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A unified theory of uniaxially- and biaxially-stretched film methods has been proposed. This theory allows the
decomposition of the electronic absorption spectrum into three-dimensional reduced spectra polarized along the molecular

orientation axes.

A transformation theory has also been proposed to transform these reduced spectra to the three-

dimensional reduced spectra polarized along the molecular axes, assuming that there exist a pure band and an overlapping
band in the spectrum. These theories were applied to get the three-dimensional reduced spectra of perylene.

The absorption spectrum of a symmetric molecule con-
sists of three absorption components (4., A,, A;), which are
purely polarized along the three molecular axes (long axis
z, short axis y, out-of-plane axis x), i.e., three-dimensional
reduced spectra. It was pointed out that three-dimensional
reduced spectra can be obtained if at least three independent
spectra are available experimentally.'? A third independent
spectrum is needed in addition to the polarized absorption
spectra (A and A ) measured by the uniaxially-stretched
film technique for the determination of three-dimensional
reduced spectra by the stretched film method. It was demon-
strated in our previous paper® that the biaxially-stretched
film method can provide this third independent spectrum.
That is, a nonunified coupling of the biaxially- and uni-
axially-stretched film methods tentatively proposed by us
proved to yield an approximate estimation of the three-di-
mensional reduced spectra of a rod-like molecule (pinacya-
nol, 1-ethyl-2-[3-(1-ethyl-2(1H)-quinolinylidene)-1-propen-
yllquinolinium iodide), demonstrating the usefulness of the
biaxially-stretched film technique coupled with the uniaxi-
ally-stretched film technique.® In this paper, a theory for the
unified coupling of the biaxially- and uniaxially-stretched
film methods, formulated by the use of an orientational dis-
tribution function as an extension of Tanizaki’s theory*® for a
quantitative analysis of linear dichroism (A and A ), is pro-
posed to form a more accurate and self-consistent estimation
of the three-dimensional reduced spectra for a symmetrical
molecule of general shape. Furthermore, three-dimensional
reduced spectra of perylene are obtained by this unified the-
ory of biaxially- and uniaxially-stretched film methods.

Theoretical

A Unified Theory of Uniaxially- and Biaxially-
Stretched Film Methods. The coordinates (Z,Y,X) fixed on

the polymer film are defined so that the ZY-plane represents
the film plane and the X-axis is the propagation direction of
the light beam. Then we consider that an imaginary sphere
(IS) in the film substrate is deformed to the spheroid A upon
uni(Z)axial stretching and to the spheroid B upon bi(Z,Y)axial
stretching as shown in Fig. 1. To analyze the orientational
distribution of the solute molecules, which are isotropically
distributed in IS, in the spheroids A and B, we introduce the
three-dimensional (£, #, and &) molecular orientation axes
(OA) inherent in the solute molecule and assume after the
Tanizaki model® for the uniaxially-stretched film method
that these OA respond without retardation to the orienta-
tions of the three-dimensional unit vectors fixed to the film
substrate. The molecular orientation axes are generally not
coincident with the molecular axes (MA); for a symmetrical
planar molecule, {-OA is the main OA that is close to the
longer (z-) MA, 7- and £-OA being close to the shorter (y-)
and out-of-plane (x-) MA, respectively.

On uni(Z)axial stretching of IS, the {-OA will approach
the stretching direction (Z) and the angle (8) between £-OA
and Z-axis will become smaller (Fig. 2a; 0S50S 6 <m/2).
Assuming that the deformation of IS into the spheroid A pro-
ceeds with a constant volume, Tanizaki*> obtained the ori-
entational distribution function of the £-OA in the spheroid
A as

