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The rationale of this paper is to shed some light on the origin of the optical response of two similar chiral
fluorene copolymers in correlation with their vibrational modes, to understand how a chiral center
placed in a ramification affects the optical properties of the main chain. Various spectroscopic ellipsomet-
ric techniques, in the scope of the Stokes theory were used to characterize the optical-vibrational behav-
ior of the polyfluorenes: ellipsometry in emission (EE), transmission (TE), and Raman (ERS). The results
showed that the optical activity and the emission of the circularly polarized light depends substantially
on the interaction of the chiral carbon in the ramification and the main chain through specific optically
active vibrational modes, for each sample. One interesting achievement was to find the absolute dextro-
rotatory configuration of the studied molecules, that could induce a helicoidal structure to the entire
material.

� 2022 Elsevier B.V. All rights reserved.
1. Introduction

Metamaterials are artificial materials exhibiting exceptional
and exotic electromagnetic properties not found in nature, with a
wide range of possible applications, which the most relevant
include newmicrowave, antenna and nano-photonic circuitry, per-
fect lenses with the possibility of resolution beyond the diffraction
limit, apart from those in biotechnology [1–7].

The fundamental characteristic of this class of materials is their
negative (or near zero) refractive index, which in turn depends on
the permeability(l) and permittivity(e) of the specific material.
Several artificial structures were developed in order to obtain such
property, like split-ring resonators exhibiting relative negative per-
mittivity(e) and relative negative permeability(l) at some specific
wavelength in the microwave and RF domains, and Far IR [8–10].
However, electric permittivity and magnetic permeability are
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intrinsic properties of the matter and to tune them, in order to
obtain the effect in the optical domain, is a difficult task [11]. Alter-
natively, it is possible to obtain optical active materials by intro-
ducing a chiral center in their structure such as an asymmetric
carbon, so that the materials are organized in the nanoscale and
thus chiral characteristics became evident [12]. The new avenue
opened for chiral nano-photonics and corresponding materials
awoke wide interest in the tuning of their optical response and
of the theoretical interpretation associated with the observed phe-
nomena. The effect of chiral centers on the materiaĺs photophysical
properties has been studied using non-linear optics, z-scan tech-
nique, [13] surface second harmonic generation, [14] among others
[15,16].

Due to the almost unlimited chemical possibilities of achieving
designed structures, conjugated polymers are particularly interest-
ing as fundamental blocks for the manufacture of metamaterials in
the optical domain. High values of the optical activity manifested
in the chirality parameter (k) were obtained with several conju-
gated polymers, containing asymmetric centers, [17,18] notably
polyfluorene derivatives [12,19–21]. Chirality was obtained
through the insertion of chiral alkyl side chains, so that chirality
was induced on the backbone, manifested through light emission,
detected by circularly polarized emission or in the UV–Vis trans-
mission and absorption experiment, as circular dichroism or circu-
lar birefringence [22–25].

These materials have great advantages over inorganic materials
mainly due to their low cost, lightness, and flexibility. In addition,
they are soluble in several common solvents, which allows thin
films to be made using well established techniques, such as spin-
coating, inkjet, roll-to-roll thus making it possible large-scale pro-
duction [26,27].

Also, the insertion of chiral carbons in the side chains in conju-
gated polymers enabled the development of materials with optical
activity in the visible range. Chiral Conjugated Polymers materials
are much easier to be produced than engineering nanostructures in
inorganic materials [12,19,21,28].

With the aim of studying the origin of the chiro-optic properties
of the synthesized materials, in addition to the traditional circular
dichroism commonly employed, the materials of this contribution
were studied using ellipsometry techniques. Transmitted light
ellipsometry (TE) [21] was performed, which is equivalent to circu-
lar dichroism. The main advantage of determining the ellipsometry
of the transmitted light is the direct experimental determination of
the chirality parameter (k) instead of calculating it theoretically
from circular dichroism, avoiding assumptions and numerical
approximations [21].

