J. Korean Ind. Eng. Chem., Vol. 20, No. 6, December 2009, 603-611

HIE}-0-4-{4 “(A|OH =<0 |2X) HIS A [y 2L

Zol4 - opoy’

EI-—TL\;H?'SLE_ ::76]—
(2009 3€¥ 19

SERREERE

A, 20093 99 19 A=)

Themmotropic Liquid Crystalline Behavior of Penta-O-4-{4'-(cyanophenylazo)phenoxy}

alkyl-D-glucopyranoses

Seung Yong Jeong, In Soo Kim, and Yung Dae Ma'

Center for Photofuctional Energy Materials, Dankook University, Gyeongi-do 448-701, Korea
(Received March 19, 2009; accepted September 1, 2009)

HERO-4-{4-(Aloh ot ) A S A 4 A-D-2F 73| 2 ie %izﬂ‘é(CAGETn n=2~10, FAZA 5 WEA &
SIREY:) _/,k_)/] AubA] N EXS AESIATE n =2, 790 CAGETnS A Uinle AES gAetsE vhd Y x]
FEAES A vetg *PEE FAAT olAe] SFIA FEAT vntE AdEE B8 ah= 29

Hyo|t} CAGETns«] Nz Abell A Yn}El *POEA o] & E5(Ting) 28X TnolA Y] AEZT Wal= no 342
A E54-A4 a5 YeRh o)efst A FAARe] Z-Ao] Wsle] 71913 AAMSES] HdE < Fepas)
o] AA A T oz Ayt CAGETnsOﬂH HEE= Lﬂ wHe] Ao A A7 Ao R ] ol = EE(Tws) L83 T
oA o] AEZT Wsle U HEANA AHET Tin F& TvolA 8] JIEZT H3E n = 494 AR 7181
Aell n = 344 HAE JERTh o]y s AR EA}* IFEY wge] Aole o8 e Aoz AztHch
CAGETns?] 917 4Fe] EAL —‘LE:fiMﬂ 47 I5S oﬂEﬂe Agtog HEAHOo 7 52 AAHASANA A F &
gttt B A7 d s X359 A e} é}ﬂ?iﬂ A T2l 3o

Thermotropic liquid crystalline behavior of a homologous series of penta-O-4-{4'-(cyanophenylazo)phenoxy }alkyl-D-gluco-
pyranoses (CAGETn, n = 2~10, the number of methylene units in the spacer) has been investigated. The CAGETn with
n of 2 and 7 exhibited enantiotropic nematic phases whereas other derivatives showed monotropic nematic phases. This is
the first report of glucose derivatives that form thermotropic nematic phases. The isotropic-nematic transition temperatures
(Tins) of CAGETns and their entropy variation at Tiv showed the odd-even effect as a function of n. This behavior was ration-
alized in terms of the change in the average shape of the side chains as the parity of the spacer is varied. This rationalization
also accounts for the observed variation of nematic-crystalline phase transition temperatures (Tnks) and associoated entropy
change at Tnk. The entropy change at Tix or Tk reaches a mininum at n = 3, before it increases again for n = 4. This
may be attributed to the difference in the arrangement of the side groups. The mesophase properties of CAGETns were en-
tirely different from those reported for partially or fully alkylated glucopyranoses. This result suggests that the degree of sub-
stitution and chemical structure of the substituents play an important role in the formation of the mesophase structures in
the liquid crystals.
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Figure 1. Chemical structures of CAGETn, B-Gn, P-8-Gn, and PAP-3-G.
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Scheme 1. Synthetic route of CAGETn.
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Figure 2. FT-IR spectra of (a) glucose, (b) CAGET2, (c) CAGETS, (d)
CAGETG6, and (e) CAGETI0.
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Figure 3. "H-NMR spectra of (a) CAGET2, (b) CAGET3, (c) CAGETS,
and (d) CAGETI0.
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Figure 4. Optical micrographs of CAGETn: (a) heated CAGET2 at 120
Clerystalline); (b) step-heated sample (a) to 127 C (Schlieren texture);
(c) step-heated sample (b) to 129 C (droplet texture); (d) CAGET2
cooled from the isotropic state to 128 ‘C (droplet texture); (e)
step-cooled sample (d) to 127 C (Schlieren texture); (f) step-cooled
sample (¢) to 113 T (crystalline); (g) CAGET3 cooled from the
isotropic state to 142 C (droplet texture); (h) step-cooled sample (g)
to 141 T (Schlieren texture); (i) CAGET4 cooled from the isotropic
state to 153 T (Schlieren texture); (j) CAGETS cooled from the
isotropic state to 103 C (Schlieren texture); (k) CAGET6 cooled from
the isotropic state to 132 C (Schlieren texture); (I) CAGET7 cooled
from the isotropic state to 125 ‘C (Schlieren texture); (m) CAGETS
cooled from the isotropic state to 121 C (Schlieren texture); (n)
CAGET9 cooled from the isotropic state to 118 T (Schlieren texture);
(0) CAGETI10 cooled from the isotropic state to 117 ‘C (Schlieren
texture).
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Table 1. Transition Temperatures (C), Enthalpy Changes (Jg) in
Square Brackets, and Thermal Stability of CAGETn