£(6) = R:sin 6/[1 +(R2 — 1)sin” 01, )

where R, is the uniaxial deformation ratio defined as the c/a
value (21) in the spheroid A (Fig. 1) and is equal to the
uniaxial stretching ratio (R;) of the film obtained experimen-
tally. In this uniaxial stretching model, free rotation about
the £-OA is assumed, i.e., the orientational distribution of
the #7-OA in the spheroid A is assumed to be equal to that
of the £-OA in the spheroid A. The unequal distributions of
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Fig. 1. Deformations of the imaginary sphere in the film substrate to the spheroids A and B on uniaxial and biaxial stretching of the

film, respectively.
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Fig. 2.  Approach of (a) {-OA to the uniaxial stretching
direction (Z-axis) on uniaxial atretching of the film and (b)
¢ n-plane (OP) or £-OA to ZY-plane (film plane) or X-axis
on biaxial stretching of the film.

the orientations of the 7- and £-OA in the spheroid A can be
considered by coupling the uniaxial stretching model with
the biaxial stretching model described below.

On bi(Z,Y)axial stretching of IS, the £ #-plane, which we
call the orientational plane (OP), will approach the ZY-plane
(film plane) as shown in Fig. 2b. On the other hand, £-OA,
which is normal to OP, will approach the X-direction. In
this biaxial stretching model we ignore, for simplicity, the
anisotropy in OP, which can be taken into account by cou-
pling the biaxial stretching model with the uniaxial stretching
model described above. Thus, as shown in Fig.‘2b, the ori-
entational distribution of OP in the spheroid B is described
by one parameter a which is the angle of OP from the X-axis
(/22 a =2 ay=0), the angle between £-OA and X-axis being
n/2—a=f (0SP<r<n/2). As an alternative model for
the bi(Z,Y)axial stretching of IS, we consider that IS is com-
pressed in the X-direction. We have applied this uni(X)axial
compressing model for the analysis of the orientational dis-

tribution of OP in the spheroid B. The distribution function
in the uniaxial compressing model may be the same as that
in the uniaxial stretching model, the difference being only
that the deformation ratio is smaller than 1 in the uniaxial
compressing model, while it is larger than 1 in the uniaxial
stretching model. Thus, the orientational distribution func-
tion of OP in the spheroid B is given as

fla) =REsina/[1+ R — Vsin® al’/?, )

where Ry, 1s the biaxial deformation ratio defined as the a/c
value (£1) in the spheroid B (Fig. 1) and is equal to the
minus third power of the biaxial stretching ratio (Ry,) of the
film obtained experimentally. Since f is a complementary
angle of a, we can substitute cos f for sin @ in Eq. 2 to
obtain the orientational distribution function of the £-OA in
the spheroid B as

F(B) =RicosB/[1+(R: — 1)cos’ BT/2. (22)

Availing ourselves of the Euler angles representing the
spatial relations between the ZYX- and { 5 £-systems, and
assuming free rotations about the Z- and {-axes, i.e., as-
suming equal orientational distributions for the directions
perpendicular to the Z- and £ -axes, we can obtain the follow-
ing relations between the Z-, Y-, and X-polarized absorption
components (Az, Ay, and Ax) and the { -, 77-, and &-polarized
absorption components (A¢, Ay, and Ag) for the uni(Z)axial
stretching model.

Az=Agcos’ 0+(1/2)(Ay+Ag)sin’ 6, (3a)
Ay=Ax=(1/2)Agsin’ 0 +(1/4)(An +Ag)(cos’ O +1).  (3b)

Likewise, assuming free rotations about the X- and &-axes,
the relations between Az, Ay, Ay and Ag, A, Ag are given
for the bi(Z,Y)axial stretching model as

Az=Ar=(1/9As +Ay)cos’ B+ 1) +(1/2DAgsin’ B,  (4a)
Ax=(1/2)(Ag +Ap)sin® B +Ag cos’ B. (4b)

As spectroscopic measures for the anisotropies of the ori-
entational distributions of the solute molecules in the uniax-
ially- and biaxially-stretched films, we have experimentally
determined the uniaxial absorbance ratio (R} ) and the biaxial
absorbance ratio (RY) for Az, Ay, and Ay as
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Ri = (Az)u/[((Ar)u+ (Ax)a) /21 = A /AL, ()
RS = (Ax)o/[((Az)o + (Av))/21 = 3R Ai JAv — 2. (6)

