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Structural ordering and spectral properties of
smectic A with biaxial solute molecules

by E. M. AVERYANOV* and A. N. PRIMAK

L. V. Kirensky Institute of Physics, U.S.S.R. Academy of Sciences,
Siberian Branch, Krasnoyarsk 660036, U.S.S.R.

(Received 19 April 1990; accepted 29 March 1991)

The influence of (i) orientational-translational ordering of solvent and solute
molecules, (ii) anisotropic intermolecular solute—solvent interactions and (iii) the
features of the electronic structure of biaxial solute molecules dissolved in a smectic
A phase on the spectral position of polarized bands of a solute electronic absorption
has been investigated. Equations for the positional-orientational pseudopotential
in a pure smectic A doped with biaxial solute molecules have been obtained within
the framework of the molecular statistical approach. The question about the
correlation of contributions of partial orientational and translational molecular
ordering to the spectral properties of a molecular system has been answered.

1. Introduction

The spectral properties of anisotropic media with partial orientational-
translational ordering are of interest for the development of optical recording devices.
Liquid crystals with a wide range of thermodynamically stable phases and a
combination of different types of orientational and translational molecular ordering
are convenient models of such media. In consequence, the influence of anisotropic
intermolecular interactions and the structural features of smectics on the spectral
properties of these systems is a significant problem.

The spectral features of the electronic absorption of uniaxial solute molecules
dissolved in a smectic A phase have been studied theoretically [1]. However solute
molecules of practical interest (e.g. condensed ring systems) have a biaxial shape, which
can change from lath-like (acenes) to disc-like (porphins, porphyrins, phthalocyanines).
In consequence, the case of biaxial solute molecules requires special consideration in
relation to both the molecular electronic structure {the orientation of the transition
moments) and the orientational-translational statistics in a smectic phase, since the
molecular biaxiality modifies qualitatively the anisotropic intermolecular interaction
and hence the molecular pseudopotential in nematic and smectic phases.

Here, we study the influence of anisotropic intermolecular solute-solvent interac-
tions, orientational-translational ordering of the solvent and solute as well as the
features of the electronic structure of biaxial solute molecules in a smectic A on the
position of polarized bands in the solute electronic absorption. General properties of
the structural parameters characterizing the ordering and the orientational-
translational statistics of biaxial solute molecules in a smectic A are investigated in §2.
Equations for the positional-orientational pseudopotential in a smectic A formed of
biaxial molecules and for biaxial solutes in a smectic A formed of uniaxial and biaxial
molecules are developed in § 3. Section 4 is concerned with translational-orientational
effects on the spectral position of polarized bands of the solute electronic absorption.

* Author for correspondence.
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2. The orientational-translational statistics for the solute dissolved in a smectic A
A theory for the spectral properties of a partially aligned molecular media has to be
based on a molecular statistical theory of these objects and to use the structural
parameters of the system, which can be determined directly or indirectly from
experiment. We shall consider smectic A phases formed of non-chiral molecules and
solute molecules with C,,, D, or D,, symmetry. The solute concentration is considered
to be so low that solute-solute interactions can be ignored.
The frame(x,y,z,) of a solute molecule is selected to diagonalize the Saupe ordering

matrix
S,-i=<3cos2 0,—1>/2, (i=x,y,2,) (1

Here 8,, is the angle made by the ith axis of the molecular frame with the director r and
the brackets <...) denote a statistical average. The axis z, corresponds to the maximum
value of the principal components S;;. For flat molecules with C,, and D,, symmetry
the x, axis is in the plane of the molecule and the y, axis is perpendicular to this plane.
The orientation of the director in the frame (x, y,z,) is determined by the polar angle
0=0, and the azimuthal angle ¥ made by the x, axis with the projection of r to the
plane x,y,. Orientational-translational ordering of the solute is characterized by the
order parameters [2]

{DL(6,4) coské) = f ddz fzndt// fl d cos 0D, (0, y)cos ké f(0,y, ), 2
0 0 -1

where D§,(6,) are Wigner rotation matrices of rank L, d is the smectic structure
period, £ =2nz/d and z is the translational coordinate of the centre of mass of a solute
molecule along the axis z|r. The index L>0 takes even values, the index |n| < L takes
zero and even values, the index k takes integer values. The single particle distribution
function f(Q, z) is subject to the normalization constraint

fjf(ﬂ,z)dzdﬁ-—-l. 3)

