
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Phase transitions in mixtures of a side-on-side chain liquid crystalline
polymer and low molar mass nematic liquid crystals
M. -C. Chang

Online publication date: 06 August 2010

To cite this Article Chang, M. -C.(1998) 'Phase transitions in mixtures of a side-on-side chain liquid crystalline polymer
and low molar mass nematic liquid crystals', Liquid Crystals, 25: 6, 733 — 744
To link to this Article: DOI: 10.1080/026782998205750
URL: http://dx.doi.org/10.1080/026782998205750

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782998205750
http://www.informaworld.com/terms-and-conditions-of-access.pdf


L iquid Crystals, 1998, Vol. 25, No. 6, 733 ± 744

Phase transitions in mixtures of a side-on-side chain liquid
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Miscibility phase diagrams of mixtures of side-on side chain liquid crystalline polymers
(s-SCLCP) and low molar mass liquid crystals (E48 and E44 ) have been established by means
of polarized optical microscopy and light scattering. E48 and E44 are cyanobiphenyl-based
eutectic nematic liquid crystal (LC) mixtures with nematic± isotropic transition temperatures
of 93 and 105 ß C, respectively. The phase diagram of the s-SCLCP/E48 system reveals the
coexistence of an isotropic +nematic region and a single nematic phase in order of descending
temperature. The single nematic phase suggests that the pair is miscible in the nematic region.
On the other hand, the s-SCLCP/E44 mixture shows liquid+ liquid and nematic+nematic
coexistence phases, suggestive of the immiscibility character of the pair. These nematic phase
diagrams of the s-SCLCP/E48 and s-SCLCP/E44 have been analysed in the context of
the combined Flory± Huggins (FH) free energy for isotropic mixing and the Maier± Saupe
(MS) free energy for nematic ordering of the mesogens. This combined FH/MS theory
is capable of predicting the observed nematic phase diagrams consisting of liquid + liquid,
liquid +nematic, nematic+nematic, and the pure nematic regions. The change of colour
accompanying the appearance and disappearance of the inversion walls may be attributed to
the temperature dependence of birefringence.

1 . Introduction chain [5]. In this paper, the s-SCLCP has been mixed
One of the inherent problems associated with polymer with commercial eutectic liquid crystals (E48 and E44 )

dispersed liquid crystals (PDLCs) may be identi® ed as by dissolving in a common solvent such as tetrahydro-
poor wide-angle viewability when subjected to an applied furan (THF). E48 and E44 are cyanobiphenyl- and
electric ® eld [1, 2]. To circumvent such a problem, an cyanotriphenyl-based eutectic LC mixtures, exhibiting a
epoxy-based end-on side chain liquid crystalline polymer single nematic± isotropic (NI) transition at about 93 ß C and
(e-SCLCP) was grafted with a mesogenic amine by at 105 ß C, respectively. Phase equilibria and structural
linking through a ¯ exible methylene spacer [3]. In this evolution in these systems have been investigated by
way it may be possible to match the refractive index of using light scattering and optical microscopic methods.
the mesogenic side group with that of the dispersing LC The nematic phase diagrams have been analysed in the
molecules in all directions, thereby improving the wide- context of the combined Flory± Huggins (FH) theory
angle viewability. The stability limit of the dispersing for isotropic mixing and Maier± Saupe (MS) theory of
low molar mass liquid crystals (LCs) in the above nematic ordering [4]. The development of iridescent
e-SCLCP matrix has been investigated by establishing colour in a narrow temperature gap of the nematic
miscibility phase diagrams and examining the dynamics phase diagrams is discussed in terms of director tilting
of phase separation of these SCLCP/LC mixtures [3, 4]. leading to birefringence change with temperature.

