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C-3 =1 HNVRUBE ) AL AT YN (77X L— |k CHP, 7 v 32—k CHS) &#UKRT
> (Cp-amine, n=4-18) 2265 A 4 1k (CHP/Cyh-amine, CHS/Ch-amine) & Zh & D
BARE (2L 2AF7 U L1 E 2O Ch-amine 2B KA EHENMM, ROCIC 2D 2 L
2T Yl 1FED Ch-amine & OERELRAER) [2H>WT, ¥ —F e vy 7 EMME &K
HIZADOEZ U VY —FEMEBZFAE L. FdEABOIZEA LIRS EZAEL, Kk
TH LA T A% L. K8 Ch-amine (n > 10) L OB T2 L AT
LVHEMA LD bEBEFEARAEGBMEE R, TAFALHEHENO/RT L & HICHiRTORKFMIX
KTFLZ. BRERBIIEATH -0 I AEBLRH-FHHEBEBELZRL, OO R WY —
oy TREME LY LD 2 ENRE T, X5 IZ, Kohlrausch-Williams-Watts =2 & 5 = >
SOV — RN D, 4y T ECSIER I O BR AR IS A o TRE IR ) D 3 AT 28 IR AN D B 2%
Honehole., DFENSNEZART 2RARABTEEMOY —MHIZIETL, O RITH
RO CIVBHETH - 2.

1 ®E

a L AT r—/L (Ch) FHEKIL, FREROANLVXF—REAREAT oA FE (D LENLT
GTXTVT A —%FTDHNEERICLL, KSEESCT LT ) FVEREE R T 5 29,
MO X5, D THRRLISNZKRHER S FIEIZEFBILATIIALTHY D, “aLx
TU v M DADOHK LR ST, ChOEFETZ—FT v« T AT )LFFEK 20D Ch A
VA EMBEICEANLTZES T VIRRTY —F by JREEBICONWT, HE <D
FRBFE SN TND.

EHZDIFIINET, DFRWICA A CMEEREZE L Ch 8K L R, 21X
TUNKRAEOEAECH S T L OFHEBENMEIER R LXK - THLWEESCHEZ R
T2 “BEEBMBBEER oa v -3 FELTRERBSEIEN»S, o FHMEEIEH
EECHFEEOBII EZ R DI OO MR AT - CTE O —H OO F T,
F bk (0)-ZZNVEEE ) 2L AT UL (CHP) b RiZanZ gt /) 227 J L (CHS)
WRBNENIEE 7 7 I (Chp-amine, fRFEE n = 12-18) & 111 OFEHEMa T L v 7
(Figure 1) 2K L, AV F L Thda L A7 UL EICFRAT LI VHENER S L
tadpole /3 - L 72 2 Z & T, JNWIREHRHMICE > Ta L AT IV v 7 FHFAATIF v IO
WA ZRBT 228, S6IC, ABETELRDICHKMEHENEE ST 7 AREL L

HZLHERHLTWHWS O 2ok, H—7hoH 4+ & (<800) ® CHP/Cy-amine (n = 12-18)



DT T AN DNWT T Z e —fEMHE %17V, Kohlrausch-Williams-Watts (KWW)
BoOMBEELBEEEACTHBIT LA, OB T TELT 7 AHT A (b1 &S
fid) LB L CREMBEMOSMAMAMmEmIZHR /282 2 5% ALz 12,

lEowrEdlmob &, KR TIEES, mMia b X7 U rxz27 0 (CHP, CHS) &4
#4 Cp-amine (n = 4-10) & ®E / §&1K (CHP/Cy-amine 72 & (VT CHS/Ch-amine, Figure 2a)
LT =22z L, A YT rar-TAVBO#EGHEELS LT AL ALT I U#HE
(Ch) WA A HESEERDOY —F brEy ZIRMMEICKRITTEEL BB L. VT,
Chifisifk 1 L 2fE D Ch-amine 70 H ik 2 $H K /3 A B~ 7 (Ch 7% 3 {&/(Cm,Cn)-amine, m # n,
Figure 2b) 72 5 ONZ Ch #F ¥k 2 L 1 FE D Cp-amine » 5 Bk 2 8 i RIBER T
((CHP,CHS)/Cy-amine, Figure 2¢c) @ 2 % A4 7 DIR AL %2 5t B ICHERBE A F — & &2 K P
T5ZLT, BRRLF VEEKOBRBAICEIVELDI D TESMANY —F ba By 7 kM
WCRIFTEEBEIZIOVWTERLE., &6, INHEMT T ADOT U Z LY —EMEd %
fRAT L, WIS RIE TS T 7 205 FRERKN FRFE) b CICHE M
L O TR AE R) A A& BEA L 72

