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Photoinduced absorption is observed for the polydicarbazolyldiacetylene in the microcrystalline
state. The absorption spectrum shows well-defined excitonic features, very similar to those observed
for the same polymer in the single-crystal form. Photoexcitation at 2.54 eV gives rise to a structured
luminescence emission with the maximum around 1.7 eV. The photoinduced absorption spectrum
shows three well-resolved peaks at 0.81, 0.96, and 1.26 eV, a shoulder at 1.04 eV, and a band with a
maximum below 0.3 eV. By analyzing the dependence of the photoinduced signals on temperature,
laser intensity, phase detection, and chopper frequency, we demonstrate that the long-lived photo-
carriers associated with the peaks at 0.81 eV and below 0.3 eV are charged bipolarons. The 0.96-
and 1.04-eV bands are tentatively assigned to vibronic excitations of the bipolarons. Moreover, the
1.26-eV band has been assigned here to a triplet exciton transition. The existence of a correlation
between the type of long-lived photogenerated defects and the polymer disorder is also discussed.

I. INTRODUCTION

Various conjugated polymers have been studied ex-
tensively due to their interesting and potentially useful
physical properties. Among these materials, the polydi-
acetylenes are of particular interest because of their large
optical nonlinearities and short excited-state relaxation
times. These polymers, which can be obtained as al-
most defect-free single crystals via solid-state polymeriza-
tion, ideally behave as wide band-gap monodimensional
semiconductors. By varying the substituent groups at-
tached to the conjugated backbone, materials with large
difFerences in optical absorption spectra are produced,
but the design of nonlinear optical devices would require
detailed knowledge of the corresponding electronic struc-
tures.

Photomodulation technique has been widely used to
measure photoexcitation energy levels in the gap associ-
ated with photogenerated defects. In polydiacetylenes,
which possess a nonde generate ground state, strong
electron-phonon interaction leads to self-trapping of the
charge into a variety of nonlinear excitations. While exci-
tons are formed by processes involving single-chain exci-
tations, polarons are mainly formed by separation of the
electron-hole pair into difFerent chains after interchain
difFusion. The subsequent fusion of two positive or neg-
ative polarons gives rise to bipolarons.

DifFerent photogenerated defect states (triplet ex-
citons or bipolarons) have been found for polydi-
acetylenes. Some polydiacetylenes show a single sub-

gap photoinduced absorption, which has been as-
signed to a triplet-triplet transition. This interpre-
tation has been further substantiated for the case
of poly[1, 6-di(toluensulphonete)-2, 4hexadiynej (PDA-
TS) single crystals on the basis of the magnetic-Beld de-
pendence of the triplet-state lifetime, measured by time-
resolved optical absorption. For other polydiacetylenes,
the two sub-gap photoinduced absorption bands observed
were shown to be due to charged bipolarons: also on
the basis of the appearance of infrared-active vibrational
modes (IRAV). The formation of bipolaronic defects in
these polymers has been further confirmed by measure-
ments of light-induced electron spin resonance (LESR)
and jor by the study of the dependence of the photoin-
duced signals on temperature, pump laser intensity, and
modulation frequency.

In this paper we discuss the photoinduced absorp-
tion (PA) spectrum of poly[1, 6-di(N-carbazolyl)-2, 4-
hexadiynej (polyDCHD) in the polycrystalline state.
Among polydiacetylenes, polyDCHD shows very inter-
esting structural, mechanical, thermal, and optical prop-
erties. A substantial redshift relative to other polydi-
acetylenes is in fact observed of the lowest-energy exci-
tonic optical transition and the photoconductivity ac-
tion spectrum, and it has been attributed to the in-
crease in the polarizability of the chain environment de-
termined by the carbazolyl substituents.

A careful picture of vr-7t transitions in polyDCHD sin-
gle crystals has been provided by electric-field-modulated
refIectance spectra. ' These show that the electron
states are delocalized along the polymer backbone and

0163-1829/93/48( jk 1)/7850I', 7)/$06.00 48 7850 1993 The American Physical Society



48 LONG-LIVED PHOTOEXCITED STATES IN SYMMETRICAL. . . 7851

give precise values for the energy gap (2.334 eV) and
peak position of the singlet exciton (1.856 eV). Accord-
ing to Sebastian and dreiser, ' the large binding energy
(0.478 eV) and oscillator strength (f = 0.6) of the exciton
are a consequence of its confinement to the polymer back-
bone and are closely related to the quasi-one-dimensional
character of the a-electron states in this system. Spatial
confinement also increases the coupling of the exciton
to the continuum states, as revealed from the very large
value for the oscillator strength of this transition. On the
contrary, the transitions from the ground state into the
continuum have very small oscillator strengths.

