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Abstract

Deuterium NMR studies have been carried out for two kinds of main- chain
dimer liquid crystals e, -bis[(4,4’-cyanobiphenyl)oxy] alkane (CBA-n, n=9,10).
The ‘H-NMR spectra were recorded on a JEOL JNM-GSX-500 spectrometer by
using deuterium labelled CBA-n at various temperatures. The RIS analysis of
the NMR spectra was performed so as to elucidate the conformational
characteristics of the spacer in the nematic phase. Following the previous
treatment, the single-ordering-matrix model was adopted, in which the
molecular axis was defined parallel to the line connecting the centers of the
terminal mesogenic cores. Conformer fractions of the spacer were estimated by
simulation so as to reproduce the observed NMR profile. 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. In these calculations the spacer was assumed to be
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in the all-trans conformation and in the random coil state in the crystal and
isotropic phases respectively. The esimated 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 Examples of “H-NMR
observed in the vicinity of Twr for
CBA-9. The assignments of Avi to
the individual methylene group are
indicated in parentheses.
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Fig. 2 Examples of “H-NMR  spectra

observed in the wvicinity of Tni for
CBA-9. The assignments of Avi to
the individual methylene group are
indicated in parentheses.
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Table 1. Values of Av, and Dup observed for the mesogenic core deuterated at the

ortho-position

T Avo Do T Avo Dun
T kHz kHz T kHz kHz
CBA-9 CBA-10
1734 7.26 0.327 184.0 12.58 0.540
172.8 7.44 0.313 1835 12.82 0.455
1724 7.89 0.340 183.0 12.94 0.555
171.8 8.16 0.371 182.0 13.33 0.475
171.0 8.59 0.415 181.0 13.75 0.545
170.1 9.01 0.445 180.0 14.08 0.590
165.1 10.46 0.495 175.0 1554 0.605
160.0 11.67 0.540 170.0 16.52 0.640
155.0 12.37 0.560 165.0 17.35 0.580
150.1 12.93 0.590 160.0 18.01 0.620
135.0 14.60 0.610 150.1 19.13 0.645
125.0 15.19 0.565 139.9 20.03 0.685
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Table 2. Observed values of A vi for the spacer, the assignments of the individual

splittings
T A v YA Avys AR
C kHz kHz kHz kHz
CBA-9
172.8 33.60 29.90 25.00 24.30
171.8 33.89 30.25 25.05 24.22
169.8 38.06 34.28 29.13 27.64
165.0 4358 39.80 3391 32.08
154.8 50.03 4653 40.04 37.72
140.0 56.29 54.01 46.87 44 07
130.0 59.89 58.30 51.00 4781
120.0 63.84 62.35 54.81 51.42
110.0 66.97 65.73 58.47 54.81
CBA-10

184.8 46.27 40.94 37.23 -
1835 48.36 42.60 38.94 -
1815 50.73 4498 41.26 -
175.8 55.13 49.81 45.71 -
164.9 61.10 56.64 52.07 -
155.0 65.43 61.55 56.81 -
145.0 69.07 65.63 60.92 -
135.0 72.23 69.55 64.60 -
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ebich.
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Fig. 3 The quadrupolar splitting ratios A vi/ Fig. 3 The quadrupolar splitting ratios A vi/
Ayl observed for the spacer plotted A vl observed for the spacer plotted
against temperature for CBA-9 against temperature for CBA-10
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Fig. 5 Definition of the molecular axis and the statistical weight o¢i assigned to the gauche
state of the i-th bond. ¥1 and ¥2 are the inclinations of the mesogenic cores and ¢1i
represents the angle between the i~th C-D bond and the molecular axis.
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Fig. 6 Conformational distribution map (¥'1, Fig. 6 Conformational distribution map (¥'1,
¥2) calculated for the temperature of ¥2) calculated for the temperature of
500K for CBA-9. The population 500K for CBA-10. The population
densities of the conformation(per 57 densities of the conformation(per 57
50square) are distinguished into three SOsquare) are distinguished into three
ranks : heavily dotted (> 1.0%), mod- ranks : heavily dotted (> 1.0%), mod-
erately dotted(0.1-1.0%) and lightly erately dotted(0.1-1.0%) and lightly
dotted(<0.19%) dotted(<0.196)



8 gtalsstsl=] A 144 A1 E 1996.

AAE Zhdat Al 8b7] Y aiA rigid mesogend C™M-OAj I EFo 2 HolA 9l Alele}
@ HAsid e, 2 FARE AnUAA Y AelE sAcm sl AlAte)l ALg-g
conformation energy+ th&-3} i,

E¢1=59, E02=0, E¢=2.1k)/mol (¢17]4 i¥ CBA-99 7%+ 3~5°]W CBA-102 3
~6% viepdn}). 23214 3 3-8 energy CC-C-CCx Ew=84, OC-C-CC+ Ew'=2.1kJ/mol

AFE3Rgch o)W 2%+ CBA-9,109] NIMoj 2% v %2 500KE 3}aich

Conformation map+s #AFEZ HE 45 gl5o] ¢ =¢ 7} tzbadel aialx] A e]
t}. Conformer #-¥7} AZ= o] ¢li= F(m)-2 carbonate type o]kl WA 5= t}2 4 7|
o} ol E3pel7} ol S 4 5 vk & 7] (odd-even effect)e] EARZIC}.
W-AHE nematic BAAFNA L AOR) S FEFE wrebr A EHu)EF(—dhfCiN)S H3lel s
3}7)w] ol conformation mapellA oJ® ¢ B} 22 FAG (¢, ¢ 9<¥m)2} conformer Tlo]
585ty 7 st o)kt M E gt g (4 g, g & 2Ty o)W AL ¢=0°
(1), $=120° (g+), ¢=-120" (gHE Hgh 9} 722  conformationS F3}A] o4& Zlole}
3 A g glon g o] AT AE-E zeroE BT ]9}e] o] Aozl conformer
o] thal A cosWet cos’di AAcE EAelA 3Ao] 75 O-C ¥ C-CAjtel RIS
Aol whetr] EAFE parameterd F-oigth F trans& 123t gauched oizbi 3]

b wpebad A1) 26 BRE HFe ohew e Ao gl Holalg®,
<cos™> =27 "S[(cosn(1S) (4)