Heating Cooling

Sample " 5 S 3 S

Tm Tni Ty Tin T
CAGET2 126[73.5] 131[1.4] 231 130[2.5] 115[65.2]
CAGET3 156[42.5] 250 144[0.9] 140[40.7]
CAGET4 155[54.3] 263 156[2.0] 145[50.3]
CAGETS5 105[58.6] 274 106[1.5] 92[55.8]
CAGET6 140[63.9] 276 136[1.7] 127[61.8]
CAGET7 116[67.0] 128[2.2] 283 128[2.3] 101[60.2]
CAGET8 137[79.3] 281 124[2.2] 120[73.5]
CAGET9 121[77.7] 284 121[2.9] 99[67.0]
CAGET10 122[73.5] 250 120[2.8] 108[68.8]

*Melting temperature.

ematic-to-isotropic liquid phase transition temperature.
“Temperature at which 5% weight loss occurred.
dIsotropic liquid-to-nematic phase transition temperature.
“Nematic-to-crystalline phase transition temperature.

dAEA[47] IFS EUAA 42 55 TiEEN n < 69014
£ nol 71 we) ol n = 7ollMe A9 A HAY
[46-49,51,55] 52 wtolA|=(42]8 &2 Uehdti(3713 @7+t 2
EF (2R A AohiHlo|HAEEAl IF 11E EUAA 42 F
A0 = 4~7, 9~12)[49,58]¢] TveS -85 a7 YERIA
okom Aol dAst HES vEpdch $hE, EEj(2 R A HEA|
oA EAl 1F 1B EYAIA de FEAEMm = 2~12)
[49,59,6019] 7%, 2 < n < 10 FFAES] T 183 n =11, 12
Ql FHAEL AW AdollA A Foze] Mol A 4%
g AE YERH n < 691 TEAEE Twble]l &2 529E
et o]2]st AAES cis?l trans ©]FE TEERE o]} head-to-
head, head-to-tail 18] tail-to-tail 5] ¥HEgkeo] mjd-g dajsle=
ZY(2r ) B3 v)AFze Q) Y EE Aor A
[47,49,51,56,60]. 3HH, Zg|~dlef] (UERZH| Lol 152
TEYAA P& EEA SN = 3~12)[56]9) AHE AAtellA] A Abo.
2O Ho|REE n < 6= A, adE e 543 =
OFl F n = 7ollA= no| T7HEl whet SR 2 R
wolx]E AgE vebditk Z2eu o] datells AlEES] SRR
BARREE 123 DSC G4 E0] AlAEo] QA ghermz 44719
el gt 89l HESHE Zlo] adsith A71s AMdES A
A XY BAE 1559 FXT-FE mesogenic T1F2] Wtko] E4
Sz Aloke ZFell WAtehAl &5 nol # 9ol Ti7F w243
FolAl AM2 I ol FHEHl Aok 1ES A meso-
genic 15S A% A4S FARE, WFAS 3o AR, I8 a
WFe] S|l ZUAA B FFAECNA Lojuks duty
Ql YIS AAtEiTh

Aol 7152 A mesogenic 135 .2 74 ¥ monomesogenic 3}
FEE{62,63]0] FABHE 2HE AJollA ] FAES] ST} F
ARl (MobeddolR)BEA] IHS n = 47 319 ZAddlo
E3AA 9 IEAH40] 283 Alohnrloldld A 15-S EEH
et d o) Ee] =YAA B FZAEN = 4~12)[51]0] P75}
T 2WE AfA 9 BAE IFES FRAoE SOF SHHH
Sl Aok 2EFE 1Fe] wbEES HAESHE 7 70] mesogenic 1
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Figure 7. Plot of transition temperatures against n (the number of
methylene units in the spacer) of CAGETn. () isotropic liquid-to-
nematic phase transition temperature (Tin); (A) nematic-to-crystalline
phase transition temperature (Tww).