II. EXPERIMENT
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FIG. 1. Electronic absorption spectrum of polyDCHD in
KBr pellet at T=300 K. The arrow indicates the exciting laser
line.

1,6-di(N-carbazolyl)-2, 4-hexadiyne has been prepared
as described in the literature. The monomer was char-
acterized by IR, H NMR spectroscopies, and by elemen-
tal analysis. Thermal polymerization was carried out
in microcrystalline samples dispersed in KBr pellets at
175 C following the time evolution of the visible absorp-
tion spectrum. No evidence of oligomers as well as of un-
reacted monomer has been obtained by solvent extracting
a microcrystalline sample bulk polymerized in the same
experimental conditions.

Electronic absorption spectra were recorded on a
Perkin Elmer spectrophotometer model Lambda 9,
equipped with the integrating sphere accessory. Photoin-
duced absorption spectra were obtained on a homemade
apparatus. Samples were mounted onto the cold finger
of a cryotip Joule-Tomson cryostat (Air Products and
Chemicals). The sample temperature was monitored by
a thermocouple placed on the cold finger. Transmission
(T) spectra were recorded in the range from 0.3 to 2.5
eV with an incident chopped light beam from a tung-
sten halogen lamp (probe). The transmitted light was
dispersed with a McPherson 218 monochromator driven
by stepping motor and detected with a photomultiplier
tube (visible region) and an InSb detector (infrared re-
gion). The output of a EGNG 5205 lock-in amplifier
was recorded by using as a reference the frequency of
the light chopper. Photoexcitation was provided by the
488-nm line of a cw argon-ion laser (pump). The photoin-
duced variation in sample transmission AT was obtained
by chopping the laser light between 1.3 and 900 Hz. AT
was measured by the lock-in amplifier using as reference
the pump chopper frequency. The data, coming from the
pump (—AT) and probe (T), were stored and processed
by an on-line computer in order to obtain the AT/T—
spectra.

(2.54 eV), i.e. , above the band gap of the polymer, falls
at 1.75 eV, about 0.17 eV below the singlet exciton ab-
sorption. The second, more intense, peak is redshifted by
0.07 eV ( 600 cm ) relative to the first one. It has to
be remembered that a vibrational satellite is evident at
680 cm to the red of the exciton band in the reHectivity
spectrum of polyDCHD single crystals at 77 K.

The photoinduced absorption and bleaching at 77 K
are reported in Fig. 3(a) for the "in-phase" and in Fig.
3(b) for the "out-of-phase" responses of the lock-in am-
plifier. These spectra show three sharp and well-resolved
peaks at 0.81, 0.96, and 1.26 eV, a shoulder at 1.04 eV,
and an indication of a rising band extending into the re-
gion below the detection threshold (( 0.3 eV) of our ap-
paratus. In the out-of-phase detection the two signals at
0.81 and 0.96 eV are still observed, even though at much
lower intensity, while the 1.26-eV peak disappears. This
fact indicates that the lifetime of the defect associated
with the last band is shorter with respect to the lifetimes
of the lower-energy defects. Notice further that above

1.6 eV, AT/T chang—es sign, indicating a reduction in
the strength of the exciton and interband absorptions.
This photoinduced bleaching shows superimposed oscil-
lations, whose positions and intensities are strongly de-
pendent on the phase of the detection. Indeed, in the
in-phase spectrum two prominent signals appear at 1.8
and -2.3 eV, which are the positions of the singlet ex-
citon and energy gap, respectively. On the other hand,
with out-of-phase detection, the 1.8-eV signal dominates
the bleaching.

III. RESULTS AND DISCUSSION

In Fig. 1 the electronic absorption spectrum of
polyDCHD in KBr pellets at 300 K shows the prominent
transition at 1.92 eV due to singlet exciton accompanied
by an apparent vibrational progression which resembles
that seen for the same polymer as a single crystal. Also
the luminescence exhibits rich vibrational features, as
shown in Fig. 2. The first peak of the emission spec-
trum, measured at 77 K by laser excitation at 488 nm
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FIG. 2. Luminescence spectrum of polyDCHD at T=77
K (A „,= 488 nm, laser power=200 mW).
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FIG. 4. Photoinduced absorption spectra of polyDCHD
for the in-phase and out-of-phase detection at T=20 K (other
experimental conditions are the same as in Fig. 3).
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FIG. 3. Photoinduced absorption spectra of polyDCHD
for the (a) in-phase and (b) out-of-phase detection, using the
488-nm excitation wavelength, chopper frequency of 13 Hz,
T = 77 K, and laser power of 200 mW.

