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Abstract

The PVT(pressure-volume-temperature) relation of main-chain dimer liquid
crystals having structures such as @,w-bis[(4,4'-cyanobiphenyl) oxy]
alkane(CBA-n with=9, 10) were studied. These dimer liquid crystals are known
to form an enantiotropic nematic mesophase.

In this work, we have determined the volume change as a function of
temperature and pressure by using a GNOMIX PVT apparatus. In the
V-Tcurves obtaind from isobaris measurements on various pressures, volume
changes were observed at the nematic-isotropic and nematic-crystal phase
transitions. The volume changes at the transition exhibit slight odd-even effect
with respect to the number of methylene unit n.

The values of the (ASy)v obtained at the NI transition for CBA-9 and -10
were 6.9 and 12.6]/mol - k. The values of (AScn)v for the CN transition were
estimated on the basis of DSC(differential scanning calorimetry) data:
58.8(CBA-9) and 65.3]/mol * k (CBA-10). For both transition, it was found that
the correction about the volume change is significant, ranging from 40 to 60%
of the total transition entropy observed under constant pressure.
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Fig. 1 Phase transition temperatures Twi of monomer, dimer and polymer liquid crystals
plotted against the number of methylene unit n.
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Fig. 2 Shematic representation of the crystal-nematic and nematic-isotropic transition and the
corresponding entropy changes
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Fig. 3 Volume-temperature relations for Fig. 4 Volume-temperature relations for

CBA-9 from 10 to 100 MPa for each

MPa. Extrapolated values to zero
pressure are indicated by open
circles.

ool 2]at 7ol

] 220 Yehd AA B4 CNAFA- o]0l 23t Folv] m-Fol| Yepd 712 NIAH
ole]¥F A2 HE] CBA-9, 109 CN = NIAHol= 1x AA o]z}

CBA-10 from 10 to 100 MPa for
each 10 MPa. Extrapolated values to
zero pressure are indicated by open
circles.



6 F=rlsErsA] Al 149 A 13 199.

A& o F Qo)
Fig. 52} Fig. 69+ v AA -3 (Vsp-P)ol| g A2 vebych

1.10

1.05
"o 1.00 o
E £
[&] Q
\% 0.95 \%
> >
0.90 gy B
0.85 — 1 L . 0.85 v v
0 20 40 60 80 100 0 20 40 60 80 100
P/ MPa P/ MPa
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Fig. 7 Comparison of Vsp-T relations
derived from isotherma (P=0) and
isobaric measurements (P=10 and 40
MPa) for CBA-9. Open circles for
P=0 were taken form Figure 3.
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Fig. 9 The Vsp-T curves cbtained under an
isobaric condition (P=10 MPa) with
ascending and descending temper-
atures for CBA-9.

Vep! cm’g™!

Fig.

Vgp! cmg’?

Fig

olgANHe) PYTEHH 4o] AE 7

110 T T T T T
1.05 o % -1
1.00F e §

0 > f

pay
0.95+ i
0.90} -
1 1 : 1 1
0'850 50 100 150 200 250 300
T/°C

8 Comparison of Vsp-T  relations
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Fig. 11 Relationship between temperature and Fig. 12 Relationship between temperature and
pressure at solid-nematic, nematic- pressure at solid-nematic, nematic-
isotropic transition points for CBA-9. isotropic transition points for CBA-10.
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Fig. 13 Variation of transition volumes A  Fig. 14 Variation of transition volumes 24
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Table 1. Experimental values of AVy, a=(dInVsp/oT)p and B=-(3InVsp/oP)T

estimated for P=0 in the nematic and isotropic region

CN transition NI transition
Thermal Tmor Tc  AVey e x10°  Ax10° Tu AV e X100 B x10°
Process T em’g ! K' MPa' C em’g ! K' MPa '
heating 1390 0.0730 0832 0511 CBA-9 1740 00145 0.864 0.805
cooling 1250  0.05% 0.7% 0511 174.0 0.0159 0.862 0918
heating 1650 0.0745 0993 0605 CBA-10 1900 00178 0772 0.765
cooling 1640 00716 0883 0626 189.0 00197 0780 0.888

