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We present polarized ultraviolet absorption spectra obtained from films of2sblytyl-5(2" ethyl)-hexyl
paraphenylene vinyledeBUEH-PPV, in polyethylene; the films were oriented by gel processing to high draw
ratios. The spectra show three strong features between 2 and 6.2 eV. The lowest-energy absorption is peaked
at 2.9 eV and is strongly polarized parallel to the draw axis. At 4.8 eV, there is a sharp onset for perpendicular
absorption, indicative of a transition from a localized state to a delocalized(statece versa Finally, there
is a predominantly parallel-polarized absorption band at 5.8 eV that we attribute to excitations localized on the
phenyl ring. Since the aliphatic side chains have only weak electronic interactions with the conjugated polymer
backbone, the dialkyl-substituted PPV'’s are excellent model systems for studying the electronic structure of
PPV.

Although luminescent conjugated polymers are emergindiad a draw ratio of 50 and exhibited polarized photolumines-
as important materials for use in applications such as lighteence with an intensity ratio of 48(parallel to perpendicu-
emitting diode$? and biosensorsthe details of their elec- lar).
tronic structure have been difficult to extract from available The oriented samples were mounted between plates of
data. When obtained from oriented samples, polarized ultraJV-grade silica, which shows no absorption in the relevant
violet absorption and/or reflection spectra can provide despectral range. Surface scattering was reduced by index
tailed information about the quasi-one-dimensional elecimatching the samples with decane, which also shows no UV
tronic energy bands. Oriented pgharaphenylene vinylene  absorption below 6.5 eV. Decane is an ideal index-matching
PPV, is typically too thick for transmission measurementsfluid for PE, since it is an oligomer with the same repeat unit
the spectral dependence of the optical constants has beé&f polyethylene. Encapsulated samples were mounted on a
obtained by Kramers-Kronig analysis of reflectance data.rotating stage at the focus of the OptiCS. Parallel orientation
Although processable derivatives of PPV have been studieas defined as the orientation that maximized the absorption
extensively, data on highly oriented samples are available iff! the lowest-energy peak. The optical axis was observed to
the literature only for alkoxy-substituted derivativis. coincide with the mechanical draw axis to withir2°.

We present polarized absorption spectra over the spectral -ight from a deuterium lamp was collimated and then
range between 2 and 6.2 eV of pilybutyl-52" ethy)- polarized by Brewster angle reflection from UV-grade silica.

- : The light, polarized vertically with respect to the optical
hexyl paraphenylene vinyleheBuEH-PPV, oriented by gel
processing in polyethylen@E). The molecular structure of table, was then sent through a McPherson monochromator

BUEH-PPV is shown in Fig. 1. The data show strong anisot-eqUIppecj with a UV-blazed diffraction grating, mechanically

. . . . - chopped and focused onto the sample. Light was then col-
ropy In all absorption bgnds, including parallel-polarized ab'Iected and focused onto a McPherson photomultiplier tube
sorption bands peaking at 2.9 and 58 eV and &4 measured with a lock-in amplifier. Quantitative analysis

perpendicular-polarized band peaking at 4.8 eV. Dialkyl subyt ihe polarization is presented elsewh&tbe importance of

;titution on the phenyliring of the repeat u.nit. is_ expected t05¢ch of the following was emphasize@ polarization by
interact only wegkly Wlth thej electrons; this is in contrast yeflection,(b) polarization by the monochromatdc) reflec-

to alkoxy substitution, in which the oxygen atom donatestive optics, andd) scattering of light by the sample.
significant electron density to the system, thus destabiliz- In Fig. 2, we show the room-temperature absorption spec-

ing both the valence and conduction bahdss a conse- tra of the oriented BUEH-PPV/PE blend for light polarized
guence, the dialkyl PPV’s are good model systems for study-

ing the PPV electronic structure. Since the dialkyl PPV's are
soluble, they can be gel processed in polyethylene into
highly oriented films suitable for transmission measure-
ments.
The BUEH-PPV polymer was obtained from the UNIAX
Corporation and used as received. The synthesis of BUEH- n
PPV is described by Anderssoet al® Oriented BUEH-
PPV/PE blends were prepared by tensile drawing of dried gel
films at 100 °C, as previously reported for MEH-PPWThe
data presented here were obtained from an oriented film con-
taining 30%(by weighy of BUEH-PPV. The oriented films FIG. 1. Molecular structure of BUEH-PPV.
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FIG. 2. Polarized absorption spectra of highly oriented BUEH- FIG. 3. Schematic band diagram for PPV

