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THEORETICAL PREDICTIONS FOR SIDE-CHAIN LIQUID-CRYSTAL POLYMERS
AND COMPARISON TL EXPERIMENT

F. DOJELL
Theoretical Divison, Los Alamos National Laboratory, University of
California, Los Alamos, NM 87545

ABSTRACT

This paper presents results from a new unique microscopic molecular
theory for side-chain liquid-crystalline polymers (LCPS) in the nematic (~)
and multiple smectic-A (SA) LC pha~es and the isotropic (~) liquid phase.
‘1’\ereare no ad hoc or arbitrarily adjustable parameters in this theory.
Th~8agreem=nt between the theoretical and experimental values for ‘YdriOUb

properties (including transition temperatures and quadratic characteristic
radii) is ~ good (relative deviations between O% and less than 6.2%).
The theoretical results also show--for the first time--thzc the ~ and ~
phases for these LCPS involve the packing of plate-like sections of
backbones and side chains and that the local bilayer SA phase involves
packing of side-chains within a ?late-like section. This type of pn~kin~
is predicted to be typical for side-chain ICPS. This theoly can
predict--for the first time--whether the side chains of a molecule pack on
the same or alternating opposite sides of the backbone and whether side
chains on different molecules interdlgitate (overlap) with each other.

INTRODUCTION

Uses of side-chin J.CPSinclude electro-optic devices.
The side-chain l.CPsstudied in this paper have the tollowing molecule

chemical structure, where dp is the degree of polymerization:
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used in this paper and the equations of this theory are given in the
companion paper[l] by this author in this same Proceedings volume.

Variables for the equations of this thetirv:.— — —.— ——

Terms not defined in this paper have been prev,io.lslydefined illthe

companion paper[l] by this author in this same Proceedirlgs volume.

In addition to dp, the input variables for the molecuie chemical

structures in this theory are the following: pk is the average dens~ty of

che system (average fraction of la~tice sites occupied by molecular

segments) for ~-type packirlg; O<Pk~l. is thu volume of ove l~ttice‘ok

site (i.e., hard-repulsive volume of one molecular segment) for k-type

packing. rl and fl are the number of ricid segments and semit-lexiole

ssgments, respectively, in one repeat unit in the backbone of a molecule.

1-2- r3 and f2 - f3 are the number of rigid segments and semifleyible

segmentsr respectively , in each side chain of the molecule, Eg is Lhe

energy of’a gauche rotational state (relative to the LriInsstal.o) of a

carbon-carbon bond between methylene groups in n-nlkyl chuins.—

‘7rk is the average orientational order of :Ileri~i(i sections of the

molrculc involved in k-type packing and is givcrr l~Y‘7rk - {(~ ~os;%k -

1))/~, w}lere #k is the angle between the long nx~s of Ihc rl~ld s(:ction [III(!

tl~epreferred iIxisof orientation for the rigid see!.i(lII;‘)< 1’21-1(5 ‘“ ‘k

1s IIIC~iverage fraction of one-dimensional posit torlnl JIligIIrneIIt. I.11 tile—.—-

(’on[er-s (~f’ muss of the molecule parts wlIoso ri~,[d-st~(:( iOII 10I]Hr.xcs :irt~

oriul~t.rdparullel to [Iluprcf”tlrrednxls (or oriell(;it1o1101 ltleI“iy,id

S(.CIlolls illk-typo p~~kl[lp,jofAksl. ok 1s Itlus[11“4’(111(”(1(11“;11Ill
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(where i - 1,2,...) and ~D*2i ‘~DL3i (where i - 1,2,...) are the

individual trsl,sverse dipole moments for the repeat unit of the backbone

and for each side chain, respectively. ‘Cl and ‘tl are the average

polarizabil’.ties for a core segment and a tail segment, respectively, in a

repeat uni’zof che backbone. ac2
- QC3 and at2 - at3 are the avercge

polarizabilities for a core segment and a tail segment, respectively, in

each side clfain.

a,,hk is the average separation distance I]etween segment centers at the

zero l~fenergy in the pair potential for hydrogen bondirg between any two

segmsnts in diffelent molecules involved in ~-type packing. [Here, we use

a IJ (12,6) potential, which is different from the LJ potentials used above

for London dispersion forces. ] Ccchl iS the absolute value of the minimum

~f energy for hydrogen bonding between two “core” segments in the

backbones. Ccch2 and 6cch3 are the absolute values of the minimum of

energy for hydrogen bonding between two “core” segments in the side chains

for 2-type packing and 3-type packing, respectively.

