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Detailed and fully consistent calculations of absorption and resonant Raman scattering spectra
from trans-(CH)„have been performed by using a bimodal Gaussian distribution centered on short
and long segments which form the trans-(CH)„chain. Such results are in good agreement with the
experiments. With the use of our model it is also possible to account for several properties of trans-

polyacetylene: the conjugation length of the segments which constitute the chain (for undoped and

doped samples), isomerization processes, and the history of the sample under investigation.

I. INTRODUCTION

The study of both experimental and theoretical proper-
ties of trans-polyacetylene has recently attracted much
scientific interest. Experiments have first been performed
on magnetic and transport properties on undoped and
doped samples. ' Later several measurements for pho-
toexcitations and photoconductivity in trans-(CH)„have
been reported. Also much information on trans-(CH)„
properties has been gained by investigating absorption and
resonant Raman scattering (RRS) spectra. ' Since the
optical responses strongly depend on the history of the
trans-(CH)„ films, they provide an important contribu-
tion to the understanding of the morphology of the partic-
ular sample under investigation. This could be of great
relevance in explaining the conducting properties of the
undoped and doped systems. Line-shape analyses of Ra-
man spectra in trans-(CH)„(Refs. 8—10) display the
unusual feature of drastic changes both in the intensity of
the two main peaks at coo c (single bond) and. at coo
(double bond), and in the relative position of the side
bands, as function of the laser exciting frequency. These
bands in the first-order Raman spectra are essentially
determined by the scattering from the C—C (single bond)
and the C= C (double bond) stretching vibrational modes.

Different models have been considered to explain all ex-
perimental properties of trans-(CH)„. Pople and Walms-
ley" first introduced the possibility of defects in alterna-
tion bonds in polyene chains (PW defects). Following that
hypothesis, Su, Schrieffer, and Heeger' (SSH) have con-
sidered elementary excitations of the chain in the form of
a topological soliton or moving domain wall. Such a soli-
ton (SSH model) would require a long polyacetylene
chain, and is expected to be a neutral one with an un-
paired spin localized in the wall. ' On the other hand, ac-
cording to the SSH theory' in the case of doped samples
where an electron or a hole is transferred to the chain or
in a photoexcitation process in undoped trans-(CH)„a
charged soliton with zero spin is formed. By the soliton
model different properties of polyacetylene (paramagnetic
susceptivity, conductivity, photoconductivity, photoexci-
tations) are currently explained by several au-

thors. ' ' ' However, controversies and different in-
terpretations exist in this area. "'

A similar infinite chain model has also been introduced
to study the Raman spectra. ' By making the assumption
that trans-(CH)„samples are only constituted from long
chains, Mele has interpreted the high-frequency sidebands
in the Raman spectra as due to a hot luminescence pro-
cess. ' Following this approach it is, however, difficult to
explain the changes in the absorption and RRS spectra in
terms of the history of the samples. Also, Mele predicts
an increasing shift for both sidebands by increasing the
laser frequency, particularly for the one associated with
the 1060-cm ' band (C—C stretching mode) in disagree-
ment with the experimental data. Furthermore, by the
Mele theory, ' again in disagreement with the experimen-
tal data, the intensities of the sidebands decrease, by in-
creasing the incident light frequency.

A different theoretical approach to the study of optical
properties of trans-(CH) is the simpler assumption that
the sample under investigation is formed by different
conjugation-length segments. Kuzmany et al. first sug-
gested that the shapes of the spectra are crucially affected
by the various lengths of the segments of trans-(CH) and
assumed that segments of different lengths are weighted
according to a modified Gaussian distribution and subse-
quently according to a bimodal distribution. ' But in
these calculations only the short-length segments are
mainly weighted and determine the whole properties of
RRS and absorption of trans-(CH)„.

