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Abstract

In order to get a better knowledge on the influence of the introduction of alkoxy group on the thermal and optical properties of the
conducting polythiophene derivatives, poly(3-alkoxythiophene)s have been chemically polymerized using iron (Ill) chloride as oxidizing
agent under lower temperature and controlled addition of monomer. The polymers so obtained have relatively higher molecular weight, less
defects and increased crystallinity as compared with those produced at room temperature. Their X-ray diffraction patterns support the
stacking structure of polymer chain as proposed for poly(3-alkylthiophene). Their thermal stability and transition behavior are studied using
TGA and MDSC techniques and compared with those of corresponding poly(3-alkylthiophene). The glass transition and the onset of
decomposition temperature of the polymer decrease with the increase of the side chain length and the glass transition is dependent on
the flexibility of the side chain introduced. The extent of conjugation of these polymers are higher than that of poly(3-alkylthiophene) and the
polymers exhibit interesting fluorescence phenomena. Moreover, these polymers are photosensitive and the preliminary results of the

interaction between the polymer and the light are also repo@e2i000 Elsevier Science Ltd. All rights reserved.
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1. Introduction R OR

Functionalized polythiophenes have received consider- ((/ \; ) ((/ \;)
able attention owing to their interesting electrical, electro- S” /n S” /n

chemical and optical properties [1-3]. The introduction of
flexible pendant chains onto the backbone improves the
solubility and processability allowing a more complete R = alkyl group
characterization of the materials [4,5]. Also, such introduc-
tion modifies the electronic properties of the polymer [6]
enlarging the possibilities for industrial applications. For ave also been investigated, among which those with
instance, based on the above method a good understandin ) ’ . -
of the fundamental molecular features necessary to achievee:23:?;{;‘1223“29“3!('0?09;Orltjizz ?fzelg]'sﬂ?:}éerdoﬁg?igs'gg
and control the electronic properties has been developed foran alkoxy arou P o th% 3? osition 61‘ tﬁe thiophene fin
poly(3-alkylthiophenes) (PSATS). Major improvements ields o): gnerspwith an optical absorption mzximum agt
have been achieved in the synthetic approaches, studies 0|i(75 550 r>1lm higher or conﬁ) arable witFr: those of P3ATS
the effect of the substituents as well as the polymerization This can be attr%bute 4o boFt)h the electron-donatin effec.t
methods [7—-10]. Many 3-substituted polythiophene deriva- 9

: ; . ; f alkoxy group and the more coplanar conformation of
tives with thermochromic [11], solvatochromic [12] and 0 )
photoluminence behaviors [13] have been produced, mean_poly(3—a|koxythlophene) (P3AQT) as compared to that

while the structure—property relationship has also been of P3AT. [14]. It was observed that unlike P3AT, poly(3-

investigated systematically [8,9] octoxythiophene) adopts a coplanar structure (long wave-
" length absorption) and it also appears to remain rather

conjugated even at high temperatures as indicated by the

* Corresponding author. Tel+65-790-4610; fax:+65-792-6559. temperature-dependent UV-Vis absorption spectra [16]
E-mail addressasxhu@ntu.edu.sg (X. Hu). However, these P3AOTs only have a lower conductivity
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of about 10*-1072 S/cm after electrochemical doping due using a Waters 600E system controller and Waters 410
to lower molecular weight and irregular structure [17-19]. differential refractometer together with Phenogel 5 linear
The polymers are soluble in organic solvents even after (2) column calibrated using polystyrene standards and
doping up to 20%. As is known, the advantage of the THF as eluent. FT-IR spectra of monomers and polymers
P3AOT comes from the electron-donating effect of the dispersed in KBr disks were recorded on a Perkin—Elmer
alkoxy group, which decreases the oxidation potential of System 2000 FT-IR Spectrometer for the structural analysis.
these polymers and consequently, stabilizes the conductingThe *H NMR spectra were performed on a Bruker AC-300
states [20]. Moreover, the alkoxy substituents that can (300 MHz) plus Fourier Transform Instrument using tetra-
delocalize the w-electrons often enhance fluorescence methylsilane and CDGlas an internal reference, respec-
because they tend to increase the transition probability tively. X-ray diffractions of polymer films on glass slides
between the lowest excited singlet state and the groundwere measured using a Rigaku Rint 2000 X-ray Diffract-
state [21]. In this way the alkoxy substituents play an ometer. Thermogravimetric analysis (TGA) of polymer
important role in the properties of P3AOTSs. In addition, powders were conducted on a TA Instruments Thermal
the introduction of alkoxy functional group may increase Analyst 2100 system with a Hi-Res TGA 2950 thermogra-
the hydrophilicity of the polymer, which enables P3AOT vimetric analyzer. A heating rate of A/min with an air