Raman spectroscopic techniques play an important role in
molecular investigation [29]. In this sense we have introduced a
new methodology to acquire Raman Optical Activity spectra, based
on the determination of Stokes parameters for the scattered light
from Fourier series decomposition. This was experimentally
achieved by slight modifications on an apparatus used for emission
ellipsometry [30]. The ellipsometry evaluation was extended and
applied to analyze the spectrum of the emitted light (EE) [19,21]
Fig. 1. Chemical structures of the polymers studied: poly[9,90-bis(3-((S)-2-methylbut
methylbutylpropanoate)) fluorene-alt-4,4-biphenylene)] (LaPPS64).
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and also the Raman Optical Activity scattering spectrum (ERS)
[30]. The use of Raman and ROA spectroscopy to study molecular
chirality has shown very promising results [31]. In this work two
alternated polyfluorene copolymers with similar structures were
used: poly(fluorene phenylene) and poly(fluorene biphenylene),
namely poly[9,90-bis(3-((S)-2-methylbutylpropanoate))fluorene-al
t-1,4-phenylene)] (LaPPS63) and poly[9,90-bis(3-((S)-2-methylbu
tylpropanoate))fluorene-alt-4,4-biphenylene)] (LaPPS64). The dif-
ference is thus the presence of an additional phenylene group.
The acronym LaPPS is derived from the Laboratory’s name and rep-
resents the order number of its preparation. In this case the poly-
mers are the 63th and 64th structures synthesized. Both contain
the same chiral ester as a ramification in C9 as illustrated in
Fig. 1 [32]. The vibrational evaluation made by the Raman scatter-
ing technique, besides the evaluation of the Raman Optical Activity
is a powerful tool to understand how the chiral carbon in an alkyl
side chain induces optical activity to a specific site of the polymer
backbone. This is the main purpose of the present work, that is, to
investigate how the lateral chirality induces chirality on the main
chain of each polymer, through the interaction of the optical and
vibrational responses of each material.

2. Experimental

2.1. Materials

The structures of the investigated polymers LaPPS63 and
LaPPS64 are depicted in Fig. 1. They were synthesized following
the cross-coupling Suzuki polycondensation, as described previ-
ously in detail.[19] The structural characterization measurements
are also described in the reference. The samples were prepared
by spin coating 70 mL of the polymer solution in CHCl3
(c = 10 mg.mL-1) onto quartz substrates, followed by annealing
from 25oC to 150oC, for 1 h.

The polymeric materials chosen were the ones with the highest
chirality values reported so far [19,20] Note that the structures are
very similar, the chiral sites are the same, and the backbones differ
by one 1,4-phenylene (LaPPS63) or two (LaPPS64). The optical
activity was observed by circular dichroism (CD), circular birefrin-
gence (ORD), as well as by circularly polarized light emission by
photoluminescence [33].

2.2. Methods

The Stokes parameters Si i ¼ 0;1;2;3ð Þ of the transmitted and
emitted light of the materials were determined using an ellipso-
metric method employing the analysis of the Fourier series of the
light intensity I hð Þ (Equation 1 in Supporting Information) in func-
tion of the wavelength using an achromatic quarter-wave plate
and a linear polarizer. The parameters: S0 stands for the total light
intensity, S1 for the difference between the intensity of light with
linear polarization horizontal and vertical, S2 for the difference
between the intensity of light with linear polarization �45o, and
S3 for the difference between the intensity of light with left or right
ylpropanoate)) fluorene-alt-1,4-phenylene)] (LaPPS63) and poly[9,90-bis(3-((S)-2-
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circular polarization. The Ellipsometric Raman Spectroscopy (ERS)
was used to obtain similar Raman Optical Activity (ROA) spectra,
performed by means of the experimental setup detailed in an ear-
lier publication, using the excitation wavelength of 514 nm.[30]
Note that the ERS spectrum depends on the experimental condi-
tions used for the chemical characterization of the material. The
relevant parameters used here to analyze the transmitted, emitted
or scattered light are represented in Equations 6–10 in Support
Information and are the following: (I) P, polarization; (II) w, orien-
tation angle; (III) v, ellipticity; (IV) r, anisotropy and (V) g, asym-
metry. Details of the physical assignments of the behavior of all
the parameters are presented in ref [34]. The absorption spectra
were obtained from direct measurements using the UV–VIS
800XI Femto spectrophotometer and the emission spectra were
obtained using a Horiba Jobin Xenon Lamp FL-1039/40 and an
Ocean Optics USB200 spectrometer, excited at 390 nm. The film
thickness for both experiments is 300 lm.

3. Results and discussion

3.1. Absorption and emission

Fig. 2 shows the absorption and emission spectra of solid thin
films of LaPPS63 and LaPPS64, to give support for the ellipsometric
analyses.

