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Strong splitting of the spectral bands of impurity liquid crystals has been discovered and investi-
gated experimentally. The splitting is one or two orders of magnitude larger than hitherto ob-
served and exceeds theoretical estimates of band shifts based on conventional mechanisms involv-
ing molecular interactions in liquid crystals. The impurity band splitting is related to the
orientation order and polarity of the matrix and to perturbations of the electron structure of the
impurity molecules in the mesophase. It is shown that specific features of vibron structure of the
bands are responsible for the novel band-splitting mechanism. A method is proposed and tested
for obtaining complete information on the polarization of intramolecular transitions, a theory of
the band-splitting mechanism is developed, and the experimental results are interpreted quantita-

tively.

1. INTRODUCTION

Previous spectral studies of pure and (especially) im-
pure liquid crystals (LC) have been concerned primarily
with recording the positions of the electron absorption bands
and measuring the relative dichroism N = D” /D, , where
D and D, are the optical densities for the polarizations
along and normal to the director. These parameters deter-
mine the color and contrast properties of LC displays.' Little
work has been done on the molecular electron structure or
on the positions and shapes of the polarization bands during
phase transitions in LC’s, and this is particularly true with
regard to theory.

The influence of static>* and resonant®~ intermolecu-
lar interactions on the intensity, position, splitting, and
shape of the LC absorption bands has been studied previous-
ly by drawing on the analogy with molecular crystals. Theo-
retical estimates for the band shifts and splittings in liquid
crystals range from 10 to 100 cm ™' and agree with the ex-
perimental observations in Refs. 2, 6, and 7. Because the
electron absorption bands in LC’s are so wide (thousands of
cm™ '), these effects are not accessible to detailed experi-
mental analysis and cannot be used for practical applica-
tions.

This situation changed with the discovery of strong
splitting (by ~ 1000 cm ™) of the polarization bands for ab-
sorption caused by impurity molecules (azulene deriva-
tives) present in LC matrices.® Accurate measurements of
the band splittings permitted a detailed experimental analy-
sis of their relation to the molecular electron structure, the
LC order, and the properties of the intermolecular interac-
tion. However, the reasons for the strong splitting remained
obscure. We previously detected and investigated perturba-
tions of the electron structure for molecules of this type in an
LC matrix.°

The goal of the present work is to experimentally study
and theoretically interpret the shifts and splittings of the
polarization absorption bands for azulene derivatives in LC
matrices. The impurity molecules which we studied are de-
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scribed in Sec. 2, where the spectral data are analyzed and we
show that the large observed splitting cannot be due to ordi-
nary intermolecular interaction mechanisms but instead can
be traced to the vibronic structure of the bands. In Sec. 3 we
suggest a technique for studying the polarization of molecu-
lar transitions in terms of the temperature behavior of the
relativedichroism N = D /D, of the absorption bands. This
method was tested experimentally for two of the impurity
LC’s. In Sec. 4 we analyze the temperature dependences of
the splittings for LC matrices with different polarities, meso-
phase interval widths, and orientational order. The theory
developed for the vibronic band-splitting mechanism is used
to interpret the experimental results quantitatively.

2. IMPURITY LIQUID CRYSTALS AND THEIR SPECTRAL
PROPERTIES

The nematic LC matrices consisted of a mixture of cy-
clohexane carbonates (CHC) and 4-rn-pentyl-4'-cyanobi-
phenyl (5CB). The mesophase in CHC exists for tempera-
tures in the interval —27<7< —92.5°C; CHC is
transparent down to A ~200 nm, is re!~tively nonpolar, and
is only weakly birefringent. The SCB matrix is in the nematic
phase for 22.5<T<35° C; it starts to absorb at A ~330 nm
and possesses a pronounced dielectric anisotropy and bire-
fringence. The orientational order, the dispersion of the re-
fractive indices, and the components of the Lorentz tensor
for the CHC and 5CB matrices are needed to interpret the
spectral data; we measured them previously in Ref. 9, 10,
and 11 respectively.

