DGLEAHHEHHLIR
WHCTHTYT
AAEPHBIX
WCCAEA0BaHMA

ISALE

c‘m.,‘ T

R v’
LA

E14-86-89

A.B.Kunchenko, D.A.Svetogorsky

COMB-LIKE
MACROMOLECULE CONFORMATION

IN NEMATIC PHASE.
THE SMALL-ANGLE NEUTRON SCATTERING
DATA INTERPRETATION

Submitted to ''Liquid Crystals'




At the present time a growing interest is observed to the study of
the liquid-crystalline state of polymers. Comb-like polymers with
mesogenic molecules represent a large class of polymers displaying
liquid-crystalline (LC) properties. There is extensive information
on the properties of such polymers in dilute solutions as well as in
the block/ 1"

The studies of LC polymers with mesogenic molecules in the
block were performed by various methods, such ag X-ray scattering
and diffraction, NMR-spectroscopy, optical diffraction and others.
Measurements mainly concerned the ordering of mesogenic molecules
and structure changes in phase transitions/1-6/. However, the con-
formation of the main macromolecular chain was not studied.

The labelling method allows one to extract direct information
on the conformation of a single macromolecule in the block from the
neutron scattering data/7’8/

Recent experiments based on the small angle scatterin;, and
neutron diffraction have clurified the conformation of the main
chain of the macromolecule in mesophases/g'10
tion of the main chain parallel R” and perpendicular Rl to the
axis of orientation given in /9 ,are 9,4 * 0,5 nu and 11,8 ¥ 0,6
nm respectively. For the anisotropy parameter the authors obtained

/. The radii of gyra-

a= RL_ 025
Ry (1
The mean square radius of gyration for the macromolecular coil of
the main chain
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is the same in isotropic and nematic phases.

It is known that in LC comb-like polymers the rigidity of the
main chain increases. The Kuhn segment of such a macromolecule equ-
als 3.0 nm and includes 24 monomers.

Numerous experiments show that there is an intramolecular orde-~
ring in mesogenic molecules/2'4/

Though mesojsenes have a flexible joint with the mein chain, the
influeince of the intramolecular ordeglng on the flexibility is obser-
ved. The experimental results can be explained by eanisotropy of lo-
cal rigidity.

Dvrenpuemng ERLTETYY
AeUBEIR n&ck«eﬂomm




48 is known, the mesogenic molecules with intramolecular orde-
ring are mainly arranged on the plane. Evidently, the rigidity of
the macromolecule in this plane must be greater than the one direc-
ted towards the normal to this plane. It is also obvious that in the
isotropic phase the normal direction to this plane will change along
the chain. Therefore the anisotropy of rigidity for the whole macro-
molecule doesn’t exist. It can be only local (fig. 1).

‘Figo1
‘ The macromolecule in the isotropic
k ! rhase. The side mesogenic groups
l have arbitrary orientations, hence,
! the anisotropy of rigidity is local.

Now let us try to explain the results of experiments by means
of the anisotropy of rigidity. Suppose that in the nematic phase
the intramolecular order is not broken along the whole chain, while
the anisotropy of rigidity has constant direction due to the inter-
action with the nematic field. The rigidity will be greater along
the nematic director (fig. 2).

Pig.2,

The macromolecule in the nematic
phage. 3ide mesogenic groups are
oriented along the chain. The mac-
rogcopic ordering of the mesogenes
results in the appearance of macros-
copic anisotropy of the rigidity.

- Under this assumption the distribution function for distances bet-
ween the L and J monomers in the Gaussian approximastion is

i) ool
=3 - 1 1 — (4 __z” 2 .":‘Z_L
ti-2;)= - =il 2)i-
6(%-%) G B Zg © 2 € AT

3

This distribution differs from the well-known function by the
faot* that here the projections of the Kuhn segment are not
An

equal. Using (3) one can calculate the following averages:

-
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(’ZL'// - 'ZJ'1/)2= g:- “—’jl (4)
(tis- 1= 2 8 1ij) 5)
G-% P= (B +2D)li-il= Pl

Prom (4) and (5) we find the radii of gyration for the anisotropy
coil in the directions parallel and perpendicular to the direction
of orientation. Their ratio

Ri_ b1 )
Ry B

determines the anisotropy a of the polymer coil. since the ri-
gidity of the molecule in the parallel direction is greater than

that in the perpendicular direction, we have

> 6L (8)

and a. <:-1 , which is in conflict with experimental data.