3.2. Transmission ellipsometry

To better understand the emission properties of LaPPS63 and
LaPPS64 films, the transmittance spectra via Fourier analysis were
run to determine the Stokes parameters in the spectral range of
360–650 nm. It is worth mentioning that for wavelengths lower
than 360 nm, the quarter-wave plate does not have achromatic
behavior. The acquired data were fitted using Stokes’ parameters
according to Equations 1–10 in Supporting Information (SI). The
transmittance intensities I hð Þ for both samples are shown in Fig-
ures SI1(a) and SI1(b) in SI. Fig. 3(a) and 3(b) display the normal-
ized Stokes parameters in spectral range of 360–600 nm for
LaPPS63 and LaPPS64 films. There are significant differences
between the samples. Linear polarization transmittance S1=S0
parameter is smaller for LaPPS63 (Fig. 3(a)) and the rotational lin-
ear polarization transmittance S2=S0 is also smaller than that for
LaPPS64 (Fig. 3(b)). Below 420 nm the parameter S3=S0 is propor-
tional to circular dichroism in concordance with previously
results.[19] Up to 450 nm the values of parameter S3=S0 are less
than 0.05, indicating the presence of circular birefringence. Fig. 3
Fig. 2. Absorbance (solid line) and emission (dashed line) of LaPPS63 (black line)
and LaPSS64 (red line) polymer films.
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(c) and 3(d) display the parameters: degree of polarization P, ani-
sotropy r and asymmetry g for LaPPS63 and LaPPS64 films,
respectively.

For LaPPS63, it is possible to identify from the spectrum shown
in Fig. 3(c), two resonances, the higher intensity near 423 nm and
another near 369 nm. These resonances agree with those obtained
earlier by calculations using Density Functional Theory (DFT) end
with measured CD spectrums [19,20] (393 and 364 nm). The red-
shift is due to the thickness of the films and annealing treatment.
[20] Moreover, it is possible to verify that the resonance close to
400 nm has a reduced damping factor, evidenced by the rapid vari-
ation of the ellipse rotation (parameter S2=S0) around this wave-
length. For LaPPS64, which by DFT calculations [19] has
resonances at 395 nm, 375 nm and 355 nm, presenting also higher
rotational strength, the ellipse rotation was lower than that of
LaPPS63. Resonance peaks are supported by measurements of the
CD spectrum [19]. Fig. 3(d) shows the resonances for LaPPS64 at
367, 395 and 423 nm. The orientating angle w and ellipticity v
are plotted in spectral range of 360–650 nm for samples LaPPS63
(Fig. 3(e)) and LaPPS64 (Fig. 3(f)). The LaPPS63 exhibits lower opti-
cal activity than LaPPS64, even with higher rotational strength val-
ues, as shown in the curve for orientating angle w in Fig. 3(e) and 3
(f). This effect can be explained by a higher damping factor in each
of the resonances, below � 420 nm. Therefore, as important as pro-
ducing materials with high rotational strength is the obtainment of
low damping factor resonances. Note the significant difference in
the data correlated with the parameter w, Fig. 3(e) and 3(f), in
which the samples show maximum at 480 nm for LaPPS63 and
360 nm for LaPPS64. The difference in the resonance wavelengths
between LaPPS63 and LaPPS64 is due to the difference in chirality
induction from the chiral center, in the side chain, to the polymeric
backbone. Details of the structural influence of polymers on chiral-
ity induction are described in [19] and [20].

Using the transmission ellipsometry spectrum it is possible to
calculate the chirality parameter as described in [21]. The chirality
parameter of LaPPS63 is greater than LaPPS64 as described by the
and asymmetry factor g. The main chiro-optical properties of both
materials are shown in Table 1. Other properties are show in [19–
21].

3.3. Emission ellipsometry

The Stokes parameters of the emitted light of LaPPS63 and
LaPPS64 are shown in Fig. 4. The emission intensities I hð Þ for both
samples are shown in Figures SI2(a) and SI2(b) in Supporting Infor-
mation. Both materials were excited at 390 nm. It is worth men-
tioning that for wavelengths lower than 420 nm there is no
emission. LaPPS63 exhibited circular emission across the spectrum,
parameter S3=S0, whereas for LaPPS64 there is a narrow frequency
range where circular emission is concentrated. Still, both materials
present a polarity inversion of emitted light (Fig. 4 (a) and (b))
between 420 nm and 430 nm, but that polarity inversion of circular
emission is more intense for LaPPS64 (Fig. 4(d)). The effect is sim-
ilar to the positive exciton chirality present in the CD spectrum.
[19] Additionally, it is worth noting the difference between the
asymmetry factors for the ground state and excited states, which
reflects differences in the structural parameters of the molecule
in each of the electronic states.[35].