Values of ~k and fk are calculated by summing up the lengt:hs of the

rigid and semiflexible sections using average bond lengths (far example,

~mN) from experimental data12] and usingaverage])ond~ngles(for example,

2 bonded carbon) and thetldividing by the120° for angles involving an sp -

len~th of’one segmcnL (here, one methylene segmtirlt.). l{erc t’or an example

sl(i(~-~hiiinLCP I’MA-OC/tllq,t-helength of one metllylene segment is nlso the

sflmens a - 1.27 A, the separation distance[3] hctween nd,jacent carbons inw

tll{Iil]l-tr;lns conformation of a n-alkyl cllnlll..-

For I’MA-OCllllg, f’or 01 tind EII, rl - 2 and 1“1 - 0 (siIIce we want to

look iIL tl~e oriellLaLional ordering o! Li]e lIoIld t)e(weol] (I)c (WO sep,merlts In

ttlll l);l(.kl)ol~(l I-CPeti[. uflj( ). For n’, r, - 1 nid !“l- 1, sI1)(sulh~ Iwo

~;(,lp,ln(lll{.SI11(Ilehnckhollr repc{lt{111!! nrc! s~,ml 1 lcxil)l~,mvlllylt,rlflIl:ills, l“,)

-r, _ 12.2 iill(i!2 - ~~ _ 12. Eg/kR _ 2S(,K from (Ixl)(.:”ltII{IIII;Il(Iiltil!OI-

l]illkyl l’}l{l[IIS, [h] (kB Is tile Bnltzmnllll t-OIlSInIII .) ;I(, - /~ A, iIII

mol(.f.lil q-s
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estimated from experimental bond and group dipole momencs[6(a), 7] and

polarizabilities. [6(b)] #Dllkis calculated by summing up the longitudinal

bond and Eroup dipole moments. ack and atk are calculated by summing up

the polarizabilities for the different bonds and dividing by the number of

segments involved. For PMA-0C4H9, pDlll= PDlli - 0 (with i = 1,2,...).

For k - 2 and P- 3‘ ~Dllk - 0 and ~Dlkl = flD~k’2 - ~-j D. acl - atl -

13x10-25 cm3. ac2 - ‘C3 - ?5x10-25 cm3, and at2 - ar3 - 18x10-25 cm3.

There is no hydrogen bonding in PMA-0C4H9. For molecules that do have

hydrogen bonding, tcchk can be calculated by summing up all of the ‘h for

all the hydrogen bonds (in the rigid section) in the molecule part with

~-type packing and dividing by the number of segments involved in the rigid

section of the molecule part. aohk can be calculated by tak{ng an average

3f the aoh for all the hydrogen bonds (in the :“igidsectior) in the

molecule part with ~-type packing. Values for ~h and a*h - aan /2116 can be

taken or estimated from experimental data in, for example, Ref. 8.

COMPARISON OF

Tables I

THEORY WITH EXPERIMENT

and II compare theoretical results of t.hlsp.npcr with

experimental resultsi9-12] for TN1 and TSN, where TN1 and TSN nre phnse
transition temperatures involving the ~ and smect_~c (~) LC phases nnd the ~
liquid phase. The relative deviations between the theoreciral results nnd

the experimental results in Table I and 11 are less than 6.2% nnd 5.80,
respectively.

TAIJ1.EI. Theoret.icnl nnd experimental TN1 in K ilt P - 1 arm.

. .. . .-—
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‘N 1 experl Trl 1 t!xper. r(~t’,

. -..,

1’MA- OC,,I{,) ~~1, 3?6 “181,3Hll 9 , ]()

I’MA (M;113 /6? 39!, 3P-I II

I’MA-CN 36 “180 3HI 1?

