kA 9l oA HA oA YeEl= Carbonate

Ag71el d98H 75

R REK R
F TSR EIRI TS5
* BURTEERS 1RALSH

Thermodynamic Behaviors of Carbonate Linking Group in
Monomer and Dimer Liquid Crystals

Su-Yong Nam - Akihiro Abe
Dept. of Graphic Atrs Engineering, Pusan National University of Technology

*x Dept. of Industrial Chemistry, Tokyo Institute of Polytechnics

Abstract

Polymeric mesogens having a regularly alternating rigid-flexible repeating structure in
the main-chain polymer exhibit distinct even-odd oscillation in their thermodynamic
quantities with respect to the number of methylene units in the spacer. The even-odd
oscillation depends on the number of methylene groups in the spacer the entropy change at
the NI(nematic-isotropic) phase transition becomes less distinct when the linking group is
replaced by the carbonate. In our previous workl), we have suggested that the
characteristics arise from the geometrical arrangement of the linkage. In this work, we have
prepared a series of carbonate-type monomer and dimer liquid crystals. The thermodynamic
behaviors at the NI phase transition have been compared with those previous reported for
the ether- or ester-type liquid crystals. For the dimer series, the orientational order
parameter of the mesogenic core was determined by using “H-NMR technique. The origin
of the difference observed among linking groups was found to the geometrical characteristics

of chemical structure.
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| EEeES MY (EAMscheme [ &1)

step [ : n-alkanechlorocarbonate”

A A& benzene 40miel 1-pentanol 5.68miS o] wMFsHHE A trichloromethylchloroformate
(TCF) 35mlE "7Hg 3 40ToA 342 et ub-eA At w8 F, vwh-gE$ A~



A 9 olakAM WA oA e Carbonate 279 284 A% 3
st 2482 FAZF oo ANk 48 85%.
step II : 4-cyanobiphenyl-4’-n-alkanecarbonate(CBC-Mn)®

A A pyridine 30ml¢] 4-cyano-4-hydroxybiphenyl 1g& &&)8lo o] &0-8 0-5CE §x]35}
EE SkokE BZAA step 1 o4l @4 E n-alkanechlorocarbonate 1mlE M A8 Wojal 247}
T A 2l A&ellA ohA] 24X 7 Fqk ubS A F ub-3-8-o0-8 hEERkel] BrLEt
o] F3}Az 2y $Efls chloroform® ©]£3}F column chromatographyik .2 3tk 48 : 60%.

22 “EBEES HAHY#Mscheme 1 %1)

step [ ' dgw@-alkanedichlorocarbonate
o] WL AT th2y 1 ool BEMES $AHY step I 3ok 8 1 50%.
step II @ a,0-bis[(4,4’-cyanobiphenyl)oxycarbonyloxyjakane

Z A%t pyridine 25mlell 4-cyano-4'-hydroxybipheny! 1.43g-& &3] zt} o] &8 skk
(0-5T)&E J4F, step [ollA 92 aw-alkanedichlorocarbonate 0.82g-2 AX3] A A 2} 1
AeollA 2X2F Fol HEEAI F, AZellA ohA] 12417 kA ok W28 F, WAl
AARAA F3A 5 FAES ofdste] o] Ldo] FA o] Hulrx] 3] st A
o]zl ZA A& chloroform& ©[83% column chromatography % ethanols AF8-3F 2] 224 o)
ol& AAsdct & 40%.

2.3 mesogen?| EKFEL(EA scheme I &)Y

% 30mlell trifluoroacetatic anhydride 40mlE ¥7}, sZube}A 71§t 3 anhydride acetic
acid 40ml®} 4-hydroxy-4'-cyanobiphenyl 12g-2 &3} A1zl o] €KL 115Tel|4] 2427t E<F vl
SAZT 282 w-g el 2 400mlE A7Fste] skindelA 2082wt F o3}, 4, AZ A
Ak AAEL QR o]tk 1|3 dejAl Bubel dichloromethane 800ml¢}t methanol 8ml
E A7HA 60THAA 2A417F 9t reflux A1ATh 28]3 2447k Sk whx|gt ¥ oix}ale] of o8
kA A st dojxl WY RES e3P o2 HA AT FeashE Uy, $8 0 13%.
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Sample®] 3#3txAo|v} AMHo|AZ-L Olympusit® BH-2#%! 333wl Ad] Mettlerjit 2]
FP-80%! hot stageS %2+ste] wabsledch

FA & Perkin-Elmeriit2] DSC-2%!& AM8-3te] A28 790412 AefollA 10deg/min 4 - &

&2 ZA8dch el x A Aol enthalpy®] ZA7|E sampledl € indium-$ A48}

et

b) ‘H-NMRZ3

‘H-NMRZA & 2=7hia7} -3s50] 9l JEOL JNM-GSX-500 ¢ AH4-5ted proton
non-decoupling modeoll A ZFAsH o] A Ao wld-E §2]A17]71 #&lA non-spining
mode°l| A &A3}gict. WA samples A= F/AHEZEA] kst 433 gl delel slvh= 7
& spectrum® 2 FAF ohf A A3 L2E WA A3