PPV/PE blend. Light is polarized parallglolid line) or perpendicu-

lar (dashed lingto the draw axis. . . )
Few studies of dialkyl PPV’s have been published. Fahl-

o ) ) man et al* performed photoelectron spectroscopy and also
parallel (solid line) and perpendiculatdashed lingto the  c4rried out detailed calculations on PPV as well as its dialkyl
mechanical draw axis. The lowest-energy apsorpnon peak igng dialkoxy derivatives. They concluded that in highly or-
at 2.9 eV and is polarized approximately 16:1 parallel to thejered material, dialkyl substitution affects only the localized
chain. This str_ongly_amsotroplc f\bsorptlon is the tr{:\nsmonband& shifting them toward the center of the gap by approxi-
between the dispersiiel andD1* bands, as shown in the mately 0.3 eV relative to PPV. Hybridization of the carbon
schelrgatm band diagram in Fig. 3, adapted from Kirovagige chain with ther electrons is weak compared to the
etal™" At 3.7 eV is a weak shoulder to the parallel absorp-gjalkoxy case in which both the localized and delocalized
tion feature; this shoulder is commonly observed in unsubyands are significantly destabilized.
stituted PPV. It has no distinguishable component in the per- novement of thel/L* bands by 0.3 eV would be evident
pendicular spectrum. The lowest-energy perpendiculary, optical spectra aga) a shift to lower energy of the
polarized feature, at 4.8 eV, is attributedlteD1*/D1-L* erpendicular-polarized.-D*/D-L* transition and(b) a
transitions. The highest-energy feature observed in this studyma|ler separation between the perpendicular feature and the
is at 5.8 eV and 'S strongly parallel polarized. We assign thigoyest-energy parallel absorption. In our data, however, the
feature to the-L* transition, in which both the electron and perpendicular-polarized transition is at 4.8 eV, very similar
the hole are localized on a single phenyl ring. to unsubstituted PPV. We note also that in the case of less-

Other theoretical studies of the electronic structure olyell-ordered material, the results of Fahimanal* imply
PPV and its alkoxy derivativés™® have successfully pre- oyen closer spacing of the-D* andL-D* transitions. In
dicted polarized absorption features similar to those observegg context, it appears that mechanical alignment of the
in Fig. 2. In these calqulat_ions, the p_erpendicular polarizatiorg ,EH-PPV/PE blend also induces planarization of the rings
of the 4.8 eV peak is widely considered to be due to theynq jncreased dispersion of the delocalizedlectron bands.
localized-delocalized nature of the electronic states involved. These observations along with the recently published data
The shoulder at 3.7 eV is seen in alkoxy derivatives, such agptained from oriented PPYRef. 4 provide a basis for re-
MEH-PPV, as a separate peak. It has been ascribed to syfjning the calculations of the band structure of PPV. The
metry breaking caused by*chemlc*al substitution, splitting ofyqarization of the three strong bands is a robust feature of
the degeneracy of 'Fhle;)Dl /D1-L*, or a weak exciton of  the electronic structure that must be accounted for in any
the 4.8 eV transitiod’ The electron-hole asymmetry in viable theory of the electronic structure.

BUEH-PPV should be similar to that in unsubstituted PPV,

due to the inactive alkyl sidechains, whereas the asymmetry This research was supported by the Office of Naval Re-
is enhanced in alkoxy derivatives. This may explain why asearch under Grant No. NO0014-91-J-1235. We thank Dr. D.
split degeneracy would have a weaker signature in alkylComoretto and Professor J. L. Bredas for fruitful discussions
PPV'’s than it does in the alkoxy PPV’s. and Dr. V. Srdanov for experimental assistance.

1J. H. Burroughes, D. D. C. Bradley, A. R. Brown, R. N. Marks, Proc. Natl. Acad. Sci. U.S.A96, 12287(1999.
K. Mackay, R. H. Friend, P. L. Burns, and A. B. Holmes, Nature 4D. Comoretto, G. Dellepiane, D. Moses, J. Cornil, D. A. dos
(London 347, 539(1990. Santos, and J. L. Bredas, Chem. Phys. 280 1 (1998.
2D. Braun and A. J. Heeger, Appl. Phys. Lei8, 1982 (1997). 5T. W. Hagler, K. Pakbaz, and A. J. Heeger, Phys. Revi®
3L. H. Chen, D. W. McBranch, H. L. Wang, and R. Helgeson, 10 968(1994).



PRB 62 BRIEF REPORTS 6891

SE. K. Miller, D. Yoshida, C. Y. Yang, and A. J. Heeger, Phys. Y. N. Gartstein, M. J. Rice, and E. M. Conwell, Phys. Re\6B

Rev. B59, 4661(1999. 5546 (1995.
7J. Cornil, D. Beljonne, R. H. Friend, and J. L. Bredas, Chem.*?M. Chandross, S. Mazumdar, M. Liess, P. A. Lane, Z. V. Vard-
Phys. Lett.223 82 (1994. eny, M. Hamaguchi, and K. Yoshino, Phys. Rev.5B 1486
8M. R. Andersson, G. Yu, and A. J. Heeger, Synth. M&. 1275 (1997.
(1997. 13M. J. Rice and Y. N. Gartstein, Phys. Rev. L& 2504(1994).
9T. W. Hagler, K. Pakbaz, J. Moulton, F. Wudl, P. Smith, and A. **M. Fahlman, O. Lhost, F. Meyers, J. L. Bredas, S. C. Graham, R.
J. Heeger, Polym. Commuf2, 339 (1991. H. Friend, P. L. Burn, A. B. Holmes, K. Kaeriyama, Y. Sonoda,
10N, Kirova, S. Brazovskii, and A. R. Bishop, Synth. M&00, 29 M. Logdlund, S. Stafstrom, and W. R. Salaneck, Synth. M8t.

(1999. 263(1993.



