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Spectroscopic properties of polyacetylene segments in copolymers
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In this paper we present an extensive study of the optical properties of polyacdifGig and (CD)]
segments in copolymers by means of several spectroscopic techniques. They include UV-visible absorption,
resonant Raman scattering, and photoinduced infrared absorption. A large variety of samples in either diblock
or triblock copolymers, in general in the solid state, but also, in one particular case, in solution, are investi-
gated. We show that the optical properties of these copolymers are strongly dependent on the distribution of
conjugation lengths of segments in the different samples. A consistent model based on the vibrational and
electronic properties of the polyacetylene conjugated segments and on a bimodal distribution is used to
reproduce the band shapes observed in the UV-visible absorption, resonance Raman scattering, and photoin-
duced infrared-absorption spectra. The calculated structured shapes of the bands, and in particular the features
in the low-frequency region of the photoinduced infrared absorption band in the different samples, are in very
good agreement with the experimental da&0163-182¢08)06324-3

I. INTRODUCTION in the following as (CH)-PN], and polyacetylene
(CH),-polystyren@ [referred to in the following as
Conducting polymers have been extensively studied thesgCH),-PS]| studied by means of UV-visible absorption, reso-
two last decadésfor both fundamental research and techni-nant Raman-scatterinRRS, and photoinduced infrared-
cal application purposes. In this respect, the optical properabsorption(PIA) spectroscopic techniques. Since the synthe-
ties of such compounds have played an important role in theis of such copolymers leads to polyacetylene blocks whose
design of materials for application in different domains in-length can be controlled from shdrt- 10N, whereN is the
cluding electronics, nonlinear optics, and photofigsma-  number of double bondso long segments>100N), the
jor requirement for these applications is the processing of theptical properties can therefore be studied as a function of
materials which is in general achieved by using adequatéhe length distribution of polyacetylene segments. In addi-
methods of synthesis. One of the specific routes to the prepaion, since the copolymers are soluble in common solvents,
ration of conjugated polymers, which involves a precursorthe different spectroscopic properties of these materials can
polymer step;* has proved to be rather powerful to obtain also be investigated in solution, and these data can be com-
samples of easier processing and higher purity in comparisopared to those obtained in solid-state form. All experimental
with those obtained by standard methods. This kind of prodata have been analyzed in the frame of a bimodal distribu-
cedure has been used to prepare, for example, highly ortion model previously elaboratédo interpret the optical
ented polyacetyleffeand also copolymers containing poly- properties of polyacetylene, including optical-absorption,
acetylene segmentsAs a matter of fact, the use of polymer- RRS, and PIA spectra. This model, based on electronic states
based composites, blends, or copolymers has attractemhd vibrational modes calculated for the conjugated seg-
increased interest from the scientific community by combin-ments of different length of (CH)(Ref. 7 uses the bimodal
ing the electronic properties of conjugated polymers to thos€&aussian distribution introduced in Ref. 7 in order to weight
of host matrices. In particular, mechanical properties, transthe various contributions of the conjugated segments of dif-
parency in the visible range, or the fact of being soluble inferent lengths in the optical responses. A similar model
common solvents have been widely exploited to process maased on finite (CH)segments with various length, and also
terial with usable technical applications. In this context,using a bimodal distribution was introduc®th interpret Ra-
diblock or triblock copolymers have been synthesized, madenan data only. Our investigation includes, in addition, the
of polyacetylene (CH)and polynorbornenéN) or polysty-  calculations of optical and PIA band shapes. This analysis is
rene(PS segments. These saturated polymers do not interadf prior importance to understand better the electronic and
with the conjugated segments of (CHyhose electronic and vibrational properties of polyacetylene in terms of conjuga-
optical properties are not modified. Consequently, (£H) tion lengths and their distributions in the samples. In particu-
conjugated segments can be studied in a rather diluted formar, this study provides a significant test for the model intro-
with a controlled length. duced for standard polyacetylene, since the copolymers
In this paper, we present the optical properties of the coinvestigated contain short conjugated segments in a con-
polymers polyacetylene (Ckhpolynorborneng[referred to  trolled large concentration.
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In Sec. Il, we report the synthesis of triblock (2)
(CH),-PN«CH),, diblock (CH),-PN, and (CH)-PS co-
polymers. In Sec. lll, we show the experimental spectra of
RRS, UV-visible optical absorption, and PIA of the copoly-
mers listed above. In Sec. IV, the theoretical model and cal-
culated shapes of the bands in RRS, optical-absorption, and
PIA spectra of the different samples are presented. Discus-
sions and conclusions are given in Sec. V.
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Absorbance (arb.units)