In this paper, carrying on calculations on absorption
and RRS spectra of trans-(CH), using a model recently
introduced by the authors, ' ' ' we start from the hy-
pothesis that both long and short segments of the chain
contribute to those spectra. Such a contribution is taken
into account by using a bimodal distribution determined
by two normalized Gaussians —the former centered on
short segments, the latter on long segments of the chains.
We suppose that these trans-(CH)„segments of different
conjugation length are formed in the chain in the
cis/trans isomerization process. In this way we can ac-
count for the history of the sample. In our model the
electronic and vibrational properties of these segments of
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different cojungation lengths are considered to be unper-
turbed by the presence of defects at the end of the seg-
ment. This is justified by the fact that the electronic tran-
sitions of these defects lie in the gap between the conduc-
tion and valence bands and that the vibrations appropriate
to such defects do not couple to the electronic transitions
taken into account.

We summarize the main formulas on optical response
functions and present a discussion on long- and short-
segment electronic states, dipole moments, and electron-
vibration interactions in Sec. II. In Sec. III the results of
our calculations are compared with the experimental re-
sults and Sec. IV is devoted to discussion and conclusions.

II. BASIC FORMULAS

We follow the model already developed by the au-
thors' ' in order to evaluate the absorption and the
resonant Raman scattering spectra of trans-(CH)„. Such
a theoretical approach is based on the one-electron ap-
proximation for what concerns all the electronic transi-
tions m.—+m and the electron vibrational interactioris, tak-
ing into account the properties of these quantities for
long- and short-conjugation lengths of the chain. By us-
ing a phenomenological model the change of the C—C

(chic c) and C=C (cue c) vibrational frequencies as a
function of the conjugation length is considered in
evaluating the optical response functions. We briefly
summarize and comment on the main formulas used in
our calculation.

For the absorption spectrum one has to distinguish be-
tween the long- and short-segment contributions in the
response function I(Q):

I(Q) = g [Pl(N)Il(Q, N)+P2(N)I2(Q, N)],
N

(2.1)

where Il(Q, N) and I2(Q, N) are the long- and short-
segment absorption functions, respectively. Pl(N) and
P2(N) are the Gaussian weights depending on N, the
number of double bonds in the segment. They are defined
as

Pl (N) =(2m'oi) ' exp[ —(N —Nl ) /2crl]G,
(2.2)

P2(N)=(2lro2) ' exp[ —(N N2) l2—o2](1—G) .

The number 0(G & 1 weights the normalized Gaussians.
N1 and N2 are the most probable double-bond numbers
for long and short segments of the chain, with iri and o2
their respective standard deviations.

For N )30 one defines

n
Il(Q, N) =—g

j=0 i = 1 —m/a & k & n /a

For 4&N&30,

exP y Vk, ' ( Vk, ') r
« Qk J~—N)'+—r' (2.3)

1 2 N 2

I2(Q,N)=Q g g g lM„ l
exp —g v„; (v„;)1

j=0 i=0 n=l (Q —Q„—jCO;N) +y
(2.4)

Before explaining Eqs. (2.3) and (2.4) with some detail we introduce the first-order RRS cross section, where the long-
and short-segment contributions are taken into account in the same way as in Eq. (2.1):

d2 2
&x g g [Pl(N)Sl s(tO, QL, N)+P2(N)S2 s(&~QL~N)]

CO Ns l

(2.5)

In Eq. (2.5) the sum over s takes into account the total contribution of both vibrational frequencies roc c and toe c to
the RRS spectra. Pl(N) and P2(N) are the same Gaussian weights as in Eq. (2.2). QL is the frequency of incident light.
Sl,(to, QL, N) and S2 s(to, QL, N) are the contributions to first-order RRS from long and short segments, respectively.
Their expressions are given by the following. For N )30,

3 1
1

Sl (CO, QsL, N) =(QL, COsN ) QL — —2 I
Mk

l
Vk s g ( —I )'R l(QL —Qk Ito N) —

(s2mbN )
—m/a &k &n/a I=O

where

Q exp
2

26N
(2.6)

. y+i(QL —Qk jtO;N)—
R l ( QL Qi, ) =exp ——y vk i y y ( vi, ; )

i =1 j=0 i = I 1 +(QL Qk J~iN )

For 4&N&30,
1

S2,.(~ QL») =«L al.N)'QL 2 l
M.