FEo] AP PRAOR Z71%0] WS Y ST
EAantiparallel bilayers, 2~#€] AdHS 3= Z o2 B aFo]
kool A FARH EE(E R )] AlohertdAd Al 1
o EYAA D& F5AIE49,5810] vlnte] AdellA e 5 A
E IR Akl ddH s AARE JRE2 Aok J%E

=
2l

o] whie) @ pEA 0w gFow AN Y= ALSA] TF
AT bk THEQS WAES AT e FATEE Y5

£ A0R BHaEo] Qi) o] ARNEEFE Wdd o, vnE A
o429 CAGETn®] A&t FX32E & 4= oY CAPETn[42] 71
2]l tri-O-{4-(4"-cyanophenylazo)phenoxy}alkyl celluloses (CACETn,
n = 2~10)[64]9} 5U37] CAGETn®] TiN©] no] 20f14] 42 Z715h
o wg} FA43] oAl AR FE no] S5l wkel A O
ol AT e AT TR Iste] Aok IFES] vhd
go] ra(EAE 2550 Mg A S7hEel Ak OF
3] Qo] TE = dAREHE sk w0l TUHEY] Wi
ol 2107 MZHETE CAGETnS] Tak 2 Tw(Table 1)°] no] 204 4%
S7Ftel whe}t §43] o= AM R A719] argo] BhEeE AAL
3lt}. 3HH, CAPETn[42] 122l CACETn[64]3} EA3}A| no] 594
1002 Z7he] Wt CAGETnS] Tivol HopAlis AR 2 nf
7kl ost Bk a5 FNUES AR F7hel 7
Q13 FAES] 7F4~sK(internal plasticization)oll 23l ;== A2
71 eH29,32,42,53]. $lelA 153k vkel o] mesogenic LS B
AR AW FEHAE] YERE n] 7ol whe T2 HEe FA
<3} mesogenic L5-9] 3}e2Ml ofuE} FAREI FAKSE T8
FAZAA2} mesogenic 1352 A A E WTFSAl oEST). wek
A (Alekmgldolx)Eld Iis AAREE AW FEAEE A
oA A Ao r el Aolerss B} Zo] olsial] flstele FAk
£9] FTE, FARET BARE 183 BARET (AlohHdotx)
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Figure 8. Plot of transition entropy change (AS) of CAGETn: () at
TiN; (O) at Tk

Tl digk AAH HEZF QEch

179[7,8,21,65-67] 12| 1 W]3[2,5,7-9,11,13,14,16,21] dimerEs°]
A &3] PEEE T0 E5-A 2y vgd 150] A4 trans
AFeNE FA stz 7Hgstel 2 A5 o290 2 o] nofl oJ&Es)
LA ERY 2dyE Aow Byl 9Uvk2,7.8,14,16,21,52,67].
SHA, AAREY 9 uRAteA] BEEE T SR e A
ARE 259 HarAQl A E S BAKE 2] FARES] oo ®
FE glolus JE(BARE 252 AHE)7) nell SEsE AR RS
B Z#lEE Zo® ®BuHo] 9Ir41,48,50,52,60,61]. o123 A2
FERHE ddet w4 < n < 791 CAGETnolA] no] &4=el 24
7} nol E71 9ol uldl] w2 AMdS no] Bl A97F no| 5
Ql -l vl FAAAT} trans YAFEHE BAste] SFI A AL
& FAART} 72 ko 7 widkshs Ego] SUNAANE 2E3t
Q1= el F7h[52,601517] wWlEel ez Azbec) $HE, Tl &
A57) o] F7FEe] whel 7FAEh n > 8ellA] AR AMIS
no] F7hskel wpe} BAE 15 A=t 7 O] trans YA El
= PAsl= B5S 74381 gauche YAFRENE A= g =
THEFALA A&l FAAA] BG5S ml&shs 252 $7h
3t BAkE 2EE3tel Fgshe QlEo] FaEY] wliEel o A
ZFEIth CAGETnS] Tk 22 T (Table 1)0] n = 4~102] G o=
2545 a9E YehH no] 5715kl wet solR|= ddE T
o nEEA Adigo] 7hssit

CAGETn®| Tix 28|12 Tl YERE AHBES(Table 1) ©]%
slo] Fr1EE AEZIHIHAS)HES nY =24 Figure 89 1
ERCE n < SellAE TaellA e ASE S48 a7 e n
o] F7slol| et Zadhs Wb n > oM ER FaE Ue
=] ekom no] Frhstel we} Srishs A 3S vERdch n < 59
A floflA A3 ukel o] nol 421 A7 A4l H9-of v
3l TivollAl gauchelIA] trans YAFENZ ] W3}7F A A dofut wwh
g Aol o] Eapjd ) AMEE sk 207 AZdckn = 6
of| M= nol F7sel wel Al 1FEC] 2RI ARES A%
O 25 Hojuh vjutg AolA] e A EE STtsh wE