0 0
® ©
HaC{-CHy—NH; 0 X0

for CHP
X =
-CHz'CHZ_ for CHS

<< Figure 1. Chemical structure of 1:1 ionic complexes composed of a cholesterol

derivative/aliphatic amine (Cn-amine) pair. >>



n-n"stacking
interactions

interactions

1]
@)
L
w

N
400

= C,-amine

<< Figure 2. Schematic representations of molecular structures for (a) mono-complexes
(CHP/Cp-amine and CHS/Cp-amine) and mixed complexes of (b) one cholesterol derivative and
two Cp-amines (CHP/(Cn,Cp)-amine and CHS/(Cm,Ch)-amine) and of (c) two cholesterol

derivatives and one Cp-amine ((CHP,CHS)/Cy-amine). >>

2 EER
21 HHE-BHE
CHP 72 5 ONZ CHS 1T E bk T¥ (Bk) X VEEAL, =% ) — )LVICER I TEWR A

ﬂy‘llu

WL-%, B E2iTo THE L. Chamine (n=4-18, ALk T¥ (k) &) 1%, #
RS 52 &7 S ERICHEL 2.
22 4AF EEORH
Ch #E K L Ch-amine ® 1 WthT ¥ / — ViR %, BREEOE /LI (-COOH:-NHy)
MLl ERDEOBELE. BONTERABRENTN I ATy — LV EIZWMELTRT 7 N
THEZL, EHIZ40°C T2 HMESEGBEIE T, & /7 85 EHE (Figure 2a) #1#57-.
1fED ChiFiE ik L E DR 5 2 F D Co-amine 70 H ik 2 E M AR S 851K (Ch i



{&/(Cm,Cn)-amine, m #n, Figure 2b) %, Cn-amine/Cn-amine ® % E LB G EIKIZ CHP & 5
WIZ CHS ® =% ) — VI % -COOH L -NH, DR E /LN 111 L L HRE - F v A b
LCHB L. ChBE(K 28 & 1ff D Ch-amine & O 1 §f H IR £ A §% /K ((CHP,CHS)/Cy-amine,
Figure 2¢) 1%, CHP/CHS % £ ViR A ¥R 1 Ch-amine A1 %2 -COOH:-NH, = 1:1 ({2 E /L Lh)
EBEORE®R, Y AMLTHEL.

23 BB|AE

FT-IR JI &1 (Bk) Hl®Epr R EE 7 — U = B ¥R A5 6ok B G FTIR-8600PC % I W
T, /fRHE 4cm™, FEREIEL 100 Bl OS54 TIiT - 7o, & 3EHEL KBr R & MR &%, &
T L, ZwiEIC TR MLraflE L.

fmC B EE (POM) BLEIE A U /82 (BR) BaEifk s 27 A 8BS BX-60, I & OVN#
JAELTARNT—+ P K () ®Ay hAT— Y FP82HT/IFP0 # WV THT o 7. A7 A
RATTAENN—=TTATEHRALESEERRAEE, T 70 2=V FCHHEE LR 5IEE
+5°CETCHBELTCRABEREZHEEL, i BIRE TCOREBEME (cooling) &, ZOHDEHF
IHiEF (2nd heating) THREIONEFEGMHEEZFIM L2, ok, FIREE & BREREEIX, £
AUE L 10°C/min & 20°C/min IZ% E L 7=

DSCEGHICITEA a2 — A L AV L XY (#F) B DSC6200/EXSTARG000 (1 > ¥ T A
WWEVIREEAREALAKE) 2L, FiREE 10°C/min 72 b ONT B % 20°C/min @ 4
HTY—F7 722, HEBAX—L20@FTIE, 7TAVI=0 2/EMASITEHAL
=& e (K 5mg) % POM #4305 & [A Uil &% £ CTH I L 7= (1stheating) %, —60°C £ T
KeiE L (cooling), H VAR L T (2nd heating) MIE 1T -72. 2B, FRkE O Tglix=
%)L v — 28k (Richardson & @ k) Mz kv ke L.

DSCIZ LB Z v —fEMmll &%, BEd® e FEDFIETIT-72. £ 7 1st heating (&
THBBEEZHE LK, 60°CETHAEAIL TH T AREE L. i T, £k D Tg+50°C
FCHE L CTHRMAIRE (7% FEmEk) &L, FiED aging JE Ta (<Tg) £ THAEIL
THEEORH tal2B W T, DSCHN (ta<2 h) F 72 IFEEAKEAN (t>2 h) THELHE L /-,
Z D%, —60°C £ THEW (£ 50°C/min) L CHEF T O 7 AHEE %2 Wk L 72 % ICH i L,
T RGBT 7S Ld onset MBEIZAEL DM —7 2T 2L — (AH) & L T

HHL - 7.
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3.1 ChEHE&E/Chrramine DR dA A U EREOHRRER

Figure 3 {2, CHP, CHS, Cig-amine, ¥ L OY(CHP,CHS)/Cis-amine i &85 KIC >\ TH S
N7z FT-IR AX7 FVZx3 . CHP 72 5 ONZ CHS Hl{K (Figure3a ks L OV b) Tix, ==
FTILREA O C=0 MFEIRE) (~1715cm™) & LR U B A0 C=0 MFE IR (~1700 cm™)
BLOC-OMHEES (~1320 cm™) B#El o olcxt L, $EEFEE (Figure 3c) Tix= X
TIVOWI N RO LT > TWW5b. F£7-, Cig-amine (Figure3d) (28627 2 /7 Ko
N-H ffi g )R B (3338 cm™) 23 & TIXW AR L TR Y, #HiioiZ 1553, 1384 cm iz B /LR ¥F
7 — hO C-OMfEIRE N ROBHBL L. 7od, 1560 ecm L ICiZ 7 =7 A D N-H
EAEH A P bEEHELTCHBAL WL EE2 0D, LEORKR I,
(CHP,CHS)/Cig-amine i Bt NIZ W T Ch 58K D I VAR F 2L & Cig-amine DT X /K
OB T LL MO NAAEL TND Z ERHEBETE . MoREEHZ DWW T b RO R

SN THEY, Ch FEEKES Co-amine DT AL FALEHE, RO RICZENDL ORMAICHED
59, ChET I LD LISRREREND Z L Z2MHHELTWVD.

