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by the Photon Transmission Technique
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Random copolymers of poly(ethylene oxide) macromonomer with p-vinylbenzyl
end-functional group (PEOVB) and liquid crystalline monomer, namely 6-(4-cyanobi-
phenyl-4'-oxy)hexyl acrylate (COA), were prepared by conventional free radical
polymerization. A living anionic polymerization technique was employed for the
synthesis of PEO macromonomers bearing p-vinylbenzyl moiety at one end. The
photon transmission method was also applied to study the phase transitions of COA
monomer and its random copolymer with PEQO. It was found that, for both samples,
the nematic-smectic A transition is continuous, but the critical fluctuation regions do
not allow to obtain 3D XY values. Instead, we have obtained the values close to
mean field regime. Scaling of thermal hystersis for random copolymer sample near
the nematic-isotropic transition was studied as well. Thermal hysteresis loops were
produced under linearly varying temperature. It was shown that the areas of the hyster-
esis loops scale with the temperature scanning rate with an exponent being equal to
0.614 which is in good agreement with the field-theoretical value.

Keywords PEO macromonomer, liquid crystalline monomer, photon transmission
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Introduction

At present, there is a rapid development of research activity on the synthesis, physical
properties, and applications of materials in the fields of polymer and material science.
One of the existing methods of improving polymer properties is the copolymerization.

Macromonomers are short macromolecular chains that are end-capped with a poly-
merizable group(s) capable of copolymerizing with a low-molar-mass comonomer to
synthesize block and graft copolymers, star polymers, and polymer networks copolymers.
Various polymerization techniques including anionic, cationic, radical polymerizations
and chemical modifications of polymer ends can be employed in the preparation of macro-
monomers (1, 2). For example, on choosing an initiator containing a polymerizable group,
macromonomers can be derived provided this reactive group is totally inert toward
the active species generated by its carrier. Macromonomers can also be obtained by func-
tionalization of growing chains. It is essential that the end-capping reaction does not
involve the polymerizable group. Moreover, modifying w-functional polymers using
post-functionalization methodologies can be another synthetic route leading to macro-
monomers (3-7).

Anionic living polymerization of ethylene oxide (EO) can be conveniently utilized for
the synthesis of poly(ethylene oxide) (PEO) macromonomers with quantitatively functio-
nalized terminals (8—10). Then, the resulting macromonomer can be expected to behave
as a building block for synthesizing of block and graft copolymers (11). PEO macromo-
nomers constitute an interesting class of amphiphilic (surface active) monomers, which
can aggregate into micelles and be polymerized under both the homogeneous and hetero-
geneous conditions.

The properties of liquid crystals and those of polymers can be combined in polymer
liquid crystals (PLC). These hybrid materials possess the same mesophase characteristics
of ordinary liquid crystals; in addition they retain many of the useful and versatile prop-
erties of polymers. Consequently, PLCs exhibit thermotropic and lyotropic mesophases as
displayed by the thermotropic and lyotropic low molar mass liquid crystals. Various archi-
tectures of PLC have been developed in the recent past (12—14), especially random and
block copolymers of mesogenic monomers. Side-chain liquid crystal polymers
(SCLCP) are prepared when the mesogens are incorporated as side chains to the
polymer by a flexible bridge. Over the past few decades, a large number of SCLCPs
have been synthesized. This could be possible because of the combination of the
vast number of mesogenic units available and many different backbone types possible
(e.g. siloxanes, acrylates, methacrylates, ethylenes, epoxides). Both nematic and
smectic phases have been generated. The SCLCPs exhibiting a reentrant nematic
phase have also been generated. A considerable interest is being given to liquid-crystalline
side-chain polymers because of their theoretical aspects and their potential applications,
namely electro-optic displays using nematic or smectic mesogenic side-chain
polymers (15).

In this work, we report the synthesis of the random copolymers of PEO macromono-
mer possessing p-vinyl benzyl end-group and liquid crystalline 6-(4-cyanobiphenyl-4’-
oxy)hexyl acrylate (COA) monomer by conventional free radical polymerization. It is
well known that structure determination and phase transition identification of the
polymer liquid crystals are essentially based on thermal analysis, optical microscopy,
and X-ray measurements. In the present paper, we have also investigated the phase
transitions of liquid-crystalline COA monomer and its random copolymer with PEO
macromonomer (PCOA-r-PEOVB) by using in situ photon transmission method, which
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was previously described (16—18). Very recently, this method was also used to detect
thermal phase transitions in k-carrageenan-water system (19).

