This article was downloaded by:

On: 26 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

Molecular model for cholesteric polymers including biaxiality and chain
flexibility

L. Varichon®; A. Ten Bosch®

* Laboratoire de physique de la matiére condensée, Nice Cedex2, France

To cite this Article Varichon, L. and Bosch, A. Ten(1993) 'Molecular model for cholesteric polymers including biaxiality
and chain flexibility', Liquid Crystals, 14: 6, 1635 — 1644

To link to this Article: DOI: 10.1080/02678299308027703
URL: http://dx.doi.org/10.1080/02678299308027703

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay 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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges 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/10.1080/02678299308027703
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 07 26 January 2011

Downl oaded At:

LiQuip CrySTALS, 1993, VoL. 14, No. 6, 1635-1644

Molecular model for cholesteric polymers including
biaxiality and chain flexibility

by L. VARICHON* and A. TEN BOSCH

Laboratoire de physique de la matiére condensée, U.A. CNRS No. 190,
Parc Valrose, 06018 Nice Cedex2, France

A mean field theory for cholesteric polymers based on the elastic model is
presented. The effect of flexibility and the biaxial order and nematic order
parameters are studied. The biaxial order and nematic order parameters are
increasing functions of chirality and vary slightly with flexibility. Biaxiality is shown
to be important for the transition temperature and the cholesteric pitch as well as
the latent heat of transition.

1. Introduction

The literature devoted to biaxial liquid crystals is extensive [1-3]. It has been
shown that biaxiality becomes important near the isotropization temperature [4-5]
and measures of biaxial order are a way to determine the possibility of a blue phase [6].
But, because of the difficulty of interpretation of deuterium NMR spectral patterns,
measurements are very rare [7-8)]. Nevertheless two conclusions arise: biaxiality
increases with increasing temperature and decreasing pitch length and the mechanism
for biaxiality is almost entirely a consequence of the anisotropy of the orientational
distribution along the molecular axis rather than due to the helical texture of
cholesterics [9]. Some molecular theories have been proposed [10-12] and as
emphasized by Gelbart [13], these models are based upon the particular interaction
deemed to be dominant: (i) attractive forces of dispersion (for example Maier-Saupe
[14]); (i) repulsive steric forces (for example Onsager [15], Flory [16]); or (iii} a
combination of both where the dominant interaction depends on temperature (for
example Alben [17]). At least two deficiencies have been found to explain the poor
quantitative agreement with experimental results: the breakdown of the mean field
concept and the effect of flexibility. One way to take into account the rigidity is to deal
with the continuum elastic chain model [18] widely used for polymers [19-24] and
recently for liquid crystalline polymers [25-28]. We report the conjugate effects of
flexibility and biaxiality on the usual order parameters S,, S, and on the transition
temperature in a thermotropic system. And we predict the possibility for the biaxiality
to become zero without affecting the pitch behaviour.

2. Molecular field theory for rigid rods
Considering uniaxial molecular symmetry and a chiral interaction only, the
simplest potential that gives a cholesteric structure with order parameters S,, S, and A
is [29-31].

V(1,2)= V(s )+ Va(r )P (€2« )+ (15 * 2 x Qo)(Vi(r )P (2, - Q,) + V3 P5(€2; - L)),

)
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where P,, "=123 are the Legendre polynomials, Q is a unit vector indicating the
molecular orientation, and r , is a unit vector joining the centres of gravity of molecules
1 and 2. Coupling between orientation and position are not required by symmetry
arguments and will be neglected here.

In a second order term in the virial expansion, the Helmholtz free energy for the one
particle distribution function F(f(€,¥), p, T), can be derived as [32]

1
F(f(l', Q)/Ts p)zFO(Ts ﬂ)+‘2‘p2 J\f(rbﬂl)f(rb Qz)V(l, 2) drl dl‘2 dﬂl dQZ

+pkT J-f(r, Q) In4I1f(r,, Q2,)drdQ, (2)

with p=N/V, the average number density.
We introduce the usual second and fourth order parameter tensor dependent on
position

1
0uslr) = Jdﬂf(r, n)(% n,n,,—iaa,,) W
5
%Qagﬂa,ng
0 G3)
Quplt)= j dQf(r, Q) —%(ﬂaﬂpéy;JrS distinct index permutations)
+ %(54,,5% +2 distinct index permutations)

It is now straightforward to express more conveniently the three anisotropic
intermolecular contributions in the free energy development.

