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Vibrational Characterization and Fluorescence Optimization of Polycyclic Polymers

Luke O’Neill,* T Patrick Lynch,* Mary McNamara, * and Hugh J. Byrnet

FOCAS Institute, School of Physics and School of Chemical and Pharmaceutical Sciences, Dublin Institute of
Technology, Kein Street, Dublin 8, Ireland

Receied: February 19, 2007; In Final Form: May 9, 2007

A systematic series of polycyclic novel polymers was studied by Raman spectroscopy. The effect of the
sequential introduction of polycyclic aromatic ring substituents into the delocalized backbone was examined
in relation to the variation of the relative ring breathing and stretching as well as the vinyl stretch frequencies.
Replacement of the phenyl units by higher order acene moieties such as naphthyl and anthryl results in a
shift of the characteristic stretching frequencies, and analysis of the vinyl stretch leads to the confirmation
that higher order acene substitution into the delocalized backbone substantially weakens the vinyl bond.
Semiquantitative integrated Raman analysis shows a well-defined variation of the vibrational characteristics
with structure. The structural variation of the integrated Raman intensity elucidates the effect of the electronic
and vibrational decoupling introduced by the continual systematic acene substitution and points toward the
ability to tailor the vibrational characteristic of the polymeric systems much the same as the electronic
characteristics are manipulated. Relative fluorescence yields calculated for absorption and fluorescence
spectroscopy can be seen to be well-correlated with integrated Raman intensities, implying that the reduction
of the vibrational intensity limits the avenues of nonradiation, hence optimizing the fluorescence yield.

Introduction Cattsr PoM Pt oCqty

For the past 40 years, inorganic materials such as silicon, \ O A\ QQ \
gallium arsenide, and metals such as copper and aluminum have, ¢ 5 el " )
dominated the electronics industry. However, a trend has been e
growing to improve the semi-conducting, conducting, and light POPV (1) POPV-ONV (2) PONV (3)
emissive properties of organics though novel synthesis and self-
assembly techniquésl® For the growth in the electronics
industry to be maintained, it is clear that innovative organic
materials have an increasingly important role to play. The ability
to optimize the properties of organic materials through chemical
modification has already provided much needed solutions to
many problems, but this is just the beginnifig.

Far outweighing the practical advantages, the ability to vary
and tune optical and electronic properties enables strueture Figure 1. Polymer structure§—5.
property relationships to be derived to aid material optimization,
as well as the realization of a fundamental understanding of Polymer series can be considered in terms of oligomers with
the underlying physical processes in these materials. To thisan acene group of varying length with endgroups that can be
end, systematic studies have provided a platform for the [Vinyl-phenyl] (1, 2, and4) or [vinyl-naphthyl] €, 3, and5).
optimization of both the electronic properties and an extension The electronic properties are determined by a combination of
into vibrational characteristics. Oligomer series can be used tothe increasing conjugation of the central acene unit and the
demonstrate the systematic variation of electronic properties with €lectronic contribution across the vinyl bond. Although the larger
chemical structur& 14 Furthermore, similar structureproperty acene units are in themselves more conjugated, their inclusion
relationships have been demonstrated in the electronic results in a decreased coupling across the vinyl bond. Thus,
vibrational coupling in these systems, evident in the form of the alternating blue-shift to red-shift on going frdnto 2 to 4
Stokes shifts and further manifested in the Raman actifity. can be understoot.

Such a systematic study has been extended to the polymer series The polymer systems alternatively can be considered in terms
shown in Figure 1. Clear structur@roperty relationships can ~ 0of the electron transfer across the vinyl linkage. In this case,
be illustrated for both optical absorption and fluorescence and the conjugated linker is of constant length, and the nature of
can be modeled by use of a simple system based on the relativdhe (substituent) terminal groups is varied. This allows the
contributions of the aryl units to the backbone conjugation across relative conjugation across the whole system to be gauged in
the vinyl bondt® terms of the electron donating contributions of the endgroups,

By analogy to the model of Meier et &f:18used to explain and as such, as these groups are varied, the conjugation will be
the electronic properties of donefn],—acceptor oligomers, the ~ increased or decreased. The electron affinity is chosen as the

