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Organic Semiconductors

Some of the most fascinating emerging 
technologies are based on materials 
with semiconducting properties, 
whose behaviour lies between that of a 
conductor and that of an insulator. One 
of the newest types of semiconducting 
materials are organic semiconductors. 
Mostly based on carbon, organic 
semiconductors offer a relatively cheap 
way to produce high-quality device 
components that can be used across a 
range of diverse technologies.

In order to make the most of any type 
of material, scientists must have a 
deep understanding of how it works. 
This means understanding its physical 
and chemical properties, how to make 
it, and how to improve upon current 
designs. 

Dr Seyhan Salman and her team at 
the Clark Atlanta University have been 
investigating organic semiconductors, 
but not through conventional means. By 
exploring their properties from multiple 
different angles – ranging from quantum 
physics to computational chemistry – 
the researchers hope to shed new light 
on these exciting new materials.

‘Organic semiconducting materials 
allow for the production of low-
cost, lightweight, flexible, large-area 
electronic devices that cannot be 
produced by any other technology,’ says 
Dr Salman.

Optimising Organic Light-Emitting 
Diodes

Perhaps the most prevalent use of 
organic semiconductors is the organic 
light-emitting diode – or ‘OLED’. 
Based on organic semiconducting 
materials, OLEDs can produce light 
when an electrical current is passed 
through them, making them the 
perfect candidate for display screens 
and lighting applications. In fact, 
many modern devices, such as TVs, 
smartphones, tablets and laptops 
already use OLEDs as the basis for their 
vibrant displays.

OLEDs are popular for many reasons. 
Not only do they produce lightweight 
and flexible displays, but they are also 
relatively energy-efficient. They are also 
cheap to manufacture, as unlike similar 
technologies, they don’t require rare 
elements or expensive materials.

Dr Salman and her colleagues have 
been investigating a particular 
property of OLEDs known as thermally 
activated delayed fluorescence 
(TADF). This is a unique ability of 
certain luminescent materials where 
an efficient path for light generation 
becomes available when the molecules 
absorb the surrounding thermal 
energy. This interesting property holds 
much potential in developing high-
performance OLEDs.

Dr Salman’s team has been investigating 
this phenomenon by carrying out 
a wide range of computational 
simulations. In their previous work in 
this area, the researchers developed 
vast quantum-chemical calculations 
using density functional theory on a 
variety of materials. Their calculations 
can be used to quantify the non-
covalent interactions that facilitate 
TADF in these systems. Working closely 
with organic synthetic chemists and 
device engineers, the team was able to 
identify the best molecules with highest 
potential.

In their current work, Dr Salman and 
her colleagues use a combination of 
quantum-chemical calculations and 
molecular dynamics simulations to gain 
a deeper understanding of electronic 
and optical processes in TADF-
based OLEDs. The team investigates 
numerous aspects of these materials, 
including their electronic structures, 
electron-vibrational couplings, spin-
orbit couplings, intersystem crossing, 
radiative and non-radiative transitions, 
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as well as host-guest interactions and the dynamics of charge 
and energy transfer processes. This new knowledge will greatly 
aid the development of new and improved technologies. 
‘Our results will contribute to the next materials-driven 
advancement of the OLED industry for full-colour displays and 
lighting,’ adds Dr Salman.

Optimising Organic Solar Cells

With climate change accelerating, and humanity’s demand 
for energy increasing, developing affordable renewable 
energy technologies is more urgent than ever before. One of 
the most promising renewable energy technologies is solar 
photovoltaics. 

Historically, solar photovoltaic cells have been made from 
various ‘inorganic’ materials, including silicon. However, the 
manufacturing processes required to produce cells from these 
materials can be expensive. Organic solar cells, on the other 
hand, can be fabricated using roll-to-roll production processes, 
which are far less costly than conventional manufacturing 
techniques. They are also much more flexible and lighter than 
their inorganic counterparts.

Many previously developed organic solar cells have been 
based on fullerene – a large organic molecule. However, 
fullerene-based materials tend to have low energy efficiency, 
meaning that they do not extract as much energy from sunlight 
as state-of-the-art solar cells. Dr Salman has therefore been 
investigating alternatives to fullerene, by using computational 
analysis to better understand how these materials and their 
constituent molecules behave at a fundamental level.

Her team uses a combination of quantum-chemical 
calculations and machine learning to determine the electronic 
properties of non-fullerene-based organic molecules and to 
develop a correlation between the molecular structure and 
physical properties, towards predicting the efficiency of non-
fullerene organic solar cells. Their early work has provided 
substantial data that has helped to further demonstrate 
another key advantage of such organic materials: their 
tunability. 

The types of organic molecules used in these materials can 
be easily modified, leading to significant changes in the 
properties of the resulting solar cells. Dr Salman’s research 

shows how computational chemistry can be used to test 
which molecular modifications will make these materials most 
efficient. Thousands of variations can be assessed before these 
materials are even synthesised, saving huge amounts of time 
and expense.

A Bright Future for Organic Semiconductors

Dr Salman’s team has put forward research proposals to 
continue their investigations into OLEDs, and to explore how 
electronic and charge transport properties of materials can be 
used to create intriguing new technologies. ‘We have developed 
advanced computational methods that generate the best 
molecular combinations with highest potential, accelerating 
the identification of promising new materials,’ explains Dr 
Salman, demonstrating how her team’s computational 
research can help to produce new and improved technologies 
faster than ever before.

However, OLEDs and solar cells are not Dr Salman’s only 
areas of interest. Her team’s future research will also delve 
into the use of organic bio-electronics. These devices, which 
incorporate an organic electronic material, have shown 
promise as sensors and electronic skin. Through the use 
of combined computational methods and synergistically 
integrating computational and experimental studies, the team 
hopes to aid the development of accurate and inexpensive 
organic-based sensors, which will greatly help with medical 
diagnostics and health monitoring, particularly in low-resource 
settings.

Dr Salman and her colleagues have demonstrated the 
incredible potential of using mixed computational strategies 
to research and develop organic semiconducting materials. 
The team’s unique approach has allowed them to gain a deep 
understanding of the physics that underlies these materials, 
while also revealing novel routes to their improvement. 

Our findings will contribute to fulfilling a national and global 
societal need for more efficient and sustainable technologies,’ 
Dr Salman concludes, while also highlighting her team’s focus 
on education: ‘The project will also have a robust educational 
impact, by providing high-quality integrated research and 
education to meet the emerging workforce and educational 
needs of cohorts of predominantly underrepresented in 
physical sciences.’
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