4
eyt 2y x2,)P (22,00 =3 Eapy¥122Q5(T1)Q,(T2),
2
(P2 - Q;))g =§ leﬂ(rl)Qaﬂ(r2)’
2
ry; 2, x2,)P4(Q, - Q,)Dq= 3 Sapyrmanc(l'l)ng(rz) ‘*‘%wah 21 (@)

8 1 1
X {3—? Qupyolri) +7 J-dﬂlf(l)[ﬂlaﬂl,,éw + Sperm.] —é—s[éuﬁéw +2 perm.]}

8 1 1
X {f Qupndry)+ 5 Jdﬂz JS[Q,,Q,40,,+5 perm.] — E[éaﬂém +2 perm.]}. J

It is possible to express the traceless symmetric tensor Q,4(t) in a position dependent
coordinate system B(r)= {I(r), m(r), n(r)} characteristic of the cholesteric structure in
which the diagonal elements: Q,,={S,., S,,, S..} are position independent. We will
consider that biaxiality is dominantly contained in Q,4(r), s0 Q,4,,(r) will be taken to be
dependent on 6 only. B(r) does not diagonalize Q,,,,(r), but each component can be
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expressed in terms of Q,,,.. Then, for a macroscopic pitch P defined along the x axis, in
the ideal cholesteric representation [33]

lr}=(1,0,0); m(r)=(0, cos xh, sin xh); n(r)=(0, =sin xh, cos xh) and P=2I1/h

the orientational part of the free energy can be rewritten as

%: kT{n4I1f>q +§ Jdr Vo(D[S2, +(S2,+ S2,) cos® hx + 28,5, sin 2 hx]

+1, j dr( EUNE. V’('))[(s —§,,)?x sin 2hx]

12 r 3
22, [ B® 5
=5 = sin4
t1f f Qz,,,[392 sin2 hx+ G sin4 hx (5

and in the limit of the long wavelength (hx« 1), we obtain finally

—-—kT(ln4H f>n~~|:S§+A2]+Bh2[S2+§]2 2h(< A) (c+1))+25 S4D>
(6)

with the density energy expressions of ‘nematic’ types 4 and B of chiral contributions C
and D

3
A= —p | Vy(r)dr, B=—>p | V5(r)x*dr,
p J 5(r)dr 4P J‘ 2(r)x*dr ™
2 3 2
C—--ule(r) D= — 16 jV:,(r)
and the definition of the order parameters
S..=8,= f f€)P;(cos 6)dQ, )
Sex—S,,=A= ff(ﬂ) % sin? 6 cos 2¢ 2, q (8)

Qrzer= S4 = jf(Q)P4(COS 0) dQ,

where A is the measure of the biaxiality of the system, and S, and S, are the usual
nematic order parameters.

Minimization of the interactions with respect to 4 yields for an equilibrium value for
the inverse of the pitch

25 8, \?
C+D[1422] 24
+ (*’21 A
Sz+§
ho= F \ 9)

which reintroduced in the free energy expansion gives

A A¥] 1 AP
=kT<1n4Hf>n“‘E[S§+T]-—§[Sz+§:| C+D

25 S, \2|\2
I+57 A)) . (10)
S2+§
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By minimization of the functional free energy with respect to f(£2) and taking into
account the normalization condition,

me(09 ¢)
pP—

f(0,¢)=~—Zk—T— with ff((),(ﬁ)dﬂzl, (11)

we obtain the mean field potential expression

Vo0, )= — P,(cos 0) [ASZ +§; Cht Ch2 <Sz +~§—)]

3., A2 A
—3 sin“ 0 cos 2¢[A §+§ Chl Ch2(82 +~3—)]
100D
- P4(COS 0)[—2*r§ Chl 84], (12)
with coefficients
25 25
Chl=C+D 1+ﬁa(T) , Ch2=C+D I—Tcx(T) \ (13)
where temperature dependence is realized through the ratio of order parameters «(7T)
S 2
oT)=| —= K (14)
S _
2+ 3

We find two characteristic values when Chl and Ch2 become zero. The first case is the
classical one which has been reported previously [34—37]: when chiral contributions C
and D are close, but with opposite sign, then it could happen that at a certain critical
temperature Chl cancels, the pitch diverges and the handedness of the macroscopic
helix changes. Moreover we have verified that A becomes zero and changes sign as well
at the transition, like the pitch. This is due to the mean field approximation for
cylindrically symmetric molecules, where biaxiality for a nematic is not allowed [2].
More interesting is the case where Ch2 becomes zero: the pitch is not affected, but A can
become zero again. It can be noticed that because the ratio of the order parametersis a
decreasing function with temperature, Chl and Ch2 cannot cancel simultaneously for
two specified chiral interactions C and D when the temperature changes. Calculations
on this phenomenon and on the order parameter S, are currently in progress.

