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The research problem
Organic thin film transistor (OTFT) based sensors have drawn significant attention in the last
decade because of their simple processing techniques, compatibility with flexible and large area
substrates, and tunability of the chemical structure of organic semiconductor materials that may
be required for a specific interaction. Transistor-based sensors combine both switching and
sensing (i.e., amplification), allowing for easy scale-up in a matrix form without the requirement of
an extra amplification stage. Additionally, they are multi-parametric (e.g., mobility, on/off ratio,
threshold voltage, subthreshold slope), which means that a combination of electronic parameters
can be used as a response to the sensing stimuli. On the other hand, metal organic frameworks
(MOFs) represent a new class of hybrid materials consisting of organic molecules coordinated
with metal ions in a well-defined geometry. These systems have shown potential for applications
in sensing a large variety of targets, including small molecules, gases, solvents, pesticides,
explosives, and biological markers. Notably, MOFs offer a wide range of tunability of morphology
and electronic properties. Their use in OTFTs holds promise for the design of ultra-sensitive,
orthogonal and cost-efficient sensing devices. Importantly, the overall electronic functionality of
an OTFT is dictated by the atomic-scale morphology and electronic structure of the active
semiconducting material; optimal performance requires control at the molecular level. In this
proposed project, we will aim to use MOFs as active materials in transistor-based sensors
targeting analytes such as gases, vapor phase compounds, chemical solvents and explosives.

The project will deal with device engineering, performance characterisation and fundamental
atomic-scale studies of MOFs on surfaces via scanning probe microscopy.

Project aims
1. Identifying and synthesizing the relevant MOFs for a particular analyte
2. Developing the film deposition process of MOFs
3. Device fabrication and characterization of organic thin film transistors
4. Atomic-scale characterisation of semiconducting MOFs; correlation between atomic-scale
properties and overall device performance

Expected outcomes
1. Highly sensitive and selective sensors for various gas, vapor and chemical based analytes
2. Establishing the protocols for integrating MOFs with OTFTs
3. Determining the fundamental link between atomic-scale properties and overall device
performance

How will the project address the Goals of the above Themes?
The research area in the field of MOFs based sensors can be considered as sub-research area
of ‘Nanotechnology’, wherein MOF based and organic semiconductor films are highly
nanostructured and interact at atomic levels.

Capabilities and Degrees Required
List the ideal set of capabilities that a student should have for this project. Feel free to be as specific or as general as you like. These
capabilities will be input into the online application form and students who opt for this project will be required to show that they can
demonstrate these capabilities.

We are looking for 1 Ph.D. student in this project; Candidates with following academic
background is desired.
1. M.Tech in Materials Science/Materials Engg/Chemical Engg,
2. M.Sc in Chemistry/Physics

Please provide a few key words relating to this project to make it easier for the students to apply.
Metal oxide frameworks, 2D materials, organic electronic devices, sensors, insulator-MOF interfaces, lowtemperature scanning probe microscopy

