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We report the results of steady-state photoinduced absorption experiments on PDA-4BCMU grown on silica
substrate. We observe three photoinduced absorption bands at 0.82, 0.95, and 1.39 eV whose relaxation
dynamics are identical for the two low-energy peaks but different for the 1.39-eV band. On the basis of the
spectra, the pump intensity, modulation frequency, and signal phase dependences we conclude that the 0.82
and 0.95-eV absorption features are due to charged states while the 1.39-eV peak is originated by triplet
excitons. The photogeneration of both charged and neutral states in PDA-4BCMU as previously observed in
polycarbazolyldiacetylenes indicates that this is a general feature of polydiacetylenes. The relative weight of
one excited species over the other one is influenced by the molecular and supramolecular organization of the
polymer.[S0163-182¢08)02812-4

[. INTRODUCTION On the contrary, the presence of PA signals associated
only with charged photoexcitations has been found in
The nature of excitations imr-conjugated polymers PDA-10H (R—=—CH; R=—CH,0OH) and PDA-9PA
has been extensively studied by the continuous wavéR—R’'——(CH,)JOCOCHCgsHs).*’ In these cases the
photoinduced absorption(PA) technique. Among the assignment has been substantiated by the presence in the
conjugated systems, the polydiacetylene€PDA’s), low-frequency region of the PA spectrum of infrared acti-
#£CR—C=C—CR'3= ,,, have attracted particular interest vated vibrationalIRAV) modes, which are associated with
because they can be prepared in the form of macroscopitharged state’’ To make this picture more confused, IRAV
single crystals through solid-state topochemical polymerizamodes are reported to be present also in PDA-TS and PDA-
tion of the corresponding monomers. In addition, the possi4BCMU  (R=R’——(CH,),OCONHCHCOOGH,).5’
bility of changing the substituents of the polymer backbonen all these cases, no light-induced electron spin-
allows us to obtain a variety of materials with properly de-resonance (LESR) signals were detected suggesting
signed optical and electronic properties. For practical applithe photogeneration of doubly charged spinless bipo-
cations, PDA’s grown on suitable substrates by the epitaxidlarons’ The presence of triplet excitons in the blue
technigque or, when soluble, cast from solution are usualljorm of PDA-4BCMU (Ref. 8 and PDA-3BCMU
considered. Polymerization of diacetylenic crystals usuallf R—=R’—=—(CH,);OCONHCHCOOGCH,) (Ref. 9 has
leads to polymers in the blue phase characterized by a welbeen detected around 1.4 eV with picosecond PA spectra for
defined singlet excitonic peak around 620 nm.probe energies above 1.2 eV
Thermochromit and solvatochromfc phase changes are, For the red form of PDA’s only a few experimental data
however, possible and in this condition a red form characterare available for PDA-4BCMURefs. 8 and 1pand PDA-
ized by an absorption band around 540 nm is obtained. Th€ICin22 [poly(bisp-chlorocinnamate, 10, 12-docosadiyn-1,
study of the different forms of PDA'’s, due to their differ- 22-diol)].1° The PA peak observed at 1.4—1.5 eV is attributed
ent conjugation length, provides additional informationto neutral excitationstriplet excitong.
on the photophysics of these polymers. The PA spectra of In the past few years we have been interested in studying
this class of polymers so far reported by other authors class of polydiacetylenes having the carbazolyl group at-
usually deal with the blue form of PDA’s. A strong PA tached directl{*~**or indirectly}*~?°through a CH spacer,
peak around 1.4 eV has been observed for PDA-TSo the main chain. Our interest in the polycarbazolyldiacety-
(R=R=—CH,SO,C¢H,CH3) (Refs. 3 and % and lenes(PCzDAg is dictated by the particularly high value
attributed to neutral photoexcitations on the basis of theof the third-order polarizabili§}?> and enhanced photo-
results of the study of its decay in the presence of an apeonductive  responé® observed for  polyDCHD
plied magnetic field. For the same polymer no evidence (R=R’=—CH,NC,,Hg) as well as by the unusual excita-
of photoexcited charged states in the NIR region is reportedion  profile of the photocurrent in polyCPDO
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(R=—NC,,Hg,R'==—CH,0H).?* The large dipole mo- 20 ; ; . .
ment and the photoconducting property of the carbazolyl
ring seem to affect to some extent the properties of the poly-
diacetylene backbone.

