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Abstract: Poly(phenylacetylene)s is a family of helical polymers 

constituted by conjugated double bonds that are fixed into specific 

helical structures due to supramolecular and/or steric interactions 
among pendant groups. Raman spectra of these polymers show a 

structural fingerprint of the polyene backbone which, in combination 

with its helical orientation, makes them great candidates to study 

their helical structure by Raman Optical Activity (ROA). Four 
different well-known poly(phenylacetylene)s adopting different 

scaffolds and ten different helical senses have been prepared. For 

all of these, Raman and ROA spectra were recorded which allows us 

to establish ROA spectrum/helical sense relationships: a right-
handed orientation of the polyene backbone (Phelix) produces a triplet 

of negative ROA bands, whereas a Mhelix produces a positive triplet 

ROA pattern.  Raman and ROA spectra of each polymer exhibited 

the same profile and the sign of the ROA spectrum was opposite to 
the lowest energy ECD band, thus indicating a resonance effect. 

Resonance ROA appears then as a useful selective indicator of the 

helical sense of poly(phenylacetylene)s, especially for those showing 

an extra Cotton band in the ECD spectrum. In these cases, a wrong 
helical sense is assigned based on ECD, while ROA alerts of this 

misassignment. 

Introduction 

The generation of new functional materials based on helical 
polymers is directly related to the actuation on their helical 
structure —backbone elongation and helical sense—. Thus, to 
study the structure/function relationships of these materials is 
necessary to have capable tools to elucidate the secondary 
structure of these complex macromolecules. Nowadays, the 
structural elucidation of some helical polymers such as 
poly(phenylacetylene)s (PPAs)[1-5] is still a challenge due to the 
co-habitation of different helices with different helical pitches and 
senses. For instance, PPAs are formed by two coaxial helices, 
an internal helix described by the polyene covalent backbone 
and an external helix described by the pendants, which can 
rotate either in the same or opposite senses depending on the 
dihedral angle between the conjugated double bonds (Figure 
1).[6,7 ]  

 

Figure 1. (a) Main dihedral angles of a poly(phenylacetylene) and its folding 
into a helix. 3D model and schematic representation of PPAs showing two 
different scaffolds where the coaxial helices rotate in (b) the same —cis-
cisoidal— or (c) opposite direction —cis-transoidal—. 
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As a result, to build up an approximate helical structure of a PPA, 
it is necessary to cross information from different structural and 
spectroscopic techniques each providing evidences of the 
multihelical supra-structure. To further hinder this structural 
research, many of the common techniques, such as Nuclear 
Magnetic Resonance (NMR) are not valid to characterize helical 
polymers due to their intrinsic repetitive structure. In PPAs, the 
helical structure is not defined by supramolecular interactions 
between different residues along the backbone as it happens for 
instance in peptides. Here, the helix is defined by steric 
interactions among pendants, which can originate many different 
possibilities depending on the dihedral angle between 
conjugated double bonds (1 in Figure 1a). If the dihedral angle 
between conjugated double bonds is higher than 90° (i.e., 1 > 
90°), the polymer adopts a cis-transoidal polyene configuration 
—internal and external helices rotate in opposite directions— 
(Figure 1c), while if 1 < 90° the polymer adopts a cis-cisoidal 
backbone —internal and external helices rotate in the same 
direction— (Figure 1b). In a pioneering work, Simionescu et. al. 
reported and characterized all possible cis- and trans- 
stereoisomers found in a PPA, at the same time that developed 
a NMR method to determine the cis-content of cis-transoidal and 
cis-cisoidal poly(phenylacetylene)s.[8]  
Solid-state structural techniques such as X-ray Diffraction 
(XRD),[9-19] or Atomic Force Microscopy (AFM)[20-28] can be used 
to provide insights of the helical pitch, length and helix width, 
although are silent about the features of the internal helix (Figure 
2). Another restriction of AFM is that can provide structural 
information only when 2D crystals or self-assembled monolayers 
are available due to the need of getting high-resolution images. 
[20-28] Vibrational Circular Dichroism (VCD) has been also used to 
gain information about the orientation of the external helix in 
PPAs.[30] In such case, the solvent used to perform the 
experiments will interact with the pendant groups of the PPA 
forming another supramolecular helix with the same orientation 
than that of the external part of the PPA helix. As a result, the 
solvent becomes VCD active, and its sign reflects the orientation 
of the external part of the helix (Figure 2).  
Other techniques such as Differential Scanning Calorimetry 
(DSC) have also been used in the structural elucidation of 
poly(phenylacetylene)s.[31-33] DSC provides information about the 
configuration of the polyene backbone —cis-cisoidal (c-c) and 
cis-transoidal (c-t)— associated to different and characteristic 
thermograms[29] (Figure 2). Unfortunately, these studies are 
often limited by the poor definition of the thermograms and/or by 
the presence of peaks associated to conformational changes in 
the pendants, making the assignments unreliable. 