From the solute absorption dichroism of the bands studied it is possible to
determine the following orientational order parameters of the solute [3-5]

S=5,,2,={Ddo> =<Py(cos 0)) ={P,), @
G=S,,,— Sy, =03/2V*(DZ ,+ D} _,>=3¢sin*Bcos 2y >/2=(D), }

where P,(cos ) is a second Legendre polynomial. The translational order parameters

1, = {cos k&) can be found from X-ray scattering data [6]. As the amplitudes of smectic

harmonics for real smectic A phases with k>1 are negligible according to the

experiment [7] consideration can be restricted to t, =t [8]. Finally, orientational
ordering in all known smectics requires the mixed order parameters

o={P,c08¢), x={Dcosé)

to be taken into account. From experimental information about some of the order
parameters in equation (2) the best approximation for the real distribution function is
the function f(€2, z), which maximizes the informational entropy functional {9, 10]

Y[f(Q,2)]=— ~ff(Q, 2)In f(Q, z)dz dQ, %)
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taking into account equations (3) and (4). At known values of §, G, g, k¥ and 1 the
maximum of the functional corresponds to

fQ zy=exp[ApP,+ApD+ A, Pycosé+ A Dcos+ A, cosé]/Z, 6)

where the normalization factor Z is found from equation (3). The Lagrange multipliers
A, are the solution of the system of equations
dlnZ dinZ iinZ dlnZ dinZ
- ’ G= , 0= , K= , T= .
0Ap 0ip 04, 04 04,
For uniaxial solute molecules at G=x=0 and A,=4,=0 equation (6) transfers to the
one obtained before [1] and coincides with the trial function f (€2, z) used in [11].
To characterize the statistical properties of orientational-translational molecular
ordering and to describe the spectral properties of the solute besides the average values
of the order parameters the following differences are important
AP=<P§>‘SZ, App={(P,D)—SG, AD=<D2>“GZ,
Ap,=0—ST1, Ap,={P%costy—So,  Ap.=<{P,Dcos&)>—Sk, (8)
Ay, =Kk—Gr, Ap,={P,Dcos Y —Ga, Ap.=<{D?*cosé)—Gk,

S

™

which can be presented as

_InZ *Inz

A="gz Mg, BIERDoRD ©

using equations (2), (6) and (7).

Let us find the complete range of the changes in the parameters 4, A, and A,,. The
orientational order parameter S of solute molecules in a solvent can change within the
interval 0< S < 1; this corresponds to changing A, within the interval 0<Ap< oo, The
parameter G characterizes the biaxiality of the tensor § (cf. equation (1)) and is caused
by the hindered rotation of solute molecules around their longitudinal axis z,. As
Tr §=0, so in the frame (S; G) with S, G >0 all physically possible values of G are within
the triangle [ 12-14] with the apex coordinates (0; 0), (0-25; 0-75) and 1; 0). The abscissae
corresponds to rod-like molecules. The line segment G =35 between the points (0; 0)
and (0-25;0-75) corresponds to disc-like molecules with S, , =S, . . This asymptote
corresponds to the dependence x =3¢. The line segment G=1-S between the points
(0-25;0-75) and (1;0) corresponds to biaxial molecules with a common shape with
S,.5,=—1/2 and rotation around the z; axis being absent. The values G<0 are
placed within the triangle made by the reflection of the one just considered relative to
the axis of abscissae S.

These restrictions on G do not depend directly on the presence or absence of
translational molecular ordering, which only modifies the trajectories G(S) owing to the
presence of the non-zero parameters A, and 4, in equation (6) but does not influence the
asymptotic value of 1p/4,, which corresponds to the sides of the orientational triangle.
So it is possible to determine this asymptotic value of 1,/4,, for the particular case of an
uniaxial nematic matrix within the limit of large values of § and small values of G. Being
restricted to the expansion terms, which are sufficient to determine the asymptote G(S),
from equation (6) we find

4n
Z—W €Xp (AP) (10)
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Using equations (7) and (10) gives

Ap Ap
S=1-57m =5 (11)

and

G="2(1-5) (12)
p

This means that the sign of G coincides with the sign of 4,. At fixed S the maximum
value G=1-S§ corresponds to the side of the orientational triangle and agrees with
equation (12} at Ap=2,. So the physical possibility of changing 4, for G=0 is
determined by the interval 0 <A, <p. It should be noted that the maximum entropy
method cannot directly make any predictions for the inter-relations of the various 4, in
equation (6) [15]. Nevertheless, limiting values of the parameters 4, and A, can be
determined using the additional condition Tr § =0 and the dependences G(S) on the
sides of the orientational triangle (see the Appendix).

