CHAPTER 3

CRYSTAL AND MOLECULAR STRUCTURE (OF N-n-CYANOBENZYLIDENE~
p~n-O0CTYLOXYANILINE (CBOOA)

3.1 Introduction

N-p-cyanobenzylidene~p-n~octyloxyaniline (CBOOA),

Cy HoeM, (11exhibits the following phase transitions:

T3¢ 2.5°C 106.9°C _
Solid -—---~> Smectic A -—-—-—) Nematic —----—> | sotropic

CBOOA i s one of the most extensively studied smecto-
genic compounds i n recent years. A number of investigations
have been made on its various physical properties i n both
its crystalline and liquid orystalline phases { t-22].
Current theories on liquid erystals [23,24,25] indicate
that the smectic A-nematic phase transition could possibly
be of the second order. Hence, the etudy of the critical
behaviour of the properties of CBOOA i nthe vicinity of
the smectic A-nematic transition has attracted considerable

attention [26~36].

Merillan [37] has determined the interlayer spacing
I n the smectic A phase of CBOOA to be v~ 35 A But the
length of the fully extended CBOOA molecule IS onlywa 27 A
The discrepancy between the molecular length and the layer

spacing (or layer thickness) has been accounted for by
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proposing a bilayered structure for the smectic A

phase of CBOOA, Fig. 3.1(a) and Fig, 3. 1(b) are the
schematic representations of the molecular arrange-
ments in an ordinary smeetie A phase and a bilayered
smectic A phase respectively. |In Fig. 3.1(a), the
layer spacing is equal to the length of the molecule.

In Fig, 3.1(b) the molecules within a layer are arranged
in a staggered fashion, and hence the layer spacing is
larger than the length of the molecule. Moreover, Prince
the CBOOA molecule contains a strong polar group {C=N)
at one end, the nearest neighbours are likely to be
oriented antiparallel to each other [38}. A similar
bilayered structure has been observed i n the smectic A
phase of the compound 4-eyano-4'-octyl biphenyl [39].
Experimental results of the impurlity-dependence studies
[40], the high pressure studies (31] and the study of
the transport properties [41] appear t 0 support the
existence d bilayers in the smectic A phase of CBOOA.

Details of the X-ray analysis of CBOOA in the

crystalline phase have been described in this chapter.

3.2 Experimental

Transparent, faint yellow ecoloured, rectangular,
prismatic crystals of CBOOA were obtained by slow
evaporation frem a solution i n n~heptane. Oscillation

and Weissenberg photographs were recorded with a crystal



mounted along the c-axis, using nickel filtered copper
radiation. The diffraction pattern indicated that the
erystale were monoclinic. The Weissenberg photographs
were found to contain systematic extinetions for the
reflections of the type hol, 1 odd, and oko, k odd.
The presence of these extinctions unambiguously deter-—

mined the space group to be P21/°'

The value of the direct oell axial dimension c was
measured from the rotation photograph. The values of b*

® were obtained from the c-axis zero

(and hence b) and &
level Weissenberg photograph. The monoelinie angle g

wes measured from higher level Welssenberg photographs
by the method of angular lag [(42]. The cell dimension

a Was then calculated using the values of & and 3.

The density of the compound as determined by
flotation i n agqueous potassium iodine solution indicated
that the unit oell contained four molecules of CBOQOA

The oell constants a, b, ¢ and 8 were refined by
the method of least-squares. 23 high angle projection
reflections (14 of the hko type and 9 of the hol type)
were used. The refinement converged at the end of two
cycles, when the shifts were smaller than the standard

deviations for all the four parameters. The preliminary
crystal data of CBOOA are listed in Table 34. Table 3,z
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TABLE 3.1

Crystal Data

Unit cell dimensions

Space group
Volume of the unit cell
Molecular weight

Number of molecules
per unit cell

Calculated density
Measured density

Linear absorption

Coefficient for Cu¥e
radiation

Total nuuber ef electrons

per unit cell

a= 15994 t 0.006
b = 15.935 + 0.008
c = 7.663 t 0.008
B = 91%48' I 04"

Seie 0

221/0

33
U = 195206 A
334.45

Z =4

?C = 1.14 gm. en™?

