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Theoretical and experimental investigation of the optical properties
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We present an experimental and theoretical investigation of the optical absorption and Raman spectra of
electropolymerized polypara-phenylene(PPP and related oligomers. Experimental data include also the
photoluminescence spectra of all these polymeric compounds. Theoretical calculations of the band shapes of
both optical absorption and Raman spectra of PPP are reported, based on the spectroscopic properties of known
polymeric chains of different lengths. Such calculations have been carried out by taking into account the
electronic levels involved in the optical transitions, the most intense Raman active vibrational modes, and the
interaction between these vibrations and the electronic states considered for the different conjugation
lengths. We show that in order to account theoretically for the optical experimental data of PPP samples
issued by different synthesis, a distribution of conjugated segments of various lengths must be included in the

calculations.
DOI: 10.1103/PhysRevB.65.085204 PACS nunifer78.30.Jw, 78.66.Qn
[. INTRODUCTION have been developed, leading to so-called “Kovaéignd

“Yamamoto” ’ samples. In the present study we mostly use

In a recent papéerwe proved that a distribution of conju- €lectropolymerized material whose synthesis was proposed
gated segment lengths in poly-phenylene vinyl€@RBV) is late? (hereafter referred to as standard PAR Sec. Il, we
needed in order to calculate the optical absorption and theresent experimental data for absorption, Raman scattering,
Raman Spectra and their Changes according to Samp|es @Dd luminescence of eleCtrOpOlymerlZEd PPP, and the data
sued by different synthesis, in good agreement with the ex@'® compared to those obtained with PPP synthesized by

perimental data. The theoretical model used in this referencgifferent methods. We also present spectroscopic charac-
was applied before in polyacetyléneand derivative teristics, including absorption and Raman features, of the

polymers®* in order to determine the optical band-shapephenylene oligomers from biphenyl to octophenyl. These

: : : . . data are needed in order to give a coherent interpretation of
changes in photoinduced infrared absorption, optical absorp[he spectroscopic features ofgstandard PPP. In Se?: 11, calcu-
tion, and Raman scattering, and the frequency shift of thei i N

. b din diff les. In additi he R [ations of the absorption spectra and the relative intensities of
maxwl;\a 3 ser(;{? In different slamp es.n a d't'on’ tf € R8the Raman bands of the oligomers and of PPP obtained with
man band modifications were also investigated as a funcliojtrarent synthesis are presented. Furthermore in that section,

of the excitation wavelength. This was accomplished by takye rejative Raman band intensities are also studied as func-
ing into account the dependence on the conjugation length Qfons of the excitation wavelengths. The calculations of the
the segments of the electronic transition energies and thgptical features of PPP are performed by introducing a dis-
vibrational frequency values of the normal modes involved.tripution of conjugation lengths characterized by different
In the case of conjugated polymers with aromatic ringsnumber of phenyl rings. In Sec. IV, we discuss the resuilts,
no vibrational frequency shift is observed in the whole rangeand we stress the importance of such a distribution to under-
of laser exitations,whereas dramatic changes in the relativestand the electronic and optical properties of PPP.
intensities of specific Raman bands are detected. This behav-
ior can be readily explored because the Raman bands of [l. EXPERIMENTAL RESULTS
these polymeric systems are narrow and the assignremets
clearly identified. Another specific advantage comes from the
possibility of using oligomers of known lengths as references Biphenyl (®,), terphenyl (3), and quaterphenyld,)
for both absorption and Raman spectra. oligomers were provided by Aldrich and used in powder
The determination of conjugation length distribution in form. Sexiphenyl, octophenyl, and PPP were synthesized by
conjugated polymers is of primary importance in order tousing an electrochemical procedure as discussed previdusly.
optimize this type of materials to be used in electronic de-Samples were used in powder form or processed in thin films
vices such as LED'qlight-emitting diodey etc. In this depending on the type of experiment. Absorption experi-
work, we present results obtained in poly-paraphenylenenents were carried out on a 2300 Cary model Spectrometer.
(hereafter referred to as PPRhich also has potential appli- Raman spectra were recorded with a T64000 Jobin Yvon
cations in LED’s, by providing a blue range emission. Let'sspectrometer equipped with a cooled CCD detector, when
recall that in the case of PPP, different synthesis methodssing excitation laser wavelengths in the range 351.1-676

A. Experimental details
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FIG. 2. Optical absorption spectra of PPP oligomers recorded

1 i

300 3éo 400 450 500 at RT [(a), (b) and (c) are ®,, P35, and &4, respectively
Wavelength (nm) in cyclohexane solvent{d) and (e) ®¢, and ®g thin films, re-
9 spectively.

