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ACHIEVEMENT: We have demonstrated control of the effective work function of a variety of OLED, OPV and OFET contact materials, using both w-
functionalized alkanethiols (for metals such as Au, Ag) and both alkane- and aryl-phosphonic acids (PAs) for metals oxides such as ITO. Work function (¢)

can be tuned over a range of ca. 1.5 eV. Control of ¢ is achieved either by choice of terminal functional group, or dilution of one modifier in another in the

monolayer film.
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tune the charge injection properties of metals and metal oxides in a variety of
emerging molecular electronic technologies, including OLEDs, OPVs and Mz (Debye)
OFETs
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IMPACT: The effective work function, polarity (wettability) and “contact selectivity” are now tunable over an extremely wide range for both metals and
metal oxides, using simple, readily accessible interface chemistries. It is noteworthy that widely differing modifiers, on both metals and metal oxides,
appear t<f) give nearly the same slope (A¢/AD), suggesting that work function tunability is governed most by the type of terminal functional group on
the modifying layer.

DISCUSSION:

Tuning of the effective work function of metal and semiconductor surfaces using molecular adsorbates is an area that has seen increased emphasis
owing to the importance of metal/organic and semiconductor/organic interfaces in emerging molecular electronic technologies. The impact of these
adsorbates on the current/voltage properties of simple diodes and transistors is significant. Single monolayers of certain molecules can alter the
onset voltages, leakage currents, rectification ratios and quality factors of simple diodes, and greatly alter the sub-threshold slopes, saturation
currents, and drive frequencies of organic field-effect transistors. Our recent studies have focused on the use of semi-fluorinated alkanethiols, and
mixtures of these thiols, on Au and Ag surfaces, and various alkane and aryl phosphonic acids on ITO, using primarily UV-photoelectron
spectroscopy (UPS) to estimate effective surface work functions and changes in these work functions as a function of functional groups in the
modifying layer, and their relative concentrations in mixed monolayers. We have shown fine tunability of work function over a range of ca. 1.5 eV,
with similar A¢/AD slopes, suggesting that the outermost functional group in the modifying layer plays the most significant role in determining work
function. Kelvin probe and device characterization using these PAs on ITO substrates (BK) appears to bear out the conclusions reached using UPS
estimates of work function.
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