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CHAPTER II

INSTRUMENTS , MATERIALS, AND METHODS

Instrumeants

listtler FP5: Control Unit

Mettler FP52: Hot stage for microthermal n.estigations
with 2 hapd control panel

Olympus trinocular microscope, with two 1Ox oculars

and x4, x10, x20 objectives, including a polarizer

Olympus micrographlic camera, model PM6, with a x10

planar eyepiece

Olympus photomicrographic exposure meter, model EiM~-V

Wikon trinocular microscope model L-Ke with two 10x

oculars and a x10 objective including a polarizer, an

analyzer and a blue filter

006500

Materials

Liguid Crystals (The abbreviated name and catalogue

number are in parentheses):

p-Azoxyanisole (PAA), from Aldrich Chemical Co., Inc. (9700)
0,p'~-di-Hexyloxyazoxybenzene (PHﬁB), from Frinton
Laboratories (648)

p=( (p=-Methoxybenzylidine) amino) phenyl acetate (MBAPA),
from Frinton Laboratories (761)

p-Azoxyphenetole (PAP), from Riedel Co. (9781)

1 18266768
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The following chemicals were purchased from Bastman Kodak Co.
n-Butyl p—(p—Ethoxyphenoxycarbonyl) pheuyl carbonate
(BEPCPC) (10482)
p-(pnﬂthoxyphenylaZHJ phenyl un-hexanoate (EPP-Hex ) (10537 )
p-(p-Ethoxyphenylazo) phenyl n-heptanoate(EPP-HSp)(lOBTB)
p—(p-Ethoxyphenylazo)‘phenyl pn-undecylenate (EPPU ) (10541)
p-(p-Ethoxyphenylazo) pheuyl valerate (BPPV) (10901)
pu(p-Ethoxyphenylazo) phenyl crotonoate (EPPC) (10836)
p,p'-Bis(heptyloxy) azoxybenzene (PBHAB) (10122)
p,p'-Bis(pentyloxy) azoxybenzens (PBPAB) (10715)
p,n'-Dipropoxyazoxybenzens (PDPAB) (10714)
p,n'-Dibutoxyazoxybenzeune (PDBAB) (10717)
p,p'-Azodiphenetole (BAD) (9857)

p-((p—Eethoxybenzylidine) amino) benzounitrile (MBAB)
(10880)

N-(p-Methoxybenzylidine)-p—phenylazoaniline (MBPPA )
(8545)

p-Anisaldazine (PASA) (8546)
A11 of these compouuds wWere used as obtained without
further pnurification. Only EPP-Hep and EPP-Hex, which had

wide ranges of meltling point, were recrystallized before using.
Films

Agfa Super Pan ASA 200, 35 mm.
Kodak Tri-X-Pan ASA 400, 35 mm.
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Table 1 Names, formulae, abbreviations aand the pematic temp-

crature raunges of the liquid crystals used.,

Name and Formula

Abbre- |Nematlg-
‘viation range( C)

p,p'-Bis(pentylogy) azoxybenzene

,JI__ \\ - _\t //—-—\ 3y T
p,p'=Dipropoxyazoxybenzene
C
y ) —%Jf—>*
CxHA0 (Oyn=n {;} 0C5Hy
p,p'=Dibutoxyazoxybenzene
0
o, "
RN (@)e =2 (@)
p,p'~Azoxydiphenctole
O
l’
H =N i
02n504<:3}N L«@iﬁyooays 0
p-Azoxyanisole cH304<i>>N:N4€iEyOCH3

p,p'~-Azod iphenetole

02H50"«i3>N:N*@22*05éH5

p-( (p-Methoxybenzylid ine) amino) benzo-

nitrile CH3U<<:>>CH=N4<:>}GEN

PBPAB

FDPAB

PDBAB

PAP

PAA
PAD

MBAB

p-( (p-Ethoxybeunzylid ine) amino) benzo-

aitrils 02H5o«(ziycﬂ=ﬂ4@zgyc N

N-(p-liethoxybenzylid ine )~p-phenylazoani-

|
1ine GHBO<<:>>CH=N{C:>erN4€z> 1

N-(p-Pentylcarbonyloxy benzylid ine-p-

EBAZ

MBPPA

PCBTA

0
anisidine ! o
05H11-0-04ii}ycH_N<@22y00H3 |

|
]