To determine the nature of the diferent photoinduced
bands we studied their dependence on temperature, laser
power, and chopper frequency. Figure 4 shows the pho-
toinduced spectra at 20 K in the 0.65—1.45 eV region for
both the in-phase and out-of-phase detections. We find
that the three in-phase PA signals occur at 0.80, 0.95,
and. 1.24 eV, that is, at slightly lower energy than the
ones at 77 K. The intensities of the lowest-energy bands
show only marginal changes, while the intensity of the
third signal increases by a factor of 30 on going from
77 K to 20 K. Notice further that the main PA peak at
20 K has a full width at half maximum of 0.05 eV, com-
parable to those observed for other polydiacetylenes in
single-crystal form and that the out-of-phase spectrum
still contains no indication of the high-energy peak. The
difI'erent temperature and phase dependence of the PA
response at 1.26 eV with respect to the other two lower
absorptions clearly demonstrate that these features have
difFerent origin.

The dependences of the 0.81- and 0.96-eV signals and
that of the 1.26-eV peak on the laser power I are dis-
played in Figs. 5 and 6, respectively. While both the
lower-energy peaks are observed to behave as I, indi-
cating that bimolecular recombination kinetics is domi-
nant under the photoexcitation conditions, a more com-
plex I dependence is exhibited by the 1.26-eV signal. In-
deed, in this case, LT goes approximately as I for
power levels up to about 100 mW and as I for higher
laser power. As will be discussed later on, this indicates
that both monomolecular and bimolecular recombination
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FIG. 5. Laser power dependence of the in-phase photoin-
duced absorption peaks of polyDCHD at 0.81 eV and 0.96 eV
(A „,= 488 nm, chopper frequency of 13 Hz, T = 77 K). Lines
show the fittings of the experimental data.

kinetics are eR'ective for low pump intensity, while the bi-
molecular kinetics becomes dominant for higher intensity.

The diR'erent origins of the energy peaks below and
above 1 eV are also revealed by their dependence on
chopper frequency. Indeed, at 77 K for both the 0.81-
and 0.96-eV peaks a similar w decrease is observed
upon increasing the frequency [Fig. 7(a)], while the 1.26-
eV photoinduced signal is constant over the whole range
of the chopping frequency available [Fig. 7(b)]. At 20 K
the latter peak shows constant intensity up to approxi-
mately 300 Hz and begins to roll ofI' at higher frequency
IFig. 7(b)].

Hence the results obtained in the present study point
to the existence of two diR'erent types of photogenerated
defects in polyDCHD, one associated with the 1.26-eV
band and the other responsible for the 0.81- and 0.96-eV
bands. Indeed, there is no doubt on the common origin
of these latter peaks as they exhibit a similar dependence
on the experimental conditions used.

The interpretation of the PA spectra requires the
knowledge of the formation and decay kinetics of the
photogenerated defects. Let us erst assume that photo-
generated carriers decay monomolecularly according to
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FIG. 6. Laser power dependence of the 1.26-eV photoin-
duced absorption peak of polyDCHD (A, ,= 488 nm, chopper
frequency of 13 Hz, T = 20 K).
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FIG. 7. Chopper frequency dependence of the (a) 0.81-eV
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dn—= G(t) —pn.
dt

Here dn/dt is the change in the carrier density per unit
time, p is the inverse lifetime of the carrier (p = 7 ~),
and G(t) is the pumping term with angular frequency w,
which we model as

gI(cosset

+ 1), where I is the pump
intensity and g the eKciency of the carrier photogenera-
tion. Equation (1) can be exactly solved and its solution
for the steady-state case (t )) 7 ) is given by

= G(t) —Pn .