Recently, it was also shown that combination of experimental 
and theoretical methods can be used to determine the 
secondary structure of some helical polymers different from 
PPAs, for instance by combining VCD,[31-33] Electronic Circular 
Dichroism (ECD) simulations and MMFF94[34] energy 
minimization. In this regard, lately, we found that it is possible to 
determine the P/M internal helical sense of a PPA from its ECD 
spectra (first Cotton effect). This conclusion is based on the 
correlations observed between experiments and time-dependent 
density functional theory (TD-DFT) which provides calculated 
ECD spectra of a series of PPAs with different and well-known 
helical scaffolds (Figure 2).[35-36] Thus, a positive Cotton effect in 
the UV-vis absorption vinylic region corresponds to a P helical 
(internal) sense, while a negative Cotton effect indicates the 

presence of a M helix for the polyene skeleton. A detrimental 
point of this approach is that in some cases, this helical sense 
assignment is not straightforward. This is the case of PPAs 
featuring a particular rotation angle (i.e., 3) between the 
pendant groups and the main PA chain provoking a mixing of 
the two moieties molecular orbitals and an extra Cotton band, 
the so-called 3 rotation band, in the ECD spectrum. Contrary to 
the 1 and 2 ECD bands (i.e., mostly linked to the PA structure), 
the 3 feature responds to a synergy between the two PPA 
helices. It usually appears at higher wavelengths by which 
potentially overlaps the first Cotton effect in the ECD trace often 
causing wrong helical sense assignments. The structural nature 
(3 angle rotation) of this extra band and the inherently 
electronic origin of the ECD feature further arise a complication 
in the structural assignments based on electronic effects. 
Herein, Raman Optical Activity (ROA)[37-45] is introduced as a 
novel technique to study the helical structure of PPAs. ROA is 
referred to the weak spectroscopic phenomenon resulting from 
subtracting the intensities of the Raman scattered radiation for 
right and left circularly polarized excitation light. Either by itself 
or by complementing other structural techniques, ROA will allow 
us to undoubtedly assign the internal sense of the helix of PPAs. 
The greater structural sensitivity of ROA will be crucial to clarify 
the assignment of the structure of these PPA polymers. 
 

 

Figure 2. Combination of structural information obtained from a PPA by 
different structural techniques such as AFM, DSC, MM, DFT, ECD and VCD. 
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Results and Discussion 