77.1-119.9

118.1-122.4

104,1-135.9

137.9-166.7

117. 9“13503

106,4-118 .4
| 148.0-186.7

61.2‘85-2
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Abbre- Nematico—

ame and Formula viation|range ( o)

p-(p-Ethoxyphenylazo) phenyl valerate |EFPEV 78.1-127.3
0

| -
oC~0 -O-sz -<_>-o C,Hs

p—(n-Ethoxyphenylazo) phenyl=-n-hepta~ | EPP-HeD 65.5=115.6

noate on, (CH, )5—0 OON_I\T@-OCQ‘IB

p-(p-ﬁthOYtheﬂylazo) phenyl-n-hexa- |EPP-Hex 65.7-128.6

noste gy (ox )4_C_QleI_’\I-C>-OG Hg

p-(p-Ethoxyphenylazo) phenylcrotonoate| EPPC 110,5-193.9
0f ;~0F=CEH- -6-0-{( D)r=K {OD)-o0c,ts
p-(p-Ethoxyphenylazo) phenyl-un-undecy=-i EPFU 65.5=-107.9

levate oy —cH-(CH,)g0 -o@u—m@oc Hy |

II.3 Preparation of Samples

II.3.]. Preparation of wixtures.

A1l the mixtures to be investigated, 1l.6.;, the systems
EPP-Hep/EPP-Hex, EPP-Hep/PAA, were prepared 1in the required
mole perceunt compositions as follows. The two welghed com-
ponents were mixed in 2 test tube and heated 1in a paraffin
bath until the mixture became isotropics It was cooled sud-
deunly in an ice-water bath, the mixture being stirred vigo-
rously until the mixture was frozen. Then the mixture was

ready for the experiment.




19

II.3.2 Preparation of slides. |

The microscope slides and cover S ¢re cleancd
with acetone., A few pelllcles of the 1liquid crystal to be
investigated were put on the clean slide and melted on the
heating stage before covering it with a cover slip. In this

way, alr bubbles could be removed from the specimen.

II.4 Expsrimental.iicthods

IT.4.1 Determination of transition temperatures.

The prepared speClumen was placed on the electronically
controlled heating stage for microthermal investigations,
mounted on the polarizing microscope. The {1luminating beam
of light was transmitted through the specimen to the objective.
At high inteansity of illumination, it was found that the
light could ralise the tempefature of the specimen by as much
as 0.1°C; thus the observation of the texture was sometimes
interfered, especlally iun the vicinity of the transition
temperature. This effect should be accounted for as a cor-
rection to the observed transition temperature. To minimize
the nonuniform effects of light, the illuminating light was
turned on for some time before the investigation. The temp-
erature of the heating stage was read on the controller unit,
which gave an accuracy of 0.1°C and the heating rate as well
as the cooling rate could be accurately controlled at any of
the following rates: 10, 3, 2, 1 and 0.2°¢/nin.

Tt was found convenient to determine the transition

temperature roughly first at a high heatlng rate, and then
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to make the accurate determinatlon. The temperature was
increased at a moderate rate, 3.10°0/min, until the melting
point was approached; then the rate was slowed down to 0.2°0/min.
The temperature was held constant as soon as agy physical
change in the speclimen could be observed, to make sure that
there was no sharp change of the texture escaping notice.
Usually, the transition polnt had a wide range, depending on
the naturs and range of pre-transition as well as on the
purity of the sample. The melting temperature was recorded

as soon as the last crystal was melted. Other transition
temperatures were recorded as soon as a complete change of
texture occurred. Since supercooling always occurred , heating
and cooling gave different reverse SequeENCes of textures.