The difference Ap describes the non-uniformity of the angular distribution of
longitudinal molecular axes in a sample relative to the director. The value

1 /

Ap=—(1-5) (13)
Ap

found from equations (9}12) does not depend on the sign of 4,, The differences A, and
Ap, characterize the correlation between the angular distribution of the longitudinal
molecular axes z, relative to the director and the angular distribution of the transverse
axes x, and y, relative to the planes z,r. From equations (9}-(12) we obtain the equality
Ap=Ap, independent of the value of 1,/4p. At 4, =4, this equality is valid within the
region 0:25 < S <1 asit follows from equation (8) when D=1 — P, is substituted into the
equation for A,. From equations (9)+(12) it also follows that

Aw = }'DAP/ '1?’ (14)

i.e. the sign of A, is opposite to the sign of 1, and the asymptotic value Ap=1p
corresponds to the equality Ap, = — A, being valid within the region 0-25<8<1.
The remaining differences A, (cf. equation (8)) characterize correlations between
non-uniformities of orientational and translational molecular distributions in a
sample. At 0-:25<5<1 and A,=4, substituting D=1— P, into equation (8) gives the
following correlations
Ap.=—Ap, Aps=—Ap,, } (15)

APK = AP': - APm ADx = APm

and within this limit Ap, and Ap, are the independent orientational-translational
differences. Relative values and signs of Ap, and A, can be determined by neglecting
the correlation of orientational and translational distributions in equation (9). Then
Ap,=0 and at A,= 4, the correlations '

Ap,=Ap.=Apt, Ap,=Ap,=AppT=—Apt (16)

are valid. As the value of T can be compared with unity, so at A, =4, the values of Ap,
and |Ap,| can be compared with Ap.

The connection of the parameters 4, in equation (6) with solute and solvent
molecular properties can only be determined within the framework of a molecular
statistical theory of a smectic A phase with biaxial solute molecules.
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3. The positional-orientational pseudopotential in a smectic A formed of
biaxial molecules

A starting point of a molecular statistical theory is the choice of the form of the pair
interaction potential % (,(r,,,Q,,) for molecules 1 and 2, which depends on the radius
vector ry, connecting the centres of mass of these molecules and the Euler angles
Q,,(¢1,0,,9,,) determining the transition from the frame of molecule 2 to that of
molecule 1. In the McMillan model [8] for a pure smectic A composed of uniaxial
molecules the pair potential % ,(Jr,,|,8,,) was assumed to have the form

Ve
U15(r12,0,5)= “;{r:;:—g/zexl) [—(r12/ro)*1[P(cos b, ,)+ 3], (17)
o

where r, is the effective interaction radius having the value of order of the molecular
aromatic core length, n is the molecular concentration in the sample. The parameter ¥,
characterizes the strength of the anisotropic part of the intermolecular interaction and
the parameter 6 determines the relative contribution of its isotropic part. The
molecular statistical theory developed on the basis of equation (17) with corresponding
choice of the parameters gives a good qualitative and sometimes quantitative
description of the behaviour of real smectics [7, 8, 16-18]. It shows that equation (17)
reflects the main features of the interaction of uniaxial molecules in a smectic A phase.
However, real mesogenic or solute molecules are biaxial and the available
experimental data [3,19-21] make evident the correlation between translational
ordering of biaxial molecules and their rotational mobility relative to the longitudinal
axis z,. Thus a molecular biaxiality has to be reflected by the form of the potential % | ,.
When the Maier-Saupe theory [22] developed for uniaxial nematics composed of
uniaxial molecules is generalized to biaxial molecules [20,23,24], the change of the
molecular shape is concerned with the change of the orientational dependence of the
potential %, , and the possible modification of its dependence %, ,(r, ,) is not taken into
account. The correlation of the theoretical and experimental dependencies G(S) for
solvent and solute biaxial molecules [3,4, 5, 19, 23-26] verifies this supposition. So the
possible generalization of equation (17) for biaxial molecules is the following

