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ABSTRACT

Carbonaceous quantum dots/nanodots (CQDs/CNDs) have emerged as promising electrode materials for potassium ion 
batteries (PIBs) due to their unique structural and electrochemical properties. This abstract reviews the recent advancements 
and potential of CQDs/CNDs in PIB applications. The nanoscale dimensions of CQDs/CNDs offer high surface area-
to-volume ratios, facilitating efficient potassium ion adsorption and desorption kinetics. Surface functional groups on 
CQDs/CNDs further enhance potassium ion binding affinity and stabilize the electrode-electrolyte interface, contributing 
to improve cycling stability and electrochemical performance. Various synthesis methods allow precise control over the size, 
morphology, and surface chemistry of CQDs/CNDs, influencing their potassium ion storage capabilities. Experimental 
studies demonstrate that CQDs/CNDs exhibit high specific capacities, good rate capabilities, and long-term cycling stability, 
surpassing conventional carbon materials. Challenges include scalability of synthesis methods and understanding potassium 
ion diffusion mechanisms within CQDs/CNDs. Future research directions may explore hybrid CQDs/CNDs with other 
materials and employ advanced characterization techniques to optimize their performance further. Overall, CQDs/CNDs 
represent a promising class of materials for advancing potassium ion battery technology towards sustainable energy storage 
solutions.
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Opinion

InTRODuCTIOn

In the pursuit of sustainable and efficient energy storage solutions, 
potassium ion batteries (PIBs) have garnered significant attention 
owing to the abundance and cost-effectiveness of potassium 
resources compared to lithium. Central to the development of 
high-performance PIBs is the quest for electrode materials that can 
accommodate potassium ions with high efficiency and stability 
over numerous charge-discharge cycles. Carbonaceous quantum 
dots and nanodots (CQDs/CNDs) have emerged as promising 
candidates in this realm due to their unique structural and 
electrochemical properties [1-4]. Carbonaceous quantum dots/
nanodots are nanostructured carbon materials typically ranging 
from a few to several tens of nanometers in size, possessing discrete 
energy levels due to quantum confinement effects. These materials 
exhibit exceptional properties such as high surface area, tunable 
electronic structure, and excellent electrochemical stability, 
making them suitable for various energy storage applications 
including PIBs [5]. The integration of CQDs/CNDs into PIB 
electrode designs offers several advantages. Their nanoscale 

dimensions provide a large number of active sites for potassium 
ion adsorption and desorption, facilitating rapid ion transport 
and improving the overall battery performance [6]. Additionally, 
the surface chemistry of CQDs/CNDs can be tailored to enhance 
potassium ion binding affinity and mitigate side reactions, thereby 
enhancing cycling stability and prolonging battery lifespan. 
This review explores the recent advancements in the synthesis, 
characterization, and application of carbonaceous quantum dots/
nanodots materials for potassium ion storage in batteries [7,8]. It 
discusses key electrochemical mechanisms, structural variations, 
and performance metrics that highlight the potential of CQDs/
CNDs as next-generation electrode materials for advancing 
the field of potassium ion battery technology. Furthermore, it 
addresses current challenges and future research directions aimed 
at optimizing the performance and scalability of CQDs/CNDs 
for practical implementation in sustainable energy storage systems 
[9]. The field of energy storage has seen significant advancements 
driven by the demand for efficient and sustainable energy 
solutions. Among various energy storage technologies, potassium 
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ion batteries (PIBs) have emerged as promising candidates due 
to the abundance and low cost of potassium resources compared 
to traditional lithium-ion batteries. One critical aspect of PIBs is 
the development of electrode materials that can store and release 
potassium ions efficiently over numerous charge-discharge cycles 
[10]. Carbonaceous quantum dots/nanodots (CQDs/CNDs) have 
garnered attention as potential electrode materials for PIBs due to 
their unique structural and chemical properties.

understanding carbonaceous quantum dots/nanodots

Carbonaceous quantum dots and nanodots are nanoscale carbon 
materials typically ranging from a few nanometers to several tens 
of nanometers in size. They possess quantum confinement effects, 
resulting in discrete energy levels, and often exhibit exceptional 
electronic, optical, and electrochemical properties. These properties 
make CQDs/CNDs highly desirable for various applications, 
including energy storage.

Electrochemical properties and mechanisms

In the context of potassium ion storage, CQDs/CNDs offer several 
advantageous electrochemical properties. Their high surface area-
to-volume ratio provides ample active sites for potassium ion 
adsorption and desorption, facilitating fast ion diffusion kinetics 
during charge and discharge cycles. The presence of surface 
functional groups on CQDs/CNDs can also enhance potassium 
ion binding affinity and stabilize the electrode-electrolyte 
interface, leading to improved cycling stability and electrochemical 
performance.

Synthesis and structural variations

The synthesis of CQDs/CNDs for PIB applications can vary 
widely depending on the desired structural and chemical 
properties. Common methods include laser ablation, chemical 
vapor deposition, and electrochemical exfoliation of carbonaceous 
precursors. These methods allow precise control over the size, 
morphology, and surface chemistry of the CQDs/CNDs, which are 
crucial factors influencing their potassium ion storage performance.

Performance in potassium ion batteries

In recent experimental studies, CQDs/CNDs have demonstrated 
promising performance as electrode materials in PIBs. They 
exhibit high specific capacities, good rate capabilities, and long-
term cycling stability, outperforming traditional carbon materials 
such as graphite. The unique structural features of CQDs/CNDs, 
including their nanoscale dimensions and surface chemistry, 
contribute significantly to their electrochemical performance 
by facilitating efficient potassium ion insertion and extraction 
processes.

COnCluSIOn

Carbonaceous quantum dots/nanodots materials represent a 

promising class of electrode materials for potassium ion storage 
in advanced energy storage devices. Their unique structural and 
electrochemical properties make them attractive candidates for 
enhancing the performance and sustainability of potassium 
ion batteries. Continued research efforts and technological 
innovations in this field are expected to accelerate the development 
of next-generation energy storage technologies based on CQDs/
CNDs, paving the way for their commercialization and widespread 
adoption in the near future. Carbonaceous quantum dots/nanodots 
represent a promising class of materials for potassium ion storage 
applications. Through this review, we have explored their unique 
properties and advantages, such as high surface area, excellent 
electrical conductivity, and tunable chemical compositions. These 
characteristics enable carbonaceous quantum dots/nanodots 
to effectively accommodate and stabilize potassium ions during 
charge-discharge cycles, thereby enhancing the performance and 
durability of potassium ion batteries. The synthesis methods 
discussed highlight the versatility and scalability of producing 
carbonaceous quantum dots/nanodots, suggesting feasibility 
for large-scale production and commercialization. The ongoing 
research efforts in optimizing their structural and compositional 
properties underscore their potential to meet the growing demand 
for efficient and sustainable energy storage solutions.
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