4y Lo o
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A IFE0] AT F U YARPETIE 571 0] trans YAFEE
P &2 A2 A=Y wEl Aoz A7hETi41,52]. dHA
CAGETn®] TpollA YER= n2l F7tell gt ASe] W&}/l n = 5
FY oA Foldk AR FF n = 5 FY oA Aofx TFEZFY] wE
o] @RS Wste YOoA AloholxilASAIGAN TFEE2
AT AA5] A= ARIERE 2dEHe oR AdEn
[40,41,58,68]. CAGETn®] &3t A3l wol A4 +3+ & F gl
1} CAGETn®] Tl YeRE nd 71l 28k AS2] ¥ 3KFigure
8) 23l TwollA YEbl= nel S7kell &3k ASE] M3 Table 1)
CAGETn®] oAl ez no] Z7tell 2lgt ASQ] Wale}l A
AsS Uehls AT follA st gt & Ax]$rH29,69].
theFst mesogenic 1S ZEWEH A4S Bt AAANA
AL HIthH dimerso] YERE ng] 7o) whE A4 AbolA Tt
WG o] Hol% 2 Tielx] UelllE ASE] ¥3H= meso-
genic 13552] 3} 8} mesogenic 12 FAARL] Atk o
OJEstn] 2ue] Addeld] el s o] HolkelAe] AS
7F Hh A S HAA][68], 2HE AN vnke AFo g 9] Hol
Lol 9] ASTF HAA[21], Y AZGellA] A AFO RO Mol
of|X o] AS7}F HuR|[5] 22l FEIEHE AdellA] A doze] A
o] 2olA e AS7F HulA[2,9,15]15 UEh= Ae®E Base] gl
o} 3hE, SFF el FHUAEHYE IFS olAE AFTORE =YAA
DL FEAEC] AA Aol FelxEE Ao R Mol A U
ElUli= ASE no] F71stl whel ks A e® HaEe] 9lrh29].
wEhA] SFF.9 20 mesogenic IE= EUAA B FEAEC] ¥
ok W dellA e EAE e AXEE Ak a5 sehx
RS BRI flstol= AR mesogenic T1552] B8k
T8 A FAARe} FAE Z2 FAME mesogenic 152 AgoF
5ol thE o8 FF] FEAlEel st 94 o] Holxe] W
4l AHgke gk AAZQ HEZF Fasich
HolA AT Aletento] A I SA] 25-S A BAAREY A9 1
HAH=[46,47,49,51,5519] Tisd 2] 24 Z(p-zld)el Aok
v SAIGAGAITIR Y 058 EYAA 8L 5388 F5AE
(n =2~12)[70]2] T 525 &7 YERl™ no] S71sdel w
2} grobx] Buk ofuje} TvollA Y= AS = 0.6~2.3 J/K * mol
ZZ(e2R M) AlohioHtolaldSA] I5S EYAA e A
E(n =3~7, 9~12)[58]°] TnollA UERYE= AS = 4.4~8.6 J/K - mol
off ulaf 2k AgS et} wE Aol d S A 5SS Ad A
AREE A TRAE[46,49,52,59,60]1 2 Tiek TAdHA vlo|HdF
YA o229} wEAnlo|Hd LT eo| ES FIIA A G2 E5t
g B FE2A S0 = 3~7, 10)[71]19] TS n < 704 54
T a7s Jehlv no] F71sel| wet Wl s AEs vERiTh 1
2} o] 59 H§ 18A FEAEC] TaelA UellE= AS = 0.7~
3.8 JK - mol> (=22 ol viEA[alolH|dEA] 15 EUAI
A D& FFAEM = 2~10)[59,60]°] Tivell A HERI= AS = 1.7~
6.2 J/K - mololl B3l 2h& Wk of2} n = 491 H3E 1A} AS
= 1.5 JK - mol HEAO o dEA] 1555 n = 4% sfo] EvilE
ot ol Bl EQINA A2 ZAREE AHS52)7F Tavell M et
U&= AS = 1.9 JK - molell H]3l| At (UEZaHolz) A A7k
A TS olAE AFORE W AE ARR 0 Ao TAA D2
F5AEM = 2~8, 10)[61]°] Tnol A UERE AS = 8.8~20.1 VK
- mol-glucose unit= EHEode] (UERALot)ASKA] I5S
oAl ~E Ao R EYPAA G2 TFAEMn = 2~8, 10) [53]°] Tnol
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A YJERE AS = 2.7~6.1 J/K - molel B]3l tes] 2 AdkS et
ok gy AER e~ FFAEC] Yehls YEZozulAl 1%
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