1
Uy5ri2,012)= —Wexp [—(ri2/ro? [®(Q;2)+7]. (18)

To start with we consider a pure smectic A when the parameter r, is the same for all
pairs of molecules. The expansion of ®(Q2,,) in a complete set of basis functions [27] is

Q)= IZ uquDf;q(Ql 2) (19
Pa

where the expansion coefficients are

2L+1
ULpg= g 7~ J(I)(Ql DDGTH(Q,)dQ, 5. (20)

The summation in equation (19) is made for L>0and — L<p, ¢ < L and is restricted to
even L for apolar mesophases. The restrictions on p and ¢ indices are concerned with
the symmetry of molecules 1 and 2. If both molecules have C,,, D, or D,, symmetry
indices p and q take zero and even values only and the relations u; ,,=u; _,,=u;,_,
=u; _,_, are valid.
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To obtain the equation for the mean field potential %, affecting molecule ! we
average equation (18) over positions and orientations of all surrounding molecules

N f%u(ru, Q,,)f(r,,Q,)dr, dQ,

%l(rlsgl)z > (21)

Jvf(rza Q,)dr, dQ,

where N is the total number of molecules being averaged. The magnitudes r; and Q;
determine the position and the orientation of molecule i in the laboratory frame (xyz),
the z axis is normal to the smectic layer planes and coincides with the director, f(r, Q) is
the single particle distribution function of mesogenic molecules. Within a smectic layer,
which is a two dimensional liquid, the function f(r, Q) does not depend on the xy
coordinates. So averaging the spatially dependent part of the potential %, can be
divided into two steps, first in the xy plane and then over the coordinate z,. To average
within a layer we use the radial distribution function g(r,) of a molecule in the smectic
layer xy plane with properties: g(r,)=0if r? =(x?, + y?,)<a* and g(r )= 1ifr, > a [28],
where a is the order of magnitude of the average intermolecular distance within a layer.

Averaging gives
R

2nr g(r)exp(—r2/rd)dr,
(exp(—r3rd)de,="-" JR =—Cexp(—afrd,  (22)

g(r 2nar dr, ¢
]
where at R>a the area Q ¥nR?. For the integration over z, it is convenient to write
exp(—z%,/r?) in the Fourier integral form

e ¢}

exp(—z2,/rd)=ron 112 j exp (—r3t?/4)cos(z,,t) dt. (23)

0

For a smectic A phase with biaxial molecules the most general form of the
distribution function f(z,€) is [2]

. 2rk
@)= ¥, ArnDb(@cos =z, (24
L'nk
where the coefficients are
2L+ 1 . 2nk
A= =1 pdos RN
L'nk (1 +5k0)47t2d <D0n (Q) Cos d Z> (25)

The summation in equation (24) is made over even L' >0, zero and even [n|< L, and
integer k>0. To carry out the integration over angles Q, we use in equation (19) [27]

DLQ,5) =} D{Y*Q,)DiQ). (26)

Substituting equations (19), (22){24) and (26) into equation (18) and carrying out the
integration over spatial and angular variables gives

U(z1,Q,)= —%exp [—a?/rE] ; exp { —(nry/d)?k?} - cos

2k

d

Zy

8n2 , ,
X ’:szlq -2*1‘:,—4_—1 AL,pkuL,qu'(;q(Ql) + 87'C25 AOOk] . (27)
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Based on the arguments presented in section 2 the summation can be restricted to
values L'=2; p,q=0, +2; k=0, 1. Then using equation (25) and taking into account
N =nQd and the requirement of self-consistency we find

UOW,z)= — Vo[(S+ A,G)P, + a0 + A,k)P, cos &
+ (43S +4,G)D +a(Ayo + A,k)D cos & +adtcos £], (28)
where the following definitions
Vo=ts00€xp [—a*/r(], a=2exp[—(nro/d)*],
K = 2u550 V= 2Uy0, J :2u222 (29)
”200’ \/6“200, ! \/6“200’ 2 3us00

are used. For uniaxial molecules 4; =1, =0 and at a=0 equation (28) reduces to that
obtained by McMillan [8]. With ¢ = k =1 =0 equation (28) reduces to that obtained in
[23,24] for pure nematics with biaxial molecules.