Ay and A in Eq. 5 are the absorbances for the polarized
lights the electric vectors of which are parallel to and per-
pendicular to the uniaxial stretching direction of the film,
respectively. A; and Ay, in Eq. 6 are the absorbances before
and after the biaxial stretching of the film, respectively, Ay/A;
being denoted as (Rpi)exp in our previous paper.”(Az), and
(Az), stand for the mean values of Az averaged over all the so-
lute molecules that are anisotropically distributed in the uni-
axially- and biaxially-stretched films, respectively, and are
evaluated by the uses of the orientational distribution func-
tions f(0) (Eq. 1) and i) (Eq. 2a) as (Az)u=fg”/2AZf(0)dt9
and (Az), =y / *Azf(B)df. The second equality in Eq. 6
is derived as follows. AE’, which is the A; value calibrated
for the change in the film thickness (#,/f;) accompanying the
biaxial stretching of a film, is evaluated as A?=(t,/t,)A;=
RS_bzAi=R§/ 3Ai, where the relation of #,/ z‘izR;,2 is exper-
imentally verified in Fig. 7 in Ref. 3. Considering that
(Ax);=(Ay);=(Az);=Al and (Ax),#(Ar),=(Az),=Ab, the re-
lation of (Ax)p+(Ay)y+(Az)y=(Ax);+(Ay);+(Az), yields that
(Ax),=3AP —24,=3R;" A;—2A,,. Therefore, (Ax), /[((Az),+
(Av)p)/21=GRYA;—244) /Ay=3R2*A; [ A —2.

Substituting Eq. 3 into Eq. 5 and Eq. 4 into Eq. 6, and
evaluating the definite integrals mentioned above, we obtain
the theoretical expressions for RY and R, as

R = [24227% — DTL/I2A +1 — (272 — DT, (7a)
where
TT)2
T,= / cos? 8 F(6)d6
0

=[RL/(R: — DI — R2 — )™ sin ™ {(R2 — D'*/R},

(7b)
ra=Ag/(Ap+Ag), (7¢)
and
Ry =23 +(1 = 2r)To]/11 — (1 — 2P3) T /2], (8a)
where

)2
T, = /0 sin’ B f(B)dp
=[Ry/(1 — RN — R *sinh™" {1 — R)'*/Ry} — 1],
(8b)

rR=Ag/(Ag +Ay). (8¢)

Substituting the experimental values of R} and R, into Eq. 7,
and those of RY and Ry, into Eq. 8, we can obtain the uniaxial
absorbance ratio (r3, Eq. 7c) and the biaxijal absorbance ratio
(%, Eq. 8c), respectively, for Ag, Ay, and Ag. The essential
aspect of our unified theory of the uniaxially- and biaxially-
stretched film methods is to assume that the three-dimen-
sional molecular orientation axes ({-, 7-, and £-OA) for
the solute molecule in the uniaxially-stretched film coincide
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with those for the solute molecule in the biaxially-stretched
film. Under this assumption, we solve Egs. 7c and 8c along
with the equation of As+A,+Ag=A as simultaneous ones to
evaluate Ag, Ay, and Ag. By this unified theory, therefore,
we can reduce the electronic absorption spectrum (A(4); 4
stands for the wavelength) of a solute into the three-dimen-
sional reduced spectra polarized along the -, 7-, and £-OA
(Ag(A), Ag(A), Az (L)),

Transformation Theory: Transformation of OA-Po-
larized Three-Dimensional Reduced Spectra into MA-
Polarized Three-Dimensional Reduced Spectra. In the
next step, we must transform the OA-polarized three-dimen-
sional reduced spectra (A¢(4), A,(4), Ag(4)) into the MA-
polarized ones (A,(4), A,(4), Ax(4)). To perform this trans-
formation, we need the spatial relation between OA and MA,
which can be obtained by evaluating the direction cosines
(DC) of MA with respect to OA (I ¢, Ly, L, etc.) as fol-
lows: Since the direction of the transition moment (x) for
the pure (nonoverlapping) band of the symmetrical molecule
coincides with that of MA, the reduction of all the MA-polar-
ized pure bands (A,, A,, A,) into the OA-polarized absorption
components (A,z, A5, A¢, etc.) by our unified theory allows
the evaluation of all the above-mentioned DC squared as