S, = 1.14gm cm™

b = 561 om™!

F(000) = 720.
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TABLE 3.2

A comparison of the measured and the calculated values
of sin®e at the end of the least-squar es refinement of
the cell parameters

h k2 1a” ®neas fif?mfgaig
6 8 0 0.2327 0.2335
1% 1 0 0.3952 0.3953
13 5 0 0.4515 0.4515
9 11 0 0.4717 0.4715
3 12 0 0,3582 0.3579
€ 16 0 0.3176 0.3178
7 9 0 0.3031 0.3035
1 10 0 0.2367 0.23%64
6 7 0 0.1981 0.1984
6 6 0 0,1680 0.1680
7 8 0 0.26%1 0.2637
7 6 0 0.1981 0.1982
12 2 © 0.3440 0.3442
8 3 O 0.1691 0.1699
12 0 2 0.3830 0.5827
11 0 2 0.3292 0.3286
5 0 4 0.2262 0.2263
4 0 & 0.2037 0.2042
6 0 2% 0.2380 0.2385
5 0 Z 0.0943 0.0956
8 0 2 0.1944 0.1942
7 0 2 0.1587 0.1587
€ 0 2 0.1286 0.1279
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lists the measured (51312 emeas) and the final calculated

2

(sin2 e ) values & &8in“ &, for all the 23 reflections,

cale
at the end of the refinement.

Intensity data collection

An approximately eylindrical erystal of mean
radius = 0.35 mm mounted along the needle axis (c-axis)
was used for the three-~dimensional intensity data
collection. HMultifilm equi-inclination Weissenberg
photographs were reoorded using nickel-filtered aopper
radiation (A = 1.5418 i) from the reciprocal levels
hkL, L = 0 to 5. A erystal of radius = 0.33 om was
mounted aleong the b-axis (perpendicular to the needle axis)
and the hol projection intensity data were recorded by
the same technique. Ou of a possible total of 4465
reflections i n the CuKel sphere 1654 independent, observable
reflections could be reaorded. The maximum € recorded

was 79°.

Tha intensities were visually estimated by
comparison with a standard calibrated strip. The intensity
of each reflection was estimated twiae and averaged. The
intensities were corrected for Lorentz~polarisation
factors [43), absorptlon effeots for cylindrical specimen
[44] an8 spot shape effects [45].

The intensity data of each reciprocal level were



scaled independently by computing the individual layer
Wilson's plot {46]. The tempsrature factor B for the
structure was determined as the mean of the values
obtained from the Wilson's plots of the. different layers.
The average value of B thus esleculated was equal to

48 + 05 42, The intensity data were put on an absolute
aaale using normalised structure faotors. Normalised
structure factors, E's, defined i n section 2.3, were
computed for each of tha reciprocal levels, using the
atomic scattering factors given by Cromer and Waber [47]
and the B-value of 4.8 Ke. The absolute scale factors
were then determined Dy normalizing the value of <E2}

to unity for each layer.

3.3 Structure Determination

CBOCA being an all light atoms structure, the
solution was initiated by ueing the direct methods.

While analysing the orystal structure of MBPAA
(Chapter 2), it waa found that for ealeulating the ¥'s,
It was appropriate if the individual atomic scattering
factors for the atoms of the planar aromatic rings were
replaced by the spherioal average for the entire ring
placed at the centre of the ring (section 2.3). Hence,
for CBOOA, which contains planar aromatic rings similar

to the MBPAA molecule, nermalised Structure factore
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were e¢alculated using the spherically averaged molecular
scattering factors for the two phenyl rings. Also, to
avoid the effect of ratiomal dependenoe, the reflections

were divided into five #in @

ranges and the <E2>

value i n eaoh range was renormalized to unity, Each of

the eight parity groupsof reflections waes also renormalized
ina similar fashion, DTable 3.3 lists the three-dimensional

E-statistics.