to form a stable Langmuir—Blodgett film on pure water flow of 60 ml/min was used, the runs being conducted from
subphase. So far, to our knowledge, unlike P3ATs, study on25 to 800C. Modulated DSC (MDSC) measurement was
the structure—property relationship of PBAOTs has not beencarried out on a TA Instruments DSC 2920 Modulated DSC.
performed systematically. Therefore, in this paper we describe Thermograms of the heating run were recorded at a heating
the synthesis and comprehensive characterization of theseate of 5C/min, a modulation period of 60 s and a modula-
polymers in order to get a better knowledge of the influence tion amplitude of* 1°C from —50 to 150C under nitrogen

of the introduction of alkoxy group on the thermal and optical purge. UV-Vis spectra were recorded from dilute solutions
properties of these conducting polythiophene derivatives. or thin films on an indium—tin oxide (ITO) glass plate on a
Shimadzu UV-2501PC UV-Vis Recording Spectrophot-
ometer. Fluorescence measurements were conducted on a
Shimadzu RF5000 Spectrofluorophotometer equipped with
a xenon lamp (150 W) as the source. Irradiation of the poly-
mer solution was carried out in the sample compartment of
this spectrofluorophotometer with the slit width set at 5 nm
and the source set at desired wavelength. The samples were
irradiated for different time intervals and subsequently both
the fluorescence and the UV-Vis spectra were recorded.

2. Experimental
2.1. Synthesis of monomers

3-Methoxythiophene was prepared by following a proce-
dure for the Cu(l)-catalyzed methoxylation of 3-bromothio-
phene [22]. Other 3-alkoxythiophenes (butoxy, hexoxy and
octoxy) were prepared by condensation of 3-methoxythio-
phene with 1-alkanol in the presence of 1-10 mol% (proto-
nic) acid catalyst NaHSQunder reflux for 3—5 h. The pure
monomers were obtained after distillation under reduce
pressure [23].

d 3. Results and discussion

3.1. Solubility and molecular weight

2.2. Polymerization All these four polymers were dark red-violet powders

FeCk (2.6 g, 16 mmol) was quickly weighed in a reaction after washing with methanol and subsequent reduction by
vessel and kept under nitrogen. Anhydrous CHQB ml) chemical means using an aqueous solution of hydrazine.
was added into the vessel at 0€2followed by monomer Elemental analysis reveals that the Fe contents (wt%) in
(4 mmol) in CHC} (5 ml) dropwise over a period of 30 min. the dedoped samples were 1.54, 1.27, 1.06 an_d 0.85_%.for
Then the mixture was stirred for 2 h. The polymer was P3MOT, P3BOT, P3HOT and P30OT, respectively, indi-
washed with methanol, dedoped by stirring in 50% aqueous cating a rather low doping level in these dedoped polymers.
hydrazine monohydrate and washed with water and metha-P3BOT, P3HOT and P30OT were found to be soluble in
nol, then dried under dynamic vacuum (0.3—0.4 mbar). The chloroform, THF and methylene chioride but PSMOT was
neutral polymers, poly(3-methoxythiophene), poly(3-butoxy- only partially soluble in these solvents. Umform films of
thiophene), poly(3-hexoxythiophene) and poly(3-octoxy- P3BOT, P3HOT and P30OT can be easily formed from
thiophene) were designated as P3MOT, P3BOT, P3HOT chloroform solutions. However, the film of P3MOT on

and P30OT, respectively. glass or ITO-glass substrate is not continuous and with
many cracks. The polymers are stable if they are stored in
2.3. Characterization dark. This can be corroborated by the UV—-Vis spectra of the

polymers. No distinguishable change was observed in the
Gel permeation chromatographic (GPC) analyses were UV-Vis region between the freshly-made samples and
carried out for the measurement of molecular weight those stored in dark for two months. The polymerization
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Table 1 deformation band is weak in comparison with that of
Average molecular weights of P3AOTSs relative to polystyrene standards p3aT [9] indicating that som@-defects exist in the pon-
(M,, number-averaged molecular weight; PDI, polydisposity index; DP, mer. which is attributed to the strong electron-donating
degree of polymerization) ’ . "