Experimental

Materials

Commercial reagents were purified according to usual procedures. Tetrahydrofuran (THF)
was refluxed and distilled over sodium wire. «,o’-Azobisisobutyronitrile (AIBN) was
recrystallized from methanol. The reagents used for anionic polymerization of ethylene
oxide (EO) and its end-capping were purified and dried by the usual procedure using a
vacuum line (10-5mmHg), and sealed in ampoules fitted with breakable seals.
Ethylene oxide (EO) from Seitetsu Chemical Co., Ltd., was distilled twice over
potassium hydroxide under argon and twice under vacuum over calcium hydroxide and
finally stirred over a sodium mirror for 1h at 0°C and distilled into a tube with
breakable seal. p-Vinylbenzyl alcohol was prepared from p-vinylbenzyl chloride (Seimi
Chemical Co., Japan) by reaction with sodium acetate followed by alkaline hydrolysis,
according to the cited procedure (20).

Synthesis of Liquid Crystalline Monomer, COA

6-(4-Cyanobiphenyl-4'-oxy) hexyl acrylate (COA) were synthesized according to the
literature procedure (21). M.p. = 69-71°C, yield: 71%.

"H NMR (CDCls): & (ppm) = 1.9-2.0 (m, 8H, —(CH,)4), 3.9-4.1 (t, 2H, —OCH.,),
4.1-4.3 (t, 2H, ArO-CH,), 5.8-5.9 (d, 1H, =CH,), 6.0-6.2 (m, 1H, =CH), 6.3-6.5
(d, 1H, =CH,), 6.9-7.0 (d, 2H, 3’ and 5’ aromatic protons), 7.5-7.6 (d, 2H, 3 and 5
aromatic protons), 7.6-7.8 (q, 4H, 2, 6 and 2/,6’ aromatic protons).

Synthesis of Poly(etheylene oxide) Macromonomer, PEOVB

The macromonomer was prepared by polymerization of ethyleneoxide with p-vinylbenzyl
alcohol partially alkoxidated with potassium naphthalene in THF as described in detail
(20). The number-average polymerization degree of the PEO chains was determined by
"H NMR measurement by taking the intensity ratio of ethylene oxide peak (ca 3.7 ppm)
to benzylmethylene (ca 4.5 ppm) (Figure 1a).

Synthesis of Random Copolymers

Random copolymers of COA and PEOVB were prepared by free radical polymeri-
zation. COA and PEOVB (based on the molecular weight calculated from '"H NMR
spectrum in Figure la as 1390) were weighed into a glass tube, together AIBN as
the initiator and THF as the solvent, and degassed. The tube was then sealed and
placed in an oil bath at 60°C for 24 h. The feed molar ratio of COA to PEOVB was
taken to be sufficiently large to satisfy simplified treatment of copolymerization.
After the reaction time, the copolymer was precipitated and isolated from methanol
(stable emulsion resulted), followed by centrifuging and then the recovered product
was dried in vacuo.
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Figure 1. The '"H NMR spectra of PEOVB macromonomer (a) and the random copolymer (PCOA-
r-PEOVB) x = 0.974 (b) in CDCl;.

Characterization

"H NMR spectra were measured on a Bruker Am 250 instrument using CDCl; as the
solvent and TMS as the internal standard. Molecular weights and molecular weight distri-
butions were determined using a size exclusion chromatograph consisting of a Waters 600
pump and two ultrastyragel columns (10%, 500 A) with THF as the eluent at a flow rate
of 1mL-min~' and a Waters 410 differential refractometer. Molecular weights were
calculated with the aid of polystyrene standards.

In situ Measurements

The liquid-crystalline monomer COA and the random copolymer were used without
additional purification after having been synthesized. The samples were prepared for
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optical measurements separately by placing them into sandwich-cell type glass plane
capillary. The thickness of the sample placed between the reference surfaces was deter-
mined with a Mylar film of 20 wm thickness. The reference surfaces of sandwich-cell
samples were cleaned carefully by using alcohol and acetone (Merck), then they were
washed by deionized and bi-distilled water in an ultrasonic bath. Filling of the
sandwich-cell with the samples was carried out by capillary action. This was done at temp-
eratures above the isotropization point in order to avoid flow alignment of the director. The
planar alignment was obtained by following the procedure, which has previously been
described (22).