The Raman spectra of poly(phenylacetylene)s are strongly 
dominated by vibrations of the backbone chain —CC stretching 
of the Ph group of the cis-C-Ph moiety ca. 1580 cm-1, CC 
stretching of cis-C=C ca. 1370 cm-1, CH deformation mode of 
the cis-C-H ca. 1000 cm-1, and CC stretching of the C-C 
moieties ca. 900 cm-1. Moreover, the tunability of the chiral 
orientation of this chain into a P or M helical sense as well as the 
elongation ability (cis-cisoidal/compressed, cis-
transoidal/stretched) by using external stimuli[47-51], make these 
polymers great candidates to study their folding by ROA 
spectroscopy (Scheme 1). Reversible interconversion between 
cis-cisoidal and cis-transoidal structures is also feasible in the 
solid state, where this motion can be translated at macroscopic 
length scales transforming the flexible PPA macromolecule into 
a nanomachine.[52-53] In the following paragraphs we will explore 
the ability of ROA to go beyond ECD in order to elucidate the 
helical structure of PPAs bearing different pendant groups. 

 

Scheme 1. Schematic representation of a PPA showing its helical 
rearrangements and the Raman bands associated to the polyphenylacetylene 
backbone. 

1. Helix inversion and solvent polarity: poly-1. As the first 
example we chose the para-ethynylbenzamides of the (S)‐Valine 
methyl ester. The PPA bearing this pendant (poly-1, Figure 
3a)[51] becomes a dynamic polymer whose helical sense can be 
inverted by the polar character of the solvent used (Figure 3b). 
Thus, in non-polar solvents such as DCM, the ECD spectrum 
shows a first negative Cotton effect at higher wavelengths 
(Figure 3c) which corresponds to an M helical structure of the 
polyene backbone induced by an antiperiplanar orientation of 
the carbonyl groups at the pendant (Figure 3e). On the other 
hand, in polar solvents, such as a MeOH/DCM mixture, a first 
positive Cotton effect is obtained (Figure 3c), indicating the 
presence of a P helix induced by the presence of a major 
synperiplanar conformation of the carbonyl groups at the 
pendant (Figure 3f). 
DSC studies of poly-1 in polar and low-polar solvents show a 
classical thermogram for a cis-transoidal polyene backbone (1> 
90°), where the helical scaffold is stabilized by H-bonds between 
amide groups in i and i+2 positions along the polymer chain 
(See ESI). TD-DFT calculations on the M helix of a cis-transoidal 
oligomer model (n= 10) of poly-1 shows a first negative Cotton 
effect which is coincident with the experimental ECD spectrum 
obtained in non-polar solvents. On the other hand, identical 
studies on a P helix of an oligomer model (n= 10) of poly-1 

shows a first positive Cotton effect, which is also in agreement 
with the experimental observation. 
Next, Raman and ROA studies in Figure 3 have been performed 
for poly-1 in both non-polar and polar solvents —DCM and 
DCM/MeOH in Figure 3d. As observed, the ROA spectra are 
monosignate with the same profile than their parent Raman 
spectra. In addition, the sign of every ROA spectrum is opposite 
to that of the lowest energy ECD band. These facts reveal that 
we are under resonance conditions in which an ECD/ROA sign 
inversion, coming from the opposite definition of ECD (IL – IR) 
and ROA (IR – IL) intensities, is observed. Resonance gives rise 
to a noticeable simplification of the two spectra,[40-42] as only 
Raman bands due to vibrations of the active chromophore are 
enhanced. 

 

Figure 3. (a) Structure of poly-1. (b) Poly-1 main conformers in low-polar and 
polar media. (c) ECD/UV and (d) Raman/ROA spectra of poly-1 in low-polar 
(DCM) and polar solvents (DCM/MeOH). 3D graphical representation of an 
oligomer (n= 16) cis-transoidal structure for poly-1 with a (e) M and (f) P helical 
sense of the polyene backbone. Calculated (g) ECD/UV and (h) Raman/ROA 
spectra for the two helical orientations of an oligomeric structure of poly-1. 