Il. SYNTHESIS ®

Triblock copolymers (CH)}PN-{CH), and diblock co- o
polymers (CH)-PN were prepared according to a precursor
route method as described in Refs. 5 and 9, using either a
trifunctional or monofunctional metathesis catalyst. The pro- Energy (eV)

cedure needs_ the prepara_ltlon O.f a precursor p_olymer of pol_y- FIG. 1. Optical-absorption spectra of different types of copoly-
acetylene which polymerizes via a ring opening metathe5|§ners recorded at room temperatu@. Triblock (CH),-PN-(CH), .
polymerization, using W or Mo-carbene complexes as initia—(b) Diblock (CH),-PN: (u) thin film (N,,=40): Zi) thin fil);n

tors starting from the 7,8is (trifluoromethy) tricyclo [4, 2, (y_—10): () sample in solution N.=10). (¢) Diblock

2, 0*°]-deca-3,7,9-triene as the monomer. A solution of Nor{ ) “ps. (d) Diblock (CD),-PN in thin film.

bornene(bicyclo [2.2.1]hept-2-engis added in order to ob- * "

tain the polynorbornene blocks whose degree of polymeriza-

tion m ranges from 400 to 500, corresponding to an averag@bserved in standard trans-(GHs shown in Fig. 2 of Ref.
molecular weight of~40 000. The catalyst-to-monomer ra- 11. Notice that other triblock copolymers of this type have
tio can be adjusted to prepare various lengths of the precushown very close experimental featutésConversely, the

sor of polyacetylene, controlled by size exclusion chromadiblock copolymers (CH}PN can be synthesized with a
tography. Typical thermal treatment at 140 °C for 40 minmuch better control on the length of the (GH)onjugated
under a high dynamic vacuum converts the precursor unitsegments. This fact, on the one hand, allows one to achieve
into polyacetylene segments. The precursor copolymers ati@uch shorter conjugated sequences, and, on the other hand,
soluble in common solvents like chlorobenzene, toluene, ofheir distribution is much narrower than in the case of tri-
dichloromethane, which allows one to prepare films on spepjock copolymers. This is illustrated by the absorption
cific substrates for spectroscopic measurements of freqyrves shown in Fig. (b) for 40N, (from now on, the values
standing cast films. In the case of the diblock copolymersf N as deduced experimentally, e.g., from size exclusion
(CH)4-PS, a different method was used, starting from achromatography, must be considered as average vhlygs
monomer PVSphenyl vinylsulfoxidg. The procedure con- and 10N,,, respectively(see also Ref. 13, and references
sists of inducing the polymerization using a polystyrene carthereir). Note that the values df,, have been deduced from
banion. A thermal treatment then -transforms the PVS intasize exclusion chromatography measurements which deter-
polyacetylene, leading to (CK)PS diblock copolymers. De-  mine the approximate value of the molecular weight for the