—T T T
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<< Figure 3. FT-IR spectra of (a) CHP per se, (b) CHS per se, (c) (CHP,CHS)/Cig-amine, and

(d) Cig-amine. >>

32 ChB#E&E/Ch-amine SEHDOBRMEEGEBXF— L4
Figure 4 |2, CHP/Cyo-amine & / $f{Kk (A A 7 F v 7 k& R EL) 726 CITHE oA B~

7 @ CHP/(C10,C18)-amine AR (2L AT U v 7 ERE) oW THELNAZ DSC



P —F7 T L%, coolingi B CHIZEE N POMB L L BICHIRT H. Tablel (21, & Ff
Ch #% H {K/Ch-amine SRR O MHEE B E & 4, BEH 1O PoFr—2 L blcE v, 2,
as-prepared O 5 R BHIW G & LTHE LN D72, Wb st heating T— H 5§

FHAb L7t 0B FOR BRI TR 2 8) 2 570 L 7.

(a) LELEEAN BB LAY AL LIS BLELELEN NI LI BLALEL NI
Y
o M, |
£ Cem : at 27°C (cooling)
s cooling L SO
= —— Y s
3 G
©
c
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Y
L IVlch !
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<< Figure 4. DSC thermograms and POM images of (a) CHP/Cip-amine and (b)
CHP/(C10,C1g)-amine. The thermograms were all recorded after isotropization of each sample
by the 1st heating, and POM images were captured at a given temperature in the cooling process.
White and black triangles indicate the temperatures of T4 (determined by a universal method
proposed by Richardson et al.*®:**)) and Tmer (mesophase—isotropic liquid transition temperature),
respectively. Abbreviations: G, glass; M, mesophase; I, isotropic liquid; sm, smectic; ch,

cholesteric. >>

Table 1. Phase transition schemes observed for cholesterol derivatives and their complexes with



aliphatic amines

Sample Phase transition pattern ® Tg (°C) Y Tmer (°C) Y AHmer (kJ/mol) @
CHP per se ¥ Geh © Mch © | 25.8 91.4 3.32
CHP/Cyg-amine Gsm € Msm € 1 20.0 102 9.98
CHP/Cy6-amine ¥ Gsm © Msn © 1 19.0 106 6.91
CHP/Cyp-amine ¥ Gsm © Msm & | 10.5 85.4 3.01
CHP/C1o-amine Gsm @ Msm & | 18.7 63.9 1.92
CHP/Cg-amine Geh © Mch | 15.6 41.0 1.47
CHP/Cg-amine Gael 28.0 - -
CHP/C4-amine (K1 — K, — I/ decomposition) © - - -
CHS per se K\ml - 155 © ~2.39
ch
CHS/Cys-amine ¥ Gen © Mch | 0.0 125 4.34
CHS/C1g-amine ¥ Geh © Mcp | 3.8 123 4.86
CHS/C1p-amine Geh © Meh & | 10.8 93.4 1.22
CHS/Cs-amine Gen @l\fch—> K (+ Mch) = Mch — } -1.7 128 1.20
CHP/(C10,C18)-amine Geh © Mch | 18.5 86.3 3.65
CHP/(Cs,C1g)-amine Geh © Mch < | 30.7 82.2 2.51
CHS/(C10,C18)-amine Geh © Meh &1 -4.2 112 2.37
(CHP,CHS)/C1g-amine Gsm © Mgy & | 15.3 119 8.22
(CHP,CHS)/C1o-amine Geh € Mcp | 22.7 80.6 2.47
(CHP,CHS)/Cs-amine Geh © Mcp & | 28.3 86.4 1.22

3) Quoted from Refs. 10~12. 9 Estimated in the heating—cooling cycles, after the 1st heating. Notations: G, glass;
M, mesophase; I, isotropic liquid; K, crystal; sm, smectic; ch, cholesteric; a, amorphous. © Observed only in the 1st
heating scan. 9 Estimated in the 2nd heating scan. ¢ Estimated in the cooling scan.

CHP Bl f& 10101%, %9 167°C THIM OIS @M L CHEHM I ~L BB T 5. ki<
cooling 2 T~87°CIZa L AT U v Z#KatH Mechn DB IRIC X DY — 27 2R LTk, &
mfb 3% 2 &7 < 30°C il THR G A 7 243 % . 2nd heating TIiIH) 26°C TH 7 A8 L
THREMMERMS & 720, ~92°C TH LT MICEHEB T 5. UROBEFEBEETIE, | © Mo & =
VAT YU » 7R T A Gen DFHERRE % 4 0 3K 9.