I

—'V... 2 ( 1)'R2(QI. QN Ial N )—(2lr~ 2N ) exp
n=1 1=0

(al —Ol~N )

2kN

(2.7)
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2 1 2 /+i (+L II JcdiN )
R2(&L —&N ) =exp —g V„; g g ( V„;V

i =1 j=oi =1 'Y +(IIL +n JeliN)
(2.9)

In all formulas (2.3), (2.4), (2.6), (2.7), (2.8), and (2.9) the
index j labels the zero- and one-phonon processes, the in-
dex i refers to the two vibrational modes of the chain
coc c (i =1), and coc c (i =2), with frequency al;N (de-
pending on N) for long segments and co;N for short seg-
ments. y represents one-half of the reciprocal of the life-
time of the electronic excited states. For the sake of sim-
plicity we do not take into account any N dependence of
y. So the same value for y is used in evaluating the long-
and short-segment contributions to Eqs. (2.1) and
(2.3)—(2.9). In Eqs. (2.6) and (2.8) b,N and hN are the
widths of the Raman scattering line shape for each vibra-
tional frequency co,N and co».

In Eqs. (2.3), (2.6), and (2.7) the Born —von Karman
condition is used for electronic wave functions, which are
Bloch waves, and k represents their wave vectors. The al-
lowed values of k depend on N (number of double bonds).
Qk and Mk are the vertical electronic transition frequen-
cies and relative electric dipole moments, whose expres-
sions are given in Refs. 20—22. For long segments Mk
are parallel to the axis of the chain. In Eqs. (2.3), (2.6),
and (2.7)

c02N = 1450+ cm
D
X

(2.13)

where D =1.5&&10 cm '. Equations (2.12) and (2.13)
which express the phonon dispersion relationship of the
two frequencies for q=O in a qualitative way (see, for in-
stance, Ref. 25), have to be considered, since they account
for the phonon density of states near the critical point at
q=0. This implies that the electron-vibration interactions
for long segments must be weighted by such a phonon
density of states.

We discuss now the physical quantities which enter for-
mulas (2.4), (2.8), and (2.9) to calculate the absorption and
RRS spectra for short segments.

The electronic eigenvectors, and eigenvalues are ob-
tained by diagonalizing a one-electron Hiickel matrix of
dimension 2N (N being the number of double bonds),
which neglects wave-function overlap and only considers
hopping terms between nearest neighbors. For the elec-
tronic dipole moments Mg, (N), we use the following ex-
pression:

2
Vi, i =(Ve rh;k, i/aliN»- (2.10) Me, (N)= gd c~(N)c„,(N)5„. „+, . (2.14)

where V, ph. k; is the linear interaction between the elec-
tronic excited state and the C—C and C=C vibrational
modes (i =1,2), respectively, for q=O, projected on the
axis of the chain. For long segments (N &30) one can
show that the two interactions V, ~h. k; considered here,
projected on the axis of the chain are almost of equal in-
tensity. Then Vk; is depending on co;N as shown in Eq.
(2.10). In fact for all the Qk that we consider here, the
electron-vibration interactions can be written

5P2 (1+v cos8)
5R2 (1+v +2vcosO)'~

(2.1 1)

This result, which is valid at q=0 can also be found out
from the detailed calculations of the electron-vibration in-
teractions, starting from the exact formulas taking into
account lattice dynamics eigenvectors, the internal coordi-
nates, and the variations 5pi/5R l, 5p2/5R2, as in Ref. 24.
Such a point is discussed in Ref. 21.

