CHAPTER IX

A BEW METHOD FOR DETERMINING THE TWIST ELASTIC
CONSTANT OF BEMATIC LIQUID CRYSTALS

As discussed | N the previous Chapter a twist
deformation i N a homogeneously aligned nematic
1iquid orystal taken between two plane glass plates
doea not reveal itself optically Whan observations
are made [N a direction normal to the sample film
(fig. 2.1) ©For tnis reason, only a few attempts
have been made | N the past, t0 determine ky,. Ve
shall summarisze these in the following section.

Earlier methods uead fOr measuring k.

0f the different methods used so far only the
first three listed below are capable of yielding
accurate results. PFor the sake of completeness we

have briefly mentioned the other methods also.

1) Freedericksz and Zwetkoff (1934) allowed the
light to fall at a Large angle on a homogeneously
aligned sample between a convex lens and a prism.

when a sufficiently strong nagnetic field is applied



(a)

(b)

Figure 2*1
(a) Sample with twist deformation i n the conventional geometry.
The arrow shows the! direction of light propagation.
(b) The new geometry: light falls on the saaple film at an

oblique angie.
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normal to the director, the twist deformation occurs
for ad thickneas greater than a critical value,
xo(n) given by the equation(l 12),+-¢H, = ;’:—;-(-f%)\}.
The deformation increases as one moves away from
the centre {hiS deing due t0 the increusing sample
thickness. The central circular ares (with a thick-
ness <x°(K) is undeformed. As we move away from
the border between distorted and undistorted regions
of the sample, the effective extraordinary ref ractive
index decreases due t0 the increasing deformation,

As a result total internal refloction takes plaoce
for a light beam (with proper polarigation) incident
obliquely or the border. By oboervingj‘totally
reflected beam they could study the deformation in
the semple and hence could determine xo(ﬂ) for an
applied magnetic field. Using equation (1.12) k,,
could then be calculated.

The method is quite good. But it regquires the
sample of varying thicknese to be aligned and involves
the measurement Of angles and refractive indices.

The method hae NOt beon used by later workers.

2) Cladis (1¢72) used a conoscopic figure
method to determine H, of a homogeneously aligned
sample. A oconvergent beam of light is allowed to
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fall on the sample to get a conoscopic figure (a pair
of rectangular hyperbolae with one asymptote  parallel
30 the uniistorted director). When a magnetic field
H > H, 18 applied in the plane of the plates and
normal to the undistorted T , the interference

figure rotates by an mount 6 given by (de Gennes 1974)

tap 26 = -2AR26 (2.1)
co8 290

whae @ is the iocal tilt of the optic axis induced
by B . %he averaging i s done aver the thickness Of
t he sample. He is cbtained by extrapolating for sero 6.

This method ls claimed to be quite accurate
and has been wed NOW to get k,, over a range of tempe-
ratures (Leenhouts et al.).

5) Delaye et 81.(1573) used the light scattering
technique to determine the twist constant. HNematic
1iquid crystale are turbid and strongly scatter light.
de Gennes (19Y6Ba) hau interpreted this sirong scattering
in terms of small amplitule orientationel fluctuations
of the d&irector. By measuring the socattered intensity
elastic constants can be determined (Orsay Liguid Crystal
Croup 1%6%). ILight is incident ON a homeotropically

-
aligned sanple. k., is the incident wave vector. (The
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subscript e indicates the polarization setting

>
corresponding to the extraordinary index.) Let k:

be the scattered wave vector. ;5 is 50 chosen
8

that the momentum transfer 'Z - k. -

to the direotor. Then the intensity of scattering is

-Eg IS normal

due to twiest fluctuations:

2
€, T

I o == (2.2)
LFPL

where T is tho absolute temperature g, = ng - ni

(:::.e and n, are the extrasordinary and ordinary refractive

indices).

This wethod can give accurate relative values
and has been used in a few recent experiments (Chu and
MoMillan 1€75, Delaye 1£76).