Note that now (in contrast to the linear recombination
kinetics) we cannot introduce a lifetime independent of
the light intensity with a constant value during the whole
relaxation process. In fact the relaxation process has an
in'. nite number of values of v, but one of them has a spe-
cial meaning, the lifetime under steady-state conditions
TS

Although Eq. (4) cannot be exactly solved for the
periodic form of G(t) considered above, a solution can be
given by approximating the modulation term G with a
symmetric square light wave. The following expression
is obtained for the steady-state photoinduced signal:

%o. tanh o.
(5)A8

o. + tanho.
where N = ggI/P, n = vr/(cur, ), and r, = 1/ggIP.

For large values of n (w7; (& 1), n, m 2Va/(1+n) = IV,
i.e. , the photoinduced signal is independent of w and
shows a square-root dependence on the laser intensity.
On the contrary, for small values of n (rue; )) 1) the
signal approaches zero as Ko., that is, with a ~ depen-
dence on the chopper frequency. The dependence on the
laser intensity is linear. The crossover region from low
to high chopper frequencies depends on the laser inten-
sity in agreement with experimental data. We want to
stress here that the comparative analysis of the predic-
tions of Eqs. (3) and (5) allows us to assign the type of
recombination process by means of the dependence of the
PA signals in the low-frequency limit (~r (& 1, w7, && 1)
as well as of the crossover region on the laser intensity.
Instead, in the high-frequency limit the kinetics of the
monomolecular and bimolecular processes are indistin-
guishable.

Finally, by using the same method reported in Ref.
19, we have derived an expression for the photoinduced
signal in the case where both monomolecular (—pn) and
bimolecular (—Pn2) decays are operative. The following

where P is the phase of the outcoming radiation. From
Eq. (2) one derives the photoinduced stationary signal
n, (which is proportional to AT):

gI~
Vl+ M 7

This well-known equation predicts an I dependence of
the PA signals. Moreover, for uw )) 1, a u law is
predicted, while for ~w (& 1 the signal is independent on
the chopper frequency. The crossover of the two regions
(ur —1) has been used often to obtain an approximate
value for 7. Note also from Eq. (2) that P —+ 0 for
very small values of the lifetime and P ~ x/2 for very
large values of T. The in-phase (P = 0) and out-of-phase
(P = vr/2) photoinduced spectra can be, and have been,
used to detect states with diferent lifetimes.

In the case of a quadratic recombination, the kinetics
equation is given by
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relationship has been obtained:

per Per
gI tanh tanh

2M (d
Per '77r—tanh + P tanh

2 2(d

(6)

where p = v.
, P = gpgI+ p2/4 = (2~) ' + (~, , )

—',
and w, is the lifetime of the bimolecular component of the
whole relaxation process under steady-state conditions.
Equation (6) collapses into Eq. (5) for the particular case
p = 0 (u7 —+ oo), while for P = 0 (wr, ~ oo) it predicts
the same intensity and frequency dependence as Eq. (3),
although it is formally different. The lifetime of the whole
process, which originates the PA signal described in Eq.
(6), is given by w~ = w + v', , Under the condition of
both uw, i « 1 and ww « 1 Eq. (6) becomes

n, = —[/1+4PgIp 2 —1].
2

From this equation the PA signal is predicted to be in-
dependent of the chopper frequency and increasing with
the laser intensity, with a changeover from the I to I
dependence when the bimolecular regime becomes dom-
inant. For both uw, &) 1 and ~w )) 1 the signal varies
linearly with the laser intensity and decreases following
a~ 'law.

These predictions allow us to give an interpretation of
the data discussed above and to propose the following
assignment. First of all we propose to assign both the
structured band around 0.8 eV and the rising band be-
low 0.3 eV to bipolaronic transitions, consistently with
previous assignment in polycarbazolydiacetylenes (Ref.
13) and according to the behavior of the two peaks at
0.81 and 0.96 eV in terms of temperature, laser intensity,
chopper frequency, and phase detection. Such a detailed
analysis could not be performed on the low-energy band,
which qualitatively follows the behavior of the higher-
energy component, because of its low intensity in the
range accessible to our apparatus. Moreover, for the rea-
sons discussed below we consider the sharp, well-de6. ned
peak at 0.96 eV as due to a vibronic satellite of the 0.81-
eV signal. We believe that also the 1.04-eV shoulder
may be considered as evidence of a higher-energy vibronic
satellite.