In-situ photon transmission measurements were performed in real time at 850 nm
wavelength using a Jasco V-530UV/Vis spectrophotometer in time-course mode. The
samples under investigation were separately placed within the spectrophotometer and a
background count was carried out before in situ measurements. The temperature was
measured by using an ETC-505T Peltier temperature controller unit equipped with an
ETC-505S Peltier thermostatted cell holder and with a Poly Science 8001 programmable
circulator. The linear dependence of temperature on time was confirmed by the calibration
curve performed by DMA-509 DNA Melting Analysis software package. The block
diagram of the experimental setup was given in Reference (23). The structure of the meso-
phases was identified by a Olympus BHSP polarizing microscope in conjuction with a hot
stage, which was designed and produced at the Physics Department, and with a EMKO
ESM9320 digital temperature controller. Photon transmission measurements were made
on the samples including several heating and cooling runs for each of them, which gave
on excellent reproducibility.

Results and Discussion

Synthesis

Macromonomer. The living anionic polymerization of EO with a partially K-alkoxidated
functional alcohol has been already established (10, 20, 24). A key point is to avoid any
reaction of KC,¢Hg or the active chain end, K-alkoxide, on the functional group fragment
of the initiator during alkoxidation and propagation (Scheme 1). In fact, in the course of
the preparation of styrene macromonomer, the attack of KC;yHg on styryl group was
essentially avoided by very slow (drop-by-drop) addition of the THF solution into a
p-vinylphenylalkanol in THF under vigorous magnetic stirring to afford the expected
K-alkoxide (2). Then the propagation proceeds normally by ring-opening of EO, since
the oxy anion as the propagating species is not reactive enough toward a styryl end-
group as an initiator fragment. The degree of polymerization of EO can thus simply be
designed by the molar ratio of the EO to the initiator (vinyl benzyl alcohol) in feed,
and the molecular weight distribution is sufficiently narrow, with M,,/M, around 1.05
(Table 1). The molecular weight estimated from the integration of oxyethylene protons
to aromatic protons (MA™®) is in fairly good agreement with the value expected from
the feed ratio (M,theo) and also with that determined by GPC (M,GPC).

KCjoHg nEO H'
CH2=CHOCH2—OH — 5 ——>% > CH=CH CHZ—O(CHZCHZO—}nH

Scheme 1. Synthesis of the macromonomer.
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Table 1
The molecular weight characteristics of the macromonomer
M theo. M, NMR M,GPC My /M, DPnNMR
1370 1390 1470 1.05 28

Random Copolymers. The random copolymer was synthesized via radical polymerization
of appropriate COA /PEOVB mixture of different chemical composition in the presence of
AIBN as an initiator (Scheme 2). The results of the copolymerization are summarized in
Table 2. The structure of the random copolymer was characterized by means of '"H NMR
spectroscopy (Figure 1b). The signals at around 6.9—7.6 ppm are assigned to the protons of
the phenyl rings. The mole fraction of COA, x, was calculated from the peak area of
phenyl protons relative to that of other appropriate protons as follows:

Area of phenyl protons (f, i) at6.9-7.6  8x+4(1 —x)
Area of protons (c, e, k,1)at3.4-3.9 ~ 4x + (472 + 2)(1 — x)

n = 28 (Degree of polymerization)

Gel permeation chromatography (GPC) analysis revealed that the PEOVB macromo-
nomer was converted into random copolymers. Curve a in Figure 2 shows PEOVB macro-
monomer. Apparently, this peak is shifted to higher molecular weight (curve b) indicating
successful random copolymerization of COA.

In-situ Measurements Results

Figures 3(a)—(d) display the transmitted light intensity I, vs. temperature T data for the
liquid-crystalline monomer COA and its random copolymer with PEO (PCOA-r-
PEOVB) near the nematic-isotropic (N-I) and the nematic-smectic A (N-Sm A) transition
regions separately. The temperature dependence of the transmitted intensity suggests that
in the temperature range in which /,, changes abruptly a phase transition is detected, which
is also confirmed by texture changes in polarization microscopy. Intensity measurements
were repeated at several temperature ranges to assure that no measurable changes in the