The highest 300 2's () 1.67) were next used with
the MULT AN programme Of Germain et al (48}, described in
section 23 fwo symbols were, use6 i n the programme.

The choice of the reflections specifying the origin and
the symbols axe given in fable 3.4, whioh also lists the
details of the four solutions obtained from the HuL:aN
programme. fhe best solution was found t o have a combined
index (C.I.) of 2.0. The E-ma corresponding to this
solution was next computed. The cyanchbenzylidene aniline
group of the molecule could be clearly identified from
the distribution of peaks inthis E4mgp (Fig. 32. The
molecular model fitted on the E-mgp is alae marked in
Fig. 32 The initial H-factor for this model was 0.555
and in three eycles of block-~diagonal structure f actor
least~squares refinement, it reduoed to 0.386. At this
stage of the least-squares refinement, five earbon atoms
in the octyloxy chain, vie., ¢(18) to c¢(22), were found



TABLE 3.3

Averages and distributions of normalized

gtructure fuctors

Theoretical val ues

Experﬂi-
nenta centrosymme non-
value v trie eentrosymme tric
<\ B 0.766 0.798 0. 836
<|E2 - 1]> 1,067 0. 968 0.736
Bl > 1.0 26% %2 % 37 %
[B » 2.0 5.85% 5% 1.8%

|El > 3.0 1.2% 0.3% 0.01%




TABLE 3.4

MULTAN results

2 3

13 4 1 Origin

7 8 4

13 1 0 % Symbols

1% § 1

Set No. ABSFOM RESID Combined I ndex
ﬁF R C. I .

1 0.5920 47,91 - 0.059%6
2 0.5656 47.83 0.0054
3 1.0083 25.0 2.9000
4 0.9322 35.16 i1.68%2
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’ E-map.
Pigure 3.2: Molecular model fitted On the aistribution . . p

fhe positions C(18)' ... €(22)' correspond tO the initial
incorrect model and ¢(18) ... ¢{22) to t he correct model.
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to have very higk thermal parameters, compared to the
rest of the structure (B = 10.9 to 22.1 A ). Also,

the molecular dimensions i n this region of the molecule
were abnormal, suggesting that the positions of these
atoms I N the occtyloxy chain could be wrong. Hence, a
difference electron density map wae computed after
removing the contributions from these five carbon atoms.
Pig. 3.3 gives the composite eleotron density of this
map, from which the five carbon atoms eould be easily
identified. A comparison of the difference map and the
E-mag showed that there was a one-to—one correspondence
between the maps fox four of the carbon atoms. However,
for the fifth carbon atoms, viz., ¢(21), the peak in
the E-map was slightly shifted from the position obtained
from the difference map. Ihe heights Of the E~map peaks
for these five carbon atoms were, however, conziderably
lower than those for the rest of the atoms and that was
Infact, the reason for not using them at the first
instance. In Fig. 3.2, the positions C(18)' ... C(22)"'
correspond to the initial. inecorrect model and C(18) ...
¢({22) to the aorrect model. The initial R-factor for
the correot model was 0.297. The structure was further
refined to R = 0.145 by iterative block-diagonal structure
factor least-squares procedure. Cruickshank's weighting
scheme [49] of the formw = (a + vF, + c:ﬁ‘g)_l where
a=-0383, b =039 andi c = 0.0015 wes used and the
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atoms were oorrected individually for isotropic thermal
motions. Anisotropic thermal parameters [50] of the

form [exp ~ (b11h2 + b22k2 + b3312 T 2hkb,, + 2hlb, 4 +
2k1b23)] were next introduced for all the non-hydrogen
atoms. Three cycles of further least-squares refinement
reduced the R-value to 0.117. In the course of the least-
squares refinement, the reflection 031 was found to have
than for F

a much higher value for F, ad hence

8 calc
was corrected for secondary extinction effeot, using the

Zachariasen's formula [51], described i n section 2.3.