4) Durand eg si. (1%6<) applied a magnetic field
normal to the twist & % xdf)~a mematic liquid crystal
doped with a chiralic lapurity so thzt a transition
from cholesteric to nematic takes place at a certaln
eriticud field Hu. An equation relating to Hu and k22
has been given by de Gennes (1568b) and by Meyer (1968).

Some measurewenic have Deen carried out using

this technigue (PAA & PAP, Durand et al. 1969y MBBaA,
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¥illiams and Cladis 1972). However the error is
quite large ( ~ +154).

5) Leslie (1570) derived a formula for the
critical field required to distort a twicted nematic
when the fleld is applied along the twist axis. The
formula containe all the three elastic constants.

Gerritsma et al.(1%71) used the capacitance measuremnent

to detect the oritical field.

The method needs t he valucs of other elastice
constznts and henoe the @ror in k22 includes t he

errors i N the measurenents of LI and k33.

6) Leger (1€72) measured the misration time %
of twist walls formed in a nematic drop placed in a
rotating magnetic field. de Gennes (1971) has given
a relation between x and k,,. EXxperiments have been
made ON MBEA and PAA and the error involved in the
method ie quite large ( ~ #15/) (Leger 1£72).

7) Rondeleg and Hulin (1S72) applied a magnetic
field along the twist axis of a nematic liquid ecrystal

doped with a cholesteric compound and observed the
Helfrich deformation (Helfrich 1¢70) which occurs
beyond & certain critical field Hy. k,, can be obtained

from this (Hurault 1$73).
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The method gives very low wvalues Of k22 (~ 50#
lower thul that obtained from cther methods).

8) Haller (1972), followfng a suggestion by
Meyer (1¢71) applied a magoetie field normal to the
undietorted 4 and observed that beyomd a eritical
field t he electrohydrodynamic flow pattern rotates.
However the nethod gives only an upper limit to k22

and not 4te actuel wvalue.

Recently Dreher (1574) suggested an obligue
incidence method foOr the measurement of Ky, Hy 18
caloulated by analysing the transmitted and reflected
light. However N0 cxperiments appear t o have beern

Cone usinrg this method.

(1973)
ve have developed a simple technique of detecting

F
the criticil field in the case ¢f twist deformation.

we shall deszcribe this method below.

The method

Concider a homogeneously aligned nematic liquid
crystel between two plane glass plates. VWe can think
of the sample to be divided into a numwber of thin
sections parallel to the glass plates. If the deformation
I N the sample is weak, the twist per layer, p is very
small compared to the phase retardation per layer
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between the extraordinmary and the ordinary rays. In
such cases it is difficult to optically detest the
twist for light propagating along the twist axis for
reasons discussed | N the previocus chapter. However,
by sending light at a suitable angle to the tw st axis
a and g oan be made comparable in their magnitudes.
Under euoh eircumstances it is possible to detect Hy

by an optical method.

Near Hg the deformation andé hence § is samall.
we can ¢ffectively reduce o by viewing the index
ellipscid at an oblique angle, say st ~ 5° La the
director. | N such a case the effective extraordirary

refractive index 1s given by the equation (£fig.2.1b)

1 8in® 6 ocos€ © 2.3
- —— 4 —— 2.3

n2 . n2 n

eflf [ 0

where @ i s the angle between the director ani the
direction of observation. Undcr these eccudiitions

£ . 4 or 3 and the effective sample thickness also
increases because of obliquity. The state of polari-
zation of the 1ight beam as It traverses the cample

at this angle san again be understool Irom the Poingare

ephere (fig. 2.2).

et P represent the Jucident polariuasion as
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(a)

(b)

Figure 2.2: ‘3, Poincare sphere construction showing the state

) go arization as light traverses t he sample in the new geomet

off figure 2.1b. The construyction is shown | N greater detail in (b).
PA,, A4, etc. represent the twist per layer. /PAsPy, Z’;ﬁ‘zf’_z'

etc. represent the retardation per layer.
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well as the director n , @8 the light enters the
sample. Consider the case where a small distortion
has already teken plaoe. The operation On the roincare
sphere is desoribed in detail in Chapter |. Nowv each
section produces a phase retardati on of comparable
magnitude With the twist per layer. ¢ represents the
polarization as the |ight emergee out of the sample.
|n the undistorted sample, the state Of polarization
of the emergent beam continues t0 be represented by F.
Henoe i1t ie clear that tho stats of polarization is
different from that inthe undistorted sample. Such
a change can easlly be detected optically.