Vibronic structures in bipolaronic bands have been ob-
served in other conjugated polymers such as, for instance,
in poly(p-phenylene-vynilene) (PPV), ~s and it is conceiv-
able that these structures, where nonevident, might be
hidden underneath the broad signals usually presented by
bipolarons. It has to be remarked that vibronic satellites
of the singlet exciton are evident in the absorption spec-
tra of both polyDCHD and PPV. Moreover, the bleach-
ing in the PA spectra of our samples shows clear evidence
of the involvement of the singlets in the photogeneration
of the long-lived defect states discussed here. A vibronic
structure of a photogenerated defect state has been ob-
served also in the optical transition of the neutral soliton
level in trans-polyacetylene.

The temperature dependence of the 0.81- and 0.96-
eV bands, small in comparison to that of the 1.26-eV
signal, is similar to that observed for bipolarons in poly-

carbazolyldiacetylenes and in other conjugated polymers.
The behavior with the laser intensity is also consistent
with a bimolecular relaxation process of long-lived bipo-
larons. The long lifetime of the states associated with
bipolarons is revealed in both the phase and chopper
frequency dependence of the PA signals. In fact, the

decrease of the signal amplitudes indicates that the
structured band dominates the photoinduced spectrum
at long times, consistent with the long-time PA spec-
trum observed in preliminary measurements carried out
in a Fourier transform infrared spectrometer. The ~
dependence, as well as that measured in several conju-
gated polymers, is in disagreement with the predic-
tions of Eq. (5). This discrepancy has been commonly
interpreted in terms of a broad range in excited-state
lifetimes due to a distribution in defect trapping depths.

As to the 1.26 PA band, whose origin is less clear, ex-
perimental evidence points to the photogeneration of a
subgap defect with a lifetime shorter than that of the
bipolaronic states. An evaluation of its lifetime, as ob-
tained from the chopper frequency dependence, gives a
value somewhat smaller than 1 ms at 20 K and a sub-
stantially lower value at 77 K, in agreement with the
large temperature effect on the photoinduced signal. The
laser intensity dependence rules out the photocreation
of defects with a simple monomolecular decay. On the
other hand, this absorption cannot be attributed to the
photocreation of polarons and bipolarons, which are ex-
pected to recombine bimolecularly. In this case Eq. (5)
predicts an inverse square-root dependence of the life-
time with the laser intensity. Therefore, it turns out that
a change from an I to I dependence would require a
variation in the lifetimes with the laser intensity so as
to allow the shift from the high- to the low-frequency
limit upon increasing I. At a chopper frequency of 13
Hz, using the definition of w, and the 1-ms value derived
above for the lifetime at 200 mW, it can be inferred that
ww, « 1 in the whole range of the available laser power.

We are therefore left with the possibility that triplet
excitons are formed in this polydiacetylene and that
the 1.26-eV signal results from a triplet-triplet transi-
tion, in agreement with previous finding in other poly-
diacetylene single crystals. The observed laser intensity
dependence may in fact indicate the presence of both
monomolecular and bimolecular decays. This is con-
sistent with excited-state spontaneous relaxation of the
triplet exciton and bimolecular annihilation processes of
triplet excitons as observed in many organic molecular
crystals and according to the behavior discussed above
in Eq. (6). Notice further that the millisecond lifetime
of this excitation implies that the radiative transition to
the ground state is not dipole allowed, in agreement with
our assignment. A decay through both the monomolec-
ular and bimolecular channels has been also proposed
for the triplet excited state in the 1.3—1.5 eV region in
PDA-TS single crystals on the basis of the laser intensity
dependence of the photoinduced reflectance.

In summary, the photoinduced spectrum of polyDCHD
shows a variety of features which we attribute to both
bipolaronic bands and to a triplet excitonic transition.
The presence of charged bipolarons has been further con-
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TABLE I. The values of U,~ and I' (for the BK and CR models) calculated from the experi-
mental values of the energy gap and the bipolaron transitions for several PDA's.

Eg (eV) hcui (eV) h~2 (eV) 2huo (eV) U,s (eV) FsK (eV) Fca (eV)

PolyCPDA
PolyDCHD
PDA-1OH

2—2.2 0.45
2.335 0.1

2.4 0.25

1.1
0.8

1.325

0.65
0.7

1.075

0.21—0.31
0.71
0.41

0.11
0.10
0.23

1.0
1.0
1.2

firmed by the appearance of IRAV modes in prelimi-
nary photoinduced absorption measurements in the in-
frared region. No LESR nor absorption-detected mag-
netic resonance experiments have been performed so
far on this polymer. Hence the assignment of the 1.26-eV
signal to the triplet exciton, even though reasonable on
the basis of all the data here discussed, cannot be unam-
biguously given without the support of spin-dependent
photogeneration measurements.