A difference eleetron density magp was computed at
this stage and all the hydrogen atoms i n the structure
aould be unambiguously located from this mgp. The peak
heighte i n the difference me corresponding to the hydrogen
atoms are listed in Table 3.5 while Fig. 34 gives the
composite eleotron density of thismg. Infurther least-
squares refinement, the parameters of the hydrogen atoms
were also refined. The hydrogen atoms were assigned
isotropic temperature factors, equal to the equivalent B
values of the carbon atoms to which they were attaghed.
The equivalent B's oorresponding to the anisotropic thermal
parameters were calculated using the formula [52]

3 3
£ 2. 2

equivalent ~ 3 13 o byy(ay

_m’
a

B J) ‘ (3.1)

where the bi;j'“ are the components of the anisotropic
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TABLE 3.5

Peak heights correspondln% to hydrogen atome in the
O

ference Fourier mg 5
Aton Peak height in e/A
0.27
H(4) 0.30
H(6) 0.44
H(7) 0.35
H{8) 0.44
H{10) 0.33
H(11) 0.35
H(13) 0.27
H(14) 0.27
H{151) 0.41
H{152) 0.25
H(161) 0.38
H(162) 0.41
H{171) 0.33
H(172) 0.27
H(181) 0.38
H(182) 0.35
H(191) 0.30
5{192) 0.25
H(201) 0.33
H(202) 0.27
H(211) 0. 30
E{212) 0.19
H(221) 0.30
H(222) 0.27

H{223) 0.25



to

thermal parameters and @qr By 8y Are the direct cell
lengths. The |east-squares refinement converged after
two more cycles and the R-value at this stage was 0.089.

The observed and the ealeulated values of tho
structure factors of all the measured reflections are
listed in Table 3.6.

34 Description of the structure

The final positional and thermal parameters, at the
end of the refinement, of all the non-hydrogen atoms are
listed in Teble 37 [Cable3.8 lists the corresponding
values fOr the hydrogen atoms. The nunbering scheme for
the non-hydrogen atoms is shown i n Fig. 3.5, where the
bond lengths and bond angles involving these atoms are
also marked. The labelling of each hydrogen atom is the
same as that of the heavy atom to which it is attacheds
where more than one hydrogen atom is linked to the same
heavy atom, & new sequence is started and is included as
the last digit of the labelling number. The bond lengths
and bond angles involving the hydrogen atoms are given
in Table 3.9. Within the limits of experimental error
(A< 30), the molecular dimensions are normal. In the
phenyl rings, the average value of the ¢-€ lengths is
1.392 (0.015) 4 and the CC-C angles average %o 120.0 (0.9)°.

| N the octyloxy-chain, the average C . = ¢ distance
sp” ap’
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The observed and caloulated values of structure factors (x10)

_Zor a1l the measured Feflestioms of MOQL.
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Table 5.|z: Final fractiomal positional coordinates and anisotropic thermal parameters (x104?]
0 —hydrogen atoms. Estimated standard deviations for last deecimal are given i n parentheses