CH=CH + CH,=CH AIBN CHy—CH —CH,—CH
?ZO A C=0
0 ‘ 0 |
|
(CHy)g CHz—o{CHZCHzo-}hH (CHa)g CHz—o{-CHZCHzo-}hH

0} (6}

S o A
0

N N

COA
PCOA-r-PEOVB

Scheme 2. Synthesis of random copolymers of COA and PEOVB.
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Table 2
Preparation of random copolymers of COA and PEOVB. [AIBN] = 2.8 x 10 *mol L™";
Temp. = 60°C; time = 24 h

[COA]/ Copoly.
[COA] [PEOVB] Comp. COA M,
Code (mol L™ 1) (mol/mol) (mol %)* (g mol™h MW/Mnb
PCOA-r-PEOVB 0.29 36 97.4 14.400 1.46

“Determined by '"H NMR.
Determined by GPC with polystyrene standards.

transmitted intensity had occurred. The phase transition temperatures were determined
from the peak positions of the first derivative of the I, vs. T curves (not shown). It is
well known that the sample density has a discontinuity at the nematic-isotropic (N-I)
transition, the value in the nematic phase being larger than that in the isotropic phase
(25) so a closer packing of the molecules in the nematic phase can be responsible for
the lower values observed in this phase and the transmitted intensity [, decreases as the
system goes into the ordered phases. Thus, I, vs. T data can be somehow related to
the temperature dependence of ordering behavior in liquid-crystalline phases. As seen
in Figure 3(a—c), the transmitted intensity [, exhibits discontinious changes at the N-I
transitions for both samples.

Thermal hysteresis in the transition temperatures upon heating and cooling was
observed at the N-I transition as well. It should be concluded that the N-I transition for
both samples (COA and PCOA-r-PEOVB) exhibits first-order transition characteristics,
which needs nucleation to occur. These first order N-I transitions of both samples are con-
sistent with the Landau theory of de Gennes (26). For these samples, the phases on each
side of the transition were identified by observation of textures between crossed polarizers
via polarizing microscope.

The nematic-smectic A (N-Sm A) transition has been the most extensively studied
liquid crystalline phase transition both experimentally and theoretically. Considerable

Py Y —r—————— . —
2200 23.00 24.00 2500 26.00 27.00 28.00 29.00 30.00

Minutes

Figure 2. GPC curves of PEOVB (a) and the random copolymer (b).
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Figure 3. The transmitted light intensity /,, vs. temperature 7 for COA (a, b) and PCOA--PEOVB
(¢, d) samples near the N-I and N-Sm A transition regions.

progress has been made, but many aspects of the critical fluctuation effects are not yet well
understood and this transition remains one of the most intriguing problems in the critical
phenomena of liquid crystals (27). The N-Sm A transition is believed to belong to the
three-dimensional (3D) XY universality class (28—30). However, the experimental
results to date have not established a clear case of 3D XY universality class. The experi-
mental effective critical exponents vary systematically with the range of the nematic
phase (28, 31-33). Besides, it has been shown that the N-Sm A transition may be first
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or second order with a tricritical point (TCP) separating these two different behaviors. For
sufficiently narrow nematic ranges, the transition is of first order (31, 32, 34) becoming
second order via a tricritical point for wider nematic ranges (28, 33). Although the
Mc Millan ratio M = Ty, /Ty; where Ty, and Ty are the N-Sm A and N-I transition
temperatures, respectively, is a measure of the proximity of the N-Sm A transition to
the N-I transition (35), namely the width of the nematic range, its value is not universal
for different systems. Tricritical points in previously studied systems are characterized
by McMillan ratios of 0.942 to 0.995 (18, 23, 31, 36-39), and systems with smaller
ratios usually exhibit second order N-Sm A transitions (28).

As seen in Figure 3 (b) and (d), the transmitted intensity [, decreased drastically at
certain temperature intervals corresponding to the N-Sm A transitions of the samples
under investigation upon cooling and vice versa upon heating. It is worthwhile pointing
out that the difference in the transmitted intensities of the N and Sm A phases arises
since the director fluctuations make the former turbid. In smectics, twist and bend are
expelled by the presence of a nonzero layer-compression modulus B, hence, smectics
are less turbid than nematics. In effect, the transmitted intensiy measured is that of
layer-compression modulus B. De Gennes has shown that B is proportional to the
square of the magnitude of the smectic order parameter W (26). Since B ~ |W|?, near
the N-Sm A transition region, the transmitted intensity we measured in this work is
proportional to |¥|*. Using this assumption, the intensity I,, can be written as a power
law near the critical temperature 7, of the phase transition