The expressions used in the calculation for co&N and
c02N aIe

co ~N —— 1060+ cm
D
+2 (2.12)

p2 and pl ——vp2 are the hopping integrals on the double
and single bonds, respectively, along the chain; 8 =ka (a
is the unit cell length, and I

&
and M2 are the displace-

ments from the equilibrium configuration on single and
double bonds). 5p2/5R2 can be evaluated from Ref. 23,
and we assume as previously

2
N2N

1N

V„;(N):V„;=( V, ph, „,;(N)/—;N )', (2.15)

We stress that the indices g and e refer to one-electron
states in the total ground and excited electronic state. d„
independent of X, are the atomic dipole moments calcu-
lated with respect to the m.-electronic wave function of
nearest-neighbor C atoms, which we assume independent
of the position in the segment, labeled with r and r'.
Ic~(N)J and Ic, ,(N)I are the real eigenvector solutions
of the Hiickel problem for electronic ground (g) and ex-
cited states (e). In this model the dipole moment matrix
M~, (N) is an N-dimensional one, whose row and column
indices g and e, running from 1 to N, label all one-
electron states in the ground and excited states, respective-
ly, with increasing energy. By computing the matrix ele-
ments of Mg, (N) from formula (2.14), one can see that
those appreciably different from zero are the diagonal
ones and we can rewrite the matrix Mg, (N) simply as an
N-dimensional vector M„(N)—:M„with n running from
the lowest-energy difference between excited and ground
states. Formally n =e6, N g+&. For the same reason in
formulas (2.4), (2.8), and (2.9), A„(N) =An function of the
double-bond number X in the segment, are the corre-
sponding electronic transition frequencies between ground
and excited states. In Fig. 1 we report the computed re-
sults for Ml and M2, as a function of the number of dou-
ble bonds X, which show an increase with N, and satura-
tion at X&30.

In the framework of the Huckel model and in the de-
formation potential approximation we have computed the
electron-vibration couplings in the electronic excited states
of frequencies Q„with respect to the ground state, for any
X, in the following way:
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FIG. 1. Calculated electric dipole moments for n=1 (M&)
and n=2 (M2) as a function of N, number of double bonds.
The values are expressed in arbitrary units (a.u. ).
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V, rh. „t(N) = g Ut rr (N)c.~(N)c„„(N)5;,+ ) . (2.16)

In formula (2.16) U; „„(N) depends, in an analogous way
as for the electron-vibration interaction for long segments,
on the eigenvectors of the stretching normal modes and
on 5p~/5R~, 5'/5R2, evaluated for short segments with
N double bonds. Then in principle one has to evaluate the
lattice dynamics of the finite segments in order to solve
the eigenvalue problem and to calculate the eigenvectors
to introduce in Eq. (2.16). Furthermore, since the
electron-vibration interaction is projected onto the electric
dipole moments of the segments and depends on the prod-
uct c„„(N)c„„(N)of the excited state electronic eigenvec-
tors [see Eq. (2.16)], one has to consider the change in
delocalization on the double and single bonds of the elec-
tric dipole moments and of the product c„,(N)c„„(N) go-
ing from segments with %=30 to segments with %=4.

We give in Fig. 2 the dependence of V~; (i =1,2,
n =1) as a function of 1/N, that we have considered in
the present calculations. In order to obtain that depen-
dence, we use the following input data: at N=30 the
values obtained for long segments, at N= 11 the values
obtained by using the lattice dynamics data for the
stretching modes of p-carotene in Ref. 27, and for the
electronic part the values obtained by solving the corre-
sponding Hiickel problem. For 4&%&6 we use the
phenomenological law obtained from the data of Ref. 28.
The electron-vibration couplings V„;(N) for n =1 are
scaled from the values given in Fig. 2 by a factor calculat-
ed from the product c (N)c„„(N). We stress that, dif-
ferently from our previous calculations for short seg-

ments, ' ' where we only took into account the lowest-

energy electronic transition (n =1), for each N (number

of double bonds) in this paper all possible electronic tran-
sitions with frequency 0„&4 eV, from the ground to the
excited state, are considered. For this reason a summation
on index n is introduced in Eqs. (2.4) and (2.8), because
the dipole moments and the electron-vibration interaction
terms depend on n.

All the parameters introduced in our model for the cal-
culation of the electronic and vibrational properties of
trans-(CH)„ for short segments, are chosen in such a way
as to smoothly connect all the corresponding physical

0.1 0,2

FIG. 2. Calculated electron-vibrational coupling V~; for the
first excited electronic state for i=1,2 as a function of 1/N.
Curve a refers to V~ ~', curve b refers to V& 2.