1 | [ 1 1 ] ] 1
1.5 20 25 30 35 20 25 3.0 35 40

tails of the synthesis can be found in Refs. 6 and 10. precursor polymer. They only provide an indication of the
average valueBl,, for the whole chain, irrespective of con-
. EXPERIMENTAL RESULTS jugation interruptions. Note also that the absorption for the

copolymer with 40\, sequences is rather similar in shape to
that of the triblock copolymer shown in Fig(d), although
In this subsection, we describe the experimental UV-slightly shifted in energy. Conversely, the absorption of the
visible absorption features of the different kinds of copoly-sample with 101,, Sequences exhibits structures whose reso-
mers investigated in this paper. They consist of triblock andution is different if the compound is in solution or in the
diblock polyacetylene-polynorbornene (CHPN{CH), and  solid-state form. Let us mention that the average position of
(CH),-PN, diblock polyacetylene-polystyrene (CHIPS, the maximum shifts from=2.5 eV in the case of the struc-
and deuterated polyacetylene-polynorbornene (€BN. In  tureless band of 40,, compound to~3 eV in the 1M\,
these various samples, the conjugated polyacetylene segase.
ments are of different lengths. This can be qualitatively Figure Xc) presents the absorption of (CHPS obtained
achieved by using the synthesis methods described in Sec. According to the method described in Sec. 1l. The maximum
The main purpose of this study is to investigate the changesf the absorption is observed at2.7 eV (460 nm). The av-
in the features of the absorption spectra of the differenerage conjugation length has not been estimated from the
samples compared to those reported for standard polyacetgynthesis in this case, but the shape and maximum position
lene. of the band indicate that short conjugated segments are
In Fig. 1, we show the absorption curves corresponding tgresent in the sample with a broad distributfdfinally, Fig.
the different samples as indicated. In Figa)l we present 1(d) exhibits the absorption curve of the (CBIPN diblock
experimental results for the triblock copolymer copolymer. The maximum position is recorded at 2.42 eV,
(CH)ggPN{CH)gg. The absorption maximum is peaked at shifted by comparison to the absorption of standard poly-
2.5 eV, and the overall shape is slightly different from thatacetylene.

A. UV-visible absorption



15 330 E. MULAZZI, A. RIPAMONTI, C. GODON, AND S. LEFRANT 57

1573 1570
11f4 1146
z o
g O
2
5 1120 1500 1126 1524
2 | 1524
‘3
o
2]
g
g |(b) (e)
4
g
&, 1098 1092
1476 1474
() {d)
1 1 1 1 1 L 1 L 1 L L L L
1000 1200 1400 1600 1100 1300 1500 1700

Raman shift (cm-1)

FIG. 2. RRS spectra of diblock copolymers recorded at room temperature for different excitation wavelen@hsgblnand(c), RRS
spectra of (CH)-PN (N,,~100) for\ =647.1, 457.9, and 351.1 nm, respectively.(d, (e), and(f), RRS spectra of (CH}PS for the
same\ , respectively.

B. Resonant Raman scattering that the average values of the conjugation lengths of (CH)

Resonant Raman spectra of triblock copolymerssegments are very close in both the samples. This does not
(CH),-PN+{CH), have been published previously in Refs. 11 allow us to extrapolate the value bf,, in (CH),-PS, since
and 14. It was reported that due to the small differences ithe presence of defects may play an important role in the
the conjugation length of the (Ck¥egments in the different interruption of the conjugation length.
samples studied, no significant change was observed in the In Fig. 3, we report the RRS spectra of the diblock co-
RRS spectra. In addition, they were similar to the spectra opolymer (CH)-PN with N,,=10 in solid state fornjFigs.
trans-(CH), samples containing a significant amount of short3(a), 3(b), and 3c)], and in solution of dicloromethari€igs.
segments. 3(d), 3(e), and f)] for the different excitation wavelengths.