The experimental set up used to determine Ky
using this method is given below.

Ixperinental arrangement

(a) Qven: A sketeh of the oven is shown in
figure 2.3a. A nichrome tape ie wound uniformly round
a long hollow copper cylinder (with a layer of mica
for insulation). Thisis enclosed i N another hollow
cylinder of copper. The space between the two is
filled by asbestos powder to reduce the radiation loses.
The oven is heated by lecad accumulators, the current
being controlled by means of rheostats. Tho use Of
accumulators eliminated the problem of any fluctuationes
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Flgure 2.3

(a) Cross-sectionel diagrar of the heater used. Striped
areas represert copper.

{v) Different parts of the sample holder shown separately.
(For explanation see text.)
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in the mains. Moreover, since the oven is to be
placed in a magnetic field, a direct current is
preferable to A C. which sets up vibrations 0of the
current carrying wire when the maghetic field IS

switched on.

The length of the oven is about 14 cme, whereas
the glasse platen holding the smuple are only 2.5 om
long. These plates are mounted i n a massive copper
block, the length of whieh is £.5 em. The length of
the oven i S deliberately made much longer so that the
texperature gradient zlong the length of the sauple

is minimised.

One end of the oven is closed by a one centi-
me tre thick copper block Wth a central hole containing
a glass window for observations. An inlet/outlet tube
enables the chamber to be evacuated and filled with

nitrogen (figure 2.3a).

(v) Sample nolder: Ihe sample holder consists
of 5 purts (figure 2.3b). The part & contains a glass
window and a hole to imsert the hot junction of a
thermocouple. This hole is continued in part ¢. 1In
thie block (C), a rectangular groove (indicated by
dotted line) 4s out at an angle of = 5° to the axis
of the eylinder. The sample is contained between two
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optically flat glass plates. The shorter edges of

the glass plates are out and polished at 5° to the
normal 10 the plates (figure2.1b) such that the erozs
section parallel to the length and normal to the
breadth is a parallelogram. The glass plater, placed
i n the groove can be held tightly by screwing on a
rectangular copper plate D to C. This has a rectangular
hole out 4m It to enable an optical measurement of the
thickness of the sample. Part E joined with part C
forms a oylinder. All| the parts of the sanple holder
are held together by means of brase screws. The whole
assendbly (B, E ¢« C and A can be introduced into the
oven and the space inside the oven made air tight
using teflon washers ani a nut N which locks into the
right hand emd of the oven shown i n figure 2.3a.

(c) Sample preparation; Chatelain's rubbing
technique was used for aligning the sample homogeneously
(Chatelain 1943). FOor a good alignment, the glass
surfaces should be absolutely clean (even a slight

amount Of grease favours homeotropic alignment). The
glass pl ates were first washed i N distilled trichloro-
ethylene to remove any traces Of grease. They wae
then kept in strong chromic aeid for about 15 minutes.
The oleaning process coculd be hastened by using warm



chromic acid. Finally they weerimed thoroughly
in distilled water. The surface quality was tested
by ensuring that a f£ilm of water sticks t 0 t he glass

sur face uniforniy.

A clean filter paper (Whatman Ko.1) was uesd to
rud the optically flat surfaces of the dried glass
plats in a direotion parallel to the length of the
plates. while assembdling the glass plates, care was
taken {0 ensure that there was N0 relative tilt between
t he directions of rudbing of the two plates.

The glass plates were placed one over the other
with two strips of spacer (mylar or mica) i N between
them They were held tightly by part D of the sample
hol der. To ensure uniformity i n the thickness of the
air £ilm between the glass pl ates interference fringes
were formed in a light beam reflected fromthe two
glase surfaces. The screws were tightened until

straight fringes as few in nunber as possible are seen.