The results of PA studies carried out on these polymers
are the following ones. Only charged photoexcitations are
detected for those PCzDAs having one carbazolyl substituen
directly attached to the polymer backbone. On the other
hand, neutral triplet excitons as well as charged photoexcita: os T
tions have been observed for a series of blue PCzDAs sym I
metrically substituted with carbazolyl groups attached to the
polymer backbone via one GHspacer. By increasing 1.0 15 2.0 25 3.0 35
the interbackbone distance in these polymers through Energy (eV)
the insertion of long aliphatic chains on the carbazolyl
side group as in polyDCHD-S [R=R'=—CH,- FIG. 1. Absorption spectrum of PDA-4BCMU for the electric
(3,6-H,C-(CH,)1;NC;,Hg] neutral triplet excitons become field of the radiation parallel and perpendicular to the chain axis
the dominant photoexcitations while the charged species arféull line). Luminescence spectrumdashed ling T=77K,
strongly depressed. Nexc=488 nm.

The red forms of the PCzDAs reveal PA features at 1.5
eV (polyDCHD) (Ref. 16 and at 1.45 eV(polyDCHD-S were oriented by rubbing. On this surface, a thicker film
(Ref. 20 attributed to triplet excitons on the basis of their (about 1500 A of ABCMU monomer was deposited under
lifetimes and the lack of the IRAV modes. high vacuum. The epitaxially grown monomeric film was

We would like to stress here that unlike other conjugatedagain polymerized with UV light.
polymerg® the type and nature of photoexcited states in PC- The electronic absorption spectra have been recorded us-
zDAs do not seem to be affected by the degree of order imng a Cary 5E spectrophotometer operating in the range 300—
the sample. Indeed similar PA spectra are obtained either id200 nm equipped with a liquid nitrogen cryostat; the spec-
microcrystalline samplé8 or in epitaxially grown films:® tral resolution of all spectra was 1 nm.

It is well known that both neutral and charged photoexci- The PA spectra have been recorded using a homemade
tations are important in different fields of application. The experimental setup. A continuous wai@Ww) Ar* laser, me-
enhancement of the PA peak associated with neutral triplethanically chopped, has been used as pump and a tungsten-
excitons is promising for application of PDA’s as nonlinear halogen lamp as probe. The excitation wavelength is the
optical material$® On the other hand the presence of 488-nm lines of the laser. The differential changes of sample
charged states has been shown to favor the photoinducdthnsmission AT) due to pump excitation were dispersed by
electron transfer from conjugated polymers to other systems Mc Pherson 218 monochromator and collected by a cooled
like for instance G, with consequent ultrafast charge sepa-PbS detector in the 0.6—1.4 eV range and with a photomul-
ration prior to recombinatiof’ Hence a strong enhancement tiplier tube in the 1.4—2.3 eV range. A Stanford SR850 DSP
of the photocarriers efficiency occurs, which results in a siglock-in amplifier allowed a phase-sensitive detection. The
nificant increase of the photoconductivity of the conjugated®A spectra ¢ AT/T) have been obtained by normalizing
polymer®? These effects have not been observed when thAT to the transmissionT) of the sample. The photolumi-
conjugated polymer is a red PDA-4BCMONo data are so nescence spectra are recorded with the same experimental
far reported for the case of blue PDA’s. On the other handsetup used for the PA experiments. All the low-temperature
for the red form of PDA’s photoexcited charged states haveneasurements have been performed with an hydrogen-
not been observed. helium expansion cryostat.

