Photo-oxidation of electroluminescent polymers studied by core-level
photoabsorption spectroscopy
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The Ci1s and O core-level photoabsorption spectra of g@ymethoxy,52'-ethyl-
hexoxy-1,4-phenylene vinyleng MEH-PPV) before and after exposure,@nd broadband visible

light were recorded to determine the degradation pathway for this polymer. The change in the O
1s spectra as a function of exposure demonstrates that the O adds to the polymer chain to form a
carbonyl group. Exposure tnly O, or only light causes no change in the G @r O 1s spectra. In

the C 1s spectra, the change in the dependence on the photon angle of incidence after exposure
demonstrates that O attacks the polymer at the double bond in the vinyl group thereby altering the
extended conjugation of the polymer. ®96 American Institute of Physics.
[S0003-695(196)02415-X

Conjugated polymers such as p@hphenylene vi- present the C4 and O Is NEXAFS spectra of MEH-PPV
nylene (PPV), which photoluminescence in the green rangeand demonstrate the changes in these spectra as the sample is
of the visible spectrum, have been suggested as possible caaxposed to broadband visible light and for varying peri-
didates for the active element in light emitting diodesods of time.

(LED).r Poly[2-methoxy,5(2’ -ethylhexoxy-1,4-phenylene A 0.5% solution of MEH-PPV in xylene was prepared
vinylengl (MEH-PPV) emits in the red-orange part of the for spin-casting onto $100 wafers under an atmosphere of
spectrum and has the added advantage of being soluble dry N,. The NEXAFS spectra were recorded on beamline
organic solventé.Successful LED-type devices using MEH- 8-2 at the Stanford Synchrotron Radiation Laboratory
PPV have been made to operate under laboratory conditionégsSRL). The base pressure in the spectrometer and prepara-
but the lifetime of such devices is typically measured in tengjon chambers was<1x 10 ° Torr. NEXAFS spectra were

of hours due to degradation of the active polymer. Furthefecorded with the sample surface at two different ani&s
improvements in the use of MEH-PPV depend on underand 909 with respect to the x-ray photon beam. The sample
standing the degradation process. was transferred to the preparation chamber where it was ex-

Near edge X-ray absorption fine structure NEXAFSposed to an @atmosphere and/or a source of visible white
spectroscopy measures the cross section of transitions frofght for varying periods of time. The light was radiated into
core levels to unoccupied electronic states by scanning aghe chamber through a glass window to filter out any UV
incident photon energy through an x-ray absorption edg@omponent. After each exposure, the preparation chamber
such as that of the Cslor O 1s electron shell. Peaks appear was evacuated and the sample was transfefiedracug
in the core-level photoabsorption spectrum when the photogack to the spectrometer chamber where thes@nd O Is
energy corresponds to the energy difference between the O8pectra were again recorded.
cupied core level and an unoccupied electronic stspec- Figure 1 shows the OSLNEXAFS spectra of untreated
troscopic selection rules withstandingNEXAFS is a sensi- MEH-PPV and the spectra of a polymer after a 90 min ex-
tive probe of the unoccupied electronic states of gas—phas,gosure to(A) 1 atmosphere of § (B) a white light source,
molecules] adsorbate$, solid state materiaf$, and thin  and(C) both light and Q. The monomer unit of the polymer
films* Furthermore, because the x-ray photon beam is linis shown above the curves. As shown by the bottom three
early polarized, the molecular orientation of samples can b@rves in Fig. 1, exposure to only light, or only, @auses
determined by monitoring changes in the NEXAFS SpeCtrU”bssentially no change in the @ NEXAFS spectra of MEH-
as a function of the angle of incidence bet.ween the X-rayopy: only when the polymer is exposed simultaneously to
photon beam and the sample surficm this letter we both visible light and @ (Fig. 1, top curvg do we observe
significant changes in the Gslspectrum. This is corrobo-
dElectronic mail: douglas-sutherland@ccmail.lbl.gov rated by a recent publication using a UV soutcEhe weak
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FIG. 1. The O 5 NEXAFS spectrum of MEH-PP\(bottom curvé, and
after a 90 min exposure to 1 atmosphere of Gsible light, and both light
and G (top curve. Only the simultaneous exposure to both light and O
causes significant change. The monomer unit is shown in the upper left.