The impurity concentration was low enough to keep
resonant interactions from affecting the impurity absorption
characteristics; resonant impurity-matrix interaction was
not a factor either, because we studied the impurity bands at
visible wavelengths far from the intrinsic absorption bands
of the matrices. Because the refractive index n varied only
slightly with wavelength near the impurity absorption band,
the wavelength dependence of the local field did not have
any influence on the splitting of the polarization impurity
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bands. Thus, of the known mechanisms involving intermole-
cular interactions in these materials, only static impurity-
matrix interactions seem capable of accounting for the ob-
served splitting. This motivated our choice of the four
impurity molecules with the structures shown below.
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Figure 1 shows the absorption bands for the impurities
I-III to be discussed in this paper. The wavelength and rela-
tive intensity of the vibron bands for the first electronic tran-
sition in azulene (I) in CHC agree closely with published
data for azulene in isotropic solvents,'? and the same is true
for the triplet second-electronic-transition band
(Amax = 352, 340, 325 nm). The absorption bands for I and
IIT are also due to the first electronic transition in azulene,
but the substituents shift them to longer wavelengths.®

The vibronic structure of the azulene band shown in
Fig. 1 consists of narrow, rather well-resolved peaks at wave-
lengths that are independent of the polarization (||,1) and
the phase of the matrix. This property is ideal for observing
band shifts and splittings caused by static interaction
between the impurity molecules and the matrix. According
to Refs. 2 and 3, the magnitude of the static splitting in-
creases with the dispersion

Ap={[P;(cos8)—S]>,

where S = (P,) = (3 cos? @ — 1)/2, 0 is the angle between
the long molecular axis and the LC director, and (...) de-
notes a statistical average. A, increases as the molecular ge-
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FIG. 1. Spectral dependence of the optical densities D (solid
curves) and D, (dashed) for a CHC matrix (7 = 20 °C) contain-
ing impurity molecules I (cell thickness d = 60 wm, impurity con-
centration ¢ = 0.123 moles/liter), II and III (A4 >460 nm, d = 68
um,c=0.137M). For A <460 nm, d = 43 um and ¢ = 0.028 M for
impurity II; for IIlin CHC, d = 18 um, ¢ = 0.021 M; for IIIin SCB
(dashed-dotted curves, T =22 °C),d = 28 um, ¢ = 0.21 M. Upper
right: spectral dependence of the dichroism N =D /D, of the
maxima of the vibronic bands in the first electron transition for
impurity I.

ometry becomes more symmetric and as 7" approaches the
phase transition temperature 7. at which the LC becomes an
isotropic liquid.'®> We would therefore expect that the static
band splitting should increase in the order III, II, I and as
T—T,, but this contradicts the experimental results. Fur-
thermore, if the transition dipole moment makes the “magic
angle” 8 = B, = 54.7° with the long molecular axis, there is
no static splitting of the absorption band.> We have 8=f,,

for the maximum of band II (see below); however, the split-
ting for this band is quite large (both the maxima in the band
and the centroids of the band components differ apprecia-
bly). Finally, if the components were shifted by static inter-
action, one would expect the inequalities 4| >4, >4; to
hold*? for the centroids of the components for materials
with B <pf,.; however, one finds experimentally that
A, >A; > A forband II1. The above analysis thus shows that
static impurity-matrix interaction cannot be responsible for
the splitting of bands II and III.

In order to ascertain if impurity complexation in-
fluenced the observed dichroism and splitting, we studied
these characteristics as functions of the concentration of im-
purities IT and III in LC matrices for ¢ = 10~'-10~* mole/
liter. We did not detect any change in N or AL. Moreover, an
analysis of the absorption spectra for impurities in matrices
of widely differing polarities showed that the splitting was
insensitive to the polarity of the matrix. Finally, we note that
the oscillator strengths for the long-wave transitions for I-
IIT are small, as is the change in the azulene dipole moment
during the transition to the first excited electron state.!>'4
These facts indicate that the intermolecular interactions do
not contribute significantly to the observed splitting.