The absence of pendant bands in the different Raman and ROA 
spectra clearly indicates that the PPA backbone is here the 
active chromophore with bands assigned to CC stretching of the 
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Ph group of the cis-C-Ph moiety ca. 1580 cm-1, CC stretching of 
cis-C=C ca. 1370 cm-1 and CC stretching of the C-C moieties ca. 
900 cm-1. In this case, the excitation radiation at 532 nm used in 
the ROA experiments approaches, but does not match, the 
lowest energy ECD band. This means that, in terms of the 
physical description of these second order effects, we have an 
intermediate situation between the theory established for Strong-
Resonance (SR) and Far-From-Resonance (FFR), or Near-
Resonance (NR) theory.[43] NR-ROA represents a higher level of 
description of the Raman optical activity which embraces the 
FFR theory when the vibrational Raman shifts are much smaller 
than the energy difference between the incident exciting light 
and the active electronic excited state. 
Figure 3d shows how the ROA spectra is sensitive to the chiral 
orientation of the polyene backbone since almost mirror-like 
image spectra were obtained for this PPA dissolved in solvents 
with different polarity. This is ascribed to the presence of 
opposite helical senses of the same polyene backbone. Thus, in 
DCM —non-polar solvent— a full positive ROA spectrum was 
obtained which corresponds to negative pattern of the first 
polyene Cotton effect at 380 nm. Both the positive ROA and the 
negative ECD patterns consistently reveal M helical orientation 
of the PPA backbone. The opposite situation was found for poly-
1 in a DCM/MeOH mixture —polar solvent—, where a negative 
ROA spectrum and a positive ECD signals were obtained both 
indicating a P helix. 
DFT calculations[54-62] on the M helix of a model oligomer (n= 10) 
of poly-1 shows a full positive ROA spectrum, matching the 
results obtained experimentally. On the other hand, ROA 
calculations on the P helix of a model oligomer (n= 10) of poly-1 
shows a full negative spectrum such in the experimental 
measure, indicating an opposite orientation of the polyene 
backbone. Importantly, in this case, ECD and ROA predict the 
same helical sense of the polyene backbone. Here however, it 
must be emphasized that a strong ROA spectrum (Fig. 3h, M 
helix) goes with a weak ECD spectrum (Fig. 3g, P helix). This 
seemingly conflicting pattern reversion can be explained in the 
light of the TD-DFT calculations. At wavelengths below 350 nm 
the M helix presents three intense excitations, namely at 376 
(f=0.237), 405 (f=0.215) and 451 (f=0.237) nm, while the P helix 
features only one at 411 (f=0.510) nm (See ESI). As a result, 
resonance at 532 nm is more efficiently established with the 
nearer band for the M helix at 451 nm than for the band of P 
helix at 411 nm. 
 
2. Helix elongation and solvent polarity: m-poly-2. Next, we 
explore the ability of ROA to elucidate the helical structure of a 
PPA that bears the meta-ethynylbenzamide of the (S)‐
phenylglycine methyl ester as pendant group (m-poly-2) (Figure 
4a).[6] Interestingly, this polymer shows in non-polar solvents 
(DCM) a combination of two different cis-transoidal helical 
scaffolds in equilibrium —stretched and compressed— (Figure 
4b) and oriented into the same M helical sense (two negative 
Cotton effects at the polyene region at ca. 365 and 442 nm). 
However, in polar solvents (DMSO) a single compressed cis-
transoidal M helix is obtained (negative Cotton effect at 380 nm, 
Figure 4c). 
Raman and ROA spectra are again dominated by bands 
assigned to the poly(phenylacetylene) backbone —CC 
stretching of the Ph group of the cis-C-Ph moiety ca. 1580 cm-1, 
CC stretching of cis-C=C ca. 1370 cm-1, CH deformation mode 

of the cis-C-H ca. 1000 cm-1, and CC stretching of the C-C 
moieties ca. 900 cm-1—. In this case, ROA spectra obtained for 
m-poly-2 in polar and non-polar solvents are almost identical, 
showing a positive sign in the full spectra, opposite to the 
negative sign of the Cotton effect corresponding to the polyene 
bands in the ECD spectra of m-poly-2. Therefore, these results 
indicate that an M orientation for the polyene backbone 
produces a negative Cotton effect in the ECD spectrum, while 
ROA shows a full positive spectrum. TD-DFT and ROA 
calculations on the M helix of a model oligomer (n= 10) of m-
poly-2 corroborate the results obtained experimentally, a 
negative Cotton effect in the ECD spectrum for the polyene band 
and a full positive ROA spectrum. Again, such as in poly-1 ECD 
and ROA, conclusions are fully coincident revealing the 
presence of a M helix in both cases. 