nature of the alkoxy pendant making tBeposition more

Polymer Ma PDI DP reactive in 3-alkoxythiophene than in 3-alkylthiophene.
PaMOT 1875 105 17 Howevc_ar, the intensity ratio of C—to C—H, deformation
P3BOT 2050 196 13 bands is almost the same as t.hat of_ P3AOTs preparqd by
P3HOT 2270 1.26 13 dehalogenation polycondensation using zero-valent nickel
P300T 2780 1.13 13 complexes [26], which is believed to have a well-defined

linkage between the monomeric units. Therefose;o’
coupling can be considered predominant during the poly-
condition in some of the previous works reported by other merization process carried out & The presence of two
groups [24,25] was at room temperature and the reactionbands at ca. 2850 and 2950 chsuggests that the alkoxy
time was 24 h. However, we found that the polymerization chain remains intact after polymerization. The relative
carried out under low temperaturé@and the dropwise intensity of these two bands to the band at 1060 tmas
addition of monomer over a period of 30 min could yield found to increase with an increasing length of the alkoxy
a polymer with relatively higher molecular weight although pendant chain.

the reaction time was only 2 h. This was indicated by the In addition, the'H NMR spectra of the polymers corro-
GPC results of the corresponding polymers, which are listed borate thex—a’ linkage of the adjacent thienyl rings. Typi-

in Table 1. The degree of polymerization (DP) of the poly- cally for PSHOT, no peaks assigned to 3-da. 6.15 ppm)
mer is higher than that previously reported for poly(3- and 5-position § ca. 6.80 ppm) hydrogen atoms are
heptoxythiophene) generated at room temperature forobserved in these low-temperature polymerized sample as
24 h, which is only 7 [24] and is comparable to that of opposed to those synthesized at room temperature [25].
P3MOT prepared by dehalogenation polycondensation However, in the aromatic region two major peaks at 6.84
using zero-valent nickel complexes [26]. However, it is (HT—HT) and 6.97 ppm (TT—HT) and two poor-resolved

lower than those of P3ATs [8]. weak peaks at 6.90 (HT-HH) and 7.04 ppm (TT—HH)
corresponding to four triad regioisomers in the 3-substituted
3.2. FT-IR and NMR spectroscopy polythiophene main-chain [10] are evident implying a

) ) regiorandom structure. The peak at 4.10 ppm and a small
Fig. 1 depicts the FT-IR spectra o_f the_four polymers, the ghoulder at 3.90 ppm are observed for thenethylene
presence of the alkoxy pendants is evidenced from C—H prot0ns of the alkoxy group, which can be attributed to a

stretching at ca. 2850 and 2950 chdue to —CH- and - iytyre of head-to-tail and head-to-head linkages along the
CHs groups. Ring vibrational modes are seen at 1525, 1450 4\ymer mainchain. Similar observations were obtained for
and 1350 cm*. The band at 1060 cfit is assigned 10 4| other P3AOTS (see Fig. 2).

C(ring)-O-C stretching. The vibrational band at
810 cm ! is attributable to C—klout-of-plane deformation
mode of thiophene rings [27]. The absorption peak at
720 cm ! ascribable to C—Hout-of-plane deformation of
thiophene rings is found to be rather weak. The G—H

3.3. X-ray diffraction

X-ray diffraction patterns of the polymer films on glass
slide cast from chloroform solution are shown in Fig. 3
and their characteristic angles at intensity maxima and
corresponding value af-spacings calculated are listed in
Table 2.

Except for P3MOT, which only depicts a broad amor-
@ phous peak with a maximum intensity at 22.@ach of
the other three polymers has one diffraction peak at low
angle region corresponding to first-order reflection in addi-
tion to a broad amorphous peak at wide angle region,
respectively. The crystallinity of P3AOT is lower than
that of P3AT [8] as indicated by the less sharp diffraction
(a) peak in the XRD spectrum. Unlike the case of P3ATs, in
, : . . , : i which three orders of reflection were present, only the first-
500 1000 1500 2000 2500 3000 3500 4000 order reflection of PBAOT was observed. This indicates that
a higher degree of space filling of the alkyl side chain exists
in P3ATs than in P3AQOTS [8] probably due to Igsslefects
Fig. 1. FT-IR spectra of P3AOTSs: (a) P3MOT; (b) P3BOT; (c) P3HOT; and IN P3ATs than in P3AOTSs and also the presence of more
(d) P300T. polar alkoxy groups which hinders the intercalation of the

(c)

Transmittance

(b)