As part of our continuing e� ort in this area, we have
synthesized a polymethacrylate-based side-on-side chain

2 . Theory of nematic phase equilibrialiquid crystalline polymer (s-SCLCP) in which the benzoate
The total free energy of mixing of a binary nematicmesogen was suspended from its side through a ¯ exible

mixture, g, is customarily described by a simple additionbutyl spacer that, in turn, was grafted to the backbone
of the free energy of mixing of isotropic liquids, g

i, and
the free energy of nematic ordering of the constituent*Author for correspondence.
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734 M.-C. Chang et al.

liquid crystals, g
n, i.e. g = g

i+g
n. The free energy of where Z j is the partition function de® ned as

isotropic mixing of a binary polymer blend is expressed
generally in terms of the Flory± Huggins theory [6, 7]: Z j= P expC Õ

u (hj )

kT D dVj (6 )

g
i=

G
i

nkBT
=

w1

r1

ln w1+
w2

r2

ln w2 +xw1 w2 (1 ) where V j denotes the solid angle. u (hj ) is the potential
of a director orientation; it is taken to be proportional

where kB is the Boltzmann constant and T the absolute to the second order Legendre polynomials as
temperature. r1 is the number of sites occupied by one
liquid crystal molecule, whereas r2 represents the number u (h j )

kT
= Õ

1

2
m j ( 3 cos2

h j Õ 1 ) (7 )
of sites occupied by a single liquid crystalline polymer
chain. w1 and w2 , representing the volume fractions in which m j is a dimensionless mean ® eld parameter
of component 1 and 2, respectively, are de® ned as characterizing the strength of the potential ® eld [10].
w1 = n1 r1 /n and w2 = n2 r2 /n with n = n1 r1 +n2 r2 [4, 7]. The order parameter sj can then be related to Z j
n1 and n2 are the numbers of liquid crystal molecules through
and liquid crystalline polymer chains, respectively. x is
known as the Flory± Huggins interaction parameter and

sj= P f (hj )
1

2
( 3 cos2

hj Õ 1 ) d cos hj =
1

Z j

dZ i

dm j
(8 )

is generally assumed to be a function of reciprocal
absolute temperature, i.e. x = A +B/T , where A and B

and the entropy Sj can be deduced asare constants [7].
The contribution of nematic liquid crystals to the

S j= Õ P f (hj ) ln[4p f (hj ) ] dVj = ln Z j Õ m j sj . (9 )total free energy of binary nematic mixtures has been
generally given by the Maier± Saupe mean-® eld theory

The nematic interaction parameters, n11 and n22 , of[4, 8 ± 10] representing the free energy of nematic ordering:
the individual mesogenic component are shown to have
inverse temperature dependence as n jj= 4.541 (TNI,j /T ).g

n=
G

n

nkT
= Õ S1 w1 Õ S2 w2 Õ

1

2
n11 s

2
1w

2
1

It is assumed that n12 = n21 and n12 = c (n11n22 )
1/2 to

accommodate any departure from its geometric means
Õ

1

2
n22 s

2
2 w

2
2 Õ n12 s1 s2 w1 w2 (2 ) [4]. c is the proportionality constant characterizing

the relative strength of the cross-interaction between the
where S1 and S2 represent the decrease of entropy due two dissimilar mesogens as compared with that in
to the alignment of individual LC molecules of com- the same mesogens. Equations (1 ) and (2 ) can be solved
ponent 1 and the mesogenic groups of component 2, self-consistently by minimizing the free energy with
respectively. The last three terms of equation (2 ) order parameter to establish the free energy curves as a
represent the enthalpic contribution. n11 and n22 are the function of temperature. From these free energy curves,
nematic interaction parameters of the pure constituent the coexistence points may then be determined by using
LCs, whereas n12 represents the cross-interaction between a double tangent method. The detailed calculation of
the dissimilar mesogens. The self-consistent orientational nematic phase diagrams may be referred to in a previous
order parameters, s1 and s2 , are further de® ned as [9, 10] paper [4].

sj=
1

2
( 3 7 cos2

hj 8 Õ 1 ) (3 ) 3 . Experimental

A side-on side chain liquid crystalline polymer
(s-SCLCP) was synthesized by grafting polymethacrylatein which h j is the angle between a reference axis and the
with a 2,5-bis(4-butoxybenzoyloxy)benzoate mesogendirector of a liquid crystal molecule belonging to com-
interlinked with a butyl spacer [5]. The weight averageponent j ( j = 1 or 2 ). The angle bracket 7 8 denotes the
molecular weight was 48 000. The dispersing liquid crystals,ensemble average which is de® ned as
commercially known as E48 and E44, were purchased
from EM Industries. The exact compositions of these7 cos2

h j 8 = P cos2
hj f (hj ) d cos h j . (4 )

commercial liquid crystals are not known, except that
both LCs contain cyanobiphenyl- and cyanotriphenyl-Here, f (hj ) represents the normalized orientation distri-
based eutectic LC mixtures exhibiting a single nematic±bution function and is considered to be symmetric
isotropic (NI) transition at 105 ß C for E44 and at 93 ß Caround the reference axis. It is further given as
for E48. Various ratios of s-SCLCP and LC (E48 or
E44 ) mixtures were dissolved together in tetrahydrofuranf (hj ) =

