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We present experimental optical absorption and Raman data ofppoiyphenylene vinylendPPV) ther-

mally converted at standard conditions at 300 °C. Theoretical calculations of the band shapes of both optical
absorption and Raman spectra of standard PPV are reported, based on spectroscopic properties of known
polymeric chains of different lengths. In particular, we have focused our study on the dependence of the Raman
band intensities on the excitation wavelengths, taking into account the intensity changes observed in the Raman
spectra of the oligomers. Such calculations are carried out by considering the electronic energies of optical
transitions, the most intense Raman active vibrational frequencies, and the interactions between these vibra-
tions and the electronic states of the oligomers considered. We show that the experimental data of optical
absorption and Raman spectra can be theoretically accounted for, if a distribution of conjugated segments of
different lengths is introduced in the evaluatiof80163-18289)01948-7

[. INTRODUCTION evaluations were achieved by considering the vibronic struc-
tures observed in the absorption spectra of oligofhefs
Poly(paraphenylene vinylene(hereafter referred to as different lengths and reproducing the main features of Ra-
PPV) is still nowadays extensively studied due to its ability man spectra of the same compoufidsthe more important
to be used in light emitting diodes or devices made withcharacteristics of the absorption and Raman bands of stan-
polymeric compounds? In this respect synthesis conditions dard PPV are then calculated by weighting the contributions
are of prior importance for the electronic properties of suctfhrough a distribution of conjugated PPV segments of differ-
materials in terms of reliability and reproducibility. As a €Nt lengths, as was been reported previously in order to ex-
matter of fact, the precursor route for making conjugatedP!&in th? , Spectroscopic features in other conducting
materials such as PPV allows one to modify the synthesi olymgrs.* .In Fhe Pre?e”t case, We'have chqsen a b'moqal
parameters with the purpose of preparing polymers with spe- aussian d'it”bué'on n order éo ;’2\' eight trt')e d(;ffe[]ent contri-
cific properties. So-called standard PPV is achieved by the égsannieiﬁctweaya sorption an aman band shapes in an
mal treatment at 300 °C under dynamic vacuum, whereas '
photopolymerized PPV is obtained at lower temperature and
exhibits slightly different properties, as shown by spectro- [l. EXPERIMENTAL RESULTS
scopic dat&* In addition, doping conditions in this latter

case turn out to the different with respect to those of standard In F|g. 1 we present, for purposes of comparison, the
i - absorption curves recorded at room temperature of PPV
PPV, due to an increase ¢ and |b| parameters of the

monoclinic unit cell and also to different average conjuga- Energy (eV)
tion length of the segments, in the polymeric compotind. 5 4 3 25

In this paper, we restrict our study to standard PPV and
present both experimental and theoretical results obtained for
this polymer in optical absorption and Raman scattering
spectra. All measurements have been carried out at room
temperature. Raman spectra have been recorded at different
excitation wavelengths chosen in the appropriate spectro-
scopic range, in order to avoid a strong fluorescence signal.
Therefore we have used wavelengths in the near infrared
A =1064 nm, in the red range a{ =676.4 nm, and also in
the near UV at| =363, 351.1, and 333.3 nm.