- parameter that can be used to represent changes in the
e_;;ﬁ”ﬁjﬁg’;ﬂgiﬂ é“(m‘i’; Tel+353-1-4022817; fax:+353-1-4024999;  packhone® The energetics of the total system, &4 can be
tSchool of Physics. separated into two distinct parts: (i) the electron donating/

*School of Chemical and Pharmaceutical Sciences. accepting contribution of both the substituent units (i.e., phenyl,
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naphthyl, and anthryl) to the linking vinyl bond, B4y, and
(ii) the contribution of both substituent groups individually,
EAsubst Thus

Anthracene Solid (A)
Naphthalene Solid (B)

EA

vinyl

= (EA, + EAp) + (EA, + EA,) 1)
)

®3)

subst™

.

.

EA (EA; + EA)w

EAwta = EAvinyI — EAgubst

Intensity/arbt. units

where EA, is the electron affinity of the linker vinyl unit and
EAA and EAs are the electron affinities of the substituent
endgroupsw is a constant that compensates for the fact that
the interaction of the nearest neighbor substituent is considered
rather than the extended chain.

It has been demonstrated that the optical band gap as
measured by UVvis absorption and photoluminescence of the Wavenumbers/cm’™
systems is well-correlated with the parametertog,ﬂﬁ Further- Figure 2. Raman spectra of anthracene and naphthalene (offset for
more, the Stokes shift has been demonstrated to be well-clarity).
correlated with the contribution across the vinyl bond &f
indicating that the electronievibrational coupling in these

oA

T
1400 1600

A

1000

o

1200

surements were performed using a PerkinElmer LS55 lumines-

systems is well-definable.
The aim of this study is to extend the vibrational study
performed for the phenyl and acene oligomer sétiés this

cence spectrometer. These measurements were used to calculate
relative fluorescence yields.

Results and Discussion

family of systematically structurally varied polymers. The

insertion of the naphthyl and anthryl groups affects the electronic A can be seen from Figure 1, the polymers studied consist
distribution, but it is further anticipated that the differing of 5 series of polycyclic polymers in which a larger acene unit
vibrational frequencies should decouple the oscillators along js systematically inserted into the backbone. To fully understand
the backbone, reducing the vibrational coherence and thus thethe ' Raman characteristics of the polymers, it is important to
electronie-vibrational coupling. Raman spectroscopy is the first analyze the Raman signatures of the isolated moieties. For
primary experimental technique employed, and vibrational this purpose, the Raman spectra of both naphthalene and
intensities will be correlated with Stokes shift to see if the Stokes anthracene are illustrated in Figure 2.

shift can be used as an indication of vibrational activity as shown e naphthalene and anthracene moieties are characterized
for short chain systems. Thus, this will allow examination of by a weak G-H stretching band near 3000 crhand by bands

the variation of the electrontevibrational coupling shown by haar 906-1000 and 1506 1600 cnt, which are ring breathing

the polymers and whether it has a direct bearing on the gnq stretching, respectivety.The other ring associated band
fluorescence yield by restricting nonradiative decay, essentially occyrs at 1200 et for para substituted benzene derivatives.
providing vibrational confinement. The one other significant band is at 1300 &m which
corresponds to the=€C bond stretch that links the phenyl units,
and this shows a similar length dependence. A characteristic
Raman vibrational frequency that is unique to naphthalene can
be found at~1380 cnt! and similarly for anthracene at1400
cm~L. These characteristic vibrations will help in the assignment
of vibrational modes in the polymer spectra.