non

Atom X y 2 by b2 b33 2P P13 P23
K(1 25(7 -864(7 -964(15 46(5 54(6 337{30 2{4 -30(8 ~40(8
c(1 37(7) -654(8) -311{15) 43(6 18(6 202(30 104 ~“518 - 2l7
c(2) 1734(7) -400(7 486{13) 37(5 50(5 129(26 -2(4 - 306 507
c(3 1828(7 387(6 1301(14)  38(5 35(4 192(2% -0(4 1{7 ~13(6
C(4 2600(7 600(7 2007(14 41{5 3945 205(29 -3{4 -10(7 - 1(6
H 3282(6 58(6 195%2(13 374(5 32{4 140(25 -4{3 - 3(6 9(5
c{6) 3170(7) -735(6) 1164(13) 48(5 354§ 121(24 2{2 - o{7 4(6
c(7) 2397(7) -963(7 428(15) 46(6 43(5 193(29 -2(4 - 8{7 - 1(7
c(s 4122(6 282(6 2639(13 36{5 44(5 128(26 2(3 - 8(6 15(6
(2) 4313(5 1029(6)  3124(11) 34(4 43(4 185(23 1(3 - {5 2(6)
c(9 5144(6 1205(6 3703(12 35(4 33(4 148(26 -5(3 - 9(6 10(6
C(10) 5255(7 18%2(6 4838(14 40(5 26(5 174(27 2{4 2.7 - {6
c(11) 6050{7) 2112(7) 5442(13) 43(5 45(5 131(26 -0{4 - 5(7 - 5(7
c{12) ©6T44(6 1680({6 4892(12 435 33(4 g9(23 -~3{% ~10{6 12(6)
C{13) 6647(7 994 (7 3743( 14 38(5 40(> 185(28 ~5(4 - 3(7 ~-10(6
C{14) 583T(7 175 ?3 3170(14 38(5 3445 218(29 0(4 - 47 - 3{6
0 7507(5 1944(5 5549{10 41(4 39(3 216(19 -2(3 -17(5 - 4(5
c(15) 8237(7 1478(7 5102(15 34(5 42(5 221(30 5(4 - 3(7 - 1(7
¢(16) 8981(7 1895%8 6046(15 3325 46%6 241(31 1{4 -14(7 5{7
c(17) 9798(7 1411(8 574015 42(6 53(7 205(31 3{4 -9(8 - 9(8
c(18) 10545(7 1817(8 6682{15 39(6 47(6 235(32 -8(4 -7(8 3(7
¢{19) 11355(8 1341(8 6456(15 46(6 57(7 188(32 3(5 -2{(8 - 3(8
c{20) 12109(s8 1775(8 7376(16 40(6 56(6 213(31 -4(5 -7(8 2(8
c(21) 12920(8 1270;8 7322%17 41(6 52(7 301(37 11(5 ~11(9 -241{0
¢(22) 13633(9 1708(10) 8342(20) 44(7 é61(8 353(41 ~9(6 -38(10) 8(11)

U
Y



TABLE 3,8

Final fractional positional coordinates and isotropio
thermal parameters of hydrogen atoms. e.8.d.'s are
given | N parentheses

Atom x(x10§5 y(x10%) 2(x10%) B(ﬁa)
H(3) 13(1) 8(1) 14(2) 4.1
H(4) 27(1) 12(1) 26(2) 4,0
H(6) 37(1) -12(1) 11(2) 3.7
H(7) - 23(1) -16(1) ~2(2) 4.3
H(8) 47(1) - 2(1) - 27(2) 3.6
H(10) 47{(1) 22(1) - 52(2) 3.8
H{11) 61(1) 26(1) 63(2) 3.9
H(13) 72(1) 6(1) 33(2) 3.9
H(14) 58(1) 2{1) 23(2) 4.0
H(151) 85(1) - 15(1) - 38(2) 4.4
H{152) 82(1) 9(1) 55(2) 4.4
H(161) 89(1) 19(1) - 73{(2) 4.7
H(162) 9 (1)  25(1) 56(2) 4.7
H(171) 99(1) 14(1) 45(2) 5.1
H(172) 97(1) 8(1) 62(2) 541
H{181) 104(1) 19(1) 79(2) 5.1
H(182)  106(1) 24(1) - 62(2) 5.1
H(191) 115(1) 13(1) - 52(2) 5.0
H{192) 113(1) 8(1) 69(2) 5.0
H(201) 120(1) 19(1) 86(2) 5.0
H(202) 122(1) 2%(1) 69(2) 5.0
H(211) 131(1) 12(1) 60(2) e 2
H(212) 128(1) 7¢(1) 18(2) 5.2
H(221) 137(1) 24(1) 82(2) 6.2
H(222) 141(1) ' 13(1) 87(2) 6.2
H(223) 134(1) 19(1) ' 95(2) 6.2

4
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is 15 (0.02) 4 and the ¢ 5= ¢ angles

= Cup
ep 8p3 8p . .

average to 112(1)®. The moleoular*dimensions involving
the hydrogen atoms have comparatively larger standard

deviations.

