LEMMA RO, 7272 L, T/ o= MRRPKREL 2D E T/ v — FAKROILREIZ X

ROBNEELRY Tuy POEREITES Lo TS, ERRED JTWEy 0T —#
ZHWTAMEIC LT, HFF - _$Hibf$9$f:$§o§f”¢lkot0 RED, &A=

—IC X DB ¢ 1o & B ITTable LWRT, F/ ¥— MRLFREDOHENN & LI AEEER

REMET T2 mBH 60 TH D,

Average particle size(ym)

0.04 0.08 0.2 04 0.8 1.2
Nanosheets concentration (Vol%)

Figure 3 Polarizing microscope images of the FHT nanosheet colloids.
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Figure 4 The volume fraction of the LC phase in the FHT nanosheets colloid as the

function of nanosheet concentratio

n.

Table. 1 onsager theory concentration, Measured value of volume fraction of the LC

phase and average particle size of Each Ultrasonication time FHT nanosheets colloidal

ultrasonication time/min  Average D,(vol%) D, eo(VOL%)
particle size
D, /um

0 1.7 0.052 0.24

540 0.78 0.073 0.54

1440 0.61 0.075 0.69

2880 0.14 0.1 30
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5.3.3. SAXS

SAXSZEHWT, &W o TV OEMT 21T > 7co ETIXFEERIAR0.61 umD W 7L
ZRWT, 77— MREEOREL KRG L 7= (Figure 5), #£0.48 Vol% C I3 & i [H fF 122
mMmIZJFEIND T ATHEDOE — 7 B4R E— 7 ETHER I NI, S HITHIAZM
20.32,02 Vol% £ TH /o — MREZHRT 2 & EEHEMRIZZILZ1543 L0200
nm ¥ THIK L7 (Figure 5), L72> UHEERRFIHEZ 25 &, 0.32 Vol% TIE4IR ' — 7 D3fif
BENT, SbICE—27HHL TR —NZRoTWAHZ END, BEMKT L & bIZEm
FIRRIZHE KT 2 REERRFIEIME T LT D Z &R bk ol

Wiz, F 7 — bIEFE0AS Vol% DY v T HWT, 7/ v— MRENEEICE 2
% BB A Wt L 7= (Figure 6), “EHIRIAR0.14 pm D% CIIEMEIFE102 nmD 7 A 7 #5iE 12
J JE® S 415001, 002, 003, 0041 D ©— 27 3RS S NI ITHEERRFIED @V T A T 1
AL TWDZ ENHLNE ol SEHRAED0.61,0.78. 1.7 yumEH KT 5 & K
fHFRI%122, 133,200nm & ¥ KT D b ip o7, S BITHEERRFEIC OV TA
THhD e, FHREN0TS um E0.61 umDFRELTIXE— 7 BT~ & 0 LHTRY, FEF
WCE WS EEZ B LTS Z EnH BN 7o Tz,
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Figure 5 The nanosheet conc. dependence of the SAXS patterns of the FHT nanosheet

colloids of ave paticle size of 0.61ym.

001

002 003 004

102nm 0.1ym

001

002 003 004
/\_/\/w/ 138 nm 0.6ym

Intensity

3 456 2 3 4
0.1
g/nm™!

Figure 6. SAXS profile for different lateral sizes of concentration at 0.48 Vol%.
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534. BIEABLE

SoNTF ) = MR E A TICTHEIE L & 2 A2 i anglgegsn
f:(Figure 7)o FEETRIER0.61 pmDFETIX0.36 Vol %2 U THEWWF A DA i (o 3 842 X
A BE ERE EBICRVWEADBIE I, EOICZOMIEAITRE B L L BICHE
EENFEERMA~E 7 P LTTo 70, — 0, FBREN0.14 pmE&/hS WY 7T
. REICL S TREEAIIBE IR 5T,