The band shapes in both optical-absorption and Raman
scattering spectra have been calculated by using the same FIG. 1. Optical-absorption spectra, recorded at room tempera-
electron-vibration interactions which are responsible of theure, of the precursor polymer converted at different temperatures:
vibronic structure and of the band intensities in the two op<a) 20°C. (b) 120 °C. (c) 300 °C. (d) Photoconverted sample at
tical spectroscopic linear responses, respectively. These20 °C under UV illumination for 30 min.
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FIG. 2. Photoluminescence spectra recorded at 10 K of P&V:
thermally converted at 120 °Gb) thermally converted at 300 °C;
(c) photoconverted at 120 °Gg) the same sample @b) at 80 K;
(e) the same sample @b) at 300 K.
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samples obtained in different conditions together with the
optical-absorption spectrum of a sulphonium salt precursor FIG. 4. Experimental absorption spectra of PPV and PPV oli-
polymer at room temperature. PPV thin films are prepared bygomers:(a), (b) (c) and (d) are the absorption curves of PPV2,
thermal conversion in vacuum at different temperature®PVv3, PPV4, and PPV5, respectively, taken from Fig. 2 of Ref. 5
[Figs. 1b) and Xc)] or by photoconversion at 120 °fFig.  and recorded aT =80K. (e) Absorption curve of standard PPV
1(d)]. Then we focus on the optical properties of so-calledrecorded at 300 K.
standard PPV, i.e., prepared under termal treatment at
300°C. Let us note that the absorption features of the PPVecorded at room temperature. By this figure we show that
sample photopolymerized under optimized conditions aréhe features of the absorption band of PPV can be regarded
close to those of standard PH¥igs. 1c) and 1d)]. This  as a superposition of the different contributions of the optical
result is corroborated by photoluminesceriB&) measure- absorptions of the oligomers in the range 2.5-5 eV.
ments carried out at 10 KFig. 2), in which the various In Fig. 5 we show the Raman spectra of standard PPV
bands, observed for both standard PPV and the photocoriecorded at room temperature for different excitations wave-
verted sample, are also close to each ofsee Figs. @) and  lengths\| from near IR to near UV. The frequencies of the
2(c)]. In the same figure, curvéd) and(e), we show also the maximum of the most intense Raman bands, which are due
effect of temperature on PL spectra of standard RRY-  to the stretching vibration of the vinyl group and of the phe-
mally converted at 300 °C As can be seen, the increase of nyl ring, do not depend significantly on the laser excitation
temperature modifies the PL features, as observed previousWavelengths, and they are located at 1174, 1330, 1550, 1586,
by Yu et al. (Ref. 9. In this reference this effect was ex- and 1628 cm?, respectively. A complete analysis of the vi-
plained in terms of disorder induced by the increase of tembrational modes in PPV has been given in Ref. 6, and in
perature, affecting the distributions of conjugation lengthsTable | we just recall the main assignment of the five modes
The same effect is also observed in the UD visible absorpwe consider in this paper, and in particular in the theoretical
tion spectrum, as we report in Fig. 3. calculations. Conversely, from the spectra shown in Figs.
In Figs. 4a)—4(d), we show the absorption curves of the 5(@—-5(c), the most striking result comes from the relative
different oligomers of PPV from 2-5 phenyl ringsyhich  intensity of the bands, which changes noticeably with the
according to the notation of Ref. 5 we call PPY2SB, laser light. In particular, as it can be observed from these
transtilbeng PPV3 (DSB, distiryl benzeng PPV4 (DSV,
distiryl vinyl vinylene), and PPV5 respectively. These spec- I
tra recorded at 80 K, taken from Ref. 5, are presented to- )\‘

gether with the optical absorption spectrum of standard PPV \
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FIG. 3. Absorption spectrum of standard PPV recordediant
300 and(b) 78 K.
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FIG. 5. Experimental Raman spectra of standard PPV recorded
at 300 K for different excitation wavelength&) 1064, (b) 676.4,

(c) 363.8,(d) 351.1, and(e) 333.3 nm. The asterisk indicates the
presence of a strong plasma line issued from the argon laser.



PRB 60 THEORETICAL AND EXPERIMENTAL INVESTIGATION . .. 16 521

TABLE I. Assignment of the most intense Raman active vibra-
tional modes of(PPV). The values of the vibrational frequencies
given here are used in Eq4), (2), (4) and (5).

f Frequency Main assignment " ﬂ
w5

1174 cm? C—C stretching+C-H bending of the phenyl ring

1330 cm! C=C stretching+C-H bending of the vinyl group

1550 cm! C=C stretching of the phenyl ring .