Fig. 4(a) and 4(b) show that the emission is partially polarized,
the major contribution is linear polarization in the same direction
of the excitation (S1=S0 < 0), i.e., vertical direction of laboratory
referential. The small values of the last parameter are below
450 nm at zero-phonon transition peak (�422 nm) showing the
self-absorbance effect on depolarization of emitted light. If we con-
sider the electronic-vibrational modes peaks at � 442
and � 481 nm that parameter is about �0.25 for LaPPS63 and



Fig. 3. Transmission ellipsometry - Normalized Stokes parameters S1=S0, S2=S0 and S3=S0 for (a) LaPPS63 and (b) LaPPS64. Polarization degree P, anisotropy r and asymmetry
g parameters for (c) LaPPS63 and (d) LaPPS64. Orientating angle w and ellipticity v for (e) LaPPS63 and (f) LaPPS64.

Table 1
Main chiro-optical properties.

Chirallity Parameter Polarization Ellipticity

Materials jr / k (nm) ji / k(nm) w / k (nm) v / k (nm) g / k (nm)
LaPPS63 0.64 / 413 0.20 / 410 61 / 413 18 / 410 1.14 / 410
LaPPS64 0.34 / 709 0.07 / 616 19 / 667 3.8 / 617 0.27 / 608
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�0.15 for LaPPS64 indicating the differences in energy or charge
migration of the samples in solid state films.[36] S2=S0 parameter
shows that the emission is less than � 0.05 due to the optical activ-
ity of each sample above 430 nm in concordance of transmittance
experiment (see Fig. 3(e) and 3(f)), in which a slow increase is seen,
in function of the wavelength for LaPPS63 (Fig. 4(a)) whereas
LaPPS64 (Fig. 4(b)) displays an inverse effect. Polarization degree
P, anisotropy r and, asymmetry g parameters for both samples
4

are shown in Fig. 4(c) and 4(d). Firstly, the polarization degree
for LaPPS63 (Fig. 4(c)) is greater than that for LaPPS64 (Fig. 4(d));
corroborating the less energy or charge migration due to the inter-
chain interaction for LaPPS63 when the local anisotropy estimated
by parameter r increases at � 470 nm. Circular emission and
parameter g increase at lower energy for LaPPS63 due to the
observed circular birefringence. At 420 nm, near the edge of absor-
bance (Fig. 2), the damping factor is significant, and it introduces



Fig. 4. Emission Ellipsometry - Normalized Stokes parameters S1=S0, S2=S0 and S3=S0 for (a) LaPPS63 and (b) LaPPS64. Polarization degree P, anisotropy r and asymmetry g
parameters for (c) LaPPS63 and (d) LaPPS64.
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the self-absorption of one component of circular polarization. In
Fig. 3(d) that effect is clear, due to the parameter g > 0 (circularly
right) for sample LaPPS64. In Fig. 4(d) at 423 nm, the emission is
circularly left. This effect depends significatively on the damping
factor, at the spectral range of the emission. Finally, orientating
angle w and ellipticity v parameters follow the variation of the
parameter S2=S0 and S3=S0, respectively, see Figures SI2(c) and
SI2(d).

3.4. Raman optical activity

The scattered Raman spectra for LaPPS63 and LaPPS64 are
shown in Fig. 5(a) and 5(b) respectively. The main vibrational
modes of the molecules are given in Table 2. The excitation wave-
length used was 514 nm. It is interesting to note that changing the
excitation wavelength should reveal new experimental results not
observed to date. Also, for organic systems, the Raman spectrum
does not depend much on the excitation intensity, but it depends
considerably on the excitation energy (wavelength) and polariza-
tion excitation as well. A total of seven Raman peaks were seen
for both polymers. It is possible to observe that the vibrational
modes of both polymers are very similar, except by the intensity
of the peak at 1605 cm � 1, which corresponds to the in-plane
stretching mode of C = C aromatic units. [37,38–41] Both spectra
were obtained with the same integration time and orientation.
Thus, the difference in intensity in the peaks at 1605 cm � 1 is
related to the greater amount of phenylene groups in LaPPS64.