Pr=Ay[As Ly=Am/As Lg=Ag/As; etc. ©)

Since the ideal condition of the concomitant existence of
all the MA-polarized pure bands (z-, y-, and x-bands), which
is assumed to be satisfied in the above discussion, is seldom
fulfilled, we assume a plausible condition of the existences of
an MA-polarized pure band (e.g. z-band) and an overlapping
band (H-band) consisting of two MA-polarized absorption
components (e.g., A, and Ay; Au=An,+Axy,), one of which
must coincide in polarization with the pure band (z-band)
just assumed to exist. Under this assumption, we will show
the procedures to evaluate DC squared of MA with respect to
OA. If we apply the unified theory to the z-band, we obtain
the values of the uniaxial and biaxial absorbance ratios (rj,
and rRZ) for the OA-polarized absorption components of the
z-band (A¢, Ay, Ayg), yielding the following equations.

Phe=A,¢ [(Aey +Ae); TRe=Aug [(Aye +Acy);
A=Ay +Ag+Ag. (10)

Solving these simultaneous equations, we can evaluate DC
squared of the z-MA with respect to OA, i.e. Ls*(=4,¢/A,),
L (=A.;/A), and Lg*(=A,¢ /A,), in terms of r§, and r3_ as

Be=(ri +rieri)/A"s By=(1—rirR)/A"
Be = (R +ririn)/A, (11)

where A’=1+r%,+r%,+74,r%,. Likewise, the apparent

DC squared for g of the H-band with respect to OA, i.e.
Ly, (=Aug /An), L, (=Any/An), and Lijs(=Aug /An), are
also given in the form of Eq. 11, where ry, and rRz are re-
spectively replaced by riy(=Aus / (Any+Age)) and rRH(z
Apg /(Aug +Amy)), both of which can be evaluated by appli-
cation of the unified theory to the H-band. These apparent
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DC squared for p of the H-band are expressed, since the H-
band is assumed to consist of A, and A,, by linear combi-
nations of DC squared of z- and y-MA with respect to OA
as '

L12{§ = legg + pylﬁé‘; Ll%{ﬂ = pzlgﬂ +pyl§’7;
Lig = plog +pyl, (0

where p, and p, are the overlapping ratios of A, and A,
in the H-band, respectively (p,+py=1). The coupling of
the orthogonal relation of DC of MA with respect to OA
(pelye +Lplyy+lgl:=0) with Eq. 12 can eliminate p, and
DC of y-MA with respect to OA, yielding the quadratic
equation of p, as

Ap? +2Bp,+C=0, (13)
where

A=(Le+ Ly — e — AL Ly,

B—Zlglf,,(l LH,7+13,,LH )
—(Z,§+I§7 f;)(lszH +l§,,LH,, ZCLHC),

C= (l ELHE +lz,7LH7] lé‘LHC) ‘4lZ§lz7]LH§LH77

Since the coefficients (A, B, and C) are known, this quadratic
equation can be solved for pz, py being glven by 1—p,. Using
p, and p, thus evaluated, /,/~, lyr,z, and [ 5 can be evaluated

from Eq. 12 as Eq. 14, and the values of L¢?, L%, and ¢’
are given by Eq. 15.
Be = Wag — p:lp)/pys by = Ly — pelen)/ oy
Le = g — pelog)/ py- (14)
xé =1 _lz lié" l?m: 1 _lgﬂ _liﬂ;
2
x§ =1- lz§ —he- as)