WIS 2 PO v TNV ORI A7 FVIIEZITo 2R, BRICE v Bl s h
ot LISt % 2Ly RV S - (Figure 10), “EHRIA£0.61 ym, T/ o — MR
0.48,0.32,02Vol% D, fk., REEOHEELZ ~TY o TVEWE L, £/ — |
IR 0.2 Vol% Tl (Figure 8a), 325 nm (¥84F) L£650 nm (FRfa) ([ZFE0M7RE— 7 ZoR
L7z, F/ 3 — FEFE0.32 Vol%(Figure 8b), 0.48 Vol%(Figure 8¢) TlE527 nm(fka)F X
O 411nm (FA) ICE—7 BPBE SNz, —FH EGAZR I RVFEERIF0.14 1m,
0.8 Vol% D H > 7 /LTl AIHDGHEIRIC B — 7 MBI S 41T, 190nmiZ BV TRV E—
7 &R LTc, SHICHIAKREZMZ, 06, 04, 02 VolBIZART 5 & RERA I E—
7 3HK LTz (Figure9),

o || LU J
0.61 l]n

0.78

Average particle size (um)

0.20.240.280.320.360.4 0.4.48

Nanosheets concentration(Vol%)

Figure 7. FHT nanosheets of Structural colors on observation under white illumination.
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Figure 8. structural color and Reflection spectrum of FHT nanosheets of Ave. particle

size of 0.61 ym
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Figure 9. Reflection spectrum of FHT nanosheets of Ave. particle size of 0.14 ym
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54. B5
54.1. IKALTHEARS 25 H)

SRR O HE KAV IR AR R RS I 2 3 ) 9 2 22 B VB S T 72 23 (Table 1),
ZOMEm BRI, Ao — A — OO T & —E L TWADS, TablellZ/R L7z K 9 I2fH
& LTiEA =T —ame —8T 5 X0 RBEMPR R ONTZRHT 5 &00mn
EREONTZ, ZHUIA =T —DOXTITHESHETEZL LN TE Y | ARITRLFIT
ToOEDHLLHBRDORTHY ZORRITRFOLHHMEICLD2bDEEALN
%, EBEICBEZO LS ELH DY,

542.SAXSt &
RIPE DA R & IR E DR X015 b - mFRRIZEE K Uiz, KA DRI X 2w o
BRI, W Ok OFEHIEREOBIC L mRBOE KN EE-EEZX LD,
SAXSTH bz ElGE L ECORF AT M EEZ DL, HEROEAKE LS
AR FAPFERIIREL o TWND 2 ERNb0nD, ZHET A 7HEES SR
RELLBEHboTWAHZ EZRLTWD, LA LIEERIAER0.14 pm D % LK m E] 7130 .48
Vol% TIE102 nm& FEFICRE <\ & O ITARR I Tl m IR R UG A0 il &
NThENLIERn, EBEICZ OV 7282 L CHAEAITMR STV,
ST ANRT RN BIFEERSMEICB W TRV E — 7 2R T, & ORI R C b iviX i
[RITH KL, SOICREROBEANBEINDIZ LB XN M, EEICITHERA
TR SN, AT P BRSO =2 NE SN, T, 040 Vol%
DU TR DB SN T T A TREEDNHR LGS GRRBBL L 20 EHERl S D,

543. BEAORIE

ZI T, Ao mEMR CTHEECOELZRA, b L, RROWMEAN T A T #kiE
Lo TBIEEZINTVDLOTHIIX, 77 v Z7OXTHINTE LT TH D, F
YJRi£%0.61 yumDFHT S/ v— k2w A RD0.2 Vol DD E % L FITRT 77 v
7 DOXTEHE LT,

ni = 2d\/ — sin?

(d: spacing n: refractive index L3 7 A FHEEIC L - THIEEH Z SN TNDHD L :
wavelength for maximum of reflection n.: Refractive index of the medium )

di3200 nm, WRPHERE 2D E I ITsin(mRAL 2D E0E L, RITFTKTH D701
TR A2133TERX D & KAERIT532mmE 2 ) —E LRV, T A TS HE %
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HAOWTHAELTL —EH LN b b RRITHMAR T 7 v 7O THP T S
B TIE RN,

55. fEm

AW TH LN E R STEFHTT / ¥ — MEEOBERAIZS EFTHRESNLTNDH T/ v~
— MEFHOHTHIEFIZE LWLk T/ v — hOEEGRTH 5, Hiflie 7 2
TGO HFNE CH T & 2ME A TR < Rl 720 Ta | IRREAT 2%
HRlE oY= EOIH b IRk S T v — MR TH D,

5.6.2 & 3CHK

(1) Miyamoto, N.; Nakato, T. Adv. Mater. 2002, 14, 1267.