In Fig. 2, we report the RRS spectra of two different Note that, in this latter case, we show only the bands in the
diblock copolymers (CH) PN, where the average lengths of frequency range 1400—1600 ch These results have been
the (CH), segments aré,,=100 and 10, respectively, as taken from Ref. 17.
determined by molecular mass distribution of the precursor The most peculiar result in these spectra is the appearance
from size exclusion chromatography. Let us recall that opti-of a well-resolved structure in the near-UV range excitation
cal and vibrational properties of (Clpolymers are charac- in both solid state and solutidirigs. 3c) and 3f)]. This is
teristic of noninterrupted conjugated segments, and thereforiustrated in particular by the peaks at 1529 and 1565%tm
provide a way to determine their length distribution. Also, [Fig. 3(c)] and at 1536 and 1558 crh[Fig. 3(f)]. This well-
the RRS spectra of (CE)PS are shown for comparison in resolved structure is also observed fqr=457.9 nm from
the same Fig. 2. the sample in solutiofiFig. 3(€)], but, unexpectedly, it dis-

In Figs. 2a), 2(b), and Zc) we present the RRS spectra of appears in the RRS spectrum from the sample in solid-state
(CH),-PN for N,,= 100 for different excitation wavelengths form, for the same\| [Fig. 3(b)]. Conversely, the RRS band
ranging fromx, =647.1 to 351.1 nm. In Figs(@), 2(e), and  peaked at 1538 ciit is rather narrow. For the excitation in
2(f), RRS spectra of (CH}PS are reported for the same. the red range we observe, in both cases, downshifted weak
In both cases, the main features of these spectra are broadd broad bands at 1476 and 1094 ¢rfor the sample in
Raman bands peaked at 1098 and 1476°cfor the red light ~ solid-state forn{Fig. 3a)], and at 1505 cm" for the sample
excitation (647.1 nm), shifted to 1144 and 1573 cmy re-  in solution[Fig. 3(d)].
spectively, for the near-UV excitatiof851.1 nm. These In Fig. 4, we show the RRS spectra of deuterated
spectra are rather similar to those reported in Refs. 11 and 142D),-PN diblock copolymers recorded for different excita-
for triblock copolymers (CH)}PN<{CH),. Notice that no tion wavelengths from the red to UV range. Notice that the
resolved two-band structure is observed for excitations in thgpurpose for investigating the (CI)PN copolymer was two-
violet and near-UV rang&457 and 351.1 nimas reported in  fold: (i) to achieve the synthesis of (CP¥egments of con-
the spectra of good trans-(CHjsee Refs. 15 and 16This  trolled lengths as in (CH)copolymer samples; andi) to
result is an indication of the relatively low weight of long achieve a synthesis of partially aligned (GD3egments.
segments, compared to the short ones, in the bimodal distrEoncerning poin{i), it is possible to infer from the figures
bution of conjugated lengths in the sampldlote that the that the bands in these spectra show the same features as
Raman spectra of (CEYPS are rather similar to these de- observed above in diblock (CEHPN in solid-state form. In
scribed above for (CH}PN with N,,=100. This indicates fact the bands are much narrower, and their peak positions
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FIG. 3. RRS spectra recorded at room temperature of diblock (&) copolymers. Irfa), (b), and(c), RRS spectra of thin-film sample
(N,=10) for A\ =647.1, 457.9, and 351.1 nm, respectively(dh (e), and(f), RRS spectra in solution of dichloromethari¢,(= 10) in
the range 14501600 crhfor A| =568.2, 457.9, and 406.7 nm, respectively.

shift to higher frequencies with respect to those recorded ipolymers, the broad band clearly exhibits components at 620
the spectra of standard trans-(GD)n particular from Figs. and 738 cm? [Fig. 5a)] which are shifted and better re-
4(a)—4(c), one can observe that the frequency of the peak ofolved at 520 and 700 cm [Fig. 5(b)] when the weight of