The dependence of the dichroism N of the azulene vi-
bron bands on their spectral position (Fig. 1) indicates that
the vibronic transitions have different polarizations with re-
spect to the molecular axes. The “inversion” point, at which
N =1, is nearly equal to the wavelength corresponding to
the absolute absorption maximum and with the centroid of
the vibronic band series for I. The fine structure of the long-
wave band for II and III is less well-defined than for I; how-
ever, the absolute absorption maximum again corresponds
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to the fourth vibronic transition (just as for impurity I), in
agreement with the data in Ref. 12, where other azulene de-
rivatives were studied. The polarization of the vibronic tran-
sitions changes monotonically with A, as can be seen from
the monotonic dependence N(A) for band I, and this causes
the absorption lineshapes for II and III to depend on the
polarization of the light (parallel or normal to the director);
the maxima and the centroids for the || and 1 polarizations
also differ. The vibronic structure and the ordered alignment
of the impurity molecules in the LC matrix are resonsible for
this novel intramolecular splitting mechanism, which will be
analyzed systematically in the next section.

3. POLARIZATION OF THE INTRAMOLECULAR
TRANSITIONS. DICHROISM

The experimental results discussed above, which indi-
cate that the polarizations differ for the vibronic transitions
in azulene, extend our knowledge regarding the electronic
structure of this molecule.'> We will show how to obtain
complete information regarding the polarization of the in-
tramolecular transitions.

Wetake the x, y, z axes for the stick-shaped molecules 1§

and III to be as shown for the azulene moiety (Sec. 2);ina -

uniaxial LC, the molecular alignment with respect to these
axes is described by the traceless diagonal matrix'

S{.~=(3 cos? e(z_1>/2, i=$1 Y, 2, (C)

where g, is the angle between the director Z and the i-axis of
the molecule. If the molecular rotation about the z axis is
impeded, the parameter G =S,, — S, isnonzero. If we spe-
cify the polarization of the vibronic transition in the molecu-
lar coordinate system in terms of the polar and azimuthal
angles 5 and @, then the equations®

n, A, 2
K?}'EDIFA“ v ?( 14288, — Tfs-c;cr'&,,) ,
A 1 (0
n.L n
KPT-LZ—D_L=AJ_=?(1*SSp+‘3—GGN),
ng A(
—D,=_
pdf "3

relate the experimentally measured optical densities D, (in
the uniaxial LC) and D; (in the isotropic liquid) to the cor-
responding components 4 ,; of the oscillator strength.
Here K = const, § = S,,, and n, ; are the background val-
ues of the refractive indices for wavelengths in the absorp-
tion band (for impurity absorption, they coincide with the
refractive indices for the matrix); p and p; are the densities
of the nematic and isotropic phases; 4, and 4; are the oscil-
lator strengths for the transition in the nematic and isotropic
phases;

Se=(3cos’B—1)/2, Gg=(3 sin®p cos 2¢)/2,

s (2)
fua=1+Ly, (ny,—1)

are the components of the local field tensor; L, are the
components of the Lorentz tensor.

The orientational order of the molecules and the polar-
ization of the transition are characterized in the molecular
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coordinate system by the parameter

Z=SSQ—1/3GG3@. (3)
We can use (1) to relate = to the dichroism N of the band
Ng,—1 ny ( fL )2
=— =—\=) . 4
Ng,+2 & n 'y )

If S and G are fixed and we choose any three intramolecular
trapsitions 1, 2, 3, Eq. (3) implies that
Z(1)/2(3)=BZ(2)/Z(3)+C, ' (5)
where
_ S56(1) G (3) —Ge (1) Ss(3)
85(2) Go(3) —Gge (2) Ss (3}’
L :5'5_(2) Go(1) —Gw(z)be\Q
Sp ()G (3) —(756(2) Sp(3)

(6)