— 77, CHS HAR ‘0 Z=F v F 4 bty 7k MED CHP &3 R0, %57 o

IR HE (>180°C) 705 @ cooling WREICEB N T DA M 2RI T 5 (£ Fua vy ZikdmtE).



Fo, TORBURE (§ 155-145°C) (I Tl <, EITHEMET 5.
3.21 Chi&E&/Ch-amine E/ &k (ChEBEWHK 1L Ch-amine 1TEEDART)

CHP/Cio-amine $& & (Figure 4a) 1%, BE# 'Y CHP/E 4 Ch-amine 841K (n = 12-18)
& A Bk, 1stheating B OREHIEY A 7V TEHEHH IS A A7 F v 7 iEAHE Msm (POM T T
Figure 4a 45 @ batonnet f#lfE "L S, A A7 F v 7 AMHOAEMERNE V) & 2 X7 F
Y AT T A Gem (RAAZF v 7P EAE SN2 AT ZIRE) OB R — bz
iR L7, R# Ch-amine & DEEKIC LY CHP O ¥ 4 ~—HENHIAND & & BIT, F
R T VX VBB EASN T FEBMERM EL, BRIFEO &S WA X T F v 7 K5 BT K
ShieEEBE2ZbNsD. LLERL, TAXAVEENELS D Lo+ OBFIHAITE & RS
JE B RE 134K T L, CHP/Cg-amine #5 /A (X CHP B R L Rk IC =2 L 2T U v 7 il 2 TE R L,
£V HEHE D CHP/Ce-amine $EA TIX B IFRPHAEA LA TE T, KR TETELT 7 270
TAGEZHK LT Ga®l DHT AR DI %R Liz. CHP/Cs-amine &K% 1st heating (Z
BOTHEFTEIRE | ~OW@EFRICOMNRECTD, UkoBRFAREBRICHETS 2L
XT&E otz

LLED XD RREIER RIS T 2 7 A XV E n ORI, IRGH-FHHOEB T ¥
L E— (AHme) 7O b EMERICHER TE 5. Table 12T K 512, AHve fEIXFHHEE &
IEMSZIZ n DK T (18 58) L EBICHFMMICHALTEBY, AMLAATZF v 7 (n=
10-18) TH 7 A FVEHN LS R DHICON THRMHEE T O FERIOBRFHEITIERS 25 2 &
MRSz, £io, LV EEMNREELERLI2EBBE = b a E—ASue1’ (= AHuo/(Tuer +
273)) WAL 2L AICB N TYH, RO AR TETWD.

— 77, CHS IZ Cio-amine & @5 A I1C X W, heating « cooling i i & o> i U JE B 388 C ik d
- (Men) ZFBL, o T FORE (<~0°C) FTHHE I TH CHS Hlliko Xk 91
LT 22, WABEPEBEISNZIa VAT Y v 7B T A Gz LEZ (n
= 12-18 ® CHS/& #{ Cp-amine 5% 1O L A O R) . CHS/FLE{ Ce-amine #5122V TH Gen
S Mep DFHER R S fEFR S 4L72 2%, heating @ FE TIEH 7 A BB ZIZH KMk — 2 (~56°C)
EAEALALE Y — 7 (~94°C) MEBLL, WMH-FEHMHBE E CIT/EME (K) BB L.
TAXVEHENELS, CHS A L AFICHMEER LS T ol BZxbN 5.

F 72, CHS/Ch-amine R TIEA VALY (v ZAFUALKE) 540 (Ch 7 AFA) &0
HREENFK AR ATV CHTHY, WERGEFERICE > THBE S L TWD CHP RfEA L it
e L ChHFEEBMEIT &Y. £D72d, CHS/EH Ch-amine (n = 10-18) $HIKIT L VKW Ty



fii (0-10°C) & &V, JRWIREE CHMEMAZIER T 5 2 L3RS/ (Table 1). LA L
G, CHS REEMDOIAMMIEIL CHP R THE SN A AT F v 7 HETIE R, M
BB F DR W= L AT Y » 7 Toh o 7z. CHP/E $4 Ch-amine (n = 10-18) §4 14 T3,
HERXTHLIFFROMTAELD tn AZ vy XU 7RSIV E L THE 7 %72 (Figure
a2 ), BFEMOEWEBRDO A A7 F v 7 REBELZHRLTERLLEZOND.

3.22 ChEEM®K/(Cn,Ch)-aminefEh(ChEEREAK 1TE L Cr-amine 2B LDEHEESHEART)

Ch #% H{K/(Cm,Cs)-amine (m # n) BEKITVWITNOGH—DOT T 2B 2 5 T -
LEHMHEBERL, TVXLVHEORR LA T VEEEBHELBET 22 L <IREL, H—
R TREMEE LD ENMHER I, £, ChiHEK/(Cro,Cis)-amine &K 1L, Mkt
JBEIR DR A -5 TR IR E (Tue) O THIES Z/R L7 (Table 1).