The least-squares mean planes through. the various
groups of atoms have been calculated with respect to an
orthogonal coordinate system {53]. In Table 3.10, the
equations of the various planes and the displacements of
atoms fron the respective planes have been listed. The
two phenyl rings and the group of atoma C(5), ¢(8), N(2)
and C(9) are planar. The angle between the mean planes
threugh the two phenyl rings is 17%43'. The phenyl
rings through the atoms €(2) to Q7) and ¢(9) to c{14)
are oriented at 10°14' and 26%53' respectively with
xespeat to the plane tormed by the central atoms c¢(5),
C¢(8), N(2) ad €(9). The cyano group is displaced slightly
above the plane of the phenyl ring to which it ie attached,
the displacements being 0.03 Afor ¢{1) and 0.907 f& for
N(1). The oxygen atom 1liee in the plane of the other
phenyl ring Wrough atoms ¢(%) t¢ ¢{14). Pig. %.6 gives
a three~dimensional perspective view of the CEu04 molecule.

Fig. 3.7 shows the molecular packing i n the ab-
plane. The ¢BoC4 molecule 1ies nearly extended in this
plane. The cyano bvenzylidene group of the molecule is
inclined to the a-axis by about 25¢ and the octyloxy



I8

IABLE 3.10

Equations of _various |least-equaresmean pl anes and dis~
placements A |n A of atoms from tham

a) plane through atoms ¢{2),¢(3},¢(4),¢(5),c(6),c(7).
0.28%25x + 0.39088y -~ 0.87577z = (.19346.

b) Plane through atoms ¢(%),c(10),c(11),c(12),c(13),C(14).
0.09915x + 0.61807y - 0.77985z = -0.21550.

¢) Plane through atoms ¢(5),¢(8),N(2),0(9).
0.2883%0x + 0.,22133y - 0.931618 = 0.11680.

Plane Atam 4

(a)

o~

(b)

(e)

GEGOQ Ccacaaaea B aal



*i Putx Jo suerd uUsewm WY Of TEWIOU
Wses ST ITNOATOW VOOE) U JO MATA saTyo0dsxad :9°'% ®

-

i
i

W

O
{
i

N3SOHiIIN €

Y
NOBEYD O
~ - ~
: Ms.,,:l...ri\}a /
{rlllea (/\tlonxf,.!l -
S5 L— o~
> N




) NN o Sy
oleoular arrangemsnt im the ab-plane. The molecular unit

ed for desoribing tho paeking is indicated.



HH

ehain runs almost parallel to the a-axis. In Fig. 3.8,
the arrangement of the molecules i n the bc-plane i s shown.
The eyano groups of the neighbouring molecules approach
one another with a short contact distance of 3.31 A
between the carbon atom of one molecule and the nitrogen
atom of the other (indicated i n Pig. 3.7) The CBOOA
molecules associate in pairs about centres of inversion
and hence, the adjacent moleculesin the unit cell are
antiparallel to each other. The neighbouring pairs along
the c-direction are related by the short ec~cell translation.
Along the b-direction, they are related by the two-fold
screw axis and the c-glide. If pairs of molecules related
by an inversion centre are considered as one unit, the
arrangement of these unitsin the bc-plane could be
described as a herringbone-like pattern. 1In Fig. 3.8,
pairs of antiparallel molecules have been enclosed to
indicate the herringbone-Ilike packing. (This molecular
unit is shown in Fig. 3.7 also.) Similar herringbone-
type of molecular packing has also been found i n the
crystal structures of the nematogenic compounds 2,2*~
dibromo-4,4'~-big~(p-methoxy beneylidene amino) biphenyl
[54], M¥BPAA (chapter 2) and the high temperature polymorph

of the smectogen ethyl p-azoxybanzoate [55].