Iy — Iy | = AP (1)

where I, _is the value of 1, at T, A is the critical amplitude, # is the reduced temperature,
t=1—T/T,, and B is the critical exponent. We have tried to extract the effective critical
exponents at the N-Sm A transition from our 7, vs. T data for the investigated samples.
The effective critical exponents have been produced by fitting the data to the double log-
arithmic form of Eq. (1). During these fits 7. = Ty, has been fixed at the value obtained
from the extrama of the first derivative of the I, vs T data. Note that only data 8—9 K below
the N-Sm A transition have been considered during the fitting procedure to avoid the fluc-
tuation effects of the successive phases. The normalized I, vs. T data over the N-Sm A
transition region for both COA and PCOA-r-PEOVB samples is shown in Figure 4 on a
log-log scale. In Table 3, we present the N-Sm A transition temperatures, the effective
critical exponents, and the reduced temperature ranges, over which the effective
exponents are calculated for COA and PCOA-r-PEOVB samples.

It is evident from Table 3 that the N-Sm A transition is continuous but is away from
3D XY universality. Indeed, the effective critical exponents are close to mean-field values
(0.5). The nematic ranges are 19.07K and 18.28 K for COA and PCOA-r-PEOVB
samples, respectively. It might be concluded that although the observed nematic ranges
are wide enough to drive the N-Sm A transition second order, the critical regions at the
N-Sm A transition for our samples are not wide enough to obtain 3D XY exponents as
the Ginzburg criterion predicts (40). In our previous work, (41), we investigated the
phase transitions of COA monomer, its homopoylmer PCOA, and its graft copolymer
with polytetrahydrofuran grafts. The transition temperatures of COA monomer
measured in Reference (41) were 3K less than those measured in the present work
since the previous temperature scanning rates were higher than the ones for the present
work. At these scanning rates, the probability of the conversion of LC monomer to
polymer during the thermal treatment should also be considered. Furthermore, in the
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Figure 4. The normalized transmitted intensity vs. |#| over the N-Sm A transition region on log-log
scale for (a) COA monomer, and (b) random-copolymer PCOA-r-PEOVB. The solid lines represent
the double logarithmic fits to Eq. (1).

previous paper, it was observed that both PCOA homopolymer and its graft copolymer
exhibited a N-Sm A transition, that however was of first-order for the former and of
second order for the latter, similar to PCOA-r-PEOVB for the present work, with the
transition temperature remaining the same. It is known that, on general theoretical
grounds, first-order phase transitions are converted to second-order phase transitions, by
the introduction of frozen disorder into a system (42—44). In the current case, in going

Table 3
The transition temperatures and the effective critical exponents at the N-Sm A transition
region for the investigated samples, t = 1 — T/Tya, |f|max: upper limit of the fit
[refer to Eq. (1)]

Samples Tna (PO B |#]max M = Tyua/Ty;
COA 90.51 0.483 F 0.003 0.036 0.95
PCOA-r-PEOVB 78.86 0.459 F 0.005 0.06 0.95

“Transition temperatures obtained from in-sifru measurement (see text), held constant at the
indicated values during the fitting procedures.
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from PCOA to PCOA-r-PEOVB during the synthesis stage, a frozen randomness, in the
form of random connectivities is introduced. A similar effect was observed for the graft
copolymer of COA with polytetrahydrofuran grafts in the previous work (41). Note that
the effective exponent near the N-Sm A transition was close to a mean-field regime
for graft copolymer of COA in Reference 41, similar to the PCOA--PEOVB sample
in the current work. It might be concluded that the smallness of the critical region for
the N-Sm A transition should be due to the COA monomer.