The Raman spectra of polymets 5 are shown in Figure 3,
offset for clarity. The main PPV features, present in all, are the
ring vibration, ring stretch, and vinyl stretch at1200, 1580,
and 1620 cm?, respectively. The POPVL] Raman spectrum
will provide the basis on which all other polymers will be
polymers were prepared in a chloroform solution of molarity compared, and as such, the relative effects of the continual
~107% for solution Raman measurements. substitution of more conjugated acene subunits can be gauged

Raman spectroscopy was performed using an Instruments SAaccurately. To this end, the additional features and spectral shifts
(Jobin-Yvon) Labram 1B confocal Raman imaging microscope introduced by the incorporation of the higher order acene units
system. A helium-neon (632.8 nm/11 mW) light source was can be accessed with reference to a POPV spectrum with two
used. The light was imaged to a diffraction-limited spot via the octyloxy side chains.
objective lens of an Olympus BX40 microscope. All experiments ~ The Raman spectrum of POPV-ONE) exhibits all the main
were carried out at room temperature (300 K). For Raman peaks ascribed to POPV. However, the inclusion of the
spectroscopy, the polymer solutions were examined in thin NMR alternating phenyl/naphthyl unit into the POPY) packbone
tubes. A x10 objective lens was used to maximize the focal results in the addition of a new spectral feature-a400 cnt?,
depth and so sample the bulk of the solution. which can be attributed to the naphthyl ring stretch (Figure 2).

Concentration dependent studies were undertaken to ensurd he inclusion of the more conjugated naphthyl units also has a
that the samples were unaffected by aggregdfigxbsorption significant effect on the peak positions of the ring related stretch
spectroscopy was carried out using a PerkinElmer Lambda 900and vibrations. Both ring vibration and stretch are shown to
UV —vis NIR absorption spectrometer. The luminescence mea- move to higher energies, suggesting that the naphthyl inclusion

Experimental Procedures

The polymer systems (Figure 1) investigated were poly(2,5-
dioctyloxy)-1,4-phenylvinylene), POPVL); poly(2,5-dioctyl-
oxy)1,4-phenylenevinylenee-(1,5-dioctyloxy)-2,6-naphthylene-
vinylene), POPV-ONV 2); poly(1,5-dioctyloxy)-2,6-naphthyl-
enevinylene), PONV3); poly(2,5-dioctyloxy-1,4-phenylenevin-
ylene)co-(1,5-dioctyloxy-2,6-anthracenevinylene), POPV-OAV
(4); and poly(2,5-dioctyloxy-1,5-naphthylenevinylere1,5-
dioctyloxy-2,6-anthracenevinylene), PONV-OAB)( Synthesis
of the polymersl—5 has been described elsewh&té? The
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Figure 3. Raman spectra of polymers studied (offset for clarity). and black line shows fit (upper) and independent Voigt (lower).
has the effect of increasing the conjugation of the ring structure 4s \ 48
present in the backbone. This is, of course, expected as it cang, 1 ’ 6
be seen in the shift of the Raman modes with increased acene; - | ; / \

length. However, the most interesting spectral change to ariseg+4
from the change from POP\1) to POPV-ONV @) is the shift

of the vinyl stretch. In POPV, the features in the region 1560
1630 cnt! are best fitted by Voigt functions at 1584 and 1619 4
cm 1, respectively, which can be attributed to the ring and vinyl 16058

4.2

5 %
Intensity/arbt. units

Intensity.

T
IS

o
¢
I
o

o
=

o
-

stretch, respectively. This is consistent with ring and vinyl , / \ 2
frequencies reported in PPV derivativég4 Sos 045

A close examination of POPV-ONV reveals that features in §os / wors 035
the region of 15661630 cn1?! are best fitted by two Voigt %02 02%
functions at 1591 and 1616 cr the latter of which is assigned £ \ -

to the vinyl stretch. The next polymer in the series was PONV, _/ |
which contained a partially masked vinyl stretch. Because of %5 1580 1600 1620 0
the proximity of the vinyl and ring stretch, the relevant peak Wavenumbersicm-!

positions were obtained through a thorough Voigt analysis. The Figure 5. Voigt fit of PONV-OAV; dotted line shows original
fits were preformed using Peakfit. The introduction of a further SPectrum, and black line shows fit (upper) and independent Voigt
naphthyl making the polymer a complete naphthalene vinylene functions (lower).