3. Functional integral description of flexible molecules
Liquid crystalline polymers possess some conformational flexibility due to the
cumylative effect of internal vibrations, bond bending and degrees of freedom. In the
continuum elastic chain model, a chain is characterized by its bending constant x and
the extended chain length L. The end to end distribution function for a single chain in
the mean field approximation can be expressed in a functional integral representation.

[27]
AP LI 50Q\?
aron- [ soven-( [ soe (Bf sem]) s
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This model neglects end effects [38] and assumes slow variations on the atomic scale.
G(SY', €)(s); s) satisfies a Schrodinger-like equation

o 1
S A " 00, ) =S5O — ]
[ 5 2x ot me(ﬂ)]G(Q , £, 0, 5)=6(22—£2)d(s) (16)
The curvilinear abscissa s playing the role of an imaginary time, G(¥',€(s); s) is
analogous to the space-time propagator for a particle in an external field [39] and can
be expanded in eigenfunctions ¥ (€2, s)

1
GE¥, €(s),0,5) =5 2LV HEQW AQS) + Y QW HQAs)] (17)

and y (€2, s) can always be developed in spherical harmonics when decoupling in £2 and
s is true

Y Qs)= ; 21 "Yl(Q)exp(—Ej) (18)

Calculation of order parameter A implies m being not always equal to zero.

Flexibility can be estimated by the ratio L/q, where g, the persistence length,
indicates the correlation length of two tangent vectors €X(s) and €2(¢) when s and ¢
describe distances along the chain (40)

(Qs)- Q)% exp —(%-’) (19)

In an isolated polymer molecule, g is given by fx [18].
When inserting the cholesteric mean field (12) in the diffusion-type equation (14),
one obtains a secular equation

k

2 2 [AL"—a0,, 404, drf " =0, (20)
k n=—%
where A", a real square symmetric matrix of dimension (2/+1)?, a; and r} ™ are given
in the Appendix.

With a sufficient number of spherical harmonics (at least 7 when considering S, or
both S, and S, and S5 when we consider A), calculation of eigenvectors ;™ and
eigenvalues g; allows us to solve numerically the self-consistent system constituted by
the three order parameter equations (8).

4. Results and discussion
When the chiral interaction of second order D is small compared to the other
interaction terms, then the pitch is almost constant with temperature. In this case we
report some new results implying flexibility effects. When we solve the self-consistent
system, the physical behaviour is determined by the values of kTc/ALand ¢, at the
transition with

C2
T 4B
From equation (7), an approximation, using a Lennard-Jones-like potential, yields

B=r2A4 where r, is an intermolecular length. Thus we have only two independent
parameters: A and C. In the visible range, the magnitude of ¢, can be estimated to be

& @1
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10~ 3, consistent with estimations made from values of the twist elastic constant [11].
But in the following, we will see that &, must be much greater than this estimated value
so that the chiral part becomes significant compared to the nematic behaviour. One
possible interpretation of this discrepancy could be that fluctuations should be
collective and should be scaled by the number of correlated molecules [11]. Another
explanation could be that chiral contribution D, as previously shown, can be very close
to C [31,37] and cannot be dropped from equation (9). Then taking D=AC, we
estimate

NEAYE
& ~(2”P> 1+
When A approaches —1, g, can reach values reported for numerical calculations.

Because we have no information on the exact magnitude of 4, B and C we will
assume that they are in a constant ratio, whatever is the chain rigidity given by the ratio
L/q. Then, we verify that biaxiality increases with chirality and decreases slightly with
the rigidity until it reaches a plateau (see figure 1). The order parameter S, decreases
with chirality and reaches a minimum which is a function of chirality. This minimum
takes place at lower rigidity when the chirality increases (see figure 2). The fluctuations
observed for high chirality are due to numerical precision which has to be very
important when chirality is not a small perturbation. The ratio of order parameters
confirms that the effect of flexibility is small with respect to L/g. The effect of
temperature is given (see figures (3—5)): the ratio A/S, decreases less with T/T, than
reported [9], especially close to the transition, and we see that flexibility at a given
chirality does not play an important role even though it reduces the ratio of the order
parameters and decreases slightly the effects of temperature (the slopes in figure 4 are
more sensitive to temperature than those in figure 5).