1586 cm! C—C stretching of the phenyl ring . A
1625 cm® C=C stretching of the vinyl group

a b wWwN B

Raman Intensity

figures, the ratios of the intensity of the band peaked at 1174 © MJ
cm 1 (1,17, with respect to that of the band peaked at 1586 ) =
cm ! (1,569 and to the one at 1628 crh (16,9 exhibit an
increase when the laser light is tuned fram=1064 nm to
A =676.4nm, [Figs. 5a) and 8b), respectively. Con-
versely, these ratios decrease drastically by using a laser light @
A in the near-UV wavelength regidisee Figs. &), 5(d),
and He)]. Furthermore, the intensity ratigssg/l 1605 has a
peculiar behavior with respect to the other two, reported
above. In fact, this ratio is larger than one in the spectra FIG. 6. Experimental Raman spectra of PPV oligomers and of a
recorded with\| in the near-IR frequency region, while it standard PPV sample recorded at room temperature \jor
becomes less than one in the spectra observed\yith the ~ =1064 nm: (a) TSB (transtibeng (b) DSB (distyrilbezeng (c)
near-UV region. This behavior can be related to the change@SV (distyril-vinylvinilene), and(d) PPV.

observed in the relative intensity of the Raman bands o

oligomers. To illustrate this, in Figs(§-6(c) we show their intensities of the bands observed in the Raman spectra.
Raman spectra recorded at room temperature Xor  The major purpose of these calculations is to show that
=1064nm. We have chosen this excitation wavelength ifhe apsorption and Raman, scattering band shapes of stan-
order to avoid resonance effects, and to be able to compaggyrg PPV are well interpreted in terms of the contribution of
band intensities of these different oligomers, with respect tanhe different oligomers weighted by a distribution of conju-
the one of standard PPWFig. 6(d)]. These oligomers are, gated segments. Moreover, the change of the relative inten-
according to the notation introduce above, PRVSB, tran-  sities of the Raman bands as a function of the laser wave-
stilbeng, PPV3 (DSB, distyrilbenzeng and PPV4(DSV, lengths, as experimentally observed, can be interpreted in a
distiryl vinyl vinylene). From these figures, we may observe straightforward way on the basis of this model.

changes in the ratidq,74/1 1508, Which increases with the In the following, we give the function we have used in the
number of phenyl rings, and in the ratigs,g/11555, Which  evaluation of the optical-absorption band shaped inten-
decreases with this number. This behavior, very clearly obsity for the different oligomers whose number of repeating
served also in Figs. 6, is a consequence of the nature of thenits (phenyl rings are indicated byn (for the oligomers
vibrational modes involved in Raman scattering of these oliconsidered hera=2-10)

LA VA
L | |
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I)ptical-absorption band shapes, are also responsible for the

gomers. 2 5 5 (S )l
f,
l(n,n>=|Mn|2[E > exr{—E Sf} o
IIl. THEORETICAL RESULTS j=0f=1 f=1 J:
We have calculated the shapes of the bands observed in Yn
the optical-absorption spectra of standard PPV and its related X 0—0 —iw)2+ 2| (1)
( n ij) 7n

oligomers. In addition we have evaluated the relative inten-

sities and the shapes of the bands due to the stretching vibrAls is the electric dipole moment intensity for the electric
tions listed in Table |, observed in Raman-scattefingpre-  transition to the B, state of each oligomer with phenyl
resonance and resonance conditiospectra of the same rings'® whose frequency is indicated y,. j=0, 1, and 2
polymeric compounds. These calculations have been penpumbers the vibronic processes considered in the following
formed by using a model in which both the optical responsecalculations(up to two vibronic processgsS; , are the con-
functions are evaluated in terms of the same formalism. Iriributions to the total Huang-Rhys facto&=37_;S ,,
this way, the shapes and the relative intensities of the Ramanhich come from each vibrational modkabeled byf ) in-
bands considered are calculated by using the same valugsracting with the electronic excited stat8of every oli-
(for example, the electron-vibration interaction couplingsgomer withn phenyl rings. These contributions are related to
and the distribution of the conjugated segmgfdasind in the  the electron-vibrational couplings for each vibrational
calculations of the optical, absorption band shapes. In facstretching mode we consider here(1-5), and whose fre-
the interactions between the electron in the excited state argiency is indicated byw;. The values of the stretching
the stretching vibrations, which are responsible for themode frequencies; are given in Table | together also with
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TABLE Il. Values ofQ,, S, S,, andy, (at T=78 and 300
K) used in Egs(1), (2), (4), and(5) for the calculations of absorp-
tion and Raman band shapes of different PPV samples.
n 2 3 4 5 6 7-10
Q, (eV) 448 388 353 347 285 2.60 v
Sin 040 040 042 045 050 052 f:
Son 0.10 0.08 0.08 0.08 0.08 0.08 s
S3p 0.12 0.12 0.12 0.15 0.20 0.20 2
Sin 096 095 092 092 0.75 0.70
Ssp 0.32 0.25 0.23 0.15 0.15 0.10
S, 1.90 1.80 1.77 1.75 1.70 1.60 '3 S s 3f5 =0 G 20
vn (€V) 0.09 010 010 010 011 0.11 Energy (eV)
T=78K
v (€V) 012 012 014 016 0.18 0.20 FIG. 7. Calculated absorption curves of different PPV oligomers
T=300K at T=80K, using Eq(1) and the values of parameters of Table II:

(a) PPV2,(b) PPV3,(c) PPV4, andd) PPV6.
the relative assignment. In this paper, we do not take into 5 1-G n—n,\? G
i = ex

account any change @f; with the length of the segments. n W p- 20, (270,

The values ofM,, are taken from Ref. 10. In Table II, we
give Qn, S, Sy, and the damping factorg,_ for T=78

and 300 K.Q),, have been evaluated in the same approxima- Xexp—(
tion as in Ref. 5, and they are in agreement with the data

reported thereS; , are fitted from the Raman experimental wheren; ando, are the values of the most probable segment
spectra of the oligomers, taking into account also the proptengths and the related dispersion, respectively, of the distri-
erties of the electron vibrational couplings in thBlexcited  pution for n=2-6 (short oligomers while n, and o, are
states for intermediate and short segménfts.it can be seen  the values for the parameters related to the distribution for
from Table II, S , change as a function of the stretching n=7—-10(intermediate length oligomexss is the weight of
mode frequencieso;(f=1-5) and of the number of the the second distribution with respect to the first one.

phenyl rings,n. In particularS;,, and S, increase forn In Figs. §a) and 8b) we give the absorption band shapes
going from 2 to 10, while5,, andSs, decrease an8,, do  calculated for two different sets of distribution parameters
not show a significant change in the same range. dhis is  given in Table Ill and by using the values &f, Q,, S,

due to the different behaviors of the five-electron vibrationalsn, andy, given in Tables | and II. These figures are in very
couplings coming from the decreasing localization of thegood agreement with the experimental data: Fig) 8vith
electronics statesB, for increasingn. It is worth stressing the absorption band of standard PPV recorded at room tem-
that while S; , have different behaviors as a function of in- perature given in Fig. @), and Fig. 8b) with the absorption
creasingn, the values ofS, decrease in the same rangenof band shape of an “improved” PPV sample at room tempera-
(see Table Il from 1.90 forn=2 to 1.60 forn=7-10. This  ture, given in Fig. 2 of Ref. 11. Notice that for the band
trend is consistent with the result that overall electron vibrashapes given in Figs(8 and 8b), the value ofn, is always
tional interaction couplings always increase as function okentered on 7, whil& is different for Fig. 8a) with respect

the localization of the electronic states, as it found in manyto Fig. 8b). This indicates that for this last band shape, char-
oligomers> acterized by a higher value &, the more important contri-

In Fig. 7, we show the calculated absorption band shapes
for the different oligomers witm=2, 3, 4, and 6 at 78 K.
One can see that there is a very good agreement between the
experimental data of Ref. 5 and the band shapes given in Fig. -
7. Let us point out that the vibronic structures in the band
shapes of Fig. 7 are more evident in the absorption of short L (6) &
oligomers, since the overall interactions between the stretch-
ing vibrations and the electronic states are always more in-
tense in localized states.