Therefore, our assumption that the intramolecular ordering is
not broken along the whole chain is not true. Probably, the intremo-
lecular order is broken as & result of the interactions of mesogenic
groups belonging to different macromolecules. Similar intramoleou-
ler interactions leading to the broken intramolecular ordering have
been observed in /11'4/.

Now suppose that in parallel segments of the macromolecule
chain the intramolecular order is upset while it remains unchanged
at the segments of the chain psrpendicular to the nematic director

fig. .
(tig. 3) Pig. 3.

| The conformation of the macromo=-
lecule corresponding to the pro-
posed mode. There are parts of
the chain with intramolecular

! ordering (they are perpendicular

‘ to the axis of nematic director)

and parts with broken orientati-

on (they are parallel to the ne-

matic director).




It is obvious that such segments with broken ordering are -energeti-
cally less beneficial. Taking it into account the distribution func~
tion for two monomers separated by one Kuhn segment can be written
as follows

r—'ZL 1) U(ﬁ-(a—i}—f))z .
- - g Z - AR
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The first term in (9) describes the isotropic distribution with
the projection >y of the Kuhn segment on an arbitrary direction.

The second term is the Boltzmann factor. Here k is the Boltzmann
constant, 'T' is the temperature, l] is a positive constant
with the energy dimension and ;Z is the nematic director. The
Boltzmann factor makes the statistical weight of the segments pla-
ced along the direction of orientation less than for the segments
placed perpendicular.

Using the approximation

(- T ) Bi= 710 ) = 387

(10)
we simplify (9) as follows:
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Using (11) we can obtain the distribution function for any L end
J of type (3).
From (12) L[ can be estimated using the experimentally ob-
tained anisotropy quantity (1). For a room tempecrature

U 500 kal/mot . (13)

The ‘energy L, ig the difference between the energy of one mole
of Kuhn segments oriented alon;; the nematic direction and those ori-
ented perpendicular. Assuming that the Kuhn sepment contains 24 me-
gogenes we obtain the ener;y for one mole of mesogenic groups

Uy~ 20 kal [mol . (14)

A

The energy L& is the difference between the energy of a mode of
mesogenic side groups in the sepgments of the chain with intramolecu-
lar ordering and the segments with broken order. (All the above con-
giderations concern the nematic phase).

Let us find the cross section of neutron scatterﬁng on the ani-
sotropy coil with the distribution function (3). It is well known
that the cross section of the elastic coherent scattering for one
macromolecule is

6’\/2 e ; \a\—"\_do\’ (15)

where Qo and Q are tbe wave vectors for incident and scattered
neutrons, respectively.

Expanding the exponential function into a series, under the
small-angle assumption and considerinb the first terms, we obtain

GNNZ{ Z, L(Q 4, u('L'- ZJ) *

L,j=1 (16)
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Indices]1 and]2 denote projections on two orthogonal directions on

the plane perpendicular to the axis of nematic orientation with the
projection ] 1 aligned along the scattering direction. For the ave-
rages in (16) we obtain

N
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The expression for the scatterin; cross section (16) with acco-
unt of (17) becomes

I R
G~ A — {(Q—Q:))T‘Rl%'f‘ (Q"Qo)_“ QJ_ +(Q—Qo)izgj_iy (18)

shere Q{L and R;L are the radii of gyration of the anisotropic
coil in the directions parallel and perpendicular to the axis of ne-
mutic ordering and
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Notice that
R—&o = X (20)

is the neutron wave scattering vecfor.
In our frame of reference (J, is directed along the 11
-axig, i.e.9