In nematic liquid crystals, the marbled texture was
observed over a very long range of temperature. In contrast,
the range of observing the schllieren texture was usually
narrow, and the reproducibility of the texture was found to
be very sensitive to the intensity of the illuminating light.
Its temperature range could not therefore be determined very
accurately. Frequently, the marbled and the schlieren textures
would coexist in the specimen at a particular temperature,
indicating the slight inhomogenity of physical conditions and
impurities in different parts of the specimen. Thus the tran-
sition temperature from the marbled to schlieren texture
was recorded as soou as the first noticeable change of texture

could be observed.
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II.4.2 Qbservation of mesomorphic textures.

The textures of the mesomorphic phases were observed
and photographed under crossed linear polarizatious. The pho-
tographs were taken with the Olympus mlcroscope camera mounted
on the ¥ikon trinocular microscope model L-Ke with the magni-
fication X100, To obtain sharp plctures, the blue filter
normslly inserted for visual observations was reuoved and
a small aperture was chosen for the beam of transmitted light.
High-sensitivity films were used for moving pictures.

The textures near the isotropic-uematic transition

of mixtures and single mnematic compounds have been compared.

II.4.3 Observatioa of schlieren texturs.

The samples were carefully prepared for thls purpose.
The slides werc cleaned in the cleaning solutlon ( conc. HQSO4
and K20r207 ) and washed with distilled water and then acetone,
The slides were left to dry without any touch to avold making
scratches on the smooth surface that would induce 2 formation
of the inversion walls. In non-recrystallized substances,
the schlieren texture was usually observed even oun a Very
clean slide, For recrystallized compounds, on the other

hand, it was found sometimes necessary to prepare the sample

on a dirty slide in order to obtaln the schlieren texture.

To construct the iaversion walls.

Two simple techniques were found to be gffective in

inducing 2 formation of the inversion walls.
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i) The slide was rubbed several times along the long
axis on a sheet of clean paper in oue direction, The inver-
sion walls were then formed perallel to the directior of rubbluoz.
i1) The substance was first melted between the slide
and cover slip. The cover slip was then displaced slightly
in the direction parallel to the long axis of the slide. By
this method, the lnversion walls were formed along the direc~-

tion of displacement.

II.4.4 Investigation of the growth rate of nematic

droplets,.

On heating the sample up to the isotroplec phase, the
temperature was decreased slowly at the rate of 0.2°C/min.
At sufficiently near the isotropic-nematic transition temper-
aturc, the temperature was kept coustant. It was then wailted
until the droplets appeared, The dlameter of a droplet was
read from the wicro-vernier eyepiece of the mlcroscope with
the magnification x60 at every ten ssconds. Siance the growth
was very fast at the beginning, it was rather difficult to
determine the initial diameter of the droplet. Usually, the
starting time (t=0) always corresponded to some finite size
of droplets. It was usually not possible to determine the
growth rate of the same droplets that had previously been stud-
ied, because supercooling and hysteresls always took place,
Moreover, the lsotropic-nematic trausltion temperature became

lower and lower with the repeated heating and cooling. Thus,
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the growth rates of different droplets were determined at

different times.

II.5 BExperimental Results

II.5.1 Transition temperatures

a) The transition temperstures of various phases and

modifications of the nematic liguid crystals that readily

exhibited the schliere

tables:

n texture are shown in the following

Table 2 The transition temperatures of the nematic liquid

crystals that readily sxhibited the schlieren texture.