" If the orientation of the transition moments relative to the

molecular axes is independent of the temperature in the me-
sophase, the linear dependence (5) will hold for all tempera-
tures in the mesophase interval, even though the order pa-
rameter = changes with temperature. In this case, if we know
B and ¢ for two of the transitions and B and C in (6) have
been measured experimentally, we can calculate S and ¢ for
the third transition, i.e., obtain complete information about
its polarization. The advantage of this technique is that one
can combine parameter values = corresponding to various
types of bands (vibrational, electronic, or vibronic intramo-
lecular transitions). Moreover, the procedure is indepen-
dent of the molecular structure. Since only the uniaxial sym-
metry of the mesophase was used to derive (5), either
nematic or type-4 smectic LC’s can be used as the matrix.
Because the observed splittings for bands II and III are
cansiderably less than the band halfwidths, the above ap-
proach can be used to analyze the polarization of the vi-
bronic transitions corresponding to the band maxima. We
choosebands 1,2, and 3in (5) tobe thebandsati_,, = 373,
355, and 567 nm for impurity II. The order parameters 2 for
the first two transitions for II in CHC were found as func-
tions of T'in Ref. 9; Fig. 2 shows the temperature dependence
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FIG. 2. Temperature dependence of = for the 567 nm band of impurity II
in CHC, and the ratio 2(1)/2(3) as a function of 2(2)/2(3) for the
transitions 4,,,,, = 373 (1), 355 (2), and 567 nm (3) for impurity II.
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FIG. 3. Change in the spectral parameters of the bands
at .., =407 (0, d =28 um, ¢ =0.21 M) and 580
nm (O, d =28 um, ¢ = 0.134 M) for impurity IIl'in a
5CB matrix. a) Temperature dependences of = and the
optical densities D , ; of the matrix at wavelengths in
the impurity absorption band. b) Reduced oscillator
strengths 4, /K (7) for the electron transitions in III
as functions of the order parameter S 2, for a 5SCB ma-
trix.
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for 2 (3). Although this dependence is complicated, the lin-
ear relation (5) holds with constant coefficients B = 1.125
and C = 0.45 throughout the mesophase interval and for a
wide range of values 2(1)/Z(3). This implies that the an-
gles B(3) and ¢(3) are independent of 7 in the mesophase.
The 373 and 355 nm transitions are polarized along the z axis
of the azulene moiety of II; moreover, for these long mole-
cules S is >G /3 and we may neglect the contribution from
the second term in the right-hand side of (3) for these transi-
tions. Setting Sz (1) =1, Gg, (1) =0, and estimating
Sp(2)==(2)/2(1) =0.87 from the data in Ref. 9, we find
from (6) that fB(3) =53° and cos 2¢(3)/
cos 2¢(2) = — 0.27. Thus, ¢(3) changes from 53 to 37° as
@(2) varies over its full range 0-90°, and the most likely
value of @ (3) is 45°( + 8°).

We established previously® that the linear dependence
(5) (with constant coefficients B = 1.28 and C = — 0.56)
holds for the III impurity bands in CHC with
Apax = 404(1), 340(2), and 590 nm(3). If we set
Sg(1) =1, Gg, (1) =0, and estimate Sz(2)=Z(2)/
3(1) =0.94 from the data in Ref. 9, we find from (6) that
B(3) =40° and cos 2¢(3)/cos 2¢(2) = 0.21. The interval
0<@(2)<90° corresponds to 39<@(3)<51°, i.e., the most
probable value is ¢ (3) = 45 F 6°.