At this point, we would like to add a few comments
on the existence of a correlation between the nature of
the photogenerated defects and the degree of disorder
in the crystal structure which derives from chain disor-
der. Such a correlation may help in clarifying the differ-
ent photoinduced spectra exhibited by different polydi-
acetylenes in terms of structural disorder. Indeed, it has
been experimentally observed in other conjugated poly-
mers that the formation of bipolaronic defects is strictly
associated with the presence of structural defects in the
polymer chain. In contrast to the three photoinduced
signals found in "ordinary" PPV (Ref. 18) and in film of
poly[2-methoxy, 5-(2'-ethyl-hexyloxy)-p-phenylene viny-
lene] (MEH-PPV) (Ref. 26) the steady-state photoin-
duced absorption spectra of both improved PPV (Ref.
27) and MEH-PPV/polyethylene blends2 show only one
subgap absorption near 1.4 eV, assigned to the triplet-
triplet transition. A similar explanation could be given
to the fact that some photoexcited polydiacetylenes give
rise to a single high-energy peak around 1.4 eV, while
others exhibit two bipolaronic absorptions. In our sam-
ple, where evidence of an ordered structure is derived
from the prominent exciton absorption, the PA spectrum
exhibits three peaks, in contrast to previous findings on
other polycarbazolyldiacetylenes characterized by broad
absorption spectra, for which only bipolarons were de-
tected.

We now compare the electronic properties of polyD-
CHD with those of other PDA's, in relation to the long-
lived photoinduced signals associated with bipolarons.
The present data do not allow us to assign the low-
energy peak of the bipolaron in polyDCHD to a precise
frequency value as remarked above. However, a value
around 0.1 eV can be inferred from the analysis of the
photoinduced infrared spectrum. The energy separa-
tion of the two bipolaronic peaks (2cuo) in polyDCHD
would thus result as 0.7 eV, i.e. , of the same order of mag-
nitude of that found for poly[1-(N-carbazolyl)penta-1, 3-
diyn-5-acetoxy] (polyCPDA) (Ref. 13) and much smaller
than that reported for poly(1-methyl penta-1, 3-diyn-6-
ol) PDA-1OH (Ref. 11) (see Table I).

The size of the bipolaron is determined by the con-

finement parameter I', which is a function of the ra-
tio 2wo/Eg, where Eg is the energy gap. By using the
Brazovski-Kirova (BK) model we derive for polyDCHD
a value I' =0.1, which is comparable with that obtained
for polyCPDA, but much smaller than that for PDA-1OH
(see Table I). The same behavior, but with values of I'
substantially higher (Table I), is obtained by using the
very recent model proposed by Choi and Rice (CR) (Ref.
29) which accounts for the superalternant structure of the
polydiacetylenes not included in the BK model. Though
the physical picture derived from the two different mod-
els is opposite (weak confinement of the bipolarons in the
BK model, strong confinement in the CR model), they
agree on the prediction that I for polyDCHD is similar
to that for polyCPDA and both are lower than the value
found for PDA-1OH.

We note that the introduction of carbazolyl sub-
stituents appears to reduce the degree of confinement
of the photoinduced defects, independently on the de-
tails of the chemical structure such as the number of the
carbazolyl groups and the mode of attachment to the
polymer skeleton. Furthermore it has to be noted that
the values of I' do not appear to depend on the degree
of chain order as evidenced by the differences in the elec-
tronic absorption spectra.

For a bipolaron, in the presence of Coulomb interac-
tion, the sum of the transition energies ui and ~2 can be
related to the band gap through the relationship

4)y + M2 = Eg —2Ueg

where U,~ is proportional to the effective Coulomb en-
ergy in the Hubbard on-site model. Since we have
~j+cu2 ——0.9 eV, we find U g ——0.7 eV, which is even larger
than the value 0.41 estimated for PDA-1OH. We can con-
clude by noting that the electron correlation appears to
be even larger in polyDCHD than the still large values
calculated for other polydiacetylenes. On the other hand,
the electron-phonon coupling in this system is so large
as to forbid the discussion of the experimental data in
terms of the electron-electron interaction. Theoretical
calculations including both strong electron-phonon and
electron-electron interactions are needed to allow quan-
titative interpretation of the experiments in these semi-
conducting organic materials.
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