1

4pZ j
expC Õ

u (hj )

kT D (5 )
(THF) and stirred vigorously at ambient temperature.
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735Mixtures of L CP with NL Cs

Polymer dispersed liquid crystal (PDLC) ® lms were then
solvent cast onto glass slides. The thin ® lm (about 10 mm
thick) thus formed was heated on a heating block at
120 ß C for 2 min, then covered with a cover glass.

Temperature versus composition phase diagrams
of s-SCLCP/E48 and of s-SCLCP/E44 mixtures were
established by means of a cloud point method at a
heating and cooling rate of 1 ß C min Õ 1. The evolution
of phase-separated structure and concomitant nematic
formation was studied by light scattering and optical
microscopy. A polarizing optical microscope (Nikon,
Optiphot 2-pol), equipped with polarizers and a
Nikon camera (FX-35DX), was utilized to determine
the coexistence regions by monitoring the change of
mesophase structures during heating and cooling cycles.
A Mettler hot stage (FP82HT) having a resolution of
Ô 0.1 ß C was used for temperature control. The heating
scans were undertaken at a rate of 0.5 or 1 ß C min Õ 1. Figure 2. Phase diagrams ( ® lled symbols) of s-SCLCP/E48

mixtures in comparison with the theoretical prediction
(solid curves) based on the combined FH/MS theory.4 . Results and discussion
The ® lled circles and square symbols were obtained4.1. Characterization of s-SCL CP
from light-scattering and polarized optical microscopy,Figure 1 shows the side-on side chain liquid crystalline respectively.

polymer (s-SCLCP) synthesized in this laboratory
which consisted of polymethacrylate grafted with a
2,5-bis(4-butoxybenzoyloxy)benzoate mesogen inter- phase diagram (solid lines). The calculation was carried

out by setting the c parameter, which represents thelinked through a butyl spacer. In fact, the benzoate
mesogen was suspended from its side at the ortho- relative strength of the cross-nematic interaction to that

of the pure mesogens, to be 0.945, and the ratio of theposition of one of the benzene rings, therefore the
resulting asymmetric linkage may have caused twisting polymer segment and the LC molecule, r2 /r1 , to be 9/1.

The combined Flory± Huggins/Maier± Saupe (FH/MS)of the mesogen about the ¯ exible spacer. According to
the results of our associated DSC study, the s-SCLCP theory used here is basically a mean-® eld model in which

stability of the nematic phase is assumed to arise fromexhibits a glass transition temperature around 50 ß C and
a nematic± isotropic transition at 114 ß C in the pure state the nematic interaction of the mesogenic groups [4].

The ¯ exibility of polymer backbone chains was neglected[5]. This nematic± isotropic transition was con® rmed
here to be about 115 ß C in the light scattering studies. here as it may be insigni® cant for the ordering of the

side group LCs in the side chain liquid crystalline
polymers. Other transitions associated with crystal,4.2. Phase diagrams and evolution of mesophase

structure in s-SCL CP/E48 smectic, cholesteric, or twisted mesophases, even if
they exist, were ignored in the present calculation. TheFigure 2 depicts the cloud point temperatures of the

side-on SCLCP/E48 system along with the calculated temperature dependence of x has been estimated by
choosing an appropriate A value. The B value in turn
may be estimated from the critical temperature of the
liquid± liquid equilibrium through the relationship of
B = (xc Õ A )Tc . Since there appears no liquid+ liquid
coexistence region in the phase diagram, the choice of
A or x value is inconsequential in calculating the
isotropic+nematic (I+N) coexistence curve.

As shown in ® gure 2, the phase diagram consists of iso-
tropic (I), isotropic+nematic, and a single-phase nematic
(N) region in the order of descending temperature. A
similar phase diagram was reported by Finkelmann and

Figure 1. Chemical structure of the side-on-side chain liquid
co-workers [11] for a mixture containing an end-oncrystalline polymer based on polymethacrylate grafted with
SCLCP, namely poly (dimethyl siloxane), to which wasa 2,5-bis (4-butoxylbenzoyloxy)benzoate mesogen and

connected via a butyl spacer at its side. attached a methoxyphenylbenzoate side group, and
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736 M.-C. Chang et al.