We thus see that because of the longer chain of 7-conju-
gate electrons in the aromatic core of derivative III, the ori-
entation of its vibronic transition moment corresponding to
the peak of the longwave absorption band is quite different
than for molecule II. The change in 3 is the primary factor
determining the difference in the dichroism for II and III,
since we have ¢ ~45° and Gg,, =0 for both molecules. This
can be clearly seen from Fig. 1, where N = 1 for band II and
N > 1 for band III. Mixing of the electron states for the azu-
lene moiety with those for the entire aromatic core is prob-
ably responsible for the change in the orientation of the vi-
bronic transition moments for the azulene band as we move
along the series I, II, III. This mixing should become more
effective as the azulene and the shortwave bands for II and
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IIT (polarized along the long axis of the aromatic core) ap-
proach one another. Although the substituents do not signif-
icantly shift the azulene band, the shortwave bands shift ap-
preciably (from 352 to 373 and 404 nm, see Fig. 1) and
increase severalfold in intensity® as we go from I to II and
III. This favors a larger polarization change for the
shortwave vibronic transitions in the azulene band, in agree-
ment with the spectral dependence N(A) for I and with the
rapidrisein N(4) asA decreasestoward the shortwave edges
of the bands for II and III or as we go from I to II, III (Fig.
1).

4. RELATION OF THE SPLITTING TO THE ELECTRON
STRUCTURE AND ORIENTATIONAL ORDER OF THE
MOLECULES

The intermolecular interactions may indirectly influ-
ence the electron structure and mix the electron states of the
molecules by altering the molecular conformation, and
hence also the degree of 7-electron conjugation and the os-
cillator strengths for the electron transitions. Since the oscil-
lator strength for the long-wave transition III is found to
change® in the CHC mesophase, the relation of the splitting
to the perturbations of the electron transition for the impuri-
ty molecule requires investigation. To answer this question
we analyzed the spectra of impurities IT and III in CHC and
5CB matrices, respectively. We verified that when band II
was split, the oscillator strength

4o L(Mp,+2ep,)

K o\ Bt 1 Ds )
for the transition is independent of the phase of the CHC
matrix and agrees with the value obtained from (1) using
data for the isotropic phase.

For the 5CB matrix, the peaks in band III in the isotrop-
ic phase are shifted from 404 and 592 nm to 407 and 580 nm.
This shift toward shorter wavelengths for the azulene III
band in the more polar SCB matrix is in accord with the
results in Ref. 14 for pure azulene. Figure 3a shows the opti-
cal densities D, ; corresponding to the peaks of the impuri-
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FIG. 4. Positions v, ; of the peaks in the longwave polarized absorption
bands as functions of temperature for impurities II (A) and III (O) ina
CHC matrix and impurity III (O) in 5CB. The solid, dashed, and dashed-
dotted curves were calculated using Egs. (11) in the approximation
m=1[=0.

ty band components in the nematic and isotropic phases of
5CB. The parameters = and 4,,; for these bands were calcu-
lated using dataon n; | ; in Ref. 10; L , was found from the
dashed curve in Fig. 3bin Ref. 11, and p was taken from Ref.
15. The temperature behavior of D I D= (D 1».+2D.)/ 3in
the mesophase and the relationship between D and D, are
markedly different for the two bands caused by impurity III.
However, in both cases the ratio 4, /K is closely approxi-
mated by the dependence’

A=A4,(0) (1+x5.7), (8)
where S, is the order parameter for the matrix!' (Fig. 3b).
For the 407 and 580 nm bands, the values 4, (0)/K = 3.81
and 0.49 extrapolated to .S = 0 agree with the experimental
values 4, /K = 3.68 and 0.48, but x is equal to 0.367 and
0.248, respectively. Comparison with previous data on » in
Ref. 9 reveals that for the 5CB matrix, the 580 nm transition
is perturbed more strongly and the 407 nm transition less
strongly than in a CHC matrix. Although this is consistent
with the tendency of |x| to increase as A,,,,, decreases, the
band splitting for III is less for SCB than for CHC (Fig. 4).
These results for IT and III indicate that the band splittings
are not correlated with perturbations of the electron transi-
tions in the mesophase.

To interpret the experimental results, we first note that
if a purely electronic transition contains closely spaced vi-
bronic transitions with overlapping bands and different an-
gles 3, @, the resultant absorption band may be structureless
and the angles 5(v) and @ (v) can be assumed to be contin-
uous within the band. This situation is typical for the intrin-
sic absorption bands of liquid crystals and occurs for the
azulene bands of impurities II and III.