(a) Thickness measurement: Since the equation
for the caloulation of ky, involves the square of the
sample thickness, it IS necessary to measure it precisely.
It 18 always found that the actual thickness of the
sample is slightly larger t han the nominal thicknese

of the spacer used.

48



LN

(@) N mn

Figure 2 4

Arrangement to measure the thickness of the

sample by forming the channelled spectrum.
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The thickness Of the sample was measured by
using the channelled speotrum technique (see &.8&.,
Ditchbura 1952) (figure 2.4). Light from a white
light source O is rendered parallel by lens L, and
is allowed to0 fall normally On tho air £film between
the glass plates. The light reflected from the air
£ilm i s allowed to converge On the slit S, of a constant
deviation spectroscope (Adam and Hilger Ltd.). |n the
field of view of the telescope, bright and dark bunds
are seen due to the interference of the light reflected
from the two surfaces forming the air film. The
thickness Of the air £ilm is giver by

B Ap Ao

xo - 2(>\° - 7\m) (2.4)

where 7\° is the wavelength corresponding to any dark
fringe (say seroth fringe) and ?\m that for n'® dark

fringe.

(e) Alignment of the director with respect to

the magnetic field: Prom eguztions (1.5) and (1.6)

—
T

it is clear that the magnetic torque n =0 when n
is parallel or perpendicular to T and the magnetic
energy density is leact whem 1 is parallel %o E.
4 critical field existe only if the undistorted



director is exactly normal to . If T is slightly
off-normal, distortion exists even for very small
values Oof B so that a tail is formed mear the eritical
field as shown from the calculations of Rapini and

Papoular (1969).

To adjust B to be exactly normal to H, the
oven is mounted ON a base provided with levelling
screws L,, L, and L, (figure 2.5a). It |a also
provided with side screws S, and S, having graduated
heads. By using L, and 1'3' the magnetic field was
made to act | N the plane of the nematic film. This
adjus tment ensurea that the deformation 48 a pure twist.
By using sorews S, and §,, d could be made exactly
normal to H « When B ie exactly perpendicular to "
there ie no particular preference fOr the director to
tilt in either direction from its undietorted
orientation. As 4 result, reglons of opposite twist
separated by inversion walls are formed. Henoe the
screws S, and S, oould be adjueted until the maximum

number of such walls are observed.

(f) Temperature meusurement and control: The

temperature was measured using a copper~constantan
thermocouple calibrated agasinst a standard thermometer
provided with the microheating table 'BOETIUS' (Franz

A
o



0
C
S;_Q

<
—

J

[

Pigure 25

(a) The basp for the heater provided with levelling
Berews s Lips I‘3‘ The aide SCrew. are used {0

align the nematic director to be exactly normal
to the magnetic field.

(b) Schematic diagram of the set up to detect optically
the eritical nagnetic field for kp,.
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Eustner Nacht K.G., :ast Germany). Sinoe the
thermo ¢.m.f. is not a lincar function of temperature,
& guadratic interpolation formula was used to calculate

the temperature fromthe measured thermo e.m.f.

The hot junction wus fixed to the eanple holder
so that 1t was i N contact with one of the glass plates
at its mid point. The 00ld junction wes | N contact
with & massive copper dlock which ir turn is placed
in melting ice (made by using distilled water). The
thermo e.m.f. was measurod by a vernier potentiometer
Type 30uU71 (The uriental Goience apparatus workshops
India). The accuracy of temperature meoasurement was

~ 0.02“00

The temperature was controlled by pascing a
known current through the heater ocoil. 4 sufficient
time (about half an hour) was allowed for the oven to
oome to an equilibrium temperature (within ~ 0.02°C)

bef ore the measurements were taken.