AATF w7 Msm Z BT 5 F 8RR D7 L K Toh % CHP/(C10,Cis)-amine

(Figure 4b), L NT Msm E 7 BN T 7 A ZZNENRB T 2F /7 85KkD 7 L N
CHP/(C6,C1g)-amine 1T, WT b 2 L AT U v 7 KA FE Men Z 5K L 72 (POM T~ C Figure 4b
FH DX D7 planar Mk A ~3). 4 FESIOHRIMEDN &V Msm Z KT %5 CHP/Cig-amine
W2, IR D72 %5 Ch-amine (n =10, 6) NIRET D52 & THFREMEDORRFMEIETL,
BB Map~E Bk LT EZ2xbND. —F, ab AT U v Z7RBEERT 5E 7 85K
[Fl+ DREGRE TH D CHS/(Cro,Cis)-amine TiL, FHEDO I L AT U v 7 H A Men 28 5 8L
L72 (AHmer fEIZHERR E / SER O T O I P HENICALE L TV D).

A U84 & % 4 ® CHP/(C10,C1s)-amine & CHS/(C10,C1g)-amine (X, & biZa L AT VU v 7 i
AR T HHDD, AHwe EIZ S FERM KO nBEFA X v ¥ 75 HFT 5 CHP F TR
<, KOBFHoOEmWEREMEL LD LR RENTZ. —F, Tl 2\ T XREICE
AF L UHAEZEFEHE T2 CHS RO G MR, £ /7 85K R RO ER LRI B 7.
3.2.3 (CHP,CHS)/Ch-amine ¢ (ChBFE@H 2 L Cr-amine LIEBLDERERERRT)

(CHP,CHS)/C1o-amine J& & & {1 1st heating B OFEFIE Y A 7 LB W T, H—>0D Tue

(~80°C) & Ty (~23°C) ZRL, SHMI & a L ATV v ZiEHEH My © 2L ZXT U v
AT T A Gen DB AF — A& DIK L. n=6, 18 ®(CHP,CHS)/Cr-amine % [F££ (C
W—0DH T AGK L IRE-%5 M %2~ L, CHP/Ch-amine & CHS/Ch-amine 23 # 43 Bt 3~ %
e RBAELE TREMEE LD ZEPERINT. 2, TAXLEENOMH
BLLbITHFEHERHERLTTEETL, BETO2REHEE XLV AT Y v 7 (n=6,
10) Wb A A7 F w7 (n=18) EBRFMHEOFWHEE & 2> (AHve b K).
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33 BBRASADIVALE—RBRNEK

— I, BMIROBBEN D OBANC L > TR INIERE (FF7 ) TR FICIEF
W7 REICH D, BROBRSFE (XL —, (KiE) 2B LTWS. Ty G ok E
Ta (£ Ty TOEWLIE (aging) TENLOBEEDHH SN, T. TOVHEMEEL L -2 &
WERERATTANEBITT D, ZOFMBES (=2 —fEm, KEEm) ©181,
DSC BAHTIC X 2 A BB ICBWT TgEZOWREAE —7 & L THRA TE, aging FFfH ta
EEHITHETTORFIE RIS, TygO LR EZF WAL — 7 HBEOMARKE L TERTE
%1,

" AH/kJ/mol

0 PEE BEPEE BT SRR
/ 0 2 4 6 8,10
/ Aging time/h

g
2 —O— Aged at 10°C
% - % Aged at 14°C
R {1 Aged at 18°C
0 i . . . —>— Aged at 20°C
0 20 40 60 80 100

Aging time/h
<< Figure 5. Time evolution of enthalpy relaxation for the liquid-crystalline glass of

CHP/(Ce,C18)-amine which was aged at different temperatures lower than its universal Tq. >>

Figure 5 (21X, i~ @ aging I B Ta+ FEfE t, TEVLEE L 7= CHP/(Ce,Cig)-amine K gk H 7 A
(Gsm) D= v X)L —§EFI%E) 2 DSCICZ X » TBBF L 7263 2 B0R L7z, #5568 fn il g,
(1) " KWW X 1942 Xk - T fitting L=/ R TH 5.

AH = AH. [1 — exp{—(ta/7)#}] (1)

11



ZIT, AHIZBEMT Y 7 E =, AHLIZIRR O fI = > Z v B, o IR MR, p I3k
PR oA 2 RS MREFERTH L. pREOFMITZ 0~1 TH Y, /NS VI & 5% iR o Ah
WKL, XV ZRRRSTEBE— FABERMICFSLTND I L2E®RT 2.

Ch #FEK/Ch-amine & / $5K, BLOZN O DREGHEEDOESE T 7 21220 T KWW =
X5 fitting ol oNTEMT —F (AHo, Int, BELOB) %, BEHR D205 —42 L L
HiZ Table 2l F 7. T, ¢ ® Arrhenius 712 v E 2B RD EMBEO (T
D) WEHEALZ RV F—E b, QRICEVERIND T IV I T 4 —RTA—=Z—mPDDTF
—Z bR L. MEATAOKEMBEO LLT I Z2RTHEIETHY, BESRKREWIZ LM
WZ Lk ERT.

m = dlogo/d(Tg/T)|t = 1q (2)

Table 2. Enthalpy relaxation data, activation energy Ea, and fragility parameter m, estimated for

glassy samples of the complex salts of cholesterol derivatives with aliphatic amines