The ratio kT,/AL implying both energy term and length (we cannot isolate just one
of these two variables) increases with chirality (see figure 6). When ¢, is not negligible,
we add a strong contribution to the dominant 4 in the mean field potential; the

.001 - T t—
.0001 VY al PRIV AR T E WY T | okt 4 aaiial
0001 .001 .01 .1 1 10 100
Ly

Figure 1. Evolution of the biaxial order parameter A, at the transition temperature, with chain
rigidity L/q (L, total chain length contour; g, persistence length) for different chiralities. A is
an increasing function of the chirality &, and varies slightly with flexibility. For a given ¢,
the minimum of A increases with decreasing biaxiality. @, &, =00022; [], £, =0-023; A,
g, =0-183; &, g, =0-6445,
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Figure 2. Evolution of the order parameter S,, at the transition temperature, with chain rigidity
for different chiralities. The behaviour of S, is essentially affected when &, increases. When
&, =0-6445, chirality is not a perturbation and the self-consistent system is more sensitive
to numerical precision. ¥, &; =00022; [, &, =0023; A, &, =0183; O, &, =0-6445.

ir

e

A .0l e o
B
e
001 g . ¢
.0001 - —!
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Figure 3.  Evolution of the ratio of order parameters A/S,, with reduced temperature for
different chiralities for rod-like molecules (L/qg=10"7). ®, &, =00022; [], ¢, =0-023; A,
g, =0183; O, g, =0-6445.

1

&>

01 . : s 1
0.8 0.9 1.0

T,

Figure 4. Evolution of the ratio of order parameters A/S,, with reduced temperature for 2
different high chiralities when flexibility is zero (L/g=107"), in the intermediate range
of flexibility (/g = 1), and for flexible molecules (L/g=50). [, &; =06445, L/g=10""; &,
g =06445, Lig=1; x, g, =06445, L/g=50; &, &, =0183, Lig=10""7; M, &, =0-183,
L/g=1; (3, ¢, =0-183, L/q=150.
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0001 * . 4 . —
0.8 0.9 1.0

/T,

Figure 5. Evolution of the ratio of order parameters A/S,, with reduced temperature for 2
different low chiralities when flexibility changes. [, &, =0-023, L/g=10""; #,¢,=0023,
Lig=1; x, £,=0023, Liqg=50; O, g,=00022, Ljg=10""; B, &, =00022, L/g=1; I,
&, =00022, L/q=50.

1-

1; 4\
o

001 | BV ST SR ST BT B VT ARV MR RTET SV R P
.0001 001 .01 1 1 10 100
L4
Figure 6. Evolution of the ratio kT,/AL for the transition temperature T, for different

chiralities. When ¢, increases we allow the uniaxial nematic structure to show a biaxial
behaviour. <, g, =06445; &, £, =0-183; [1, ¢, =0:023; @, £, =0-0022.

She

0r
2-5L -ttt - —
201
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To 1sf -t ———t—b
1.0 =00
()S 2] ot 'y at Py ‘X 2ol 4 o " adaiaal

0001 .001 .01 1 1 10 100
L/q

Figure 7. Evolution of the ratio T,/T¥ for different chiralities, where T¥ is the transition
temperature at zero chirality. The ratio T,/ T is almost a constant function of flexibility.
O, g, =06445; A, £, =0183; [, &, =0023; &, 5, =00022.
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Figure 8. Evolution of the differential of entropy between the isotropic and the anisotropic
phases for rod-like molecules with chirality ¢;.

consequence is to lower, for a negative contribution, and to increase, for a positive
contribution, the ratio kT./AL. We observe that the transition temperature increases
with increasing biaxiality, but remains constant with chain flexibility (see figure 7). We
also calculate the differential orientational entropy at the transition between the
isotropic and the anisotropic phases in the limit of high rigidity (see figure 8).

Siso - Saniso _

Nk J f(Q)Inf()dLQ, (22)

Sico— Saniso/ Nk decreases with chirality which indicates that the system can reach a
second order phase transition when ¢, increases. This is in good agreement with other
theories [12,17].

Appendix
With the help of the recurrence relation for spherical harmonics defined in [41] for
example, the components A" are easily obtained with the following relation:

s m

o — fdQ Y¥0, q,’))( Y [l +1)—c,co8 8 —c, cos* B —cysin® O cos 2¢ ] " Y76, (b))
1
with coefficients

5 35
C2=3q<E2—§E4), C4=-IqE4, cd:3ch

and energy terms

2 A
E;=AS, += Chi cm(s2 +§>,

3 3B

100 D
=75 ChiSe

Ey=a21 2 cnt Ch2<82+%),

E,
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The eigenvalues are

2¢q 3
aj=[fE,~~qA+ch:|,

where 4, B, C, D are the basic energy contributions defined in (7).
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