In order to calculate the optical absorption band shape
[(Q) of PPV, we use the expression B

n—n2)2

20'2

()

Absorbance

10

l |
Q)= 1(Q,)XP,. ) 20 5 30 35 720 75
n=2 Energy (eV)
In Eq. (2), we have weighted the contributioh@&2,,) of the FIG. 8. Calculated absorption curves Bt 300 K. using Egs.

single oligomer withn phenyl rings withP,, the double (2) and(3) and the values of parameters of Tables Il and (&:
Gaussian distribution given in E¢3), standard PPV samplébh) “improved” PPV sample.
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TABLE lll. Distribution parameters used in the calculations of
Raman and absorption band shafegs.(2)—(5)] for different PPV
samples af =78 and 300 K. -

nl 09 n2 () G -

0.3
0.95
0.4

Fig. 8(a) 3 1 7
Fig. 8(b) 4 1 7
Fig. 9 4 1 8

Absorbance

N NN

butions come only from intermediate segments. Conversely, 20 75 35 3s

the absorption band shape of standard PPV given in Fay. 8 Energy (eV)

is determined by a distribution where intermediate ( _ _
=7-10), and shortr(=2-6) oligomers bring comparable FIG. 9. Calculated absorption curve of standard HBY using

contributions. Egs.(2) and(3)] at T=78 K. Parameters are given in Tables Il and

In Fig. 9 we give the absorption band shape at 78 K whicH!!-

simulates the experimental absorption data given in Figf_ hat the ch £ th id oE /| .
3(b). The parameters of the distribution used in these evalul9ures. we note that the change of the ratid @fo/ 162315

ations are given in Table Ill, while the values of tae, Q. in very good agreement with what has been experimentally

S, and, at different temperatures, are given in Tables | andPServed. In fact from being larger than one iy in the red

Il. The parameters used for Fig. 9 indicate that by Ioweringfrequency region, it becomes less than onelfrin the UV

the temperature the effective length of the segments becomég9'ON- This pehawor is determined by the change of cou-
in “average” longer with respect to the case of standardPN9 interactions between the electronic states of the oligo-
PPV at room temperature, since the disorder decreases wific's ©f different conjugation length and the vibrations at

: ; =1
the temperature, influencing in this way the valuesi.pfind b Sg (stretchhmg ?f rﬁ)her_lyll ring anld ]}628. cm (dogple
G in the distribution we use in the simulation. Furthermore, ond stretching of the vinyl groupin fact in intermediate

the structures in the band shape are more defined with ré:_onjugatgd Segmems’. the electronic states_ have a relatively
spect to the case of Fig(®, since a lower disorder deter- SUONger interaction with the mode at 1550 cmcompared

mines, as a consequence, a slight decreasg, of to the one at 1628 ciit. Conversely, in short conjugated

In order to calculate the Raman scattering in resonance ofc9MeNts the stronger interaction occurs between the elec-
in preresonanceRRS conditions for PPV, we use the func-

tions a;(Q, ,w) the first order RRS cross sections for each | (@ A =333.3nm
vibrational frequencyw; considered, given in the equation.
10 1 2 i
ar(Qu,0)~ 2, M| *S;0%| 2 (=)'Ro(~l0p) '
1 w— w¢ 2 I j\
X ex X P (4) 1 J_/\ L |
V2mAg - 2A¢ g {c) A =351.1nm
where (), is the laser excitation frequency is the fre- T
guency in the Stock range\; is the width of the Raman |
band considered whose maximum isat, and P, is the 2 /\J
distribution given in Eq(3). The functionR,(Q —lwy) for - s i) |
| =0 and 1, which weight the cross section for each oligomer g | M =363.8nm
of lengthn, are given by the equation. «©r
5 2 5 (S )] 5
n
Rn(QL):exp{—Z sf,n}z, > o A .
=1 j=01=1 ' (a) A =676.4nm
7n+i(QL_Qn_jwf) r
Vi — 2 6)
Yt (QL=Qp—jor) i
In Figs. 1qa)—10(d), we give the calculated RRS spectra of , A [/\
standard PPV at room temperature, by using Egjsand(5) 1000 1200 1400 1600
and the parameters given in Tables I-Ill. In these calcula- Wave number (cm)
tions we have not considered any changepfs a function FIG. 10. Calculated Raman band shapes of the five most intense

of n nor A¢ as a function off, and have takem\f=A  yiprational modes considered for standard PPV, by using &)s.
=7 cm % The band shapes and intensities in the RRS spend (5) and the values of parameters of Tables Il and (@: A,
tra shown in Figs. 1@&-10d) are calculated for\,  =676.4nm, (b) A =363.8nm, (c) A =351.1nm, and(d) A,
=676.4, 363.8, 351.1, and 333 nm, respectively. From these 333.3 nm.
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) N 351 1nm IV. DISCUSSION AND CONCLUSION
L =351