Sample / Glassy state Tg (°C) Tg—Ta (°C) AH. (kd/mol) Inz(s) S Ea (kd/mol) m
18.8 1.83 12.4 0.69
10.8 1.31 10.4 0.74
CHP per se ¥ ! Gen 25.8 154 27
5.8 1.21 9.22 0.78
2.8 1.02 8.97 0.70
25.5 0.990 7.77 1.00
20.3 0.949 7.19 0.98
- i a)
CHP/Cig-amine | Gsm 20.0 15 5 0.730 6.95 001 47
13.0 0.521 6.80 0.84
19.0 0.849 7.32 0.98
14.0 0.604 6.86 0.92
- i a)
CHP/Cis-amine | Gsm 19.0 10.0 0.408 6.61  0.90 52
7.0 0.262 6.33 0.84
16.7 1.69 11.4 0.87
. 13.7 1.52 10.2 0.91
CHP/Cip-amine ! Gsm 18.7 8.7 1.49 9.78 0.98 95 17
3.7 1.26 9.38 0.87
18.6 2.39 11.0 0.66
. 13.6 2.20 10.2 0.71
CHP/Cg-amine ! Gen 15.6 8.6 0.718 820 0.71 196 35
3.6 0.280 6.52 0.64
21.5 1.96 11.9 0.81
. 16.5 1.54 10.3 0.72
CHP/Cg-amine ! Ga 28.0 115 144 930 071 180 31
6.5 0.837 7.81 0.69
CHS/Cg-amine | Gen 0.0 15.0 3.11 9.91 0.76 175 34
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11.0 2.11 9.43 0.63

7.0 1.17 7.57 0.72

3.0 0.467 6.49 0.61

16.0 3.09 11.5 0.87

. 12.0 2.81 10.2 0.67
CHS/Cis-amine ! Gen 3.8 8.0 1.89 856 084 223 42

4.0 0.914 7.04 0.80

17.3 3.89 12.2 0.75

. 13.3 3.69 11.6 0.67
CHS/Cip-amine ! Gen 10.8 93 348 11.2 0.63 87 16

7.3 3.32 10.8 0.76

18.5 2.76 10.7 0.61

. 14.5 2.73 10.3 0.58
CHP/(C10,C1g)-amine / Gen 18.5 10.5 5 36 957 045 116 21

6.5 1.22 7.75 0.37

20.7 2.34 10.3 0.51

. 16.7 1.73 9.75 0.50
CHP/(Cg,C18)-amine [ Gen 30.7 127 134 907 046 113 13

10.7 0.891 8.65 0.43

19.8 4.04 12.8 0.50

. 15.8 2.75 11.3 0.53
CHS/(C10,C1g)-amine / Gen 4.2 118 5 38 10.4 051 153 29

7.8 1.87 9.37 0.54

19.3 2.81 11.8 0.66

. 14.3 1.97 10.7 0.63
(CHP,CHS)/C1g-amine / Gsm 15.3 113 135 964 056 162 29

8.3 0.804 8.99 0.47

15.7 3.07 11.4 0.70

. 11.7 2.80 10.5 0.62
(CHP,CHS)/C10-amine / Gen 22.7 9.7 2 24 10.1 0.56 148 26

7.7 1.81 9.11 0.47

21.3 1.81 12.4 0.78

. 16.3 1.78 11.2 0.73
(CHP,CHS)/Cs-amine / Gen 28.3 13 3 156 103 0.76 174 30

10.3 1.32 9.67 0.66

3) Quoted from Refs. 11 and 12.

b) Notations: Gsm, smectic glass; Gen, cholesteric glass; Ga, amorphous glass.
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(@) Sample:

1.0

T T T
CHP . | |
CHPJ/C, ;-amine e
CHP/C,¢-amine N N )
CHP/C,,-amine . 00 @
CHP/Cg-amine e |
CHP/Cg-amine [ .
CHS/C,g-amine CD OO
CHS/C,¢-amine O] OO0
CHS/C,y-amine OO ©
CHP/C,,Cipy-amine | Al A | AA
CHP/(C4,C,5)-amine AMA
CHS/(C,,C15)-amine Y/A'AN
(CHP.CHS)/C,,5-amine & & e
(CHP,CHS)/C,,-amine R JEE B K J
(CHP,CHS)/C¢-amine i ¢ 00
i i H i i
03 04 05 06 07 08 09
B
(b)
:
CHP/C,;-amine 000
CHP/(C,,C15)-amine A A A
CHP/C,,-amine ol
(CHP,CHS)/C,-amine ® ¢ OO
CHS/C,,-amine 0900
i
0 1.0 2.0 3.0 4.0
AH

<< Figure 6.

cholesterol derivative

@

and Cp-amine,

and

CHS/(Cm,Cpr)-amine, and (CHP,CHS)/Ch-amine).

cholesteryl complexes. >>

the

mixed

complexes

: : H—} : :

Class of complex:

- Figure 2a, left

- Figure 2a, right

- Figure 2b, left

- Figure 2b, right

- Figure 2c

(a) Comparison of g parameter between the mono-complexes composed of a

(CHP/(Cm,Cyn)-amine,

(b) AH. values evaluated for the selected

¥ 7" CHP/Ch-amine £ /5K RICHOWTHLL E, AA T F v I+ EZ ED n > 10

DEERHT T A (Gsm) TIEHML T, EaDfEIZ/NE<, 0.85~1.0 & K& W g% (5 FomERH

SIATBEY) BEFLT.