(2) Miyamoto, N.; Kuroda, K.; Ogawa, M. J. Phys. Chem. B 2004, 108, 4268.

(3) Miyamoto, N.; Yamamoto, S.; Shimasaki, K.; Harada, K.; Yamauchi, Y. Chem.
Asian J. 2011, 6,2936.

(4) Miyamoto, N.; lijima, H.; Ohkubo, H.; Yamauchi, Y. Chem. Commun. 2010, 46,
4166.

(5) Gabriel, J.-C. P.; Camerel, F.; Lemaire, B. J.; Desvaux, H.; Davidson, P.; Batail, P.
Nature 2001, 413, 504.

(6) Wong, M.; Ishige, R.; Hoshino, T.; Hawkins, S.; Li, P.; Takahara, A.; Sue, H.-J.
Chem. Mater. 2014, 26, 1528.

(7) Miyamoto, N.; Nakato, T. J. Phys. Chem. B 2004, 108, 6152.

(8) Onsager, L. Ann. NY Acad. Sci. 1949, 51, 627.

(9) Miyamoto, N.; Yamada, Y.; Koizumi, S.; Nakato, T. Angew. Chem. Int. Ed. 2007,
46,4123.
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61 S

BRI AR Z . KEE OB SN 5 ECTEET DHINZRE T2 L1k, 4
BOFRHGARERMEAEREE X 25 ETHEAZ SN TWS, Hil21E, BERAMECA
RFRR 2R 2 2 &3, HAERICB T 2 EROEAICHIRTE 5 |, Efilnt K&
HETDHITHTZY | 3 WITE M CHIER T D mENED . MO L EME D72 DI
MHELENTWS, ZOBEDO—>TH D NLREMESMIAOELE & iR+ 572
DOFEMITRESICL Vv BEFTENE L

Bl 72 MRS RS 2 15 D 7o I, MR B RSB ORELZ B X - RFT O R, Aa
DOMHEIZIS U TR DERPE LN, FanOMEEIZ L M@ 720k x b7
b L., MR, SHBRTCIR, BRAGROMMER &, 20 L9 RBREICKHIST D
EHrnd 5 2 RS e 4, b bHEBEREHIIL ORI b DRk % 2RI R & —
NZH 2 DM B O R AR A DL Song b PIZ K o TRENT, Engler b * & oD 7
N—T T X, BERAROMMEORBEZRET L, MO0 IRIEN B SR O HIESR T <
KETHZ PR ENT, 2D OFERRIZ, BAEEAMIDOMEY) 2 5% R 88 & 585t
T5HZ LRV AMBRORE SN IZEERENAREICR D Z EARELTND,

INBDFE X EFTIATON T EBRERE T, R T 3 RITEEEHAMTIC D
WHT 2 Z ENAETH D, SRR TCO¥— 2 ifaE % Tidk, 3 Roch il
ERENEOLND -0, KEBEBREN, BRI, BEAE 72 I ERARRE D 3 Rtk
DN OMNTHIREN TS ¥, JRIRRED Z eI 7 v AIEHATE
DT, KEEERICHHATE 2 /(8N H 5, BIGMEOWRMRE 3 Ths i3 5 5 i,
PVERBREE L 3R 5, fl s - BAREEE b OREIC X - T, Al os:E %l
BT 5 etE 2 s 5 &b s,

I TCTEHRAFIH LWEGMEID S LT T v— N e A RERET S,
IR DOFIEEC L VGO NDEHT ) — MIHT LWEEREMA B OB 2 BBy L L
THREINTWD Y, F /v — FOFFOIEFICRGFEDO R E 2R (BibEH K 100pm,
JE&$ nm) (Z L0 IEKF CHERBMICE DN L, BRAERSEAERSIND T, 0 XD
M A b O L — MRAIIEREERE STl B 2 Ui Y R
0T ADA B =4 TR TRRESN TN S,