(g) Cptical set up:s The light beac from a
sodium vapour lamp is rendered paraliel by lens L1
(figure 2.5b). Linesrly polariged light from a
polarigur 3 set at 45° to the field direction is
allowed to fall On the sample. The light emerging from

98]
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the sample 1s elliptically polarigzed. DBy using s quarter
wave plate § with ite fast axie parallel to the axis

of the pelarizer, the elliptically polarized light is
converted 10 e linearly polarized one which is then

viewed through the linear analyser A. The observation

was made by focussing a |low power microscope [ghown in £ig.2.

with
iobjecti\/eh2 and eye piece Elonto a suitable region of

the sample.

(h) Measurement of _fhe magnetic field: A Hal

probe gaussmeter (~ode%HB67 ~ Ilectronics Corporation

sf India) wars used. The gaussmeter was calibrated
against a BMR uUnit. The measureczent of H was accurate
to ~ 425 gauss. The calibration of the magnectic
fi¢ld was also eheoked against the readings of another
gaucsmeter, Model 750, Radio Frequency Lab., U.3.4.

(i) Messurement of the criticel field: TO start

with, the analyser was set to see a dark field of view.
Observation was made ON a small area (~ 1 mme) of the
sample to reduce any errore due to temperature gradients
ad none-uniformity 3t thickness. The magnetic fiold

was increased until a weak deformation occurred i N the
gample. The field of view, then became bright. The
magreti ¢ field was then reduced in sieps of ~ 2% gauss.



At each Step a sufficiently long time was allowed

so that the sample had enough time to relax. The
magnetic field at which the field of view becomes
dark was Oaken as t he eriticael field. T0 verify that
this i S the correct critical field, the fiecld was
increased by 25 gauss and it was ascertained that
the field of view became just bright.

Results and caloulations

From equation {1.12) we have

2 2
k,, = Ei’;-;ﬂ TAVS (2.5)
AX is the anisotropy of volume diamaguetic suscepti~
bility of the medium. e can wite AX = AX .¢. 8
where S is the degree of orientational order of the
medium, § is the density end A% iz the unicotropy
of the mass diamagrnetic susceptibility of the perfectly

oriented medium with € = 1. Lence

|
Nlm
Aajowm

52
© AX __+ 5+ (2.6)

ka2 -

¥e have measured the twist elustic constant of

two well kxnown nematic ceompounds, namely, paramgoxyanisole

|
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(PAA) ad paraagzoxyphenetole (PAP) for which all
the relevant data are available.

(a) pAA: The order parameter S of I'sA has been
measured by a number of techniques. The values from
optical anisotropy measurements (Chateclain and Germain
1964) calculated by Chandrasekhar and Madhusudana
(196%) and Saupe (1968) agree well with each other.
The values calculated from a molsculer statistical
model (Chandrasekhar and Madhusudana 1971) give a good
f£it with the experimental valuwea. iforeover, the
magnet i C susceptibility anisotropy calculated using
the theoretical values of & agree well with the
experimental data Of Gasparoux and Prost (1$71),

Hence we hare taken the S valuea f a our calculations

from the theoretical curve.

Maler and Saupe (1960) have measured the
temperature variation of deneity of PAA accurately.
Chandrasekhar et al. (1$6%) have given an empirical

relation
Tu1
Va § (1+ J ol . A1) (2.7)
0
7

wheére

N
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12.65 x 10~4
(1 - 2175

to fit the experimental values. W used the relation
(2.7) to obtain § at any temperature. The values of
Sand § st some temperatures are given i n table 2.1
given at the end af this Chapter.

Foex (1933) measured the principal magnetic
susceptibilities of the erystalline state of PAA.
{i~ray studles on cxrystalline PA4 show that the
molecules are arranged I N the lattice parallel to one
another (Bernal and Crowfoot 1933)). Hence the
anisotropy Of mass diamagnetio susceptibility of the
medium with perfect orientation (S = 1) can be calm-

lated (&% = 242 x 1077 c.g.s. ewmems units).

Using the avove data re have calculated k22
for YAA at various temperatures. Table (2.2) contains
the measured values Of Ho and also k,oe The values

obtained from two different samples are given seperately.

