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DESCRIPTION
The study of quantum dots has gained significant interest in 
recent years due to their potential application in photovoltaics. 
A double quantum dot photocell is a promising candidate for 
highly efficient solar energy conversion. The thermodynamic 
evolution in a double quantum dot photocell plays a crucial role 
in determining its efficiency.

A double quantum dot photocell consists of two quantum dots 
connected to each other by a tunnel barrier. The tunnel barrier 
can be tuned by an external voltage to control the transport of 
charge carriers between the two dots. The quantum dots can act 
as charge storage reservoirs, which can capture and hold charge 
carriers before releasing them to an external circuit. When a 
photon is absorbed by the quantum dots, it creates an electron-
hole pair that can be separated and transported through the 
external circuit to generate electricity.

The thermodynamic evolution in a double quantum dot 
photocell refers to the process by which the absorbed photons 
are converted into electrical energy. The process involves two 
main steps, charge separation and charge transport.

Charge separation occurs when a photon is absorbed by the 
quantum dot, creating an electron-hole pair. The electron-hole 
pair is separated by the applied electric field and stored in the 
quantum dots. The efficiency of charge separation is dependent 
on the bandgap of the quantum dot and the energy of the 
absorbed photon. The larger the bandgap, the higher the energy 
required to create an electron-hole pair, and thus, the lower the 
efficiency of charge separation.

Charge transport involves the movement of the stored charge 
carriers through the external circuit to generate electricity. The 
efficiency of charge transport is dependent on the mobility of 
the charge carriers and the resistance of the external circuit. The 
higher the mobility of the charge carriers, the faster they can 
move through the external circuit, and thus, the higher the 
efficiency of charge transport. The lower the resistance of the 
external circuit, the less energy is lost as heat, and thus, the 
higher the efficiency of charge transport.

Thermodynamic evolution and efficiency of the
photocell

The efficiency of a double quantum dot photocell is determined 
by the balance between charge separation and charge transport. 
The ideal scenario is when all the absorbed photons are 
converted into electrical energy. However, in reality, some of the 
absorbed photons may be lost as heat due to inefficiencies in 
charge separation and transport.

The efficiency of the photocell can be calculated using the 
following equation:

η=Pmax/Pin

Where η is the efficiency, Pmax is the maximum power output, 
and Pin is the input power from the absorbed photons. The 
efficiency is limited by the maximum power output, which is 
determined by the balance between charge separation and charge 
transport. Therefore, understanding the thermodynamic 
evolution in a double quantum dot photocell is essential to 
improve its efficiency.

Thermodynamic processes in DQD photocells involve the 
interplay of energy transfer, charge transport, and the associated 
entropy changes. The key stages in the thermodynamic evolution 
of a DQD photocell can be summarized as follows:

Photon absorption: The first step in the thermodynamic cycle is 
the absorption of photons by the quantum dots. This process 
relies on the bandgap energy of the dots, which determines the 
range of wavelengths they can absorb. By carefully engineering 
the size and composition of the quantum dots, the absorption 
spectrum can be tailored to maximize light harvesting efficiency.

Exciton generation: Upon photon absorption, electron-hole 
pairs, known as excitons, are created within the quantum dots. 
The efficient generation and spatial separation of excitons are 
crucial for subsequent charge transfer processes.

Charge transfer: The excited electron and hole within the DQD 
system undergo charge transfer to their respective electrodes, 
resulting in the creation of a photocurrent. The efficiency of this 
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Reducing losses: Strategies to reduce energy losses, such as
minimizing non-radiative recombination and reducing thermal
dissipation, are crucial for achieving higher conversion
efficiencies. Optimizing the design of the DQD system,
including surface passivation and defect mitigation, can help
reduce losses and improve overall performance.

Entropy generation: The thermodynamic efficiency of a DQD
photocell can be influenced by entropy generation during the
charge transfer process. By understanding the entropy changes
and identifying ways to minimize them, researchers can enhance
the overall efficiency of the system.

Quantum coherence: Quantum coherence effects, such as
coherent electron transfer and quantum interference, can
significantly impact the efficiency of charge transfer in DQD
photocells. Exploring and harnessing these quantum
phenomena can lead to new strategies for improving energy
conversion efficiency.
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process is influenced by the energy level alignment of the 
quantum dots, as well as the coupling strength to the electrodes.

Heat dissipation: During the charge transfer process, some 
energy is dissipated as heat. Understanding and controlling this 
dissipation is essential for optimizing the overall thermodynamic 
efficiency of the photocell. Strategies such as incorporating heat 
sinks or thermally conductive materials can enhance heat 
dissipation and prevent energy loss.

Thermodynamic considerations for efficiency
enhancement

To improve the efficiency of DQD photocells, several 
thermodynamic considerations need to be addressed:

Energy level alignment: The energy level alignment between the 
quantum dots and the electrodes plays a critical role in charge 
transfer efficiency. Careful engineering of the energy levels can 
facilitate efficient electron and hole transfer, minimizing energy 
loss during the process.
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