1714 ne ¢ FL ¢olth. Zv EAF conformationd]  ERlHRCUIS)welw S
conformation kell gleiA] ZAd i) EAFEEZA 13L& 02 vrehdi) Bl Aol wle}
Al AARE spacer?] FAI717] sEstd €28 CBA-9elA+= i=1~57}%], CBA-102 i=1
~67k2 melstwd "ok WA Al2e) 308 HE] Av/Av; % Du/Avie] wlE A
simulation WA 2.2 Al4}A 7} AP § A Zu) 7}2] ubEste] ALbsiodct. H A sl =
simplex' & AH&-stth 27)2 & 0~ 1714 S271A] setE AH§-sted HA g oo 2
Hg] spacer conformatione] @iz} m A W o RAME ¢ 07 AHF nE
conformerel] wisjr SHFAIAFS] conformation energyg AH8-31e simulation® 31|41
Ak stodch S4B heat 2L Aoz Aol HolxE RAAE At

R(%)=(S(Acal’d— Aobs'd)¥/SAobs'd)*x 100 (5)

9714 A Avig viebich



ok efx]e] Abdo]e] 213 Conformation Entropy 3 9

32 siMAot

a
3]
=
o0
N2
O
W
>
—
o
f
_{
L
-
3
ey
<l
2
>
>
o
l
N
)
ol
ik
2
e
£

H Yt
2 AL Fig. 87 Fig. 9o vebwonl oj7]d Ao g vepdl 71 RIS simulation
& o]l &3 AXAARZA AEA g A PR 7t AT ¢=45" 2 FE AA

74]/&} g 14,&-],] He= ::L/\}x-] g q ] ]_ 9\1‘;]'

100.0 — ‘ . , . 100.0 — r . .
® Obs'd ® Obs'd
—— =357 With simulation —— _=45° With simulation
80.0} \ - -~\um=45° Without simulation 80.0F - -\pm-—15° Without simulation | |
T T
X X
N < 600
2 o //. S 2
\n.-,'/ i J
400} o— . ) 4 40.0
---------- R, e
x.‘.;; - R
20.0 ‘ . 20.0—
1 2 3 4 5 1 2 3 4 5
Bond Bond
Fig. 8 Quadrupolar splittings A vi plotted Fig. 8 Quadrupolar splittings A vi plotted
against carbon number i for CBA-G. against carbon number i for CBA-10.
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Fig. 10 Bond conformation of the internal Fig. 11 Bond conformation of the internal

O-C and C-C bonds in the nematic O-C and C-C bonds in the nematic
phase. The fraction of the trans phase. The fraction of the trans
conformer(f;) are shown in the conformer(f) are shown in the
order from the terminal to the order from the terminal to the
tcentral bond for CBA-9. tcentral bond for CBA-10.
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Table 3. The estimated conformational entropy change and the corresponding
constant-volume transition entropy derived from the PVT measurements

T Ase (ASen)V? T INT (ASe)V
T Jmol 'K'  Jmol 'K T Jmol 'K Jmol 'K
CN transition NI transiton
CBA-9
140.0 59.6 73.0 169.8 13.3 6.9
CBA-10
1649 64.2 65.3 183.5 156 126

Y Taken form of PVT.



12 #=dslgts)=) A 149 213 199.

B)5s7] $15ke] PYTEA A2 3e 484202 dolxl U4 A4 sk49) entropy®
2ol vhebich AR Aol zatHelxl eaE neshd At AddAe A9 gg
(BT 2ok AS o 4 Qe

34 &

25 oS W5FEA AZE9 *H-NMR data® A& &= conformery©-S confor-
mation map( ¢ 1, ¢2)oll A AXFslAct, qH-EHl Axlez A(4)9] RelAb} HARE=
conformery 5+ W 2 ¢ ,=45" QM)A E WA E = A= UAUA T, o] 52 T
Hope e 5 et 7] witell AHE8HA] @skth ¢, a< ¢ o) Hel & sk 27,
AEEH 1+ ¢2<90° T3 S AAE WAR simulation #He} & Afel= gt

Confomervtt} A2z oix|+= mesogene] FAI7F 78] EXEF Fig. 12(CBA-9)¢}
Fig.13(CBA-10)ell Yellic}.

500 L B S A S D S (R S B SR S SRR SN S SN ST S A B R SOO L I A B A A T S S S R S B S T
400 |- - 400 N
3\; 30.0 io 30.0 4
e S
@ 200f . 1 820} i
s T
100 | , 4 : 100 | H ﬂ .
OO bt 1 L—hl"ﬂﬂﬂﬂﬂﬂﬂ“ﬁ rll 1t | OO U I S e hr‘_ﬁﬂﬂﬂﬂﬂ l”‘ L—II 1
0 5 10 15 20 0 5 10 15 20
drA d/A
Fig. 12 Comparison of the distribution of Fig. 13 Comparison of the distribution of
chain extentiond for the isotropic chain extentiond for the isotropic
(open) and anisotropic state (filled) (open) and anisotropic state (filled)
for CBA-9 for CBA-10
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