CBA-9°lA 43 AIS o+ nematicA¥ A A9 R, CBA-109] 3%+
nematic’te] AR Atk A& & 5 Qo ol Aae A AA S PVTHA
AME aed#gleh'” asu &9t g f: Sl A7) nematicdt Rl Zch=
e o 5 Qo

Julz o 2 17]|9ts}ell A2 entropy e DSCEH o238 78 5 il DSCEA 2.
ZXE] dolal CN 4 NIAFH el glefA] o] enthalpy(AH) ¥ entropy(AS;)& Table 2
of viepic

o]

Table 2. Summary of DSC results

CN transition NI transition
thermal Tm or Tc AHex AScx T AHy ASex
process C kj moi'  Jmol'K' C k] mol'  Jmol'K'
heating 134.8 4893 1199 CBA-9 1730 4.16 93
cooling 104.0 50.50 1339 1715 452 102
heating 164.6 56.84 1298 CBA-10 1840 942 206
cooling 1248 5461 1372 1830 1047 230

DSCEA 2] Aol E= Vep-THAINA 7 7o) vl FA Jebgel 7H24]9] 7y
2k % AT=Tn-Tce PVTEA A& CBA-9914 14T, CBA-10914 1C% 21} DSCellA]
= Zhzh oF 30°CeF 40CE g =dc) A 3ol oleiA] Hzte) Avkes bemrt w
EE ZA vehbs Aol gl Aelel] ubE AH, ¥ AS> gk e 2 DSCH = 9
Hognel 7 & 10~15%4 xS ox5 x§stw Qo)

gk AlHo]o) wE enthalpy® 3t thg-3 322 Clapeyron?]-& o|-&3le] PVTEA 2



10 A A 14 A2 E 196,

stz ve 79 4 9t
AH(r:TuAVtr dP/dT (3)

3714 dP/ATE A4 AFTAY 71¢715 vebich NIAelol slolA 2543 55
ZA oA dolxl dP/dTY e 719 4= 3ksich
A13) F 7 whol os) foizl AHn H ASwE Table 3o vhepwlict,

Table 3. Values of AHwx and ASn estimated on the basis of the Clapeyron equation”’

thermal T AV dP/dT AHw ASex
sample T 1
Drocess C em’mol MPaK kJ mol ' J mol 'K
CBA-9 heating 1740 745 200 666 119
cooling 1740 817 205 749 167
CBA-10 heating 1900 939 235 1023 2”1
cooling 1890 1038 236 11.32 25

d) AI’I[r = TLrAVtrdP/dT

DSCH(Table 2)7 PVTH(Table 3)8] ZFoli= 2f 10~40%4 el o] A& DSCHA A
o] $e-7re%E W 9329 baseline Aol o exjeta Az S gl

Fig. 70l vhepdl wiel ro] CNAMHel AAFAL kR F7hel whg Wit 4
= A% ok 4 9tk mebd dP/dTae) AR AHE 2 Adee ol
Table 3l AHen 2 AScn 3 vhebl =] esteh

Table 491 AV, 7, ASy (ASove] FHE vepwlch

28 Avh
7} e

Moo B

]
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Table 4. Estimation of the entropy change at constant volume for CBA-n with n=9
and 10"

CN transition NI transition
thermal  AVex v AST (ASeV? AVex 7 ASY (ASV"
process  em’mol ' MPa K' Jmol 'K' J mol 'K em’mol ' MPaK' Jmol 'K' J mol'K'
heating 375 163 611 588  CBA-9 75 1.07 80 69
cooling 305 148 451 888 8.2 094 N 9.0
heating 393 164 645 653 CBA-10 94 101 95 126
cooling 378 141 533 839 104 0.89 93 152
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NIAFR o] ol A d-k=E Al ¥ & CBA-9¢ll4 & 1.07¢]9, CBA-109] A5+ 1.01e]t}. o]
So) g+ weEkdA 5CB, 7CB(4-n-alkyl-4'-cyanobiphenyl) % 50CB, 80CB(4-n-
“alcoxy-4'-cyanobiphenyDoll Al 2.5 =oixl y ol uls] 2HA viebgdrel £ Aol =
Z o/BuEA T3l