the double bond stretching mode band increases frorshort conjugated segments increases. The band in (@gisb
1370cm?® (for A =676.4nm to 1503cm?' (for A\,  very similar to the one observed in standard polyacetyténe.
=363.8 nm. This is a clear indication that very short conju- Conversely, in the case of (CHPN with N,,~12, the band
gated segments are present in the sample, much shorter thean be interpreted as an envelope of several components
in standard (CD).%® Note also that, as found in standard peaked at 600, 700, and 800 chin the frequency range
trans-(CD}),, the peak of the band of the single bond stretch-600—900 cm. For the diblock (CD)-PN copolymers with

ing mode undergoes a much smaller shift when the excitatioN,,~ 20, the analogous band, broad and structureless, is
wavelength changes as indicated above, because the frpeaked at 550 cit and well shifted with respect to the stan-
quency of this mode is almost independent of the segmertard (CD), band, peaked at 400 crh (Refs. 20—22

length. In regards to pointi), although RRS experiments
performed in polarized light were unsuccessful due to stor-

age conditions in a vacuum tube, polarized IR-absorption 50 1503

measurements confirm the partial orientation of the (CD)
segments in the copolymer.

C. Photoinduced infrared-absorption spectra

Photoinduced infrared-absorption spectra of different tri-
block copolymers (CH)}PN-CH), have been already
published'®!® They are shown again in Figs(& and 5b)
for comparison with the PIA spectra of diblock copolymers
[Fig. 5c)]. As already pointed odf!® the two vibrational
photoinduced bands peaked at 1370 and 1287*ciio not
depend on the sample investigated. This is also confirmed in
the PIA spectra for (CH)PN diblock copolymergsee Figs. ()
5(a) and Jc¢)]. In the case of a deuterated (CBPN copoly-
mer, the equivalent featur¢whose intensity ratio is the op-
posite of that observed in (CH) (Refs. 20—23are reported
at 1045 and 1225 cnt [Fig. 5(d)] at the same values as 800 1000 1200 1400 1600
recorded in the PIA spectra of Refs. 20—-22 of deuterated
polyacetylene. Conversely, the broad band observed in
(CH)x-PN copolymers in the ranges 500-1000 and F|G. 4. RSS spectra recorded at room temperature of diblock
400-900 cm' in (CD),-PN copolymers is sample copolymer (CD)-PN: (a) A, =676.4 nm, (b) A, =457.9 nm, and
dependent®!®In particular, in (CH)-PN«CH), triblock co- () A, =363.8 nm.

Raman intensity (arb.units)

Raman shift (cm-1)
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_ ) _ scribed in Sec. Ill. Here we do not show these band shapes,
FIG. 5. Photoinduced infrared-absorption spectra recorded at 744 e gistributions of conjugated segments found to simulate
K with an excitation wavelength, =514.5 nm. The pump beam is o oy nerimental results were already reported in Ref. 14.
polarized perpendicular to the stretching axis, while the photoin- Conversely, we show the optical-absorption band shapes
duced infrared absorption spectrum is polarized parallel to the chaigf diblock cop(,)Iymers given in Fig. 6, where the experimen-
ais: (8) (CH)ggPN-{CH)gg, (b) (CH)7sPN{CH)z5, (0) (CH),-PN o "o - 200 2 reported for com.pa,ris{dney are the same
With Nay=12, and(d) (CD),-PN with Ngy=20. as given in Fig. (b)]. The distribution parameters used to
IV. THEORETICAL RESULTS calculate the band shapes are given in Table I. Notice that the
broad band in Fig. &), which is similar to that observed in
Here we present calculated band shapes to be comparege optical-absorption spectra of triblock copolymers, repro-
with those recorded in the spectra obtained by using variougyces the experimental data well by using a bimodal distri-
spectroscopic techniqueslV-visible absorption, RRS, and pytion centered on long and short segments, as in polyacety-
PIA) from different copolymer samples as described in Secjene samples. Conversely, a good agreement is obtained
shapes in the RRS, optical-absorption, and ER&fs. 18, 19,  pimodal distribution parameters centered on short segments
and 23 spectra for polyacetylene samples is also able tqynly. This can be derived from the values ®f and N, in
simulate analogous bands in the related spectra of copolyraple I. Moreover, the weight of the distribution centered on
mers with polyacetylene segments. Moreover, our purpose I),, which is (1-G), is always larger than the other one
to prove that, in these copolymefia solid-state form and in  centered orN,, which is G. The values of the parameters
solution), the conjugated segment distributions found togetermine a distribution characterized only by one peak on
simulate the optical absorption in one copolymer are verthe shorter segments and a very asymmetric shape with a tail
similar to those found for the band shapes observed in the
Spe.Ctra. of the RRS and PIA of the same sample. Then the TABLE I. Parameters used to calculate the band shapes given in
main differences between the experimental band shapes Efgs 6 7 8 and 9
triblock copolymers, diblock copolymers, and polyacetylene_ ="~ " "' ™ i