EBITHRUT, BT ) v — N OB R OML SRR E OB LWVIGH & LT, R
PRYALE RS L0 B RO PERE & R & - REREE e R e A v oEN ST
19,20

ZZTARETIE, 7/ ¥y — MEROFHLWEHZG VLD 1>& LT, ¥t
g7 nFa~s 8TA b v— MR R A ROLFE T CHERBE DR 8 23 A T,
FEBREE L, Brm—2xflifE (X770 T7rr—R) FREFAEMEBEEMEIE LTX
SHBENTWANA RaFvraTFaafizik, vl —A##EEE/RT52 LT
<HIBILTUW D, Gluconacetobacter Xylinus 2RO /X7 7 U 7&/b v — XX, @PEgER
U~—8EAK 2RO, AERMEHCEH SN DB ESRTRE 2G93 28 E6ME e K
0 DT DT ekl & 7 SHUTUND 28, 5 Gl kE T DPRAE M) D238 13 A KA B
OFEZ B LS00 RGEER L, AERME L B o — MRS OEAME
DOEMAIRED LR+ 570D HEE LTHETH D,
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6.2. EBRF L

AL D (+) - Za—x (FOesiEs) | 7o (RothiE) | ik~ 7 x>
U7 KFI (FOGHIZE) | R 2 (FOefiZe) | U v @kFES I o a (3
AL . X Ry (BELE) . RU AT Ry (e 2SIV,
TnFa~y 87 A4 82—k (FHT) 2aA REBERICEW P F e — TRt
NHTB2 V' /L Z @ O L 0 R 2 85 L2 b O & -, i Re w1 5 it
ST FE AR RS A 2 £ O Gluconacetobacter Xylinus NBRC 3288 % U 7=, 900ml D7 /K I
R7 R 58, D (+) - Fva—RA2g, JTUE115g, A —A X R20g, U VR
KF T MU T L2 2/ S N7 7 VT OB D78 O Hestrin— Schramm 15 LS
Hi(SH st ' 2457, D (+) - Zba—Rx 15g, A —A hTx & 15g, Wi~ 27 %
U AEKFI) 03g, X7 R 5g B FREEUK 300mL ICIAfE S, A— 7 L—T7 T 20 %y
fH 120°C CEGHIAJRE Lo, mA%, it Sty 7 U 7 25z L, 30°C
DIREGA >V Fa_X—F—f1C 3 AR L, B8 LEFREEH T/ v — R &
NI T VT OBEMENVE G LT-, SH-EHIIZT /) o — R & 0 -4 wtR /o S H, 20 4y
il 120°CICCTA— b7 L—7 T LTz, D%, REEH 1ml Z1%2, 10 H[# 30°C
TEERL, N T VTR —RF ) v— NMEAEMEL ZST-, BERI%ORE IR
NHEMEE L 7o A =a VKV B LT, BEROLERD 2T, EAEHE
&5 (SEM) THIZE LTz,

63. R - BE

BN, WWEmtET 7 v—bhoava A NEMEOBEAGMEZ M Lz, SH-EHUIZ N7 7
U7ene—ADAERBOTOICHLETH LN, BHORSoF o, R, 7
Jy—hrOauaA ROWRBHEOREMEICEEL H X D AMEMERH 5, — I ORI
Fan A FRFEO EEREOERMEZLZ L, auA4 ROBEFZIIHED (L%
= FRINIZ 72 5, Figurel (2 SH 5512 FHT (4wt%) Z RN L7 POM B % ~¥, iR
rtl DRI 2 R T hk A O FBANEE S -, FHT 204 ROEEMITIR G
T, EIRE O SH B HUZ /3 L72 FHT 22 a1 R RIEEORE R %2 7R L 7= (Fig. 1b), LA E X
W FHT F/ v — b an A ROSEMEROYESMIZ, SHESTHRFF S TS Z
ERbns,