The understanding of the mechanisms that favor the pho-
togeneration of one of the excitations over the other could
then greatly help in the design of the supramolecular archi- lll. RESULTS AND DISCUSSION
tectures necessary to achieve a desired property. But, before Figure 1 shows the electronic absorption spectra of the
reaching this goal it is necessary to establish whether thfim of oriented PDA-4BCMU aflf =77 K in polarized light
presence of both neutral and charged excitations is observeghd its photoluminescence spectrum. The component of the
only for the polycarbazolyldiacetylenes like polyDCHD and gbsorption spectrum recorded with the electric field of the
its modified forms or itis a general feature of the PDA Chain.radiation para||e| to the chain axis shows the excitonic ab-
For this reason we have carried out PA experiments on thgorption transition at 1.94 e{638 nm and its vibronic pro-
blue form of a poly-4BCMU film on a silica substrate. The gression. The component of the absorption spectrum re-
results of such a study will be here reported and discussedeorded with the electric field of the radiation perpendicular to
the chain axis shows essentially the same features but with
reduced intensity. The peak to peak anisotropy is about 4,
indicating that a substantial degree of orientation is attain-

Films of blue PDA-4BCMU were obtained as describedable with the growth technique. The intensity of the perpen-
in Ref. 29. A very thin film(about 300 A of monomer was dicular absorption is due to three effects whose relative con-
first deposited under high vacuum on a well-cleaned silicaribution can be evaluated in terms of chain misalignment,
substrate. The polymer chains obtained by UV irradiationzigzag backbone structure, and electronic interchain cou-
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FIG. 2. Liquid-nitrogen photoinduced spectra of PDA-4BCMU FIG. 3. Photoinduced signal phase of PDA-4BCM(T
for in-phase(full line) and out-of-phasédashed ling detection(T —77K, M\ey=488 nm, modulation frequency 20 Hz, pumping

=77 K, Nex=488 nm, modulation frequency 20 Hz, pumping power 200 mVY. Scattered points are due to noise.
power 200 mW.