Ignoring the changes in the molar volume W th
temperature, we have lecet sguare fitted k,, to the

equation

X = ¢ g% (2.8)



where ¢ and x are free puramneters. The beast fit

—~ y
&

gives xudxs C = 15,73 x 107 and x = 1,95 =
Hence the el astic constant values agree well with the

3

mean field theory which predicts kg, < 5° « The

experimental pointe along with the calculated

variation (Prom equation 2.8) are shown in figure 2.5.

(b) PAP: The velues of & Lox Jil have teen
calculated from optical anleoixopy amcasuremcernts Of
Chatelain and Germain {(1%64),b; Chandzusckhszr and
iiachusudapa (196S) and by saupe (1¢65). The experi-
mentael values agree well with the theoreticual curve
of Chandrasekhay and Madhusudana (1¢71). we have

taken the theoretical values fox our caleulagtions.

Bauer and Bernamont (193€) have made rclative
dilatometric measurements on joF se & function of
temperature. Thelr valucs are normelized to the
absolute scale fromthe molar volume at Ty, (HMaler
and Saupe 1960). Chandrasekhar et 8l.(9 Y6S) have
given an empirical relation (2.7) which fits the experi-

13.03 x 1074

mental velues quite well. (Here a = - ~v~»7qj.
(Tyy - x) '/

“he & and § values at different temperatures

are given in table 2.3.
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Pigure 2.6

fwist conctart ve. relative temperature (Ty; ~ T) for PAA.

Circles and triangles represent measurements on two different
samples.



S8ince the anisotropy of diamagnetic suscepti-
bility arises essentially from the aromatic rings,
we have assumed Chat the meolar susceptibility of PAA

and PAP are the same. Hence

DX op(PAA)

A% (PAP) = My Moaa (2.9)

vhere M,,, and M,,, are the molecular weights of
PAA and PAP respectively. The calculated vulue Of
N _(PAP) 18 2.19 x 1077 o.g.e. e.m. UNite.

The tabla 2.4 gives the measured value. of Hg
and the values Of twist constant of PAP at various
temperatures, oalculated using the data compiled above.
The values from three independent sets Of meusurements
on different samples are gi ven separately. The

values of k,, are estimated to be accurate to t5%.

The least sBquares fitting of the measured
valuee Of k,, to the equation (28) yields the resulte
C = 15.3x 1077 and x = 1.6 <~ 2. Hence k,, values
of P4P also are i n good agreement With the mean field
theory. The experimental values along with caloculated

variation fromeqgn. (2.8) are givenin figure 2.7.
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Pilgure 2.7

Pwist constant vs. relative tenperature for PAF.
Circleas, squares and triangles represent measurements own
three- different samples,
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Discussion

The only values of k,, of Pih avellable for
comparieon with our experimentnl data are (1, measure-
ments at diff erent teuperatures by irecederickecsz and
Zwetkoff (1¢34) which wore used by Saupe (1%6G) to
calculate k,o: (2) that at 129°C by Durand et al.
(1¢6%), and (3) that at 129°C by Leger (1572).

For the sake Of comparison, the values given by
the above authors are recalculated using the data on
s, § and AX o Biven above. The resulte are given
in figure 28. |t can be seen that the agreement Of
our values with those 0Of ezrlicr mezsurements is quite
good. (Although Leger's value iz clichtly high (15)7)
St is within the error elagmed by her.).

The only value of k,, for PiP available for
comparison is that at 147¢C by Durand et &1. (196¢)
from the measurement Of magnetic field induced cholesteric-
rematic transition. Thie value is ~ 11» higher {within
the acouracy of +15% claimed by them) than cur value

at that temperature.

The temperature variation of k., of both Pai and
PAP are | N agreement wi e depcndence. It inplies
that throughout the tempecrature range the molecular
distribution function which would influence k,, does
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Pwist constant vs., relative temperature for PaA obtained by
other iuvestigations yecalculated as explained in the text®
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not change. Comparing the values of C in PaA end

PAP, We note that they are nearly equal. Lence in
going from PAA to PAP the average di stance between
the molecular centres measured along the breadth of

t he molecules bas remained almost the same (Gruler

1675).