The three-—dimensional crystal structure i s stabilised

by non-bonded van der Waals 4interactions. Al intermolecular



» OXYGEN
o NITROGEN

Figure 3.8

Molecular arrangement i nmbo—plane. Moleoular unite formed

gzﬁmrs of antiparallel molecules have been enclosed to

: cate the herringbone type of gackinﬁ.d Regions Of strong
ghade

intermolecular interactions have been d.
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contact distances |less than 4 A have been listed in
Table 3.11. O0f these, only two distances are less

than the sum of the van der Wads xradii of the
respective atoms. A striking feature regarding the
contact distances is that they are crowded i n some regions
of the unit cell. There are some intermediate pockets
where the contact distances are longer and fewer in
number, indicating weaker interaection between neighbouring
molecules. For example, the phenyl rings through the
atoms ¢(9) to ¢(14) and ¢(2) to ¢(7) have a large number
of non-bonded contact distances |ess than 4 A on one
side of the rings with the atoms of the phenyl rings
through atoms C(2) to ¢{7) and C(9) to C(14) respectively
of a neighbouring molecule; this is contrasted with the
other side of the two phenyl rings, where there are very
few interactions with the atoms of the octyloxy chains

of the neighbouring molecules. These pockets of wesk
interaction are contained i n planes parallel to the ac-~
plane, In Fig. 3.8, the regions of strong interactions
have been shaded. The structure c¢an therefore be
described as consisting of layers of molecules parallel
to the ac-plane , the layers being separated along the
b-axis by the planes formed by the pockets of wesk
Iinteraction. The molecules within a layer are related

by oentres of inversion and those i n the adjacent layers
by the c-glide and the two-fold serew axis. 'Phis layer-
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like stacking of molecules i n the solid phase has been
commonly found in the exystal structures of other
smectogenio compounds reported so far [56,55,57,58,59,60],
and can be correlated to the smectogenic nature of the

compounds.

Molecular arrangement i n the smeeti¢c A phase

The length of the fully extended molecule of CBCOA
ISu 27 A.  As mentioned in section 3.1 o this chapter,
MeMillan [37] has determined the inter-layer spaecing in
the smectic phase of CBOOA as v~ 35 A Gray and Lydon
{39] have pointed out that some form of bilayered
structure is mandatory to explain the discrepancy between
the interlayer spacing and the molecular length i n smectics.
The molecular arrangement in the crystalline phase of
CBOOA adds further support to the existence of bilayered
structure i N the smectic phase. 4s seen in Figures 3.7
and 3.8, the molecules related by the centre of inversion
associate i n pairs and form a moleoular unit which repeats
I n a herringbone-like fashion. in each molecular unit,
the molecules are arranged i n a staggered f ashion, SO
that the length of the unit as a whole i s greater than
that of the individual molecule. The effective length

of the molecular unit is v» 35 A, in good agreement with
the interlayer spacing of the smeetie A phase of CBCO4
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given by McMillan [37]. Therefore, it appears that

the molecular arrangement i n the crystalline phase can
be direotly correlated with the structure of the

smectic A phase. W the solid-smectic A transformation
takes place, the moleoules continue to associate in anti-
parallel pairs, as in the solid phase, resulting in a
bilayered smeectie structure with a layer separation

cr 35 A A8 the smectic A phase corresponds to an
upright molecular arrangement within the layer, the
molecular pairs could be assumed to rotate so that

their long axes become normal to the plane of the layer.
Fig. 3.1(b) gives a schematic representation of the
bilayered arrangement. @ The pockets & wesek interaction
separating the Layers in the =o0lid.phase could be
expected to persist in the smectic A phase also.
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