Scheme [
Step I : H3C(CH,)4 OH + 2CICOCI =25 H,3C(CH,),0COCI

Step I1 : HyC(CH,),0C0CI + HO—~O)—~—CN
@. H;C(CH,),0C(0)0~O—~(O—CN

Scheme O

Step I : HO(CH,)sOH + 4CICOCI —©——> CIOCO(CH,)5s0COCl

Step 11 : CIOCO(CH,)50c0Cl + HO—~O—~O—CN

—-@»NC(O)CO(CHZ)SOC(O)N

EDC
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Fig. 1. DSC thermograms of CBC-M8 Fig. 2. DSC thermograms of CBC-M9
observed at a heating and cooling observed at a heating and cooling
rate of 10C/min. rate of 10°C/min.
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NIAE#$F5 ol 2 entropy™ 3}Z ether-type'’2] Aw}e} @4 plotdladt}. ether-type?) 74-%, i
#inE < methylenes#y n7t Al el whetA MariR#shAA £718A1 2t carbonate-typed] 7
= 719 AFeA G MM Frksta ok A4S o 5 ek 39 NIFERS ) 92
entropy#{ti= carbonate-typee] 3 =A% no] {lidvel 27 AE-E ether-typest AL A
vtetwdtt. CBC-Mn(n=5~8)9] Atalolo] wh& #7482 wisleke DSCE ZAsle] odojxl A
5 Table 1] vtebiglel. Table 1ol4 Sz kel b= BRI grolrh
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Fig. 3. The nematic-isotropic phase transition Fig. 4. The entropy changes ASn at the
temperatures Tni plotted against the nematic-isotropic phase transition
number of methylene units n. plotted against the number of

methylene units n.

Table 1. Thermodynamic data for the phase transitions of CBC-Mn(n=5~8)"

Ten AHen AScn T AHni ASn
T k] mol'  Jmol ! K T kJmol | Jmol T K !
5 48.7 2259 70.2 64.0 0.59 18
(15.7) (20.21) (67.0) (635) (0.65) (1.9)
6 89.0 58.87 1626 — S— —
(7.3) (44.65) (159.2) (67.0) (1.26) (37
7 53.3 21.05 64.5 68.5 0.90 26
(---) (---) (---) (68.0) (0.92) 2.7
8 51.0 30.21 93.2 69.0 1.05 3.0
(40.0) (28.87) (92.2) (68.5) (1.09) (3.2)

¥ Values in the parentheses were obtained from the cooling curve of DSC thermogram.
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Z ®EELCBC-n(n=5~9)2] #H BT Hal Mt AbeV 5ol o mas} gl e &
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Table 2. Thermodynamic data for the phase transitions of CBC-n(n=5~9) series

Ten AHen ASeN T AHn ASNI

n
T k] mol'  Jmol! K' T kJmol ' Jmol ' K

5 188.0 65.69 1425 1925 573 12.3

(162.5) (82.17) (188.7) (192.0) 6.11) (13.1)
6 183.0 74.10 156.6 189.0 7.16 154.4

(170.0) (82.76) (186.8) (188.0) (7.70) (16.7)
7 181.0 66.78 147.1 ——- —— ————

(127.0) (73.18) (182.9) (180.5) (5.90) (13.0)
8 176.0 69.75 150.7 -—— ——- —

(139.0) (79.04) (191.8) (177.0) (6.86) (15.3)
9 159.0 58.00 134.1 169.6 6.32 14.3

(115.0) (74.35) (191.6) (169.7) (6.57) (14.8)

¥ Values in the parentheses were obtained from the cooling curve of DSC thermogram.
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Fig. 5. The entropy changes ASw at the Fig. 6. The entropy changes ASn at the

nematic-isotropic phase transition
plotted against the number of
methylene units n in the spacer for
dimer liquid crystals.

nematic-isotropic phase transition
plotted against the number of
methylene units in the spacer for
polymer liquid crystals.
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Fig. 7. The entropy changes ASw at the
nematic-isotropic  phase transition
plotted as a function of n:
carbonte-type monomer and dimer,
ether-type monomer and dimer.
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Fig. 8. ’H-NMR spectra observed for
CBC-6 at 1859T.
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Dup = Y * Yo = h + Szzp/UATPEHD) oo 1)
AV = (3/2)[Szzr - Az + (1/3)(Sxxr = Syv)lax = Quy)] oo 2
o371

Qxx = dbb * sin®y + Qec cos™y
Qyy T (g woeeessessssssosssesms oL s 3

2 22,
ez = Qbb * COS™Y + Qcc * SINY

YO

Fig. 9. Illustration of the molecular coordinate systems.
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parameter®= the s} B} vy = 26752 x 10° kg Ls ACK#2] s @), 1o = 41065 x 107
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kg s A(EEKFES) BESSEMLIL), h = 6.6262 x 10 Js(plankA 4), rip = 248 ACk% e} EAH
o] #AztA)Z "ok 9714 v = 60°2k L &9, qua = -96.3 kHz, qw = 181 kHz, g = -847
kHzZ Zeixlch,

ol21gk W o2 3 mesogendli®l order parameter(Szzr) ¥ L Z#itE (Sxxr-Syvr)
BT (T=T/Tw)E Fig. 10(CBC-5) % Fig. 11(CBC-6)ol 77+ Jehiglet.
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Fig. 10. The order parameter of the mesogenic  Fig. 11. The order parameter of the

core as a function of the reduced mesogenic core as a function of
temperature T,=T/Tn for CBC-5 the reduced temperature T.=T/Twm
for CBC-6

Fig. 10, 11¢] Yehd 715} 3to] CBC-56 E5Frh @TTBE T 1.00014 0.929] = #uoll 4
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£ & 5 e

TaEFE R 322 mesogendli order parameter ether-'“% ester-type' '9¢} wlmgt 2
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Fig. 12. The order parameter of the mesogenic core axis measured in the vicinity of Tni for

dimer liquid crystals.
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