The single particle distribution function f(6,),z) has the form

S0, 4, z)=exp [ UOY,2)/kT)/Z (30)

and its dependence on the molecular coordinates coincides with that obtained within
the framework of the other approach (cf. equation (6)). Comparison of equations (6) and
(28)-(30) allows us to write for a pure smectic A

5:

_V _Yo 0 e
Ip=p S+ 4G), Ap=p(KS+46), A=rmad, o

Vo Vo
-0 =% ol p)
Ae A oo +A;K), /1,“ A o(2}0 + A;K),

these determine the connection of the parameters 4, (cf. equation (6)) with the molecular
interaction parameters, order parameters and molecular characteristics.

A molecular biaxiality is manifested in the parameters u, ,, (cf. equation (29)), which
characterize anisotropic intermolecular interactions of rank L. For the important
particular case of the factorization

— 2, 2,
"qu—‘xlzy(l q)V(z P, (32)

which is valid for anisotropic dispersion interactions [23, 24], the parameters u, ,, are
expressed through the irreducible components y*™ of the polarizabilities of the
interacting molecules. For pure liquid crystals y, =y, =7 and the correlations 1, =41,
A, =2% and

ilzl Yxes — Vyam (33)

3 ynz; - ')7

are valid, where 7=(y,,., + 7,y +7z2)/3 is the average value of the molecular
polarizability. In this case we obtain Ap/ip=4./A,=A;. The largest value 4,=1
corresponds to disc-like molecules with y,., ., =7,,,, that agrees with the limiting values
of the ratios Ap/4p and 4,/4, obtained from the analysis of the orientational triangle. In
the absence of correlations between orientational and translational ordering we obtain
Aoldp=Afdp=0t. For pure liquid crystals the experimental dependences G(S)
correspond to the values 1, ~0-1-0-2 and G« S [23, 25, 29, 30]. Moreover, <1 and
1< 1 are valid [8, 18]. So we can write the following chain of the probable inequalities
Ap>>Ap= A >4,
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The molecular field pseudopotential for the solute in a smectic A at low solute
concentrations can be found by analogy with the case of pure liquid crystals if we
constder molecules 1 and 2 to be solute and solvent molecules, respectively. In this case
the restrictions on the indices n and p in equations (24), (25) and (27) are determined by
the solvent molecule symmetry and the restriction on the index ¢ in equation (27) by the
solute molecule symmetry. The parameter r§ ™ in equation (18) now plays the role of
the effective interaction radius between solute and matrix molecules. In the absence of
interactions between solute molecules r5™™ can be taken as (ry+r,)/2, where the
parameters r, and r, have values of the order of aromatic core length for the solvent
and solute molecules. Then for the solute the parameter og_,, in equation (33) has
the form

o =26xXp [—(nrg™"/d)*] =2(/21¢ T VI2F, (34)

where t=r,/r,, and changes within the interval 0 < ag_y <23*a!/4.

Let solute and solvent molecules have a symmetry not less than C,,, D, or D,,.
Then using the same terms of the expansion (cf. equation (27)) and taking into account
the self-consistency requirement we can obtain for the mean field potential of the solute
subsystem in a smectic A matrix the expression

Us0,y,2)= — Vo[(Su+ 4GP, + a5 _mloy+ A1 ky)P5 cOs &
+(A18m + A2Gp)D +ag (A oy + A k) D cos €+ ag_ s _mtycosE],  (35)

where the index M indicates the corresponding order parameters of the matrix. Here
the parameters 4,, 4} and 4, are determined by equation (29), where the coefficients u; ,,
depend on the properties of the solvent and solute molecules. For the nematic phase
equation (35) coincides with that obtained in [ 20]. In the smectic A phase at high values
of Sy the inequalities Gy« Sy and ky « g, are valid with 4, <1 in equation (35). So the
corresponding terms in equation (35) can be neglected and the expression %8, y, z)
reduces to that of biaxial solute molecules in a smectic A composed of uniaxial
molecules