In the present work, we have also tried to extract the effective exponent at the
Sm A-Sm C transition of COA liquid-crystalline monomer. To achieve this, we have
used the assumption given above for the Sm C order parameter, namely tilt angle.
The transmitted intensity decreased dramatically at the Sm A-Sm C transition for COA
sample upon cooling (not shown), similar to that at the N-Sm A transition region. Since
the molecules of liquid crystal samples order on passing through the various liquid crystal-
line phases on cooling, the intensity /,, decreased. Hence, using the assumption that 7,
intensity is proportional to the square of the order parameter near the Sm A-Sm C tran-
sition, we have produced the effective exponents by fitting the data to double logarithmic
form of Eq. (1). For this fit, 7. = T4¢ has been fixed at the value obtained from in situ
measurements. Over the reduced temperature range 1.3 X 1073 < |1 = T/Tacl <
4.04 x 1072 the effective critical exponent was found to be B=0.5117 F 0.0007
which is consistent with a mean-field Landau model with anomalously large sixth-order
term, describing the Sm A-Sm C transition very well (27, 33, 45-48). Note that similar
results were found in our previous work (41) at the Sm A-Sm C transition for the COA
sample. In that work, 8 was found to be 0.533 F 0.001 over the reduced temperature
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Figure 5. Double logarithmic plot for the normalized intensity vs. |¢| at the Sm A-Sm C transition of
COA monomer. The solid line is the double logarithmic fit to Eq. (1).
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range, which was narrower than the one in the present work. The double logarithmic plot
of the normalized intensity vs. reduced temperature near the Sm A-Sm C transition for
COA is presented in Figure 5.

It is known that in experiments, hysteresis is always indicative of a first-order phase
transition. Thermal hysteresis phenomenon has been studied initially by Rao and Pandit in
the framework of O(N)-symmetric ((192)3 model (49). They obtained a scaling law of the
areas of the thermal hysteresis loops with the amplitude and frequency of the periodically
oscillating temperature field. It should be noted that, experimentally, a more easily attain-
able way of varying temperature is by changing it linearly, rather than periodically. Fan
and Jinxiu (50) obtained the thermal hysteresis loops under linearly varying temperature
based on the O(N)-symmetric ((192)3 model. They have shown that the areas A of the
hysteresis loops can obey the scaling form given by

A=Ay +AR" (2

where R is the temperature scanning rate, n is the scaling exponent, and Ay and A, are
constants. The exponent n approaches two thirds being universal for both the mean-
field and field-theoretical models. As mentioned above, the transmitted intensity I, for
the PCOA-r-PEOVB sample exhibits a quite large hysteretic behavior near the N-I
transition i.e., the phase transition during heating and cooling runs follows different
paths. To quantify this behavior, the thermal hysteresis loops were obtained from the I,
vs. T data upon heating and cooling during the N-I and I-N transitions for the random
copolymer sample. The temperature was driven linearly with prescribed rates
R =0.047, 0.055, 0.067, 0.085, and 0.105K/s, and I, vs. T measurements were
repeated to produce the hysteresis loops at different R values. Figure 6 displays a
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Figure 6. The thermal hysteresis loops at various scan rates R for PCOA-r-PEOVB copolymer.
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Figure 7. The area A vs. temperature scan rate R on log-log scale. Note that the constant term A has
been substracted to give the straight line.

family of R-dependent hysteresis loops for PCOA-r-PEOVB sample. The areas A of the
hysteresis loops for different scan rates were produced and then the data were fitted to
the scaling form given in Eq. (2). The scaling behavior of the areas for the random
copolymer on a log-log scale is shown in Figure 7. The scaling exponent n was found
to be 0.614 + 0.02 which is less than, but quite close to, the value given by Fan and
Jinxiu. Similar scaling behavior of the thermal hysteresis loops for N-I and first-order
N-Sm A transitions has been reported previously by our group (23, 51).

Conclusions

PEO macromonomer possessing a p-vinylbenzyl end-functional group (PEOVB) was syn-
thesized by living anionic polymerization and employed in free-radical copolymerization
with a liquid crystalline monomer, COA. The phase transitions of COA and its random
copolymer with PEOVB have been reported. Multiple phase transitions of COA
monomer are reduced in random copolymer, and nematic and smectic A phases appear
dominant. We have produced the effective exponents for both samples at the N-Sm A tran-
sition. It was found that, although the nematic range is wide enough to drive the transition
second order, the critical regions of both samples do not allow obtaining 3D XY values.
We have also reported the scaling behavior of the thermal hysteresis during the N-I and
I-N transitions for PCOA-r-PEOVB sample. The hysteresis loops were obtained in the
frame of I, vs T under linearly varying temperature and the scaling exponent n was
found to be 0.614 which is in good agreement with the (®%)° model value. The thermal
hysteresis loops for COA monomer were not as wide as for the random copolymer,
thus, we could not obtain a similar scaling behavior for this monomer.
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