FIG. 1. Optical absorption spectra of PPP thin films recorded at
room temperaturéRT): (a) standard electropolymerized PP®) absorption band abg. Furthermore, the high-energy side of
improved electropolymerized PPP. the band exhibits a significant component. This can be inter-

preted by a mixture ofbg with shorter oligophenyls, which

nm. Raman experiments with the 1064-nm excitationpresumably could not be eliminated after the synthesis.
were carried out with a Fourier transform Raman’ dker In Fig. 3 we show the photoluminescence data on the
RFS100. Raman spectra were takenhwét 2 cmi® reso- complete series of oligomers and electropolymerized PPP.
lution with excitation in the red rangé\, =1064 mm and The results ford,, ®;, and®, were taken from Ref. 10,
676 nm), and 4 cm* with other wavelengths. Photolumines- whereas those fog, ®g, and PPP were recorded in the
cence data were obtained with a monocanal J. Y. Spectrom-aboratoire de Physique Cristalline at the Institut des 'Mate
eter HG2S, with a cooled Hamamatsu photomultiplier agiaux de Nantes. The experiments were performed at 77 K.
light detector. As expected, the structured emission bands are shifted to the
red energy range going from FigsaBto 3(f), as a proof of
B. Absorption and luminescence spectra the segmer]t length dependence of the optical properties of

such materials.

In Figs. 1@ and 1b), we present the UV visible optical
absorption curves of two different electropolymerized PPP
samples. Figure(d) is the absorption of the- so called “stan-
dard” PPP, which is used most of the time in spectroscopic
investigations. Conversely, Fig(l) is the absorption of an
improved PPP sample which is rather difficult to reproduce
due to uncontrolled synthesis conditions. Note that the over-
all shape of Fig. (b) is redshifted compared to Fig(d. In
particular, the maximum recorded at 388 nm in Figh)is at
341 nm for Fig. 1a). This change in the maximum positions
shows that Fig. (b) is characteristic of a PPP sample con-
taining on-average, longer conjugated segments with respecg
to the “standard” one. This is evidence that the electropoly-

otoluminescence (arb.units)

merization method could be optimized. —
In Fig. 2 we show the optical absorption spectra of the 20 25 3.0 35 4.0
different PPP oligomers. Spectra @,, ®; and ®, [Figs. Energy (eV)

2(a), Z(b_)’ and Zc)] are taken from REf: 10. Letus notg that. FIG. 3. Photoluminescence spectra of PPP oligomers and stan-
a redshift of the overall band shapes is observed, going Figy,rg electropolymerized PPP excited at different excitation wave-
2(a) to Fig. 2f). In part|_cular ind®g the apparent maximum is |engths, : (@) ®, at RT with A\, =253.7 nm; (b) @5 at RT with
peaked at 318 nm with at least one weak shoulder on tthzgog nm; (c) ®, at RT with A, =313 nm; (d), (e), and(f) dg,
low-energy side of the band. This is presumably related tap,, and standard electropolymerized PPP, respectivelyT at
the vibronic structure observed 4 K in @4 processed in =77 K with A, =335 nm, ®,, ®,, and ®, and oligomers were
thin film (see Ref. 1L In the case ofbg we may note that studied in cyclohexane solveribg, @4, and standard electropoly-
the peak maximum is not redshifted, compared to that of thenerized PPP were prepared in thin films.
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FIG. 4. Raman spectra of PPP oligomers recorded at RT and F!/G: 5. Raman spectra of PPP oligomers recorded at(&T:
with an excitation wavelength, =676.4 nm:(a), (b), and(c) @, (b), and(c) @, pellet,® 5 pellet anddg thln.fllm, respectl.vely, Wl.th
®,, andd,, respectively(d) @4 pellet; () g thin film; and (f) A =363.8 nm;(d) and(e) ®4 anddg thin films, respectively, with
&g, thin film deposited on a glass substrate,, &5, and ®, A =1064 nm.

