
play’’ organic LEC lighting panel was achieved, sourced

directly from a standard US outlet (110–120 V rms, 60 Hz).

Environmental effects during both device operation and

preparation have been shown to influence turn-on time. Two

reports have delineated the effects of moisture and residual

solvent on device turn-on time. Pile and Bard43 investigated

the effects of moisture on [Ru(bpy)3]2+(ClO4
2) thin films and

devices. Devices were tested in a closed chamber and exposed

to humidity levels between 0 and 63% relative humidity (RH).

Turn-on time was observed to follow an inverse relationship

with RH, with exposure levels over 25% RH leading to tenfold

or greater reduction. Zhao et al.50 showed that the operation

of [Ru(bpy)3]2+(ClO4
2) devices is strongly influenced by

residual H2O and solvent (acetonitrile) in the film remaining

from the solution deposition. In short, films dried under higher

vacuum showed longer turn-on times, higher turn-on voltages,

and greater stability. Such results can be understood by the

fact that residual water and solvent play a large role in the

mobility of the counter ions.

Further work is still necessary to improve turn-on time and

understand the apparent trade-off between turn-on time and

lifetime. For devices involving fast ac operation, improvements

in turn-on time and lifetime should be directly correlated as

improved ionic conductivity will reduce the operational

voltage. For dc operation, improving the turn-on time–lifetime

trade-off will likely involve control over the magnitude of the

space charge accumulating near the electrodes so as to avoid

electrochemical degradation reactions.

Outlook

Ionic transition metal complexes offer unique opportunities

for devices with novel architectures. Some of these architec-

tures utilize the ability of iTMCs to inject electrons and holes

from the same electrode. In others, ions give rise to electric

fields that control electronic current flow. From panels for

large-area illumination to nano-scale emitters, the future for

potential applications of iTMC devices looks promising.

Bernards et al.38 demonstrated ITO/[Ru(dtb-bpy)3]2+-

(PF6
2)2/Au devices with laminated top contacts, important

for roll-to-roll processing of devices. These devices were

fabricated by evaporating the Au electrode onto a poly-

dimethylsiloxane (PDMS) stamp, followed by soft contact

lamination of this stamp onto an ITO/[Ru(dtb-bpy)3]2+(PF6
2)2

substrate. Devices with laminated top contacts showed

equivalent performance to those fabricated with evaporated

top contacts, indicating high quality lamination. Furthermore,

these devices showed no rectification, indicating that the

resulting contact was ohmic and that the lamination process

caused no damage to the ruthenium complex.

Two recent efforts with iTMC devices have important

implications for lighting. Bernards et al.39 fabricated a

cascaded panel exhibiting scalability and fault tolerance to

shorts. This panel was fabricated with Au top contacts and

ITO bottom contacts with an [Ru(dtb-bpy)3]2+(PF6
2)2 active

layer. The electrodes were patterned such that the anode of

one device served as the cathode of the next. Panels with N = 1

to 4 devices were prepared, and a bias of 3N was applied across

each panel. The current was independent of N, while the

radiant flux and EQE each scaled with N. An N = 4 panel was

shown to continue operating even with a shorted device,

demonstrating intrinsic fault tolerance.

Putting this technique to practice, Slinker et al.52 demon-

strated lighting panels from iTMC devices with direct outlet

operation at 120 V rms, 60 Hz. Millisecond turn-on times were

achieved by introducing small quantities of the ionic liquid

BMIM+(PF6
2) in the iTMC film. The high voltage was

supported by fabricating cascaded device panels, thus dis-

tributing the voltage over several devices. Outlet operation of

such a panel is shown in Fig. 8.

Recently, Bernards et al.57 exploited the ionic nature of

iTMCs to fabricate a novel light-emitting device employing a

solid-state ionic PN junction. A bilayer device of the structure

ITO/DPAS2Na+/[Ru(bpy)3]2+(PF6
2)2/Au was formed by soft-

contact lamination, where DPAS2Na+ denotes sodium 9,10-

diphenylanthracene-2-sulfonate. In this configuration, the Na+

from the DPAS2 layer diffused into the [Ru(bpy)3]2+ layer,

and the PF6
2 counterions diffused from the iTMC into the

DPAS2 material. This created excess negative ionic charge in

the DPAS2 layer, and positive ionic-space charge on the

[Ru(bpy)3]2+ side, thus forming an ionic PN junction,

analogous to an electronic pn junction formed in conventional

semiconductors. Interestingly, though single-layer light-

emitting devices based on either [Ru(bpy)3]2+(PF6
2)2 or

DPAS2Na+ showed no rectification in current or radiant flux,

the bilayer device exhibited significant rectification in both.

This was believed to be caused by an ionic PN junction formed

in the center of the device, analogous to a traditional pn

junction. Similarly, a photovoltaic response was observed from

the bilayer device, though the devices based on the single-layer

components did not. This work shows that mobile ionic

charge can dictate the flow of electronic current in solid-state

electronic devices.

Transitioning from macroscale to microscale light emitters,

electroluminescent nanofibers from iTMC–PEO mixtures have

been recently reported by Moran-Mirabal et al.64 These

fibers were electrospun onto Au-interdigitated electrodes.

The electroluminescence along the fiber’s radius was limited

to the fiber dimensions, while emission along the axis of the

fiber occupied only a small fraction of the inter-electrode

Fig. 8 (From Fig. 4b, Ref. 52) Cascaded panel operating directly

from a standard US outlet. Reproduced with permission from J. Appl.

Phys., 2006, 99, 074502. Copyright 2006, American Institute of Physics.
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spacing. The full width at half maximum (FWHM) emissive

areas were as small as 240 by 325 nm along the radius and

axis, respectively, indicating that these devices served as

sub-wavelength point sources (lmax = 600 nm). The ease

of fabrication and the precision of the electroluminescence

make these devices attractive candidates for spectroscopic,

sensing, and lab-on-a-chip applications where localized emis-

sion is desired.
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