Figure 3. Evolution of mesophase
structure of the 80/20 (v/v)
s -SCLCP /E48 composition
during (a) cooling and (b) heating
cycles. The ramp rate was
1 ß C min Õ 1.
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737Mixtures of L CP with NL Cs

Figure 4. Evolution of mesophase structure of the 10/90 (v/v) s-SCLCP/E48 composition during (a) cooling and (b) heating cycles.
The ramp rate was 1 ß C min Õ 1.
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738 M.-C. Chang et al.

4-propyloxyphenyl 4 ¾ -hexyloxybenzoate liquid crystals. occurs reversibly as required by thermodynamics, but
the evolution of the phase-separated structures showThe phase behaviour of such a nematic phase diagram

is relatively straightforward, and thus it can be ® tted considerably di� erent characteristics during cooling
and heating cycles, suggesting that the kinetic path isremarkably well with our theoretical calculation for two

nematic mixtures. di� erent.
In the composition which is rich in the low molecularAt the 20 vol % liquid crystal (E48 ) composition, the

phase transformation occurs in a sequence of I, I+N, weight LC such as the 10/90 s-SCLCP/E48 composition,
multiple droplets appear in the isotropic medium sinceand the pure N reversibly in the order of descending

temperature [® gures 3 (a) and 3 (b)]. Upon cooling, the system recognizes that it passes through the I+N
region during cooling, ® gures 4 (a) and 4 (b). Thesemultiple droplets ® rst develop at 98 ß C and grow through

coalescence. Concurrently, nematic line disclinations droplets grow in diameter via coalescence with time
as well as with continued cooling. Nematic structureswith the strength of Ô 1 appear within the growing

domains. As the domains coalesce, the annihilation of line develop within these growing droplets leading to the
bipolar structure. The initial birefringent colour indisclinations occurs concurrently, exhibiting the so-called

schlieren textures [9]. In this region, LC directors are the bipolar droplets may result from the tilt angles of
the LC molecules or the LC director anchoring on thesubstantially aligned parallel to the supporting glass

substrates. The dark brushes grow in size while their surface or droplet walls. When these droplets touch each
other and coalesce, the bipolar structure disappears andnumbers decrease due to annihilation. Upon heating

above the NI transition temperature of E48, thermal eventually transforms to a schlieren texture with a four-
dark-brush pattern, suggesting a strength of disclinationand concentration ¯ uctuations increase, leading to the

isotropicalization of the nematic LC-rich region. This of Ô 1. Concurrently, the distinct iridescent colour
appears in a narrow temperature gap that changes fromtemperature gap corresponds to the I+N coexistence

region. The dark isotropic region appears and gets wider green (81.7 ß C) to red (80.4 ß C). In the heating runs, the
iridescent colour changes in the sequence of rose (81.5 ß C)while the s-SCLCP forms a network, which breaks

down with continued heating. It should be emphasized to greenish (82.2 ß C) to blue (83.2 ß C) and to yellow
(84.7 ß C) in a narrow temperature gap as depicted inthat the phase transition in the 80/20 s-SCLCP/E48

Figure 5. Temporal evolution of
the mesophase structure of
the 10/90 (v/v) s-SCLCP/E48
composition following a tem-
perature quench from a single
phase (100 ß C) to a temper-
ature gap exhibiting iridescent
colours (80 ß C).
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739Mixtures of L CP with NL Cs

Figure 6. Evolution of the mesophase structure of the 50/50 (v/v) s-SCLCP/E48 composition during (a) cooling and (b) heating
cycles. The ramp rate was 1 ß C min Õ 1.
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740 M.-C. Chang et al.

® gure 4 (b). It should be noted that the characteristic of
the iridescent colour change in this narrow temperature
gap is similar in character to that of a blue phase found
in some twisted nematics [12 ± 14]. At present, we do not
have independent evidence to substantiate the existence
of a blue phase, although such a possibility cannot be
ruled out in this system.