  

Figure 4. (a) Structure of m-poly-2. (b) Schematic representation of the 
compressed and stretched M helical scaffolds obtained for m-poly-2. (c) 
ECD/UV and (d) Raman/ROA spectra of m-poly-2 in low-polar (DCM) and 
polar solvents (DMSO). 3D graphical representation of an oligomer (n=24) cis-
transoidal structure for m-poly-2 with different cis-transoidal polyene 
backbones. Calculated (g) ECD/UV and (h) Raman/ROA spectra for the two 
helical orientations of an oligomeric structure of m-poly-2. 

3. The ω3 Cotton effect: p-poly-2. Let us go now with helical 
poly(phenylacetylene)s that show a more complicated ECD 
spectrum. Some PPAs adopt a kind of helical structure that 
generates three ECD bands with alternating signs. In such case, 

10.1002/anie.202000651

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



the first Cotton band is assigned to the polyene backbone and 
therefore it is a marker of the helical sense of the polymer. 
Occasionally, an extra Cotton effect appears at higher 
wavelengths as the result of a 3 rotation (Figure 5a).[36] In these 
cases, the first Cotton effect is no longer associated to the 
polyene backbone and can lead to helical misassignment. 
Therefore, to elucidate the right helical sense of the polyene 
backbone it is necessary first to determine which ECD band 
corresponds to the main chain.  

  

Figure 5. (a) Structure of p-poly-2. (b) p-poly-2 main conformers in low-polar 
and polar media. (c) ECD/UV and (d) Raman/ROA spectra of p-poly-2 in low-
polar (DCM) and polar solvents (DMSO). 3D graphical representation of an 
oligomer (n= 24) cis-transoidal structure for p-poly-2 with different cis-
transoidal polyene backbones. Calculated (g) ECD/UV and (h) Raman/ROA 
spectra for the two helical orientations of an oligomeric structure of p-poly-2. 

Alternatively, we decided to test the reliability of ROA in a 
polymer that show such feature: the para-substituted isomer of 
poly-2 (p-poly-2).[63] This polymer behaves in a similar manner 
than poly-1, that is, the two helical senses can be induced in the 
polymer by acting on the conformational composition of the 
pendant group through changes on the solvent polarity. Thus, in 
non-polar solvents (DCM), a M cis-transoidal helical structure of 
the polyene backbone is induced due to the presence of an 

antiperiplanar orientation of the pendant carbonyl groups, while 
in polar solvents (DMSO), an P cis-transoidal helix is generated 
(Figure 5b-c) due to a synperiplanar orientation of the carbonyl 
groups.  
Looking at the ECD spectrum of p-poly-2 in DMSO, we can 
observe the presence of an extra band at ca. 460 nm, which is 
assigned to a rotation around the 3 bond, as aforementioned, 
and not intrinsically due to the polyene backbone. In this 
particular situation, the helical sense of the PPA is extracted 
from the second Cotton effect (390 nm), which has an opposite 
sign relative to the first one: this scenario can lead to helical 
sense misassignments if the first one is chosen to assign the 
helical sense of the PPA.  
The mirror-like relationship of ROA experiments —ROA (+) in 
non-polar solvents and ROA (-) in polar solvents— evidences 
opposite orientations for the polyene backbones. Interestingly, in 
polar solvents (DMSO), the sign of the ROA spectrum is as 
expected from previous studies (see above), opposite to the 
second Cotton effect assigned to the polyene backbone, and not 
to the first one assigned to a 3 rotation. Moreover, the intensity 
of the ROA spectrum in DMSO is very weak in comparison with 
that obtained in DCM, indicating that the magnitude of the 
spectra is affected by the rotation of 3, and therefore by the 
presence of an extra band in the ECD spectra. However, 
conversely to ECD, ROA is straightforward and is exclusively 
sensitive to the right sense of the polyacetylene helix.  
 