%S(H’ lp, Z) = - VO[SMPZ '+‘ OCS_MO‘MPZ Ccos 6 + /1’1 SMD
+ag_pA1ouD cos &+ otg _ 05 _mTmCos £]. (36)

The single particle distribution function f(0, ¥, z) for the solute has the form

Ss=exp[—Us(0.¥,2)/kT])/Z (37

and comparison with equation (6) gives

Yo

kT

l:
P kT

SM’ 2’D= /lIISM, ﬂ.r=—0—ds_M5s_M‘EM,

(38)
Ve V
Ao=k—;“s—M0M, lx—;}%aS—MJ‘IGM‘

In the absence of correlations between orientational and translational ordering of
solvent molecules A,/Ap = 4, /A, =ag_ Ty For the solute the parameter 4] can take any
value within the interval 0 < 4| <1, where the maximum value corresponds to disc-like
solute molecules.
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The parameter dg_, characterizes the translational ordering tendency of solute
molecules independent of their orientational ordering. For uniform aromatic solute
molecules the inequality d5. <0 can be expected. On the other hand the parameter
o<1 corresponds to real smectics A [8,17,18], so it is possible to expect dg_y< 1.
Taking into account that ag_y <1[8, 18] and 7,y <1 we have 4,« 1 in equation (38) and
the last term in the brackets in equation (36) can be neglected. As a result we find

U8, 9, 2) = — Vo(Su + o5 -mom c0s YL P, +(2/3)'/2AD], (39)

where the parameter 4=(3/2)!/?4} defined in [19,20,24] is used. The dependences
G(S),...,1(S) and A,(S) calculated using equations (37) and (39) for values of the
parameters Sy, oy, 4 and og_y are presented in [31].

4. The static shift and splitting of polarized solute absorption bands in a smectic A

For low solute concentrations and solute absoprtion bands far from those of the
solvent, the solute spectrum shift at the isotropic-liquid crystal transition is determined
only by the static solute-solvent interaction. For a biaxial solute in a smectic A the
static shift Aw(8,¥, z) =vy(6, ¥, z)—v; of the absorption band maximum relative to its
position v; in the isotropic phase depends on the orientational and translational
coordinates of the solute molecule and can be expanded in a complete set of basis
functions, which reflect the symmetry properties of the liquid crystal and solute
molecules

AV(H, lpa Z) = IZ;c 8LnkD6n(0s ‘p) COos ké (40)

This summation is made over even values L >0, even values |n| < L and integer values
k=0, with the term L=n=k=0 being included in v,. To explore the features of the
influence of molecular biaxiality on the solute’s spectral properties the summation in
equation (40) can be restricted to terms with L<2. The consideration of the
translational ordering of the solute can be restricted to the value k=1, with good
accuracy. Then taking into account €,,, =&, _,; gives

2 2
Vo€, 2) —v;= —(£200P; +7'6'8220D +&501P2c08 ¢ +%8221D cosé

+ego1COsE).  (41)

The coefficients ¢,,, in equation (41} depend on the matrix order parameters
(DL, cos k&Hy and vanish at the transition to the isotropic liquid. As the orientational
and translational ordering of solute molecules is a consequence of the corresponding
ordering of solvent, so to a first approximation equation (41) can be written as

vo(Q, z) =v,— Sy(AP, + BD)— oy cos E(CP, + ED)— 1, F cos &, (42)

where the coefficients A4,..., F are weakly dependent on temperature [3].

The absorption band shape D(v, 6, ¥, z} of a solute molecule does not depend on the
solvent phase to a first approximation, but the maximum position vy(0, ¥, 2) of this
band depends on it according to equation (42). The spectral distribution of the optical
densities & ,(v) in the solute band components polarized parallel and perpendicular
to the director is given by [14,32]

@“‘l(v)=k%ﬁ’l f@(v, Q,2) 7 Q) f(Q2)dQdz, 43)

L
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where k is a constant, p is the density, n , and f, ; are the background values of the
refractive indices and the local field tensor components of the light wave within the
absorption band studied; #(€) is the solute absorption band intensity with
components

£y =1+42P,S;+3DGy,, §.=1—P,S,—DG,, (44)

Here the designations S;=(3 cos? f—1)/2, Gy, = (3 sin?f cos 2¢)/2 are used, where f is
the angle made by the electronic transition moment p with the z; axis of the solute
frame, ¢ is the angle made by the x, axis of this frame with the projection of p onto the
x,y, plane.

