M ,

¢

THERMALLY ACTIVATED L

EMITTING ELEC

‘ ADF) IN LIGHT
“EL Cs)

Matthew Fry | mf221@st-andrews.ac.uk | Department of Chemistry | Eli Zysman-Colman Group

In the modern world, artificial lighting is an absolute necessity.
An estimated 3500 terawatt hours were consumed by fthe
lighting sector in 2012, expelling almost 1900 megatonnes of
CO, into the atmosphere.! It follows that increasing the
efficiency of light emitfing technologies is of paramount
Importance if this is to be reduced. LECs are a relatively new
technology, first reported in 19952 which represent a
potentially huge saving for the lighting industry. Their simple
device architecture and solution-processable manufacture

What is an LEC?

LECs are one of the simplest electroluminescent (EL)
devices. They contain just a single, thick acftive layer,
whose EL performance s proportional to the
concenfration of mobile ions within it.* They are
industrially appealing as they use electrodes which are
stable in air; this makes their encapsulation requirements
much less stringent than for OLEDs and consequently
they are considerably more fault tolerant.* The structural

differences between LECs and
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make them a possible replacement for OLEDs. If equivalent TO BE COMPLETED AFTER WINTER BREAK

luminance is achieved, then a tenfold decrease in production
cost per lumen is expected, compared

with projected future costs of OLEDs.3
Mainstream integration of LECs has so far
been limited due to the lack of efficient,

OLEDs can be seen in Figure 2 Metal
(Ref.4). LECs are well suited to Nt EMETg Layer

X . Transparent Conductive Oxide
backing on flexible substrates, e
and operate efficiently at low
voltages, unlike OLEDs.? Light
emission from LECs is a direct

Figure 2: The structure of an LEC
(above) vs. an OLED (below)
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Figure 1: TADF emitter to Transparent Conductive Oxide
be synthesised Substrate

What is TADF?

Traditional fluorescence is inherently limited by its max
theorefical infernal quantum efficiency (IQE) of 25%. Light
emission involves radiative decay of an exciton (a bound
electron-hole pair) from the first singlet (S,) state fo the
ground (S,) state, but only 4 of produced excitons are
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singlets. Phosphorescence uses 100% of excitons. After O 33 I

energy input excites electrons (dark blue arrow), from the 2 I L

S, state, an intersystem crossing (orange arrow) allows § = singlet state o "
conversion fo the T, state. From here, a spin forbidden S, — T?Tripklef sfafe I BIE CIOBAPLETED AFTER WINTER EREAK
electronic relaxation occurs back to the ground state, l — T, EMNCI CONVETsiON

emitting light. This requires substantial spin-orbit coupling !
which limits it fo expensive and offen toxic heavy metal _—
compounds. TADF also boasts 100% IQE, but doesn’t ‘ | (\_ I
require heavy metals. It combines prompt and delayed / Energyin |
fluorescence (DF). DF is achieved by the up-conversion S,
of friplet (T,) states (which are elecftrically generated 75%

of the time) to singlet (S,) states using thermal energy. This

IS reverse intersystem crossing, which results in radiative Figure 3: Jablonski diagram illustrating the various radiative and non-radiative decay
d fall it f S. b : K10 S. 5 processes in photoluminescence. TADF occurs after prompt fluorescence (pink
SCAY OF Gl SXCIONS TOM 5y BACKTO o arrow)when RISC (blue curved arrow) is followed by delayed fluorescence (white arrow)
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