oligomers were studied in compacted pellets. . . .
9 P P oligomer, the frequencies of the Raman-active modes do not

vary. Conversely, from Figs. 4 and 5 one observes that the
relative intensity of the Raman bands, whose frequencies at
Raman spectra of PPP oligomers recorded at room tenthe maximum are listed above, are drastically dependent on
perature(RT) are presented in Figs. 4 and 5 for different the number of phenyl rings. In particular the intensity ratio of
excitation wavelengths, chosen in order to avoid the photot;,g,/1 1549 is going from~30 in &, to ~1.1 in &4 and to
luminescence signal when present. For this reason Raman0.75 in®4. The change in this ratio was used in the past to
spectra of all oligomers were recorded with=676 nm. For  evaluate the effective conjugation lengths in PPP polymers
other excitation wavelengths, the choice of specific oligo-qualitatively? It must be noted that the intensity ratio
mers were restricted td,, @5, ®g in the near UV {1450/l 12g0als0 exhibits a significant change as the number of
=363 nm) and tobg and @4 for A =1064 nm. Note that the phenyl rings increasefl. 5o, means the intensity of the
®,, &5, andd, were studied as compacted pallets; in highest frequency Raman band of PPP and oligomers we
both powder and thin film andyg in thin film. The choice in  consider in this paper, around 1600 ¢ This ratio goes
Fig. 4 to show the Raman scattering data frdrg in both  from ~1.2 in ®, to 2.5 in ®4. This can be used as an
powder form and a thin film was determined in order toadditional probe of the determination of the effective conju-
prove that morphology does not significantly influence thegation length in PPP polymers. Since the absorption of all the
intensity of the Raman bands of the two spectra. oligomers lies in the near-UV range and out of the domain of
All the oligomers were studied extensively in Ramanthe excitation light frequencies investigated in Raman scat-
spectroscopy by many authofsee Refs. 12—36and the tering, the slight changes in the intensity ratios recorded in
assignment of the Raman bands was given in differenthe Raman spectra, as a function of the laser light, are con-
references?!’~1°In Table I, we collect the frequencies of sidered negligible in our investigation.
the main vibrational Raman modes together with their as- The Raman features of electropolymerized “standard”
signment. It can be observed that, whatever the length of thePP as a function of the excitation wavelengths are shown in

C. Raman spectra

TABLE I. Assignments of the most intense Raman active vibrational modes of the oligopdenyis, ,
&4, and®g and of PPP. All the frequencies are given in €m

Frequency Main
f oY o, (O o, Dy (O PPP assignment
1 oN 1221 1216 1218 1220 1222 C-H
bending mode
2 w5 1272 1272 1277 1277 1277 1281 Interring
stretching mode
3 w3 1596 1596 1596 1592 1593 1593 Intraring C-C
1605 1606 stretching mode
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FIG. 6. Raman spectra of standard electropolymerized PPP a
RT and for different excitation wavelengtlia) A =1064 nm, (b)
and (c) A\, =676.4 nm,(d) A\, =514.5 nm,(e) A\, =363.8 nm, and
(f) A, =351.1 nm. Standard electropolymerized PPP was a thin film
in all these cases except for casg where PPP was a compacted
pellet. The asterisk indicates a plasma line from the argon laser.
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Fig. 6. The domain of the investigation ranges from
=1064 to 351.1 nm. The values and the assignment of the ™
frequencies of the main vibrational Raman active modes of
PPP are given in Table I. From these data one can derive the
the intensity ratio$ 1,50/ 1 1220 aNd|l 1600/ | 1280 Change with the 1000 1200 1400 1600

excitation light wavelength. In particuldr,go/1 1250 Varies Wavenumber (cm™)

from the value of 0.52 for\,=1064 nm to 0.38 for\

=514.5 nm. For\; =363 nm, this ratio is found to be 0.5,

larger than the value at, =514.5 nm. This is an indication FIG. 7. Raman spectra of electropolymerized PPP issued from
that segments of intermediate effective conjugation lengttlifferent synthesis, in thin films, recorded at RT and wkh

are present in the sample and their vibrational modes providg 351-1 nm: (8 standard electropolymerization(b) Kovacic

a substantial contribution to the Raman scattering. The inter"ethod, andc) Fauvarque method.