copolymer, PONV g), resulted in a further downshift for the  compination of naphthyl and anthryl ring stretches. The inclusion
vinylene stretch (1612.9 cm) as shown in Figure 4. The  of poth naphthyl and anthryl units has a significant effect on
softening of the vinyl mode in comparison to that of POPV is  {he peak positions of the ring related stretch and vibrations. The
consistent with the interpretation of the variation of the electronic ring stretch has shifted to a higher energy found at 1605'cm
properties as being a result of a partial disruption of the The yinyl feature appears absent, which suggests that the vinyl
pomuganon across the vinyl bond, although the naphthalene unit,jpration has been reduced in energy to be masked now by the
is in itself more conjugatety. ring stretch. Figure 5 illustrates that the features in the region
Having exhausted the possible combination of naphthalene of 1560-1630 cnr? is best fitted by two Voigt functions at
polymers, the next step was to examine the effect of substituted1605.8 and 1607.6 cm. The feature at 1607.6 crhis assigned
higher order acenes (anthracene) into the backbone to see ifo the partially masked vinyl stretch. Again, it can be seen that
the trends were maintained. The inclusion of an alternating as with the electronic features, the vinyl stretch seems to mirror
anthryl/phenyl unit into the backbone in POPV-OAM)( the disruption in conjugation and hence the band gap.
resulted in the feature at1410 cn1?, which can be attributed The Voigt fits to the Raman spectra indicate that the vinyl
to the anthryl ring stretcf The inclusion of the more  hond does indeed soften with the continued introduction of the
conjugated anthryl units also has a significant effect on the peaklarger acene units into the polymer backbone. The polymers in
positions of the ring related stretches and vibrations. The ring which the vinyl stretch clearly can be seen (i.e., POPV, POPV-
stretch that was last seen at 1600¢érfor PONV has shifted ONV, and POPV-OAV) also show that a single Voigt function
to a lower energy of 1592 cm, just 8 cnit higher that the  accurately fits the ring stretching peak. In the spectra of the
original POPV. The vinyl stretch is evident at 1614 ¢miThis other two polymers, PONV and PONV-OAYV, where the vinyl
value for the vinyl stretch is reduced from the original POPV stretch was thought to be absent or masked, to accurately
but larger in energy than that of the doubly substituted naphthyl account for their peak shape, two separate Voigt functions were
polymer. needed. This shows that the vinyl peak has indeed been
The Raman spectrum of PONV-OAW)(shows both anthryl incorporated into the ring stretch peak but clearly can be seen
and naphthyl related bands due to the inclusion of an alternatingwith the curve fitting analysis. All vinyl and ring stretching
anthryl/naphthyl unit into the backbone and results spectral frequencies can be found in Table 1. With the analysis of the
features at~1410-1460 cnt?, which can be attributed to a  peak position yielding an interesting variation in the bond
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Figure 6. Position of the vinyl stretch plotted against &#. The solid
line is a guide for the eye.
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TABLE 1: Vinyl and Ring Stretch Frequencies
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Figure 7. Position of the vinyl stretch plotted against the Stokes shift.

1618

1620

polymer ring stretch (crrt) vinyl stretch (cnT?)
POPV 1584 1619
POPV-ONV 1591 1616
POPV-OAV 1592 1614
PONV 1600 1612
PONV-OAV 1605 1607