systems are mainly explained in terms of different distribu-lFigure N, o N, o G y

tions of conjugated segments. This is expected from the val-

ues ofN,, deduced from the synthesis, as reported in SecFig. 6a) 40 10 12 6 045 0.08

. Figs. 6b) and 8 10 5 5 1 0.40 0.08
The band shapes of optical absorption and Raman scattefigs. 6c) and 8 10 5 5 1 0.35 0.018

ing of the triblock copolymers are very similar to those Fig. 9 14 5 5 2 0.5 0.08

found in polyacetylene samples, as has been already de
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the conjugated segments which have more weight in the
short segment distribution, also taking into account the de-
(b) crease, as a function df, of the electric dipole moment
intensities, as reported in Ref. 7. The different resolution of
A =3511nm the structures is determined in the calculation by the value of
v which is proportional to the inverse of the lifetime of the
electronic states of the copolymers in solid-state form and in
solution. The values of given in Table | indicate that the
lifetime of the electronic states is longer when the system is
in solution with respect to the case of the solid-state form.
By using the same set of parameters, we have performed
calculations of the RRS band shapes observed in the spectra
of the two copolymers characterized by the absorption given
(a) in Figs. @b) and Gc¢). In Figs. 1a) and {b) we give the band
shapes for the double bond vibrational modes of the diblock
in solid-state form fol| =457.9 and 351.1 nm. These band
shapes have to be compared with those given in Fig®. 3
and 3c) (N,,=10). These features are much narrower than
those observed in standard polyacetylédsee Refs. 7 and
16), and are mainly determined by the narrow distribution of
short conjugated segments, as given in Table I.
L L L In Figs. 8a)—8(d), we report the calculated band shapes
1400 1450 150(_) 1550 1600 of RRS spectra of the diblock copolymer in solution for dif-
Raman shift (cm-)

ferent exciting wavelengths as indicat¢d, =568.2, 488,
FIG. 7. Calculated RRS band shapes in the frequency rangé31.1, and 406.7 nm, respectivelyThe experimental data
1400—1600 cm?® of (CH),-PN (solid-state sample witN,,=10).  taken from Ref. 17, and some of them, already given in Figs.
(@ A_=457.9 nm andb) A =351.1 nm. The parameters used in 3(d)—3(f), are also included in the figure, for comparison,

the calculations are given in Table I. These band shapes have to wéith the calculated band shapes. The most striking result
compared with those of Figs(l® and 3c), respectively.

Raman intensity (arb. units)

A =457.9nm

which can be derived from these figures is related to the fact

that the band shapes are very narrow, much narrower than
toward longer conjugated sequences. Notice that the valughose given in Fig. 7, and with several structures. In order to

found for N; and N, are consistent with the average value obtain the calculated band shapes, we have also changed the
N,= 10 determined from the synthesis. The numerous peaksarameterA related to the broadening of the double-bond

in the structured bands in Figs(® and Gc) represent the modes(see Ref. ¥, from the usual value used in standard
different contributions of the electronic transitions related topolyacetylene and copolymers in solid-state form y(
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FIG. 8. Comparison between experimentebntinuous ling and calculateddashed ling RRS band shapes in the frequency range