In order to investigate the influence of the chiral carbon, Stokes
parameters were evaluated. Figures SI3(a) and SI3(b) in Supporting
Information show the measured intensities of Raman shift for each
quarter-waveplate angle for both samples. Fig. 6(a) and 6(b) dis-
play the corresponding normalized Stokes parameter of each mate-
5

rial. Independently of the sample, the parameter S1=S0 is significant
at 1135 cm� 1and 1605 cm� 1 related to the vibrational modes of
the phenyl ring next to the fluorene.[38,41] The Raman spectra are
not totally depolarized due to the linear polarization of the excita-
tion, that was in the vertical direction in reference to laboratory. In
the present case both samples display similar solid-state structure
with relatively low free volume of lateral chain relaxation because
of the thermal annealing used in the sample processing, which
tends to restrain the relaxations of the polymer ramifications.
The other bands do not present significant values of the S1=S0
parameter revealing the isotropy of the material. Examining
Fig. 6(a) and 6(b) it is possible to observe that there is Raman Optic
Activity mainly in peaks at 1135 cm � 1 and 1605 cm � 1 charac-
terized by parameters S2=S0 and S3=S0. Their intensities are differ-
ent because the differential Raman scattering corresponds to the
variation of optical activity in relation to normal vibrational coor-
dinates. Also, all Raman-active vibrational modes in an optically
active molecule will show circular scattering. Their intensities
however, must be different because some modes affect the optical
activity tensor more than others. [12,42] In addition, positive val-
ues for S3=S0 parameter, or parameter g in Fig. 6(c) and 6(d) indi-
cates the right preferential configuration of chiral carbon for the
samples. The chirality is similar as expected, considering the chem-
ical structure (Fig. 1), they have the same lateral chain containing
the chiral carbon.

The results show that the chemical environment of the chiral
carbon does not change significantly, even including additional
phenyl group along the main chain. The ERS experiment confirm
for both polymers that the absolute configuration is defined as
negative chirality or counterclockwise. However, the electronic
transitions, i.e., experiments of transmittance and emission, dis-
play significant differences on the spectral line shapes comparing



Fig. 5. The Scattered Raman for (a) LaPPS63 and (b) LaPPS64.

Table 2
Vibrational modes of LaPPS63 and LaPPS64 polymers.

Raman Shift (cm�1) Vibrational Modes

1077 =C-H out-of-plane bending
1135 C-H ring bending mode
1203 C-H bending modes
1282 C-C stretch (between monomers)
1343 C-C rock (between monomers)
1417 C-H bend and C-C stretch between adjacent monomers
1605 C = C ring stretch

Fig. 6. Raman Optical Activity - Normalized Stokes parameters S1=S0, S2=S0 and S3=S0 fo
parameters for (c) LaPPS63 and (d) LaPPS64. The inset shows ERS spectra.
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the polymers LaPPS63 and LaPPS64, see Figs. 3 and 4. This is
because there are intermolecular interaction differences, which
influence the electron-vibrational coupling between the conju-
gated groups of fluorene and phenylene and the chiral carbon in
the polymer lateral chain. As a result, the interaction between
the conjugated repeating units along the polymer backbone and
the chiral carbon is determinant to the optical responses of the
new conjugated chiral polymers. The ERS spectrum indicates that
the chiral carbon in the side chain interacts with the backbone
manifested mainly in the vibrational modes of the phenyl ring.
r (a) LaPPS63 and (b) LaPPS64. Polarization degree P, anisotropy r and asymmetry g
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Also, LaPPS63 material has superior optical activity compared to
LaPPS64. It should be noted that the optical chirality observed for
LaPPS63 was also higher than that for LaPPS64 material.[20] Polar-
ization parameter P follows the high contribution of the Stokes
parameter S1=S0 and, as a result the anisotropy r parameter dis-
plays the significant local anisotropy, again correlated with pheny-
lene group for both samples, as seen in the curves of Fig. 6(c) and 6
(d).
4. Conclusions

The chiro-optical activity of two fluorene alternating copoly-
mers were studied: one sample containing the fluorene group
linked to phenylene and another linked to biphenylene, bearing
the same chiral center in the ramification. Transmission Ellipsom-
etry (TE), Emission Ellipsometry (EE) and Ellipsometric Raman
Spectroscopy (ERS) techniques were used. The two former ones
are already established tools for assessing the chiro-optical proper-
ties of materials, but ERS is an innovative methodology, being a
new approach for Raman Optical Activity (ROA) measurements.