The transformation of the OA-polarized three-dimen-
sional reduced spectra into the MA-polarized ones can
be done by substituting DC between MA and OA evalu-
ated by Egs. 11, 14, and 15 into Eq. 19 derived below.
The apparent DC squared for u of A(1) with respect to
OA,ie., Le(A)*(=A¢(A)/A(A)), Ly(A)*(=Ay(A)/A(4)), and

Le(A)*(=Ag(A)/A(A)) can be given in the form of Eq. 11,
where r; and VRZ are replaced by ry /1)(=A;(ﬂ.) JAy(A)+
Ag(4))) and 1} ; (=Ag(A)/(Ag(A)+A,(A))), respectively,
evaluated by application of the unified theory to A(4). These
apparent DC squared for ¢ of A(A) are expressed by linear
combinations of DC squared of z-, y-, and x-MA with respect
to OA in parallel with Eq. 12 as

Le(A) = pe(AM)Eg + py(A)Es + pe(M)g;

Ly(A)” = p(Wley + py(Mlyy + Al

Le(A)" = p(M)lig + oy + (M), . (16)
where p, (1), py(4), and p,(1) are the overlapping ratios of
Ay(A),Ay(A), and A,(A) in A(A), respectively (p,(A)+py(A)+
px(A)=1). Solving these three equations as simultaneous
ones, the values of p,(1), py(4), and p,(1) are given as

Unified Theory of Two Stretched Film Methods

Le(AV L Ly
p(A)=(1/4) Lq(/l)zlyquiq (17a)
2 2
L Lele
2
I;Lé(/nzl;Z
py(A)=(1/A)| LyLy(A) Ly |3 (17b)
PeLe(A)Eg
2 lg Le(AY
pe(A)=(1/4) lﬁnyr,Ln(/l)z . (17¢)
shele2)’
where
2 2
behele
A=| Lk, (18)
Pl
2E'yE &

If we multiply both sides of each equation in Eq. 17 by
A(A), we obtain Eq. 19 using the relations A,(4)=p(4)A(L),
Ag(M)=Lg(AYAA), etc.

Anmlinlin ;
Ag(Mele

1§§A5(A)lxg
EpAn(MEy |
PeAs (DB
1’;‘5135,45(/1)
EnLnAy(A)
BelgAs(A)

A(A)=(1/4) (192)

(19b)

Ay(i) = (I/A)

A1) =(1/4) (190)

Experimental

Commercial perylene (Aldrich, GR) was used without further
purification. Experimental procedures for the biaxially- and uni-
axially-stretched film techniques were already described.>*” To
introduce a self-consistent terminology in the theoretical section,
we have changed the previous notations® of Ry (uniaxial stretch-
ing ratio of the film) and Ra(=Aj /A1) to R, and R}, respectively.
The spectra of perylene in the uniaxially- and biaxially-stretched
films were measured on a Shimadzu UV-3100PC spectrophotome-
ter equipped with a Rochon-type polarizer.

Results and Discussion

Figures 3a and 3b shows the Aj, Ay, and Ri(=4)/AL)
spectra and the Ay, A;, and Rpi(=Ap/A; calibrated for the
change in the film thickness accompanying the biaxial
stretching of a film) spectra of perylene obtained by uniax-
ially- and biaxially-stretched film techniques, respectively.
These spectral data were used for the unified theory pro-
posed in the theoretical section to decompose the absorption
spectrum (A(A)) of perylene into the OA(C, 7, &)-polarized
three-dimensional reduced spectra (A£(A), Az(1), Ag(1)).
The A¢(4), A;(4), and Ag(1) spectra of perylene thus ob-
tained can be transformed into the MA(z,y,x)-polarized three-
dimensional reduced spectra (A,(1), Ay(1), Ax(1)) by use of
the transformation theory offered in the theoretical section.
The key point in this transformation procedure is the selec-
tions of the nonoverlapping pure band and the overlapping
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Fig. 3. Observed Spectra of perylene in (a) uniaxially- and
(b) biaxially-stretched films.

band (H-band) consisting of two MA-polarized absorption
components, as demonstrated below.