1400-1600 cm! of (CH),-PN (sample in solution andN,,=10). (@ A\ =568.2 nm, (b) A\ =488 nm, (c) A\, =431.1 nm, andd) \_
=406.7 nm. The parameters used in the evaluations are given in Table I.
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FIG. 9. Calculated RRS band shapes in the frequency range
1300-1500 cm* of (CD),-PN: (8 A\ =676nm and(b) A\,
=457.9 nm. The parameters used in the evaluations are given in
Table I. These band shapes have to be compared with those of Figs.
4(a) and 4b), respectively.

1600 1400 1200 @ 1000 @ 800 600 | 400
=14 cm ) to the valueAy=8 cmi L. Then the peak posi- Wave number (cm-1)
tions and other features in the band shapes, in agreement

with the experimental data, are determined by the different FIG. 10. Calculated PIA band shapes in the frequency range

contributions of the double-bond vibrational modes of the#00-1000 cm*: (a) triblock copolymer (CH)7sPN<CH)zs,  (b)
segments more weighted in the distributions. diblock copolymer (CH)-PN, and (c) diblock copolymer

Notice that both the values of and Ay change signifi- (CD),-PN. The experimental data are also shown for comparison.

cantly from those found in standard polyacetylene with re_The parameters used in the evaluations are given in Table II.

spect to the case of (CH}kegments in solution. This result

can be expected from a system in which the interactions ofveight in the distribution. Also, the intensity of the dipole

the electronic and vibrational states with the surroundingnoments, decreasing witd (see Ref. 19 plays an impor-

states are smaller compared to a solid-state system. tant role in such a calculation. In Table II, we give the pa-
In Fig. 9, we give the Raman band shapes for the doublergmeters used in these calculations.

bond vibrational modes of deuterated diblock copolymer The most striking result is related to the fact that when, in

(CD)y-PN for A =676 and 457.9 nm, using the distribution the bimodal distributionN; is centered on long segments

given in Table I. These results have to be compared with thend N, on short ones, the broad band presents a principal

experimental band shapes given in Fig®)4nd 4b). Again  peak and a secondary one. This last feature becomes more

the narrow distribution, determined by the parameters use@vident whenever the weight of the short segment distribu-

is responsible for the narrow band shapes with structures. Agon becomes predominant. This is the case given in Fig.

can be seen from this figure, the large shift observed experit((a) for the triblock copolymefCH),;5-PN-(CH)-x.

mentally in the double-bond frequencies fram=676.4 and A different case is reported in Fig. @), where the broad

457.9 nm[see Figs. @) and 4b)] is well accounted for pand presents different structures at600, 700, and

theoretically. This is expected, as already mentioned, since

rzgg][t;eg??hnecio%Jg;egzceizngseﬁ?sréngly dependent on the. TABLE Il. Parameters used to calculate the band shapes given
In Fig. 10, we report the band shape of the broad band’ Fig. 10.

observed in the vibrational PIA spectra in the frequencyF

range 400—1000 cnt in the copolymers containing (Ck)

|gure Nl (o] N2 () G

and (CD) segments. The band shapes were calculated bkig. 10a) 50 10 13 5 0.35
using the model of Refs. 18, 19, and 23. As we discussed ifig. 10b) 14 6 8 2 0.5
Sec. lll, this band shape changes dramatically as a functiopig. 10c) 20 8 13 5 0.5

of the length of conjugated segments which have more



57 SPECTROSCOPIC PROPERTIES OF POLYACETYLEN. . 15335

800 cm . The calculated band shapes, which reproduc&ompound by using a consistent model which includes the
rather well the experimental broad and structured band, haglectronic and vibrational properties of the ground and ex-
been Obtained by using the parameters given in Table ||C|ted states Of the Conjugated Segments Of dlffel’ent Iength
which indicate thatN, and N, are both centered on short (S€€ Refs. 7,18, and 19

segments. The well-defined structures in the band shape arp As we Qave sah_owE in Secs. Il .ang v, fthe .dr?mgtic
due to the different contributions of the photoinduced vibra-Cha@nges observed in the spectroscopic data of optical absorp-

tional frequencies of the short segments, which are mordon: RRS, and_PIA in the two block copolymers, with re-
Spect to the triblock ones, are very well accounted for,

