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Polymeric organic light-emitting diodes (OLEDs) have emerged Scheme 1. Proposed Aluminum—PPV Bonding

as inexpensive and versatile alternatives to traditional inorganic- A B

based display technologiéd Their synthetically tunable emission Al Al
wavelengths, low-cost processability, and flexible physical proper- O Q
ties are commercially desirable with numerous applications on the O / n
horizon. The advancement of this field is dependent on extending Al Al

device lifetimes and improving electroluminescence efficiencies,

both of which strongly depend on the integrity and charge injection stilbene/Ag(111) surfaces using a Raman system described else-
efficiencies of the electrode/organic contattsThe critical nature where?l

of these interfaces has generated widespread interest in determining Figure 1 shows three representative spectra for pristanes-

the electronic and chemical states, and molecular structure andstilbene on Ag(111) anttansstilbene/Ag(111) with 1 ath5 A of
packing within these interfacial regiofis'’ Al. The spectrum ofrans-stilbene on Ag is essentially identical to

A typical OLED consists of an electron-transport layer (ETL) that of crystallinetrans-stilbene. The major vibrational modes of
and a hole-transport layer (HTL) sandwiched between a transparentrans-stilbene in this spectral region are the in-plane (ip) ring-
anode and a vacuum-deposited low-work function metal cathode breathing mode at 997 crhy the 5(C—H) mode at 1183 crri, the
such as Na, Ca, or Al During the initial stages of cathode y(C—phenyl) mode at 1192 cm, the ip ring 5(C—H) mode at
deposition, the metal atoms can either physically interact with the 1593 cnt?, and the vinylene/(C=C) mode at 1635 cnt.22 The
ETL polymer chains as dopants or chemically react with unsaturated |atter two modes are useful for an initial assessment of whether
carbon-carbon bonds and other chemical functionalities along the structureA or B in Scheme 1 is formed. IA is the product as
polymer backbone. Previous studies of these interfaces have beempredicted, the 1635 cm mode should decrease relative to the 1593
restricted to traditional ultrahigh vacuum (UHV) surface techniques c¢cm-1 band as the reaction proceeds.
such as X-ray photoelectron spectroscopy (XPS), ultraviolet pho-  After deposition of on} 1 A of Al, significant spectral changes
toemission spectroscopy (UPS), and near-edge X-ray adsorptionare observed between 400 and 1200 &(figure 1b). Several new
fine structure (NEXAFSY. The effects of metal deposition on  bands appear at 485, 586, 625, 753, 839, 948, and 1091 dime
interfacial electronic energy levels and chemical states have beenintensities of these modes relative to thrans-stilbene modes
thoroughly examined by these methods. However, most of our increased upon deposition of more Al (Figure 1c). A quantitative
understanding of metapolymer bonding during cathode formation  treatment of thérans-stilbene and new product modes as a function
comes from theoretical calculations and modeling fits to XPS and of Al coverage is shown in Figure 2.

UPS dat&12 In this report, we introduce a new experimental Absolute peak intensities for 1183, 1192, 1593, and 1635'cm
approach for studying the cathode/ETL interface that yields unique, were normalized to the peak intensity sum of these four bands.
bond-specific, vibrational information for the direct determination The average normalized peak intensities are plotted as a function
of interfacial metat-polymer chemical structures. of Al coverage in Figure 2. The normalized ridgC—H) (1593

Poly(p-phenylenevinylene) (PPV) and its derivatives have been ¢cm1) and »(C—phenyl) (1192 cm') modes are stable with
widely used as emitting ETLs in OLEDBS® Therefore, reactions  increasing Al coverage, whereas the 1183 tmode increases
between low-work function metals and PPV have been the focus concomitant with a decrease in th¢C=C) (1635 cntt) mode.
of multiple investigations. Joint experimental and theoretical studies The 1593 mode is expected to remain intense in, and hence is an
have predicted that Al preferentially reacts with PPV at the vinylene indicator of, A. Conversely, the 1635 cmh mode is expected to
carbons (Scheme A) as opposed to the benzene carbons (Scheme remain intense and therefore is a signatureBoOn the basis of
1, B).35811 |n an attempt to experimentally observe ARPV the stable intensity of the 1593 cimode, Figure 2 provides
bonding, we demonstrate the use of surface Raman spectroscopyompelling evidence for the formation @f. If structureB were
to determine the vibrational signature of the products of Al deposited formed, the 1593 crt band would be expected to diminish or
on ultrathin films oftrans-stilbene, a PPV modé?. disappear.

Ultrathin (50-200 A) films of transsstilbene were vacuum- The increase in peak intensity at 1183 ¢nis not thought to
deposited by thermal evaporation onto cooled (77 K), gently represent a change iC—H) but rather a coincidental overlap
sputtered Ag(111) surfac@%.Al was then deposited onto this  with a peak of the reaction product. An intensity increase in the
assembly from an aluminum oxide-coated tungsten boat at a rated(C—H) mode would not be predicted for either structuxeor
of 1 A/s as determined by QCM monitoring. Prior to deposition, structureB. A more likely explanation for the intensity increase in
the base pressure of the UHV system was below31D1° Torr, this band is a shift to lower frequency of the 1192 énmode
and only trace amounts of water and oxygen were detected by masgollowing Al—C bonding. The increase in the 1183 thintensity
spectrometry. Raman spectra were acquired after deposition of 0,is also directly correlated to growth of the more prominent bands
1,2,3,4,5,and 10 A Al (mass thickness) on three sepéate- at 625, 839, and 948 cth These peak intensities were normalized
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Figure 1. Raman spectra dfansstilbene on Ag(111) at 77 K (a) pristine,
(b) with 1 A of Al deposited, and (c) wit5 A of Al deposited.
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Figure 2. Normalized peak intensities for 1183, 1192, 1593, and 1635
cm~! modes as a function of Al thickness.

in the same way as in Figure 2 and exhibit no changes in intensity,
suggesting that all four are derived from the same species.

The 948 cmi! mode is tentatively assigned to the ip combination
ring mode of the monosubstituted aromatic product. The large shift
to lower frequency is rationalized as an Al-ringinteraction in
the solid product to stabilize the electrophilic Al.

Additional evidence for covalent Al addition to the vinylene
group comes from studies on organoaluminum compounds and from
theoretical calculations. Gas-phase Raman spectra of trimethyla-
luminum exhibit several(Al—C) bands in the low-frequency range
including those at 530 and 760 ch?3 Moreover, Bfelas and co-
workers have predicted several modes below 1000'cfor a
number of Atrans-polyacetylene complexes includingvéAl —

C) band at 486 cmt.1213 The 485 cm! band in Figure 1b is
identical in frequency to this predicted value, and its intensity is
relatively weak as would be expected fow@netat-C) mode.

Determining molecularly specific metapolymer bonding is
critical for the optimization, development, and growth of organic
electronics. To date, XPS and UPS data have required theoretical
justification for a chemical picture of bonding in these interfacial
systems. In this study, Raman spectroscopy provides unique direct
insight into chemical bonding in a common cathode/ETL interface.
We are currently evaluating additional reactions between metals
and functional organic materials by Raman spectroscopy. This work
will be coupled with ongoing theoretical work in this Departnént
to establish more complete and accurate chemical models for these
interfacial regions.
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