60

40 4
vibrational energy of the vinyl linkage, a plot of the peak
position of the vinyl vibration and Ef, of eq 1 is shown in
Figure 6. It can be seen that as the substitution of the e
increasingly conjugated units into the backbone is affected, there PR
is a continuous reduction in the energy of vibration and hence o T
the strength of the bond. ' . . : . .
Figure 6 illustrates that the Efy used to approximate the 0 3 to 15 0 % 30
relative conjugation across the vinyl bond is well-correlated with Number of Carbons per Monomer
the Raman spectral evidence. It can be seen that gg,/FHAa Figure 8. Variation of the number of calculated normal (solid) and
decreased, there is a notable increase in the vinylene stretctexperimental Raman (dotted) modes for the carbon backbone.
position reinforcing the interpretation that the vinyl bond is being
weakened. This plot significantly shows that fzf indeed can and also the variation of the number of experimentally observed
be used as an accurate measure of the variation of the vinylRaman modes. In the calculation~€ and side chains are
bond as the larger, higher electron affinity units are substituted omitted. A monomer is taken to consist of two vinyl bonds and
into the chain. A polymer, being a chain-like structure, will be two ring systems in each case. Experimental modes are counted
limited by the weakest link, and thus, the limiting of the as significant if they are 4% of the maximum observable peak.
conjugation across the vinylene bond will hinder the electron  Since both PONV and POPV-OAV contain the same number
phonon coupling being distributed across the entire polymer of carbons per monomer (24), the points are almost indistin-
backbone. It is becoming apparent that there is a correlation guishable in both experimental and calculated values.
between the electronic structure and the vibrational activity in  As expected, the number of experimentally observable modes
the polymer systems, suggesting that the vibrational character-shows a continual increase as the larger more carbon-rich acene
istics can be tailored akin to the electronic structure. It has beenunits are substituted into the backbone. The rate of increase is
demonstrated previousithat the Stokes shift, a manifestation low, however, and there is only a small difference between the
of electroniec-vibrational coupling, can be correlated to the number of Raman modes present in the POPV and the number
EAwtal parameter. By extension, it can be seen from Figure 7 of Raman modes present in the PONV-OAV, although the latter
that the Stokes shift is well-correlated with the vinyl bond contains many more carbon atoms. The maximum variation in
vibrational energy and that this relationship has origins in the the Raman spectra in the series is 13 modes of vibration. In the
vibrational coupling along the polymer backbone. This ability larger PONV and PONV-OAYV, the masked vinyl stretch for
to tailor the vibrational characteristics of the systems would both PONV and PONV-OAV is included.
potentially allow the optimization of the radiative yield through It is notable that the number of observable Raman modes
the elimination of the avenues that are open for nonradiative shows a well-defined trend with increasing carbon number. The
decay. This assumption will be further extended by a quantitative triangular points in the graph show the plot of the experimental
analysis of polymer solutions. observed peaks exhibiting a slope ol and an intercept of
First, the number of observable modes contributing to the —3. This can be compared with the plot of thé 3 6 calculated
electronic-vibrational coupling process is compared to the total modes. As such, it is justifiable to speculate that the Raman
number of modes. Figure 8 shows the variation of the maximum spectrum is dominated by the co-operative modes along the
number of normal modes available to the carbon skelethin, 3 length of the carbon backbone. This would give an experimental
— 6,25 with increasing the molecular weight of the monomer value of IN — 3 for the number of significant modes. This is

Number of vibrational modes
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Figure 9. Variation of the Stokes shift with number of observable  Figure 10. Variation of the integrated Raman intensity with the number

Raman modes. of carbons present in the monomer skeleton; solid line shows a slope
of —2.