pling. Chain misalignment has been shown to be the domi¢Refs. 14,17,18 and polyDCHD-S? In the former three
nant contribution to the perpendicular absorption spectrum iphotoinduced peaks with the same phase behavior here ob-
polyacetylen® and polyDCHD*®3! It has also been shown served were detected at 0.82, 0.96, and 1.26 eV. The first two
that the effect of the interchain coupling, even though neglipeaks were tentatively assigned to photoexcited doubly
gible in the absorption spectrum, plays an important role ircharged spinless bipolarons and the 1.26 peak to a triplet-to-
the photophysics of the excited states. triplet transition. In blue polyDCHD-S, the PA spectrum is
The photoluminescence spectrum of PDA-4BCNIElg.  dominated by a peak at 1.45 eV that was assigned to a
1) shows peaks at 1.77 and 1.86 eV and, in addition, a broattiplet-to-triplet transition. In addition, small signals associ-
band above 2 eV with superimposed peaks at 2.01 and 2.2&ed with charged states were detected in the spectral region
eV resulting from the self-absorption of the polymer due t00.8—1 eV (Ref. 19. Moreover, strong oscillations in the
the overlap of the emission and of the absorption spectra ibleaching region of the PA spectrum were detected also for
this region. the blue forms of both polyDCHD and polyDCHD-S. The
Figure 2 shows the photoinduced absorption spectra ofomparative analysis among the PA spectra of blue PDA’s
PDA-4BCMU both with in-phase and out-of-phase detec-suggests us to assign the PDA-4BCMU PA peaks at 0.82 and
tion. These spectra are recordedTat 77 K with exciting 0.95 eV to photoexcited charged stai@®larons or bipo-
wavelength 488 nm, modulation frequency 20 Hz, and 200arong and the 1.39-eV peak to a transition between photo-
mW laser power. Unfortunately, the degree of orientation ofexcited triplet excitonic states.
the sample is not enough to allow a detailed study of the To substantiate this assignment, we performed a detailed
polarization properties of the PA spectra as previously peranalysis of the dependence of the PA spectra on the experi-
formed for epitaxially highly oriented polyDCHE. For this  mental parameters.
reason we have recorded only PA spectra with polarization Figure 4 show the pump intensity dependence of the
of the exciting radiation parallel to the chain axis to maxi- photoinduced signal peak and photoinduced signal phase for
mize the signal. The probe light is unpolarized. The PA specthe 0.82 eV(a), 0.95 eV(b) (LE peaks, and 1.39 eMc) (HE
trum with in-phase detection shows three peaks at 0.82, 0.9peak bands. The bands at 0.82 and 0.95 eV show %h
and 1.39 eV of comparable intensity. A prominent bleachingdependence while the 1.39-eV band follows tAé law. All
signal is observed at 1.89 eV followed, at higher energies, byhe signals show a dephasing of about 20°-30° in the range
marked oscillations. In the out-of-phase detected spectrurof the investigated intensities. The different intensity depen-
the peak at 1.39 eV is absent, while the lower-energy peakdence of the LE peaks with respect to the HE one was ob-
are still present. This fact clearly shows that the lifetime ofserved also in the PA spectrum of polyDCHfXurther con-
the photoexcitations associated with the 1.39-eV band iéirming our assignments of the 0.82 and 0.95 eV bands to
much smaller than that of the photoexcitations associatedharged states and of the 1.39-eV one to a triplet exciton.
with the 0.82 and 0.95 eV peaks. The oscillating behavioMore puzzling is instead the strong intensity dependence of
observed for energies above the bleaching is indicative oéll the photoinduced signal phases. In a previous work on
electromodulation of the absorption due to the photoexcitapolyDCHD-S?° we showed that the photoinduced signal as-
tion of charged state¥>* The different origin of the 0.82 sociated with the triplet-to-triplet transition does not show
and 0.95-eV peaks with respect to the 1.39-eV one is clearlgny dephasing in the same range of pumping intensity used
shown in Fig. 3, where the spectrum of the photoinducedn this work. Moreover, no variation of the lifetime of the
signal phase is reported. For the 0.82 and 0.95-eV bands hotoexcited species with the pump intensity was observed.
dephasing with respect to the laser phase of about 155° iBhis fact was attributed to the monomolecular decay of the
observed. On the other hand, in correspondence to theiplet exciton in the presence of trapping sites. According to
1.39-eV band a dephasing very close to 180° is detected. these conclusions, we do not expect a contribution of the
The structure of these PA spectra is very similar to thaimonomolecular kinetics to the decay of all the photoexcited
previously reported for other blue PDA’s like polyDCHD species in PDA-4BCMU. It is possible that the decays are
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f ; bimolecular kinetics is negligible because in our spectra the
< 5B cutoff frequency is not observed.
o B In order to account for the pump intensity and modulation
&2 : .
] £ frequency dependences of the photoinduced signal peaks we
L : ) : 125 worked out a kinetic model for the density of the photoexci-
0 50 L 10°P 150W 200 20 tations based on a monomolecular decay law, which includes
aser Power (mW) the presence of traps to which the long-lived photogenerated
190 states may be bound. As the pump intensity increases, the
v traps are filled and the efficiency to create long-living states
1w & that give rise to PA signals, is reduced. Such a process can be
g described by the following rate equatiSn
‘7 1 170 o
‘é‘ g_
w2
1 ] = dn n n
£ ! gr -9l 1—n—)—;- (1)
2 1 150 ;—"-‘g 0
1 10 % Heren is the density of trapped photoexcitatiohét) is the
3 il pumping term with angular frequeney, which we model as
; s s . 130 Io/2[ 1+ sin(wt)], wherel is the density for unit time of the
0 50 100 150 200 250 photogenerated electron-hole-f) pairs andg is a factor