melting pt. | marbled range| schlieren isotro-

Liquid Crystals (OG) (oc) range(oc} pic(oc)
-t

PBPAR T76+3=TT.1 77.1-119.6 [119.6-119.9|119.9
PDFPAB 115:1-118.1 118.1-120.1 |120,1-122,4|122.4
PDBAB 99,8-104.1 | 104,1-135.8 |[135.8-135.9[1355.9
PAD 1%0.9-137.9 | 137.9-155.3 |155.3-162.5}162.5
MBAB 102.9-106.4 106.4-118.1 |118,1-118.4[118.4
EBAB 104.9-105.6 105.6-126.6 |126.6-127.9}127.9
MBPPA 140,7-148.0 | 148.0-186.2 186.2-186.7{186.7
PAA 117 .4-117.9 117.9-135.2 1135.2-135.3{135.3
PCBPA 60.1-61.2 61.2-84.8 84.8-85.2 | 85.2
PASA 151,4-169.8 | 169.8-181.9 1181.9-182.5

182.5
b
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b) The transition temperatures of nematic liquid crys-
tals that did not exhibit the schliereh texture in the pure

state, are given ln the following table:

Table 3 The transition temperatures of nematic liquid crystals

that did not exhibit the schlieren texture in the pure state.

Liquid Orystals|melting pt.(°C) marbled range(oc) isotropic(°C)
EPPV 76.3-78.1 78.1-127 .3 1dled
EPP-Hex 64.7-565.7 65.7-128.6 128.6
EPP-He? 65,0-65.5 65.,6-115.6 115.6
EPPC 10%.6-110.5 110.5-193.9 193.9
EPFU 63%.,0=-65.5 65.5-107.9 107.9
PAP 137.0-137.9 137.0-166.7 166.7

The temperature range of the melting point was determined

by the nature of pre-transition and the preseuce of impurities.

ITI.5.2 Observation of the mesomorphic textures

i. Observation of nemstic textures.

Nematic liquid crystals ia the state of thin layers can
exhibit three distinct nemastic modifications cr textures, viz.,
the marbled texture, the schlieren texture, and the pseudo-
isotropic state, The pseudo-isotropic state is always observed
near the wesomorphic-isotropic transition on a clean slide.

It is evident that not all nematic liquid crystals 1n the very

pure state exhibit the schlieren texture. From the present
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investigatlion of soue twenty nematogeunlc substances, six of
them do not under normal conditions show the schlieren texture,
indepsndent of the rats of cooling or heating. However, every
nematic compound shows the schlieren texture if the specimen

is prepared on 2 dirty slide. For example, when EPP-Hex and
EPP-Hep Were recrystallized before using, no schlieren texture
was observed except when the sanples were put ou dirty slides
(see Fige.6b, ¢, d and 7c).

Pure nematic cowmpounds exhibited the marbled texture
with very few lines of discontinuity, where threads were hard -
1y observed. The number of disclination lines increased with
the increased amouunt of impurities. At higher temperatures
bright loops of threads disappeared without any trace. 1In
single~-texture nematic compounds sufficlently near the nematic-
isotropic transition temperature, droplets with coloured ringzs
seemed to emerge from the nematic surface. Figs.6b and Tb
show the examples of these riugs. Sharp dark lines which
did not rotate with respect to the polarizer were always
observed. The number of the clrcles increased as the temper-
ature. As the rings grew larger and larger, the spaces between
the outer rings becane smaller than those near the centre,

At some critical sizes, they blew out; that is, they became
isotropic. The process was repeated agaln and agaln until all
the marbled regions became isotropic

On cooling from the isotropic to the nenatic phase,

nematic droplets were formed. These droplets looked flat and



were not so round. .The droplets did not move; it appeared
that they were stuck on to the glass surface (Fig.6c). The
droplets grew rapidly aund the marbled texture would be formed
as s whole in a very narrow temperature raunge. Lines of dis-
continuity sometines appeared at the contact area, but they

were ususlly dlminished in 2 moment.

ihsa EPP-Hex (recryst.) was prepared on a dirty slide,
a large aumber of line discoabtinuities could be observed 1in

the marbled texture (Fig.6d ), sccompanied by the schlieren

(1) (11)

(@)
it

5]
'_.l-
0q

Texture of EPP-Hex (recryst.) in the solid phase (1)

and the corresponding marbled texture at 55.8°c  (ii).
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Fig.6b Texture of ErP-Hex (recryst.) at the nematic-isotropic

transition at 128.4°C, under crossed polarizers.

texture in the iamediate vicinlty of the nematic-isotropic
transition point (Figs.6d and Tc)s Round nematic droplets
were formed with point singularities inslide them. It should
be noted that in Fig.Tc point slangularities are formed at
the impurities.