sity ratio (I1600/l 1280 Variation with the excitation light

wavelengths agrees well with this hypothesis. FurthermoréRaman-scattering spectra. In fact no modificationshape
note that in the spectra recorded with UV excitation, espeand positionis observed for the Raman bands in the spectra
cially with A, =351.1 nm[Fig. 6(f)], a shoulder at 1621 from thin films and powder form of the same compound
cm ! is observed. This could be an additional indication that(oligomer or polymer

short segments make some contribution to the Raman scat-
tering, as it can be deduced from investigation of the
oligomers presented in Figs. 4 and 5.

In Fig. 7 we show also the Raman features of electropo- We have performed calculations of the band shapes ob-
lymerized PPP, issued from another synthesis with respect teerved in the optical-absorption spectra of electropolymer-
the previous “standard” sample, in order to compare the in-ized PPP samples issued by different methods of synthesis
tensity ratios with those determined from Figs. 6. As a mattefthe standard method and the improved Joaed of its re-
of fact, a drastic change with respect to the standard PPRted oligophenyls. In addition, for the same polymeric com-
case is found with\| =351.1 nm, where the intensity ratios pounds, we have evaluated the relative intensities and the
arel 1080/l 1226~ 1 andl g0/ 1 1255~ 3.5. This behavior is har- shapes of the Raman scattering bands due to the C-C stretch-
acteristic of higher concentration of shorter conjugated seging modes and C-H bending modes whose frequencies and
ments in the sample, as compared to the standard PPP. Thissignments are listed in Table |. These calculations have
is corroborated by a more pronounced contribution at thdéeen performed by using a model in which both the optical
high-frequency side of the 1598-¢thband, as discussed for absorption and the Raman-scattering response functions are
standard PPP. evaluated in terms of the same formalism. This model was

The Raman-scattering data shown in Figs. 4—7 put analready shown, discussed, and used in Refs. 1 and 2 in order
other important point into evidence: the couplings betweerto check its full potentiality in the calculation of the optical
neighboring segments, if any, are not detectable in the@roperties of trans (CH)and PPV, respectively. The major

Ill. THEORETICAL RESULTS
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TABLE II. Values of Q,, S, andy, used in calculations.

n 2 3 4 5 6 7 8 9-15
Q, (ev) 4.6 4.0 3.8 3.62 3.51 3.42 3.3 3.0
Sin 0.05 0.5 0.8 0.8 1.0 1.0 13 1.9
Son 2.4 1.7 1.7 1.7 1.3 13 1.2 1.0
San 11 1.7 1.9 1.9 2.0 2.0 2.6 3.3
vn (€V) 0.23 0.25 0.22 0.22 0.21 0.21 0.2 0.1

purpose of these calculations is to show that the absorptioplings excited electronic states are involved, the higher de-
and Raman-scattering band shapes of electropolymerizegiee of planarity of the system with is felt in a stronger
PPP are well interpreted in terms of the contributions of theway in these states, due to a larger extension of their wave
effective conjugation lengths weighted by a distribution offunctions with respect to the ground-state functions. This
conjugated segments. Moreover, the change of the relativi@ct, together with the decreasing localization of thg,1
intensities of the Raman bands as a function of the lasestates withn, therefore plays a major role in the changing
wavelengths, as experimentally observed, can be interpretdfend of the couplingsS; , with n. In fact S, which is

in a straightforward way for the electropolymerized ppprelated to the linear interaction between the mterrlng'C-C
samples obtained from different synthesis, on the basis cfingle bond and the electroniground and excitedstates, is
this model. In fact the observed intensity changes of the Ra4€Créasing witin since this coupling is becoming less in-
man bands can be explained only by taking into account th%nse with thhg mcregsmg p(ljanarltyhpfhthe sysltem d W'tﬁ)h

the incident laser wavelengths, going from the red to the neq ontrary 1o this trends, , and Sy, which are related to the

ultraviolet regions, are in resonance with electronic transi—mggé SL%Ct{r?g ixLE;ﬁagnc'Pcte;?félgﬂin%f r%hc?dec_gsgggg\l/g?y
t'OTS ofddlffetrent Iefftlecttlv?hconjutgatllonbleng'ihs. band shapedr® increasing witn, because of the higher degree of pla-

h order 1o caiculate the optical absorption band Shapega ity of the system and of the decreasing localization of the
and their intensities for the different oligomers whose num-o, cited states with.