Laser Power (mW) that accounts for the efficiency of the transformation of the

FIG. 4. Intensity dependence of the 0.82), 0.95- (b), and e'hg pairs 30'%0 trapped  photoexcitations(typically
1.39-eV (c) photoinduced signaléull circles) and photoinduced 107~ —107°);""*"ng is the density of traps and s the in-
signal phasesfull square$ (T=77 K, \e—=488 nm, modulation trinsic lifetime of the photogenerated species. Equatiin
frequency 20 Hg Lines are best fittings with power laws. can be rewritten as

principally driven by the bimolecular kinetics. A bimolecular
contribution to the decay kinetics of both charged states and
triplets was previously reported for blue polyDCHf!'8

In Fig. 5 we report the modulation frequency dependencavhere the parameter=(gly/ng) ~* has the dimension of a
of all the PA signals in the 5-3000 Hz range. For the LElifetime. This kind of rate equation was proposed in the study
peaks a power-law decay in agreement with previouf steady-state PA in oligothiopherifsand multiple quan-
observation¥*>-3for charged carriers with a distribution of tum well$'® to explain the observed steady-state saturation of
the lifetimes is observed. On the other hand, no dependendbe signal with increasing pump intensity. In the limit
on the modulation frequency is detected for the HE bandny— o, Eq.(1) becomes the kinetic law usually used for the
These results are very similar to those previously reportedescription of the PA dynamics in conducting
for blue polyDCHD*'® The presence of the bimolecular polymerst!14:32:363741-4n\n glternative explanation for the
decay kinetics can be easily detected by the intensity depesaturation of the picosecond excited state absorption was
dence of the cutoffkne® frequency in the modulation fre- given in terms of phase-space filling by éher two*’ di-
quency dependence of the photoinduced sighalle per- mensional excitons. We think that this mechanism, typical of
formed this kind of measurement but we did not detect anyast process, cannot account for the long-living excited states
variation. However, this fact does not demonstrate that théere investigated.

dn_ | 1 Lts 1
a—g (t)— 2_7'|( +sin wt)+; n, 2
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The analytical solution of Eg2) is very difficult to ob-  that is, in both cases the PA signal decays according to the
tain. However, as previously reportéd*“%for the monomo- ™! law. ng of Eq. (7) can be again approximated by a
lecular decay law, to get a solution we can approximate th@ower law while no intensity dependence appears in(8q.
modulation term as a square wave. After solving separately The PA signal ¢ AT/T) is directly proportional to the
the two differential equations relative to the rise and the dedensity (i) of the photoexcitations in the steady state. This
cay of the photoexcitation population density we impose thaelation allows us to fit the experimental data on the pump
conditions of periodicity and continuity @f(t). This method intensity dependence reported in Fig. 4 with Eg. 3. The
allows us to derive the modulus of the signal but not itspumping power P) can be easily converted to density of
phase. The steady-state density of trapped photoexcitatiorshsorbed photons per unit tith§cm ™3 sec'!) each one car-
ns in the case of the monomolecular decay described by Eqying an energyhc/\ ., through
(2) is then given by

PAexc A
(1_e—(w/wr))(l_e—(w/wr*)) _WV! (9)
ne=gl7r* m , 3
(1—e mellimr i) whereA=1-R-T (R is reflectivity, T is transmittance and
h V is the film volume corresponding to the laser spot. For the
where sample under study th&/V ratio is approximately given by

1 gl 1 1 1 10°cm 3. For P=1mw, we get [=245
=T yT=T4C (4) x10P°cm >sec’. The dimensionless term /r entering
T N 7 7 7T these equations can be evaluated in terms ©f /) p—1,

7 is the total lifetime of the photoexcitation kinetics and it which refers to the pumping power of 1 mW,

depends on the pump intensity.