FIG. 2. (a) The C Is NEXAFS spectrum of MEH-PPV recorded with the
sample surface at 45° and 90° with respect to the photon b@arfter
exposing the sample to visible light and, @r 90 min. The absence of
angular dependence after exposure demonstrates that the vinyl group be-

. . .comes oxidized, allowing free rotation of the benzene rings about the poly-
feature at 531.5 eV in the spectrum after exposure to light isqer backbone. The dashed vertical line at 287.4 eV emphasizes the shift in

due to the fact that the L£exposure and the light exposure peak position upon exposure to light and. O
were done sequentially on the same sample. After evacuation

of the preparation chamber, some @ay have been ad- - :

sorbed on the sample that then reacted upon exposure p&%kbhone. Tfhe ;plegtra n E'gébz hg\gac;eatures 'r?. cho mmon
light. From Fig. 1 we conclude that the process of degrada\-"”t those of ethyl en_zoae( oHs CZH5_)’ which sug-
tion is photo-oxidation. gests ester formation in the polymer chaiithis will be

Figure Za) shows the C & NEXAFS spectra of MEH- discu.ssed in future publicatiofis.
PPV recorded with the sample surface at 90° and 45° with  F19ure 3 shows the OSINEXAFS spectra of MEH-PPV

respect to the incident x-ray photon beam. Because th@ottom curvg and three spectra of the sample after succes-
MEH-PPV is a rigid molecule its preferred orientation on theSIVE exposures to £and visible white light. Because expo-
Si substrate is to lie approximately flavith the p-orbitals ~ Sures were not always done at the same pressure or for the
that form the conjugated- bonds directed perpendicular to S@me length of time, the units of exposure are reported in
the sample surface. Thus, one can enhance the transitioRiMosphere-minutegatm-min. Time constraints prevented
from C 1s to 7*-type orbitals by tilting the sample so that complete oxidation of this first sample and so the fifibp)
there is better overlap between the electric vectors of th€Urve in Fig. 3 was recorded on a different sample of
linearly polarized x-ray photon beam and the dipole momenMEH-PPV at a later date. The sharp feature growing in at
of the molecule. In the 45° spectrum of Fig@p the en- 531.5 eV is indicative of an Oslto «* transition in a car-
hanced intensity of the two peaks at 284.78 and 287.49 eWonyl functional group. This value is commensurate with the
mandates that they must result from transitions to unoccuPosition of similar peaks in the Osl spectra of
pied orbitals of7* character and demonstrates the highlybenzaldehyde (CsHsCOH; 531.0 eV, terephthalaldehyde
oriented structure of the sample. (HOCGH,COH; 520.6 eV, methyl formaté (HCOOCH;
Figure 2b) shows the C & NEXAFS spectra of MEH-  532.1 eV}, and ethyl benzoateCcHsCOOGHS; 531.5 V.
PPV after being exposed to 1 atmosphere efadd visible In each of these four examples, there is a peak%31.5 eV
white light for 90 min. The presence of the origina! tran-  that is assigned to the transition from an ©drbital to a=*
sition, now at 285.03 eV, is evidence that the dosed polymemolecular orbital associated with the double bonded
has retained most of itg bonds, but now the spectra re- carbonyl’ The pristine MEH-PPV polymer has no doubly
corded at 90° and 45° are essentially identical. The uniforbonded oxygen, thus, the growth of the ©féature at 531.5
mity of the two spectra in Fig.(®) can only mean that the eV is indicative of the formation of a carbonyl functional
dipole moments of these systems are now randomly ori- group—probably in the form of an estef?.
ented. The most likely explanation of this is that the vinyl Summarizing, from Fig. 1 we know that the process of
group (carbon atoms 7 and 8, Fig) has been oxidized, degradation is photo-oxidation. In Fig. 2, the absence of an-
allowing free rotation of the benzene ring about the polymemgular dependence of the spectra after dosing with visible

Appl. Phys. Lett., Vol. 68, No. 15, 8 April 1996 Sutherland et al. 2047
Downloaded-02-Feb-2001--t0-144.92.164.199.--Redistribution—subject-to-AlP-copyright,~see-http://ojps.aip.org/aplo/aplcpyrts.html.



ester, and breaks the double bond at carbon atoms 7 and 8,
thereby destroying the extended conjugation in the polymer
chain. This chain segmentation is also suggested by a similar
photo-oxidation study of MEH-PPV, where a blueshift in the
fluorescence spectrum was observéthis chemical infor-
mation is valuable to determine the viability of this polymer

in commercial applications.

In the time since this letter was submitted, the authors
have become aware of similar work by another group using
infrared spectroscop¥’.
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