In this paper, we have shown the results of the simulation
L of the absorption spectra of standard PPV converted at
300°C, at 78 K, and 300 K, and of the “improved” PPV at
300 K. In a parallel way, by using the same parameters listed
- in Tables Il and Ill, we have calculated the band shapes and
relative intensities of the five most intense vibrational modes
/\ of standard PPV, and of the “improved” PPV, at different
L excitation wavelengths at 300 K. The calculations were per-
formed by taking into account the electronic states, the vi-
brational modes, and the interactions of the oligomers.
Good agreement is found between calculated and experi-
5 mental spectra, by considering a double distribution of con-
jugation lengths, whose two maximum peaks are in the range
n=2-6 and 7-10, respectively. In general, the overall dis-
/\} /\ tributions we have usedTable Ill) are asymmetric, as al-
| I\

A =676.4nm

Raman intensity
w

| ‘ /\ ‘ ready reported in Ref. 12 for polyacetylene segments in
1000 1200 1400 1600 diblock copolymers, where distributions of conjugated seg-
Wave number (cm™) ments similar to those considered in this paper have been
introduced. Let recall that the same parameters are used in
the evaluations of the absorption and Raman spectra, provid-
ing a coherent model for the polymeric sample in terms of
conjugation length4?
) ) In particular we have introduced in both the calculations
tronic states and the mode at 1628 c¢mdue to the high  the electron vibrational coupling% , (see Table I, which
localization of these electronic states. Since short and intelthange as a function of the Stretching mode frequenﬂies
mediate conjugated segments contribute to the distributioand of the electronic state of different oligomers witphe-
which simulates the standard PPV in a comparable (8ag  nyl rings. Moreover, the sum of these parameters leads to the
Table Ill), the observed change in the ratio is only deter-total Huang-Rhys factors, which show a decreasing trend as
mined by the resonance conditions(f . function ofn, as discussed previously. We want to stress that
From Fig. 10, we can see that the ratiod gf4/1 ;sggand  this evolution ofS, as a function of is also consistent with
l1174/1 1608 @lSO decrease when the laser light is tuned fronthe progressive softening of the relaxation processes occur-
the red to the UV frequency region. These results again aréng upon photoexitation of electron-hole pairs in different
explained in terms of the changes of the electron vibrationa®ligomers withn pheny! rings:
couplings related to these frequencies, from the values in The introduction ofS; , together with the other param-
intermediate segments to those in short segments. In fact ttfders of Tables Il and Il in the calculation has in particular
interaction of the electronic states and the single bondl/lowed an evaluation of the change of the calculated inten-
stretching mode at 1174 crhbecomes stronger in interme- sity ratios between speqﬁc. Raman bands, as a funcnon of
diate conjugated segments, while the interactions with th&xciation wavelength_s, in very good agreement with the ex-
modes at 1586 and 1628 cihare relatively stronger in short perimental datdsee Figs. 5 and 10As a consequence, Ra-

conjugated segments. Then, as before, the changes in t an scattering comes out as a non_destrucnve and powe_rful
echnique which allows one determine an average effective

ratio in _the calculat_ed spectra, in agreement_with_those Obl' ngth in the polymeric film. As a matter of fact, there is a
served in the expenmgntal spectra, are explalneq o terms ose relationship between x-ray data and the results ob-
the resonance conditions 6, with the electronic ransi-  yaineq from the Raman spectra and their interpretations in

tions of intermediate and short conjugate_d segments. terms of crystallinity(see Figs. 4 and 5 of Ref).4