For the transition for impurity III, the maximum differ-
ence between 4; and 4, is less than 109%; we may therefore
neglect the dependence 4,, (S) in (1), which becomes

Dy (v)=D:(v) [1+2585 (v) —*/:G G (v) ] /g5 (v),
D, (v)=D:(v) [1-885 (v) +'/:GGo(v) 1/g2 (),

(9)
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whereD | | ; (v) is the spectral distribution of the optical den-
sities of the bands,

aw=2 (L) - (L)’

The refractive index is relatively insensitive to wavelength
near the impurity absorption bands, and the frequency de-
pendence g, ; (v) can be neglected in a narrow frequency
interval about the absorption peaks. The frequencies Vi
corresponding to the peaks of the components polarized
along and normal to the director are then given by the equa-
tions dD m (v)/dv, or

D" (v)+28[D(v)Ss(v) "= %[Ds (v) Geo (v) ]'=0,

' G (10)
Dy’ (v)—S[D:(v)Se(v) '+ ’é"[Di(v) Geo(v) ]'=0.

This shows that unlike band splitting due to resonant inter-
molecular interactions,®>” in this case the frequencies Vi
are independent of the density, refractive index, and local
field parameters of the liquid crystal and depend solely on
the electron structure and orientational order of the mole-
cules. To relate v, to the position v; of the absorption peak
in the isotropic phase, we expand the derivatives in (10)
about v = v; and keep only terms linear in the small differ-
ence v — v;. Equations (10) then have the solution

2(aS—mG/3)

= 1+'_———__—_——1
Y T 2 (05—1G73) .
_ aS—mG/3 (D
VY T TS GT5
where
a=38¢’(vi) [a, m=Gﬁ'v'(Vi)/OC,
a=IDiH(Vi)I/D1'(Vi). b=Sa(Vi)'—Sa”(Vf)/a, (12)

1=Gq (Vi) =G (Vi) /.

Here the primes denote derivatives at the point v = v;. Ac-
cordingto (11), the derivatives S 5 (v; ) and G g, (v;) deter-
mine the sign of the splitting Av = v, — v,, and |Av/| is larg-
er for bands with sharper peaks (small @) and increases with
S, in qualitative agreement with experiment (Figs. 1, 4).
For a quantitative comparison, we note that ¢ =45° for
the vibronic transition responsible for the absorption maxi-
ma for impurities I-III. Therefore, the spectral behavior of
N (Fig. 1) implies that the dependence Sj (v) is linear near
the peaks for II and III, and S ; (v, ) =0. Moreover, since
S§>G /3 and Gg, (v; ) =0 for the long molecules II, III, the
corresponding terms in (11) can be neglected and we may
setb =S (v; ). We calculated the temperature dependences
v,. (AT) from (11) by using values T =S taken from Ref. 9
for the 373 (II) and 404 (III in CHC) transitions and the
values in Fig. 3a for the 407 nm transition (III in 5CB). We
chosea and b to give the best fit with the experimental values
of v, for AT = 39° (II), 55° (Il in CHC), and 3 °C (Il in
5CB). We see from Fig. 4 that subject to the above approxi-
mations, Egs. (11) accurately describe the temperature de-
pendence v, (AT) throughout the mesophase interval.
The band splitting data for impurity II give b~0, which
implies that S(v; ) = 55°, in good agreement with the above
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independent estimate 3~ 53° based on the dichroism data.
The values @ = 712 cm ™' and b = 0.517 for impurity III in
CHC may be compared witha = 398 cm~'and b = 0.326 in
5CB. We find that B(v;) = 35° and 42°, in agreement with
the above estimate S ~40° from the dichroism data. As ex-
pected, the intramolecular parameter /3 is insensitive to in-
termolecular interactions (in particular, to the polarity of
the matrix). The value of a is lower for 5CB than for CHC
because a is larger due to the increase in |D [’ (v; )| (the band
extinction coefficient increases by 40%). This explains why
the splitting of the III band is weaker in SCB (Fig. 4). The
measured dichorism and band splittings thus provide a mu-
tually consistent description of the electron structure of the
impurity molecules.