The transition temperatures of the pure samples and &

of the dirty samples were not very much different.



Fig.5c Isotroplc-nematic transition of EPP-Hex (recrys
=0 3 . . 3
a2t 128.5°C Gnder crossed polarizers. These droplets

show the marbled texturec.

Pig.5d Marbled texture formed on dirty slide oI mrr-dexi\recryst.

Lines of discontinuity are observed.



29

Schlieren texture forued on dirty slide by EPP-HeX
(recryst.) at 128.5%.

‘v:\\\ JAL B
A A "R\

Fig.72 warbled texture of EPPV at 122.6°C. C
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Fig.Tb Nematic-isotropiec transition of EPPV at 127.200.

Fig.7c Isotropic-nematic transition of EPPV on dirty slide
& o 50 i : R 3 el A
at 127.1°C., Point singularities are formed at the
impurities.
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11 Observation of schlieren texture

Annihilation and creation of polint singularitles were
observed nsar the nematic-isotropic transition temperaturs.
Brushes of the schlieren texture always corresponded to dark
1ines in the marbled texture. Pigs.8s and 8b show the creat-
ion of sinzularities and brushes from the disclination liunes
in the marbled texture., These sharp lines did not rctate with
respect to the polarizer, /Hear the marbled -schlieren transit-
ion the sharp lines were enlarged and began to rotate around
the singular points. At higher temperatures rings could
always be seen around these polnts. Sometimes sharp bright
l1ines were also created almost parallel to the schlieren
brushes. Their ends always disappeared at the point singular-
ities while the other ends traversed to the surface. Sometlnes
they joined the two siasularities and shrank in length at higher
temperatures; as 2 result, the singularity palrs were annlhi-
lated. These bright lines did not rotate with respect to
the polarizer and diminished at higher temperatures.

Figs.3¢, d, ¢ show the annihilation of a pair of +1 and
-1 point singularities. A bright dot was left after the anni-
hilation. The sharp bright loop around the dipoles was also
diminished.

The number of brushes observed at each singularity was
always two or four; a singularity with the nunber of brushes
that differred from this was not stable. The excess brushes

were alwsys eliminated by splitting of the point singularitles



or by diminishing of these brushes. Point singularities
with only one brush were also observed at the lsotropic-
nematic interface; thus they were always observed 1in the
nematic dronlets. Such =2 point singularity changed 1its
position along the nematic surface. Usually, all kinds of
poiat siangularities preferred to move. towards the nematic
surface.

The nuaber of peint singularities depended on the
heating and cooling rate, The number was large at high

cooling rats,

Fig.8a Marbled texture of PDBAB at 129.2°C. Sharp dark lines
appear as a result of cooling from the isotropic to

the nematic phase.
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Schlieren texture of PDBAB at 135.6 C exhibited by
that shown in Fig.Ba.

the same sample 25

Fig.8c

s : Q0 ; :
Schlieren texture in PDBAB at 135.8°C, with a pair

of point siagularities about to annihilate each other.
Crossed polarizers.



34 The same pair of point singularities as that shown
in Plg.8c, "just befors

the complete aunihilation.

sannihilation of the pair

of point singu
hown in Figs.8c and 8d. 4 bright dot 1is 1s
ter the aunnihilation.
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Point singularities formed in the inversion walls were
different from those formed elsewhere. Sharp dark lines joluo-
ing between the singularitles are seen in Pigs.9a. Bither
side of the lines appears bright while the rest of the sample
is dark. "The inversion wall of the first kind" could be

observed as narrow parallel linss (see Fig.9a)ending at a

o

+1 or -+ polant singularity. Another kind, "the inversion
wall of the sccond kind appeared as a sharp bright line Jjolin-
ing the two polnt slugularities, as shown in Fig.9b. A4As the
temperature was increasedy the lines shrank and two polnt
singularities merged into ‘ons. Occasionally, these two kinds
of iaversion walls exigsted together in the saue specimen.