Poe?/?//rlgtwvifsht% %rllr:j(tr?qitgt?;n?nu:ltgadg}lr? {ﬁzugzeag?l?ﬁgusthrough different distributions of conjugated segments.

. ) ) In fact, the data of the triblock copolymers are interpreted
opiical absqrptmn and.RRS' band shapes for the diblock G terms of a broad bimodal distribution centered on long and
polymers withN,,= 10 in solid state form. __short conjugated segments. The various peculiarities ob-

In Fig. 10(c), we report the shape of the broad band in theggryeq in the spectra of these copolymers are explaisesl
PIA spectra of the (CD) PN copolymer, calculated by using secs. 11l and IV by considering the different weights of the
the parameters given in Table Il. Notice that, in this case|ong segments with respect to the short ones. This result is in
since the values dfl; andN, determine a distribution more rather good agreement with experimentally estimaltgg
shifted toward intermediate lengths, the low-frequency bandalues determined in the synthesis by size exclusion chroma-
becomes structureless and broad, the maximum being peakeshraphy(N,,~ 88 and~ 75). In the case of diblock copoly-
at 550 cm%, well displaced with respect to the value found mers characterized by a smaller and more controlgd
in standard (CD) polyacetylen&®2? value (N,,~ 10), all spectroscopic data exhibit much sharper
features due to the separate contributions of various short
segments. As a consequence, the distributions, which are de-
V. DISCUSSION AND CONCLUSION rived from the theoretical evaluation, are centered only on

In this paper we have presented experimental spectra Gort segments. In this situation, the bimodal distribution be-
optical absorption, RRS, and PIA of polyacetylene-based ccc0Mes a very asymmetric one with a tail toward the long
polymers containing polyacetylene segments, and a theore?—e?me”tfs'ﬁe' Note also that, grqm Lhe dllstr||bu_t|ons and the
ical analysis and interpretation of these data. The main pur/&/Ues of the parameters used in the calculations, one can
pose of the synthesis of these copolymers was to prepal%?term'ne theoretical values bk, which are in agreement
samples with (CH) segments of controlled conjugation with those evaluated from the synthesis for the different
lengths, in some cases aligned along the chain axis. The aiﬁ{;\mples.

of the present investigation was therefore an extensive chay- To summarize, we have presented a series of opt|cal_ spec-
acterization of these copolymers in terms of conjugationrOSCOpIC data of different types of copolymers containing

lengths of the segments in the polymeric chains. This wa olyacetylene segments of different lengths. All these data

achieved via a study of the main spectroscopic optical prop- avde Ibeehf? |rr]1te|rpr?ted n "‘: tcotrJ\erent wayf V;”thha thre]ortetlcal
erties of the samples, derived from different techniques an odel, which aiso turns out to be successiul wnen short seg-

through the investigation of the changes of the spectroscopi'g;entiare pres;?n(tjirtl thg samplc;:-. In ad(?ition,tt:]is model r;as
features with the conjugation lengths of the segments in th S0 been applied 1o burham-lype polyacelylene samples

different copolymers. This is an important issue since, a haracterized only by short segments, and the features ofPI_A
pectra of these samples have been found in agreement with

discussed in Sec. lll, the size exclusion chromatograph h . tal dafs
measurementerformed after the synthesis of the precursor € experimental datd.
polymer block provide only a rather approximate value of ACKNOWLEDGMENTS
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