FMRRHT VI VEHPEHENICH < 2 & TH T A KO EE M
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WML, ZRIEA—F —OHIFIEBNTE — 0200 = RV X — R % E 72 R~
ERERIL D D2 ENRENTZ. & 51T, CHP HALKR & b _Tm oI T L (MarEamE L
<LK D), ZODHRIITAFAHREOHEK (n=10—18) & & HIZBHFICR 7. L,
LR s, SERANEIVEHOT I (n<8) IR ELEBIRRDL. 2L ATV v
R T A (Gen) D n=8 DK, BLIORTENLT 7 AHT A G 7D n=60DKT
I, CHP i&faH 7 A (Gen) L AEEIC, 7, Eao, m OB KE L, pHEKIZ~07 I
ME o7 (Figure6a). T 72bbH, BT I VKL LR TREMOETIZELS, 7 FEEMH
EORFR FIC - THBE— RROCREKLT L2 LR Fm@an. 2L, B4+
BEOD, WHBD TOHSET T 20HEM (=0.3-0.5) V2L hig4 2 LiEfHHET— KD
B—tidhsbm<, BbEW. £72, WTHoOEERAEIZONTSE mIZ 50 L FTH
b, —~fEOESFH T A (m=70-200) D& el U C MBS ITmB D TRV 2 & AR
Shi.

CHS/Ch-amine & / ${& (n=10, 16, 18) DKM I 7 XA (WTh b Gen) ITBWTIE, %t
IR T D8R D CHP £ / $61K (Gem ZER) OfEMT — X LB L T AHREIETH S NITE T
L (0.85~1.0 7» 5 0.6~0.8 ~), 7, Ea, m OEITH RBMIZH - 7=, HEEAHBEF O ZEE I
Z, CHPHE R TIEA VYA aT LT AXATANDEELICBIT D -t ZF v X2 70N
BB EDOLZENMIITHE L TWVWDHIEHEZEZLND.

—J5, B S5 Ai B D Ch# 3 {K/(Cm,Chn)-amine 18 & 85 (K T, g $1X £ / #5148 % (0.7~1.0)
b LT3 L <K F L (0.4~0.6, Figure 6a), #% Fl it & AHL23 K & < # K L 7= (Figure 6b) .
BBRLIHEOTANVNIRAET 2R TIHIEBHEBELNE S 2Oy FESHORFAMENET L,
ST RN —ETHDHEHEERDO LD R VEMBEROMILERLL 2RV, —Ko&EsD
FTTENT 7 AATALRED paKELoTEEXZOLND. E,, m OfHICE LTI,
CHP/(C10,C1g)-amine & & &5 /K I B W THEp 97 5 & / 85 /K ( CHP/Cio-amine 3 L O
CHP/Cig-amine) O 7 — X XV b KX Rofe. BT T ABARA I F v I hbalb AT
I NEXOBRFEOBRWEESICE LD, BMICET I E. N RKLZEREIONS.

HfE B IR AR 0 (CHP,CHS)/Ch-amine IR A EEIEICHB W TS g FREILE /8K KD 0.7-1.0
2> 5 0.5~0.75 (Z{& F L, CHP/Ch-amine & CHS/Cp-amine & OIRAIC L » TREMIEEIZE T
D FEBT— RIEHIETIENRENE. EEL, TOMHEIIHEESAROREAMENA
RlZonWTHEOLNE pEXE IV b K&\ (Figure 6a). Figure 6b (233 X 912, HAE LR
TERGER D AHLME (B M2 KW) (IR T2 /7 koo rMoflesozz &
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NH b, MO 2T IERITEREHELETLORE (CHP + CHS) LV & 7 L%
W DOEE D (Ch+Ch) DFNBRN ENRBEINTZ. 2HOTALFLEEO TS+ &E
PER DR TE T D Ch 75 & (K/(Cm,Cn)-amine 52 (Figure 2b) ® 52, —koO&ED +5% (FHx o

DFHEHEOR Y v —NIEE) ERKICHOMODIEW G FREEMELFERLEZEEZ2 6N,

4 #®E

TEANEEE ) AL AT U (CHP), a7t/ FaL A7 U (CHS), BLUZh
HEESNENBET I (Ch-amine, n=4-18) L DE / - BRAEHKEZS LI, VP—F bt
vy BmEBHAEFE L., MK TI L AT Y v 7T T A (Gen) L7205 CHP X, K
$4 Cp-amine (n=10-18) D a v T L vy 7 RAZ L VKRFHEOBNARX T F v KT 7 A
(Gsm) &2V, HENOIET & & BITHWRS FRIOBRFMHEZIETFTLE. £/ brt vy
AL D CHS & K8 Ch-amine (n =10, 16, 18) & O F / &k TiL, MW AN MIE 7205 &
B (n EFAZyx 70 “KEVB W) DOFRRAF LV EHIIEESHRDL Z L
ToHrEBENE AL, EWRERCTRSME (2 VATV v 72 47) REBLE. 2L
A7 U 1FEE 2FED Ch-amine PO D EHE S ME, 26T 2O a L AT YL 1
® Cp-amine & OHEFEIREEM O K RAHERIT, WITHOLHE —-OF T 2B &A% 05
BBEERL, TVXLVHRO DL VITHMEREORRLE /7RI HSMT 22 &< —1
BELEESBIOBERET I AZEEL D52 EBHLMNER ST