If the solute absorption band is far from that of the solvent, which gives the main
contribution to the background values n; , and f} , at small solute concentration, the
dispersion of these magnitudes can be neglected. So equations d9 | (v)/dv=0, which
determine the maximum positions v, of the polarized components & ,(v) of the
solute band reduce to

J@’(v, Q2.4 (D) f(Q,2)dQdz=0. (45)

Expanding the derivative 2'(v,€), z) in a power series in (v — vo) near v=v, (cf. equation
(42)) and using the linear approximation valid for uniaxial and biaxial solute molecules
in a nematic [3,33] the solution of equation (45) is found to be

v, =v,—S(AS + BG)—o((Co + Ex) — 1y F1

Sﬂ
+ 1-55,-GG,,3 [Sm(AAp+ BApp)+ op(CAp, + EAp )+ 1y FAp ]
Gg,f3

+ _ —
1-55,—GGj,/3

[Su(A48pp+ BAp)+0om(CAp, + EAp) +1yFAL],  (46)

with the result for v being made by the substitution of —2S; and —2G,, for S; and
Gy

Thus the static anisotropic solute-solvent interaction results in a shift and splitting
of the solute absorption polarized bands, which depend on the features of structural
and statistical properties of the liquid crystal and the electronic structure of the solute
molecules in different ways. The shift of the doublet centre of gravity is described by the
first three terms in equation (46) and is determined by the solute and solvent order
parameters but does not depend directly on the parameters S, and G,. The band
splitting is described by the fractional terms in equation (46) and depends essentially
both on the solute differences and the parameters S; and Gg, For uniform
orientational and translational ordering of solute molecules in a sample all of the
differences vanish and the static splitting of the solute bands is absent independent of
both the solvent and solute ordering and of the electronic structural features of the
molecules. Thus the static band splitting is concerned with the specificity of a liquid-
crystalline state as a partially ordered system. On the other hand for the transitions
with Sg= Gy, =0 the band splitting is also absent independent of the features of the
orientational-translational distribution of the solute.
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In the absence of the correlation between orientational and translational ordering
equation (46) reduces to

v, =v;—Syl(4 + Cty1)S +(B+ Etyt)G]— Fryt
SuS
o w8y
1—-58;—GGyg,/3
SuGp,/3
1—88,—GGj,/3

[(4 + Ctyt)Ap+ (B+ Etyt)App]

+ [(4+ Ctyr)App +(B+ ETyt)Ap]. 47)
This equation differs from the analogous one for the nematic [14] only by the
renormalization of the coefficients before Ap, Ap, and Apj and by the additional shift of
the doublet centre of gravity in the smectic phase. For 4= C, B=E and the rest of the
conditions being equal the splitting Av= v —v, of solute bands in nematic (Avy) and
smectic (Avg) phases are connected by the relation

Avg=Av(1 4+ tp7). 48)
By analogy we found
(Vi bl V)s = (Vi - 5)N(1 -+ tMT) + FTMT (49)

for the shift v;—v of the doublet centre of gravity v. From here we can see, that the
layering effect is small for typical thermotropic smectic values 7,,=7~0-3 [8] but it can
become noticeable in specially prepared layered structures with high values of ry, and t,
e.g. in Langmuir-Blodgett films [34, 35].

The absorption band splitting Av=v, —v, calculated using equations (37), (39), (46) and (47).
Av—the calculation using equation (46); Ave—using equation (47); Avy—using
equation (47) at t,=1=0. For all cases Sy=06; 14=03; oyy=018; ag_=0415;
A=C=F=200cm™!; B=E.