The correlation between the photophysical properties and the
chiral polymer structure was possible with the interplay of the
three techniques, assessing aspects not distinguishable by conven-
tional methods as circular dichroism (CD). It was possible to detect
a maximum of optical activity of the polymer containing one phe-
nylene at 480 nm, whereas the one with biphenylene displayed a
maximum at 360 nm, which was not attainable with CD, because
this technique only detects optical activity in the absorbance
region of the material. It was also possible to determine that the
emission of both materials possesses a circularly polarized compo-
nent with an opposite signal and with proportional intensity to the
CD spectrum, in the region of overlap between CD and EE. Evaluat-
ing the vibrational modes through the Raman scattering and the
Raman Optical Activity it was concluded that the chiral carbon
induces chirality in the backbone by influencing the phenyl ring,
as can be seen by the peaks at 1605 cm � 1 and 1135 cm-1. More-
over, it was verified that the optical activity manifested in the
vibrational mode of LaPPS63 is superior to LaPPS64, in agreement
with the experiments involving the optical activity of the elec-
tronic transitions.[20] Finally, the optical-vibrational properties
associated to chiral polymers can be controlled or modified with
an understanding of the interaction of the chiral center with the
polymer main chain.

The manifestation of optical activity in polymers is not some-
thing recent, especially when in solution. One of the hypotheses
of induction of this optical activity has always been related to heli-
cal conformation in the backnone or result of an intermolecular
chiral orientation [43]. The confirmation of helical structures in
polymers using conventional CD and ORD techniques is an exceed-
ingly difficult task[44]. Thus, the formation of an alpha helix-like
structure in conjugated polymers is not directly obtained via opti-
cal spectroscopy, based on the accumulated experience over the
last decades in studies of biomolecules, DNA, peptides or proteins.
In the latter, the secondary and tertiary conformations are well
established and proven by DRX and NMR experiments. Both tech-
niques are the most suitable for resolving the material structure,
but they are also difficult to use due to the need of having organic
crystals in the first and state-of-the-art NMR equipment.

In relation to inorganic metamaterials, it is known that nano-
metric helical structures may present optical activity in the visible
spectrum[45]. One might think that analogously, the helices in
polymeric structures would be responsible for the manifestation
of optical activity. However, when compare the size of inorganic
nanometric structures that present response in the visible range
[45,46] with the possible helical structures formed in polymers
7

[12,19,20], it is verified that these structures are some orders of
magnitude smaller than those inorganics.

In the present case, as far as we know, we present for the first-
time results that show the absolute configuration of a chiral carbon
in a conjugated polymer and the implications for the electron cou-
pling - vibrational modes due to the polymeric side branch in its
optical properties.

Thus, one of the contributions of the article is to show that, even
if polymeric materials have helical structures, these structures are
not the cause of the manifestation of optical activity, as in the case
of inorganic helixes, but rather the fact that there is a twist in the
polymer chain, a twist that cause an angular difference between
the electrical and magnetic dipoles moment manifested both in
ground state (transmission) and in the excited state (emission).
Furthermore, the locations in the chain that suffered from distor-
tion are evidenced by a vibrational technique (ERS). This technique
can differentiate the contributions of the dextro- and levo-rotatory
carbons, and it was verified that the dextro-component is
predominant.

Chiral conjugated polymers exhibit optical activity in the
ground state, so that the light transmitted through the materials
presents circular dichroism and polarization rotation. Additionally,
they present also circularly polarized light emission. These new
properties can significantly alter the potential technological appli-
cations where the polarization state of the transmitted and emitted
light is important, for example, the development of polarization
rotator, polarization splitter, tuned filters, and also applications
in optical data storage, optical recognition sensor, quantum com-
puting, optical communication, spintronics and 3D displays. [47–
52].

The various chiro-optic properties of the chiral conjugated poly-
mers were studied through several ellipsometric techniques, both
for the fundamental and excited states. In this work, the optical
activity of Raman scattering is also studied, aiming to underline
the rational design of chiral polymers because it was possible to
verify the coupling of optical activity in the vibrational response
[30,53].
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