BB A T ANLBT DLV E—FEMREOREENMZBHL, KWW K& F 7z 50
5 o fitting 2> 5 K FEIEM X T A — X — %KD 7=. CHP/EH Ch-amine (n>10) OEE Y 7
A (Gsm) TIHEI—WPOFRWEMOET (K, /) BRI, BRICET LEE
bR F—E &, JMEBIEDO LTS 2RT 7TV VT 4 —/"T A —%—m (T CHP Bl
KL L TRESIE T LA, ZRITH LT, Gen 272 5 CHP/Cg-amine 72 & (NI CHS/E #4
Cn-amine (n > 10) &7 E/NL 7 7 AH 7 ZAD CHP/Cg-amine TITLRME W g2 &L 720, 1,
Ea, mFHMMULI. HFESMOHDIREHERET Y FEESE—-FR L ZHRILT D
D, BHEKIZE VAR LLBELTE T LEZ. 2, MESHMOBRAMEED g HEKITMH
DTS, BMBRICKT L0 FEHORFEZIET S22 R1T, BEERSSORE
(CHP + CHS) XV & 7 X LB OB (Cn+ Ch) DI BRI T & DBIRIR S L7z,
TSR T AL, BB EREM R (Wi - RREBRR L) L LToIs R
PRI ND. BlxE, TAXFALT I VEHPICHRBIGEEEZ MR Z & T, 44 K
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DFHER R O F] O EERORE - EESRARTHAS. £/, CHP & CHS X &
bIZEMEY 7 I e 21 O8RE L, ZALIFMESNICESEIZIZZ LS 0D T v
TV - RUB VIR T A S bEE A E T D ). BEIREAL A B R A & o T AR 4 T
TAAbAlE LTRIHTE 2. SORDIMERKME LT, CHP LT VX VEH A I XY T ¥
DAFEMOEM DA A RO MEBEH (KREEHRE) LA T A0 2L —
BAMPEICLEFL TR, MR TFA L HEOEEBICIONTHEMAMALEHE TS 2.
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Thermal  Transition Behavior = of  Liquid-Crystalline  Cholesterol
Derivative/Aliphatic Amine Complexes and Enthalpy Relaxation Characteristics

in Their Glassy State

Kazuki SUGIMURA,™ Koichi TSUDA, Hiroyuki ARAKAWA," Kyosuke SEIKE,*
Yoshiharu MIYASHITA, 2 Yoshikuni TERAMOTO, " and Yoshiyuki NISHIO™

*1 Division of Forest and Biomaterials Science, Graduate School of Agriculture, Kyoto University
(Kyoto 606-8502, Japan)

*2 Department of Chemistry and Material Engineering, Ibaraki National College of Technology
(Hitachinaka 312-8508, Japan)

Through DSC and polarized optical microscopy measurements, thermotropic
phase behavior was examined for ionic complexes of cholesterol hydrogen phthalate
(CHP) or succinate (CHS) with normal aliphatic amines (Cn-amines; carbon number
n = 4-18), and for two types of complexes; one was composed of one cholesterol
derivative and two different alkyl amines (i.e., CHP/(Cw,Cn)-amine and
CHS/(Cn,Cn)-amine, m # n) and the other consisted of two cholesteryls and one
Cn-amine ((CHP,CHS)/Ch-amine). Except for the cholesteryl complexes with
shorter Ch-amine (n < 6), all the complex salts easily formed a liquid-crystalline glass
(smectic or cholesteric type) without crystallization and phase-separation after
passing through the mesomorphic fluid state, when they were cooled from the
respective isotropic melts. Enthalpy relaxation of these glassy materials, occurring
during physical aging below their T4, was followed as a function of the aging time
and temperature, and the obtained data were analyzed in terms of a

Kohlrausch-Williams-Watts’ function.  Uniformity of the relaxation mode was quite
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high for the aged samples of CHP/Cy-amine (n = 10-18) forming a smectic
liquid-crystalline glass, and a slow relaxation with diverse modes was observed for

the mixed complexes, particularly for CHP/(C,Cn)-amine and CHS/(Cm,Cr)-amine.

KEY WORDS  Cholesterol Monoester Derivatives / Aliphatic Amines / Complex
Salts / Liquid-crystalline Glasses / Enthalpy Relaxation

"Present address: Department of Applied Life Science, Faculty of Applied Biological Sciences, Gifu
University (Gifu 501-1193, Japan)

< TS5T74HIL-FTRALSH F >>

Enthalpy relaxation behavior of “glassy” liquid-crystals

Mixed complexes l CHSIC -amine | | CHPI/C -amine |

one cholesteryl | | two cholesteryls
+ +

two C,-amines one C,-amine

o
@0

Wide <— Distribution of relaxation time —>  Narrow
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