The R} values in Fig. 3a are largest in the first (443 nm)
band region and are smallest in the second (256 nm) band
region. This qualitatively suggests that the first and sec-
ond bands of perylene are approximately polarized along the
longer (z) and shorter (y) molecular axes, respectively. Thus,
there are two possibilities of selecting the first or second
band as the pure band in applying the transformation theory.
Selecting the first band as the z-polarized pure band and the
second band as the overlapping H-band composed of A, and
Ay, we have tried to transform the Az(4), Ay(4), and Ag(4)
spectra of perylene into the A,(4), A,(A4), and A,(1) spectra.
This trial, however, has proved to be unsuccessful because
the quadratic equation (Eq. 13) in the theoretical section gave
a meaningless value of p, or p,, i.e., a negative or imaginary
value or a value larger than 1.0. The alternative selection of
the second band as the y-polarized pure band and the first
band as the H-band composed of A, and A, has made the
transformation in question possible. The resulting A, (1),
Ay(ﬂ ), and A,(A) spectra of perylene differed, however, in
their relative intensities depending on which vibronic band
of the first band is selected as the H-band, as shown in Figs. 4
and 5. In Figs. 4, 5a, 5b, and 5c are given the A,(1), A,(1),
and A,(A) spectra which resulted when the 0-0 peak (443
nm) and the first (416 nm), second (393 nm), and third (375
nm) vibronic peaks of the first band were selected as the H-
band, respectively. It is noticed that the difference of these
resulting spectra is greatest for the first band. That is, the
Ay(A) and A,(1) spectra in the first band region become reg-
ularly more intense on going from Fig. 4 to Fig. 5c, keeping
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Fig. 4. Correct Az(A), Ay(A) and Ax(A) spectra of perylene,
which result when the second (256 nm) band and the 0-0
peak (443 nm) of the first band are selected as the y-polarized
pure band and the overlapping band (H-band), respectively,
in the transformation theory.

the tendency that A,(1) and A,(4) are most intense at the
0-0 peak position and the former is always larger than the
latter. We have considered that Fig. 4, which gives no A, at
the 0-0 peak position, is the correct A,(4), A;(4), and A,(4)
spectra of perylene on the ground that A, does hardly happen
to emerge at the 0—0 peak position of the first band; the mi-
nor extra absorption component (4, or A,) can emerge at the
0-0 position of the major electronically-allowed absorption
component spectrum (A,(A)) by only the mechanism of the
intensity borrowing from the nearby y-polarized second (256
nm) band, thus the borrowed absorption component is A,
alone.

The intensity borrowing mechanism mentioned above is
supported by the following results of the semiempirical
MO calculations by the PPP method*® modified by the
Nishimoto-Mataga'® and Nishimoto—Forster'” equations:
Between the first allowed (f (oscillator strength)=0.843) z-
polarized electronic transition calculated at 420 nm and the
second allowed (f=1.585) y-polarized one calculated at 255
nm, which are respectively assigned to the first (443 nm)
and second (256 nm) bands, is predicted, by an MO cal-
culation adopting the same Coulomb potentials for all the
carbon atoms of perylene, no allowed electronic transition
to be assigned to the minor absorption component of A, in
the first band region, or, by an MO calculation adopting the
deeper Coulomb potentials (higher valence-state ionization
potentials) for the carbon atoms combined with only the car-
bon atoms than those for the carbon atoms combined with
both the carbon and hydrogen atoms, at most only a very
weak (f=0.005) y-polarized transition, which is calculated
at 353 nm far from the first allowed transition and hence is
hard to assign to A, appearing at the 0~0 position of A (1)
in the first band region. In the latter MO calculation, the
pairing theorem no longer applies even for the alternant hy-
drocarbon of perylene, and hence all the transitions, which
are, despite their group-theoretical allowances, calculated to
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Fig. 5. IncorrectA;(4), Ay(4) and Ax(A) spectra of perylene,
which result when (a) the first (416 nm), (b) second (393
nm), and (c) third (375 nm) vibronic peaks of the first band
are selected as the H-band in the transformation theory, the
second (256 nm) band being selected as the y-polarized pure
band as in Fig. 4.

be forbidden following Pariser’s parity rule!® in the former
MO calculation, are computed to be allowed in violation of
Pariser’s parity rule, thus the very weak transition at 353 nm
is calculated to be newly allowed.