The induced formation of the inversion walls obtained
by rubbing the slides was somebimes found to be not as effect-
ive as that obtalned by displacinz the cover slip, especlially
when the slides were dirty. Flg.l0 shows the schlieren text-
ure of PDRAB on a dirty slide. The cover slip was displaced
slightly an? thousands of juversion lines were formed betweean
the point singularities. When the temperature was ralsed,
most of these singularitiecs were anunihilated and only a few

were left. Black brushes could then be observed and these

rotated arouad the singular points.



Tuversion walls of the

Inversion walls of the

~3 point singularities

Crossed polarizers.

(Y

by

first kind formed by FDBAZ

t 135.?00. Crossed polsrizers.

second kind joiuing the +z and

of MBBA(dirty) at 41.35°C.
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Fig.1l0 Schlieren texture of PDBAB a2t 134.9°C on a dirty slide,

Inversion lines are formed by displacing the cover slip.

iii, Observetion onh newmabtic-nematic mixtures,

The microscopic textures of thin films of the following
nematic-nsmatic mixtures were studied:

BPP-Hep/PAaA, EPP-Hep/EPP-Hex and EPP-He p/BEPCEC.

Every composition of EPP-Hep and EPP-Hex exhibited ths
same texture as 1in the pure componeunts. No schlieren texture
was observed ncar the transition tempersture (see Fig.ll).

Por the system EPPmHep/PAE and EPP—Hep/BEPCPC, the marbled
textures exhiblited by the mixtures were not so different from
those of the pure components. But near the nematic-isotropic

transition temperature, the schlieren texture was observed
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near the isotropic surface and lines of discountinulty appearecd.
It is noticeable that the schlieren brushes sand the line dis-
continuities in the mixtures were not so smooth as in the

pure substances; they were in fact very distorted (Figs.l2a
and 12b). The brushes around the singular points were short
and narrow, The mixtures hsd 2 high tendency to show the
pseudo~-isotropic texture.

Figs.13a and 13b show the texture of PAA/EPP-Hep 50/
at 114.3°C and 114.6°C on cooling from the isotropic to the
nematic phase. The partially pseudo-isotroplc state was
always observed nesr the transition temperature. On cooling
from the isotropic to the nematic phase, dark drops (under
crossed polarizer) with white edges were formed, Whea the
drops touched each other, the bright touching lines from the
jolning edges of the drops were rapidly eliminated. After
the partially pseudo-isotropic state was formed, spherulites
were slowly created within the mesomorphic layer. S ome
spherulites were large and some were small. As the teupera-
ture was decreased, the nearby spherulites,which always con-
tainsd point singularities of the same sign, touched each
other. Their dark brushes joined together =2nd a new point
singularity of the opposite sign was created at the touching
point with two other brushes along the touchlng edges. As
the polarizer was rotated, the brushes of the new singularity

rotated in the opposite direction with respect to the original



ones . percing of the new singularity with either of the

oriczinal ones took place and a larger spherull

one point singularity was left.

contained point siaogularities of the same sign.

Crossed polarizers.



Pig.1l2b Texture

of EPP-Hep/PAA 20% at 113.7°C.
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Fig.l3%a

Partially psewdo-isotropic texture

o 3 =
at 114.3 C./ .Crossed., polarizers.

Spherulites formed

in the partislly

state of PAA/EPP-Hep50% at 114.6°C.