When the temperature quench experiment is per-
formed from the isotropic state (100 ß C) into this narrow
temperature gap, e.g. 80 ß C, some colourful disclinations
appear which subsequently annihilate while displaying
a thread-like structure characteristic of an inversion wall
( ® gure 5 ) [9, 10]. This kind of inversion wall may be
simply due to the orientation of LC directors aligned in
opposite directions. It seems to suggest that the LC
tilting or director reorientations may a� ect birefringence,
resulting in change of colour with temperature. However,
the change of director tilt angles is often accompanied

Figure 7. A cloud point phase diagram of the s-SCLCP/E48by change of textures, such as the appearance and
mixture in comparison with the calculated coexistencedisapearance of inversion walls with continued cooling.
curves, showing liquid + liquid, liquid+nematic, single

Figures 6 (a) and 6 (b) depict the evolution of meso- phase nematic and nematic+nematic coexistence regions.
phase structures of the 50/50 mixture during heating The ® lled circles and the square symbols were obtained from

light-scattering and optical microscopic measurements,and cooling. A similar droplet formation and coalescence
respectively.can be discerned. In the temperature range 81.9 ± 76.0 ß C

where the change of iridescent colour is dominant,
annihilation of the disclinations occurs while formation

of the liquid± liquid coexistence curve. The B value inand disappearance of the inversion wall can be seen
turn was estimated from the critical temperature of thereversibly in conjunction with the iridescent colour
liquid± liquid equilibrium, i.e. B = (xc Õ A )Tc , where Tcchanges, ® gure 6 (a). At 76 ß C, a spectrum of colours
and xc represent the critical temperature and criticaldevelops which may be attributed in part to the
interaction parameter, respectively. The value of A istemperature dependence of birefringence resulting from
generally dictated by the critical temperature and broad-the opposite orientations of the LC directors near the
ness of the liquid± liquid coexistence curve, but theinversion walls, creating singularities. It appears that the
in¯ uence of x is insigni® cant for the isotropic± nematicLC tilt angles continue to change with temperature with
coexistence region. It is signi® cant that the choice offurther cooling to lower temperatures (60 ± 40 ß C) which
the cross-nematic interaction parameter c and Tc pre-may be attributed to the change of residual birefringence
dominates in the nematic coexistence regions as(or residual stress) as SCLCP vitri® es in the vicinity of
compared with the x e� ect.its glassy state. As expected, this colour change is also

The calculated phase diagram, as depicted in ® gure 7,thermally reversible, ® gure 6 (b). A similar development
reveals the existence of liquid+ liquid, and nematic+of line disclinations and colour change phenomenon can
nematic phases in the intermediate compositions, andbe con® rmed in the 30/70 s-SCLCP/E48 composition
two pure nematic regions at high E44 content (N1 ) andduring the course of cooling and heating cycles.
high concentration of s-SCLCP (N2 ), respectively. The
two dotted lines are the peritectic lines, which represent

4.3. Phase diagram and mesophase structure in coexistence of three di� erent phases consisting of two
s-SCL CP/E44 liquids plus one nematic or one liquid plus two nematics.

Figure 7 depicts the cloud point temperatures of There are two narrow nematic± liquid coexistence regions
the side-on SCLCP/E44 system in comparison with the labelled N1 +L2 and L1+N2 where subscripts 1 and 2

calculated coexistence curves (solid lines) of the nematic represent the LC and s-SCLCP constituents, respectively.
phase diagram. The c parameter was set to be 0.95 and When the temperature falls below the second peritectic
the ratio of polymer segment and the LC molecule was line, a two-phase nematic region (N1+N2 ) appears.
taken as r2 /r1 = 9/1. The temperature dependence of x This observed behaviour of phase-separated nematics
may be estimated by choosing an appropriate A value is strikingly di� erent from that of the s-SCLCP/E48

system in which the two constituents have formed a(Õ 1.0 in the present case) to account for the broadness
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741Mixtures of L CP with NL Cs

single nematic phase suggestive of miscible character. contains more rigid cyanotriphenyl mesogenic moieties
than E48, thereby exhibiting a higher TNI and poorerThe major di� erences between E44 and E48 is the NI

transition temperatures (TNI ) in which E44 presumably miscibility with the s-SCLCP.