The dependences v (S) have some distinctive fea-
tures. For m = [ = 0, the qualitative behavior YL (S) is de-
termined by S(v;). When B(v;) =p,, the shifts
Avy =v, — v, and Av, =v, — v, in the absorption peaks
depend linearly on S, and Av; = 2Av, . There is a large an-
isotropy Av; >Av, whenB(v;) > B,,, particularly for large
S. Moreover, the dependence Av, (.S) is almost linear, while
Av, (S) is highly nonlinear. For B(v;)<45° there exists a
value § = §* =S5 /4 at which Av; = Av, and Av <Av,
for §>S*, Av > Av, for § <S*. This case corresponds to
the experimental data for III in CHC (Fig. 4). As S—0, the
dependences Av, (S,8) approach Av, (S,8,).

If one or more sharp peaks are present in the envelope of
the vibronic series of overlapping bands (as for band I in Fig.
1), their positions for the || and L polarizations may coincide
because a in (12) is large while @ and m are small. However,
even in this case the centroids of the || and L components of
the envelope will differ. The centroids v, ,¥; of the polariza-
tion components in the mesophase and in the isotropic liquid
are given by

Vlle..i=jVDn,¢,i(V)dV /j D|],.L,i(V)st

where the integration is over the entire envelope of the band.
If we can neglect the frequency-dependence of the param-
eters g, 3 (v) in (9), then ¥, ; will be independent of the
refractive indices of the liquid crystal and the corrections to
the local field. Equation (13) leads to reasonably simple ex-
pressions for ¥, (S,G) only if the functions Sg(v) and
Gg, (v) are nearly linear over the entire vibronic series. In
this case we can relate V. to¥; by substituting D 1 (V) from
(9) into (13), expanding Sg (v) and Gp, (v) about v =¥,
and keeping linear terms. The resulting formulas for ¥, , are
similar to (11), with

a=Sy" (¥:) by,

(13)

m=Gm'(V{) Oy,
(14)

Bv=v'—92,  b=8(%:), I=Gp(¥:).

Since §,>0, for S»G/3 the sign of the splitting
Av =79, — ¥, is determined by the sign of the derivative S ;
(¥;), while its magnitude increases with the width of the
band and hence with év. ¥, (S) depends on B(¥;) in the
same way as the positions of the peaks v, (S) considered
above. In principle, one can find the parameter S(¥;) by a
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best-fit analysis of the theoretical and experimental curves
V.1 (S). However, the assumptions used to derive Egs. (11)
are justified only in a small neighborhood of the band peaks
and not throughout the entire bands. For weakly asymme-
tric bands with a single peak (as for impurity III, see Fig. 1),
it is therefore preferable to compare the calculated and ex-
perimental positions of the band peaks V). (S) rather than
the centroids. Figure 4 and the agreement in the parameters
B(v;) show that Egs. (11) also accurately approximate the
experimental results for impurity II, whose absorption band
is appreciably asymmetric.

In closing we note that the absorption band splitting
mechanism studied above is independent of the specific
properties of the liquid-crystal state and should also be ob-
served in oriented polymer films, LC polymers, surface-ac-
tive layers, molecular gases oriented by an external field, and
other isotropic systems.'® Due to the higher degree of molec-
ular alignment for impurity III (S may reach values S~0.8
typical of smectic matrices or vitrified nematics LC’s), the
band splitting can be as large as Av~1500 cm~'. Because
appropriate orienting matrices can be found and the electron
structure of the azulene derivatives can be adjusted by
changing the substituents, these materials should prove use-
ful as impurities in applications that employ an external field
to reorient the director and achieve continuously adjustable
spectral properties.
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