41



Nsmatic droplets were not always observed at the iso-
tropic-nemnatic trausition. In the cases of EPP-Hep and
EPP-Hex (recryst.), when the speclimen was cooled slowly from
the isotropic, the nematic region slowly swspt from.the slide

sdze ~nl no aematic droplets wers formed, However, whea the

1]

heating rate was high, droplets were formed. The droplets
were not round, and had marbled texture inside them. The
droplets avppeared to stick to the glass surface and to grow
rapidly at constant tenmperature.

In other nematogenic¢ substances, droplets with dark
brushes were usually observed. Some droplets appeared with
distinct crosses which rotated as the polarizer around a
point singularity in. the mlddle of each droplet. Some drop-
lets contained two point disclinations of opposite signs
with the brushes pointing in the opposite directious.. Soume
had only oue point disclination but some had three. The
edges of these droplets always showed higher birefringence
than the other parts. The point singularities changed thelr
positions as the size of the droplets lncreased.

At o counstant temperature, the droplets which were
properly nucleated started to grow rapldly at the beglaning,
the rate of zrowth then gradually decreased, and the droplets
appeared to stop growing any further when a certaln size was

attalaed, As the temperature was decreased, the drops grew
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further and touched each other. It was not observed that
there was s definite tendency of the droplets touchlung at the
point singularities. When the droplets touched, sharp brizht
lines or sometimes dark lines, appeared at the boundary and
then dissvpeared in a moument. A point singularity of one
brush in each drop always moved towards the nematic surface.
It is surprising that this kind cf singularity was only found
at the nematic surface. If the droplets touched at the peint
singularities, the latter would elther snnihilate each other
or crsate a new singularity depending oun the types of the
original siogularities. A singularity with two brushes was
created frou the coalescence of two one-brush singularities
of the same slign. The silngularities with four brushes cha-
racteristic of the schlieren texture resulted from the emerg-
ing of half integral singularities 'of the same sign. In
addition, this type of singularity was sometimes obtained
when the ends of the brushes of whole-numbered singularities
of the same sign touched. Two brushes were created at the
boundary and intersected the orizinal ounes at the created point
singularity. Generally, sharp bright lines were formed at
the boundary instead of the point singularlties of opposite
siazns.

From Piz.l4 showing the nematic droplets of FPDBAB at
1%6.%°C, it should be noticed that the brushes possessed by
the point singularities of the same sign almost poiﬁt in

parallel directions.
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Bxperimentally, the size of the droplets and the time

could be reclated by the empirical relatlon:

D ¢ 0

where D = diameter of droplets iu am arditrary .unit
t = tine(sec)

n = positive number £ 1

The experimental results are shown in tae following tables
and graphs.

i, Tables of growth rates of nematic droplets.

Table 4 Growth rates of nematic droplets of PAP at 165.9°¢

(These droplets were not round.)

DIAMETER (x 80mm)
1 2 3 4 5
0 .60 .40 V60 «50 .70
10 .80 GG .90 .90 .90
20 .90 2.30 1.15 1.20 1.10
%0 1.25 2,50 1.30 1.40 1.45
45 1.80 3.00 1.40 1.50 1.80
60 2,15 3,40 1.45 1.80 2,10
75 2.30 3,90 1.50 2,10 2.30
90 2.60 4,10 1.55 2.20 2.50
105 2.90 4,10 1.60 2.20 2.90
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Table 5 Growth rates of nematic droplets of EDBAB at 135.8°C

00.0f DIAMETER (x 80 mm) *
he){?' 1 2 ¥ B 4 5
0 .10 " s10 «30 .60 .30
10 45 .30 45 .80 .50
20 .50 45 .60 1.0 .70
30 .80 .55 .70 1.10 .80
45 1.00 .70 .80 1.30 .90
60 1.20 .85 .90 1.50 1.00
75 1.40 .95 1.00 1.65 1.10
90 1.55 1.10 1.15 1.85 1.20
120 1.80 1.20 1.30 2.10 1.20
n 0.740.1 | 0.740.1 10.6+0.05 [0.8+0.01 [0.4+0.04
Table 6 Growth rates of nematlic droplets of PAD at 161.9°0.
no,of DIAMETER (x 8Qkm)
[m 1 2 3 4 5
0 .20 20 .60 .90 40
10 .40 .90 .70 1.10 .65
20 .50 1.35 7B 1.40 .90
30 .60 1.65 .80 1.55 1.10
45 .75 2.20 .85 1.80 1.35
60 .80 2.65 .90 1.95 1.45
75 .90 2.90 .95 2.00 1.55
105 1.05 3,40 1.00 2,00 1.70
0 0.5+0,1 | 0.5+0.1 { 0.3+0,1 {0.3+0,05 | 0,3+0,05