I’)ls-()(:l l., R() 4 ()() “J)l II

‘1’ABIJ: I I . Tllrorrl 1(.;11 :111(1 vxpprimc,tlf~ll “’”Sri III K ill I’ - I iilm,

m’)I (’[’!1 1(’ llp Itl(tol”.‘l’:;N (,xllt’1’ T,. (. X1)1.1 . 1(,f.,)N

I’MA 1)(:,111,) {$‘) II 10’) !()’), IH! (I , 10

I’MA(:N “)(, “)/,(, !()’) ];,

I’M:;()(:11, H() “)1)i ]/,/ II

‘1’II{s[lIII!IItItli”n] I,IIIIIIIJII 1(111:{ :; IIIIW, IIJI Il]t’ I It :.f I 11111 , 111:11 1111*N ,111(1

I 1)11:1’:1’!{ !01” 111(,:.1~ l.(:ll:; lllVl)l Vl* 1~111 l)n[.kll)~, III ]1]/114’ I Ikl* !;(.1.1 loll!; {If



s
backbones and side chains. See Fig. l(b). The theoretical results also
show, for the first time, that the particular S pilase for these LCPS is a
local smectic-A2 (SA2) phase which involves th~ packing of side chains
within a plate-like section. See Fig. l(a). This SA2 phase is a bilayer
smectic phase where the side chains of a molecule pac’k on opposi~e
(alternating) sides of the backbone and do not interdigitate with side
chains on other molecules. These theoretical results are consistence with
~he experimental data (see especially, Ref. 12).

FIGURE 1. Schematic diagram
illustrating (a) the tendency
of the backbones and side
chains to pack in a plane;
and (b) the orientarional
alignment of these planes,
such that the backbones ir.
one plane align with
backbones in other planes and
similarly for side chains.
(The arrows indicate the
continuation of’ti,e
backbones. )

:+

—

(G) (b)

Tables ITI and IV compare th~oretical results of this paper with

experimenrtl (neutron scattering) values[ll] for the the q:ladratic
characteristic perpendicular radii R-l (describing rhe conformation of the
backbone) and R! (describing Lhe conformation of the side chains) when the
long axes of the side chains are aligned (oriented) parallel to an applied
magne! ic field in the ~ LC phase. Table 111 presents ths change in Rllas a
function of varying dp, In Table 111, the physically reasonable assiunption
has been made that the length of the terminal g-ulkyl grcup in the side
chains of the PMA-O-alkyl molecules does not significantly affect the
conformations of’the backbone. In Table 111, the ~.heoretical resu] ES are
the sime iIsthe experiment~l results.

.... ‘rAi!l.I 1[1. Theoret.icul and experimental AIU/Adp [i.e., char,ge f)’,lil.(1N A)
Vs , change in dp] in the N LC phase ut i’- I ~ltm.

______________ .....—_..—..— _-———_— . ..-—___-.._.- -—.—

molc’(:111[’ dp t.heor. Iex]er. exper. rei.

:JMA-i)-illkyl 054, 167

])fls-o~:llj 35, Ho

,..,.-.. . .

TI’LHI.11 IV. “l”llPnl-P[ icfll JIlld

1.(: phns(l n, p -

moli’t”lllt’ [Ip R

().2 i).? 11

().2 ().2 II

IIxpcrimclllnl Ill iIIKl Rll (l)fIllI 111 A) jII IIIP N
I nlm.

Ill(*(\I”. 1{ i~x~lt)r. 1{ (’xllt’ l’. I“(*I

IWA I:P1 “J{, Rg ?f]. I ;10 ‘1 II



In the theory of this paper, Rl and Rllare calculated from the actual
calculated lengths (along the long axes) of the backbones and side chains,
respectively, of the side-chain LCPS; the calculated separation distances
between the ends of the b ckbone

9 - ~7Rj ~~~ethe ‘ide chains respectively; and
the well-known relation L . for example, ~ef, 13), where ~ is
the actual length (along the lcng axis; of the molecule part and R is the
radius of the ~olecule part. We-should note that for backbones a~d
chains with semiflexible sections (as is the case in the side-chain
Tables III and IV) the actual calculated lengths are shorter--in LC
and in the ~ phase- -than the fully extended (all-trans) lengths.
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