4. Solvent donor vs solvent polarity effects: poly-3. Finally, 
to further test the reliability of ROA in the structural elucidation of 
PPAs, we choose one obtained from the polymerization of the 
para-ethynylanilide of the (R)‐-methoxy‐-
trifluoromethylphenylacetic acid as pendant group (poly-3, 
Figure 6).[7] This polymer can adopt four different helical 
structures attending to the donor and polar character of the 
solvent. Thus, in the case of non-donor solvents a compressed 
helical structure is generated due to the presence of a major 
trans conformation for the amide moiety of the anilide group. In 
these non-donor solvents, the helical sense of the polymer can 
be tuned by changing the polar character of the solvent. In non-
polar/non-donor solvents, the carbonyl and the methoxy groups 
of the O=C—C—O moiety adopt a major antiperiplanar (ap) 
conformation, while in polar/non-donor solvents they adopt a 
preferred synperiplanar conformation (sp) (Figure 6b). 
To carry out our structural studies on poly-3, we dissolved the 
polymer in chloroform —non donor/non-polar— and in a 
CHCl3/DMSO mixture (4/1) —non donor/polar—. In these 
solvents, ECD studies showed the induction of opposite helical 
senses. Thus, while CHCl3 induces a negative Cotton effect in 
the vinylic region and therefore an M helical sense of the 
polyene backbone, a positive Cotton effect is induced in DMSO 
which corresponds to a P right-handed helix (Figure 6c). ROA 
experiments show also spectra with opposite sign in these two 
media, indicating the presence of backbones with opposite 
helical senses (Figure 6d). As expected, the ROA spectra are 
opposite to the first Cotton effect observed in ECD, which 
corresponds to the polyene backbone [P helix: ECD (+)/ROA (-); 
M helix: ECD (-)/ROA (+)] (Figure 6 c-f). 
In donor solvents, poly-3 adopts a stretched helix due to the 
presence of a major cis conformation for the amide moiety of the 
anilide group (Figure 7a). Moreover, the helical sense of the 
polymer can be tuned by changing the polar character of the 
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solvent. Similar to non-donor media, in low-polar/donor solvents 
the O=C—C—O moiety adopts a major antiperiplanar (ap) 
conformation, while in polar/donor solvents it adopts a preferred 
synperiplanar conformation (sp) (Figure 7b).  

 

Figure 6. a) Structure of poly-3. b) poly-3 main conformers in non-donor 
solvents with low-polar and polar behavior. c) ECD/UV and (d) Raman/ROA 
spectra of poly-3 in low-polar (CHCl3) and polar solvents (CHCl3/DMSO 4/1 
v/v). 3D cis-cisoidal structures (n= 24) of poly-3 with different (e) M and (f) P 
helical senses [CHCl3 and CHCl3/DMSO (4:1) respectively]. 