Figure 6 shows the spatial relation that was used in the
transformation theory to obtain Fig. 4, between molecular
axes (z,y,x) and molecular orientation axes (£, 7, &) of pery-
lene. It is verified from this figure that the molecular orien-
tation axes are not coincident with the molecular axes, and
£-, n-, and £-OA are close to z-, y-, and x-MA, respectively.

The correct MA-polarized three-dimensional reduced
spectra of perylene (Fig. 4) shows that the first and sec-
ond bands are almost wholly contributed by A, and A,, re-
spectively, throughout these respective band regions. This
decomposition result is in good agreement with the two-di-
mensional reduced spectra of perylene obtained by Tanizaki,
Yoshinaga, and Hiratsuka,'® and by Thulstrup, Michl, and
Eggers'¥ by use of only the uniaxially-stretched film method.

A close inspection of the first band in Fig. 4 shows that
this band contains a weak absorption component spectrum
of Ay(A), the intensity of which is borrowed from the y-
polarized second band as already discussed, with a vibronic

Unified Theory of Two Stretched Film Methods

Fig. 6. Spatial relation between molecular axes (z,y,x) and
molecular orientation axes (£, 7, &) of perylene. This
relation was used in the transformation theory to get Fig. 4.

structure the peaks of which coincide with the main vibronic
band peaks of A,(4). These vibronic structures of A,(4) and
Ay () are considered to arise from the coupling of the totally-
symmetric aj, vibration with the first allowed (z-polarized)
electronic transition and with the borrowed (y-polarized) ab-
sorption, respectively.

Figure 4 shows furthermore that the third band of pery-
lene, positioned in the wavelength region shorter than 235
nm, is a complex superimposition of Ay, A,, and A, with de-
creasing contributions in this order, A, being most weak but
nonneglible. This decomposition result differs from the two-
dimensional reduced spectra'*' mentioned above in several
points: First, A, contributes considerably to the third band as
opposed to both the two-dimensional reduced spectra; sec-
ond, A, is most intense in the third band region in contrast
to the reduced spectra obtained by Tanizaki et al.'® in which
A, is most intense in the third band region (note that the no-
tation of the molecular axes in Ref. 13 differs from that in
this paper); third, a fairly intense A, exists in the third band
region in contrast to the reduced spectra found by Thulstrup
et al.'¥ in which A, is fairly weak in the third band region.

In the third band region in Fig. 4, the most intense A, is po-
sitioned at a wavelength shorter than the fairly intense A, with
shoulders, which is well reproduced by a PPP calculation to
result in the assignments of the former to the y-polarized
electronic transition calculated at 201 nm (f=2.075) and the
latter to the z-polarized ones calculated at 221 nm (f=0.736)
and 213 nm (f=0.317). The x-polarized absorption com-
ponent in the third band region is tentatively considered to
emerge by intensity borrowing from the x-polarized n* o
band to be observed in the vacuum ultraviolet region.

Thus, it has been demonstrated that the electronic absorp-
tion spectrum of a symmetric molecule can be decomposed
into three-dimensional reduced spectra polarized along three
molecular axes by a unified coupling of the uniaxially- and
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biaxially-stretched film methods. This unified coupling has
given the in-plane polarized (longer- and shorter-molecu-
lar axes polarized) absorption spectra of perylene, which
are in fair agreement with those obtained by the uniaxially-
stretched film method and, furthermore, has shed light on
a new aspect of the out-of-plane polarized absorption spec-
trum of perylene, which is never clarified by the uniaxially-
stretched film method alone.
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