S 5T SH EE M CHRERAE DIE Ak & FeiB - 2 7212, FHT/ SH M2 v 4 K ooAR 5B
FEEMRE L7, Fix® FHT BEOaa A RETTAXYy BT U —RNIZE AL, 24
e E L7=, 7 0 2 =212 X VY (Figure. 2ab) F B i L AR (1) & BBy %0548 ()
(IR A0 BE L 7= 0 Bl 2 122 U 7=, Figure2e ([2F &= X H12F /) v — b DIEFESD
FOWINIFEWVKRSE SN L7, ZOBZRITTXTOF /v — MEEORIZEBNT
— B TH D ¥, L7 -> T, SH H#IfttE & FHT 7/ > — b av A RO HE
\CHBE RIES RN ERHERES N,
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Figure.1 The polarized optical microscope images of the fluorohectorite/SH-medium
mixtures (a)(b) before and (a’)(b’) after cultivation of the acetic bacteria observed with
crossed polarizers and a waveplate. The fluorohectorite concentration is (a) 2.0 and (b)

4.0 wt%.

1
09 |(C)
% 08 B
) < 07 F o
= O
O o S 06 F
a S £ 0
o o 5 05
- ] g @)
o 3 0.4 1 e
(7] 3]
2 2
= 0.3
% O
S 0.2 r (%D)
>
0.1
o &
U 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
— 0 1 2 3

FHT concentration (wt%)

Figure. 2 The photographs (a)(b) of the phase-separated fluorohectorite/SH-medium
colloid after standing for 24 h in a capillary tube observed with crossed polarizers. The
fluorohectorite concentration is (a)0.75 and (b) 1.5 wt %. The diagram (c) is the
relationship between the nanosheet concentration and the volume fraction of the liquid
crystal as determined from the the observation of the phase separation behavior for the

samples with varied fluorohectorite concentration.
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3R> FHT & SH E5HIOIREMITIH W T, BFBE N EF IR, X727 U7k
a— e ) — NMERIEROE R EE Uiz, BRTIRIOV T ML, RiIED Y
NTHoTz, LirL, BFELERENL, Bidb o771 7o — XD Sk %
AL, M 72 FHT O &I U TH v LI, RVHEMED Y V72 572, Fig3a IX FHT
D 10wt% CTHEE L CTE LN F VB O BEE 279, Fx DFEBRFRZRTIX, FHT EE
0.7~1.0wt% OHFFANIZ BN TH B 21572, xHRAYIC FHT A 1.0 wt%LL 0.7
wt% Kiili T DA IR Y LV B2 5T,

Figure 3B & 3C |2, K#1% O WAERL Y > 710 SEM 44 7~3, FHT 7/ v — k=
oA FEMIZITE OGNS OHEROGRBIE ST, 2 b OfHEIR DB X,
NI TIUTIWC K- THEFEESNT B e —AMHETHDZ EITHLNTHD, X7 T Y
TEEZICBWTS FHT 7/ ¥ — FOWKMHEPIRFEE S NS Z EITERIET 5, 2
IEIREBSEE RN D LI B2 > TR Y, 10 HREOEEFIZICE W THEEOER
FrOT 7 AF v BB S L7 (Fig. 1a', b)),

Figure. 3 (a) The photograph and (b)(c)scanning electron microscopy images of the
samples after cultivation of acetic acid bacteria in the presence of (a) 1.0 wt% and
(b)(c) 0.9 wt% of the liquid crystalline fluorohectorite nanosheets.
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6.4. &R

FHT 7/ > — MG OIFE F O SH TR L/ FIRE N APE L=l m — 2|2
FonrFy TR —R/F ) v — MEGMEHI AR S iz, BERIZICHB VT FHT
T = NI T REMIC OB L, AR ER bR ST, v
— MR EORESMORMELIC XLV KAE O BEARRONEREASE R 9 5 Sl S duiz
3 2 R BN T B RR I 2 T D BRIRAM B BENE Y 7 b~ 2 — il L2 G4
BREens 2 & 2dELTung,
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