in good agreement with the number of modes that would be

calculated for a 1-D linear molecule in which degrees of freedom

in the other two dimensions are constrained. Since the intensity

of the Raman modes increases with the conjugation length to

:jhoemifr?;:?e 2?\2\;125;”'Oz%?tjggiigdmgg%??jfgpﬁngg;:g:g obser\(ed suggests that, as shown for Fhe electronic properties,
. " there is a double effect to be taken into account here. The
As can be seen from Figure 9, as the number of observable yisrntion along the vinyl bond that has been shéwmust
Raman modes is increased, a significant reduction in the Stokes,e\ent the full active cooperation of the constituent units of
shift is observed. A continuous decrease of the Stokes shift is o polymers, hence eliminating the super linear behavior
observed as the larger acene units are substituted into thegemonstrated by the oligomers. The higher electron affinity of
backbone. It has been shown that acene oligomers sho® &  {he mojety inserted into the chain seems to dictate the degree
power law dependené®that is not observable here, although 5 \yhich the units contribute across the vinyl bond and hence
the general trend is maintained. The absence of a power|imit the electron phonon coupling.
dependence can be attributed to the fact that in the polymers, 1 analyze this further, one must examine thoroughly both
the effective conjugation length is similar for all, and although he glectronic disruption created by the insertion of the acene
there is an increase in the number of carbons present perpits and the vibrational decoupling of the systems as a result
monomer unit through the polymer series, this is negligible in ot giffering vibrational frequencies of the chain constituents,
comparison to the number of carbons present in an effective yohipiting vibrational cooperation. In POPV, there exist both
conjugation length. Thus, the number of modes calculated per 4 very strong vinyl linkage and also a frequency matching of
monomer unit is not an accurate reflection of the number of 4 pheny! units, both being at 1581 tSimilar to coupled
modes available for the dispersion of the excess excitation pendula, this leads to strong vibrational coupling across the
energy. polymer backbone and hence a large integrated Raman signal.
The next step was to quantitatively examine the change in The next vibrationally well-matched polymer is PONV, which,
the integrated vibrational intensities as the structural modifica- similar to POPV, has the same conjugated moiety on either side
tion was systematically implemented. Figure 10 shows the of the vinyl bond. It would be expected that the vibrations would
integrated Raman intensity, from 862700 cnt?, plotted be well-coupled, leading to a strong Raman intensity, increased
against the number of carbons present in the polymer monomergver that of POPV due to the increased conjugation of the
conjugated backbone. The oligortfestudy was conducted with  naphthyl unit. However, PONV shows a significant reduction
the integrated Raman intensity going from 200 cnt?, but in the integrated Raman intensity that can solely be attributed
since the polymers were examined in solution, the integration to the reduced electronic decoupling across the vinylene bond.
window had to be limited due to a large chloroform peak at The spectral evidence that illustrated the softening of the
3100 cntt and below 800 cm. However, this is not @  vinylene bond and the electronic analysis shows that this is in
significant problem as it has been shown that the carbon fact the case.
vibrations centered at-1600 cm* provide most of the The polymers that contain alternating moieties in their
nonradiative avenues. backbone makeup show a decrease in Raman activity as well,
Itis clearly evident that as the number of carbons is increased, which can be attributed in part to the electronic disruption across
there is a continual decrease in the integrated Raman activity.the vinylene bond. However, if this is solely electronic in origin,
This is counterintuitive as one would assume that the inclusion the reduction in vibrational intensity should have a well-defined
of a greater number of carberarbon bonds would ultimately  relationship with EAy, as this parameter was shown to
lead to an increase of the integrated Raman intensity. The modelapproximate the electronic variations in the system. In an effort
oligomer systems showed a power of 2 increase with the numberto distinguish between the variation in the Raman intensity due
of conjugated bonds. If one assumes that the effective conjuga-to electronic and vibrational decoupling effects, the integrated
tion length from all the polymers is approximately the same, it Raman intensity is plotted against 4. A well-defined trend
would be expected that the Raman intensity of the polymers would further advance the postulation that the electronic
containing the anthryl and naphthyl units would have the highest decoupling of the systems is the dominant effect. It must be

integrated intensity as the acene series showed a power of 2
increase when going from naphthalene to anthracene. The mere
inclusion of this should increase the Raman intensity if the
polymer was just the sum of its parts. The fact that this is not
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Figure 11. Variation of the integrated intensity against &4 dotted Figure 12. Variation integrated Raman intensity with the number of
line is a guide for the eye. modes.

