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Abstract : The PVT and “H-NMR characteristic of main-chain dimer liquid crystals having structures such as a,w-bis[44'~
cyanobiphenyl) oxy] alkane(CBA-10) were studied. In this work, V-T curves obtained from isobaris measurements on various pressures,
volume changes were observed at the nematic-isotropic and nematic-crystal phase transition. 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-10
was 126)/mol - K The values of (AScxv for the CN transition was estimated on the basis of DSC data : 65.3]/md + K. 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. The RIS analysis of the spectra was performed so as to elucidate the conformational characteristics of the spacer
in the nematic phase. The conformational entropy changes at both CN and NI interphases were estimated on the basis of the nematic
conformations taken from the conformation map as well as those derived from the simulation. The estimated conformational entropy change
values were then compared with the corresponding constant-volume entropies obtained from PVT measurements. The correspondence
between both entropy values was found to be quite good in consideration of the uncertainties involved in both experiment and calculations.
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Fig. 1. Volume-temperature relations for CBA-10 from 10 to
100Ma for each 10MP. Extrapolated values to zero
pressure are indicated by open circles.
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Fig. 2. Comparison of Vsp-T relations derived from isother-
mal (P=0) and isobaric measurements(P=10 and 40
MPa) for CBA-10. Open circles for P=0 were taken
from figure 1.
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Fig. 3. The Vgp-T curves obtained under an isobaric con-

dition (P=10MP2) with ascending(0) and descending
(&) temperatures for CBA-10.
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Fig. 5. Vanation of transition volumes AVcy(squares) and
AVy(circles) as a function of pressure for CBA-10.

Table 1. Experimental Values of AV, @ =(31nVsp/d T)p
and B=-(9 InVsp/d P)r Estimated for P=0 in the
Nematic and Isotropic Region

CN transition

thermal Tmor Te  AVey ax10’ B x10’

process T crg ! K' !

heating 165.0 0.0745 0.993 0.605

cooling 1640 00716 0.883 0.626

NI transition

thermal T aVa  ax10° gxI10°

process T crg’! K! Wt

heating 150.0 0.0178 0.772 0.765

cooling 189.0 0.0197 0.780 0.888
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Table 2. Summary of DSC Results

CN transition

thermal T or Te AVen ASen
process T K] - mol ! Jwl'K*
heating 164.6 56.84 129.8
cooling 1248 54.61 1372
Ni transition
thermal T AHw ASy
process T SR J-wd'K!
heating 184.0 942 206
cooling 183.0 10.47 230
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42 olg3dte PVTZA AF2FY 78 + gtk
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Table 3. Values of AHy and ASy Estimated on the Basis
of the Clapeyron Equation®

thermal Tt AVy AHw ASN
- dpP/dT |

process T em + mol k] - ml J e mo k!

heating 190.0 9.39 235 10.23 2.1

cooling 189.0 10.38 2.36 11.32 245

a) A Htr = Trr A V[rdP/dT

DSCH3 PVTHO Aol= o 10~40% A=olH oA

DSCEZAAY 4e-7+24&% 2 739 baseline A& 23
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Table 4. Estimation of the Entropy Change at Constant
Volume for CBA-10”

CN transition

thermal AVen Y ASy (AScan™
process a-w' WK Ju'K'  Je K"
heating 393 164 645 653
cooling 378 141 53.3 839
NI transition
thermal AVN Y ASy (ASyV!
process o - ol W - K Jol 'K Juol'K!
heating 94 1.01 95 126
cooling 104 0.89 93 152

a) Estimated according to eq. (2).

b) Values of (AVcy)p required in this estimation were taken from
table 2.

¢) Values of (AVy)p were obtained from table 3.
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Fig. 6. Examples of "H-NMR spectra observed in the vicinity
of Txi for CBA~10. The assignments of A v; to the
individual methylene groups are indicated in paren-
theses.
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Table 5. Values of Ay, and Dup Observed for the Meso-
genic Core Deuterated at the Ortho—position

T Ay, Dwp
T ki Kz
184.0 1258 0.540
1835 12.82 0.455
183.0 1294 0.5
182.0 13.33 0475
181.0 13.75 0545
180.0 14.08 0.5%0
175.0 1554 0.605
170.0 1652 0.640
165.0 17.35 0.580
160.0 1801 0.620
150.1 19.13 0645
1399 20.03 0.685

Table 6. Observed Values of A vy; for the Spacer, the
Assignments of the Individual Splittings

T Ay, Avyg Ayy
T Ktz kiz Ktz
1848 46.27 4094 37.23
1835 4836 42.60 38.94
1815 50.73 4498 41.26
1758 55.13 49.81 4571
1649 61.10 56.64 52.07
155.0 65.43 61.55 56.81
1450 69.07 65.63 60.92
135.0 72.23 69.55 64.60
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Fig. 7. Definition of the molecular axis and the statistical
weights o assigned to the gauche state of the i-th
bond. ¥ and ¥, are the inclinations of the meso-
genic cores and ¢ represents the angle between the
i-th C-D bond and the molecular axis.
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Fig. 8. Conformational distribution map(¥, ¥») calculated for

the temperature of 500K for CBA-10. The population

densities of the conformation(per 5'%x5° square) are

distinguished into three ranks : heavily dotted (>1.0%),
moderately dotted (0.1-1.096) and lightly dotted (<0.1%).
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Fig. 9. Quadrupolar splittings A vi plotted against carbon
number 1 for CBA-10.
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Fig. 10. Bond conformation of the internal O-C and C-C
bonds in the nematic phase. The fraction of the
trans conformer(f,) are shown in the order from the
terminal to the center bond for CBA-10.
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