ber of repeating units are indicated hy(for the oligomers In Fig. 8 we show the calculated absorption band shapes
considered herer,1=2—1_5), we use the following function  for the d, and®; oligomers using Eq(1). Good agreement
1(Q,n) (Refs. 1 and 2given in Eq.(1): is found from the comparison between the experimental data
y 3 5 _ shown in Fig. 2 and the band shapes of Fig. 8.
(St.n)! In order to calculate the optical absorption band shape
— 2 _ ,
() =My {120 Zl ex;{ Zl St n} il 1(Q) of PPP, we use the following equation:
15
7 , i 1(Q)=2 1(Q,n)xP, 2)
(Q—Qp—jw)?+ 7y, =2

. L. . . -«+—— Energy (eV)
M, is the electric dipole moment intensity for the elec-

tronic transition of each oligomer with phenyl rings from 55 60 45 4.0 3.5 3.0
the ground state to aBl, excited state whose frequency is ' ' ' '
indicated by(},,. M, and(),, have been evaluated as in Ref.
1, and the values d,,, as function ofn, are listed in Table
II. Note that the values of all the physical quantities listed in
Table Il do not change when referring to conjugation lengths
with n going from 9 to 15. In Table Il we give als§; ,,,
which are the contributions to the total Huang-Rhys factors
S, , coming from each vibrational modtabeled byf) inter-
acting with the electronic excited stateB lof every oligo-
mer with n phenyl rings (Sn=2f‘:18f,n). These contribu-
tions are related to the change of the electron vibrationa
couplings with respect to the ground state for ea@nd for
each vibrational modé we consider heref1-3), and
whose frequency is indicated ky; . In the evaluations pre-
sented here we do not take any changewefwith n into
account and we will consider only the values listed for PPF
in Table I.

The values of5; , have been determined as in Ref. 1, and, FIG. 8. Calculated absorption curves for the oligom@tsand
as can be noted from Table Il, they change as a functidn of & using Eq.(1) and the parameter values given in Table@): ®¢
and n with different trends. In fact, since in all three cou- and(b) ®,.

Absorbance (arb.units)

] L
200 250 300 350 400 450
Wavelength (nm)
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In order to evaluate the spectra of Raman scattering in
resonance or in preresonan@RS conditions of PPP, we
use the first-order RRS cross sectian((), ,w), for each
vibrational modef, given in the equation.

15
ag(Q .w>~n§2 IM | *S¢ X

| 2

(—)'Ry(Q —lwy)
=0
2

W — Wy
XP,, 4

24,

(a) (b) 1
xmexp—(

where(), is the laser excitation frequenaeyis the frequency

in the Stock range); is the width of the Raman bands at
wi, andP,, is the distribution given in Eq(3). In this way,

the first-order RRS spectra are calculated by summing up the
contributions coming from differenta;(Q, ,w) for f
=1-3. For the sake of clarity in the following equation we
give R (Q —lw;) for 1 =0, already reported in Refs. 1 and 2

in order to show that this function is written in terms of the

FIG. 9. Calculated absorption curves at RT using Egsand  same physical quantities and parameters which enter into
(3) and the parameter values given in Tables Il and(#l:standard | () n) of Eq. (1):
electropolymerized PPP samplé) improved PPP sample.

ABSORBANCE (arb. units)

| I [
300 350 400 450 500

WAVELENGTH (nm)

3 2 3
From Eq. (2) the band shapé(Q}) is determined by the Rn(QL)zex;{—z an}E > ( ik
different contributions coming from(£),n), weighted by f=1 j=01f=1

P,, the double Gaussian distribution already shown in Refs.
1 and 2 and given in Eq3) for the sake of clarity:

b 1-G n—n;\? G n—n,\?
" 2o 2P\ 20, | T 2oy 20,

7n+i(QL_Qn_jwf)
Yot (QL—-Q,—jwp?