In the limit gl7/ng<<1 (7<< 7)), ng=gl 7 tanh@2w7) as
in the classical monomolecular decay with square wave
pump?® In the casgl7/ny>1 (1), i.e., total saturation _ . _
of the signaln.=n,[ 1— exp(—m/w7)] is independent on the By using Eq.(3) to fit the P depend.ence of the PA S|gnals_
pump intensity. Here for low chopper frequencies( fqr the LE and HE peaks one obtains the curves shown in
<1), ns=n,, while for high frequencies §r>1), n, Fig. 6. For the LE bands Eq3) aI_Iows us to obtain much
—nym wr. Should the intensity dependence of the PA signafPetter fittings than the power laj#Figs. 6a) and Gb)]. Sev-
show both the limiting case$glr/ny<l (r<r) and eral Ppairs of the p:atgameter*s and 7, give very good fits
glring>1 (v>7)] in the investigated range of laser pow- Provided that7<10"* sec and ¢, /7)p-,=31.17(0.82-eV
ers, the density of traps could be determined from the crosg28@, 32.26 (0.95-eV peak The condition found for the

71 Np No (TI

T gl 9245107 7)P15- (10

ing point of the two extreme behaviors, lifetime is in agreement w@th our assignment c_>f Fhe.se peaks
to trapped charged excitation. Moreover, the similarity of the

glr (7 /7)p=4 ratios indicate that the two LE bands are strictly

nozmw—f, (5) related, as previously found, also for polyDCHD. For the HE

peak instead Eq3) gives a rough fit while the power law
when the lifetime of the excitations is knowffor instance ~ 9iVes a result I°%Y) compatible with a bimolecular kinetics.

from the modulation frequency dependence Here again the fitting procedure requires 10 ° sec and
The analysis of Eq(3) allows us to determine the behav- (71/7)p=1=108.57. Notice that the decimal figures of

ior of the PA signals for the two limiting cases: 71/7)p=1, though physically meaningless, are meaningful
(i) wr<1 for the mathematical fittings as their values are critical for

the minimization procedure.

gl No The determination of the lifetimeof the photoexcitations

ne=glr* = 1 (6)  from the cutoff in the modulation frequency dependence of
g—+- 1+ AT (Refs. 14,20,3pcould allow the evaluation ofiy. Un-
o 7 T fortunately this is not possible in our case because the modu-

lation frequency dependence of the HE band does not show
any cutoff, as one can see in Fig. 5. Moreover, the LE bands
give power-law decays in contrast with the prevision of
single decay channel kinetics. This fact suggests that a dis-
tribution of the lifetimes must be introduced to account for
the experimental data. The lifetime distribution is easily un-
Nom for ms>1 7) derstood as due to the different trap depths that may affect
27 == the lifetime of the trapped excitations. Detailed calculations
1+ o of the cw kinetics of PA have not been so far reported. How-
ever, the description of a monomolecular decay in the ab-
sence of traps but with two different decay lifetimes was
Ne=—"— for on<1l: (8 recently attemptetf
The traps density is related to the density of conjugation
defects, i.e., chain twistings, chain ends, and oxidation sites.

for both w7,<1 andw7,>1. Notice that in Eq(6) the in-
tensity dependence of; can be roughly approximated by a
power law.

(i) o™>1

ng=

wT
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sponsible for the two LE bands prevents their use in the