B/° of° A S B/A Aviem™!  Avgem™! Avy/em™!
03 05 —62 59 _s8
05 —93 —90 —89
03 06 05 —47 —42 —40
0 05 —88 —83 —80
03 05 —50 —48 —47
—05 —112 —109 —107
09 06 05 _44 —39 —36
—05 —113 —110 —101
03 05 23 21 21
—05 106 105 103
05 06 05 37 32 31
~05 103 99 95
2% 0 03 05 34 33 32
~05 118 117 115
09
06 05 43 39 36

—05 121 118 109
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To obtain numerical estimates using equations (37), (39) and (46) we have to choose
probable values for the available parameters. For n—n* electronic transitions in planar
molecules we should consider the two limiting cases of transitions polarized along the
axes z; (f=0°) and x; (f=90°, ¢=0°). To illustrate the influence of molecular
biaxiality on spectral properties the values A =0-5 and 1=0-9 can be taken. The first of
these is within the interval A=0-3-0-7 and is valid for a biaxial solute of the anthracene
type in nematic and smectic phases [3, 19]. The value A=0-9 is interesting to see what
the biaxiality growth may result in. At Sy, =06; 14,=0-3; 54=0-18 being typical for
smectic A phases the values ag_, =0415; S =0-6 and 0-3 reflect the possible correlation
of the orientational and translational ordering of solvent and solute for ro a7,
[3,19,21]. According to available experimental data for anthracene in different
matrices [3, 36, 37] the ratio B/A4 changes on average from —0-5 to 0-5 with the typical
value A=200cm ™. To estimate the maximum contribution of the layering effect we
take A=C=F and B=E.

The results of the calculation using equations (37),(39), (46) and (47) are presented in
the table. The values of the splitting correspond to those observed experimentally

[3,37]. The sign of Av is determined by the angle . For f=0° Av<0 and for =90
Av>0. For the same remaining conditions the values of |Av| for =0 and 90° are close
to one another. The sign of the parameter B influences the value of Av more strongly
than the parameter A. The correlation of the values of Avg and Avy presented in the table
is described by equation (48); their difference is not more than 10 per cent. Taking into
account orientational-translational correlations gives the additional increase of Av in
comparison with Avgand the general contribution of smectic ordering to the value of Av
makes up 20 per cent, that is in quantitative agreement with the experimental data [3].

5. Conclusion

The structural and spectral apsects can be pointed out as a result of the present
investigation. The former is concerned with the general problem of the structural
description of partially ordered molecular media composed of molecules with arbitrary
shape. Smectic A phases are a simple and common enough model for such media with
two main ordering types: uniaxial orientational and unidimensional translational. The
analysis of spectral properties of these shows, that to describe their structure it is
necessary to use not only average values of the order parameters (cf. equation (8)), but
also the uniform and mixed differences (cf. equation (9)). It is obvious, that these
differences have also to be manifest in other physical properties of smectics, which
depend on the non-uniformity of the orientational and translational molecular
distribution and on the correlation of these ordering types. The spectral aspect is that
the relative contribution of orientational and translational molecular ordering to
spectral properties of the mixture as well as the role of the correlation between these
ordering types have been solved. The orientational molecular ordering has been shown
to make the dominant contribution to the static shift and to the splitting of the
polarized bands of a solute electronic absorption, that is in agreement with the
available experimental data.

Appendix
To obtain the asymptotic value 4,/4, corresponding to the orientational triangle
sides the limit of weak orientational and translational ordering of the solute can
be considered, when all the parameters 4, in equation (6) are small. Expanding
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the exponent in equation (6) and InZ up to terms of order ARA%AkALA? with
(m+n+k+1+9)=13 and making the integration over angular and spatial variables we
find the following approximate equations

S=4p+3545 —F5A5 +75A7 — AL +1ohae,
G =3Ap—Fshpdp — 35 Aeh + ToAcAn

0 =154, +35ApAs — 35 pA + T54pAn

K =154 —35Aphe — 35 ApAs + 154D A0

=14, +ﬁ/1plla + S54pAe

From the first pair of equations we can see that the asymptotic correlation G=3S
within the interval 0 <S<0-25 is valid only for A, =1, and A, = 4,. The same result can
be obtained from the next pair of equations for the correlation x = 3¢. So for G >0 the
parameter A, changes within the interval 0 A, < 4,. The correlation between the
parameters A, and 4, can be only determined within the framework of a molecular
statistical theory for a definite molecular model.
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