82
1450+ cm

(2.17)

where 81 ——600 crn ' and 82 ——500 cm
We want to draw the reader's attention to the important

point that the electron-vibration interaction matrix ele-
ments entering Eqs. (2.11) and (2.16), V, ~z.k; and
V, ~h. „;(N), respectively, are calculated in the excited
electronic states relative to long- and short-conjugation

quantities (frequencies, dipole moments, electron-vibration
interactions) to those of long segments at N=30. More
precisely, for a good fit with absorption and RRS experi-
mental data, the values for the hopping integrals,

P&
=—P&(N) and P&=P&(N) [defined from P~ ——vP2, with

v=v(N)] used in the Hiickel matrix, decrease by increas-
ing N in the interval 4 & N & 30, from the values
p2(4)=4. 18 eV and p~(4)=3.453 eV to pz(30)=3.25 eV
and P~(30) =2.356 eV. At N=30 both hopping integrals

Pq and P~ merge to the long-segment constant values,
which are valid for N & 30. The ratios v decrease linearly
from the values v(4) =0.85 to v(25) =0.725, and keep con-
stant in the interval 25&% &29. So, as we have chosen
the values of p2 to decrease linearly with increasing N, the
values of p~ decrease more rapidly in the interval
4&X&24 and then linearly in the interval 25 &%&29.
This hypothesis expresses the usual properties of larger
hopping for shorter segments, and lower ratio v for larger
segments of the polyenes.

Also, the formulas that we use for the co;z are

8)
cod~ = 1060+ crn
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segments. Such expressions are completely different from
the electron-vibration interaction matrix elements (even if
they all depend on 5P&/M~ and 5P2/582' , see also Ref.
24) entering the correction to the dynamical matrix 5L as
described in Ref. 25 for long segments and analogously
applicable to the dynamical Inatrix correction for short
segments. In fact, in the expression 5L, matrix elements
only appear which mix ground and excited electronic
states. Since this expression depends on the inverse of
the transition frequencies from the ground to the excited
states (which increase as a function of k, starting from
k =+sr/a, for long segments, and of 1/X for short seg-
ments) and on the mixing matrix elements (which de-
crease as function of k and q for long segments and on
1/X for short segments), it is trivial to show that the 5L
correction decreases as a function of q and 1/X, respec-
tively.

So the stretching vibrational frequencies evaluated in
the Hiickel approximation are consistent with the exper-
imental data which show increasing frequencies by in-
creasing q and 1/X. Then the phenomenological formula
which we use for long- and short-segment vibrational fre-
quencies [Eqs. (2.12), (2.13), and (2.17)] are in order with
this approximation and with the experimental data. On
the other hand, the electron-vibration interaction matrix
elements entering the electron-vibration couplings shown
in Fig. 2 are evaluated in the excited electronic states and
present a different behavior from the mixing matrix ele-
ments entering 6L, as a function of 1/X as previously dis-
cussed and as shown in Fig. 2. Then as a consequence, in
the Hiickel approximation, the electronic transition fre-
quencies, the stretching mode vibration frequencies rela-
tive to the ground state, and the electron vibration cou-
plings in the excited electron states a/I increase as a func-
tion of 1/X, in the same consistent model.

The parameters used in calculation for the absorption
and RRS spectra which enter formulas (2.1)—(2.17) of our
model are the following: X& ——100, o.

&
——50, Xz ——15,

o2 ——7, 6=075, y =01 eV, 6& ——12 cm ', and
A~ ——(12+40/X) cm '. The absorption and RRS spec-

EXPERIMENT

QL= 2.7 eV

TKEORY

QL= 2.7eV

9„=2.41 eV 9L= 2.41eV

eV Q. L= 1.83ey

900 1100 1300 1500 1700 1000 1200 1400 1600
(cm-') m (cm-')

FIG. 4. Experimental and calculated RRS spectra of trans-
(CH)„ for different incident light frequencies QL as listed
therein. The experimental data are taken from Ref. 10. The pa-
rameters used for the calculations are the same as in Fig. 3.

tra that we report take into account all possible electronic
transitions of frequency A„(4 eV.