Table 46l4] CNAFA ool 218k (AScn)vE H7hehe s DSCERA AL ol §-3hal o,
(ASw)ve] Hrhe PVTEA Axz el sigdch oA g3 22 olfrel 2% Aol
o}, NI ool A= szt axhe] of ke 79 x| ghxwk DSCEHA A9 Aeo] w= w
o] zt7] W&ol baseline®] AP by 2271 2A viebdeh T CNAF ool M52
el EAJe] zty| uwl o A Bg dP/ATS F3he 7o) i@ A DSCHA A #lo] 7]
= WAL FA Jeh}m 2 baseline?] Aol 23 3= A 2A vrehdel oy
NIAFA ool A= PVTEA A #4E FHASwrS, CNAA ol ol A= DSCEA A dofal
(ASnDr& ©]-8-31ith

1w AFolA] delxl (ASw)vel 3t 7~13]/mol - K& Orwollell &ja 2.3 Hoixl nCB
%) nOCB ¢ 0.2~08]/mol - Kt} =tk UdA A A s}el] gleIr] o] entropys= spacer?]
Zo] wpzb Zitctm A2 4 2loh CN 2 NI APdolel QlelA - o] gk 1
ke oA gt sloA] oloial Ho| entropy®] 40~60%4 =olt}.

NIAFH o]of] gloy4l $-7] A7 (odd-even effect)= AAWEe] HA o e WA
ori=v}, wheba] U A 3te)Ae] He| entropy”t W5+ spacer conformationel] & 7

o)7] wiolgty AztEloiAlcl, (ASen)v F (ASw)v-e vl of -1 Wl CNA
o] (80~90%)e4] A7)wl, NIZFAolel 23 wish= #3} 10~20%4 =olehs A& <
S 9lrh (ASenvd (ASwve §E g AR Aol A SR 24 iﬂ;‘qi}ﬂﬂﬂ Xd‘f’]
entropy & e}z it} Table 4ollA (ASca)v +(ASn)viE CBA-9¢] 74 -$- 65.7]/mol -
o], CBA-102 77.9)/mol - Kot} o]zt polymethylene <13} —(CHz)n (n=9,10) l
crystal-nematic AF&elel] &) oA ZH70~90 J/mol - KFH ¥lEdrhe A& & & U
t} o7 FaE Aol AFzle]e] glela] spacer conformationo.Z5-E]e] 71of7} F8

& sha gloks AL Aabsk 9lrh o]#¥ PVT $4 A= CN % NI AbAdo] 9
PN FE B2} FRA A sted FaF o] Hoe AL o

X-ray ATAH}"ZHE] o)2kA HAHE AP M 2 AHAEE ehdivty By
Helch H-NMR/RIS3)41-& nematic AFefoll 41 2] spacer conformationel] &g HXRE A
33 b Subabol A BAFE random coil AEIE PR e zhzhe] Adzio]el] gleiAd
conformation entropy ®EHE AALE & QUob® P B AT HEAH o I YAI
Aol 4] He] entropy?t WlmstzzA Hole] el spacer A2 FAS o 5
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32 A 9] model EHEER] ol@ A NA CBA-n(n=9, 100l Wi PVTEH o2 ¥
e AH ‘?‘11} of W& #o] entropyE Tl U AH|A o) entropyE W rlsteich

(1) CN % Nigojoll wr£ AlegdlE] - 2% cauop, U L 47 ot=oxiel #Hel entropy

9] 40~60%H =] A& & 4 AU

(2) 4AF A=A 2] Ho] entropyolE 7] A3} viehgte}.

(3) (AScx)vdt (ASxpvE Bl 2= o 5-5-9] entropy* 3} CNAFE ©1(80~90%) ol A1
A71m nematic-isotropic A& olel 2%} entropy¥H 3(10~20%)+= ¥ A Ao} 7L oF
Ut
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