Table 7 Growth rates of nematlc droplets of PAA at 134.200.

DIAMETER (x 80Mn)
: 2 ] i O

0 .20 .30 50 40 40
10 .40 .40 .90 .55 .70
20 .50 45 1,10 75 .95
30 .60 .50 1.25 .85 1.00
45 .70 .55 1,35 1.00 1.05
50 .75 .58 1.45 1.30 1.10
75 .80 .60 1.45 1.30 1,10
n 0.3+0,05| 0.3+0. 05| 0.2+0.10|0.5+0.05 [0.240.,05

Table 8 Growth rates of wematic droplets of EPP-Hep/PAA 30%
at 112.6°C.

no,of DIAMETER (x 80 Mm)
f % XDe .
(sec) | 2 3 4 5
o) .70 « 30 . 20 « 50 45
10 «95 .60 . 60 .80 .80
20 1.10 .80 .70 1.10 .95
30 1.20 .90 .85 1.20 1.10
45 1.40 1.05 .95 1.25 X430
60 1.50 1.20 1.00 1.30 1.50
75 1.80 1.30 1.00 1.35 1.55
90 2.00 1.40 1.40 1.58
105 2.10 1.45 1.40 1.60
120 2.30 1.50
! 0,6+0,05{ 0,3+0.05| 0.3+0,05/0,2+0,05|0,5+0.07.
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Table 9 Growth rates of nematic droplets of EPP-Hep/PAASO%

at 114.9°C
Nox.of; | DIAMETER (x80Mm)

t XD
(sec) ™. 1 2 3 4 5

0 .50 .20 .50 .50 .40
10 .90 .50 .75 .90 .60
20 1.10 .70 .90 1.00 75
30 1.20 5 1.00 1.10 .85
45 1.20 .82 1.00 1,10 .85
60 1.20 1.10 1.00
75 1.20 1.20 1.00
n 0.25+0.05  |0.540.1 | 0.3+0.05 {0.2+0.05 |0.5+0.05

Table 10 Growth rates of nematic droplets of EPP-Hep/PAA 805
at 122.7°C.
no,of DIAMETER (x 80 mm)

t XD . T
(sec) v 2 3 4 5

0 .50 40 .30 .35 .30
10 .70 65 | .60 45 .50
20 .80 0 .70 +50 .60
30 .82 .75 .75 .52 .65
45 .85 .78 .80 .52 .70
60 « 3D .78 .85 o715
n | 0.10.05/0.10.05 0.240.0510,2+0,05| 0,250.1 |
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II.5.4 Limits of inaccuracy.

The 1limit of possible inaccuracies 1in the temperature
coutrol oan the Mettler FP52 heating stage was within 0:02°C..

throuchout the present experiments.

Th

W

inaccuracy in the determination of the size of
nematic dronlets could have arisen from the followingf

1. The scale of the microscope vernler on the eyepiece
was rough, the precise reading was BO/Km, the next figure being
insignificant. The possible errors from the scale reading
were about 20-30 M,

2, A bright line was always observed around the edge
of a droplet and it could mnot be focussed 1lnto a sharp line.
Thus possible errors always occurred within the 1limit of about
a few microns, equal to the width of thils llne.

3., Thermal fluctuation played zn important part on
the growth rate., Even small fluctuations of temperature
would change the size of the droplets considerably and would

cause a nonuniform growth rate.
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