In Fig. 3 we show the absorption spectrum given by
formulas (2.1)—(2.3). This is in good agreement with the
experimental results of Ref. 29. It displays a principal
peak due to the long-segment transition frequencies at
6=1.833 eV. The tail for higher frequencies is deter-
mined by the electronic transitions of shorter segments.

In Fig. 4 we report the RRS spectra due to the single-
and double-stretching modes coc—c= 1060 and ~c=c= 1450 cm ', respectively. The resonant laser scattering
excitation frequencies Qz are listed therein. As one can
see from Fig. 4, where we also present the experimental
data from Ref. 9, by varying the incident light frequency,
the line shapes of the two peaks centered at ~c c and

c change in agreement with the experimental results.
Moreover, the intensity ratio of the two peaks at 1060 and
1450 cm ' varies. In Fig. 5 we report the RRS spectra

3

OJ
C)

E3

IA
O

A3

L= 3,6 eV

3,5 eV

0 (eV)

FIG. 3. Calculated absorption spectrum of trans-(CH) . The
parameters are given in the text.

I I I I

1100 120G 1300 1400 1500 1600
~&cm ')

FIG. 5. Calculated RRS spectra of trans-(CH) for different
incident light frequencies A~ as listed therein. The parameters
are the same as in Figs. 3 and 4.
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calculated for QL )3.5 eV. We would like to note that
while the intensity and the frequency of the sideband for
the RRS spectrum centered at 1450 cm ' both increase,
upon increasing the laser frequency for Ql )3.5 eV the
frequency of the sideband of the peak centered at 1060
cm ' does not change appreciably for OL &3.5 eV. In
this latter case the intensity of the second peak, however,
still increases. This agrees with the experimental data in
Refs. 9 and 10. Such a behavior of RRS spectra shown in

Figs. 4 and 5 is due to the interplay between the resonance
condition in the electronic transition frequencies of long
and short segments which form the trans (CH)„-chain
and the electron-vibration interaction, whose properties
are expressed in formula (2.11), for long segments and in

Fig. 2 for short segments. It is clear from Figs. 4 and 5

that the changes in the shape of the bands of the RRS
spectra for larger and larger incident light frequency are
due to the resonance condition with the electronic transi-
tions of shorter and shorter segments. Therefore, our in-

terpretation of RRS spectra require considering both long
and short segments in the chain, whose percentual weight
of long segments 6 is crucial in interpreting the experi-
mental results. By decreasing 6 (which means increasing
the weight of short segments) the calculated RRS spectra
change and could explain why trans-(CH)„RRS experi-
mental results depend on the history of the sample.

In order to show this effect, in Fig. 6 we present the
calculations that we have performed, by using the model
discussed in this paper, to fit the RRS spectra of Ref. 30
obtained at different isomerization times from cis- to
trans-(CH)„at T = 102'C and for QL,

——2.7 eV. In Fig. 6
we display the change of the line shape of the single-bond
stretching frequency coc c for increasing isomerization
times. The parameters used are, for line shape a, N& ——20,
X2 ——10, cr& ——10, cr&

——5, 6=0.3; for line shape b,
X& ——50, N2 ——10, cr

&
——20, crz 5, 6=——0.4; for line shape c,

X& ——100, X2 ——15, 0.
&
——50, o.z ——7, 6=0.7. A11 other pa-

rameters used in the calculations of such spectra are un-

changed with respect to those introduced to calculate the
spectra of Figs. 4 and 5.

&L=2,7 eV

1100 12 50
u) (cm ')

FIG. 6. Calculated RRS spectra for incident laser frequency
QL ——2.7 eV during the isomerization process. Line shape a
refers to the experimental results of Ref. 30 obtained with iso-
merization times t=30 min, line shape b with t=960 min, and
line shape c with t=7680 min. The parameters are given in the
text.