®

In Figs. 1Ga) and 1Q@b), we report the calculated RRS

3) band shapes for the three most intense vibrational modes

considered for the oligomerd, and®g, respectively, with

wheren; ando; are the values of the most probable segmenkl_:676_4 nm, while in Figs. 1®)—11(c) we show the cal-
lengths and the related dispersion of the distributionrfor ,jated RRS spectra of standard electropolymerized PPP at
=2-8(short oligomers while n, ando, are the parameters (qom temperature, obtained by using E@8.and(5), and by
for the distribution withn=9-15 (intermediate length oli- adding the different RRS cross sectioas(Q, ,w) for f
gomers. G is .the weight of the second distribution with re- —1_3 The parameters used are given in Tables I-IlI, and in
spect to the first one. , , all the evaluations of Eq4) we have takem\ ;=6 cm 1.

In Figs. 9a) and 9b) we give the absorption band shapesThe pand shapes and intensities in the RRS spectra shown
calculated for two different sets of distribution parameters, Figs. 11 are calculated for, =676.4, 363.8 and 351.1
given in Table Ill, and by using the values given in Tables 'nm, respectively. The change of,go/l 120, going from
and Il. The band shapes reported there are in good agreemefk req to ultraviolet wavelength ranges, is in good agree-
with the experimental da_lta re_ported in Fig. 1._Note that whileqent with the experimental data reported in Sec. II. In fact,
the values oh; andn, given in Table IIl for Figs. ) and  fom the calculated ratio we find an increase from 0.3 for
9(b) are equal in both sets of parameters, thevalue is A_=676.4nm to 0.53 ah, =351.1 nm, due to improved
different for the two bands shapes. In fact, the redshift of thgesonance conditions with short conjugated segméaes
band shape of Fig.(B) is well taken into account with & ¢reasingn). As we previously discussed, the electron vibra-
value ofG=0.7, which means a higher contribution of inter- tjon coupling with the mode at 1280 crhincreases in the
mediate length segments i((2), with respect to the distri- - shorter oligomers due to lower degree of planafitf these
bution used in Fig. &). systems. For decreasimgon the contrary, the coupling with
the mode at 1220 chnt decreasetsee Table Ii. As a conse-
quence, the ratio between the intensities of these two modes
increases when, is more in resonance with the electronic
transitions of short conjugated segments. Also, the ratio
I 1600/ | 1280 decreases when the laser light is tuned from
Figs. 9a) and 11 11 1 8 2 0.5 the red to the ultraviolet frequency region due to the change
Fig. ab) 11 1 8 2 0.7 of the resonance condition of the incident laser frequency
Fig. 12 11 1 6 2 0.4 with the electronic transitions of the oligomers. In fact, for
decreasin@, the lower degree of planarity and the localiza-

TABLE lll. Distribution parameters used in the calculations of
absorption and Raman band shapes for different PPP samples.

nl 01 n2 (0] G

085204-6



THEORETICAL AND EXPERIMENTAL INVESTIGATION . . . PHYSICAL REVIEW B65 085204

(b) (c) A= 351.1nm
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FIG. 10. Calculated Raman band shapes of the three most in-
tense vibrational modes considered for the oligomgsand &g,
with N\ =676.4 nm:(a) ®, and(b) ®g. The parameter values are
given in Table II. /\ |
|

1 1
1100 1200 1300 1400 1500 1600
tion of the excited states determine an increask gfand a WAVENUMBER (cm™)
decrease of 199, With respect to the case of intermediate .
segment lengths. The changes of both ratios just discussed FIG: 11. Calculated Raman band shapes of the three most in-
are a very important indication that a distribution of effective _tegjep‘ggi;‘?ﬂ”;'gggezncdog'Oa'ﬁ:jefh';oLﬁg;ﬁgggfgiﬁﬁfggger'
iczc:ar:jjugst;d lengths simulates the standard electropolymeﬁ and Ill: (8 A —676.4nm, (b) A, —363.8nm, and(©) A,
X . - =351.1 nm.