In order to corroborate our results, in Flg.. 11 we show the |, this paper we have also reported absorption results as
calculated Raman band shapes for the “improved” PPV fynction of temperature. For standard PPV it is observed that
whose experimental absorption is shown in Fig. 2 of Ref. 114 sjight shift as well as a better resolution of the structures on
and for which the calculated absorption curve is given in Figthe band occur, when the temperature is lowered from room
8(b). For the calculation of the Raman band shapes of Figtemperature to 78 K.
11, we have used the same value$)f, S; ,, S, andy, of This is interpretedsee Fig. 9 by different values of the
Table II, and the parameters of Table Ill, already chosen andamping factorsy,, as well as of the parameters of the dis-
utilized in the calculation of the absorption curve given intribution (see Tables Il and 1)} indicating a slight increase
Fig. 8b). As can be observed from Fig. 11, the changes obf the length of the conjugated segments and of the weight of
the ratios discussed above, i.Busso/1 1628, 11174/l 1586, @and  G. A decrease in temperature would therefore increase the
| 1174/1 1628, @re not significantly dependent on the excitationorder in the film, as also suggested elsewhere in literdture,
wavelengths, indicating that only intermediate length segwith the consequence of decreasipg and increasing the
ments predominate in the sample and that the contributionsffective conjugation length. This is an important point be-
of short oligomers are negligible. cause, for luminescence data obtained in PPV at different

FIG. 11. Calculated Raman band shapes of “improved” PPV
for the same modes as in Fig. 10 and fqr=676.4 nm(a) and
351.1 nm(b). The parameters are given in Tables Il and IlI.
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temperaturegFigs. 2d) and Ze)], similar effects are also terms of distributiongTable Ill) whose sets of parameters

seen in terms of shift and resolution of the structures of there characterized by a very different value@fbut by the

band. As discussed previously, this can be also interpreted lyame value of the maximum of intermediate length segment

the use of a distribution of segment lengths, and in particulagistribution. Thus, even if the weight of the intermediate

by the main role played by the longest segments in the dissegments is very different in the two cases at a given tem-

tribution in determining the onset of the emission. erature, the relaxed states must be the same in the two
A further example is given by the luminescence spectra okamples at the same temperature.

standard and “improved” PPV shown in Fig. 3 of Ref. 11,

in which the onset of the emission is the same, at a given

temperaturg300 or 77 K. This is an argument in favor of ACKNOWLEDGMENTS

the hypothesis that the relaxed state is the same in both

samples, in agreement with the parameter values for the in- We would like to thank J. Cornil and his collaborators for

termediate segment distribution used in the calculations pressing their experimental data. The “Institut des Mé&iax de

sented in this paper. In fact, Raman and absorption data fodantes” is Unife Mixte de Recherche No. 6502

the two samplegsee Figs. 8, 10, and 1hre interpreted in  CNRS/Universitede Nantes.

1G. R. Mdhmann, Synth. Met67, 77 (1994). 8S. Lefrant, F. Faulques, G. P. Brivio, and E. Mulazzi, Solid State

2D. R. Baigent, N. C. Geenham, J. ®er, R. N. Marks, R. H. Commun.53, 583(1985.
Friend, R. C. Moratti, and A. B. Holmes, Synth. M&7, 3 9J. Yu, H. Hayashi, S. H. Lin, K. K. Liang, J. H. Hsu, W. S. Fann,
(1994. C. L. Chao, K. R. Chuang, and S. A. Chen, Synth. N8&.159

3J. Bullot, B. Dulieu, and S. Lefrant, Synth. Me1, 211 (1993. (1996.

4. Wery, B. Dulieu, J. Bullot, M. Baitroul, Ph. Deniard, and J. P. 103 Yu, N. S. Farm, F. J. Kao, D. Y. Yang, and S. H. Lin, Synth.
BUiSSOﬂ, Polyme40, 519 (1999. Met. 66, 143 (1994)_

°J. Comil, D. Beljonne, Z. Schuai, T. W. Hagler, J. Campbell, D. 11 pichjer, D. A. Halliday, D. D. C. Bradley, P. L. Bum, R. H.
D. C. Bradley, J. L. Bréas, C. W. Spangler, and K. Mer, Friend, and A. B. Holmes, J. Phys.: Condens. MaBe7155
Chem. Phys. Let247, 425(1995. (1993.

61. Orion, J. P. Buisson and S. Lefrant, Phys. Rev5B 7050

12E. Mulazzi, A. Ripamonti, C. Godon, and S. Lefrant, Phys. Rev.

(1998. B 57, 15 328(1998.

’G. P. Brivio and E. Mulazzi, Phys. Rev. 80, 876 (1984.