Wavenumber (cm™)
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Table 2

X-ray diffraction 29 positions and calculated spacing of P3AOTs and
P3ATs (results of poly(3-alkylthiophenes) were taken from Ref. [8]):
methyl (P3MT); butyl (P3BT); hexyl (P3HT); and octyl (P30OT)

Polymer »°(d spacing,eA
72 71 70 69 68 67 66 65 Low angle Wide angle
(ppm)
P3MOT/P3MT — (-)/14.0 (6.0) 22.8 (4.0)/24.6 (3.6)
P3BOT/P3BT 5.8 (15.5)/7.1 (12.4) 21.4 (4.1)/23.3 (3.8)
P3HOT/P3HT 4.5 (19.8)/5.3 (16.8) 22.3 (4.0)/23.4 (3.8)
P300T/P30T 3.7 (23.9)/4.6 (19.4) 21.8 (4.1)/23.6 (3.8)

- —— - T
8.0 7.0 6.0 5.0 4.0 3:0 2.0 1.0 0.0

(ppm) attributed to the spacing between two successive stacking

planes of coplanar subchains as has already been assigned
Fig. 2. 'H NMR spectrum of P3HOT. The inset is the expanded aromatic fOr P3ATs [8]. On examination of the peak shape at low
region. angle, it is found that with increase of the alkoxy side-chain
length, the diffraction peak becomes sharper and sharper
side chains. The corresponding) spacing is found to indicating an increase in crystallinity. Meanwhile, since it
increase with an increasing side chain length, which is is agreed that the amorphous structure can be attributed to a
consistent with the case of P3ATs. This also supports the cross-linking bya—B’ coupling between thiophene rings,
previously proposed structure for the packing of main chain the P3AOTs synthesized by our method are expected to
and side chain in P3ATs [8]. Similarly, the stacks of planar have les3-defects in comparison with those produced at
thiophene main chain in P3AOTSs are spaced by the alkoxy room temperature, whose diffraction pattern shows a totally
side chain. Apparently, thd spacing of each P3AOT is amorphous phase [24].
larger than that of the corresponding P3AT with the same
carbon atoms in the side chain due to the incorporation of 3 4 Thermal analysis (TGA and MDSC)
one more oxygen atom. When comparing thepacing in
the low angle region for these two series of polymers, itis  TGA curves of P3AOTs are shown in Fig. 4. The poly-
found that with every increase of two methylene groups, the mers depict two major though not completely distinct
d spacing increases ca. 3—4 Ahis means that with one  weight-loss steps in the temperature range of 25200
methylene group incorporated in, tllespacing increases air. The first step is ascribable mainly to the loss of the
by only ca. 1.5-2 AHowever, with the incorporation of  alkoxy side chain [27] and the amount of this weight loss
one oxygen atom, the spacing increases by ca. 3—4 A isfound to increase with pendant chain length as can be seen
Actually, the C-C bond length~(1.5 A) is longer than from Table 3. The onset temperature of 3% weight loss for
C-0 bond length{1.4 A). This observation also suggests the polymer is found to decrease with the increasing side-
that not much intercalation exist in P3AOTs because of chain length. This decreasing thermal stability with the
repulsion due to the presence of oxygen. Another diffraction increase of side-chain length was also observed in P3ATs
centered at ca. 2Zorresponds to a spacing of ca. 4.0 A [28]. However, this onset temperature of weight loss is
This side-chain-length-independent spacing can be higher than those of other 3-ether-substituted polythio-
phenes, poly(3-heptoxy-4-methylthiophene) (138 and
poly[3-(2-butoxyethoxy)-4-methylthiophene] (1%2) [24],
but is much lower than those of P3ATs, which is in the range
of 280—-310C. This is attributed to the presence of alkoxy
@ pendant groups which makes the system more reactive and
easily to be oxidized. The second weight loss step, which
took place in the temperature range of ca. 400-80fbrre-
®) sponds to the degradation of polymer backbone leaving
behind a residue content of less than 7%. On close exam-
ination on the weight loss and derivative weight curves, it is
found that the complete decomposition temperature of poly-

Intensity (a.u.)

(c)

(d) mer increases with the increasing pendant chain length,

0 5 10 15 20 25 30 35 40 probably ascribable to the occurrence of cross-linking in
polymer with longer side chain during the TGA scan [29].

