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We have developed a convenient and straightforward procedure for the preparation of functionalized 3,4-ethylenedioxythiophene (EDOT) systems
by using a new chloromethyl-EDOT derivative as a versatile synthon. Based on this procedure, novel suitably functionalized perylenetetra-
carboxylic diimide (PDI) dye derivatives covalently linked to 3,4-ethylenedioxythiophene moieties have been synthesized and electrochemically
polymerized to yield a donor —acceptor PEDOT derivative with an enhanced absorption cross-section.

A great deal of interest has been devoted in recent years totors with suitable properties for organic photovoltaiés.
the synthesis and investigation of conjugated oligomers andAmong numerous conducting polymers that have been
polymers because of their potential as active materials in developed and studied over the past decades, poly(3,4-
applications such as light-emitting diodes (OLED3plastic ethylenedioxythiophene), also known as PEDUONas de-
lasers; field-effect transistor$, and photovoltaic devices  veloped into one of the most successful materials from both
(solar cellsy® On the other hand, conjugated polymers that a fundamental and practical perspecfi®¥ery recently, the
show both p-type (hole) and n-type (electron) conductivity first functionalized PEDOTS bearing pendant groups, e.g.,
might behave as intrinsic and uniform p/n-type semiconduc- tetrathiafulvalene or viologen, were discloséderylene-
TUnversity of Uim tetracarbox;_/lic diimide (PDI) dyes have bee_n a_Iso the subject
# Universidad Complutense. of study during recent years because of their high absorbance
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photostability’? Conjugated polymers bearing PDI moieties EDOT 3 by Mitsunobu reaction (65% yieldy,this time we
have been recently reported to exhibit photoinduced electronused the more convenient acid-catalyzed transetherification
transfert® while oligothiophene derivatives covalently linked reactiort® of 3,4-dimethoxythiophenel) and 3-chloro-1,2-
to PDI moieties have shown promising results as an active propanediol 2) in refluxing toluene (58% yield, Scheme 1).
layer in organic photovoltaic devicés. The coupling of the PDI subunit to the EDOT moiety was
In this communication we report the synthesis and carried out by a Williamson ether synthesis from EDOT
electrochemical polymerization of an EDOT functionalized and the hydroxyphenyl-derivatized PDI, prepared by
with an electron-accepting PDI bearing solubilizing swal- condensation of the corresponding monoimide-monoanhy-
lowtail alkyl side chains. Subsequent electropolymerization dride andp-aminophenol under standard conditiéhhus,
of the EDOT monomer yields a conjugated hybrid polymer the asymmetric-perylenebisimide functionalized ED&XTas
that might combine high p-type charge carrier mobility along been obtained in 34% yield.
the PEDOT backbone and n-type behavior of the covalently ~The swallowtail alkyl group in the perylene unit provides
linked PDI dye units. The complementary absorption proper- sufficient solubility to the monomer to allow full spectro-
ties of both moieties now leads to a coverage of a wide rangescopic and electrochemical characterizatidn.
of the solar spectrum (Figure 2). Cyclic voltammetry of PDI-functionalized EDOF reveals
To functionalize the basic EDOT unit we have prepared the redox transitions of the individual subunits. Thus, a cyclic
chloromethyl-substituted EDOZJ as a versatile synthon to ~ voltammogram of5 (5 x 107 M in dichloromethane/
further react the EDOT system (Scheme 1). tetrabutylammonium hexafluorophosphate (TBAHFP, 0.1

M), 100 mV s'%, Figure 1, dotted line) shows characteristic
Scheme 1 |
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reversible reduction waves of the perylenebisimide moiety
/ S\ P5 involving two successive one-electron transfels,; =
- nocs —1.11V andE®eqp= —1.33 V vs Fc/Ft), indicating stable
radical anions and dianions. These values are directly
comparable to those ofld,N-dialkyl-substituted perylenebi-
In contrast to previous studies, where we synthesized asimide referenceB°eq1 = —1.15 V andE%eg; = —1.37 V

2,5-dimethoxycarbonyl-substituted analogue of chloromethyl- vs Fc/F¢), as well as to those of a recently reported
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terthiophene-derivatized PBA.In the positive potential || NNGNKGKN—GN

regime, the typical irreversible oxidation of the EDOT moiety

was determined aEPo = 0.91 V, which is cathodically 19

shifted in comparison with 2-methyl-2,3-dihydro-thieno[3,4- 1.0 PRI —— p(Me-EDOT)
b][1,4]dioxine (Me-EDOT, 1.03 V), which is a suitable 0.9 / N AN PDI
referencé® Oxidative polymerization of the PDI-function- 5 4] J SRS ---P5

alized EDOT5 was carried out by potentiodynamic cycling < -] / ~ -\

in the range 0f-0.2 to 1.4 V (see Supporting Information). § 064 / Lo Y

The growth of the conducting polymer is reflected by 8§ . / S \

gradually increasing currents in subsequent potential cycles§ 051 /l : AN

and an electroactive polymer film at the working electrode, £ %417 D p N
whose thickness regularly increases with the number of 031 NS \
cycles. The polymers obtained exhibited homogeneous 0.2+ : N
morphologies and were strongly adhering to the electrode. o B AN
The PDI-functionalized PEDOP5 was electrochemically 00 = Ceeiitisececieeetee S -
characterized in an electrolyte free of monomer (see Sup- 400 ) 600 ) 800
porting Information). The CVs were taken at different scan Wavelength (nm)

rates and clearly exhibit the characteristic broad redox wave
of the PEDOT backboneE¢,.= —0.06 V), which is 670 Figure 2. UV—vis—NIR spectra of a dichloromethane solution