Figure 8. Evolution of the
mesophase structure of the
30/70 (v/v) s-SCLCP/E44 com-
position during the course of
(a) cooling and (b) heating
cycles. The ramp rate was
0.5 ß C min Õ 1.
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742 M.-C. Chang et al.

To identify these coexistence regions, the evolution of indicative of liquid± liquid phase separation. With con-
tinued cooling, these droplets grow in size throughstructure was investigated at various compositions by

polarized optical microscopy. Figures 8 (a) and 8 (b) exhibit coalescence. Concurrently, nematic ordering takes place
within the growing domains in which bipolar dropletthe structure development at the 30/70 s-SCLCP/E44

composition during heating and cooling cycles at a rate structures appear predominantly while exhibiting some
iridescent colour. In the vicinity of 103 ± 101ß C, annihilationof 0.5 ß C min Õ 1. Upon cooling from the isotropic state

(120 ß C), tiny droplets appear ® rst around 110 ß C. The of the LC defects occur within the droplets during
coalescence. The droplet structures eventually transformdroplet formation in the early stage of phase separation

is observable only under the unpolarized condition, to a thread-like structure characteristic of an inversion

Figure 9. Time evolution of mesophase structure following temperature quenches from 120 ß C to (a) 100, (b) 98, and (c) 95 ß C for
the 30/70 (v/v) s-SCLCP/E44 mixture.
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743Mixtures of L CP with NL Cs

wall [9]. Newer tiny droplets appear in the back- case of a 100 ß C quench, multiple droplets form spon-
taneously and grow rapidly through coalescence whileground and become birefringent during coarsening with

continued cooling. The picture at 80 ß C in ® gure 8 (a) bipolar structure develops within these growing droplets,
® gure 9 (a). Upon quenching to 98 ß C, multiple dropletsrepresents the coexistence of two nematics (N1+N2 ) , as

predicted by the FH/MS theory for the low temperature appear ® rst, followed by coalescence, ® gure 9 (b). The
bipolar structure transforms into line disclinations asregion, which is considerably di� erent from the single

nematic phase of the s-SCLCP/E48 system. droplets coalesce. The colour is predominantly rose but
tinted with some green. When quenching is undertakenDuring the course of heating at 0.5 ß C min Õ 1 from

75 to 100 ß C, one of the two phase-separated nematics to a slightly lower temperature of 95 ß C, the coalescence
process is so fast that the thread-like structures appearbecomes isotropic in the reverse sequence of the cooling

process, ® gure 8 (b). The thread-like structure reappears. instantaneously while showing annihilation of the defects,
® gure 9 (c). The heterogeneous nematic structures suggestAt this point, the system has gained su� cient mobility

to ¯ ow. The thread-like structure transforms to large phase separation between the constituent nematics. The
colour development associated with the appearancedomain textures while exhibiting line disclinations with

strength of Ô 1 [9]. Some colours can be discerned and disappearance of the inversion walls may be attri-
buted to birefringence resulting from the distribution ofin the microscopic view before the mixture eventually

becomes isotropic. It is interesting to see that the director tilt angles.
Next, structure evolution of the 70/30 s-SCLCP/E44evolution of mesophase structures follows a slightly

di� erent route indicating that the kinetic path is some- composition was investigated to verify the pure nematic
phase in the high s-SCLCP regime. A temperature quenchwhat di� erent, although the phase transition is thermally

reversible in a thermodynamic sense. experiment was performed from 120 ß C into a single
nematic region of the 70/30 s-SCLCP/E44. SchlierenThe observed iridescent colours (101~ 102 ß C) may be

attributed to birefringence change associated with LC textures with a strength of Ô 1 develop predominantly
and subsequently annihilate with elapsed time ( ® gure 10).director tilting with temperature. To con® rm this mech-

anism further, several temperature quench experiments The growth process is clearly discernible but it is extremely
di� cult, if not impossible, to quantify the exponent ofwere performed from 120 to 100, 98, and 95 ß C. In the

Figure 10. Time evolution of meso-
phase structure following tem-
perature quenches from 120 ß C
to 95 ß C at the o� -critical 70/30
(v/v) s-SCLCP/E44 mixture.
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defect dynamics. Nevertheless, the single phase nematic is gratefully acknowledged. We thank Prof. O. Lavrentovich
for helpful discussion.structure is clearly identi® able, as it is strikingly similar

to the single nematic phase of s-SCLCP/E48; it is
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