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We have investigated the phase diagram of a series of liquid _ o )
crystalline discotic side-chain acrylate polymiebearing large Figure 1. Structure of our discotic side-chain acrylate polymers.
disk-shaped 11-[pentakis(4-methylphenylethynyl)phenoxy]un- 550
decyl mesogens, see Figure 1. By comparing the various samples
we find that a universal phase diagram can be constructed if the
phase transitions are plotted as a function of the mesogen 500
concentration [M], see Figure 2. The mesogen concentration is
defined as the weight fraction of the rigid group in the liquid w
crystalline polymer. The phases that occur in these materials are 450
the isotropic phase (1), at high temperatures, and two different
nematic phases. 400

As shown in Figure 3, the nematic discotic phase only has N
orientational order of the discotic mesogens and the nematic Col
columnar phase also has local columnar arrangement of the disks. 350
At high mesogen concentrations both nematic phases are observed 05 0.55 0.6 0.65 07 0.75
where the phase sequence igoNNp—I. At lower mesogen [M]
concentrations the fNphase disappears giving rise to @.N|
transition only. In our attempts to model the experimentally
observed phase behavior we find that a simple mean-field model
is particularly effective. The mean-field model we use is the
McMillan model for smectic A phasésextended for hexagonal B —
columnar phases of discotic liquid crystalghis model has been N\
proposed for materials similar to our8ut apart from the fitting - Y
of some homologous serieéso detailed analysis of the effective-
ness of this model for describing discotic materials has been
reported.

Here we show that McMillan theory, extended for discotic
liquid crystals, quantitatively describes the phase diagram of our
materials. We find that particularly simple scaling exponents can =
be used to describe the strength of the interaction terms as a e
function of mesogen concentration. Figure 3. Schematic structure of the (a)pNand (b) Neot phase.

The synthesis of our discotic side chain polymers, Figure 1,
has already been reported in detailere, we will only discuss U = —V{S+ ao[cos(Ar) + cosB-r) +
the extended McMillan model, comparing it wi_th our phase cosC-r)]} P,(cod)
diagram. Some aspects of our structural analysis of the phases
can be found in a previous publicatién.

The extended McMillan model for discotic liquid crystals,
exhibiting a columnar and a nematic phase, is based on the us
of the following mean-field potential of a test molecule at position
r and oriented at anglé with respect to the-axis:

Figure 2. Phase diagram of our discotic SCLCP’s versus monomer
weight fraction [M]. Symbols indicate experimental data, drawn and
dashed curves are from a fit to our model.

Here the parametev, represents the absolute strength of the
otential and serves to fix the absolute temperature scale. The
»(cod) term describes the dependence of the potential on the

mesogen orientation with respect to the director. The parameter

a determines the relative contribution of the columnar potential.
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To fit our experimental data we have to determine the
1,2 - dependence of the model parametéssaand o on the mesogen
* concentration [M]. To this end we will assume that the transition
/ temperature3y, andTc, show a power-law dependence on [M].
Using a simple scaling analysis that correlates the transition
temperatures with/y and o, a system of equations is obtained:

Ty = AIM]7 = 695[M]%%®

=N

kT/0.2202Vo
o
o

Teo = BIM]° = 465[M]°*8

o
<»
|

The numbers given are obtained from fitting the power-law
expressions to the experimental data. Bec&y$g/V, = 0.2202
0‘4 0‘6 0‘8 in the theory, we find tha¥/, is a nearly linear function of [M],
' ' ' i.e., Vo O A[M]. From fitting a power law to McMillan theory
o we find thatkgTco/ Vo scales a5 for a reasonable range of

Figure 4. Phase diagram from the extended McMillan theory; symbols Values. This fitis shown in Figure 4 together with the exact values

are the exact result, the drawn curve corresponds to the power law fit to Of Tco/Vo vVersuso. Combining the various power-law expressions
xa%89, with « = 0.30. then leads to the following relation for the scaling behavioe.of

as a function of [M] (usinglyy = A[M]” and the power-lava. =
is well established, hence deviations from the hexagonal arrange-C;[M] <):
ment are small and the use of this theory is permitted.

o
ES

o
[N

The order parameter§ and o respectively describe the B[M]° = Teo = TN|K°~0'69= AIM]” k(c,[M] 9%

orientational order and positional order, via ) )
Solving fore we find 6 =y + 0.6% and thuse = (6 — v)/
S= [P,(co®)U 0.69= (0.18— 0.98)/0.69= —1.16. Now the mean-field potential
2 can be written as a function of [M]:
o =[cos@-r) + cosB-r) + cosC-r)} P,(co®) U= —V{S+ ao f(r)} P,(co®)

In this case the averaging process for calculating the order 0.98 C,

parameters as indicated by the brackets involves integration over = —kgCy[M] ™74 S+ ] 20 f(r) Py(cod)

both the angle#® and the position coordinatesandy.
Solving the McMillan model involves finding self-consistent  wheref(r) = [cos(A-r) + cos@-r) + cosC-r)] andc; andc; are
solutions for the orientational and positional order parameters. constants:c; = A/0.2202= 3156 K andc, = (B/xA)Y0-69= 3.2,
The stable solution corresponds to the lowest free energy, using: In conclusion, we have described the phase diagram of a series
of discotic liquid crystalline side chain polymers, using the
1 ke T McMillan theory, extended for columnar phases of discotic liquid
F=U-TsO 5(32 + 00’) — V.09 crystals. We find that the strength of the potentiglshows a
0 linear dependence on the mesogen concentration. Due to opposing
effects, a higher concentration of mesogens and a weaker

whereZ is the partition function given by: aromatic-aliphatic phase separation process, the net strength of
2 the columnar interactionV, is almost independent of [M]. Taking
7= dx ﬂd cop)e YxyOkeT y = 1 ande = —1.16 results in the drawn curves fog andTcy
@dZI f dyfo ( ) shown in Figure 2. From this we conclude that extended McMillan

theory can give a very satisfactory description of the effect of

The phase diagram resulting from McMillan theory is shown Mesogen concentration [M] on the various nematic phases
in Figure 4 as a function of the scaled temperature and the Occurring in our discotic side chain polymers.
interaction parametet.

Note that for high values af we find a nematic columnar to
isotropic transition and loweo. values yield the No—Np—I
sequence. JA015672J
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