. . of reference PDI (dotted) and polymer films B6 (dashed) and
mV more positive compared to poly(2-methyl-2,3-dihy- reference p(Me-EDOT) (solid) electrochemically deposited on a

drothieno(3,4b][1,4]dioxine) [p(Me-EDOT),E®~ —0.73 platinum working electrode in a reflection mode.
V].17" By scanning to the negative potential regime, the two

characteristic reduction waves of the appended PDI moieties

at E°ea1 = —1.08 V andE’eq> = —1.26 V are visible. In o a charge-transfer process. Oxidation of the PEDOT moiety
comparison to the monomer, these values are shiftedresults in a decrease of the absorption corresponding to the
positively and the conjugated backbone is still sufficiently PEDOT system in the neutral state and the simultaneous
CondUCting to allow electron transfer to the PDI side groups. appearance of bands due to po|aron and bipo|ar0n forma-
Typically, in polythiophenes functionalized with redox active  tion. The formation of PDI radical anions and dianions can
groups the electron transfer at potentials where the conjugatechiso be followed at negative potentials, and their character-

backbone is semiconducting is strongly hampéted.this istic bands coincide with these of PDI as reference com-
respect, the use of an EDOT unit seems to be clearly superiofpound.

to use of a normal thiophene.

In conclusion, the versatile chloromethyl-substituted EDOT
Polymer films of different thicknesses formed after 5, 10, derivative3 has been synthesized, which provides easy access
and 20 multisweep scans were investigated. CVs of theto EDOTs and their corresponding PEDOTs endowed with
various polymer films revealed that expectedly the peak fyunctional groups such as, for example, redox active units.
current for the redox process involving the PEDOT back- |n, this line, we have prepared a novel donacceptor-type
bone is highly dependent on the number of scans used inpolymer, perylenetetracarboxylic diimide functionalized
the polymerization process and increases linearly with pepOT P5. The absorption of the neutral polymer film
increasing thickness. In contrast, peak current for the gyers a wide range of the solar spectrum, promoting this
reduction waves of the PDI moiety relatively decreases with type of donor-acceptor-type polymer as an ideal candidate
increasing thickness, indicating a different charge transport g, organic photovoltaic devices. Work is in progress to
mechanism. Whereas polaronic and bipolaronic delocaliza-inyestigate the photophysics of the system as well as its
tion on the conjugated chains is responsible for a band-like potential in organic solar cells.
and p-type conductivity of the PEDOT backbone, thickness-
dependent n-type electron hopping processes could deter- (18) Selected Data for 5H NMR (CDCh, 400 MH2) 0 8.75 (d,J —
mine the charge transport via the perylene redox centers.s.04 Hz, 4H), 8.67-8.63 (m, 4H), 7.29 (dJ = 8.78 Hz, 2H), 7.11 (dJ =

i ; ) ; ; 8.78 Hz, 2H), 6.38 (AB systendag = 3.89 Hz, 2H), 5.23 (m, 1H), 4:6

Th_e optlcal properties of the ngvel PDI-PED®%in various 4 (m.5H) 227 (M, 21, 1680 (m. 2H). 1.56.20 (m. 2811, 0.83 (t
oxidation states were |nvest|gated by spectroelectrochem-eH)_13C NMR (CDCk, 100 MHz)6 163.73, 158.31, 141.43, 141.11, 135.13,
istry.?? In the state where both the PEDOT backbone and 131.84, 129.55, 128.35, 126.68, 126.42, 123.30, 123.04, 115.41, 100.04,

: : 100.00, 99.82, 71.79, 66.40, 65.87, 54.85, 32.37, 31.85, 29.69, 29.25,
the perylene unit are neutral, the absorptiorP&f(dashed 569555 75 14.07. FT-IR (KBn) 2922, 2852, 1699, 1653, 1595, 1344,

line, Figure 2) completely covers the visible range and 1254 cm®. MS (MALDI-TOF) miz 903 [M + H]*. Anal. Calcd for
extends up to 850 nm, revealing the superimposition of the SegHstN207S: €, 74.47: H, 6.47: N, 3.10. Found: C, 74.68 H, 6.59; I,
electronic properties of the individual-systems. Thus, at (19) You, C. C.; Saha-Mter, C. R.; Wirthner, F.Chem. Commur2004
shorter wavelengths the characteristic vibronic structured 2030 o

. . . . (20) Caras, D. PhD Thesis, University Ulm, 2003.
absorption of the PDI system (dotted line) can be identi- (1) scligerling, M.; Bauerle, P.J. Mater. Chem2004 14, 1132.
fied, whereas at higher wavelengths can be identified the (22) UV—vis—NIR spectra of the polymer films electrochemically
pattern corresponding to the p(Me-EDOT). At 750 nm can deposited on a platinum working electrode were recorded in situ at various

) ] ) applied potentials in a reflection mode by means of a fiber optic (Salbeck,
be also observed an absorption band that might be assigned. J. Electroanal. Chem1992 340, 169).
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