The dependence of the mean field potential ON
the molar volume is & matter of much discussion. Tor
example, Maler and Saupe (1959) found t he dependence
of ¥v"2y Chandrasekhar et 81.(1572) use V™3 dependence
while Alven (1€71) gets v dependence. High pressure
work of McColl and Shih {1S72) seems to suggest vé
dependence, while recently Cotter (1976) has argued
that any mean field theory will be self consistent only
with a V-1 gepensence. We hare ignored the volume
dependence in our calculations of k,,, Since the
change in the molar volume OvVSr the entire temperature

rance i S only ~ 2% the results ore not drastically
altered

Welgﬁgpare our measurements 0N k22 with the
bend and splay constants measured by Gruler (1973).
| n PA* k33 vari es more rapidly than that given by an
52 dependence, Wil e k,, satisfies an 52 dependence.
A8 we shall see in Chapters 1II and IV, k33 does not
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obey meen field theory i N almost all the other

compournia studled.

Conclusions

(1) The new method to determine the twist
elastic constant, employed hero, gives consistent
velues for independent samples. Moreover they agree
wall with those measured from other methods. Hence

present
thé method ies quite relieble.

A
(z) The twist constant of both Pii and PAP

obey tho mean fielid thecry. Hence the structure of
the short range order relevant to k22 does NOt change

throughcut the temperzture range.

(3) The values of C In equation (2.8) are almost
equal for Pis and PAP. Hence the nmature of the short

range crder 4s rother eimilar i n the two caeses.
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Table 2.1
Order parameter and demsity of PAA

L g ¢
in °0 gn/ce
0.5 0.34 1.1486
4.0  0.408 1.1531
7.0 0.442 1.1564
12.0 0.485 1.1614
17.0 0.51% 1.1661
27.0 0.571 1.1748
37.0 0.612 1.182%9

Table 2.21 Twist ‘elastic constants of PAA

"I'NI’r Ho: k22x107 dynes kcal-os‘x 157
in °C  1in Kgauss dyne
26.7 , 4.5 5.23 5.14
22,3 4.4 4.79 4.76
17.9 4.275 4.31 4.35
12.5 4.125 3. 72 .78
7.8 4,025 3.24 3,19
3.0 3.8 2.53 2.48
X, " 12,5 pm
27.9 0.945 5.22 5.25
25.1 0.9%5 4, %8 5.00
20,1 0.915 4.53 4.55
15.4 0.890 4.05 4.09
10.3 0.860 .49 3.52
5.8 0.840 3.02 2.92
3.3 0.805 2,57 2.53
1.2 0.740 . 1.98 2.11
xo = 59,4 um.

]



Zable 2.3
Order parameter and dcneity of Par

b S,
n;o S ?gm/cc
1 0.4%9 1.070
2 0.51% 1.072
4 0.535 1.074
8 0.570 1.078
13 0.604 1.083
18 0.63%2 1.088
28 0.680 1.098
37 0.709 1.106

Table 2.4: Pwist elastic constant of PAP

-
Typ-? Hy in k50%10" yacs*x107 aynes
Al ¢} Kgauus dynes
27.2 2,625 7.06 7.2
22.1 2,60 6.66 6.65
16.4 2.525 5¢95 6.05
1201 2.50 ’ 5.56 5056
8.3 2.47% 5.21 5.12
4.8 2.40 4.65 4,66
0.8 2.275 3.78 3. 87
Xy ® 25.0 ym
25.4 0.655% 6.80 6. 56
1.3 0.65 6.37 6.38
13.5 0.635 5.72 5.73
8.0 0.62 5.10 5.08
3.7 0.60 4.47 4.49
1.3 0.56 3.66 4.01
X, = $G6.0 uym
30.8 0.885 T.32 Te41
23.8 0.88 6.89 6.81
1706 0087 6037 6018
12.6 0.85 5.17 562
S.0 0.84 5.40 5.21
4.3 0.82 4,83 4.64
1. 0.78 4.12 4.15
X, = 74.6 p»
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