\60\ = Qo111 = Qo - 1)

In spherical coordinates the scattering cross section will be
2 2 .
G nt — 4QZ sin2f (Ry a8 gy ¢ RECos?F 528 4+
+ !2_% Sihz-g) ' (22)

where 69 is the scattering angle, ff is the azimuthal angle rec-

koned from the axis of nematic ordering.
The case when R":Ql_ corresponds to isotropic scattering,
and the scattering cross section is well known

2 . @ p2

The small-angle approximation simplifies the scattering cross
section to

2 ) .
GN 1- Lfao &hg(Rﬁmlg‘fo&hu‘y)' (24)

Evidently, for the cross section (24) the Zimm procedure gives
different radii of gyration for different directions. By changing
variables in (24) we obtain

) 2,2 2 2
RiRi r x x
Enl-UQ =5 (—24 + _15[ : (25)

A ]
where 2o ,is the distance between the sample and detector end

C[” and 27 are the Cartesian coordinates in the detector plane.
7/

The curves of equal intensity abitained with (25) are ellipses in
the detector plane. ,

Now we will summarize the results of this paper.

The model in which the intramolecular ordering is not broken
only in segments oriented perpendicular-to the nematic director
enabled us to explain the anisotropy of the macromolecular coil
observed in éxperiment. Small anisotropy of the coil allowed us
to consider this model in the framework of the Gaussian chain with
different Kuhn-segment projections. )

On the basis of the proposed model and experimental data we es~
timated the energy of the intramolecular ordering for one mesogenic
side group to be 20 cal/mol.

We would like to thank V.K.Fedyanin, Yu.,M.Ostanevich,

V.P.Priezzhev and V.P,Shibaev for valuable comments on the manu-
script.
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Kynuenko A.R., Ceeroropcku [I.A. E14-86—-89

KonbopManusa rpe6Heo6pa3HON MaKpOMOJIEKYJlbI B HeMaTH4YeCKOH dase

UaTepnperaus OAaHHHX MaloyryloBOrO pacCedHHs HeHTPOHOB

[l[pegnoxeHa CTPYKTYpHas Moene rpebHeo6pasHON MaKpoMojie—
Kyl B HeMaTuuecko#t dase, COrnacHo KOTOPOH NMOMMMO yYaCTKOB
end C BHYTPDHMOJIEKYIIIDHBIM VIOPAZOUYEHHEM CYMEeCTBYIT YYaCTKH,
B KOTOpPHIX Takoe ynopsgouyeHHe HapymeHO, JTa Mojgenp corjacyer-—
CA C TNOCNeJHHMH OAHHBIMH MAJIOYFPJIOBOTO pAaCCesAHHA HeHTPOHOB HA
OPHEeHTHPOBAHHBIX XHIOKOKPHCTAINIHUECKHX nojauMepax. HaHa oneHka
Pa3HOCTH 3HepruH Mexny GOKOBLIMH Me30r'eHHHMH TpymnnaMM, Haxo-
OAMUMMUCA B y4acTKax YKas3aHHBIX THUIOB,

Pa6ora BemomHeHa B JlaGopaTopun TeopeTHuecKoit dH3HKH
OHAU.

Tlpenpunr OGyenuHeHHOro HHCTHTYTA ANEPHBIX Hccnenopauit. dyGra 1986

Kunchenko A.B., Svetogorsky D.A. E14-86-89
Comb-Like Macromolecule Conformation in Nematic Phase.
The Small-Angle Neutron Scattering Data Interpretation

The structure model of a comb-like macromolecule in the
nematic phase is proposed. According to this model the main’
chain of the macromolecule includes segments with intramole-
cular order as well as those with the broken order. This mo-
del is in good agreement with recent data on the small angle
neutron scattering on oriented liquid-crystalline polymers.
An estimate of the energy difference between side mesogenic
groups in these segments.is given.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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