1.5x104
estimation ofny. From the dependence of the HE band on
the modulation frequency we infer that the lifetinnés less
then 103 sec. Then we get
_ Lox1io#
g .,
e No=2.45x 102°g( —')
f Tlp=1
< 50x10% 7
If we assumeg=10"° we getn,=10"3for r=102 sec and
10% for =10 sec. This comparison, which seems to in-
dicate the presence of defects essentially on chain ends,
00x100 [t e seems interesting. We are aware of all the approxima_ttions of
the present calculations and believe that the formulation here
Laser power (mW) developed can be used for the study of other systems in
LS 10 which all the parameters are knowh. _
: ) L The PA spectra here reported suggest to us another inter-
esting observation. The HE band, due to a triplet-to-triplet
exciton transition, in blue PDA-4BCMU is located at 1.39
eV, as previously observed by picosecond $Aln red
5 Lox10% PDA-4BCMU this band is located at 1.5-1.6 &Refs. 8-10
E and 50 and in the yellow form at 1.7-1.8 eVRef. 52.
£ These energy shifts can be reasonably related to the different
5 conjugation length in the different forms as observed in con-
50%10°% trolled length oligothiophene. However, more interesting
is the comparison with other PDA’s. In polyDCHD we de-
tected a triplet exciton transition at 1.26 eV and in its soluble
derivative(polyDCHD-S at 1.45 eV for the blue form and at
00X 10 1.4 eV for the red form thus showing that the conjugation
length is not the only parameter affecting the transition en-
Laser power (mW) ergy. It is possible that the nature and depth of the traps
7.0 % 1075 ettt et affect this energy but we cannot exclude that the detailed
L(c) ] characteristic of the excited states of these polymers can be
6.0x10-5 | Pt dependent on the nature of the side groups and on the su-
- = 1 pramolecular ordering. Models for the electronic states con-
5.0x10 - = 1 cerning the conjugated skeleton alone cannot be adequate for
z Sl < ] the description of these materials.
i 40x10 2 The most interesting feature of the spectra here reported
3 30x1051 * ] are the LE PA peaks. The comparison with the behavior of
g i % ] the PA spectra of other recently studied PDA’s, unambigu-
20x105F A - ously assigns these peaks to photoexcited charged states.
b 1 This is an absolutely new feature for PDA-4BCMU. Even
LOx10°5 |-/ T though this polymer was greatly studied in the past, and, in
N particular, with ultrafast spectroscopfe¥,>*which more di-
: 0 50 100 150 200 250 rectly probe the intrinsic photoexcited states, the PA spec-

trum of this polymer for probe energidmelow 1.2 eViwas
never reported. The experience gained in the study of poly-
FIG. 6. Intensity dependence of the photoinduced signals at 0.8£ZDA’s suggests that charged states for the blue form of
(a), 0.95 (b), and 1.39 eV(c). Power-law fittings(dashed linegs ~ these polymers appear in this spectral region. The fact that
Fittings with Eq.(3) of the text(full lines). no photoinduced charge transfer tg,@as detected in PDA-
4BCMU (Ref. 10 as instead found for other conjugated
If the only defects present are the chain ends, the density qgfolymers could be due to the fact that the red form of the
traps can be calculated from the volumeV=5 polymer was used. On one hand, the red forms of PDA’s do
X108 cm®), the density (1.6 g ci?) of the sample, and not give rise to photoexcited charged states, as demonstrated
the polymerization index of PDA 4BCMU chaingN by their PA spectra where only triplet excitons are detected.
=2400 (Ref. 50]. The result is a trap density around On the other, no theoretical evaluation of the excited elec-
10 cm™3. We can try to compare this value with thatrgf  tronic states for this form is available so that it is difficult to
from the fittings of the PA data. This would require an esti-estimate if the transfer from red PDA's to;{Js favorable.
mate of the lifetimes of the different defects. We will limit We notice that, instead, in the blue forms of the same poly-
our considerations to the HE band due to the triplet excitonsners also charged statépolarons or bipolaronsare ob-
because the lifetime distribution of the photoexcitations reserved. The fact that charged states are a quite general fea-

Laser power (mW)
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ture of blue PDA’s opens new possibilities for molecular
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ization of photovoltaic devices becaugeined with the great

engineering. In fact, the electronic properties of blue PDA’sorder and consequent high mobility of the carriers in blue
can be modified to allow a charge transfer process with othePDA's) an increase in the energy conversion of these devices
systems. This fact could be of great importance for the realeould be obtained.
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