26° Modulated DSC (MDSC) has the capability to detect the

Fig. 3. X-ray diffraction patterns of P3AOT films cast from chloroform ~Multiple transitions involving endothermic and exothermic
solutions: (a) P3MOT; (b) P3BOT; (c) P3HOT; and (d) P30OT. processes [30]. Therefore, it was employed to study the
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Fig. 4. TG-DTG curves of P3AOTSs: (a) P3MOT; (b) P3BOT; (c) P3HOT; and (d) P3OOT.

thermal transition properties of P3AOTs. When the samples found that theTys of P3BOT, P3HOT and P30OT are
were subjected to the first run from50 to 150C, the slightly higher than the corresponding P3BT, P3HT and
thermal transition process was not clearly detected. P30T, respectively. This can be explained by the effect of
However, after natural cooling to room temperature, the the less flexible alkoxy side chains in P3AOT as compared
second run displayed an apparent transition step as indicatedvith the more flexible alkyl pendants in P3AT, since more
by the reversing heat flow curves, which corresponds to the flexible side chain may lead to the decreasd of
glass transition. The temperatures of this transition deter- For PSHOT and P30OOT, in addition to the presencgpf
mined (Ty) are listed in Table 3. a small melting peak was observed in the thermogram. The
Similar to that of P3AT, thd, of P3AOT decreases with  melting temperatures are shown in Table 3. The lower melt-
increasing side-chain length attributable to the fact that the ing temperature of them as compared with corresponding
longer pendant chains provide a higher free volume, allow- P3ATs is probably related to the lower molecular weight
ing the molecular chains to move or realign more easily and and lower crystallinity of P3AOTs. Similar to P3MT and
therefore reducing the glass transition temperature. WhenP3BT, no evident melting peak was observed for P3MOT
comparing theTgs of P3AOTs and those of P3ATs, it is and P3BOT in the temperature range-e60—150C.

Table 3
TGA results and transition temperature of P3AOTg; (onset temperature of weight loss at 3¥; completely decomposed temperatufg;glass transition
temperatureT,,: melting point of polymer)

Polymer Tos (°C) Weight loss (%) Residue (%) Tea (°C) Ty (°C) Tm (°C)
1st Step 2nd Step

P3MOT 220 39.7 (27.7) 54.9 24 600 66.2 -

P3BOT 200 40.0 (47.8) 51.4 5.6 650 58.0 (50.2) -

P3HOT 194 43.3 (55.8) 48.0 5.7 700 20.2 (10.8) 93.7 (170§

P300T 163 59.2 (61.8) 36.0 6.7 800 —-12.8 (-14.2f 86.2 (1279

% Weight fraction of pendant alkoxy group.

b T, of P3ATs determined by DSC from Ref. [8].
¢ Ty of P3HT determined by MDSC in our lab.

4 T,, of P3ATs determined by MDSC in our lab.
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Table 4
UV-Vis absorption and emission bands of P3AOd s, extinction coefficient at absorption maximum in CH@hd the concentration is based on monomeric
unit)

Polymer Absorption max. (nm) Emission (nm) emax (10°M1em™)
In CHCl; Film Before After irradiation
irradiation (40 min)

P3MOT 465 483 556 536 (523) 2.6

P3BOT 495 520 556 541 34

P3HOT 520 550 582 550 6.4

P300T 505 524 572 541 3.7

P3HT 435 - 570 - 8.8

# Values in parentheses correspond to the shoulder peak.

3.5. UV-Vis and fluorescence spectroscopy comparable to those regioregular P3ATs [7,10]. This can
be attributed to the electron-donating properties of the
The UV-Vis spectra of P3AOTSs in chloroform solution alkoxy groups as well as a more coplanar conformation in
and film were measured and the maximum absorption bandsthese P3AOTs as compared to P3ATs [14]. However, the
are listed in Table 4. Typical spectra of P3HOT are shown in maximum extinction coefficient of P3AOT [32may IS
Fig. 5. P3HOT exhibits a maximum absorption band at slightly lower than that of P3HT [33], probably due to the
520 nm in chloroform solution and at 550 nm in the film. difference in solvent—polymer interaction and difference in
This indicates that the packing of polymer chains in the the response to the oxygen existing in the solvent between
condensed phase is anticipated to favor a coplanar arrangeP3AOT and P3AT [34].
ment of the adjacent thiophene rings, which results in a  In order to study the optical properties of these polymers,
bathochromic shift in the absorption maximum in compar- the fluorescence measurements of dilute polymer solutions
ison with the solution-phase polymer. In going from were performed on a spectrofluorophotometer equipped
P3MOT to P3HOT, this band also exhibits a bathochromic with a 150 W Xenon lamp. Interestingly, we found the spec-
shift (decrease inr—™ transition energy) ascribable to so- trum changed with the prolonged time of irradiation by the
called “zipper effect”, a side-by-side overlap of the neigh- light source set at desired wavelength (the maximum
boring methylene segments, which increases the coplanarityabsorption wavelength of the corresponding polymer solu-
of the polymer backbone resulting in longer effective conju- tion in chloroform). Typically, as shown in Fig. 6, the emis-
gation length [31]. However, with further increase of the sion of P30OOT was at 572 nm in the first scan when excited
side chain length as in P30OT, the absorption band slightly at 505 nm. With increasing the irradiation time to ca.
shifts to shorter wavelength in comparison with P3HOT. 10 min, the emission exhibited a blue shift to 557 nm mean-
This could be attributable to the increased steric hindrancewhile its intensity decreased. However, with further
when the side chain is too long and this effect is predomi- increase of the irradiation time to ca. 40 min, the emission
nant in this case leading to a decrease in the conjugationshifted further to 541 nm with its intensity increased. The
length. When compared with those of P3ATs, itis found that reaction in this process is believed to involve photobleach-
these P3AOTs have higher conjugation length than theing via a photochemical 1,4-Diels—Alder addition of
corresponding regiorandom P3ATs and higher than or