First we want to point out that the RRS spectrum from
the completely isomerized sample (curve c) and Ref. 30 is
slightly different from that of Fig. 4 and Ref. 10 (obtained
with the same incident laser frequency Ql ——2.7 eV) since
this latter spectrum' is obtained from a better quality
sample. This is experimentally evidenced by the lower in-
tensity of the sideband of the single-bond stretching mode
frequency and theoretically by a slightly higher value of 6
(6=0.75 for Fig. 4 with respect to G=0.7 for line shape
c). In fact as pointed out in Ref. 30 the higher the tem-
perature, the faster the isomerization process and better
quality samples are obtained. Second, as already dis-
cussed in Ref. 30 these RRS spectra can be interpreted by
considering that at the beginning of the isomerization pro-
cess the short-conjugation length segments are present at a
higher percentage with respect to the long ones; this per-
centage varies during the isomerization process and at the
end the long ones are more numerous than the short ones.

In the same manner, by changing the parameters 1V~

and %2 and 6 so that by increasing the weight of the
short segments, in the calculations of RRS spectra, we can
fit all the available experimental RRS data from poor
quality samples (see, for instance, Ref. 31). Very poor
quality samples are characterized, for incident laser fre-
quency O, L

——2.7 eV, by RRS spectra where the sidebands,
with respect to the principal peaks at coc c and coc c, are
predominant, and broaden in such a way as to include the
principal peaks, due to the long-segment contribution, as
small shoulders at lower frequency.

IV. CONCLUSIONS AND DISCUSSION

We would like first to stress the main new points of our
model for calculating RRS and absorption spectra.

(i) With respect to our first results, ' all input param-
eters have been slightly varied. This is because we have
considered all possible electronic transitions of frequency
Q„&4 eV from the ground to the excited state, and made
explicit the dependence on X (number of double bonds in
the segment) of all hopping integrals (P~ and P2).

(ii) We were the first to calculate the interactions be-
tween the excited electronic states and the vibrational
stretching modes for long segments and to introduce the
X dependence of these interactions, taking into account
the lengths of the segments, in order to explain the change
in the line shapes in the RRS spectra. ' ' ' ' Here we treat
such interactions with more physical insight, and we in-
clude in the calculations also the electron-vibration in-
teractions for all the electronic excited states with transi-
tion frequencies Q„&4 eV. All these points are not con-
sidered in Ref. 18.

(iii) We have computed the change of the line shapes of
RRS spectra for different incident light frequencies QL,
not only for the C=C stretching modes, ' ' but also for
the C—C stretching modes. We account also for the
change in the intensity ratio of the principal peaks and the
position and the relative intensity of their sidebands.

The main discrepancy between our model and that of
Ref. 18 lies in the treatment of the electron-vibration cou-
pling, as just discussed, and in the choice of the distribu-
tion of chain lengths. In fact, in the calculation of RRS
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reported there, 50% of the segments measure less than 15
double bonds long, while our calculations take into ac-
count that 75% of the segments are more than 30 double
bonds long, with an average value of the segment length
at 100 double bonds.

We have applied the same model to the evaluation of
RRS spectra from trans-(CD)„and the results are in good
agreement with the experimental data of Ref. 31. The
same model, after changing N~, %2, 0.

&,
o.2, and G, can

account for RRS spectra of the sample under investiga-
tion, during the isomerization process from cis (CH)„-to
trans (CH)„-, and of doped trans (CH-) samples. '

With reference to doped and undoped trans-(CH)„
since in Ref. 7 it was suggested that the photoinduced
charged soliton presents a similar IR spectrum as that
created by doping, this implies equivalent dynamical
properties for both charged solitons of different origin.
However, following this hypothesis, it may be difficult to
explain why the RRS spectra of doped systems display the
sideband peak at a different frequency from that arising
from an undoped system, when the spectra are obtained

with the same exciting laser frequency. ' On the con-
trary, these experimental results on RRS could suggest
that no interaction between the excited electron and vibra-
tional modes induced by the charged soliton exists. On
the other hand, since it is straightforward to explain the
RRS properties of undoped and doped trans (CH-)„sys-
tems with our theory, this could draw us to the con-
clusion that the relevant properties of RRS spectra depend
on the interactions between the excited electronic state
with the stretching vibrations of long and short segments
of the chain.
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