To study this case, UV, ECD, Raman and ROA studies were 
performed for poly-3 in THF (donor/low-polar) and a 1:1 CHCl3-
DMSO mixture (donor/ polar). As expected, ECD spectra show 
mirror traces indicating the presence of helices with opposite 
helical senses (Figure 7a-b). Interestingly, in these ECD spectra 
it is possible to observe the presence of an extra feature around 
450 nm which is more intense than the one observed previously 
in m-poly-2 (Figure 4c). ROA studies of poly-3 in donor solvents 
show a strong dependence with 3. Thus, the ROA spectra 
show opposite sign to the first Cotton effect band which 
corresponds to a 3 rotation, and not to the polyene backbone 
(second Cotton effect at c.a. 380 nm). Intriguingly, the ROA 
spectra does not show the same pattern than those observed 
previously. In this particular case, ROA spectra do not show the 
C-C band at ca. 900 cm-1, being absent in both cases, THF and 
a 1:1 CHCl3-DMSO mixture (Figure 7b-c). 
In order to remove the 3 effect in the ECD spectra, we played 
with different donor/non-polar mixtures. It was found that when 
poly-3 is dissolved in a 1:1 CHCl3/Dioxane mixture (donor/non-
polar), the ECD spectra resemble the one obtained in THF 
(donor/non-polar) with the absence of the Cotton effect 
associated to 3 (Figure 8). ROA studies of poly-3 in this solvent 

mixture show a ROA trace with the three characteristic peaks of 
the main chain —cis-C—Ph, cis-C=C and the C—C— and 
opposite sign to the ECD band of the polyene backbone — ECD 
(+) at 380 nm / ROA trace (-)—  which corresponds to an P helix 
(Figure 8).  
This fact clearly indicates that rotation on 3 has a strong effect 
on the ECD and ROA spectra. In the ECD spectrum a new 
Cotton effect band is generated at higher wavelengths which 
makes difficult to assign the helical sense of the PPA. On the 
other hand, ROA shows a trace with the absence of the C—C 
band, indicating that the associated Cotton effect is not related 
to the helical sense of the main chain. 

  

Figure 7. (a) Poly-3 main conformers in non-donor solvents with low-polar and 
polar parameters. (b) ECD/UV and (c) Raman/ROA spectra of poly-3 in donor-
polar (CHCl3/DMSO) and donor-low polar solvents (THF) (top and bottom 
spectra respectively). 3D cis-transoidal structures (n= 16) of poly-3 in (d) THF 
and (e) CHCl3/DMSO (1:1). 

 

Figure 8. a) ECD spectra of poly-3 in donor/non-polar solvents showing either 
four (THF) or three (CHCl3/Dioxane) alternating Cotton effects. ROA spectrum 
of poly-3 in (b) THF and (c) a CHCl3/Dioxane mixture.  
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Figure 9. ROA spectrum of a PPA with (a) a P helix without 3 interference, 
(b) an M helix without 3 interference, (c) a P helix with 3 interference, (d) an 
M helix with 3 interference 

Conclusion 

In conclusion, it was demonstrated through a good number of 
examples —4 polymers, 10 helical structures— that ROA is a 
powerful structural technique, which can be used in the helical 
sense assignment of PPAs. During these studies it was found 
that a ROA spectrum, working under resonance conditions, 
shows the three characteristic vibrational bands of the polyene 
backbone associated stretching modes of the cis-C-Ph, cis-C=C 
and C–C moieties, which can be correlated with the helical 
sense of the main chain attending to sign of the spectrum —
positive ROA/Mhelix; negative ROA/Phelix— (Figure 9a-b). 
Moreover, it was also found that some PPAs produce in certain 
solvent conditions a ROA spectrum that lack the C—C band. 
This ROA spectrum is related to a rotation around the 3 and not 
to the polyene backbone which produces also an extra Cotton 
band in the ECD spectrum. In this case, the lack of the C—C 
band in the ROA spectrum is an alert sign which indicates that 
neither the ROA nor ECD —first Cotton band— are indicating 
the correct helical sense of the polymer (Figure 9c-d). To do a 
correct helical sense assignment in these cases it is necessary 
to look for a solvent where the three characteristic peaks of the 
polyene backbone appear in the ROA spectra. 
Thus, the robustness of ROA in the helical sense elucidation of 
PPAs and its potential application in other families of helical 
polymers —with or without chromophores—has been clearly 
demonstrated along these studies. 
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