a 0
b— 2
e a c 5
=5 & d——10
- S e 15
5 f——20
3 @
S g g——25
£ & h——-30
2 < i —— 40min.
B 2
o o
2 <
<
(b)
(a) T T T T T
. : . : 550 600 650 700
300 400 500 600 700 800

Wavelength (nm)
Wavelength (nm)
Fig. 6. Fluorescence spectra of PV P30OT in chloroform solution after
Fig. 5. UV-Vis spectra of P3HOT: (a) in chloroform solution; and (b) film. irradiation by 505 nm light for different periods of time.
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Fig. 7. UV-Vis spectra of 10° M P30OT in chloroform solution after
irradiation by 505 nm light for different periods of time.

photosensitized singlet oxygen with thienyl units, which
results in the formation of products, sulfine or diketone
[35,36] and a diminished state of conjugation [37]. Conse-
qguently, the absorption and emission depicted a blue-shift.
This is also indicated by the corresponding UV—-Vis spectra
of the system after irradiation as shown in Fig. 7. The
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helps to obtain polymers with relatively higher molecular
weight and less defects. With the increase in the side chain
length, the polymer shows an increase in crystallinity,
however, it is lower than that of poly(3-alkylthiophene).
The polymers exhibit two thermal weight-loss steps
corresponding to cleavage of side chain and degradation
of backbone, respectively. The thermal stability of the
alkoxy-substituted polythiophene is poorer than that of
poly(3-alkylthiophene). The glass transition of the polymer
depends on the length and flexibility of the pendant groups.
The lower melting temperature of P3HOT and P30OOT as
compared with corresponding P3ATs is probably related to
the lower molecular weight and lower crystallinity of
P3AOTs. Poly(3-alkoxythiophene) has a longer effective
conjugation length than poly(3-alkylthiophene) due to
both the stronger electron-donating property of the alkoxy
groups and the more coplanar conformation of poly(3-
alkoxythiophene). Poly(3-alkoxythiophene)s are fluorescent
polymers and are photosensitive to UV-Vis light. The
photochemical reaction is believed to involve photobleach-
ing via a 1,4-Diels—Alder addition of photosensitized
singlet oxygen with thienyl units as already proposed for
poly(3-alkylthiophene) leading to disruption of conjugation.

decrease in fluorescence when the system was irradiatedHowever, the mechanism and the increase in the fluores-

in the beginning is most likely a result of both the disruption

of conjugation and intramolecular quenching of the excited
singlet state by sulfine or diketone residues similar to the
case of P3ATs [34]. However, in contrast to P3ATSs, as
the irradiation time prolonged, the fluorescence intensity
of the P30OOT system increased till a maximum was
reached after about 1 h, which is anticipated to relate to
the generation of other photolyzed fluorescent fragments
or involve other photochemical reaction pathway. The

detailed mechanism is currently under investigation.

Fig. 7 shows the UV-Vis spectra of P30OT in chloro-
form solution after irradiation by 505 nm light for different
periods of time. Once the system was irradiated, #he
conjugated polymer was excited and resulted in the forma-
tion of electron—hole pairs, polarons, and bipolarons rather
than discrete excited singlet and triplet states [34], this is
indicated by the broad polaronic band at ca. 800 nm (curves

cence intensity after a certain period of irradiation need to
be further investigated.
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