In order to corroborate this result, in Fig. 12 we show the
RRS spectra of a sample of electropolymerized PPP simu-
lated by distribution parameters given in Table llI, fior

=676.4 and 351.1 nm, respectively. While the spectrum at |n this paper we have presented a systematic study of the
A =676.4 nm given in Fig. 1@) is fairly similar to that of  optical properties of polyparaphenylene including optical ab-
Fig. 12(a) (11280/11220~0.3), a substantial difference is ob- sorption, photoluminescence, and Raman scattering, by ex-
served forh =351.1 nm in Fig. 1) with respect to the tending to this polymeric compound the kind of investigation
spectrum of Fig. 1(c). In fact, for the spectrum of Fig. performed on PPV.Note that studies on MEH-PPV were
12(b) 11280/11225-0.8, while in Fig. 11c) this ratio is recently published in Ref. 21, in which the model rather
0.53. This drastic change of the ratio is due to a largesimilar to that of Ref. 1 was used to analyze the absorption
contribution of short oligomers with respect to the case ofand luminescence data.

Fig. 11(c), which brings about an increase Igbgg with re- The results given in this paper were accomplished by us-
spect tolq,50. Conversely, forn =676.4 nm, the slight ing the well-known properties of short oligomets,, @3,
change of the intermediate conjugated segments, whicand®,, also including®g and®g, which were synthesized
mainly contribute to the RRS cross sections for this wavein the Laboratoire of Physique Cristalline. We have carried
length, cannot modify this ratio with respect to the case ofout calculations of the optical features of PPP and its oligo-
Fig. 11(a). The spectrum shown in Fig. 9 has to be com- mers, which mainly consist of the simulations of the UV
pared with that of Fig. (&), and the overall spectra given in visible absorption band shapes and the Raman band intensi-
Fig. 12 with those reported in Ref. 5 ties.

IV. DISCUSSION AND CONCLUSION
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composition of the material in terms of conjugated segments.
A =351.1nm In fact, in the red excitation wavelength range, from the in-
tensity ratios one can determine the weight of the longest
effective conjugation lengths present in the sample, while in
the near-UV range one can test that of the shorter lengths
(see Figs. 6 and)7 As an example, following the model
proposed here, the electropolymerized PPP salfspdedard
and the one issued by different synthgssswell described
by a bimodal distribution centered on 11 and 8 phenyl rings,
respectively(see Table IlJ. Let us note that the change in the
relative weight of these two distributions can describe the
main features experimentally observed in both the absorption
e and Raman band relative intensities of PPP samples issued
(a) A =676.4nm by different methods of synthesis.

- ‘ According to this model it appears that luminescence
spectra alone cannot be used as probes for the overall optical
properties of the material, since the onset of the emission is
determined by the longest conjugation lengths present in the
sample. Only from the distribution obtained by an analysis
of absorption and Raman scattering one can know which are
the longest conjugated segments from where, most probably,
the luminescence arises. Therefore, absorption and Raman
scattering data at different resonant wavelengths are defi-

A nitely needed in order to determine the distribution of the

] | | Ik effective conjugation length, and in particular the longest
1000 1200 1400 1600 ones in the distribution. From this study we may invoke the
WAVENUMBER (cm™) possibility of observing a mixture of effective conjugation

FIG. 12. Calculated Raman band shapes of electropolymerizelﬂangthS In some oligomers S_UCh @3 and(I>6_. It tu_rns OUF
PPP for the same modes as in Fig. 11, using the parameters givenijat in the orientedds oligomers, the intensity ratio
Tables Il and I1I:(a) A, =676.4 nm andb) A, =351.1 nm. I 1080/ 1 1220 Varies drastically as a function of the excitation

wavelength¥ from the red to the near UV ranges, indicating

The main result of this investigation is that the propertiesthat effective conjugation lengths longer titkg are present.
of PPP can be accounted for only if a distribution of conju-In addition, the absorption curves dfg clearly show that
gated segments lengths is introduced. As a matter of fact, wiliS mixture is present in this material, since different com-
have shown that the absorptignand shape and peak posi- Ponents are needed to deconvoluate the absorption bands.
tion) and the intensity ratios of the main Raman bands are

(b)

RAMAN INTENSITY (arb. units)

s_trongly depe_ndent_ on sgch a distribution. 'We may empha- ACKNOWLEDGMENT
size that the intensity ratios measured at different excitation
wavelengths from the near IRL064 nm to the near UV The “Institut des Mateéaux de Nantes” is UnitMlixte de

(351.1 nm are a crucial probe in order to determine the Recherche No. 6502 CNRS/Universite Nantes.
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