noted that EAwa takes into account both the variation of the the frequency of vibration, the integrated intensity can be further
vinyl bond and the increase in the conjugation/vibrational reduced. Thus, the vibrational characteristics of the polymeric
activity of the individual endgroups. It does not, however, Systems can be tailored by disrupting the vibrational coherence
account for any effect that would introduce the vibrational of the system.
decoupling. A variation from a linear trend would indicate To further investigate the point that the super linear increase
vibrational as opposed to electronic decoupling. in Raman intensity displayed by the oligomers is curtailed by
In Figure 11, the relative Raman intensity is plotted against the weakening of the vinyl bond, the number of experimental
the electronic parameter Efy. A dotted straight line is shown,  Raman modes is plotted against the integrated Raman intensity
as a guide for the eye, linking the vibrational matched polymers in Figure 12. It can be seen that although the number of Raman
POPV and PONV. The relationships between these polymersmodes is increasing, the integrated intensity is decreasing. This
have been discussed, and it was concluded that the reason foindicates that although the number of modes available is
the reduction of the integrated intensity lies solely with the increasing, the lack of vibrational coherence across the vinyl
electronic decoupling across the vinylene bond. Only one other bond restricts the buildup of vibrational intensity.
polymer in the series sits on this line, and it is POPV-ONV, Evidence that the electron vibrational coupling can be tailored
which indicates that although there is a vibrational mismatch, to much the same degree as the electronic characteristics has
the naphthyl stretch being at1390 cnt! and the phenyl ring been demonstrated throughout this paper. The fact that the
stretch at 1591 cm, the electronic change resulting in the vinyl inclusion of more highly conjugated subsections into the
disruption is the dominant factor in the vibrational changes. backbone has the effect of lowering the integrated Raman
However, the apparent vibrational mismatch may be softened intensity is considerably important in the establishment of
by the coupling of the naphthyl ring stretch to the ring vibration structure-property relationships for the vibrational character-
present at~1310 cn1l, istics of complex conjugated systems. Since it has already be
The further addition of another fused ring leads to the POPV- shown that the integrated Raman intensity deceases with
OAV polymer, which clearly can be seen to be significantly increasing the number of carbons, it leads on from this that the
reduced from the POPV-ONV level of vibrational activity. This Raman intensity also decreases as the number of Raman modes
deviation can be seen as an indication of the vibrational is increased.
decoupling between the alternating moieties in the backbone. The main aim of this study was to establish relationships that
This behavior is again shown with the addition of another fused would allow the systematic control of the electronic and
ring to PONV, resulting in PONV-OAV. The vibrational vibrational characteristics of complex polymeric systems. The
mismatch between naphthyl 1395 chand anthryl 1460 cmt study to date has shown beyond a reasonable doubt that the
can be seen to provide a reduction in the integrated intensity vibrational characteristics, shown through Raman spectroscopy,
that cannot be accounted from the purely electronic disruption indeed can be modified in a similar fashion to the electronic
of the vinyl bond. The disruption of the conjugation resulting characteristics. Well-defined trends have been established that
in the largest blue-shift of the electronic spectra is evident in correlate well with the already demonstrated relationships
PONV. PONV-OAV would fit to the electronic parameters if, outlined for the oligomers.
as suggested by the increase in integrated intensity with chain  Ultimately, the end goal was to control the vibrational
length shown by the acene oligomers, the introduction of the properties of the polymeric systems in well-structured steps and
higher order acene units provided an increase in intensity in doing so work to reduce the electronigibrational coupling
regardless of the cooperative effect across the vinyl stretch. and thus limit the nonradiative decay, optimizing the fluores-
It can be seen that if the disruption of the vinyl linkage was cence yield. Figure 13 shows the variation of the normalized
the only factor in the reduction of the vibrational intensity of fluorescence yield with the integrated Raman intensity. The
the polymers with increasing carbon number, then the seriesfluorescence was normalized to the most fluorescent polymer
should fit well to an electronic parameter (i.e., &4). However, in the series.
this parameter fails to take into consideration any effects due It can be seen in Figure 13 that as the integrated Raman
to the vibrational mismatching of the alternating units. In the intensity is decreased, reducing the vibrational coupling, the
overall effect on the system, it can be seen that the electronicyield is continually increased. This is in contrast to the behavior
disruption is the major factor, but it also has been illustrated shown by the shorter chain oligomers where there was no
that by decoupling the vibrations through the mismatching of definable trend between the vibrational intensity and the
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1.2 along the backbone but also a larger electronic effect. The two
effects can be summed as the weakening of the vinyl bond
104 through the introduction of groups less likely to participate fully
PONV-OAV POPV-0AV across the vinylene and the desired effects of reducing the
electron coupling through decoupling the oscillators along the
0.8 1 POPV-ONV polymer chain. It was shown that both effects are present but
° that the dominant effect is electronic in nature and results from
06 - the changing electronic affinity of the acene groups incorporated
into the backbone.
Regardless of the nature of decoupling of the electronic and
041 vibrational states, the end result is highly significant. Through
limitation of the vibrational activity of the systems, it is possible
02 to limit the nonradiative decay and hence optimize the fluores-
cence yield of the systems in question.
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